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LIST OF ACRONYMS 
 

µS microSiemens 

AFDW Ash Free Dry Weight (Volatile Solids) 

Al Aluminum 

AOI Area of Interest represents the Lower Columbia River from the confluence of the Kootenay River downstream 
to Waneta ς including both reference and exposure areas (downstream of the smelter) assed within the 
AREMP. 

AREMP Aquatic Receiving Environment Monitoring Program 

As Arsenic 

BIR Birchbank 

BC Hydro British Columbia Hydro and Power Authority 

BC MoE British Columbia Ministry of Environment 

Ca Calcium 

CABIN Canadian Aquatic Biomonitoring Network 

Caro Labs Caro Environmental Laboratories (Kelowna, B.C.) 

CCME Canadian Council of Ministers of the Environment 

CII Teck Metals Ltd. Trail Smelter combined effluent Outfall II  

CIII Teck Metals Ltd. Trail Smelter combined effluent Outfall III 

CIV Teck Metals Ltd. Trail Smelter combined effluent Outfall IV (fertilizer outfall on right bank at Stony Creek) 

Cl Chlorine 

Cd Cadmium 

CRIEMP Columbia River Integrated Environmental Monitoring Program 

Chl-a Chlorophyll-a 

Co Cobalt 

CPUE Catch Per Unit Effort 

CRH Torrent Sculpin (Cottus rhotheus) 

CSR Contaminated Sites Regulations 

Cu Copper 

DDI Double Deionized Water 

DEP Depositional area sample site 

DEP-EXP Depositional area sample site situated downstream of the smelter 

DEP-REF Depositional area sample site situated upstream of the smelter 

Didymo Didymosphenia geminate 

DO Dissolved Oxygen 

EPT Ephemeroptera, Plecoptera, Tricoptera 

ER Exposure Ratio 

ERA Ecological Risk Assessment 

ERO Erosional area sample site 

ERO-EXP Erosional area sample site situated downstream of the smelter 

ERO-REF Erosional area sample site situated upstream of the smelter 

EXP Indicates sample sites/areas situated downstream of the smelter. These represent exposure area samples. 

Fe Iron 

g Gram 

GIS Geographic Information Systems 

GPS Global Positioning System 

GSI Gonadosomatic Index 

HBI Hilsenhoff Biotic Index 

Hg Mercury 
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HLK Hugh L. Keenleyside 

HSD Honest Significant Difference 

HSI Hepatosomatic Index 

ICP-MS Inductively-Coupled Mass Spectrometry 

IDZ Initial dilution (mixing) zone of effluent receiving waters extending downstream from the TML Trail Smelter to 
Old Bridge. 

ISQG Interim Sediment Quality Guideline 

K Potassium 

k CǳƭǘƻƴΩǎ /ƻƴŘƛǘƛƻƴ CŀŎǘƻǊ 

kcfs Thousands of Cubic Feet Per Second 

kg Kilogram 

km Kilometer 

L Liter 

LCR Lower Columbia River 

m ASL Meters Above Sea Level 

m                             Meter 

max Maximum Value 

MCR Middle Columbia River 

Mg Magnesium 

mg Milligram  

min Minimum Value 

mm Millimeter  

Mn Manganese 

Mo Molybdenum 

MW Mountain Whitefish (Prosopium williamsoni) 

N Nitrogen 

n Sample Size 

Na Sodium 

NaCl Sodium Chloride 

NMDS Non-metric Multidimensional Scaling 

NTU Nephelometric Turbidity Units 

Pb Lead 

PCA Principal Components Analysis 

PCOC (PMOC) Potential Contaminant of Concern (equates to potential metal of concern in this report) 

PEL Possible Effects Level (lower limit usually associated with the potential for adverse effects) 

POM Particulate Organic Material 

ppm Parts per Million 

QAQC Quality Assurance, Quality Control 

RB Rainbow Trout (Oncorhynchus mykiss) 

REF Indicates sample sites/areas situated upstream of the smelter. These represent reference area samples. 

SALM Strong Acid Leachable Metals 

SD Standard Deviation 

Se Selenium 

Si Silicon 

SO4 Sulphate 

TDS Total Dissolved Solids 

Tl Thallium 

T-P Total Phosphorus 
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TKN Total Kjeldahl Nitrogen 

TML Teck Metals Limited 

TOC Total Organic Carbon 

TRO Tissue Residue Objectives 

TSS Total Suspended Solids 

TTS Teck Trail Smelter 

UBC University of British Columbia 

USEPA United States Environmental Protection Agency 

UTM Universal Transverse Mercator 

VIF Variance Inflation Factors 

WP Walleye (Sander vitreus) 

WQIS Water Quality Index Station 

WUP CC Columbia River Water Use Plan Consultative Committee 

Zn  Zinc 
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DEFINITIONS 

The following terms are briefly defined as they are used in this report. For a fuller explanation, please refer 
to scientific literature. 
 
Term  Definition  
Anaerobic/anoxic Devoid of oxygen. 
Benthic Organisms that dwell in or are associated with the sediments. 
Benthic production The production within the benthos originating from both periphyton and 

benthic invertebrates. 
Bioaccumulation Removal of materials from solution by organisms via adsorption, metabolism. 
Bioavailable Available for use by plants or animals. 
Biomagnification A marked increase in a material of interest through successively higher levels 

of a food chain. 
Catastrophic flow Flow events that have population level consequences of >50% mortality. 
Cyanobacteria Bacteria-like algae having cyanochrome as the main photosynthetic pigment. 
Diatoms Algae that have hard, silica-based "shells" frustules. 
Effective Dilution Ratio of the effluent concentration to the plume concentration 
Eutrophic Nutrient-rich, biologically productive water body. 
Exposure Area The Columbia River within the Initial Dilution Zone and areas downstream of 

the smelter effluent discharges (to Waneta). 
Flow The instantaneous volume of water flowing at any given time (e.g. 1200 m3/s). 
Functional Feeding group  (FFG) Benthic invertebrates can be classified by mechanism by which they 

forage, referred to as functional feeding or foraging groups. 
Inflow plume An inflow seeks the layer of matching relative density in the receiving water, 

diffusing as it travels; High TSS, TDS and low temperature increase water 
density. 

Left Bank Left bank (river left) when looking downstream. 
Light attenuation Reduction of sunlight strength during transmission through water. 
Limitation, nutrient A nutrient can limit or control the potential growth of organisms e.g. P or N.  
Macronutrient The major constituents of cells: nitrogen, phosphorus, carbon, sulphate, H. 
Metal of Interest In previous studies/reports metals of interest were referred to as Potential 

Contaminants of Concern (PCOC). 
Micronutrient Small amounts are required for growth; Si, Mn, Fe, Co, Zn, Cu, Mo etc. 
Microflora The sum of algae, bacteria, fungi, Actinomycetes, etc., in water or biofilms.  
Myxotrophic Organisms that can be photosynthetic or can absorb organic materials directly 

from the environment as needed. 
Nano plankton Minute algae that are less than 5 microns in their largest dimension. 
Pico plankton Minute algae that are less than 2 microns in their largest dimension. 

PPB or µg/L 1 part per billion (e.g. 1/6th of an aspirin tablet in 1 rail car of water (16,000 
gal). 

Peak biomass The highest density, biovolume or chl-a attained in a set time on a substrate. 
Periphyton Microflora that are attached to aquatic plants or solid substrates. 
Phytoplankton Algae that float, drift or swim in water columns of reservoirs and lakes. 

Redox The reduction (-ve) or oxidation (+ve) potential of a solution.  
Reducing environment Devoid of oxygen with reducing conditions (-ve redox) e.g. water-covered 

organic sediments.  Negative redox is usually driven by bacterial activity. 
Reference Area The Columbia River within the AOI upstream of Stoney Creek and smelter 

effluent discharges. 
Right Bank Right bank (river right) when looking downstream. 
Riparian The interface between land and a stream or lake. 
Zooplankton Minute animals that graze algae, bacteria and detritus from a water column. 

   

mailto:www.ecoscapeltd.com


15.1438.4 vi May 2019 

 

 
#102 ς 450 Neave Court Kelowna, BC V1V 2M2 Phone: 250.491.7337  Fax: 250.491.7772  Web: www.ecoscapeltd.com  

HOW TO INTERPRET A BOXPLOT 

 
 

The lower (first) quartile (Q1) is defined as the middle number between the smallest number and 
the median of the data set. The second quartile (Q2) is the median of the data. The upper (third) quartile (Q3) 
is the middle value between the median and the highest value of the data set. 

An outlier (outside) value is generally defined as any value that is 1.5 times the lower (Q1) and upper (Q3) 
quartile values. Outlier values can be due to real variability in the sample population, heavy-tailed 
distributions, or due to errors in sampling equipment or transcription. 
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WATER QUALITY, SEDIMENT AND TISSUE GUIDELINES 

Generalized Water Quality Guidelines and Objectives 
Selected Analytes Units LCR Water Quality Objectives BC  CCME 

Water Quality General  Maximum 30-day average Maximum 30-day average  
pH  6.5 - 8.5 - 6.5 - 9.0 - 6.5 - 9.0 

Dissolved oxygen mg/L 5.5 - 9.5 - 5 - 9 (min) 8 - 11 (min) 5.5 - 9.5 

Total organic carbon mg/L - - - 
± 20% of 
median - 

Suspended solids mg/L - - ± 25 ± 5 - 

Turbidity NTU - - ± 8 ± 2 - 

Metals       
Aluminum ς diss. mg/L - - - 0.02 - 

Arsenic ς total mg/L - 0.005 0.005 - 0.005 

Cadmium ς dissolved  
Total Hardness = 70mg/L as 
CaCO3 mg/L - - 0.000407 0.000163 0.0015 

Chromium ς total mg/L - 0.001 - - - 

Chromium III ion mg/L - - 0.009 - 0.0089 

Chromium VI ion mg/L - - 0.001 - 0.001 

Copper ς total mg/L 0.00717 0.002 Cu calc - 0.002 - 0.004 

Iron ς total mg/L - - 0.3 - 0.300 

Lead ς total mg/L 0.0379 0.0048 Pb calc Pb calc  0.001 - 0.007 

Mercury ς total inorg. mg/L - - 0.0001 0.00002 0.00026 

Nickel ς total mg/L 0.0025 - 0.150 - 0.0025 - 0.150 - 0.0025 - 0.150 

Selenium ς total mg/L - - 0.002 0.001 0.0010 

Sodium ς total mg/L - - - - - 

Silver ς total mg/L - - 
(0.0001 if hardness 
<100mg/L) - 0.003 

0.00005 (hard 
<100 mg/L) - 

0.0015 0.0001 

Thallium ς total mg/L - 0.0008 0.0003 - 0.0008 

Zinc ς total mg/L 0.033 0.0075 Zn calc Zn calc 0.03 

Nutrients       

Ammonia as N   mg/L - 
0.102 - 2.08 

temp/pH table 
0.752 - 27.7 temp/pH 

table 
0.102 - 2.08 

temp/pH table 
0.019 un-
ionized 

Nitrate-N as N mg/L - - 200 40 13 

Nitrite-N  as N mg/L - - 0.06 0.02 0.06 

Total phosphorus as P mg/L - - 
0.005 - 0.015 for 

lakes - - 

Sulphate mg/L - -  218 calc - 

Parameter/Analyte mg/L Calculation 
Cd max (dis) (2015) BC Cd short-term  e 1.03(In(hardness)-5.274)/1000      //a9 ²vD ό˃Ǝκ[ /Řύ Ґ мл 1.016[log(hardness)]-1.71/1000 
Cd 30-day average (dis) BC e 0.736(In(hardness)-4.943)/1000 
Cu total (0.094(hardness)+2)/1000 
Pb max e 1.273(In(hardness)-1.46)/1000 
Pb 30-day average 3.31 + e(1.273 ln(mean hardness) - 4.705) in ug/L 
SO4 (proposed 2013) Hardness(mg/L)  soft (0-30)=128 mg/L SO4 |  moderate (31-75)=218 mg/L SO4 |  hard(76-180) 

=309 mg/L SO4 |  very  hard(181-250)=429 mg/L SO4 
Zn max (33+0.75(hardness-90))/1000 
Zn 30-day average (7.5+0.75(hardness-90))/1000 

Water Quality Guideline References  
LCR Objectives:  Lower Columbia River from Birchbank to the International Border: Water quality Assessment and Recommended Objectives, 
MacDonald Envi Services Ltd. 1997 
LCR Objectives:  Ambient Water Quality Assessment and Objectives for the Lower Columbia River ς Birchbank to the US Border.  Overview Report.  
2000.    
BC Water Quality Guidelines.  1999. http://www.env.gov.bc.ca/wat/wq/BCguidelines/zinc/zinc.html 
BC Water Quality Guidelines http://www.env.gov.bc.ca/wat/wq/BC guidelines Nagal et al 2006 (plus updates) 
CCME 2005 Canadian Council of Ministers of the Environment f http://st -ts.ccme.ca/ 
http://www.env.gov.bc.ca/wat/wq/BCguidelines/sulphate/pdf/sulphate_final_guideline.pdf 
BC MOE. 2015. Ambient Water Quality Guidelines for Cadmium ς Technical Report. 114pp. 
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Sediment quality guidelines 

Selected Analytes Units LCR Sediment  BC Working Guidelines 2006 CCME 

Sediment Quality  Objective ISQG PEL ISQG PEL 

Total Metals Dry wt.      
Arsenic mg/kg 5.7 5.9 17 5.9 17 

Cadmium mg/kg 0.6 0.6 3.5 0.6 3.5 

Chromium  mg/kg 36.4 37.3 90 37.3 90 

Copper mg/kg 35.1 35.7 197 35.7 197 

Iron mg/kg - 21,200 (2%) 43,766 (4%) - - 

Lead mg/kg 33.4 35 91.3 35 91.3 

Mercury mg/kg 0.16 0.174 0.486 0.17 0.486 

Nickel mg/kg - 16 75 - - 

Selenium mg/kg - 2 - - - 

Silver mg/kg - 0.5(Ontario) - - - 

Thallium mg/kg - - - - - 

Zinc mg/kg 120 123 315 123 315 

ISQG = interim sediment quality guideline (mg/kg = µg/g)    
PEL = possible effects level     
NOTE: It is noted here that the Objectives cited here are more stringent than the Contaminated Sites Regulations 
(CSR) Schedule 9 standards for sediment.  
According to the 2009 BC Lab Manual for sediment samples, the  < 2 mm fraction is analyzed 

 
Sediment Guideline References 
LCR Objectives:  Lower Columbia River from Birchbank to the International Border: Water quality Assessment and 
Recommended Objectives, MacDonald Envi Services Ltd. 1997 
BC Water Quality Guidelines http://www.env.gov.bc.ca/wat/wq/BCguidelines Nagpal et al 2006 
CCME Canadian Council of Ministers of the Environment f http://st -ts.ccme.ca/  

 
 

Tissue metals guidelines for consumers of fish 

 Human Health1 Wildlife2 CCME BCMOE 

Analyte µg/g µg/g µg/g µg/g 

Arsenic 3.5 0.47   
Cadmium  0.9   
Chromium  0.94   

Lead 0.5 0.16  0.08 

Mercury 0.5 0.1 0.033  
Selenium3  1   

1.  Canadian guidelines for chemical contaminants and toxins in fish and fish products. Based on fish protein (mussel) concentration 
(Ammend.no.11, 2011). (Can.Food.Insp.Agency 2011) 

2.  LCR tissue residue objectives (TRO):  Lower Columbia River from Birchbank to the International Border: Water quality Assessment and 
Recommended Objectives (MacDonald Envi Services Ltd. 1997) 

3. BCMOE. 2014. Ambient water quality guidelines for Selenium Technical Report Update. Water Protection and Sustainability Branch 
Environmental Sustainability and Strategic Policy Division British Columbia Ministry of Environment. 270pp. 
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LIMITATIONS AND LIABILITY 

This report in its entirety was prepared for the exclusive use of Teck Metals Ltd. Any use of this report 
by a third party, or any reliance on or decisions made based on it, is the sole responsibility of the third 
party. The report authors disclaim responsibility of consequential financial effects of any kind, or for 
requirements for follow-up actions or costs. 
 
In preparing this report, the authors have relied in good faith on data and research provided by others 
as noted.  We assume that the information provided by others is factual and accurate.  The authors 
accept no responsibility for any errors, deficiencies, omissions, misstatements, inaccuracies or 
misinterpretations in the cited materials. 
 
The services performed and described in this report were conducted in accordance with the level of 
care and skill normally exercised by science professionals, subject to the same time, financial and 
physical constraints applicable to the services.  This report includes data gathered during the 
ÉÎÖÅÓÔÉÇÁÔÉÏÎÓ ÁÎÄ ÔÈÅ ÁÕÔÈÏÒÓȭ ÐÒÏÆÅÓÓÉÏÎÁÌ ÊÕÄÇÅÍÅÎÔ ÉÎ ÌÉÇÈÔ ÏÆ ÔÈÏÓÅ ÉÎÖÅÓÔÉÇÁÔÉÏÎÓ ÁÔ ÔÈÅ ÔÉÍÅ ÏÆ 
the report writing. No warranty is expressed, implied or made as to the report conclusions, nor does 
this report provide a legal opinion regarding compliance with applicable laws. 
 
Electronic media versions of any report are susceptible to unauthorized modification; therefore, the 
signed final paper copies of this report shall be taken as the correct versions in case of discrepancy. 
 
 
 
 
 
 
 
 
 
 
© 2019 Teck Metals Ltd.  
 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form 
or by any means, electronic, mechanical, photocopying, recording, or otherwise, without prior 
permission from Teck Metals Ltd. 
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EXECUTIVE SUMMARY 

Ecoscape Environmental Consultants Ltd. (Ecoscape) was retained by Teck Metals Ltd., Trail 
Operations (Teck) in 2015 to carry out an aquatic receiving environment monitoring program 
(AREMP) on the Lower Columbia River (LCR) as per part 3.2 of Effluent Permit PE02753.  The 
purpose of this work is to conduct effluent receiving environment monitoring in the LCR. A 
secondary purpose of the work is to provide information to Teck to facilitate management 
decisions for smelter operations. 
 
The AREMP study design consisted of the following components: 
 

1. Water Quality 
2. Depositional Habitat 
3. Erosional Habitat 
4. Small-bodied Fish  
5. Large-bodied Fish 

 
Objectives from the current study design for each of these components are summarized in the 
following table, along with the current status or findings of this annual report. 

 
WATER QUALITY 

Question 2012 STATUS 2016 Status 
1. Are Provincial Water 

Quality Objectives 
attained at the 
downstream end of the 
IDZ during low flows 
(less than 40 kfcs) as 
per long term trend 
monitoring (e.g. 
CRIEMP)? 

Provincial Water Quality Objectives are 
attained at the downstream end of the 
IDZ, or Old Bridge Site, during low 
flows. The exceptions were mercury 
and cadmium, which exceeded the 
objectives or guidelines at some of the 
reference sites upstream of the 
smelter as well as below the IDZ. 
 
All nutrients were within respective 
water quality objectives or guidelines 
throughout the LCR. 

No metal exceedances attributable to the 
smelter were detected in 2015-2016 samples 
below the IDZ. Provincial Water Quality 
Objectives were attained at the downstream 
end of the IDZ, or Old Bridge Site, even during 
low flows during all 2015 and 2016 sampling 
events.  

Nutrient concentrations in the LCR below the 
IDZ were not significantly altered by the 
effluent discharges. 

2. Does water quality in 
the study area vary 
spatially (various 
locations in the 
Columbia River 
including point source, 
reference sites (both 
horizontal and vertical), 
and temporally 
(between seasons and 
years) as a result of 
¢ŜŎƪΩǎ Ǉƻƛƴǘ ǎƻǳǊŎŜ 
effluent discharges and 
if so, describe the 
variances? 

Yes, the plume stays on the right bank 
(~1/3 channel width) through to the 
end of the IDZ. 
 
Transect water sampling showed that 
water quality varies in the river cross-
section in both horizontal and vertical 
stations within the IDZ, but not at 
Waneta. 
 
Upstream to downstream trends were 
detected for many metals including As, 
Cd, Cr, Cu, Pb, Ni, Se, Tl, and Zn.  Within 
the IDZ, metal sources likely include 
effluent and groundwater discharges, 
and Stoney and Trail Creeks.  Other 

The AREMP transect water quality sampling 
showed spatial variation in water quality within 
the IDZ.  The effluent plume stays on the right 
bank (~1/3 channel width or approximately 
60m) through to the downstream end of the 
initial dilution zone. 
 
Transect sampling at Waneta indicated the 
plume was completely diffused/mixed across 
the channel as demonstrated by homogeneity 
of most metal concentrations across the 
channel. Water sampling at Maglios (at the 
Bear Creek confluence, near Rock Island), 
indicated that the plume is nearly diffused 
across the channel about 4.2 km downstream 
of the IDZ. Between this station and the smelter 
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potential sources of metals of interest 
to the LCR downstream of the smelter 
include stormwater, historical mining 
and milling, municipal effluent and 
naturally high metals in tributaries. 

outfalls, the plume follows the right bank and 
all metals of interest were within the LCR and 
BC guidelines by the downstream end of the 
IDZ. Complete mixing of the plume occurred 
between Maglios and Waneta. 

3. Are water quality 
parameters that are 
analyzed for the AREMP 
stations appropriate? 

Yes. The overall AREMP water quality 
study design meets the goals of 
assessing potential smelter impacts.  It 
focusses on lower flow periods where 
mixing and dilution are reduced, and 
water quality impacts are expected to 
be greatest. 

Yes. The AREMP water quality monitoring 
study conducted in 2015-2016 met all 
requirements. The existing parameters and 
their reportable detection limits are 
appropriate for this study. 

DEPOSITIONAL HABITAT 

Question 2013 STATUS 2017 Status 
1. What is sediment 

quality in the 
depositional areas 
upstream and 
downstream of the 
smelter? 

Metals in downstream depositional 
areas that exceeded two standard 
deviations of results from reference 
sites were: copper, lead and zinc.  
 
In 2012, the list of metals exceeding 
PEL concentrations or sensitive species 
levels downstream of the smelter was 
Zn, Pb, Cu, and As. 

Most metals of interest in depositional 
exposure sites exceeded two standard 
deviations of results from reference sites in all 
years of study.  Every depositional sediment 
metal concentration metric available show 
decreasing concentrations of all metals of 
interest from 2003 to 2012, and from 2012 to 
2015.  In every exposure site, the number of 
sediment metal exceedances and the 
magnitude of those exceedances decreased 
from 2003 to 2015.  
 
In 2015 data, the list of metals exceeding 
possible effects level concentrations or 
sensitive species levels was smaller than in 
earlier years and only included Zn, Pb and Cu.  

2. Are benthic 
invertebrate 
communities in 
depositional sediments 
downstream of the 
smelter different from 
upstream communities 
in terms of abundance, 
species diversity and 
species composition?  

A community analysis (NMDS) 
detected no change in invertebrate 
community structure between 
samples collected upstream and 
downstream of the smelter.  
 
However, increasing distance 
downstream from the smelter and 
sediment zinc and copper 
concentrations were negatively 
correlated with invertebrate 
abundance, species richness, and 
percent Chironomidae in depositional 
habitats.  

There was a small difference in overall species 
composition between reference and exposure 
areas in 2015, as there was in 2012. However, 
community structure differed significantly 
between years (2012 and 2015). 
 
Reference areas had higher abundance and 
biomass than exposure areas. Maglios (DEP-
EXP-2) had the highest sampled species 
richness as well as the highest mean species 
richness across the five samples. 

3. If differences in benthic 
communities exist, do 
these differences 
suggest adverse effects 
(i.e. impairment of 
benthic communities 
such that they provide 
poor habitat to upper 
trophic consumers) and 
is this linked to current 

No change was detected in benthic 
communities in reference and 
exposure areas. The depositional 
habitats at Maglios and Waneta were 
more similar in community structure to 
other sites assessed (upstream and 
downstream of the smelter) than 
documented in previous studies. This 
result may be simply due to annual 
variation in benthic community 

Community structure differed significantly 
between sites and years (2012 and 2015), 
highlighting natural seasonal and annual 
variability that can occur in benthic 
communities.  
 
The effect of treatment (reference vs. 
exposure) was tested on four benthic 
invertebrate metrics which quantify 
community composition and productivity. 
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permitted effluent 
discharges? 

production or variability in habitat 
quality as it relates to substrate size 
and stability and other natural physical 
variables. Given that no significant 
difference in communities was 
observed in erosional habitats 
(including those in the IDZ) it is unlikely 
that the differences in depositional 
habitat benthic invertebrate 
community metrics are linked to 
current permitted effluent discharge. 

Total abundance at reference and exposure 
sites was not significantly different in 
depositional habitats (F=0.68, p=0.42). 
Similarly, treatment did not have a significant 
effect on percent EPT, percent Chironomidae 
and effective number of species. The four 
benthic invertebrate metrics did not differ 
significantly by year sampled 
 
Therefore, it is unlikely that the differences in 
depositional habitat benthic invertebrate 
community metrics are linked to current 
permitted effluent discharge. 

EROSIONAL HABITAT 

Question 2013 STATUS 2017 Status 
1. What is the difference 

in periphyton 
communities in 
erosional habitat 
downstream of the 
smelter compared to 
the upstream 
communities in terms 
of periphyton 
community structure, 
composition, and 
standing crop 
biomass? 

All metrics and statistical analyses did 
not detect any differences between 
periphyton communities in erosional 
habitats upstream and downstream of 
the smelter. 
 
Diatoms are the most prevalent type of 
algae in erosional river biofilms. The 
dominant species lists did not indicate 
measurable change between the 
reference and downstream erosional 
areas.  
 
Within the IDZ, where warmer water 
and comparatively nutrient-rich 
groundwater can infiltrate the river, a 
shift to increased concentrations of 
cyanobacteria and filamentous green 
algae was detected.  This shift did not 
appear to be in response to metal 
concentrations.  

Periphyton continues to show wide natural 
variance in abundance within and between 
sites, including reference and exposure sites. 
All metrics and statistical analyses conducted 
on the 2015 data did not detect any impact on 
erosional periphyton community structure.  

Diatoms are the most prevalent type of algae in 
erosional river biofilms and have accounted for 
an increasing percentage of periphyton 
production within the IDZ, which is now similar 
to typical LCR results. The dominant species 
lists did not indicate measurable change 
between the erosional reference and exposure 
sites. Within the IDZ where warm effluent and 
warm, comparatively nutrient-rich 
groundwater can infiltrate the river, a shift to 
increased concentrations of cyanobacteria and 
filamentous green algae were detected in the 
past but was subtle in 2015 and did not appear 
to be in response to metal concentrations. 

Major driving forces on LCR periphyton 
communities include flows and localized water 
velocity, irradiance, nutrient concentrations, 
algae settling from upstream reservoirs and 
grazing pressure.   

Near-field taxonomic results from 2015 
confirm the erosional productivity metrics, 
suggesting that the influence of the smelter on 
the AOI is diminishing as reclamation 
treatment proceeds. 

2. What is the difference 
in the benthic 
invertebrate 
communities in 
erosional habitat 
downstream of the 
smelter compared to 

Overall species richness did not differ 
between reference and downstream 
areas and species diversity was also 
similar. The mean EPT richness and 
mean %EPT were both higher in 
downstream areas and mean 
Hilsenhoff Biotic Index score was less 

There was no difference in the structure of 
benthic macroinvertebrate communities 
between Reference and Exposure Areas for 
erosional habitats.  
 
Exposure Area 2, situated just downstream of 
the CIII outfall, had the highest mean 
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the upstream 
communities in terms 
of community 
structure and 
composition? If 
differences in benthic 
communities exist, do 
these differences 
suggest adverse 
effects (i.e. 
impairment of benthic 
communities such that 
they provide poor 
habitat to upper 
trophic consumers) 
and is this linked to 
current permitted 
effluent discharges? 

than reference sites - indicating a 
greater predominance of pollution 
sensitive species downstream of the 
smelter.  
 
Erosional habitats in exposure areas 
were documented as having higher 
mean invertebrate abundance 
compared to reference sites. The 
greatest sampled abundance was 
recorded in the near-field exposure 
area just downstream of smelter 
Outfall CIII. 
 
No shifts in community composition 
between reference and exposure areas 
were documented. Based on 
comparison with reference sites, 
benthic invertebrate community 
health is good in erosional habitats 
downstream of the smelter.  
  
Water velocity is the most important 
covariate influencing invertebrate 
abundance, EPT richness, percent EPT, 
and diversity in LCR erosional habitats.  

abundance, biomass, EPT richness, and % EPT. 
ERO-EXP-2 site 3 had the lowest measured HBI 
score. EPT taxa are the predominant organisms 
across all Reference and Exposure areas.  
 
Hilsenhoff Biotic Index scores and EPT richness 
were both significantly different between 
Reference Areas and Exposure Areas. Exposure 
Areas had higher EPT richness and lower HBI 
scores corroborating one another indicating a 
greater abundance of metal and pollution 
sensitive species in sites downstream of the 
smelter. 
 
Water velocity and substrate size are the most 
important variables influencing communities in 
erosional habitats. Velocity is an important 
variable for explaining benthic 
macroinvertebrate abundance, %EPT, and HBI 
scores. Sites with higher water velocity had 
higher abundance and %EPT while having 
lower HBI scores. Exposure Area 2, within the 
side channel downstream of the CIII outfall had 
the highest mean velocity of all areas followed 
by Exposure Area 5 and Exposure Area 3 

3. On the basis of 
qualitative review, is 
there a trend in 
periphyton and 
benthic metrics over 
time? 

There is currently insufficient data 
available to qualitatively assess 
whether changes in benthic 
invertebrate communities are 
occurring over time. Other studies on 
the Columbia River upstream of the 
smelter have documented high annual 
and seasonal variation in invertebrate 
community metrics (Larratt et al 2013). 
Additional sampling in subsequent 
years (as outlined in the AREMP study 
plan (Golder 2012a) may help to 
support a qualitative observation of 
trends. 

Community structure differed significantly 
between years (2012 and 2015 AREMP data) 
for both erosional and depositional habitats. 
However, the Columbia River is known to have 
high natural annual and seasonal variation in 
invertebrate community metrics (Larratt et al 
2013). Based on this, insufficient data are 
currently available to qualitatively assess 
whether changes in benthic invertebrate 
communities are occurring over time.  

SMALL-BODIED FISH TISSUE 

Question 2013 STATUS 2017 Status 
1. Is there a difference in 

tissue metals 
composition and 
concentration in small-
bodied fish between 
reference areas and 
exposure areas 
downstream of the 
smelter? 

Differences in concentrations between 
sculpin collected in reference and 
exposure areas were relatively low, yet 
statistically significant in all cases. Fish 
sampled from exposure areas 
downstream of the smelter generally 
had higher lead levels than the other 
metals.  

Sculpin tissue Pb, Tl, As and Cd concentrations 
at near-field sites were significantly different 
than at reference sites, while the remaining 
metals of interest were not different.  

2. Do tissue metal 
concentrations 
decrease in small 

Sculpins sampled in the IDZ 
downstream of the Combined III outfall 
had higher tissue metals 

Sculpins sampled in the IDZ downstream of the 
Combined III outfall had higher tissue metals 
concentrations than those captured upstream 
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bodied fish as the 
distance from the 
smelter effluent 
discharge increases? 

concentrations than those captured 
upstream of this location. Tissue 
metals concentrations decreased in 
sculpins sampled further downstream 
from the smelter beyond the IDZ. 

of this location. Tissue metals concentrations 
decreased in sculpins sampled further 
downstream from the smelter beyond the IDZ. 
This gradient in response at the exposure sites 
may correlate with progressive dilution moving 
downstream away from the smelter. 
 

In 2015 sculpin samples, tissue concentrations 
for most metals of interest were below the 
wildlife TRO guidelines in both the reference 
and the exposure sites. There was one 
exceedance of both the arsenic wildlife TRO 
(0.47 mg/kg ww) and cadmium wildlife TRO 
(0.9 mg/kg ww) from ERO-EXP-3-1. Whole 
body lead concentrations exceeded the TRO 
(0.16 µg/g wet weight) for wildlife in 258 
sculpins. All sculpins collected from within and 
downstream the IDZ had lead concentrations 
that exceeded the TRO for wildlife and 37 
sculpins from Reference sites had lead 
concentrations that exceeded the TRO. 
Concentrations drop markedly with increasing 
distance downstream from New Bridge. 
Sculpins collected from the right bank adjacent 
downtown Trail (ERO-EXP-3-2-R) had average 
lead concentrations that were 3.5 times lower 
than fish collected just 300 m further upstream 
from ERO-EXP-3-1-R. 

3. Is there a difference in 
the length, weight, 
liver weight, gonad 
weight and condition 
of fish collected 
upstream of the 
smelter and 
downstream of the 
smelter? 

There was no significant difference in 
various condition indicators between 
upstream and downstream areas.   

There was no significant difference in condition 
responses between reference and exposure 
areas.  

4. What is the relationship 
between the distance 

from the effluent 
discharge and tissue 

metals, condition factor, 
liver weight (liversomatic 
index) and gonad weight 
(gonadosomatic index)? 

There was no strong relationship 
between distance from the smelter 
effluent discharges and the various 
conditions metrics that were 
evaluated.     

The hepatosomatic and gonadosomatic indices 
showed no significant difference with distance 
from the smelter. 

LARGE BODIED FISH TISSUE 

Question 2013 STATUS 2017 Status 
1. How do concentrations 

of total metals in the 
tissues of large bodied 
fish species in the lower 
Columbia in 2012 
compare to 
concentrations since 
2000? 

Since 2000 declining trends are evident 
for arsenic, cadmium, and lead 
concentrations in fillets of mountain 
whitefish, Rainbow Trout, and Walleye. 
No trend is apparent with chromium 
and mercury with the current data. 
There is insufficient data from previous 
years to assess for potential trends of 

Declining trends were measured for arsenic, 
cadmium, and lead. Increased detection 
capabilities for cadmium since 2004 
demonstrate the declining trend in 2005 for 
Walleye, and in 2012 and 2016 for all three 
species. However, no trend is apparent with 
chromium and mercury.  
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other metals of interest that may be 
concentrated in fish tissue. 

 

2. Do fish tissue 
concentrations exceed 
relevant human 
consumption 
guidelines? 

Concentrations of metals in fish fillets 
were within the published Canadian 
guidelines for chemical contaminants 
and toxins in fish for consumption. 

Concentrations of arsenic, chromium, 
cadmium, lead and selenium in fish fillets were 
below human consumption guidelines 
(Canadian Food Inspection Agency 2011).   
 
Most muscle and whole fish samples were 
below the wildlife TRO guidelines. Whole fish 
concentrations of mercury in Walleye from 
both reference and exposure areas exceeded 
the TRO. 
 
None of the muscle tissue or whole fish had 
arsenic, cadmium, or chromium 
concentrations above the TRO (wildlife) 
guideline. Only one Rainbow Trout caught in 
2016 had a whole-body concentration of lead 
above the TRO for wildlife. Whole fish 
concentrations of mercury in Walleye from 
both reference and exposure areas, and in one 
Mountain Whitefish from a reference area 
exceeded the TRO. The TRO guidance 
specifically states that the values should be 
compared to a composite sample or average of 
6-10 fish, not single samples. 

In summary, community-level adverse responses were not detected in this study that would be 
attributable to influence of the Teck Trail Smelter operations on the Lower Columbia River area of 
interest. Complex statistical models found that streamflows and the related factors of velocity, 
substrate size, shear stress, light penetration and particulate suspension exert control over 
periphyton and benthic macroinvertebrate growth and species assemblages. While the AREMP 
focuses on studying the effects of effluent discharge on aquatic environments, Larratt et al. (2013) 
found that key controlling factors of river production shift with season and substrate type/size 
largely influenced by water velocities and channel character are the primary controlling factors.  

  

http://www.ecoscapeltd.com/


15-1438.4 xvi May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web: www.ecoscapeltd.com    

TABLE OF CONTENTS 

 
ACKNOWLEDGEMENTS ........................................................................................................................ I 
DEFINITIONS ...................................................................................................................................... V 
WATER QUALITY, SEDIMENT AND TISSUE GUIDELINES ....................................................................... VII 
LIMITATIONS AND LIABILITY .............................................................................................................. IX 
EXECUTIVE SUMMARY ........................................................................................................................ X 
 
1.0 INTRODUCTION ...........................................................................................................................1 

 
1.1 Background Information ................................................................................................................. 2 
1.2 Potential Metal or other PCOC Sources to the LCR Area of Interest .............................................. 4 

 
2.0 PROJECT SCOPE AND MANAGEMENT QUESTIONS .........................................................................8 

 
2.1 Water Quality ................................................................................................................................. 8 
2.2 Depositional Habitats ..................................................................................................................... 9 
2.3 Erosional Habitat .......................................................................................................................... 10 
2.4 Small Bodied Fish Tissue Monitoring ............................................................................................ 10 
2.5 Large Bodied Fish Tissue Monitoring ............................................................................................ 11 

 
3.0 METHODS .................................................................................................................................. 12 

 
3.1 Water Quality ............................................................................................................................... 12 

 Water Quality Field Parameters ......................................................................................... 16 
 Water Quality Data Analysis............................................................................................... 17 
 Quality Assurance / Quality Control for Water Samples .................................................... 17 

3.2 Sediment Quality Monitoring ....................................................................................................... 19 
3.3 Periphyton Monitoring ................................................................................................................. 21 

 Erosional Habitats .............................................................................................................. 21 
 Periphyton Tissue Metals ................................................................................................... 23 
 Depositional Habitats ......................................................................................................... 24 
 Non-photosynthetic Microflora ......................................................................................... 25 
 Periphyton Identification, Enumeration and Measurements ............................................ 25 
 Environmental Impact Prevention ..................................................................................... 27 
 Periphyton Quality Assurance/Quality Control .................................................................. 27 

3.4 Benthic Invertebrate Monitoring ................................................................................................. 28 
 Erosional Habitat Sampling ................................................................................................ 28 
 Invertebrate Tissue Metals Analysis .................................................................................. 30 
 Depositional Habitats ......................................................................................................... 31 

3.5 Benthic Taxonomy ........................................................................................................................ 32 
 Quality Assurance / Quality Control for Benthic Invertebrates ......................................... 32 

3.6 Analysis of Periphyton and Benthic Invertebrate Community Response .................................... 32 
3.7 Small Bodied Fish Condition and Tissue Metals Monitoring ........................................................ 35 

 Species Selection ................................................................................................................ 36 
 Sample Timing .................................................................................................................... 36 
 Sampling Methods ............................................................................................................. 37 
 Processing and Endpoint Analysis ...................................................................................... 38 
 Calculation of Sculpin Condition ........................................................................................ 39 
 Fish Aging ........................................................................................................................... 40 

http://www.ecoscapeltd.com/


15-1438.4 xvii May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web: www.ecoscapeltd.com    

3.8 Large-Bodied Fish Tissue Monitoring ........................................................................................... 40 
 Field Data Collection .......................................................................................................... 40 
 Quality Assurance / Quality Control for Large-bodied Fish Analysis ................................. 45 
 Fish Aging ........................................................................................................................... 45 

3.9 Large and small-bodied Analysis of tissue metals and condition Indices ..................................... 46 
 
4.0 RESULTS AND DISCUSSION ......................................................................................................... 48 

 
4.1 Water Quality ............................................................................................................................... 48 

 General Water Quality Parameters .................................................................................... 48 
 Nutrients ............................................................................................................................ 50 
 Total and Dissolved Metal Concentrations ........................................................................ 58 
 Aluminum (Al) .................................................................................................................... 63 
 Arsenic (As) ......................................................................................................................... 64 
 Cadmium (Cd) ..................................................................................................................... 65 
 Chromium (Cr) .................................................................................................................... 67 
 Copper (Cu) ........................................................................................................................ 68 
 Lead (Pb) ............................................................................................................................. 69 
 Mercury (Hg) ...................................................................................................................... 70 
 Nickel (Ni) ........................................................................................................................... 71 
 Selenium (Se) ...................................................................................................................... 72 
 Silver (Ag) ........................................................................................................................... 73 
 Thallium (Tl) ........................................................................................................................ 74 
 Zinc (Zn) .............................................................................................................................. 75 
 Quality Assurance and Quality Control .............................................................................. 76 

4.2 Depositional Sediment Quality ..................................................................................................... 76 
 Sediment Condition and Composition ............................................................................... 77 
 LCR Sediment Metal Content ............................................................................................. 80 

4.3 Periphyton .................................................................................................................................... 93 
 Erosional Habitat Periphyton ............................................................................................. 93 
 Dominant Erosional Taxa ................................................................................................... 94 
 Erosional Species Richness ................................................................................................. 95 
 Erosional Productivity Metrics ........................................................................................... 95 
 Indicator Taxa at Erosional Sites ........................................................................................ 97 
 Erosional Statistical Community Analysis......................................................................... 104 
 Depositional Habitat Periphyton ...................................................................................... 108 
 Comparison of Depositional and Erosional Periphyton ................................................... 108 
 Dominant Depositional Taxa ............................................................................................ 109 
 Depositional Species Richness and Diversity ................................................................... 109 
 Depositional Periphyton Productivity .............................................................................. 109 
 Depositional Community Structure .................................................................................. 111 

4.4 Benthic Invertebrates ................................................................................................................. 119 
 Invertebrates in Erosional Areas ...................................................................................... 119 
 Invertebrates in Depositional Areas ................................................................................. 125 
 Invertebrate community composition ............................................................................. 131 
 Erosional Habitat Invertebrate Tissue Metals .................................................................. 133 
 Benthic Community Response ......................................................................................... 138 

4.5 Small Bodied Fish Condition and Tissue Metals Monitoring ...................................................... 143 
 Sculpin Condition Metrics ................................................................................................ 144 
 Sculpin Tissue Metals ....................................................................................................... 146 

http://www.ecoscapeltd.com/


15-1438.4 xviii May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web: www.ecoscapeltd.com    

4.6 Large Bodied Fish Condition and Tissue Metals ......................................................................... 152 
 Large Bodied Fish Condition ............................................................................................. 152 
 Large Fish Tissue Metals ................................................................................................... 154 
 Summary of Tissue Metals Concentrations from 2000-2016 .......................................... 172 

 
5.0 SUMMARY AND CONCLUSIONS ................................................................................................ 174 

 
5.1 Water quality .............................................................................................................................. 174 

 Attainment of water quality objectives ........................................................................... 174 
 Spatial and temporal variation in water quality .............................................................. 175 
 Water quality study design .............................................................................................. 175 

5.2 Depositional habitat ................................................................................................................... 175 
 Area of depositional zones in the LCR area of interest .................................................... 176 
 Sediment quality in depositional areas of the LCR .......................................................... 176 
 Depositional periphyton community health .................................................................... 176 
 Depositional benthic invertebrate community health ..................................................... 177 

5.3 Erosional Habitat ........................................................................................................................ 177 
 Erosional periphyton community health ......................................................................... 178 
 Erosional habitat benthic invertebrate community health.............................................. 178 

5.4 Small Bodied Fish ........................................................................................................................ 179 
5.5 Large Bodied Fish ........................................................................................................................ 182 

 
6.0 CLOSURE .................................................................................................................................. 184 
 
7.0 REFERENCES ............................................................................................................................ 185 

 
  

TABLES 
 
Table 1-1: Permitted Effluent Discharges to the Lower Columbia River (2006). ............................................. 5 

Table 1-2: Teck Metals Ltd. Trail smelter estimated effluent plume dimensions during Columbia River low 
flow periods (Golder 2012b). .................................................................................................................... 6 

Table 2-1: Components of the Teck Aquatic Receiving Environment Monitoring Program. ........................... 8 

Table 3-1: AREMP erosional habitat periphyton tissue metals sampling areas and sites. Refer to Schedule A 
map sheets for location references. ........................................................................................................ 24 

Table 3-2: AREMP erosional habitat benthic invertebrate tissue metals sampling areas and sites. Refer to 
Schedule A map sheets for location references. ..................................................................................... 31 

Table 3-3: Recommended preliminary refinement to the small-bodied fish (sculpin sp.). ........................... 35 

Table 3-4: Information collected during small-bodied fish sampling. ........................................................... 36 

Table 3-5: Large-bodied fish collection and processing summary. ................................................................ 43 

Table 4-1:  Averaged Erosional Site Field Measurements, 2015. .................................................................. 49 

Table 4-2: Depositional Site Field Measurements, October 2015 ................................................................. 49 

Table 4-3: Nutrient Concentrations at Teck LCR Sample Sites, right bank shallow sample (2015 - 2016). ... 53 

Table 4-4: Matrix for Determining Water Quality Metals of Interest. ........................................................... 59 

http://www.ecoscapeltd.com/


15-1438.4 xix May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web: www.ecoscapeltd.com    

Table 4-5: Distribution metrics for total and dissolved metals of interest in the LCR 2015-2016. ............... 62 

Table 4-6: Comparison of Cadmium Guidelines for LCR Range of Hardness (30-day chronic)...................... 65 

Table 4-7: Sediment composition analysis conducted in 2012 and field meter readings taken in 2015 at the 
depositional sediment sampling sites. .................................................................................................... 78 

Table 4-8: Microscope evaluation of depositional sediments from the LCR AOI in September 2015. ......... 80 

Table 4-9: Matrix for Determining Sediment Metals of Interest ................................................................... 82 

Table 4-10: Average and standard deviation for depositional sediment samples (mg/kg dry) from upstream 
reference sites and downstream exposure sites collected in 2015. ....................................................... 83 

Table 4-11: Exceedances of BC/CCME sediment quality guidelines (based on maximum observed 
concentrations) in depositional sediment samples 2003 - 2015 (numbers in grey were not exceedances 
and are provided for comparison)........................................................................................................... 90 

Table 4-12: Summary of typical range of LCR periphyton metrics from 2015, with comparison to 
oligotrophic, typical, and productive large rivers and upstream Reach 2 LCR. ....................................... 94 

Table 4-13: Percent contribution of the major algae groups to periphyton biovolume by erosional sample 
site, 2015. .............................................................................................................................................. 102 

Table 4-14: Periphyton growth metrics by erosional sample site, 2015. .................................................... 102 

Table 4-15: Percent contribution of the major algae groups to periphyton biovolume by site -      
Depositional Sites, 2015. ....................................................................................................................... 112 

Table 4-16: Summary statistics describing periphyton community productivity and diversity in depositional 
and erosional sites above and below smelter outflow (reference and exposure sites respectively). 
Values are based on data obtained during periphyton sampling conducted October, 2015. .............. 113 

Table 4-17: Dominant periphyton species as defined by percent biovolume for erosional and depositional 
sites with upstream reference sites shown separately from downstream exposure sites, 2015......... 114 

Table 4-18: Periphyton growth metrics by depositional sample site for 2015 samples. ............................ 115 

Table 4-19: Summary of benthic community metrics for erosional habitats for 2012 and 2015 AREMP data 
collection. .............................................................................................................................................. 119 

Table 4-20: Dominant taxa represented in erosional areas for 2015 samples ............................................ 124 

Table 4-21: Summary of benthic community metrics for depositional habitats for 2012 and 2015 AREMP 
data collection.  Note, biomass data were not measured in 2012. ...................................................... 125 

Table 4-22: Dominant taxa represented in depositional habitats for 2015 samples. ................................. 130 

Table 4-23: Small-bodied fish collection summary. Fish were collected May 13-16, 2013 from the 
mainstem of the Columbia River with a backpack electrofisher and pole seine. ................................. 143 

Table 4-24: Summary of sculpins retained for tissue metals and health assessments. .............................. 144 

Table 4-25: Summary and distribution of TRO exceedances for sculpin whole body lead concentrations. 147 

 

 

 

http://www.ecoscapeltd.com/


15-1438.4 xx May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web: www.ecoscapeltd.com    

 

FIGURES 
 

Figure 3-1: Study Area and Sample Sites. ...................................................................................................... 13 

Figure 3-2: Schematic of transect water sample locations across the Columbia River channel (Perspective: 
Looking downstream). Transects were completed at Birchbank (reference site), Stony Creek, New 
Bridge, Old Bridge, Maglios, and Waneta ............................................................................................... 14 

Figure 3-3: Lower Columbia River flows and the 2015 and 2016 spring, summer and fall AREMP water 
sampling periods (denoted as points above) .......................................................................................... 15 

Figure 3-4: Lower Columbia River flows for 2008-2016 the shaded grey area is the standard deviation of 
daily flows for this time period................................................................................................................ 16 

Figure 3-5: Illustration of natural cobble substrate periphyton sampling in the LCR .................................... 22 

Figure 3-6: Sampling benthic invertebrates using an area-based approach with a modified surber/CABIN 
kicknet sampler (devised for area-based sampling in large river system with coarse substrates) ......... 29 

Figure 3-7: Collection of sculpins with backpack electrofisher during spring 2016 small-bodied fish data 
collection program. ................................................................................................................................. 37 

Figure 3-8: Large-bodied fish reference and exposure collection areas ....................................................... 42 

Figure 3-9: Rainbow Trout prior to processing (left); processing gravid female Mountain Whitefish (right).
 ................................................................................................................................................................. 45 

Figure 4-1:  Average concentration of the various chemical forms of nitrogen for samples collected along 
the right bank shallow site (within the effluent plume) of the LCR in 2015 and 2016 during low flows.
 ................................................................................................................................................................. 50 

Figure 4-2: Box plots of TKN organic nitrogen measured in the LCR during low flow periods (2015-2016) . 52 

Figure 4-3: Box plots of inorganic nitrogen measured in the LCR during low flow periods (2015-2016) ..... 54 

Figure 4-4: Box plot of total phosphorus concentrations measured in the LCR during low flow periods 
(2015-2016) ............................................................................................................................................. 55 

Figure 4-5: Box plot of potassium concentrations measured in the LCR during low flow periods (2015-2016)
 ................................................................................................................................................................. 56 

Figure 4-6: Box plot of sulphate concentrations measured in the LCR during low flow periods (2015-2016)
 ................................................................................................................................................................. 57 

Figure 4-7: Box plot of total organic carbon measured in the LCR during low flow periods (2015-2016). ... 58 

Figure 4-8: Occurrences and frequency of total and dissolved metals exceeding LCR Objectives or BC MoE / 
CCME 30-day Guidelines during 2015 ς 16 spring low flow sampling (5 sampling events) .................... 60 

Figure 4-9: Total number of metals exceeding the BC 30-day guideline for the March-April low flow periods 
from 1995 to 2016 ................................................................................................................................... 61 

Figure 4-10: Box plots of D-Al measured in the LCR during low flow periods (2015-2016) .......................... 63 

Figure 4-11: Box plots of T-As measured in the LCR during low flow periods (2015-2016) .......................... 64 

Figure 4-12: Box plots of D-Cd measured in the LCR during low flow periods (2015-2016) ......................... 66 

http://www.ecoscapeltd.com/


15-1438.4 xxi May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web: www.ecoscapeltd.com    

Figure 4-13: Box plot of T-Cr measured in the LCR during low flow periods (2015-2016). ........................... 67 

Figure 4-14: Box plot of T-Cu measured in the LCR during low flow periods (2015-2016) ........................... 68 

Figure 4-15: Box plots of T-Pb measured in the LCR during low flow periods (2015-2016) .......................... 69 

Figure 4-16: Box plots of T-Hg, measured in the LCR during low flow periods (2015-2016) ......................... 70 

Figure 4-17: Box plots of T-Ni, measured in the LCR during low flow periods (2015-2016) ......................... 71 

Figure 4-18: Box plots of T-Se measured in the LCR during low flow periods (2015-2016). ......................... 72 

Figure 4-19: Box plots of T-Ag measured in the LCR during low flow periods (2015-2016) .......................... 73 

Figure 4-20: Box plots of T-Tl measured in the LCR during low flow periods (2015-2016) ........................... 74 

Figure 4-21: Box plots of T-Zn measured in the LCR during low flow periods (2015-2016). ......................... 75 

Figure 4-22: Distribution of arsenic, cadmium, and chromium concentrations in depositional sediments 
with distance from the smelter. .............................................................................................................. 84 

Figure 4-23: Distribution of copper, lead and mercury concentrations in depositional sediments with 
distance from the smelter. ...................................................................................................................... 85 

Figure 4-24: Distribution of selenium, thallium and zinc concentrations in depositional sediments with 
distance from the smelter. ...................................................................................................................... 86 

Figure 4-25: Distribution of phosphorus, potassium and aluminum concentrations in depositional 
sediments with distance from the smelter. ............................................................................................ 87 

Figure 4-26: Number of sediment metal BC guideline exceedances at depositional sites in the LCR area of 
interest: 2003, 2012 and 2015. ............................................................................................................... 88 

Figure 4-27: Maximum observed concentrations at the Waneta Eddy for depositional sediment metals of 
interest from 2003 to 2015, compared to BC guidelines. ....................................................................... 91 

Figure 4-28: Boxplots of five metrics of 2012 and 2015 periphyton community productivity and diversity in 
depositional and erosional sites above and below smelter outflow (reference versus exposure 
respectively) .......................................................................................................................................... 100 

Figure 4-29: Boxplots of three metrics of 2012 and 2015 periphyton community productivity in erosional 
sites ........................................................................................................................................................ 101 

Figure 4-30: Periphyton tissue metals at erosional sites, 2015 ................................................................... 103 

Figure 4-31: NMDS of periphyton biovolume at the genus level grouped by year (left panel), and grouped 
by exposure (EXP) sites in red and reference (REF) sites in blue (right panel) ..................................... 105 

Figure 4-32: Model averaged parameter coefficients and 95% confidence limits from model averaged 
linear mixed effects models of the effect of treatment (reference or exposure), distance downstream 
of HLK outflow, average velocity, water temperature, and substrate (D90) on periphyton productivity 
and diversity in erosional sites in LCR above and below smelter outflow ............................................ 107 

Figure 4-33: NMDS of depositional periphyton biovolume at the genus level grouped by year (left panel), 
and grouped by exposure (EXP) sites in red and reference (REF) sites in blue (right panel).. .............. 112 

Figure 4-34: Boxplots of three metrics of 2012 and 2015 periphyton community productivity and diversity 
in depositional sites. .............................................................................................................................. 116 

http://www.ecoscapeltd.com/


15-1438.4 xxii May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web: www.ecoscapeltd.com    

Figure 4-35: PCA sediment metals biplot of PCs periphyton community productivity and diversity 
depositional sites models. ..................................................................................................................... 117 

Figure 4-36: Boxplots of three metrics of benthic invertebrate community productivity and diversity in 
depositional and erosional sites above and below smelter outflow .................................................... 121 

Figure 4-37: Boxplots of three metrics of benthic invertebrate community productivity and diversity in 
erosional sites above and below smelter outflow. ............................................................................... 122 

Figure 4-38: Boxplots of three metrics of benthic invertebrate community composition and diversity in 
erosional sites above and below smelter outflow. ............................................................................... 123 

Figure 4-39: Boxplots of three metrics of benthic invertebrate community productivity and diversity in 
depositional areas above and below smelter outflow. ......................................................................... 127 

Figure 4-40: Boxplots of three metrics of benthic invertebrate community composition and diversity in 
depositional areas above and below smelter outflow. ......................................................................... 128 

Figure 4-41: Boxplots two metrics of benthic invertebrate community composition and diversity in 
depositional areas above and below smelter outflow. ......................................................................... 129 

Figure 4-42: NMDS of erosional habitat benthic invertebrate communities at the species grouped by year 
(left) and by exposure and reference sites (right) ................................................................................. 132 

Figure 4-43: NMDS of depositional habitat benthic invertebrate communities at the species grouped year 
(left) and by exposure and reference sites (right) ................................................................................. 133 

Figure 4-44: Benthic invertebrate tissue metals at erosional sites, 2015. .................................................. 135 

Figure 4-45: Benthic invertebrate tissue metals at erosional sites, 2015 ................................................... 136 

Figure 4-46: Benthic invertebrate tissue metals at erosional sites, 2015. .................................................. 137 

Figure 4-47: Benthic invertebrate tissue metals at erosional sites, 2015. .................................................. 138 

Figure 4-48: Model averaged parameter coefficients and 95% confidence limits from model averaged 
linear models of the effect of treatment (reference or exposure),  distance downstream of HLK 
outflow, average velocity, water temperature, and substrate (D90) on benthic invertebrate 
productivity and diversity in erosional sites in LCR above and below smelter outflow. ...................... 140 

Figure 4-49: Model averaged parameter coefficients and 95% confidence limits from model averaged 
linear models of the effect of treatment (reference or exposure), distance downstream of HLK 
outflow, average velocity, water temperature, and substrate (D90) on benthic invertebrate 
productivity and diversity in erosional sites in LCR above and below smelter outflow. ...................... 141 

Figure 4-50: Common sculpins collected during spring 2013 and 2016 sampling programs. ..................... 143 

Figure 4-51: Sculpin condition metrics taken from fish collected during the April 2016 small-bodied fish 
sampling program.................................................................................................................................. 145 

Figure 4-52: Metal concentrations (mg/kg wet) in whole body sculpin samples in reference and exposure 
above and below smelter outflow respectively .................................................................................... 148 

Figure 4-53: Metal concentrations (mg/kg wet) in whole body sculpin samples in reference and exposure 
by bank .................................................................................................................................................. 149 

Figure 4-54: Metal concentrations (mg/kg wet) in whole body sculpin samples in reference and exposure 
by bank .................................................................................................................................................. 150 

http://www.ecoscapeltd.com/


15-1438.4 xxiii May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web: www.ecoscapeltd.com    

Figure 4-55: Metal concentrations (mg/kg wet) in whole body sculpin samples in reference and exposure 
by bank .................................................................................................................................................. 151 

Figure 4-56: Box plots of Mountain Whitefish, Rainbow Trout, and Walleye condition metrics sampled in 
2016 from reference (upstream of smelter) and exposure (downstream of smelter) areas in the LCR.
 ............................................................................................................................................................... 153 

Figure 4-57: Concentrations of Arsenic (mg/kg wet) in fillet, whole body, and stomach content samples 
from Mountain White fish (MW), Rainbow Trout (RB), and Walleye (WP) collected from reference 
(Ref) and exposure (Exp) areas upstream and downstream of the smelter respectively ..................... 155 

Figure 4-58: Concentrations of Cadmium (mg/kg wet) in fillet, whole body, and stomach content samples 
from Mountain White fish (MW), Rainbow Trout (RB), and Walleye (WP) collected from reference 
(Ref) and exposure (Exp) areas upstream and downstream of the smelter respectively ..................... 157 

Figure 4-59: Concentrations of Chromium (mg/kg wet) in fillet, whole body, and stomach content samples 
from Mountain White fish (MW), Rainbow Trout (RB), and Walleye (WP) collected from reference 
(Ref) and exposure (Exp) areas upstream and downstream of the smelter, respectively .................... 159 

Figure 4-60: Concentrations of Copper (mg/kg wet) in fillet, whole body, and stomach content samples 
from Mountain White fish (MW), Rainbow Trout (RB), and Walleye (WP) collected from reference 
(Ref) and exposure (Exp) areas upstream and downstream of the smelter respectively. .................... 161 

Figure 4-61: Concentrations of lead (mg/kg wet) in fillet, whole body, and stomach content samples from 
Mountain White fish (MW), Rainbow Trout (RB), and Walleye (WP) collected from reference (Ref) and 
exposure (Exp) areas upstream and downstream of the smelter respectively. ................................... 163 

Figure 4-62: Concentrations of mercury (mg/kg wet) in fillet, whole body, and stomach content samples 
from Mountain White fish (MW), Rainbow Trout (RB), and Walleye (WP) collected from reference 
(Ref) and exposure (Exp) areas upstream and downstream of the smelter respectively ..................... 165 

Figure 4-63: Concentrations of selenium (mg/kg wet) in fillet, whole body, and stomach content samples 
from Mountain White fish (MW), Rainbow Trout (RB), and Walleye (WP) collected from reference 
(Ref) and exposure (Exp) areas upstream and downstream of the smelter respectively ..................... 167 

Figure 4-64: Concentrations of thallium (mg/kg wet) in fillet, whole body, and stomach content samples 
from Mountain White fish (MW), Rainbow Trout (RB), and Walleye (WP) collected from reference 
(Ref) and exposure (Exp) areas upstream and downstream of the smelter respectively. .................... 169 

Figure 4-65: Concentrations of zinc (mg/kg wet) in fillet, whole body, and stomach content samples from 
Mountain White fish (MW), Rainbow Trout (RB), and Walleye (WP) collected from reference (Ref) and 
exposure (Exp) areas upstream and downstream of the smelter respectively. ................................... 171 

Figure 4-66: Trends in metal concentrations in LCR fish tissue (fillets) from 2000-2016. ........................... 173 

 

SCHEDULE A  
 

Study Area Maps and Sampling Location Information 
 
 
 
 

http://www.ecoscapeltd.com/


15-1438.4 xxiv May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web: www.ecoscapeltd.com    

APPENDICES 
 
Appendix A ............................................................................................ Aquatic Community Sampling Outline 
Appendix B .................................................................. Depositional and Erosional Sample Sites Physical Data  
Appendix C-1  ................................................................................................... 2015-2016 Water Quality Data  
Appendix C-2 ................................................................................................................... Water Quality QA/QC 
Appendix D ...................................................................................................................... Chlorophyll A Results 
Appendix E .................................................................................................................... Sediment Quality Data 
Appendix F ............................................................................................................ Periphyton Taxonomic Data 
Appendix G .................................................................................................. Periphyton Tissue Metals Analysis 
Appendix H ................................................................................. Benthic Invertebrate Taxonomy and Metrics 
Appendix I ................................................................................... Benthic Invertebrate Tissue Metals Analysis 
Appendix J ............................................................................... Small-bodied fish Tissue Metals and Condition 
Appendix K .............................................................................. Large bodied fish Tissue Metals and Condition  
Appendix L ......................................................................................... Erosional Periphyton Statistical Outputs 
Appendix M .................................................................................. Depositional Periphyton Statistical Outputs 
Appendix N ..................................................................................... Periphyton ANOVA mixed effects Outputs 
Appendix O .................................................................................... Erosional Invertebrates Statistical Outputs 
Appendix P ............................................................................... Depositional Invertebrates Statistical Outputs 
Appendix Q ................................................................................... Invertebrate ANOVA mixed effects Outputs 
Appendix R .....................................................................................................Fish linear mixed effects Models 

 
 

http://www.ecoscapeltd.com/


15-1438.4 1 May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web:  www.ecoscapeltd.com    

1.0 INTRODUCTION 

Ecoscape Environmental Consultants Ltd. (Ecoscape) was retained by Teck Metals 
Ltd., Trail Operations (Teck) in 2015 to carry out an aquatic receiving environment 
monitoring program (AREMP) on the Lower Columbia River (LCR) as per part 3.2 
of Effluent Permit PE02753. The purpose of this work is to conduct effluent 
receiving environment monitoring in the LCR. A secondary purpose of the work is 
to provide information to Teck to facilitate management decisions for smelter 
operations.   
 
The Teck Trail Smelter is located adjacent the right bank (looking downstream) of 
the lower Columbia River in Trail, BC about 11 km due north of the International 
Border with the United States. The streamline distance from the smelter down to 
the border is about 18 km (Schedule A). 
 
The primary study area is the lower Columbia River from Stoney Creek to Old 
Bridge as this area receives the permitted effluent from the smelter along the right 
bank. Downstream sampling of the smelter outfalls extends from Old Bridge to 
7ÁÎÅÔÁ ÊÕÓÔ ÕÐÓÔÒÅÁÍ ÏÆ ÔÈÅ ÃÏÎÆÌÕÅÎÃÅ ×ÉÔÈ ÔÈÅ 0ÅÎÄ Äȭ/ÒÅÉÌÌÅ 2ÉÖÅÒ just north of 
the border. Reference study areas include the lower Columbia River, beginning 
from the Hugh L Keenlyside Dam and the Brilliant Dam on the Kootenay River, 
extending downstream to Stoney Creek (Schedule A).   
 
There are several sources of metals in the study area, including but not limited to: 
 
¶ Smelter emissions, for which an Aquatic Ecological Risk Assessment study 

has been conducted (Golder 2007); 
¶ Groundwater discharge, for which a hydraulic interception and treatment 

system is currently being commissioned; 
¶ Stoney Creek, which is currently under assessment and remediation; 
¶ Sediment in the Columbia River foreshore area adjacent to downtown Trail, 

which is currently under investigation; 
¶ Trail Creek, which is currently under investigation in the Annable area of 

Warfield; 
¶ Non-smelter influences including various mines and mills, storm sewer 

discharge, pulp mil l effluent and municipal sewage effluent; and. 
¶ Naturally occurring metals. 

 
Sources other than permitted Teck discharges, described further below, have a 
potential influence on the health of the aquatic receiving environment but the 
evaluation of such influence is outside the scope of this AREMP. Due to the 
integrating nature of the LCR, any impacts of these sources could not be assessed 
separately from the effluent discharge, and it is therefore acknowledged that the 
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AREMP will measure parameters as a result of all influences on the river, not just 
the Trail Smelter effluent discharge.  
 
The structure of this report is based on the Proposed Study Design for Teck Trail 
Smelter AREMP (Golder 2012a) and on Recommendations to AREMP, 2015-2017 
(Hawes et al. 2015). The requirement to carry out an AREMP was delegated to Teck 
by BC MoE in 2011 for studies to be conducted in 2012 through 2014 on the Lower 
Columbia River. AREMP studies involve monitoring of water quality, sediment 
quality, periphyton communities, benthic invertebrate communities, small-bodied 
fish and large-bodied fish. The following report describes project objectives, 
outlines management questions and methods carried out to address the water 
quality program.  

1.1 Background Information 

The LCR aquatic environment in Canada has been extensively studied, with data 
collected over the years by various organizations. Teck has commissioned 
numerous studies and reports on a wide range of potential effects of past and 
current smelter operations. These efforts provide historic data and context for this 
study.  
 
Teck conducted a large-scale Ecological Risk Assessment (ERA) of the Trail smelter 
operations from 2000 to 2007 (Golder 2007; Golder 2012a). The aquatic ERA study 
area encompassed the lower Columbia River and its tributaries  from downstream 
of the Hugh L Keenlyside Dam, and the Brilliant Dam on the Kootenay River to the 
International Border. 
 
Tributaries 
Cadmium, silver, and zinc concentrations exceeded criteria at both reference and 
exposure sites within the tributaries to the lower Columbia. The ERA (Golder 
2007) speculated that some elevated metals concentrations in tributa ri es may be 
explained by anthropogenic sources other than the smelter ɀ especially true for 
reference tributaries (Golder 2006). These include forestry, highway run-off, 
erosion from power and gas rights of way, and run-off from agricultural and urban 
areas. 
 
Sediment metals in tributaries were elevated from upstream reference sites 
downstream to Murphy Creek with variable metals concentrations between the 
smelter and Beaver Creek and then high metals concentrations further 
downstream at Sheppard Creek (Golder 2006). 
 
Algal biovolume in tributaries was low at most sites and the degree of variability 
between reference and exposure sites were within the standard error (Golder 
2006) and it was concluded there is low risk from smelter emissions to tributary 
systems (Golder 2012). 
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Differences in benthic invertebrate community composition were reported for the 
tributar ies studied in the area of influence (AOI) (Golder 2012). These differences 
reflected the environmental variation relating to water quality and habitat (Golder 
2006) with th e variability in natural habitat features being the primary 
determinants of periphyton and benthic community composition (Golder 2012). 
 
Lower Columbia River 
The Aquatic ERA (Golder 2007) AOI included 56 km of the lower Columbia River 
from the Hugh L Keenlyside Dam, and the Brilliant Dam on the Kootenay River 
downstream to Waneta at the International  Border. Assessment endpoints were 
defined for periphyton community composition, benthic invertebrate community 
composition, fish population and condition metrics as well as habitat quality. 
 
The sequential assessment of lines of evidence (SALE) of the ERA indicated that the 
risk management objectives are being met for Mountain Whitefish and Prickly 
Sculpin. Therefore, an evaluation of the risk management options is not required 
for these receptors (i.e. large and small-bodied fish) (Golder 2012). The SALE 
analysis indicated that the risk management objectives were not being met for 
periphyton in near-field areas at New Bridge within about 250 m downstream of 
the ÓÍÅÌÔÅÒȭÓ Ãombined II outfall along the right bank. In addition, the SALE 
indicated that the risk management objectives were not being met for the 
depositional habitat benthic invertebrates at Maglios and Waneta sites. However, 
the area of depositional habitat in the AOI is only about 0.1%. Therefore, the spatial 
extent of the physical and chemical effects of slag and sediment quality is small 
relative to the context of the entire AOI (Golder 2007). 
 
Effluent Plume Overview 
A plume delineation model was developed for the Trail smelter effluent in 2012 
(Golder 2012) and subsequently validated by water quality sampling and spatial 
analysis (Hawes and Larratt 2014).  Daily effluent flow and total metals 
concentrations for each of the outfalls was provided by TML. Effluent flow (m3/s) 
and concentration data (mg/L) were compared with transect water quality data on 
corresponding days to assess the % assimilation and spatial attributes of the 
discharges and compared with the modeled effective dilution.  
 
During spring LCR low flows, the average combined effluent discharge from all 
three plumes is approximately 0.14% of LCR flows (Hawes and Larratt 2014). An 
ammonium sulphate groundwater plume flows beneath the smelter, discharging 
into the LCR from the riverbed. This groundwater plume confounds the effluent 
plume model because its constituents are also components of the smelter outfalls. 
The groundwater plume is characterized by elevated nitrogen, sulphate, fluoride, 
total dissolved solids (TDS), arsenic, cadmium, iron, lead, manganese, and zinc 
(Golder 2012).  
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At New Bridge, the measured dilution was less than predicted by the model, 
ranging from about 2% (As/Se) to over 20% (Cd).  This apparent reduced dilution 
may be explained by the ammonium sulphate groundwater plume (Hawes and 
Larratt 2014). At Old Bridge, the downstream limit of the initial dilution zone, the 
plume is about 60 m wide, as opposed to 35 m wide predicted by the model, and 
the percent dilution is greater than the model-predicted 1% dilution with a mixing 
ratio of about 200:1 (0.5% dilution) (Hawes and Larratt 2014). 
 
Operational Improvements 
Teck and its predecessors have undertaken a series of significant site 
improvements that include, but are not necessarily limited to: 
 
¶ 1981: effluent treatment plant 
¶ 1981: stripped zinc electrolyte was routed to fertilizer plant instead of river 

discharge 
¶ 1982: mercury removal plant constructed 
¶ 1991: construction of a drainage control system to route wash water and 

stormwater to the effluent treatment plant 
¶ 1993: Heat exchanger installed in lead smelter  
¶ 1994:  Phosphate-based fertilizer production was terminated 
¶ 1995: cessation of slag discharge to the LCR 
¶ 1997-98: installation completed and operation of KIVCET flash lead 

smelter commenced 
¶ 1997-98: seepage collection system along Stoney Creek; 
¶ 2003: a closed industrial landfill was capped with an engineered membrane 
¶ 2005: a permanent storage system was created for wastes containing 

arsenic. 
 

These improvements have had a positive effect within the receiving environment, 
such that the Aquatic Ecological Risk Assessment study (Golder 2007c) concluded 
that there was no compelling evidence of smelter-related risks or impacts on fish, 
aquatic plants or insects.  

1.2 Potential Metal or other PCOC Sources to the LCR Area of Interest 

Potential metals of concern identified in earlier studies of the LCR included: 

¶ Water :  arsenic, cadmium, chromium, copper, lead, zinc, mercury, thallium 
¶ Groundwater:  Total Dissolved Solids (TDS), ammonia, nitrate, nitrite, 

sulphate, fluoride, chloride, dissolved metals/metalloids (antimony, 
arsenic, cadmium, cobalt, copper, iron, lead, manganese, magnesium, 
selenium, sodium, thallium, uranium, and zinc) 

¶ Sediment:  arsenic, cadmium, chromium, copper, lead, mercury, nickel, 
silver, thallium, zinc 

¶ Fish tissue:  zinc, copper 
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There are many influences on water quality in the LCR. The Aquatic ERA identified 
non-smelter-related stressors in the vicinity of New Bridge (adjacent downtown  
Trail) and the Maglios Sites (at the confluence with Bear Creek and the Regional 
wastewater treatment facility ) (Golder 2007). 

 Table 1-1 summarizes permitted effluent discharges to the Lower Columbia River 
as of 2006.  

Table 1-1: Permitted Effluent Discharges to the Lower Columbia River (2006). 

Location  Permit # Discharge Description  

Approximate 
Discharge 
(m3/day) 

LCR ς between 
HLK dam and 
Castlegar, BC 

PE 1272 Zellstoff-Celgar - final industrial effluent 177,000 
PE 7622 Lion's Head Inn -2o treated domestic effluent 20 

PE 80 City of Castlegar - treated effluent  2,728 
PE 5594 Pope and Talbot Ltd-treated effluent >10 
PE 4008 City of Castlegar - treated domestic effluent  1,600 
PE 141 Selkirk College- 2o treated domestic effluent 536 

Kootenay River 
upstream of 

LCR confluence 

PE 17354 Skanska-Chant Joint Venture 14.5 
PE 11702 Kootenay Mobile Home Park domestic 

effluent 
43.6 

LCR ς Trail, BC PE 02753 Teck Smelter - industrial effluents, cooling 
water 

296,000 

LCR ς 
downstream of 

Trail, BC 

PE 274 Kootenay Regional District - 2o treated 
effluent 

10,500 

PE 71 Village of Montrose - 2o treated effluent 640 
Beaver Creek PE 133 Village of Fruitvale - treated effluent 910 

PE 2500 Village of Salmo - treated effluent 455 

Source: BC MoE  Nelson, 2006 (After Golder 2007) 

 
Additional to these permitted effluent discharges, storm water runoff is discharged 
into the LCR at numerous locations. Urban stormwater from Trail, Rossland, and 
Warfield discharges to the LCR via Trail Creek (Golder, 2007c).  An unknown 
volume of runoff from highways, roads, railways, mines, mills and transmission 
lines may also affect the LCR. Furthermore, other industries and agricultural 
developments have the potential to impact the LCR. 
 
The focus of this study is on potential metals of concern associated with the smelter 
that may affect the LCR. Metal sources influenced by the smelter are outlined in the 
following sections. 

Outfalls  

The Trail smelter has three permitted outfalls (CII, CIII, and CIV). The distribution 
of the effluent is governed by fluid dynamics.  Results from a CORMIX modeling 
exercise predicted that outfall plumes are diluted by the river flow to metal 
concentrations near background concentrations within distances outlined in Table 
1-2.  The model also predicted that the outfall  plumes may combine with the 
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groundwater plume that upwells between CII and CIII along the western bank of 
the river (Golder 2010).   
 
A Rhodamine-B dye tracer study was conducted in the LCR during low flows in 
April 1997. The study showed faster attainment of 1% dilution than the CORMIX 
model predicted, indicating that the CORMIX model results were conservative. This 
was further validated by Hawes et al. (2015). At the Old Bridge, the model 
predicted that CII and CIII discharges would be diluted to about 1% (100:1 mixing 
ratio) and that the plume width would be about 35 m. Field data (2011-2013 water 
quality) detected metals concentrations over background levels along the right 
bank as well as shallow and deep sites collected 60 m offshore from the right bank. 
Thus, the effluent plume at low flows was about 60 m wide as opposed to the 
predicted 35 m width (from CII).  With increased plume diffusion, field 
measurements indicated a mixing ratio of about 200:1 (0.5% effective dilution) 
(Hawes et al. 2015). 
 

Table 1-2: Teck Metals Ltd. Trail smelter estimated effluent plume dimensions during 
Columbia River low flow periods (Golder 2012b). 

Discharge Name 
Discharge Type under 

normal LCR Flows Monitoring Parameters 

CORMIX predicted plume 
dimensions at Low Flow 1% 

dilution 

Combined CII Multi-port diffuser  Cd,Cu,Hg,Pb,Zn, pH 1300 m long x 35 m wide 
Combined CIII Multi-port diffuser  TSS, Zn, As, Pb, Cd, Hg, Cu, 

Tl, pH 
1700 m long x 20 m wide 

Combined CIV  Multi-port diffuser  Hg, NH3, Zn, pH 25 m long x 9 m wide 
Stony Creek Surface Discharge  130 m long x 8 m wide 

Groundwater  Sub-surface plume  near CII and CIII discharges (see 
Schedule A for maps) 

 

Stoney Creek  

Stoney Creek discharges just upstream of the smelter, and it has contributed 
metals to the LCR (Teck Cominco 1998). The Stoney Creek watershed is affected 
by historical waste disposal and storage activities that contributed to metal 
drainage from seepage and surface runoff. This stream also received runoff from 
an urban area and a historical municipal landfill. Assessment undertaken in Lower 
Stoney Creek per the Final Remediation Plan (Golder 2012c) resulted in a project 
to isolate a portion of the stream from historical waste deposits (SNC Lavalin, 
2015) and is currently under additional investigation as  

Groundwater 

Hydrogeological investigations have been undertaken beneath the smelter and 
surrounding area over a period of more than 15 years. Results of these studies have 
led to the identification of a groundwater plume. Investigations indicate that 
shallower portions of the plume discharge to the LCR adjacent to the smelter, 
shallow/intermediate portions of the plume upwell across the entire width of the 
river, and finally, while deeper portions of the plume migrate beneath the LCR 
through the East Trail Aquifer and eventually discharge into riverbed sediments 
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along the left bank of the river from around the Old Bridge to downstream about 
1.3 km (C. North, pers comm.  Golder, 2012c). This has been evident in left bank 
water samples for As, Ammonia, Cu, and Pb collected during the AREMP at New 
Bridge, (Hawes et al. 2014) and in the 2015-2016 AREMP results.  
 
Groundwater discharge to the river is generally dependent on river stage and 
appears to be influenced more by the rate of change in river stage rather than by 
absolute river level (Golder 2010). Falling river levels result in groundwater 
upwelling to the river whereas rising river levels result in recharge of the aquifer 
by river water. 
 
A hydraulic interception and treatment system to address the main groundwater 
plume as per the 2012 Final Remediation Plan (Golder 2012c) is currently being 
commissioned. 

Historic Slag Discharge 

Slag is a granulated by-product of the smelting process. It is a particle consisting 
primarily of silica, calcium and iron, and it contains small amounts of base metals 
including zinc, lead, copper and cadmium (Golder 2007b). Although grain size is 
similar to sand (DeBrito and Saikia 2013), slag has a density of >2.9 g/cm3 (Cox et 
al. 2005), while coarse sand is lighter, with an average density of 2.65 g/cm3.  
Fumed slag from Trail is distinct from slag from other smelters. Discharge of slag 
to the river began in the early 1920s and was discontinued in 1995.   

 Flow Regulation  

BC Hydro dam flow regulation from the HLK and Brilliant Dams is a key 
determinant of LCR condition. River flow is a key driver of benthic community 
development in all flowing waters. In addition to determining dilution, flow affects 
a range of co-variate parameters including substrate submergence or stranding, 
velocity, turbulence, sediment transport, light penetration, etc. all of which have 
been considered in the 2012-13 AREMP report (Hawes et al., 2014) and are further 
investigated in this report.  
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2.0 PROJECT SCOPE AND MANAGEMENT QUESTIONS 

This project consists of six components plus data management and is presented in 
Table 2-1.    
 

Table 2-1: Components of the Teck Aquatic Receiving 
Environment Monitoring Program. 
Water Quality 
Depositional Habitat 
Erosional Habitat 
Large-bodied (adult sport fish) fish tissue metals 
Small-bodied (sculpin) fish condition and Tissue Metals 

2.1 Water Quality  

The water quality program is a long-term monitoring program designed to 
evaluate potential effects ÏÆ 4ÅÃËȭÓ ÐÅÒÍÉÔÔÅÄ ÅÆÆÌÕÅÎÔ ÄÉÓÃÈÁÒÇÅÓ ÏÎ ÔÈÅ ,#2Ȣ The 
Columbia River Integrated Environmental Monitoring Program (CRIEMP) 
implemented a Lower Columbia River Water Quality Objectives Monitoring 
Program from 1997-2005 (Hatfield 2008). This program and the Aquatic ERA 
(Golder 2007) collected significant water quality data, and together with the 
AREMP begin to document the complex history of the smelter and changing water 
quality standards, guidelines, and collection and analysis techniques.  
 
Key questions to be answered as part of this program are: 
 
Q1. Are Provincial Water Quality Objectives attained at the downstream end of 

the Initial Dilution Zone (IDZ) during low flows (less than 40 kfcs/1133 
m3/sec) as per long term trend monitoring (e.g. CRIEMP, BC MoE)? 

Q2. Does water quality in the study area vary spatially (various locations in the 
Columbia River including point source, reference sites (both horizontal and 
ÖÅÒÔÉÃÁÌɊȟ ÁÎÄ ÔÅÍÐÏÒÁÌÌÙ ɉÂÅÔ×ÅÅÎ ÓÅÁÓÏÎÓ ÁÎÄ ÙÅÁÒÓɊ ÁÓ Á ÒÅÓÕÌÔ ÏÆ 4ÅÃËȭÓ 
point source effluent discharges and if so, describe the variances? 

Q3. Are water quality parameters that are analyzed for the AREMP stations 
appropriate? 

 
The AREMP study design recommended water sampling near the shoreline as well 
as within the water column at specified transect locations.  Further, the sampling 
design recommended water sampling throughout different seasons within years 
and events between years.  Finally, to help assess specific effects of the smelter, 
controls were included in upstream areas such as Birchbank located upstream of 
any potential influences of the smelter effluent outfalls. 
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2.2 Depositional Habitats 

The objective of the depositional habitat component of the AREMP is to assess 
potential effects of Teck Trail Operations permitted effluent discharges on 
depositional benthic communities by comparing benthic invertebrate structure 
and composition between areas upstream (reference) and downstream (exposure) 
of the smelter. However, we acknowledge there are other metal sources in the LCR 
that could affect the depositional areas. Specific study questions for this 
component include: 
 
Q1. What is the sediment quality in the depositional areas upstream and 

downstream of the smelter? 

Q2. Are the benthic invertebrate communities in depositional sediments 
downstream of the smelter different from the upstream communities in 
terms of abundance, species diversity and species composition? 

Q3. If differences in benthic communities exist, do these differences suggest 
adverse effects (i.e. impairment of benthic communities such that they 
provide poor habitat to upper trophic consumers) and is this linked to 
current permitted effluent discharges? 

 
For purposes of this study, adverse effects were defined as decreases in abundance, 
species diversity and species composition to values outside of the normal range 
such that the benthic communities may be impaired and provide poor nutrition to 
upper trophic consumers. The normal range is calculated as the variation among 
reference upstream sites plus/minus two standard deviations of the mean of 
multiple reference areas. Values outside of this normal range are, for purposes of 
this report , considered to be outside the range of natural variability and therefore 
indicative of potential effects on benthic communities (Golder 2012a). 
 
Sediment quality for benthic invertebrates is a key component of this work 
program and assessments of sediment quality at three reference and seven 
exposure sites was assessed.  
 
Benthic invertebrates are often used as indicator species because their community 
structure and diversity are affected by substrate, water quality, velocity, 
desiccation/drying  on regulated systems like the Columbia, distance downstream 
of a point discharge, etc.  Metals are known to have the potential to influence 
biological communities in riverine ecosystems (Jones and Bennett 1986; Solomon 
2008, Luoma et al. 1997).    
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2.3 Erosional Habitat 

Primary objectives of the erosional habitat sampling components are to assess 
effects of the effluent discharge on benthic invertebrate and periphyton 
communities in these habitats.  Specific study questions are: 
 
Q1. What is the difference in periphyton communities in erosional habitats 

downstream of the smelter compared to the upstream communities in 
terms of periphyton community structure, composition, and standing crop 
biomass? 

Q2. What is the difference in the benthic invertebrate communities in erosional 
habitats downstream of the smelter compared to the upstream 
communities in terms of community structure and composition? 

Q3. On the basis of qualitative review, is there a trend in periphyton and benthic 
metrics over time?  

 
This aspect of the work program is similar to the depositional habitat program and 
focuses on identifying potential impacts of the effluent discharge by looking for 
observed changes in community structure and diversity in periphyton and benthic 
communities.  

2.4 Small Bodied Fish Tissue Monitoring 

The small-bodied fish program was developed by Ecoscape (2013) after the 
original AREMP study design. 
 
The following are the key questions and a brief summary of how the AREMP 
addresses them: 
 
Q1. Is there a difference in tissue metals concentration in small-bodied fish 

between reference sites and exposure sites downstream of the smelter? 

Q2. Do tissue metal concentrations decrease in small bodied fish as the distance 
from the smelter effluent discharge increases? 

Q3. Is there a difference in the length, weight, liver weight, gonad weight and 
condition of fish collected upstream of the smelter and downstream of the 
smelter? 

Q4. What is the relationship between the distance from the effluent discharge 
and tissue metals, condition factor, liver weight (liversomatic index) and 
gonad weight (gonadosomatic index).    

 
The study attempted to address differences in metal accumulation in small fish 
tissue based on species with short home ranges.  Sample sites coincided with 
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previous metals analysis work completed for the smelter including benthic 
analysis, water quality, and large bodied fish tissue analysis.   
 
Age, sex, total length, and weight, and liver and gonad weight are documented for 
each individual caught.   

2.5 Large Bodied Fish Tissue Monitoring 

Primary objectives of this component are to assess potential effects of effluent 
discharge, particularly metals concentrations, on fish tissues (measured in fillets, 
whole fish samples, and gut contents).  
 
Specific study questions are: 
 
Q1.  How do the concentrations of total metals in the tissues of Mountain 

Whitefish, Rainbow Trout, and Walleye in the lower Columbia in 2012 and 
2015 compare to the concentrations since 2000? 

Q2. Do fish tissue concentrations exceed relevant human consumption 
guidelines? 

The tissue sampling program is intended to investigate whether accumulations of 
metals occur in fish as a result of the smelter effluent discharges.  Fish aging and 
condition assessments were a key component of this work program and were 
completed as part of the Lower Columbia River Fish Indexing Program (Ford and 
Thorley, 2011).   
 
 

  

http://www.ecoscapeltd.com/


15-1438.4 12 May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web:  www.ecoscapeltd.com    

3.0 METHODS  

The study design (Golder 2012) stratified (7) areas within the AREMP Study Area: 
Reference Area 1, Reference Area 2, and Exposure Areas 1 through 5. Sites were 
subsequently identified within these larger areas. The sites were the actual 
locations of sampling. The location of all study areas and sample sites in the LCR 
area of interest for water quality, sediment quality, small bodied fish, benthic 
invertebrate sampling etc., are illustrated in the Map Sheets (Schedule A) included 
at the end of this report. 

3.1 Water Quality  

The location of all study areas and sample sites in the LCR area of interest for water 
quality are illustrated in Figure 3-1. 

 
The water quality study focuses on identifying specific effects of effluents on LCR 
water quality.  The study area for the water quality sampling component of the 
AREMP includes the mainstem Lower Columbia River from Birchbank to the 
7ÁÎÅÔÁ ÍÏÎÉÔÏÒÉÎÇ ÓÔÁÔÉÏÎ ÊÕÓÔ ÕÐÓÔÒÅÁÍ ÏÆ ÔÈÅ 0ÅÎÄ Äȭ/ÒÅÉÌÌÅ 2ÉÖÅÒ ÃÏÎÆÌÕÅÎÃÅ 
and the Canada - United States (US) border. Monitoring sites are shown in Figure 
3-1 and are consistent with previous monitoring programs (Hawes et al. 2014).  
The water quality program was developed to evaluate the effects of the permitted 
effluent discharges by the smelter on the LCR.  For this reason, sampling effort is 
concentrated in the spring low flow period to gather data when dilution of effluents 
is minimized. 
 
Water quality monitoring sites include: 

Birchbank  ɀ upstream Reference Site (9.7 km upstream of smelter)  

Stoney Creek ɀ 100 m downstream of Stoney Creek confluence and CIV 
outfall (within the IDZ near upstream end) 

New Trail Bridge  ɀ Beneath or as close to the Bailey Street bridge as safely 
practicable, within the IDZ (0.25 km downstream of the CII effluent outfall)  

Old Trail Bridge  ɀ 20 m upstream of the Old Bridge, marks end of IDZ (1.1 
km downstream of CII effluent outfall)  

Maglios ɀ 4.2 km downstream of the IDZ. This site was added in the 2014 
sampling program to demonstrate near to full mixing of the effluent plume 
by this location as opposed to Waneta, which is a further 10 km 
downstream. 

Waneta  ɀ 15.8 kÍ ÄÏ×ÎÓÔÒÅÁÍ ÏÆ ÓÍÅÌÔÅÒȟ ÁÂÏÖÅ 0ÅÎÄ Äȭ/ÒÅÉÌÌÅ River 
confluence  
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Figure 3-1: Study Area and Sample Sites. 

 

Water quality sampling was conducted from March to October each year.  Grab 
samples, from the right bank shallow location (Figure 3-1), were collected on 
March 31, April 16, and April 25 of 2015 and on March 9, March 23, and March 30 
of 2016.   

Transect samples, which included the right bank shallow location, were collected 
on April 7-8, 2015, April 28, 2015, and October 19-20, 2015, March 15-16, 2016, 
April 5-6, 2016, and October 4, 2016. During the high flow period of July transect 
samples were also collected on July 16-17, 2015 and July 26, 2016.  
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During the 2015-2016 LCR sampling events in March, April, and October flows 
ranged from 1018 ɀ 1944 m3/sec, whereas during the July sampling flows ranged 
from 2851-2869 m3/sec (Figure 3-3). 

All water samples were collected using a Van Dorn bottle - Type Beta Plus designed 
for sampling trace metals and organics.  The purpose of the transect sampling was 
to evaluate the spatial homogeneity or variability across the river channel.  For 
transect sampling, a series of six samples were collected with two near-shore grab 
samples, and four mid-channel samples (Figure 3-2). A composite sample at 
Waneta was collected over the six separate samples since analysis (Hawes et al. 
2014) indicated concentration homogeneity across the river channel at this 
location. This Waneta composite was obtained by combining 3 samples collected 
evenly across the channel at ½ the wetted depth. For transect sampling, a total of 
30 samples plus 3 samples for quality assurance and quality control (QA/QC) were 
collected during each sampling event.  

 
 

 

Figure 3-2: Schematic of transect water sample locations across the Columbia River channel 
(Perspective: Looking downstream). Transects were completed at Birchbank (reference site), Stony 
Creek, New Bridge, Old Bridge, Maglios, and Waneta. Grab sample events collected a sample from the 
right bank position (circled red). 

 

Right Bank

Right 1 m 
AboveBed

Right 1 m 
Deep

Left Bank Left 1 m 
Deep

Left 1 m 
AboveBed
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Figure 3-3: Lower Columbia River flows and the 2015 and 2016 spring, summer and fall AREMP water 
sampling periods (denoted as points above). Flow data used in this report are based on Birchbank 
flow data from Water Survey of Canada.  
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Figure 3-4: Lower Columbia River flows for 2008-2016 the shaded grey area is the standard deviation 
of daily flows for this time period. Flow data used in this report are based on Birchbank flow data from 
Water Survey of Canada. 

 

 Water Quality Field Parameters 

Water quality field parameters were measured with a pre-calibrated Hanna HI 
9828 (2015) and a YSI Pro DSS multimeter (2016) by lowering the sonde to the 
prescribed depth upstream of the sample site, then allowing the boat to drift 
downstream until the sonde cable was vertical and on site before the reading was 
recorded in the meter memory.  Parameters included: GPS location, temperature, 
dissolved oxygen, percent dissolved oxygen saturation, pH, conductivity, total 
dissolved solids, and salinity.  The data were downloaded from the meter 
computer to a stand-alone computer at the end of every sample collection session. 
Water depths were measured with a boat-mounted Lowrance HDS 7 chartplotter. 
Back-up field meters included a Hanna HI 9025C multi-meter, a Eutech 
Instruments pHTestr-20 for pH verification, and a Hanna conductivity meter.  
 
Lab parameters included: 
 

1. Specific conductivity, total alkalinity, hardness, pH, TSS, TDS, BOD5, TOC, 
turbidity;    
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2. Major ions Ca, Mg, K, Na, Br, Cl, F, SO4;  

3. Nutrients including ammonia, nitrate, nitrite, TKN, total phosphorus, 
dissolved phosphorus ; 

4. Total (not filtered) and dissolved (field-filtered) ultra -low metals scans 
with method detection limits lower than 5 times the BC MoE water quality 
guideline for the protection of aquatic life by Inductively-Coupled Mass 
Spectrometry (ICP-MS).  

 Water Quality Data Analysis 

Water quality data were evaluated using a variety of techniques.  Data exploration 
techniques including descriptive statistics (mean, minimum, maximum, standard 
deviation, etc.) were used to compare reference sites to exposure sites. Data from 
2015 and 2016 was plotted to illustrate the range of measured parameter 
concentrations at each site relative to established Water Quality Objectives and 
Guidelines. Box plots were then prepared from the data sampled during low flow 
periods (March, April, and October) to assess and visually display the results from 
2015 and 2016 and data sampled during July (high flow) was displayed as points.  
Data from 2015-2016 were similarly treated in Hawes et al. 2014. 
  
The water quality data were compared to applicable Guidelines and LCR Water 
Quality Objectives in the Reference areas (Birchbank), the IDZ (Stoney Creek, New 
Bridge, and Old Bridge), and the downstream areas (Maglios and Waneta). The 
number of exceedances of the applicable guidelines was calculated for BC 30-day 
average and maximum. The exceedances for BC 30-day average were calculated in 
two separate ways. The first method was to align with methods done in previous 
years, which compared a single sample to the BC 30-day average. The second 
method calculated the mean from 5 samples collected from right shallow (r-sh) 
and compared this mean to the 30-day average. Spatial and temporal variations 
were subsequently described. Non-detectable results are common in metal 
detection samples. These were treated as half of the detection limit as per Huston 
and Juarez-Colunga (2009) and Technical Guidance 4; Environmental Management 
Act Authorizations (January 2016). 

 Quality Assurance / Quality Control for Water Samples 

Quality assurance is a critical aspect of any monitoring program on trace metals 
because of the ultra-low levels of the analytes and subsequent susceptibility of 
samples to contamination.  QA/ QC reports from the labs can be found in Appendix 
C with the water quality data. 

Field Quality Assurance 

Prior to transect sampling, sample bottles were pre-labeled and stored in large zip-
lock bags, organized by site. The sampling boat and associated gear were pressure-
washed prior to launching at Trail to remove road grime that could affect sampling, 
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and to limit the potential for accidental transport of invasive species. Sampling 
began at reference sites and progressed downstream. Samples were collected from 
the prescribed depths and sites in a cleaned, low metals Van Dorn bottle sampler. 
Sample bottles were provided by ALS Environmental Laboratories and with the 
appropriate preservatives pre-measured in vials. Sample bottle caps, syringes and 
filters were triple -rinsed as needed with sample water to minimize contamination 
from atmospheric deposition. Metals sample bottles were triple-rinsed and 
immediately field-filtered using rinsed, prescribed syringe filters. All field sample 
preservation methods prescribed by ALS Lab were observed.  Clear un-powdered 
vinyl gloves were worn for all sample handling except Hg samples, when nitrile 
gloves were worn. The filled sample bottles were immediately placed on chipped 
ice and couriered to ALS Labs in Burnaby, B.C. within 48 hours of collection.   

Duplicate instruments were used for field parameters where calibration is prone 
to drift such as pH. Where agreement was within instrument tolerances, the Hanna 
multi -meter data were taken as correct.  When agreement was not within 
tolerances, the multi -meter was re-calibrated. The data were downloaded from the 
multi -meter computer to a stand-alone computer at the end of every sample 
collection session. 

Lab Quality Assurance 

Standard water quality sampling methods were employed, as well as all 
instructions from the labs. 
  
Every sampling event QA/QC involved 1 travel blank (lab double de-ionized water 
(DDI) travels unopened), 1 field blank (Lab DDI water handled as sample water) 
and up to 3 duplicate samples (labels did not tell the lab which samples they 
duplicate).  The minimum number of QA/QC samples is 3 per transect sampling 
event (10% of samples).  Lab reports were checked on receipt of data and queries 
or requests for sample re-analysis were sent as soon as possible and within the 
sample hold times. Requests for re-analysis were based on differences between the 
sample duplicates that exceeded accepted tolerances, generally 20 - 50% 
difference, or an outlier result that exceeded the range of standard deviation for 
the applicable results to date. The lab was also directed to retain samples until they 
were notified that they could dispose of them or until the hold times specified in 
Standard Methods had expired.  Additional QA/QC protocols were also undertaken 
at ALS. 
 
The lab was asked to report the data electronically in Excel and PDF format.  
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3.2 Sediment Quality Monitoring 

The following are specific data that were collected at 10 depositional sediment 
sample sites. Each of the sites below were identified in the sediment quality triad 
(Golder 2007). All samples were collected followed sampling procedures outlined 
in Clarke (2003) and other standardized, acceptable scientific techniques.  
Sampling sites were outlined in the AREMP and are (Maps 1-10): 
 

1. Three of the sample sites were in reference areas at Kootenay Eddy, Genelle 
Eddy, and Birchbank Eddy. 

2. Seven exposure sample sites were established at Korpak, Maglios, Casino, 
Airport Bar, Trimac, Fort Shephard Eddy, and Waneta. 

For sediment sampling, 4.35 cm diameter clear 0ÌÅØÉÇÌÁÓΆ corers were pushed into 
the substrate to a depth of 15 cm and the 200 cm3 core was transferred to a large 
zip-lock bag. Five cores were added to each bag to create a composite sample from 
a variety of sub-sample locations within the confines of the designated sample site.  
The sediment sample was mixed thoroughly and a 500 cm3 sediment subsample 
retained and stored in a cooler on ice and delivered to Caro Labs Kelowna for 
processing.  
 
Supporting data collected at each sediment sample site included: 
 

1. Substrates were assessed using a GIS approach at all 10 sediment sites.  
Each habitat unit sampled was mapped in GIS.  The percentage cover of each 
type of substrate was developed.  This GIS approach allows long-term 
tracking of sediment erosion and deposition in the river  and facilitates 
documentation of habitat change over time.  

2. Water velocity, channel morphology (run, riffle pool, etc.), bankfull width, 
and sample depth was collected at each site. Velocity at each sample site 
was collected using a Marsh McBirny or a Swoffer flow meter depending 
upon water depth.  Velocity was collected at three positions in the water 
column; ~5 cm off of the bed level, 40% column, and at the surface.   

3. The percentage of cover of aquatic macrophyte was estimated visually at 
each sample site. 

4. The distance from the point of discharge was determined using GIS as 
measured from the centerline of the channel to the sample site.  This data 
was useful in assessing potential gradients that may exist from the point of 
discharge.  

 
All of the above data were collected in a spatial framework using GIS as well as 
stored in other standard data formats including Microsoft Excel.  
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In the Larratt Aquatic lab, sediment samples were examined for presence of slag, 
both wet and dry, in white sorting trays and photographed with a macro lens. The 
Columbia River samples were compared to slag samples obtained from the 
smelter. The samples were mixed with distilled water and reviewed under 400 
power on an inverted microscope fitted with a second high intensity lamp as a side-
light. Several microscope photographs were shot from each sample as an archived 
record to corroborate observations.  Records were kept of: dark silt, possible slag, 
organic debris, protozoa, small invertebrates, bacteria, fungi, Didymo tubes, algae, 
vascular debris, pollen, etc. 
 
In the Caro analytical lab, the strong acid leachable metals (SALM) soil procedure 
was followed, according to the British Columbia Environmental Laboratory 
Manual 2015 procedure (prescriptive) for total sediment metals. Sub-sampling 
was done using approximately 50 g of sample for drying. According to the 2015 BC 
Lab Manual method, the sample is dried, then disaggregated and sieved to < 2 mm 
(BC MoE, 2015). The < 2 mm fraction was used for analysis because there is a desire 
to detect slag, if it is present. Slag was identified as an area of interest in the Aquatic 
ERA (Golder 2007). Collecting the smaller size fraction would likely exclude the 
larger slag particles if they were present. Large stones, rocks, debris, etc. are 
excluded from the analyzed sample. This method provides the sample preparation 
procedure for the analysis of total metals, as referenced within the BC 
Contaminated Sites Regulations. The method achieves near-complete recoveries of 
some important metals, but many others are only partially recovered, such as 
aluminum, barium, beryllium, chromium, strontium, titanium, thallium, and 
vanadium. Metals not dissolved with this method are unlikely to be of 
environmental consequence (British Columbia Environmental Laboratory Manual: 
2015). This method is applicable to the following parameters:  
  
Aluminum Al-T, Iron Fe-T, Silver Ag-T, Antimony Sb-T, Lead Pb-T Sodium Na-T, 
Arsenic As-T, Lithium Li-T, Strontium Sr-T, Barium Ba-T, Magnesium Mg-T, Sulfur 
S-T, Beryllium Be-T, Manganese Mn-T, Thallium Tl-T, Boron B-T, Mercury Hg-T, 
Thorium Th-T, Cadmium Cd-T, Molybdenum Mo-T, Tin Sn-T, Calcium Ca-T, Nickel 
Ni-T, Titanium Ti-T,, Chromium Cr-T, Phosphorus P-T, Uranium U-T, Cobalt Co-T, 
Potassium K-T, Vanadium V-T, Copper Cu-T, Selenium Se-T, and Zinc Zn-T.  
 
Statistical analysis of the highly variable sediment data was restricted.  Data 
analysis relied on comparison to guidelines and to historic values using percent 
difference. Where statistics ×ÅÒÅ ÕÓÅÄ ɉÆÏÒ ÅØÁÍÐÌÅ 0ÅÁÒÓÏÎȭÓ ÃÏÒÒÅÌation 
coefficient), we used ½ of the detection limit where specific metal concentrations 
were below the method detection limit. 
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3.3 Periphyton Monitoring 

 Erosional Habitats 

Cobble-size substrates were randomly selected from sample areas that had been 
continuously submerged for at least 10 weeks so that they had well developed 
periphyton communities. Although sampling in the spring prior to the increasing 
freshet hydrograph was the preferred sampling window identified by Golder 
(2012a), the alternative fall sampling was selected. This period was chosen as it is 
the optimal time for sampling benthic macroinvertebrates since most taxa are in 
an aquatic life stage at that time of year and are in a later stage (instar) of 
development to permit the resolution of taxonomy required by the monitoring 
program. In addition, the fall sampling is synchronized to occur when LCR flows 
drop to a level that permits sampling of stable substrates and benthic communities 
that are permanently wetted. Thus, the periphyton program was aligned with the 
benthic monitoring program.  
 
Sample areas were selected that had similar water depth, flow patterns, velocity, 
substrate size, macrophyte cover and shading. Adapting the generalized random 
tessellation stratified spatially-balanced Survey Design (Stevens and Olsen 2004), 
five randomly chosen near-shore cobbles were obtained from wadeable areas 
within each of five sample sites potentially exposed to smelter discharges and two 
upstream reference sites for a total of 35 samples. Additional ȬÏÖÅÒÓÁÍÐÌÅÓȭ ÂÕÔ 
were not needed.   
 
Each sample was composed of five subsamples that were collected from the top of 
each cobble surface. To minimize natural variation, samples were collected from 
the apex surface (parallel to the water surface) of smooth cobbles 20-50 cm in 
diameter. This process was repeated to collect three individual replicate samples, 
using the methods found in the USEPA Rapid Bioassessment Protocol for 
Periphyton (Barbour et al. 1999).  

Fifteen smooth cobbles (100-200 mm in diameter) were selected and placed on 3 
ÐÌÁÓÔÉÃ ÔÒÁÙÓ ɉυ ÒÏÃËÓ ȾÔÒÁÙɊ ÁÔ ÔÈÅ ÒÉÖÅÒȭÓ ÅÄÇÅ ÔÏ ÍÉÎÉÍÉÚÅ ÄÒÙÉÎÇȢ %ÁÃÈ ÔÒÁÙ ×ÁÓ 
ÓÁÍÐÌÅÄ ÓÅÐÁÒÁÔÅÌÙ ÆÏÒ ÒÅÐÌÉÃÁÔÅ ÓÁÍÐÌÅÓ ÆÒÏÍ ÅÁÃÈ ÓÉÔÅȢ ! ÓÔÁÎÄÁÒÄ ςȱ !"3 
cylinder (inside diameter 50.8 mm) was fitted with a flexible rubber gasket and 
held firmly on the top of the cobble (Figure 3-5). A scalpel, modified toothbrush, 
and a squirt bottle filled with filtered river water were used to remove all the 
periphyton within the sampler diameter (20.26 cm2).  The rock and funnel were 
rinsed into a beaker to a total volume of 100 ml.  Coarser sand and predators were 
noted but not added to the sample. This was repeated for all 5 rocks of a given 
sample to give a final volume of 500 mL per replicate. Samples were chilled with 
ice to 2oC prior to shipping.   
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Figure 3-5: Illustration of natural cobble substrate periphyton sampling in the LCR. 

 

In the Larratt Aquatic algae lab, each replicate was agitated, and 200 mL 
ÓÕÂÓÁÍÐÌÅÄ ÔÏ Á ÇÌÁÓÓ ÊÁÒ ÁÎÄ ÐÒÅÓÅÒÖÅÄ ×ÉÔÈ πȢς Í, ÏÆ ,ÕÇÏÌȭÓ preservative. These 
preserved samples were refrigerated to await taxonomic analysis. The remaining 
sample water (300 mL x 3) was batched in a triple-rinsed 1 L brewers flask 
shielded with aluminum foil to exclude light. A 500 mL chl-a sample was cut, 
refrigerated and kept dark until delivery to Caro Labs Kelowna within 24 hours. A 
total of 35 chl-a samples plus 3 field duplicates were submitted to Caro Labs.  
 
For taxonomy, each 200 mL sample was transferred to a triple-rinsed 600 mL 
beaker and agitated with a stick blender for 30 seconds before a 10 mL subsample 
was extracted and allowed to settle in a 5.3 cm diameter settling chamber for 24 
hours (periphyton identification description, section 3.3.5). 
 

  

Figure 3-5a 

Figure 3-5b 
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 Periphyton Tissue Metals  

Separate from the AREMP, Teck is conducting additional investigations within the 
IDZ within the context of the provincial Contaminated Sites Regulation (CSR).  To 
support the CSR investigation and to maximize the use of the AREMP data, Teck 
requested an additional tissue and periphyton sampling program on a one-time 
basis for the fall 2015/spring 2016 AREMP sampling program. 
 
For this program, filamentous algae were collected from rocks at prescribed sites 
(Table 3-1). These sites corresponded with additional benthic tissue sample sites. 
The filamentous algae were collected by samplers wearing un-powdered vinyl 
gloves, and placed in a new, clean 125 ml glass sample jar. A minimum of 5 g algae 
was collected at each site. Samples were stored on ice and refrigerated prior to 
submission to Caro Analytical where samples were homogenized and 
subsequently assessed for tissue metals.  

 
Periphyton tissue metals of arsenic, cadmium, chromium, copper, lead, mercury, 
selenium, and silver were graphed according to site. The periphyton tissue metals 
were log-transformed and compared between reference and exposure sites. The 
periphyton tissue metals were log-transformed and linear mixed effects model 
used site as the random effect and treatment as the fixed effect for arsenic, 
cadmium, chromium, copper, lead, mercury and thallium. Outlier for copper was 
removed and zinc excluded from the test because site explained 0% of the variation 
in zinc. Periphyton tissue concentrations of zinc were compared using an ANOVA 
with treatment as the factor. 
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Table 3-1: AREMP erosional habitat periphyton tissue metals sampling areas and sites. Refer to 
Schedule A map sheets for location references. 

Area Site Bank 
Periphyton 
Community 

Benthic 
Community Periphyton Tissue Benthic Tissue Sculpin Tissue 

ERO-REF-1 1 L ERO-REF-1-1A ERO-REF-1-1 ERO-REF-1-1-PeriT ERO-REF-1-1-BenTS   
2 L ERO-REF-1-2A ERO-REF-1-2 ERO-REF-1-2-PeriT ERO-REF-1-2-BenTS 
3 L ERO-REF-1-3A ERO-REF-1-3 ERO-REF-1-3-PeriT ERO-REF-1-3-BenTC 
4 L ERO-REF-1-4A ERO-REF-1-4 ERO-REF-1-4-PeriT ERO-REF-1-4-BenTC 
5 L ERO-REF-1-5A ERO-REF-1-5 ERO-REF-1-5-PeriT ERO-REF-1-5-BenTS 

ERO-REF-2 1 R ERO-REF-2-1A ERO-REF-2-1 ERO-REF-2-1-PeriT ERO-REF-2-1-BenTC ERO-REF-2 
2 B  ERO-REF-2-2A ERO-REF-2-2 ERO-REF-2-2-PeriT ERO-REF-2-2-BenTC 
3 B  ERO-REF-2-3A ERO-REF-2-3 ERO-REF-2-3-PeriT ERO-REF-2-3-BenTC 
4 B  ERO-REF-2-4A ERO-REF-2-4 ERO-REF-2-4-PeriT ERO-REF-2-4-BenTS 
5 B  ERO-REF-2-5A ERO-REF-2-5 ERO-REF-2-5-PeriT ERO-REF-2-5-BenTS 

ERO-EXP-2 1 R ERO-EXP-2-1A ERO-EXP-2-1 ERO-EXP-2-1-PeriT ERO-EXP-2-1-BenTC ERO-EXP-2 
2 R ERO-EXP-2-2A ERO-EXP-2-2 ERO-EXP-2-2-PeriT ERO-EXP-2-2-BenTC 
3 R ERO-EXP-2-3A ERO-EXP-2-3 ERO-EXP-2-3-PeriT ERO-EXP-2-3-BenTC 
4 R ERO-EXP-2-4A ERO-EXP-2-4 ERO-EXP-2-4-PeriT ERO-EXP-2-4-BenTC 
5 R ERO-EXP-2-5A ERO-EXP-2-5 ERO-EXP-2-5-PeriT ERO-EXP-2-5-BenTC 

ERO-EXP-3 1 R ERO-EXP-3-1A ERO-EXP-3-1 ERO-EXP-3-1-PeriT ERO-EXP-3-1-BenTC ERO-EXP-3-1-R 
2 R ERO-EXP-3-2A ERO-EXP-3-2 ERO-EXP-3-2-PeriT ERO-EXP-3-2-BenTS   
3 L ERO-EXP-3-3A ERO-EXP-3-3 ERO-EXP-3-3-PeriT ERO-EXP-3-3-BenTC ERO-EXP-3-3-L 
4 R ERO-EXP-3-4A ERO-EXP-3-4 ERO-EXP-3-4-PeriT ERO-EXP-3-4-BenTC ERO-EXP-3-4-R 
5 L ERO-EXP-3-5A ERO-EXP-3-5 ERO-EXP-3-5-PeriT ERO-EXP-3-5-BenTC ERO-EXP-3-4-L 
6 R     ERO-EXP-3-6-PeriT ERO-EXP-3-6-BenTC ERO-EXP-3-3-R 

ERO-CRADT 1 R     ERO-CRADT-3-1-PeriT ERO-CRADT-3-1-BenTC ERO-EXP-3-2R 
2 R     ERO-CRADT-3-2-PeriT ERO-CRADT-3-2-BenTS 
3 R     ERO-CRADT-3-3-PeriT ERO-CRADT-3-3-BenTC 
4 R     ERO-CRADT-3-4-PeriT ERO-CRADT-3-4-BenTC 
5 R     ERO-CRADT-3-5-PeriT ERO-CRADT-3-5-BenTS   

ERO-EXP-4 1 L ERO-EXP-4-1A ERO-EXP-4-1 ERO-EXP-4-1-PeriT ERO-EXP-4-1-BenTS   
2 L ERO-EXP-4-2A ERO-EXP-4-2 ERO-EXP-4-2-PeriT ERO-EXP-4-2-BenTS 
3 L ERO-EXP-4-3A ERO-EXP-4-3 ERO-EXP-4-3-PeriT ERO-EXP-4-3-BenTS 
4 L ERO-EXP-4-4A ERO-EXP-4-4 ERO-EXP-4-4-PeriT ERO-EXP-4-4-BenTC 
5 R ERO-EXP-4-5A ERO-EXP-4-5 ERO-EXP-4-5-PeriT ERO-EXP-4-5-BenTS 
6 R     ERO-EXP-4-7-PeriT ERO-EXP-4-7-BenTC 
7 R     ERO-EXP-4-8-PeriT ERO-EXP-4-8-BenTC 
8 R     ERO-EXP-4-9-PeriT ERO-EXP-4-9-BenTC ERO-EXP-4-5-R 

ERO-EXP-5 1 L ERO-EXP-5-1A ERO-EXP-5-1 ERO-EXP-5-1-PeriT ERO-EXP-5-1-BenTS   
2 R ERO-EXP-5-2A ERO-EXP-5-2 ERO-EXP-5-2-PeriT ERO-EXP-5-2-BenTC 
3 R ERO-EXP-5-3A ERO-EXP-5-3 ERO-EXP-5-3-PeriT ERO-EXP-5-3-BenTComp 
4 R ERO-EXP-5-4A ERO-EXP-5-4 ERO-EXP-5-4-PeriT ERO-EXP-5-4-BenTS 
5 R ERO-EXP-5-5A ERO-EXP-5-5 ERO-EXP-5-5-PeriT ERO-EXP-5-5-BenTS 

6 R     ERO-EXP-5-6-PeriT ERO-EXP-5-6-BenTC ERO-EXP-5 

 

 Depositional Habitats 

Objectives of this assessment were to determine the effects of effluent discharges 
on depositional habitat periphyton community structure and diversity. Periphyton 
samples were collected from the same ten depositional sites that were used in the 
depositional sediment sampling component of this study. 
 
Depositional areas having approximately 20-40 cm of water cover were 
opportunistically sampled for periphyton using the petri dish sampling method 
outlined in Barbour et al. (1999).  Briefly, sand or silt substrate samples were 
collected by inverting a large 8.85 cm diameter petri dish, sliding a flat spatula 
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under the dish, and lifting the surface sediment sample. This 55.4 cm3 sample was 
agitated in a plastic sample bottle with 500 mL of 0.45 micron filtered river water 
and a 250 mL sample promptly decanted into a pre-labeled sample jar.  This was 
repeated three times to get three replicate samples from each depositional area.  
 
For periphyton taxonomy, each 250 mL sample was transferred to a triple-rinsed 
600 mL beaker and agitated with a stick blender for 30 seconds before a 10 mL 
subsample was extracted and allowed to settle in a 22 cm2 settling chamber for 24 
hours (periphyton identification description, section 3.3.5) at the LAC lab. 

 Non-photosynthetic Microflora   

To characterize very small non-photosynthetic members of the periphyton biofilm, 
9 biofilm samples were collected in pre-sterilized standard bacterial bottles as 
follows: 2 samples from depositional reference (DEP-REF) sites, 1 sample from the 
erosional reference (ERO-REF) site, 2 samples from depositional exposure (DEP-
EXP) sites, and 4 samples from erosional exposure (ERO-EXP) sites.  Samples were 
stored on ice and delivered to Caro Labs, Kelowna within 24 hours. At the lab, 
samples were cultured for heterotrophic bacteria plate count, fungi, yeasts and 
molds, according to Standard Methods (2005).  

 Periphyton Identification, Enumeration and Measurements  

The following describes periphyton sorting and identification techniques.  These 
methods are consistent with those currently used in similar studies of the Mid and 
Lower Columbia River for BC Hydro.  
 

1. Samples were settled in counting chambers over 24 hours. Cells were 
counted along mid-section transects examined at 400×-800× magnification 
under a phase contrast inverted microscope. 

2. Intact cells containing cytoplasm were counted as live, and cells without 
cytoplasm were counted as dead, to determine a live: dead ratio.  

3. Counts continued until 300-500 cells were counted and taxa relative 
abundance stabilized. Counting continued if taxa relative abundance had 
not stabilized. Vigorous shaking of the sample did not always break up algae 
clumps before the subsample was withdrawn. Cells of filamentous and 
colonial taxa were separated from counts of unicellular taxa because of 
their clumped distribution.    

4. Microscope photographs of typical assemblages were taken from each 
sample and archived for Teck. 

5. Algae cell dimensions were measured to allow for the calculation of 
biovolumes. Algal cell biovolumes were calculated using published 
geometric formulae (Hildebrandt et al., 1999; Diaina, et al., 2006).  Twenty 
specimens from each taxa were measured to the nearest 0.1 micron using 
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ScopePhoto 3.0 image processing software.  Median measurements were 
used to calculate cell biovolumes.  Calculated biovolumes were compared 
to the range of sizes reported in published literature as a QA/QC step.    

6. All parts of the microflora were evaluated from the settled samples, noting 
prevalence of detritus, vascular debris, bacteria, fungi, yeasts, and micro-
grazers (protozoa) to accurately estimate productivity.  

7. While diatoms usually dominate LCR periphyton, the inclusion of very small 
members of the periphyton biofilm in the taxa counts, including nano-
periphyton (<2 ɀ 20 microns), and pico-periphyton (>0.2 ɀ 2 microns) 
bacteria and fungi facilitates accurate estimates of productivity as they 
usually form a significant component of the overall periphyton community 
(Stockner 1991; Wetzel, 2001). High power (600 ɀ 900×) magnification was 
used for visual identification of species.  Dr. J. 3ÔÏÃËÎÅÒȭÓ (UBC) verification 
of the taxonomy of these small, difficult to identify species was invaluable.  

8. All data were recorded in Excel spreadsheets for later analysis. 

9. In lieu of the preserved diatom reference samples that have an 
unfortunately short shelf life, microscope photographs of typical LCR 
periphyton assemblages were archived from each taxonomic sample.  
These photos provide a record that is usable at least to the genus level and 
includes non-diatom components of the periphyton. 

10. About 20% of these samples were selected for taxonomic verification by Dr. 
J. Stockner (UBC). Dr. Stockner used a variety of microscopes to verify 
identifications, particularly for the nano- and pico-periphyton. Any 
taxonomic corrections/ nomenclature variations from existing data were 
clearly identified in a comparison table.  All other taxonomic evaluations 
were performed by H. Larratt, Larratt Aquatic Consulting Ltd. 

 
Phycologist Dr. J. Stockner also compiled a master species list for the Columbia 
System using current taxonomic nomenclature.  In addition to his master-list, keys 
used during this work include:  
 

References: 
Patrick and Reimer; The Diatoms of the United States 
Wehr and Sheath Freshwater Algae of North America 
Canter-Lund and Lund Freshwater Algae; Their Microscopic World 
Explored 
Prescott; Algae of the Western Great Lakes 
Cyanobacteria Image Gallery; http://www -
cyanosite.bio.purdue.edu/images/images.html 
River Diatoms: a multi-access key; 
http://craticula.ncl.ac.uk/EADiatomKey/html/taxa.html  
Academy of Natural Sciences ANSP Algae Image Database; 
http://diatom.ansp.org/AlgaeImage/SearchCriteria.asp 
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Periphyton data were entered into Excel spreadsheets as the samples were read.  
Computers were backed up daily to an off-site server and hard copy stored at both 
Ecoscape and Larratt Aquatic offices. Replicate preserved samples were 
ÒÅÆÒÉÇÅÒÁÔÅÄ ÁÔ ,ÁÒÒÁÔÔ !ÑÕÁÔÉÃȭÓ ÏÆÆÉÃÅ ÁÓ ÂÁÃË-up samples and were discarded 
after six months.  

 Environmental Impact Prevention 

Didymo (Didymosphenia geminata) is present in the LCR and can spread readily 
through transport of contaminated sampling gear. Nuisance blooms have been 
reported in rivers worldwide. However, evidence indicates that blooms are 
probably not caused by introductions but, rather, by environmental conditions that 
promote excessive stalk production (Bothwell, M., et al. 2014). 
 
Irrespective of the factors affecting the spread and proliferation of Didymo, all 
wader boots used by Ecoscape were soaked for 1 minute in a salt solution 
containing 70 g NaCl/L before the soles were dried in the sun for several days or 
frozen for a week (Matheson et al., 2007).  

 Periphyton Quality Assurance/Quality Control  

H. Larratt performed taxonomic investigations on all samples, with about 20% of 
periphyton samples going out to Dr. J. Stockner for taxonomic verification as part 
of our QA/QC program.  The following four steps were incorporated in the 
taxonomic investigations for this AREMP. These steps match the practices 
currently used by H. Larratt and Dr. Stockner in MCR and LCR investigations, and 
include:   

 
1. Documenting the live: dead ratios of diatoms prevent an overestimation of 

the standing crop and provide insights into the nutritional value of the 
periphyton.   

2. Inclusion of very small members of the periphyton biofilm in the taxa 
counts, including nano-periphyton (<2 ɀ 20 microns), pico-periphyton 
(>0.2 ɀ 2 microns) bacteria and fungi prevents a significant under-estimate 
of productivity . Generation time of these small simple forms is a matter of 
hours, and they are usually a significant component of the overall 
periphyton community (Stockner 1991; Wetzel, 2001).  

3. Algae cell dimensions were measured to allow for the calculation of 
biovolumes.  Biovolume accounts for the huge difference in cell size among 
algae types and allows the estimation of standing crop.  

4. Drift algae samples were collected from sites above and below the smelter 
to allow accounting for periphyton recruitment from drift as it affects 
periphyton production and community structure.     
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3.4 Benthic Invertebrate Monitoring 

The focus of the benthic invertebrate monitoring program was to assess impacts 
of the permitted effluent discharges on the quality of benthic habitats, together 
with the resultant benthic communities. Physical elements of the habitat formed 
an important component of this assessment.  
 
Sampling was carried out in upstream reference and downstream exposure areas 
as outlined in the AREMP study plan (Golder 2012a), and an attempt was made to 
standardize field conditions at each site, including substrate size, macrophyte 
cover, etc. Study areas and sample sites within are shown in map sheets 1-10 
(Schedule 1). 

 
Two of the study areas were in upstream reference areas identified as Reference 
Area 1 (left bank opposite Stoney Creek and CIV outfall) and Reference Area 2 
(Birchbank). 

 
Five downstream exposure areas were sampled at sites identified as downstream 
Exposure Area 1 through Exposure Area 5.  Sites within each of the upstream and 
downstream areas were randomly chosen using ArcGIS spatial tools. No additional 
sample sites were added as oversamples because all designated areas were 
effectively sampled.     

 Erosional Habitat Sampling 

At each sample site, a series of 5 area-based samples (Figure 3-6) were collected 
from undisturbed river bed (moving in upstream direction). The sample net had a 
mesh size of 400 microns in accordance with standard CABIN protocols (Env.Can. 
2012). The 5 samples were combined to form one composite sample. The sampler 
quadrat was 0.56 m2. Thus, once combined, the total area sampled at each site was 
2.8 m2. Biophysical information recorded for each was included: 
 
Å Substrate composition (general) ɀ the percent composition of each 

substrate type (e.g., boulder, cobble, gravel, sand etc.). The subsequent 
more detailed characterization is described below; 

 
Å Water velocity - velocity measurements were collected (using a Swoffer 

2100 flow meter) at three positions (~5 cm above river bed, 40% column 
and, at the surface).   

 
Å Sample depth and broader channel morphology (run, riffle pool, etc.).  
 
Å In situ water quality ɀ Using a YSI Pro DSS (temperature, dissolved oxygen, 

total dissolved solids, turbidity, pH, specific conductivity, salinity, redox). 
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Å The distance from the three smelter effluent outfalls (CII, CIII, and CIV) was 
determined using GIS as measured from the centerline of the channel to the 
sample site.   

  

Figure 3-6: Sampling benthic invertebrates using an area-based approach with a modified 
surber/CABIN kicknet sampler (devised for area-based sampling in large river system with coarse 
substrates). The area shown is Ero-Exp-2 situated on the right bank within initi al dilution zone. 

 

Substrate Characteristics 

The composition of stream bed material is important in characterizing the type of 
habitat  available to aquatic organisms. In addition, the substrate composition is 
integral to understand the hydrological characteristics of that site. 
 
The standard CABIN (Env.Can. 2012) pebble count was used carried out to 
characterize substrate size and composition at each sample site.  Substrate 
measurements within the sampling area were taken once all other sampling 
components were complete.  While zigzagging through the sample area, substrates 
(i.e. boulder, cobble, pebble, gravel) were randomly selected every two steps 
following CABIN (Env.Can. 2012).  If possible, the substrate material was extracted 
from the water and its intermediate axis (diameter perpendicular to the longest 
axis) was measured in cm.  If the substrate could not be dislodged, it was measured 
in place. The fraction of embeddedness for all rocks measured was also recorded.   
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 Invertebrate Tissue Metals Analysis 

During the development of the 2015-2016 study design, Teck requested a one-time 
investigation of invertebrate tissue metals concentrations in the fall 2015 AREMP 
sampling program. While outside of the recommended AREMP scope, this single 
data collection period was intended to inform a separate Contaminated Sites 
Regulation investigation by Teck within the IDZ unrelated to the AREMP.  This 
investigation focused on the IDZ and reference locations to determine the potential 
bioavailability  and uptake of metals from this area.  Caddisflies (Order: 
Trichoptera) had been documented to account for about 90% of invertebrate 
abundance in erosional habitats (Hawes et al. 2014) and are a primary component 
of benthic-feeding fish diets (e.g. Mountain Whitefish and Rainbow Trout). 
Therefore, the collection of benthic invertebrates for tissue metals analysis 
targeted caddisflies at each of the sites. Where insufficient caddisflies were 
encountered, the predominant taxa for that site were instead used (e.g. Snails: 
Family: Lymnaeidae, or Planorbidae).  
 
Organisms were collected by use of a kick net and overturning larger boulder and 
picking the invertebrates from the underside. Invertebrates were placed in 1000 
mL plastic jars labeled for the site and filled to 500 mL with fresh river water. Jars 
were then placed in a cooler with ice packs to keep the samples cool and 
invertebrates alive. Collected invertebrates were held alive in chilled sample jars 
for a minimum of 12 hours to allow defecation and clean-out of the stomach 
contents, which could confound results (i.e. gut contents may contain sediment and 
solid phase metals, which are not biologically available and otherwise pass through 
the organism).   
 
Benthic invertebrates tissue metals of arsenic, cadmium, chromium, copper, lead, 
mercury, selenium, silver, thallium and zinc were graphed according to site and 
benthic group. A linear mixed effects model with site as the random effect, the fixed 
effects were benthic group (Caddisflies or Snails) and treatment (reference or 
exposure). The benthic tissue metals were log transformed. Mercury, thallium, 
silver and chromium were omitted from the analysis because of a high number of 
non-detects.  
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Table 3-2: AREMP erosional habitat benthic invertebrate tissue metals sampling areas and 
sites. Refer to Schedule A map sheets for location references. 

Area Site Bank 
Periphyton 
Community 

Benthic 
Community Periphyton Tissue Benthic Tissue Sculpin Tissue 

ERO-REF-
1 

1 L ERO-REF-1-1 ERO-REF-1-1 ERO-REF-1-1-PeriT ERO-REF-1-1-BenTS   
2 L ERO-REF-1-2A ERO-REF-1-2 ERO-REF-1-2-PeriT ERO-REF-1-2-BenTS 
3 L ERO-REF-1-3A ERO-REF-1-3 ERO-REF-1-3-PeriT ERO-REF-1-3-BenTC 
4 L ERO-REF-1-4A ERO-REF-1-4 ERO-REF-1-4-PeriT ERO-REF-1-4-BenTC 
5 L ERO-REF-1-5A ERO-REF-1-5 ERO-REF-1-5-PeriT ERO-REF-1-5-BenTS 

ERO-REF-
2 

1 R ERO-REF-2-1A ERO-REF-2-1 ERO-REF-2-1-PeriT ERO-REF-2-1-BenTC ERO-REF-2 
2 B  ERO-REF-2-2A ERO-REF-2-2 ERO-REF-2-2-PeriT ERO-REF-2-2-BenTC 
3 B  ERO-REF-2-3A ERO-REF-2-3 ERO-REF-2-3-PeriT ERO-REF-2-3-BenTC 
4 B  ERO-REF-2-4A ERO-REF-2-4 ERO-REF-2-4-PeriT ERO-REF-2-4-BenTS 
5 B  ERO-REF-2-5A ERO-REF-2-5 ERO-REF-2-5-PeriT ERO-REF-2-5-BenTS 

ERO-EXP-
2 

1 R ERO-EXP-2-1A ERO-EXP-2-1 ERO-EXP-2-1-PeriT ERO-EXP-2-1-BenTC ERO-EXP-2 
2 R ERO-EXP-2-2A ERO-EXP-2-2 ERO-EXP-2-2-PeriT ERO-EXP-2-2-BenTC 
3 R ERO-EXP-2-3A ERO-EXP-2-3 ERO-EXP-2-3-PeriT ERO-EXP-2-3-BenTC 
4 R ERO-EXP-2-4A ERO-EXP-2-4 ERO-EXP-2-4-PeriT ERO-EXP-2-4-BenTC 
5 R ERO-EXP-2-5A ERO-EXP-2-5 ERO-EXP-2-5-PeriT ERO-EXP-2-5-BenTC 

ERO-EXP-
3 

1 R ERO-EXP-3-1A ERO-EXP-3-1 ERO-EXP-3-1-PeriT ERO-EXP-3-1-BenTC ERO-EXP-3-1-R 
2 R ERO-EXP-3-2A ERO-EXP-3-2 ERO-EXP-3-2-PeriT ERO-EXP-3-2-BenTS   
3 L ERO-EXP-3-3A ERO-EXP-3-3 ERO-EXP-3-3-PeriT ERO-EXP-3-3-BenTC ERO-EXP-3-3-L 
4 R ERO-EXP-3-4A ERO-EXP-3-4 ERO-EXP-3-4-PeriT ERO-EXP-3-4-BenTC ERO-EXP-3-4-R 
5 L ERO-EXP-3-5A ERO-EXP-3-5 ERO-EXP-3-5-PeriT ERO-EXP-3-5-BenTC ERO-EXP-3-4-L 
6 R     ERO-EXP-3-6-PeriT ERO-EXP-3-6-BenTC ERO-EXP-3-3-R 

ERO-
CRADT 

1 R     ERO-CRADT-3-1-PeriT ERO-CRADT-3-1-BenTC ERO-EXP-3-2R 
2 R     ERO-CRADT-3-2-PeriT ERO-CRADT-3-2-BenTS 
3 R     ERO-CRADT-3-3-PeriT ERO-CRADT-3-3-BenTC 
4 R     ERO-CRADT-3-4-PeriT ERO-CRADT-3-4-BenTC 
5 R     ERO-CRADT-3-5-PeriT ERO-CRADT-3-5-BenTS   

ERO-EXP-
4 

1 L ERO-EXP-4-1A ERO-EXP-4-1 ERO-EXP-4-1-PeriT ERO-EXP-4-1-BenTS   
2 L ERO-EXP-4-2A ERO-EXP-4-2 ERO-EXP-4-2-PeriT ERO-EXP-4-2-BenTS 
3 L ERO-EXP-4-3A ERO-EXP-4-3 ERO-EXP-4-3-PeriT ERO-EXP-4-3-BenTS 
4 L ERO-EXP-4-4A ERO-EXP-4-4 ERO-EXP-4-4-PeriT ERO-EXP-4-4-BenTC 
5 R ERO-EXP-4-5A ERO-EXP-4-5 ERO-EXP-4-5-PeriT ERO-EXP-4-5-BenTS 
6 R     ERO-EXP-4-7-PeriT ERO-EXP-4-7-BenTC 
7 R     ERO-EXP-4-8-PeriT ERO-EXP-4-8-BenTC 
8 R     ERO-EXP-4-9-PeriT ERO-EXP-4-9-BenTC ERO-EXP-4-5-R 

ERO-EXP-
5 

1 L ERO-EXP-5-1A ERO-EXP-5-1 ERO-EXP-5-1-PeriT ERO-EXP-5-1-BenTS   
2 R ERO-EXP-5-2A ERO-EXP-5-2 ERO-EXP-5-2-PeriT ERO-EXP-5-2-BenTC 
3 R ERO-EXP-5-3A ERO-EXP-5-3 ERO-EXP-5-3-PeriT ERO-EXP-5-3-BenTComp 
4 R ERO-EXP-5-4A ERO-EXP-5-4 ERO-EXP-5-4-PeriT ERO-EXP-5-4-BenTS 
5 R ERO-EXP-5-5A ERO-EXP-5-5 ERO-EXP-5-5-PeriT ERO-EXP-5-5-BenTS 

6 R     ERO-EXP-5-6-PeriT ERO-EXP-5-6-BenTC ERO-EXP-5 

 

 Depositional Habitats 

A total of five benthic invertebrate samples were collected from each of the 
thirteen depositional areas discussed above using an Eckman dredge (sample area 
= 0.0225 m2). The position of each of the dredges was randomly selected.  Previous 
assessments determined that a sample size of 5 is sufficient to describe benthic 
variability (Golder, 2007c).  Samples were then sieved in a wash bucket with 400-
micron mesh (Env.Can. 2012) and transferred in a labeled sample bottle. The five 
dredge samples were not combined but rather represented replicates for that area.  
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3.5 Benthic Taxonomy  

Benthic invertebrate samples were field-processed by filtering samples and 
storing them in 70% ethanol. Fixed benthic invertebrate samples were transported 
to Cordillera Consulting in Summerland BC. Samples were sorted and identified to 
the genus-species level where possible. Benthic invertebrate identification and 
biomass calculations followed standard procedures. Field samples had organic 
portions removed and rough estimates of invertebrate density were calculated to 
determine if sub-sampling was required. After samples were sorted, all macro-
invertebrates were identified to species and all micro portions were identified 
following the Standard Taxonomic Effort lists compiled by the Xerces Society for 
Invertebrate Conservation for the Pacific Northwest. A reference sample was kept 
for each representative taxon found. A sampling efficiency of 95% was used for 
benthic invertebrate identification and was determined through independent 
sampling. 
 
Numerous metrics of benthic community structure including diversity, richness, 
community representation, and foraging guild are considered as raw data 
(Appendix H) and were compiled as part of our assessment.   

 Quality Assurance / Quality Control for Benthic Invertebrates 

Lab reports on sediment and benthic samples were reviewed within two working 
days of receipt, and requests for re-analysis made if results were outside the 99th 
percentile without apparent cause.  The lab reports were compared to all relevant 
standards and guidelines, with unusual results flagged.  

3.6 Analysis of Periphyton and Benthic Invertebrate Community Response 

A number of response variables were used to assess the relative effects of metals 
concentrations and habitat on periphyton and benthic communities in the LCR. 
Periphyton response variables included: 1) abundance, 2) biovolume, 3) Effective 
Number of Species, and 4) chlorophyll -a production. Benthic invertebrate 
response variables included: 1) richness of Ephemeroptera, Plecoptera, and 
Trichoptera taxa (EPT richness), 2) abundance, 3) % of samples made up of EPT 
taxa (% EPT), 4) % of sample made up of Chironomid taxa (% Chironomidae), 5) 
Effective Number of Species, 6) Hilsenhoff biotic index, and 7) Total Biomass. 
 
In addition to our primary explanatory variables of effluent exposure (above or 
below CIII outflow), we also considered the effects of distance from HLK outflow, 
and several environmental variables: water temperature, water velocity, and 
substrate size (D90). The substrate metric D90 is the size of the 90th percentile of 
the intermediate substrate diameter; it was highly correlated with D50 which is 
the median substrate diameter. The final set of explanatory variables was selected 
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based on based on variance inflation factors (VIF) <5 and correlation coefficients 
(< 0.7). 
 
Only 2015 productivity and community metrics for invertebrate and periphyton 
from erosional sites were included in linear mixed-effects models that used 
maximum likelihood fitting (Zuur et al. 2009). For 2015 erosional models, site was 
the random effect and the fixed effects included velocity, water temperature, 
substrate size (D90), treatment (exposure and reference) and distance to Hugh 
Keenleyside Dam. 
 
We compared these candidate models through Akaika information criterion 
ÃÏÒÒÅÃÔÅÄ ÆÏÒ ÓÍÁÌÌ ÓÁÍÐÌÅ ÓÉÚÅ ɉ!)#ÃɊ ÂÁÓÅÄ ÏÎ ɝ !)#Ã ÖÁÌÕÅÓ and AICc weights 
(w i) which ranks models based upon the principal of parsimony, balancing model 
ÆÉÔ ×ÉÔÈ ÃÏÍÐÌÅØÉÔÙȟ ÉÎ ×ÈÉÃÈ ÔÈÅ ÂÅÓÔ ÍÏÄÅÌÓ ÈÁÖÅ ÔÈÅ ÌÏ×ÅÓÔ ɝ !)#Ã ÁÎÄ ÈÉÇÈÅÓÔ 
Wi. In this approach the overall relative model performance is determined, rather 
than assessing the significance of individual parameters or models through p-
values. Because numerous models performed similarly based on these criteria, we 
also assessed the relative support for the effects of different explanatory variables 
using multi-model averaging (Burnham and Anderson 2002; Anderson 2008). In 
this latter approach, model averaged parameter estimates with 95% confidence 
intervals (direction, variability, and size of effects) and relative variable 
importance (RVI: sum of Wi for all models containing a variable of interest) were 
calculated for each explanatory variable from 95% confidence sets of models 
(Burnham and Anderson 2002; Grueber et al. 2011).  
 
Variables with 95% confidence intervals that did not span zero, and with RVI 
values > 0.5, were considered to be of high importance in describing variation in 
response variables (e.g., Burnham and Anderson 2002). We also calculated pseudo 
R2 for high ranking models (derived from regressions of the observed data versus 
fitted values), which gives an indication of the proportion of the variance in 
response variables explained by an individual model (see Cox and Snell 1989; 
Magee 1990; Nagelkerke 1991; Piñeiro et al. 2008 for details).  
 
In order to interpret and compare among all parameters which varied widely in 
scale, we conducted the above analyses after standardizing continuous 
explanatory variables by subtracting global means from each value (centering) and 
dividing by two times the SD (scaling) (Gelman 2008). Total abundance for both 
periphyton and benthic invertebrates, total biomass, and total biovolume in 
erosional and depositional sites were also log transformed to meet model 
assumption of normality.   
 
While these models generally followed assumptions of multiple linear mixed-
effects models, and many performed well, individual relationships among response 
and explanatory variables were not always linear based on scatter plots of the data 
and so interpretations of effects should be limited to general direction and size, but 
not shape of relationships. Following this, these models are not appropriate for 
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predictive use. All mixed-effects modeling of periphyton and benthic communities 
were done in the lmer package, and competed and averaged using the MuMIn 
package version 1.15.6 (Barton, 2016), both implemented in R. 
 
For the depositional sites, the invertebrate and periphyton metrics were calculated 
by summing all five samples that were collected at each site. For the periphyton 
metrics of effective number of species, total abundance and total biovolume were 
compared using a two-way ANOVA with year (2012 and 2015) and treatment 
(reference and exposure) along with the interaction term. Total biovolume and 
abundance were log transformed. The benthic invertebrate metrics of total 
abundance, percent EPT, percent chironomidae and effective species numbers 
were compared with year and treatment without an interaction term. Total 
abundance, percent Chironomidae and percent EPT were log transformed to meet 
model assumption of normality. 
 
Non-metric multidimensional scaling (NMDS) using Bray-Curtis dissimilarity was 
used to explore variation in periphyton and benthic invertebrate community 
composition. Often in ecological research, we are interested not only in comparing 
univariate descriptors of communities, but also in how the constituent speciesɂ
or the compositionɂchanges from one community to the next. One common tool 
used to understand and visualize community composition is NMDS. The goal of 
NMDS is to collapse information from multiple dimensions (e.g, multiple species 
abundance or habitat values) into fewer dimensions so that they can be visualized 
and more easily interpreted. Unlike other ordination techniques that rely on 
(primarily) Euclidean distances, such as Principal Coordinates Analysis, NMDS 
uses rank orders, and thus is an extremely flexible technique that can 
accommodate a variety of different kinds of data (Leftcheck 2018). 
 
The NMDS for periphyton used Bray Curtis transformed periphyton biovolumes, 
whereas the NMDS for benthic invertebrates used abundances. Unlike 2012, a 
separate NMDS analysis was conducted for erosional and depositional sites. 
Separating erosional from depositional sites allowed taxonomic differences within 
a given habitat type to be tested. To eliminate the effects of rare taxa, taxa that 
occurred at less than 5% of all sites were removed from analysis. A PERMANOVA 
was used to determine if groups (Year, Reference vs. Mine Influenced Sites) were 
significantly different in  community composition.  NMDS was run at the genus 
taxonomic levels for both periphyton and benthic invertebrates to investigate the 
effects of small- and large-scale taxonomic community differences.  Finally, species 
were related to the community differences by fitting them to the ordination plot as 
factors using Envfit (Oksanen, 2016).  Only species that were significant (p<0.05) 
were considered.  These species describe the most observed variation between 
sites. All community analysis used the R package vegan version 2.3-5 (Okansen, 
2016). 
 
An ANOVA was used to compare the five periphyton metrics among areas and all 
ÍÅÔÒÉÃÓ ×ÅÒÅ ÌÏÇ ÔÒÁÎÓÆÏÒÍÅÄ ÔÏ ÂÅÔÔÅÒ ÍÅÅÔ ÍÏÄÅÌ ÁÓÓÕÍÐÔÉÏÎÓȢ ,ÅÖÅÎÅȭÓ ÔÅÓÔ ×ÁÓ 
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performed to determine if all sites had periphyton metrics with equal variances. If 
the ANOVA determined there were significant differences among areas, the 
4ÕËÅÙȭÓ (ÏÎÅÓÔ 3ÉÇÎÉÆÉÃÁÎÔ $ÉÆÆÅÒÅÎÃÅ ɉ(3$Ɋ ÔÅÓÔ ×ÁÓ ÕÓÅÄ ÔÏ ÉÄÅÎÔÉÆÙ ËÅÙ ÁÒÅÁÓ 
that had different periphyton productivity or community composition. 

3.7 Small Bodied Fish Condition and Tissue Metals Monitoring 

An effects-based design was adapted to measure biological variables in small-
bodied fish (Sculpins). The overall objective of this study was to determine what 
potential effect (positive, negative, or neutral) effluent discharges may have on fish 
tissue metals concentrations, condition, and overall growth characteristics by 
comparing small fish collected from upstream reference sites to downstream 
exposure sites.   
 
Arciszewski et al. (2010) discusses the importance of selecting suitable species as 
sentinels, including the following characteristics: abundant, sedentary, high site 
fidelity and measurable life history characteristics relevant for the assessment.  
Based on this, the approach adapted for the AREMP small-bodied fish study, 
contained the following key assumptions: 
 
¶ The species is representative of the receiving environment 

¶ The species does not migrate between reference and exposure areas 

¶ There are minimal habitat differences between reference and exposure 

areas 

Three reference areas and five exposure areas were sampled for this program. 
These areas are identified in Schedule 1 map sheets. Five sub-areas were sampled 
in Exposure Area 3 and 4 that were further divided by left and right banks (Table 
3-3). The objective was to assess nearfield biological responses with respect to 
distance downstream from the outfalls and to investigate differences in small 
bodied fish responses between the right and left bank and explore the 
relationships that exists between plume dilution, and periphyton and benthic 
invertebrate metal uptake.  
 

Table 3-3: Recommended preliminary refinement to the small-bodied fish (sculpin sp.). 

Treatment Area Sample plan overview 
No. 
Fish 

Reference Area 1 ς Kootenay River Fish collected from gravel bar along backwater 30 
Area 2 ς Birchbank Fish collected from gravel bar along both left and 

right banks  
30 

Area 3 - Genelle Fish collected from gravel bar along both left and 
right banks 

30 

Exposure Area 1 ς CIV to CIII 
outfall 

Fish collected from right bank only downstream 
of CIV outfall. 

30 
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Area 2 ς CIII to CII 
outfall 

Fish collected from right bank only in side 
channel between CIII and CII outfalls. 

30 

Area 3-4 - left bank 
from CII d/s to Maglios 

Subdivided into 5 sections and 10 fish collected 
from each subsection  

50 

Area 3-4 - right bank 
from CII d/s to Maglios  

Subdivided into 5 sections and 10 fish collected 
from each subsection 

50 

Area 5 ς Maglios to 
Waneta 

Fish collected from both left and right banks 30 

  
Reference site selection considered the following important factors (Env.Can. 
2012):  

 
¶ Reference site habitat is comparable to the exposure site habitats; 
¶ Reference sites are free from the influence of the effluent or other potential 

sources of effluent like substances (i.e. other stressors or metals pollution 
sources); and 

¶ Reference and exposure sites should have similar fish species compositions.  
 
The following information was collected at each sample site: 

Table 3-4: Information collected during small-bodied fish sampling. 

General Information Sampling Information Habitat Information 
Project Water Temperature Substrate composition 
Site Name pH Embeddedness  
Date Electrical Conductivity Water Velocity 
Time Dissolved Oxygen Wetted depth 
Crew Average Wetted Depth Bank Characteristics 
Weather Sampling Method Habitat Condition 
UTM Coordinates Effort  
Photo Numbers Species Sampled  
 Total Length  
 Weight  
 Gender  
 Physical condition  

 Species Selection 

Torrent Sculpin (C. rhotheus) were the target species for condition assessments 
and whole fish metals analysis.  This species possesses ideal characteristics for a 
sentinel species in that they are abundant, sedentary, have high site fidelity, and 
have measurable life history characteristics.  

 Sample Timing 

Timing of fish capture or sampling is determined by a number of factors including 
migratory behavior, gonadal development and flow conditions (Environment 
Canada 2013).  Since gonad weights were to be used as a test parameter, sample 
timing was focused on when species are sexually mature. General spawning for 
sculpin in the Lower Columbia River has been estimated by AMEC (2012) to range 
from the end of May to late July when daily average water temperatures are 
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between 9°C to 15°C. Therefore, optimal timing to sample for both mature males 
and females would be early to mid-May just prior to spawning. Based on this, 
sampling was carried out April 26-30, 2016.    

 Sampling Methods 

Fish were sampled under the Provincial Collection Permit: CB16-228261. Fish 
capture was completed along the riverbank (depths of 0.1 - 1.0 m) with use of a 
backpack electrofisher and pole seine to collect stunned fish being carried 
downstream by the current.  
 

 

Figure 3-7: Collection of sculpins with backpack electrofisher during spring 2016 small-bodied fish data 
collection program. 

 
 
Field personnel referred to various species identification keys but relied primarily 
on one that was developed specifically for sculpins and dace of the lower Columbia 
River (adapted from McPhail 2007). This modified key identifies several key 
diagnostic features that greatly improves scuplin species identification in the field.  
 
Measurements recorded during electrofishing surveys included: electrofishing 
start/end time; electrofishing seconds; electrofisher settings as well as the length 
and width of the area electrofished. These data were used to calculate a catch-per-
unit -effort (CPUE).  
 
Fish were placed in a holding bucket where they were anesthetized using Tricaine 
ÍÅÓÙÌÁÔÅ ÏÒ 4-3 ÁÓ ÐÅÒ ÔÈÅ #ÁÎÁÄÉÁÎ #ÏÕÎÃÉÌ ÏÎ !ÎÉÍÁÌ #ÁÒÅȭÓ ÇÕÉÄÅÌÉÎÅÓ ÆÏÒ ÔÈÅ 
Care and Use of Fish in Research, Teaching and Testing (CCAC 2005).  
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All collected fish (i.e., sculpin, dace, shiners etc.) were identified and lengths, 
weights, and comments recorded, until the target number of sculpins had been 
collected at each site. Fish not preserved for subsequent analysis were live-
released after measurements had been recorded.    
 
Retained sculpins were placed in individual, clean re-sealable bags. Once inside the 
sealed bag, the fish were euthanized. The bag was labeled with indelible marker 
and placed on ice in a cooler and later frozen until post-processing and dissection 
in the lab.  

 Processing and Endpoint Analysis 

Sculpins retained for tissue metals analysis and condition assessments had the 
following parameters measured. 
 
¶ Total Length (mm) 

¶ Weight (± 0.001 g) 

¶ Age  

¶ Sex  

¶ Gonad Weight  

¶ Liver Weight  

¶ Fulton Condition (k)  

¶ Gonadosomatic index (GSI) 

¶ Hepatosomatic index (HSI) 

¶ Tissue Metals 

¶ General external and internal condition (i.e., presence of tumors etc.) 
 
Fish were examined externally and internally for the presence of abnormalities, 
lesions, tumors, and parasites.  
 
Fish were weighed (± 0.001 g) and measured for total length (mm). The gender of 
individuals was determined externally by the presence of genital papilla (on 
mature males) and confirmed during dissection.  
 
High-carbon stainless steel filleting knives and stainless high carbon steel utensils 
(scissors, forceps etc.) were used for processing fish. Instruments and cutting 
boards were washed with soap (critical cleaning liquid detergent) and then rinsed 
thoroughly with de-ionized water between each fish. Non-powdered vinyl gloves 
were worn by all personnel handling fish, and utensils to minimize contamination 
of samples. 
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The sampling process is outlined below:  
 

1. The processor put on a clean pair of non-powdered vinyl gloves prior to 
handing the fish. New gloves were used for each fish to minimize cross 
contamination. 

2. The thawed fish was removed from the bag and irrigated using de-ionized 
water to remove dirt and debris that may have been introduced during fish 
collection. 

3. The clean fish was placed on a fresh sheet of wax paper on a cleaned vinyl 
cutting board.  The head was cross cut (using surgical scissors) vertically 
posterior to the eye to expose the brain case and otoliths were extracted 
using tweezers and placed into a scale envelope labeled with fish catalog 
number and capture date for subsequent aging.  

4. The liver, gonads, and guts were extracted and weighed (± 0.001 g) and 
examined for abnormalities. The guts were subsequently preserved 
separately in labeled vials containing an alcohol fixative.  

5. The liver, gonads, and whole fish were placed together in a new sterile 
plastic bag, labeled, and frozen on dry ice for subsequent tissue metals 
analysis by Caro Analytical Kelowna, BC.  Fish samples were homogenized 
by Caro and subsequently analyzed for percent moisture, total lipids, trace 
metals, and major ions.  

 Calculation of Sculpin Condition 

Physiological responses to stress in fish can be assessed by calculating the ratio of 
body weight to length, as well as that of the weight of certain organs relative to the 
total body weight or length. Declines in these indices of condition may indicate 
decreased energy storage, metabolism, feeding activity, or reproduction associated 
with environmental stressors (Barton et al. 2002). Although these indices are 
insensitive to short -term changes they can be useful in the detection of long-term 
trends in fish exposed to chronic stressors. We considered three such condition 
indices: 
 
Fulton-type condition factor (k) is the relationship between body weight and body 
length that is commonly used to infer physical condition of fish, and can be 
calculated using the following formula: 
 
¶ Condition (k) = (105 × body weight (g))/length  (mm)3 

The gonadosomatic index and hepatosomatic index are calculations of the 
respective organ mass as a proportion of the total body mass and infer 
reproductive output and energy storage respectfully. Respective formulae are as 
follows:  
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¶ Gonadosomatic index = 100 × (gonad weight/gutted weight) 

¶ Hepatosomatic index = 100 × (liver weight/ gutted weight) 

 Fish Aging 

Fish aging was undertaken by Darren Filipic, R.P.Bio.  Otolith aging was 
conducted using a dissecting microscope.  
 
Age structures were interpreted using John Casselman's quantitative approach to 
fish aging: 
 
¶ O, +, or ++ are assigned based on the observation of otolith growth or not 

since the last annulus was formed.  
¶ 0 is assigned when the annulus is not quite complete 
¶ Ϲ ÉÓ ÌÅÓÓ ÔÈÁÎ ÈÁÌÆ Á ÙÅÁÒȭÓ ÇÒÏ×ÔÈ ɉÒÅÌÁÔÉÖÅ ÔÏ ÐÒÅÖÉÏÕÓ ÙÅÁÒɊ 
¶ ϹϹ ÉÓ ÍÏÒÅ ÔÈÁÎ ÈÁÌÆ Á ÙÅÁÒȭÓ ÇÒÏ×ÔÈ ɉÒÅÌÁÔÉÖÅ ÔÏ ÐÒÅÖÉÏÕÓ ÙÅÁÒɊ 

3.8 Large-Bodied Fish Tissue Monitoring 

The AREMP Study Design (Golder 2012) specified the species, sample size, and 
types of tissue analysed, and method of interpretation. Rainbow, Mountain 
Whitefish, and Walleye were used to stay consistent with historical data collection 
and because they are the most commonly caught and consumed by anglers (Golder 
2012). 

 Field Data Collection 

Fish for the large-bodied fish tissue monitoring program were obtained in 
coordination with the BC Hydro Lower Columbia Fish Indexing program 
(consistent with the 2012 AREMP). Fish collection was carried out by the 
Okanagan Nation Alliance and Golder Associates using a boat electrofisher. The 
timing of collection was September 26 ɀ November 2, 2016. Collection was carried 
out under a Provincial Collection Permit (Track No: 100180026). 
 
#ÏÌÌÅÃÔÅÄ ÆÉÓÈ ×ÅÒÅ ÐÏÏÌÅÄ ÉÎÔÏ ȬÕÐÐÅÒȭ ÁÎÄ ȬÌÏ×ÅÒȭ ÁÒÅÁÓȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ  4ÈÅ ÕÐÐÅÒ 
(Reference) area extended from the Hugh L. Keenleyside Dam downstream to 
Castlegar above the Tin Cup Rapids, and the lower (Exposure) area extended from 
Beaver Creek to Waneta (Figure 3-8).  Target species included Mountain Whitefish 
(Prosopium williamsoni), Rainbow Trout (Oncorhynchus mykiss), and Walleye 
(Sander vitreus).   
 
The target sample size was 20 fish per species per sample area, for a total of 60 fish 
per area, and 120 fish in all. Adult-size fish (i.e., those targeted by anglers) were 
targeted for analysis since one of the primary objectives was to assess the 
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concentrations of tissue metals relevant to human consumption guidelines. 
Therefore, sampling was biased toward obtaining catchable-size fish (>200 mm).  
 
Data were recorded in duplicate using water proof field paper and a hand-held GPS 
data logger.  The GPS enabled spatial documentation of where in the river fish were 
collected.   
 
At the time of fish collection, fish condition was documented and included: 
Presence of physical abnormalities or parasites, fork length (mm), total length 
(mm), total body weight (g), age class, and gender. 
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Figure 3-8: Large-bodied fish reference and exposure collection areas.  Fish collection was carried out 
by Okanagan Nation Alliance and Golder Associates as part of Lower Columbia River Fish Indexing 
Project (BC Hydro CLBMON-45). 
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Each fish was assigned a catalog number and photographed. Physical 
abnormalities were noted when observed and additional close-up photos were 
taken.  The fork length of each fish was measured, and the weight of the fish was 
documented.   
 
Fish were placed in individual bags and euthanized in the bag to prevent potential 
tissue contamination. During euthanization, care was taken not to puncture the 
bag.  The fish were then placed on ice and transferred to a deep freezer upon 
returning to shore after each evening of sampling. 

Large-Bodied Fish Processing 

Frozen fish were transported to Kelowna and processed at Ecoscape, where a clean 
process room was prepared to minimize the risk of contamination from extraneous 
metal sources during tissue preparation. Frozen fish were thawed prior to 
dissections. Only as many fish as could be processed on a given occasion were 
thawed. 
 
Of the 120 fish collected, half were analyzed as skin-on fillets.  The other half were 
analyzed as whole fish with guts removed (Table 3-5).  The guts were then 
analyzed separately.  The selection of fish for whole samples and fillet sampling 
was done randomly prior to initiation of processing.    
 

Table 3-5: Large-bodied fish collection and processing summary. 

Collection 
Area Species 

Total fish 
collected 

Tissue Metals Analysis 

Fillets 
Whole fish 

(guts removed) 
Gut 

contents 

Reference 
Area 

Mountain Whitefish 20 10 10 10 

Rainbow Trout 20 10 10 10 

Walleye 20 10 10 10 

Exposure 
Area 

Mountain Whitefish 20 10 10 10 

Rainbow Trout 20 10 10 10 

Walleye 20 10 10 10 

Sample size 
 

120 60 60 60 

 
Sampling methods were consistent with previous studies (Golder 2007) and 
British Columbia Field Sampling Manual: for Continuous Monitoring and Collection 
of Air, Air-emission, Water, Wastewater, Soil, Sediment and Biological Sampling 
(Clarke et al. 2003).   
 
The following parameters were included in the endpoint analysis: 
 
¶ Fork Length (mm) 

¶ Weight (± 0.001 g) 

¶ Age  

¶ Sex  
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¶ Gonad Weight  

¶ Liver Weight  

¶ Fulton Condition (k)  

¶ Gonadosomatic index (GSI) 

¶ Hepatosomatic index (HSI) 

¶ Tissue Metals 

¶ General external and internal condition (i.e., presence of tumors etc.) 
 
Fish were examined externally and internally for the presence of abnormalities, 
lesions, tumors, and parasites.  
 
High-carbon stainless steel filleting knives and stainless high carbon steel utensils 
(i.e., scissors, forceps etc.) were used for processing fish. Instruments and cutting 
boards were washed with soap (critical cleaning liquid detergent) and then rinsed 
thoroughly with de-ionized water between each fish. Non-powdered vinyl gloves 
were worn by all personnel handling fish, and utensils to minimize contamination 
of samples. 
 
The sampling process is outlined below:  
 

1. The processor put on a clean pair of non-powdered vinyl gloves prior to 
handing the fish. New gloves were used for each fish to minimize cross 
contamination. 

2. The thawed fish was removed from the bag and irrigated using de-ionized 
water to remove dirt and debris that may have been introduced during fish 
collection. 

3. The clean fish was placed on a fresh sheet of wax paper on a cleaned vinyl 
cutting board.  The head was cross cut vertically posterior to the eye to 
expose the brain case and otoliths were extracted using tweezers and 
placed into a scale envelope labeled with fish catalog number and capture 
date for subsequent aging. 

4. The liver, gonads, and guts were extracted and weighed (± 0.001 g) and 
examined for abnormalities. 

5. For fish designated as fillet samples:  A single fillet was removed (skin on), 
weighed (± 0.001 g), and placed in a new, clean, pre-labeled sealable plastic 
bag.  Each bag was labeled with the fish catalog number, date and analysis 
type.  

6. For fish designated as whole samples: The liver, gonads, and whole fish 
were placed together in one new sterile plastic bag and the guts placed in a 
separate bag. Each bag was labeled with the fish catalog number, date and 
analysis type.  
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7. All samples were frozen on dry ice for subsequent tissue metals analysis by 
Caro Analytical (Kelowna, BC).  Fish samples were homogenized by Caro 
and subsequently analyzed for percent moisture, total lipids, trace metals, 
and major ions. 

Figure 3-9: Rainbow Trout prior to processing (left); processing gravid female Mountain Whitefish 
(right). 

 Quality Assurance / Quality Control for Large-bodied Fish 
Analysis  

To ensure precision in metals testing, 10% of the fillet samples were analyzed in 
duplicate. Duplicates were submitted to the lab as blind samples. When evaluating 
the results, duplicates needed to be 5 times the detection limit for acceptability 
criteria to apply (USEPA 2000). If the relative percent difference for duplicates 
were within 20% of each other they were accepted. If the calculated relative 
percent differences were greater than 50%, a quantification problem was 
suspected, which may have included possible contamination or lack of sample 
representativeness. In such instances, the lab was notified of the discrepancy and 
data were re-checked and samples re-run if necessary. Relative percent difference 
was calculated as follows:      
 

(sample result - duplicate result)*100 
(sample result + duplicate result)/2  

 
The accuracy of data entry was assessed with a second person checking a minimum 
of 10% of the data for completeness, data entry errors, transcription error and 
invalid data.  If errors were found, then all data underwent a zero tolerance quality 
assurance check.    

 Fish Aging 

Fish aging was undertaken by Darren Filipic, R.P.Bio.  Otolith aging was conducted 
using a dissecting microscope.  
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Age structures were interpreted using John Casselman's quantitative approach to 
fish aging: 
¶ O, +, or ++ are assigned based on the observation of otolith growth or not 

since the last annulus was formed.  
¶ 0 is assigned when the annulus is not quite complete 
¶ + is less than half a ÙÅÁÒȭÓ growth (relative to previous year) 
¶ ++ is more than half a ÙÅÁÒȭÓ growth (relative to previous year) 

3.9 Large and small-bodied Analysis of tissue metals and condition Indices 

Concentrations of arsenic, cadmium, chromium, copper, iron, lead, mercury, 
selenium, thallium, and zinc in large body fish tissues were graphed for each tissue 
(muscle/ whole body/gut ) according to year sampled (2013 and 2016), tr eatment, 
and species (Rainbow Trout, Mountain Whitefish, and Walleye) combination. Small 
bodied fish (sculpin) whole body samples from 2016, were graphed in downstream 
order according to site and river bank.   
 
Analysis of covariance (ANCOVA) was used to assess the effects of exposure (above 
or below CIII outfall), species, sex, year, and individual fork length on metal 
concentrations in large bodied fish species. Because the range and level of metal 
concentrations differed considerably in gut samples relative to muscle and whole 
body, these analyses were conducted for each tissue type separately. Large bodied 
fish metal concentrations below the limit of detection were included in analysis by 
taking the minimum limit of detection for the analyte (metal) and dividing by 2.  
 
Whole body sculpin metal concentrations were compared using an ANCOVA by sex, 
treatment (above or below CIII outfall), and total length. A second ANCOVA, was 
conducted without far field sites, any area downstream of ERO-EXP-3-2-L. This 
ANCOVA was conducted to see if smelter effects on whole body metal 
concentrations were detectable in areas closer to the smelter. 
 
In all cases tissue metal concentrations were log transformed and outliers were 
removed from data to meet model assumptions of normally distributed residuals. 
The results of the ANCOVA models with all samples in and leverage and outliers 
excluded were compared. However, all results reported are of the ANCOVA models 
with leverage and outlier samples removed. Some ANCOVA models did not meet 
model assumptions primarily because of the large number of samples below the 
limit of detection, these models were not run. In the interpretation of ANCOVA 
results, significance of overall models and individual parameters within them were 
determined through p-values at a 0.05 significance level, and direction of 
explanatory variable effects are determined from model parameter estimates. 
 
Linear mixed effects models were used to assess the effect of treatment (reference 
or exposure) on 2016 whole body sculpin metal concentrations of arsenic, 
cadmium, chromium, copper, iron, lead, mercury, selenium, thallium, and zinc. 
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Linear mixed effects models with site as the random effect and treatment as fixed 
effects was performed with log transformed tissue metals concentrations. The 
model for concentrations of mercury included total length as a fixed effect. 
Chromium was omitted from the analysis because of there was a high number on 
non-detects.  
 
Differences in the relationship between adjusted body weight and total length, and 
liver or gonad weight with total body weight between treatments, for each sex, 
were also tested through linear mixed effects models using site as a random effect 
for the sculpins. The only model that did not use site as a random effect was the 
female gonad weight model. This model used a simpler linear regression. Adjusted 
body weight was calculating by subtracting the gut weight from the total body 
weight. Weight and length variables were log transformed in several cases to meet 
assumptions of normally distributed residuals or because relationships were 
clearly log-linear. For large body fish differences in the condition factor (k) 
between reference and exposure sites were tested separately for each species. The 
effect of sex was not accounted for because there were not enough samples within 
a species, sex, and treatment group. 
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4.0 RESULTS AND DISCUSSION 

4.1 Water Quality  

The following section presents water quality data collected during the 2015 and 
2016 sampling years and compares these values to relevant LCR Water Quality 
Objectives/Guidelines and presents this data together with that collected in 
previous years (2011-2014) of the monitoring program. 

 General Water Quality Parameters 

General water quality parameters affect numerous chemical and biological 
processes occurring in rivers.  Field-measured parameters that were slightly 
elevated within the IDZ included conductivity, salinity and pH. These water quality 
parameters were still within the typical range for the LCR both upstream and 
downstream of the IDZ (Larratt et al. 2013).  In both the IDZ and the entire AOI, 
none of the general water quality parameters exceeded the LCR Water Quality 
Objectives in the 2015-2016 data.  For example, the pH LCR Objective of 6.5 ɀ 9.0 
was met in all 2015 samples including those collected from within the effluent 
plume in the IDZ.  Similarly, percent dissolved oxygen saturation was in the typical 
range for the LCR and ranged from 68% to 96% and averaged about 89% across 
all erosional sites during the October 2015 sampling.   
 
Turbidity is usually low in the LCR. Samples collected in 2015 ranged between 0.25 
ɀ 0.89 NTU, with and average turbidity of 0.45 ± 0.15 NTU. Similarly, TSS 
concentrations are typically low in the LCR, ranging from <1 - 2 mg/L. Most 
samples collected in 2015 had TSS concentrations below the 3.0 mg/L detection 
limit.  Three samples collected on April 28, 2015 at the Birchbank and Stoney Creek 
sites had measurable concentrations.  
 
There are no approved BC guidelines for the protection of aquatic life or LCR 
Objectives for specific conductivity or TDS, however there are BC working 
guidelines for irrigation, set at <0.7 - <5 uS/cm for specific conductivity and <500 
- <3500 for TDS. Both parameters that measure the concentrations of ionized 
constituents in water. The New Bridge r-sh had elevated TDS compared to the TDS 
measured at Birchbank reference site. However, TDS returned to reference levels 
by the Old Bridge.  Similarly, water temperature was elevated by less than a degree, 
and dissolved oxygen was slightly elevated in the 2015 field data (Table 4-1, 4-2). 
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Table 4-1:  Averaged Erosional Site Field Measurements, 2015. 

 Reference Sites Exposure Sites 

 Ero Ref 1 Ero Ref 2 Ero Exp 1 Ero Exp 2 Ero Exp 3 Ero Exp 4 Ero Exp 5 
Parameter  Birchbank u/s Stoney CIV-Stoney CIII CIII-Korpac Kor-Mag Mag-Wan 

Conductance µS/cm 137 137 138 192 145 135 136 

Salinity PSU units 0.06 0.06 0.07 0.09 0.07 0.06 0.06 

pH (s.u.) 7.5 7.5 7.68 7.74 7.62 7.45 7.53 

Water temperature oC 12.48 12.68 12.72 13.24 12.7 12.42 12.43 

Dissolved oxygen mg/L 6.93 8.32 9.47 9.45 9.22 9.1 9.3 

Dissolved oxygen % sat. 68.26 83.82 93.96 96.24 93.37 91.77 93.2 

 
 

 
Table 4-2: Depositional Site Field Measurements, October 2015 
  Reference Sites Exposure Sites 

 Dep Ref 1 Dep Ref 2 
Dep 
Ref 3 

Dep 
Exp 1 

Dep Exp 
2 

Dep 
Exp  3 

Dep Exp 
4 

Dep 
Exp 5 

Dep Exp 6 Dep Exp 7 

 Parameter 

Kootenay 
Eddy 

Genelle 
Eddy 

Birch
bank 
Eddy 

Korpac Maglios Casino 
Airport 

Bar 
Trimac 

Ft 
Shepherd 

Waneta 

Conductance 
µS/cm 

156 138 137 125 135 143 137 138 143 140 

Salinity PSU 
units 

0.07 0.07 0.07 0.06 0.06 0.07 0.06 0.07 0.07 0.07 

pH 7.1 7.4 6.7 7.3 7.5 7.7 7.5 7.5 7.5 7.8 

Water 
temperature 
oC 

14.1 12.1 12.4 12.5 12.4 12.3 12.7 12.6 12.9 12.7 

Dissolved 
oxygen mg/L 

9.04 8.04 5.1 8.72 8.69 8.62 8.92 8.06 9.33 9.14 

Dissolved 
oxygen % sat. 

92.9 79 50 87.3 88.9 88.9 91.5 80.8 95.2 91.3 
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 Nutrients  

Inorganic Nitrogen  

There are numerous sources of inorganic nitrogen within the LCR, including 
municipal effluents, the BC Hydro lake fertilization programs in upstream 
reservoirs and stormwater inflows (MacDonald 1997; Can-BC 2008). Nitrate and 
ammonia are key nutrients that are repeatedly consumed, transformed and 
released in a cycle as water travels downstream. Ammonia and nitrate account for 
most of the total nitrogen concentrations in the LCR AOI (Figure 4-1). Very low 
concentrations of nitrite are common in BC waters, as was found here.   
 
None of the 2015 or 2016 samples approached the inorganic nitrogen guidelines 
for aquatic life (3.0 mg/L nitrate as a 30-day average; 0.02 mg/L nitrite ; 0.7 mg/L 
ammonia) (Figure 4-1, Figure 4-2).  In the LCR, the distribution of inorganic 
nitrogen species has been stable through the years (Olson-Russello et al. 2014). 
Inorganic nitrogen typically occurs as 86% nitrate and 14% ammonia, with nitrate 
concentrations related to transport during high flows and ammonia 
concentrations primarily donated by groundwater throughout the river, with 
increased donation during low flows (Larratt et al. 2013). 
 

 

Figure 4-1:  Average concentration of the various chemical forms of nitrogen for samples collected 

along the right bank shallow site (within the effluent plume) of the LCR in 2015 and 2016 during low 

flows. 
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Nitrate concentrations were uniform throughout the AOI in 2015 and 2016 and all 
samples were above the standard detection limit.  For example, the average 
increase in nitrate from the right shallow samples of reference Birchbank site to 
the IDZ was 0.019 mg/L and from Birchbank to Maglios was 0.004 mg/L. 
 
Nitrite is a transient form of inorganic nitrogen that is usually lower than nitrate 
concentrations (USEPA)1, explaining why most nitrite concentrations were below 
standard detection limits in this study. Eighty percent of the 2015-2016 water 
quality data had nitrite concentrations below the detection limit. However, very 
low concentrations were detected on October 19, 2015 and October 4, 2016, in the 
range of 0.001 to 0.002 mg/L as N. These nitrite concentrations were detected at 
all sites on October 4, 2016, including the reference Birchbank site. Samples 
collected from the right bank, including those within the IDZ, were within this 
range.  
 
Ammonia concentrations increased at the Stoney Creek r-sh location (Figure 4-3). 
Elevated ammonia concentrations occurred in the shallow samples from both 
banks primarily in response to effluent and potentially groundwater inflows 
within the IDZ (Figure 4-3). Ammonia concentrations in both shallow samples 
declined downstream of the IDZ, and was faster in r-sh than l-sh. All transect 
samples were equivalent across the river at Maglios. Ammonia guidelines were not 
exceeded at any of the sample sites (Table 4-3). The 2015-2016 water quality data 
had 25% of total samples below the limit of detection for ammonia. 
 
The contributions made by organic forms of nitrogen in the AOI measured since 
2014 have been small (Figure 4-2). They are measured as TKN, along with 
ammonia.  Elevated TKN in r-sh and l-sh may be related to groundwater influence, 
likely in the ammonia component of TKN. Organic nitrogen increases slightly in the 
IDZ and remains elevated downstream, but the net change is small and unlikely to 
exert a secondary influence on water chemistry or boost primary productivity to 
nuisance proportions (refer to section 4.3.4). 
 
In 2015-2016 data, average total nitrogen concentration in the water at r-sh New 
Bridge (right shallow) was elevated above the reference r-sh Birchbank site by 
about 58% or 0.04 mg/L. However, total nitrogen declined downstream of the IDZ. 
Increased N may benefit primary producers as it does in nitrogen-limited rivers 
(Delong et al. 2001; Townsend, 1996). The increase in total nitrogen between 
Birchbank and Waneta was less than 5%. Gradually increasing nitrogen 
concentrations as water travels downstream in large rivers is universally observed 
(Wetzel 2001). 
 
 

                                                        
 
1 file:///C:/Users/Heather/Downloads/N -P-large-rivers%20(1).pdf   
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Figure 4-2: Box plots of TKN organic nitrogen measured in the LCR during low flow periods (2015-

2016).  The channel position designations are l-sh = left-shallow, L-1md = left 1 m deep, L-1mab = left 

1 meter above bed, and the same for Right (r). One percent of the samples were below the limit of 

detection for TKN.  Note: See pg. vi for explanation of boxplots and guide for interpretation. 
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Table 4-3: Nutrient Concentrations at Teck LCR Sample Sites, right bank shallow sample (2015 - 2016). 

  

BC Guideline or 
LCR Objective 

mg/L 
Results 
(mg/L) Birchbank 

Stoney 
Creek 

New 
Bridge 

Old 
Bridge Maglios Waneta 

                  Nitrate (as N) 200  (max) Mean 0.132 0.133 0.15 0.138 0.135 0.148 
40 (mean) 30-Day Mean 0.144 0.144 0.161 0.149 0.147 0.148 

Nitrite (as N) 0.06 Mean 0.0005 0.0006 0.0007 0.0005 0.0006 0.0005 
0.02 (mean) 30-Day Mean 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 

Ammonia (as N) 0.681 ς 27.7 Mean 0.003 0.01 0.045 0.016 0.009 0.008 
0.102 ς 2.08 30-Day Mean 0.002 0.01 0.043 0.015 0.009 0.008 

TKN* -- Mean 0.078 0.099 0.121 0.094 0.09 0.087 
-- 30-Day Mean 0.075 0.1 0.115 0.092 0.087 0.087 

Phosphorus (as P) -- Mean 0.002 0.003 0.003 0.003 0.002 0.002 
-- 30-Day Mean 0.002 0.003 0.003 0.002 0.002 0.002 

Potassium -- Mean 0.619 0.635 0.696 0.642 0.643 0.633 
-- 30-Day Mean 0.61 0.63 0.693 0.641 0.638 0.633 

Sulphate -- Mean 11.4 11.5 18.1 12.6 11.9 12.1 
218 30-Day Mean 11.6 11.6 18.3 12.8 12.0 12.1 

TOC* -- Mean 1.2 1.3 1.2 1.2 1.2 1.4 
-- 30-Day Mean 1.3 1.3 1.2 1.3 1.3 1.4 

ἁ 30 day mean based on the average of the 30 day mean from 2015 and 2016 spring sampling. A total of 5 samples were collected 
during spring low-flow sampling (Mar-Apr). 
* TOC was sampled in 2012. 
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Figure 4-3: Box plots of inorganic nitrogen measured in the LCR during low flow periods (2015-2016).  
The channel position designations are L-sh = left-shallow, L-1md = left 1 m deep, L-1mab = left 1 meter 
above bed, and the same for Right (r). 

http://www.ecoscapeltd.com/


15-1438.4 55 May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web:  www.ecoscapeltd.com    

Phosphorus 

Phosphorus is a key nutrient that usually controls aquatic productivity. Total 
phosphorus (T-P) concentrations measured throughout the LCR follow a declining 
trend over the years, particularly during 1968 - 1978 (Holmes and Pommen 1999; 
Can.-BC 2008) as outfall water treatment improved throughout the LCR.  
Phosphorus is added annually as part of the BC Hydro lake fertilization programs 
in upstream reservoirs.  There is no phosphorus objective set for the LCR. 
 
There is no provincial guideline for total phosphorus concentrations in rivers. The 
guideline value for lakes was therefore considered as a qualitative reference point, 
although it has not been empirically verified as being suitable for rivers. Total 
phosphorous concentrations exceeded the BC total phosphorous guideline for 
lakes (0.005-0.015 mg/L) in 13 of the 221 low flow samples collected in 2015 and 
2016 and were measured at every site including the Birchbank reference site 
(Figure 4-4).  The three left-bank Maglios samples from April 28, 2015 had the 
highest T-P concentrations at 0.011 mg/L.  There is a municipal outfall located 
along the left bank in shallow water, affecting both T-P and T-N (Figure 4-4, Figure 
4-3). In 2015 and 2016, right bank concentrations ranged from non-detectable 
(0.002 mg/L)  to 0.0076 mg/L T-P. Based on these data the smelter site does not 
appear to affect phosphorus concentrations. There was no net change in total 
phosphorus concentrations between Birchbank and Waneta. 
 

 

 

Figure 4-4: Box plot of total phosphorus concentrations measured in the LCR during low flow periods 
(2015-2016). The channel position designations are L-sh left-shallow, L-1md left 1 m deep, L-1mab left 
1 meter above bed, and the same for Right. Twenty-two percent of the samples had T-P concentration 
below the limit of detection. 
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Minor Nutrients 

Potassium concentrations were elevated at New Bridge r-sh and l-sh and may 
reflect a potential groundwater contribution  (Figure 4-5). There are no BC 
Guidelines or LCR Objectives established for potassium. Potassium samples from 
the end of the IDZ were similiar to background reference concentrations. The 4.1% 
increase in potassium between the right shallow Birchbank and Maglios sites may 
confer a small benefit to downstream primary producers as it does in other river 
systems (USEPA 2009).  Stormwater and sewage effluent discharged below the 
smelter would also contribute to the continuing increase in potassium observed in 
Maglios and Waneta samples.  
 
 

 

Figure 4-5: Box plot of potassium concentrations measured in the LCR during low flow periods (2015-
2016). The channel position designations are L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 
meter above bed, and the same for Right. All samples were above the limit of detection for potassium. 
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Sulphate is utilized by some algae and bacteria in the periphyton (Wetzel 2001). 
Sulphate was the dominant anion in the AOI (Hawes et al. 2014) and is a major 
component of the groundwater plume (Golder 2010). The 30-day average 
guideline for the protection of aquatic life is 218 mg/L SO4, in soft to moderately 
soft waters (31-75 mg/L as CaCO3 ) typical of the lower Columbia River (Meays and 
Nordin 2013). This guideline was not exceeded in any 2015 or 2016 samples. 
However, 30-day average concentrations increased at New Bridge along the right 
bank (avg. 17.90 mg/L SO4). Sulphate concentrations returned to within 3.8% of 
background concentrations by Maglios (Figure 4-6). These sulphate results are 
similar to those sampled in 2011ɀ2014.  
 
 

 

Figure 4-6: Box plot of sulphate concentrations measured in the LCR during low flow periods (2015-
2016). The channel position designations are L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 
meter above bed, and the same for Right. All samples were above the limit of detection for sulphate. 
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Total organic carbon (TOC) provides an indication of organic material available for 
invertebrate food, and for sequestering metals. TOC is generally low in the LCR. 
The BC guideline prescribes a 30-day median ± 20% of the median background 
TOC concentration (MWLAP 2001).  Objective levels were set at <0.5 ɀ 0.7 mg/L 
TOC outside the IDZ and <3.5 mg/L within . With this spread of Objective levels, 
exceedances occurred throughout the study area outside of the IDZ (including 
upstream reference locations), but not within it ( Figure 4-7).  TOC was not elevated 
in the effluent plume of the smelter outfalls. For example, 2015-2016 TOC data 
from the upstream reference site averaged 1.3 mg/L and were lowest at Maglios 
(avg 1.1 mg/L).  These 2015-2016 TOC results were nearly identical to the 2011-
2014 results.  TOC sources are greater upstream of the Birchbank reference site 
than they are near or below the smelter site, resulting in a declining trend through 
the area of interest. There was very little difference between the right shallow of 
Birchbank and Maglios (<1% difference), all below the 20% range prescribed in 
the BC guideline.  

 

 

Figure 4-7: Box plot of total organic carbon measured in the LCR during low flow periods (2015-2016). 
The channel position designations are L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter 
above bed, and the same for Right. All samples were above the limit of detection for TOC. 

 Total and Dissolved Metal Concentrations 

The choice of transect sampling to detect plume location allowed the calculation of 
30-day averages only in the spring low flow period when dilution is low. During 
the spring low flows, 30-day averages were calculated from five weekly grab 
samples for the right bank sites within the effluent plume, and this represents a 
worst-case scenario. The average of the five right bank samples were compared to 
the average of all samples collected from the right bank in 2015-2016, and showed 
about a 6% difference in 2015 and a 5% difference in 2016 between both sites and 
parameter concentrations.  

http://www.ecoscapeltd.com/


15-1438.4 59 May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web:  www.ecoscapeltd.com    

 
Guidelines are set at levels designed to result in negligible risk to biota, their 
functions, or any interactions that are integral to sustaining the health of 
ecosystems and the designated resource uses they support (CCME 2013). Similarly, 
objectives are site-specific criterion adapted to protect the most sensitive 
designated water use at a specific location with an adequate degree of safety, 
taking local circumstances into account (BC MoE 2017). An exceedance of a water 
quality guideline or objective does not mean that there will be effects on aquatic 
species.  Developing effects benchmarks is a separate exercise and has been 
conducted by Golder (2003) in the Aquatic Problem Formulation report.  
 
The following discussion of dissolved and total metals is focussed on metals of 
interest, and the matrix for their determination is provided in Table 4-4.   
 
Table 4-4: Matrix for Determining Water Quality Metals of Interest. 

Metal 

Metals of interest 
identified in 

previous reports 

Near-field sites >> 
reference sites in 

earlier work (2011-
14) 

Near-field sites >> 
reference sites in 

recent 2015-16 work 

Guideline 
exceedance 

during past 10 
years in LCR AOI 

Aluminum   
 V 

Arsenic V V  V 

Cadmium  V V V V 

Chromium V  
 V 

Copper V V  V 

Lead V V V V 

Mercury V V V V 

Nickel V  
 V 

Selenium  V V V 

Silver V  
 

 

Thallium V V V 
 

Zinc V V  V 

(Previous reports: Golder 2003, Hatfield 2008, Golder 2010)  
>> signifies a difference of >50%  Revised to reflect new cadmium guideline 

                           

There were no exceedances of the 30-day Chronic Water Quality Guidelines or LCR 
Objectives for any metals of interest downstream of the IDZ in 2015 or 2016. Four 
metals had concentrations above the Water Quality Guidelines/Objectives 
downstream of the smelter outfalls within the IDZ.  By definition, calculations of 
exceedances do not involve the IDZ. As these elevated concentrations were within 
the IDZ, they do not constitute non-attainment.  The Stoney Creek and New Bridge 
sites are located within the IDZ where effluents are discharged and elevated metal 
concentrations are anticipated and permitted. The Old Bridge site represents the 
downstream limit of the IDZ.  
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A summary of the number of exceedances identified in the 2015 and 2016 data is 
illustrated in  Figure 4-8. No exceedances occurred outside of the permitted initial 
dilution zone (IDZ) of the effluent plume. The 2015 data are similar to earlier 
AREMP data where cadmium, selenium, and zinc exceeded guidelines in the IDZ 
while infrequent and variable elevated concentrations occurred for mercury and 
chromium in the LCR area of interest.  Overall, both the number and the size of the 
exceedances have declined over the years as water treatment has improved, 
bearing in mind that dilution from LCR flows affects the results in any given year 
(Figure 4-9). For instance, LCR flows during the 2016 water sampling period  were 
roughly 35% lower than flows during the 2014 sampling period. Previous 
sampling summarized in the 2014 AREMP report noted that at Birchbank, mercury 
periodically exceed guidelines and at the Waneta site, mercury, and zinc (a single 
sample) exceeded the guidelines (Hawes et al. 2014). In the 2015-2016 results, 
there were no exceedances at the downstream Maglios and Waneta sites (Figure 
4-8). The number of elevated metals within the IDZ is dependent on flows at the 
time of sampling. 
 
Reassessment of earlier AREMP samples against both the number and the size, the 
new Cd guideline indicates that there were no D-Cd or T-Cd exceedances outside 
of the IDZ for any samples collected for the AREMP from 2011-2014.  Similarly, in 
the 2015 and 2016 results, there were no D-Cd or T-Cd exceedances outside the 
IDZ. They were confined to the New Bridge site within the effluent plume, where 
they are expected and permitted.  Zinc exceedances did not occur below the IDZ.  
 

 

Figure 4-8: Occurrences and frequency of total and dissolved metals exceeding LCR Objectives or BC 
MoE / CCME 30-day Guidelines during 2015 and 2016 spring low flow sampling (5 sampling events).  
Exceedances in the IDZ (Stoney Creek to New Old Bridge) do not constitute non-attainment of Water 
Quality Objectives. IDZ exceedances were measured from samples collected from the right bank of 
the river within the effluent plume. 
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Figure 4-9: Total number of metals exceeding the BC 30-day guideline for the March-April low flow 
periods from 1995 to 2016. Exceedances in the IDZ (Stoney Creek to New Old Bridge) do not 
constitute non-attainment of Water Quality Objectives. 

 

Comparison of total versus dissolved metals  

Implementation of metals criteria is complex due to the site-specific nature of 
metals toxicity and variable metal behavior.  Canadian guidelines frequently use 
total metals, which are the sums of dissolved ions and metals associated with 
particulates or minerals, while the US EPA uses dissolved metals. Some studies 
have indicated that particulate metals appear to contribute to overall metal 
toxicity, but their contribution is substantially less than that of dissolved metals 
(US EPA MoU 1993). 
 
Most figures in this report depict total metal concentrations to align with BC 
guidelines and LCR objectives; however, metals occurring mainly in particulate 
phases can frequently have lower potential toxicity. For example, lead and 
aluminum occurred predominantly in total particulate forms, with a small increase 
in dissolved lead at the New Bridge site within the IDZ (Table 4-5). Numerous 
metals occurred predominantly in the dissolved form throughout the LCR but the 
dissolved form increased within the IDZ, and they include copper, lead, thallium 
and zinc.  Dynamic reactions involving dissolved metals occur at various rates, 
depending on water pH, total hardness, redox, temperature, availability of 
particulates with binding sites, and other parameters. 
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Table 4-5: Distribution metrics for total and dissolved metals of interest in the LCR 
2015-2016. 

  Average % dissolved metals 

Metal/Site BB SC NB OB MA WA 

Aluminum 56% 51% 51% 50% 50% 45% 

Arsenic 98% 99% 96% 95% 98% 99% 

Cadmium 89% 88% 92% 86% 87% 84% 

Copper 94% 93% 96% 96% 92% 89% 

Lead 38% 29% 45% 32% 35% 33% 

Mercury 99% 90% 84% 98% 80% 84% 

Selenium 100% 99% 100% 97% 97% 97% 

Silver 100% 100% 100% 99% 100% 100% 

Thallium 93% 99% 100% 96% 95% 99% 

Zinc 100% 85% 96% 99% 86% 92% 

Legend:  BB = Birchbank; SC = Stoney Creek;  NB = New Bridge;  OB = Old Bridge;  MA  = Maglios;            

                  WA = Waneta 
 

 
The following section presents the results of 2015 and 2016 sampling for total 
metals of interest and compares the results with data collected from 2011-2014. All 
other metal concentrations not discussed here met the applicable LCR Objectives 
and Guidelines.  The complete 2015 and 2016 water quality data set is available in 
Appendix C accomapnied by QA/QC outputs. The box plots below present 2015-
2016 low flow sampling data with outliers indicated as solid points. High LCR flow 
sample events in both 2015 and 2016 are represented in the figures as single, 
hollow (square and triangle) points. 
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 Aluminum (Al)  

The general range of total aluminum in North American Rivers is 0.012 -2.25 mg/L 
(Jones and Bennett 1986) and the Columbia and Kootenay Rivers fall within the 
lower end of this range. Aluminum occurs naturally in the area associated with 
alumino-silicate clays (Brown and Bruland 2009).  
 
Elevated D-Al concentrations were observed in two samples: on March 31, 2015 at 
Maglios, and on April 5, 2016 at Birchbank (Figure 4-10). There were no 
exceedances of D-Al concentrations over the 30-day Chronic Objective in 2015-
2016 sampling within or below the IDZ. The slight increase in D-Al observed in the 
IDZ was restored to background concentrations before the Waneta site (Figure 4-
10).  
 
Water sampling carried out 2011-2013 indicated that Birchbank had more 
frequent elevated aluminum concentrations at mid-river positions than the sites 
downstream of the smelter (Figure 4-10) (Hawes et al. 2014). A declining trend in 
Al concentrations has been detected throughout the LCR in data collected from 
1983-2005 at Birchbank (Can. BC 2008). Although a declining trend was not 
apparent in the 2015-2016 data. The highest Al concentration during the spring 
low flow sampling occurred at the reference site (Birchbank), and the lowest at 
Waneta (Figure 4-10). The highest aluminum concentrations were documented 
during high river flow periods (i.e. July) when dilution of the effluent would be 
greatest. This is likely a result of increased aluminum being carried downstream 
by freshet flows in tributaries associated with increased erosion, channel scour, 
turbidity , and TDS. No influence of the smelter was detected in the 2011-2013 or 
the 2015-2016 aluminum data. 
  

 

Figure 4-10: Box plots of D-Al measured in the LCR during low flow periods (2015-2016). The channel 
position designations are L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. All samples were above the limit of detection for D-Al. 
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 Arsenic (As) 

The 30-day average allowable concentration of arsenic has been set at 0.005 mg/L 
(5 µg/L) T-As as an Objective for the LCR and elsewhere to protect fish and aquatic 
life (BC MoE 2005). T-As was elevated over background concentrations measured 
at Birchbank within the IDZ, notably in the r-sh sites, and are attributable to the 
effluent plume and possibly groundwater inflows however, no samples exceeded 
the Objective, even within the IDZ (Figure 4-11).   

 
The ambient concentration of arsenic in Canadian surface and ground waters is 
very low, usually ranging from 0.001 to 0.002 mg/L, with greater concentrations 
more common in groundwater, particularly in areas where As occurs in local 
bedrock (BC MoE). Arsenic results from 2015-2016 were similar to those from 
2011-2014. In both data sets, the elevated arsenic concentrations within the IDZ 
were fully mixed by Maglios and were within 21.4% of the average right shallow 
reference site concentrations. Most of this arsenic occurred in the dissolved form. 

 

 

Figure 4-11: Box plots of T-As measured in the LCR during low flow periods (2015-2016). The channel 
position designations are L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. Note, the LCR objective is also 0.005 g˃/L and not shown on the above figure. All 
samples were above the limit of detection for T-As. 
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 Cadmium (Cd) 

The new dissolved cadmium (D-Cd) Guideline (BC MOE 2015) was applied to this 
review of 2015-2016 water quality data (Figure 4-12). Table 4-6 provides a 
comparison of the calculated Cd guidelines for a range of water hardness.  
Previously, using the former Canadian guidelines, cadmium had the most frequent 
exceedances in the LCR, usually at sites below the smelter. However, using the new 
Guideline (Table 4-6) at mean LCR hardness = 70 mg/L (as CaCO3), there were no 
exceedances of dissolved Cd below the IDZ (Figure 4-12). As in the 2011-2014 data, 
the 2015-2016 data showed the highest Cd concentrations in New and Old Bridge 
right bank samples that are within the effluent outfall plume and inside the IDZ and 
occur in the dissolved form.   
 

Table 4-6: Comparison of Cadmium Guidelines for LCR Range of Hardness (30-day 
chronic). 
Water hardness  
mg/L as Ca CO3 

Previous BCWQG 
Total Cd 

USEPA 
Dissolved Cd 

BC MOE (2015) 
Dissolved Cd (30-d) 

30 mg/L  0.01 µg/L 0.11 µg/L 0.09 µg/L 
60 mg/L  0.02 µg/L 0.17 µg/L 0.15 µg/L 
90 mg/L  0.03 µg/L 0.23 µg/L 0.20 µg/L 
NOTE: BC guidelines are based on total Cd while the US EPA uses dissolved Cd.  The new BC MOE Guideline (2015) is based 
on dissolved Cd using the hardness-based formula: e 0.736(In(hardness)-4.943) 

 
In both the 2011-2014 and the 2015-2016 data sets, the elevated dissolved 
cadmium concentrations from the IDZ were still elevated along the right bank at 
Maglios, but not by Waneta (Figure 4-12).  A similar but more subtle distribution 
across the Maglios transect was detected for thallium and copper. These metals 
suggest that the mixing through the channel is close to but not fully complete at the 
Maglios site. However, water velocity and therefore sediment transport vary 
across river transects and transect patterns in metal distributions can be observed 
at the reference Birchbank site. If dissolved Cd, Tl, and Cu are considered the plume 
is  almost completely diffused across the channel by the Maglios site and full 
diffusal is evident at the Waneta site, where chemical concentrations are 
homogenous in samples collected across the river channel.   
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Figure 4-12: Box plots of D-Cd measured in the LCR during low flow periods (2015-2016). The channel 
position designations are L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. Seven percent of the samples were below the limit of detection for D-Cd. 
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 Chromium (Cr)  

Like 2011-2014 data, 2015-2016 chromium data were rarely above the ultra-low 
metal detection limit. Only 4% of the water quality data was above the limit of 
detection for chromium. There have been no exceedances of the Water Quality 
Guidelines for Cr in any samples collected in the AREMP from 2011-2014 (Figure 
4-13), and the only exceedance in the 2015-2016 data occurred mid-channel at the 
Birchbank reference site in July 2016. No influence from the smelter was detected 
in the Cr data from 2011 - 2016. 
 
A 30-day average LCR objective of 0.001 mg/L (1.0 µg/L) for total chromium was 
set for the protection of fish and aquatic life.  No maximum water quality objective 
was established (BC MoE 1997). The BC water quality guidelines distinguish 
between chromium III and chromium VI (Cr+3 and Cr+6) and provide maximums of 
0.009 mg/L and 0.001 mg/L, respectively.  Total chromium concentrations have 
declined in BC MoE data collected at Birchbank between 1983 and 2005 (Can.-BC 
2008). Current Waneta T-Cr concentrations were lower than historic 
concentrations and were mostly below the limit of ultra-low metal detection of 
0.0001 mg/L.     
 
 

 

Figure 4-13: Box plot of T-Cr measured in the LCR during low flow periods (2015-2016). The channel 
position designations are L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. Ninety-six percent of the samples were below the limit of detection for T-Cr. 
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 Copper (Cu) 

There were no exceedances of total copper (T-Cu) within or outside of the IDZ in 
2015-2016 sampling (Figure 4-14) or in the 2011-2012 sampling. The overall 
copper distribution across the channel was similar to earlier AREMP sampling.  
Values downstream at Maglios r-sh were within 10.1% of the background levels 
measured at Birchbank. Both above and below the smelter, copper occurs 
primarily in the dissolved form. Even within the IDZ, the average 30-day T-Cu 
concentrations have not exceeded the 30-day Objective since 2011 (Figure 4-14). 
A 30-day average Water Quality Objective of 0.002 mg/L (2.0 µg/L) for total copper 
was set for the protection of fish and aquatic life in LCR.  The maximum water 
quality objective of 0.00717 mg/L T-Cu (7.17 µg/L) was established for the 
protection of fish and aquatic life (BC MoE 1997).  
 
Elevated copper concentrations have been measured on both sides of the river in 
the IDZ at New Bridge suggesting groundwater influence in addition to the smelter 
effluent (Figure 4-14).  Most of this copper occurs in the dissolved form.  
 
 

 
 

Figure 4-14: Box plot of T-Cu measured in the LCR during low flow periods (2015-2016). The channel 
position designations are L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. All samples were above the limit of detection for T-Cu. 
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 Lead (Pb) 

There were no samples that exceeded either the maximum or the 30-day Water 
Quality Objective for total lead (T-Pb) in the 2015-2016 data. However, there were 
higher concentrations measured at Stoney Creek, New Bridge, and Old Bridge in 
this, and in earlier datasets (Figure 4-15). Water Quality Objectives for the LCR set 
the maximum allowable concentration of total lead at 0.0379 mg/L (37.9 µg/L) to 
protect fish and aquatic life.  The 30-day average T-Pb Objective is 0.0048 mg/L 
(4.8 µg/L). All AREMP water sampling to date (2011 ɀ 2016) indicate the highest 
average lead concentrations occur within the IDZ in right bank samples, potentially 
reflecting effluent and/or groundwater discharge (Figure 4-15).  Most of this lead 
occurred in the less bio-available particulate form.  Increased T-Pb also occurred 
along the l-sh sites within the IDZ, indicating groundwater influence. There is a 
gradient in lead concentrations in the reference Birchbank transect where r-sh 
samples are elevated above l-sh samples.   
 
Unlike historic data, no samples have exceeded the BC MoE guideline for maximum 
or 30-day average for lead or the LCR Water Quality Objectives in the AREMP 
studies. Similar to 2011-2014 observations (Hawes et al. 2014), average lead 
concentrations remained elevated at Waneta compared to the Birchbank reference 
site in 2015-2016.  
  

 

Figure 4-15: Box plots of T-Pb measured in the LCR during low flow periods (2015-2016). The channel 
position designations are L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. All samples were above the limit of detection for T-Pb. 
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 Mercury (Hg)  

There were no exceedances of the maximum guideline for total mercury (T-Hg) at 
any sites and no exceedances of the 30-day chronic guidelines either within or 
outside of the IDZ (Figure 4-16). In the 2011-2014 data and in the 2015-2016 data, 
total mercury concentrations were elevated above reference levels in the IDZ but 
returned to near background levels by Maglios and Waneta (Figure 4-16). Most 
samples, 82% of samples, had non-detectable (0.0005 ʈg/L)  T-Hg concentrations, 
even with the ultra-low metal analyses. No Water Quality Objective for mercury 
was set for the LCR.  The BC WQ Guideline (2017) maximum for total mercury was 
set at 0.0001 mg/L (0.1 µg/L), with a 30-day average guideline of 0.00002 mg/L T-
Hg (0.02 µg/L when MeHg = 0.5% of T-Hg).  Further analysis needs to be performed 
to confirm percentage of MeHg in water samples. Like aluminum, mercury 
concentrations occasionally exceeded the BC maximum guideline both above and 
below the smelter (Hawes et al. 2014), while in the 2015-2016 data there were no 
exceedances. 
 

 

Figure 4-16: Box plots of T-Hg, measured in the LCR during low flow periods (2015-2016). The channel 
position designations are:  L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. Eighty-two percent of the samples were below the limit of detection for D-Hg. 
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 Nickel (Ni)  

No exceedances were detected in any 2011ɀ2014 or 2015-2016 samples collected 
above or below the smelter in the LCR area of interest including within the IDZ 
(Figure 4-17). The hardness calculation-based maximum BC Water Quality 
Guideline of 0.0025 ɀ 0.105 mg/L T-Ni (2.5 - 105 µg/L) was established for the 
protection of fish and aquatic life.  Total nickel concentrations at Maglios were 
within 5.4% of the reference Birchbank site in the 2015-2016 data.  Most of the 
nickel in the LCR samples was present in the dissolved form.  
 

 

 

Figure 4-17: Box plots of T-Ni, measured in the LCR during low flow periods (2015-2016). The channel 
position designations are:  L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. Note, BC Max guideline of 0.055-0.065 mg/L is not displayed on the graph because 
samples are far below the guideline. All samples were above the limit of detection for T-Ni. 
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 Selenium (Se) 

There were no exceedances of T-Se outside the IDZ in sampling to date. Elevated 
Se within the IDZ does not constitute a permit exceedance. Within the IDZ in 2016, 
the 30-day mean of T-Se at the right bank of New Bridge and Old Bridge exceeded 
the BC MOE 30-day guideline.  In 2015, the 30-day mean calculated from the New 
Bridge right shallow site was the only exceedance.  At New Bridge and throughout 
the LCR, Se occurred mainly in the dissolved form. 
 
When individual samples from 2015-2016 were compared to the maximum BC 
MOE Objective, there were five exceedances at New Bridge and one exceedance at 
Old Bridge. Sites with the highest Se concentrations have been New Bridge and Old 
Bridge on the edge of the IDZ, particularly along the right bank in the plume path 
(Figure 4-18). Recent revisions have set the water quality guideline for Se at 0.002 
mg/L T-Se (2 µg/L) and an alert level at the 30-day average of 0.001 mg/L T-Se (1 
µg/L) for the protection of aquatic life (BC MOE 2014).  After complete plume 
mixing at Waneta, the elevation in T-Se between Birchbank and Waneta averaged 
0.079 µg/L (0.000079 mg/L) and remained far below the guidelines outside the 
IDZ. 
 

 

 

Figure 4-18: Box plots of T-Se measured in the LCR during low flow periods (2015-2016). The channel 
position designations are:  L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. All samples were above the limit of detection for T-Se. 
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 Silver (Ag) 

Very few 2015-2016 samples (3%) gave measurable silver (T-Ag) results even 
when analyzed using ultra-low metal analyses. No samples collected from 2011-
2016 have exceeded either maximum or chronic 30-day Water Quality Guidelines 
for silver. The BC maximum guideline for silver is hardness-dependent.  For waters 
with hardness <100 mg [CaCO3]/L, a short-term guideline of 0.0001 mg/L T-Ag 
(0.1 µg/L), and a long-term (30-day mean) of 0.00005 T-Ag (0.05 ʈÇȾ,Ɋ was 
recommended by BC MoE (2017) for the protection of freshwater fish and aquatic 
life. Until a reliable method is developed to measure free silver at concentrations 
below 0.1 micrograms per litre, silver objectives should be expressed as total silver 
(BC MoE 1997).  Figure 4-19 depicts total silver which includes the free forms. 
 
 

 

Figure 4-19: Box plots of T-Ag measured in the LCR during low flow periods (2015-2016). The channel 
position designations are:  L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. Ninety-seven percent of the samples were below the limit of detection for T-Ag. 
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 Thallium (Tl) 

There were no exceedances of 30-day chronic Objective for total thallium (T-Tl) 
outside the IDZ. However, the calculated 30-day average concentration for 2016 at 
New Bridge right bank within the plume path occasionally exceeded the Objective 
value (Figure 4-27).  The provisional 30-day chronic LCR Water Quality Objective 
for total thallium of 0.0008 mg/L (0.8 µg/L) was recommended by BC MoE (1997) 
for the protection of fish and aquatic life. Similar to 2011-2014 data, elevated T-Tl 
concentrations were measured at New Bridge and Old Bridge in 2015-2016. These 
studies have not shown exceedances of the chronic 30-day Objective for T-Tl 
outside the IDZ (Figure 4-20). Tl was predominantly in the dissolved form.  
 
The distribution of thallium concentrations across the transects was similar in the 
2011-2014 data and in the 2015-2016 data, with increased Tl in the plume path, 
and effective but incomplete mixing by Maglios and full mixing by Waneta (Figure 
4-20).  
 
 

 

Figure 4-20: Box plots of T-Tl measured in the LCR during low flow periods (2015-2016). The channel 
position designations are:  L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. Eight percent of the samples were below the limit of detection for T-Tl. 
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 Zinc (Zn)  

In 2015-2016, there were no exceedances of either the maximum or 30-day 
chronic guidelines for total zinc (T-Zn) at any sites outside the IDZ (Figure 4-21) 
and there have been no zinc exceedances at any sites outside the IDZ in samples 
collected from 2011-2016. Elevated T-Zn concentrations are consistently 
measured along both the right bank and to a lesser extent, the left bank at New 
Bridge and Old Bridge. However, none of the values measured have exceeded the 
maximum guideline.  Within the IDZ, only the plume at New Bridge exceeded the 
BC 30-day guideline and since this is within the initial dilution zone, this does not 
represent non-attainment of the Permit.  
 
The Water Quality Objectives for the LCR, set the maximum allowable 
concentration of total zinc (T-Zn) at 0.033 mg/L (33 µg/L) to protect fish and 
aquatic life and other water uses (BC MoE 2005).  The 30-day Chronic Guidelines 
is 0.0075 mg/L T-Zn.  Throughout the LCR area of interest, zinc occurs primarily in 
the dissolved form. 
 
In both the 2011-2014 and the 2015-2016 data, the r-sh samples showed elevated 
zinc at the upstream Birchbank site (Figure 4-21).  An upstream source is 
indicated. Within the IDZ, the main source of T-Zn is the effluent plume. 
 

 

Figure 4-21: Box plots of T-Zn measured in the LCR during low flow periods (2015-2016). The channel 
position designations are:  L-sh left-shallow, L-1md left 1 m deep, L-1mab left 1 meter above bed, and 
the same for Right. Four percent of the samples were below the limit of detection for T-Zn. 
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 Quality Assurance and Quality Control 

In ultra-low metals detection, a small discrepancy between duplicate samples 
causes a relatively large percentage difference that can exceed the QC assessment 
criterion of 50%. Discrepancies between the duplicates were flagged to ALS Labs 
and resulted in a re-run for Zn in the October 4, 2016 samples collected. Overall, 
the QA/QC assessment (Appendix C) indicated high field and analytical precision 
for the 2015 and 2016 AREMP water quality monitoring program. 
 
The resulting AREMP analytical values were suitable for addressing water quality 
objectives of this study. The residual analytical discrepancies do not interfere with 
data interpretation.  

4.2 Depositional Sediment Quality 

The hydrodynamics of the Columbia River in the study area create conditions 
where long-term depositional zones are expected to be rare (Golder 2003). The 
spatial extent of depositional habitat in the LCR is small, accounting for only 33 ha 
or 2% of the total area of the LCR between HLK Dam and the Canada - US border.  
In the study area, the area of depositional habitat was estimated at 0.1% of the total 
sediment habitat (Golder 2007a). The importance of these diverse depositional 
areas is restricted by their small contribution to the overall LCR habitat.  
 
The length of time that deposited materials remain in the depositional areas is 
important to their sediment quality and habitat value.  If most depositional zones 
are short-term with frequent re-suspension during high flows, then there will be 
less opportunity for metals to accumulate and be retained than if the depositional 
zones are longer-term (Wetzel, 2001). Larger depositional sites such as Waneta 
can be expected to have longer sediment storage than small depositional sites 
(Vietz, et al. 2006). The sediment chemistry of depositional areas in the LCR is 
distinct from erosional cobble substrates.  Depositional sediments tend to develop 
lower dissolved oxygen, lower redox, high organic components and therefore, 
unique microflora communities dominated by decomposers. 
 
Each small depositional site had its own character in contrast to the comparatively 
uniform erosional habitats. For example, the Korpac site can be affected by Trail 
Creek that carries urban runoff (Table 4-7). Maglios and Waneta sediments 
produced high-magnitude responses in sediment toxicity tests conducted in 2007 
(Golder 2010). Sequential metal extraction from depositional sediments showed 
that the overall potential for release of copper, lead and zinc from sediments was 
higher at Maglios, Fort Shepherd and Waneta, in that order (Golder 2007, 2010). 
Recent sediment metal concentrations do not follow this pattern and are discussed 
in this report. Depositional areas may still reflect the influences of historical 
practices as well as current effluent discharges and other inputs.  These influences 
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must be considered when interpreting the sediment and benthic community 
results collected in this study.   

 Sediment Condition and Composition 

At the depositional sites, coarser consolidated substrates were often encountered 
below 20 ɀ 50 cm of surficial substrates. It was assumed that these deep sediments 
were stable and less likely to interact with river ecosystems and therefore were of 
less interest than the surficial sediments that are discussed below.  
 
Depositional sediments are dynamic. Sediment composition measured at the same 
LCR sites was variable between years, almost certainly as a function of flow regime. 
The amount of fines in depositional sites in the silt/clay fraction were generally 
low, ranging from 0.7 to 36% (Hatfield 2008), 3 ɀ 23 % (Golder 2003), <1 ɀ 9% in 
2012. In all studies, the dominant material in the LCR depositional areas was 
coarse sand (Table 4-7).  
 
The sediment sample sites and depths within a depositional area are unlikely to be 
precisely matched between the sampling campaigns, but comparing the particle 
size data over the years showed that sand-sized particles (0.25 ɀ 2 mm) dominated 
all depositional sediment samples, and suggests that the percentage of fines 
measured in 2003 was greater before the record 2011/2012 freshets than it is 
currently ( Table 4-7).   

 
Aquatic plants, such as milfoil  (Myriophyllum spp.) and pondweed (Potamogeton 
spp.), are large contributors of organic material to sediments. The decline in 
aquatic plant density at all LCR depositional sites between 2003 and 2012 surveys 
indicates the unstable nature of these depositional areas. Aquatic plant beds had 
expanded between 2012 and the 2015 surveys, again likely due to the smaller-
scale freshets in recent years. 

http://www.ecoscapeltd.com/


15-1438.4 78 May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web:  www.ecoscapeltd.com    

Table 4-7: Sediment composition analysis conducted in 2012 and field meter readings taken in 2015 at the depositional sediment 
sampling sites. 

  

Reference Sites Exposure Sites 

Dep Ref 1   Dep Ref 2 Dep Ref 3 
Dep Exp 

1 
Dep Exp 2 Dep Exp  3 Dep Exp 4 Dep Exp 5 Dep Exp 6 Dep Exp 7 

Kootenay 
  Eddy 

Genelle 
Eddy 

Birchbank 
Eddy 

Korpac Maglios Casino 
Airport 

Bar 
Trimac 

Ft 
Shepherd 

Waneta 

Field Measured Parameters (2015) 

Conductance µS/cm 156 138 137 125 135 143 137 138 143 140 

pH 7.1 7.4 6.7 7.3 7.5 7.7 7.5 7.5 7.5 7.8 

Water temperature oC 14.1 12.1 12.4 12.5 12.4 12.3 12.6 12.6 12.9 12.7 

Dissolved oxygen mg/L 9.04 8.04 5.1 8.72 8.69 8.62 8.06 8.06 9.33 9.14 

Pore water Redox mv 0-10 cm depth -45 to -135 -30 to -280 
 

-70 to -
190 

-80 to -90 -20 to -
185 

-40 to -
175 

-155 to -
295 

-10 to -30 -35 to -125 

Pore water Redox mv 15+ cm depth -75 to  -165 -30 to -50 
 

-20 to -5 -65 to -
110 

-130 to -
140 

-140 to -
350 

-125 to -
325 

-335 -5 to -20 

Macrophyte % cover <1 0 
 

0 <1 10 0 25 <1 10 

Lab Measured Parameters (2012) 

% sand 97 92 98 94 98 92 97 95 95 99 

% silt 2 5 <2 5 <2 7 2 5 5 <2 

% clay 2 3 2 2 2 2 2 <2 <2 <2 

Total organic carbon % 0.35 0.5 0.11 0.22 0.09 0.26 0.21 0.14 0.2 0.57 

Slag ς estimate %  ND ND 
 

ND possible 
1% 

ND ND ND possible 
<1% 

possible <1-
5% 

Casino Elodea>Myriophyllum>>pondweed  

Trimac Elodea>Potamogeton  
Waneta Elodea>>Potamogeton>milfoil (deep)   

ND  = Not detected                   
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In sediment sampling, a strong correlation between decreasing grain size and 
increasing metal concentrations is expected, making comparison of samples 
dominated by a sand fraction with one dominated by a silt fraction inappropriate 
(Wisconsin DoNR, 2003). Since 2012 sediment samples from reference sites 
contained >94% sand, and the exposure sites contained >92% sand, the reference 
and exposure samples can be compared.   

 
2015 Field observations and microscope evaluations are summarized in Table 4-8. 
The microscope evaluation of the depositional sediments in 2012 and 2015 
confirmed that the contribution made to the biofilm by algae was small compared 
to erosional periphyton biofilms, while the contribution made by bacteria and 
organic debris was much greater (Table 4-8). Together, these depositional 
sediment components exert an influence on metal concentrations and 
bioavailability at LCR depositional sites.  
 
The reference depositional areas showed the same order of periphyton 
productivity in 2012 and 2015, with Kootenay Eddy > Genelle Eddy > Birchbank, 
although 2015 was a more productive year. The larger depositional areas tended 
to be the most productive Casino Eddy, Ft. Shepherd, and Trimac were the most 
productive sites in terms of biovolume and abundance. These three sites were the 
only sites that exhibited a significantly higher abundance or biovolume with the 
Korpac site (p<0.05).  Unfortunately, the reference sites are larger than all but the 
Waneta exposure site, and this must be accounted for in data interpretation.  
          
It was very difficult to determine slag presence in the field and even with a 
microscope, differentiating between slag and other dark particulates was 
challenging, and results should be interpreted with caution. Assumptions made in 
earlier reports that were based only on visual inspection in the field should be 
interpreted with caution. Thus, field visual slag identification and microscopic 
identification of residual slag remaining in the LCR area of interest (AOI) is 
tentative at best.  With these limitations in mind, field estimates of the percent 
contribution of slag in the depositional sediments appear to be dropping as the 
years pass since the last slag discharge in 1995. Estimates from depositional areas 
were higher in 2003 than microscope estimates from 2012 and estimates were 
lower still in 2015.  Dark particulates that appeared to be a slag-type material were 
also noted in 2015 samples from Ero Exp 2, and to a lesser extent, Ero Exp 3.  
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Table 4-8: Microscope evaluation of depositional sediments from the LCR AOI in September 2015. 

Components of Samples 

Dep Ref 1 Dep Ref 2 Dep Ref 3 

Dep 

Exp 1 

Dep 

Exp 2 

Dep 

Exp 3 

Dep 

Exp 4 

Dep 

Exp 5 

Dep 

Exp 6 

Dep 

Exp 7 

Kootenay Birchbank Genelle Korpac Maglios Casino 

Airport 

Bar Trimac 
Ft 

Shepherd Waneta 

Field observations sand>> 

gravel 

>organics 

>pebble 

woody 

organics, 

H2S low 

redox fine 

sand>silt>

>>gravel 

 

woody 

organics, 

fine sand 

>silt>> 

gravel 

orange 

coarse 

sand 

Some 

coarse 

black 

sand > 

sand  

sand>> 

gravel > 

organics 

fine 

sand > 

sand >> 

organic, 

H2S 

fine 

sand>>s

and >> 

organic 

no slag 

seen 

fine 

sand >> 

sand >> 

organic 

trace 

slag 

possible 

trace 

slag 

seen 

Sandy 

low 

organics 

Microscope observations           

slag ND ND ND ND possibl

e <1% 

ND ND ND possibl

e <1% 

possibl

e <1% 

dark silt ND ND ND ND VL ND VL VL L L 

diatoms C-D C-D C-D C C D M D D C 

cyanobacteria (colonial) L-C L L L ND ND VL ND L VL 

cyanobacteria (filaments) M M M VL ND ND ND ND ND VL 

green algae  ND ND ND ND P ND ND L ND ND 

Didymo tubes ND ND ND VL ND ND ND ND ND P 

sponge spicules ND ND ND ND ND ND VL ND ND ND 

bacterial C C C L L L-C C C C C 

fungal filaments ND ND ND ND VL VL VL ND ND ND 

vascular debris  L L L L ND ND ND ND P VL 

organic debris C-D C C C-D L C C C C-D C 

protozoa invertebrates P ND ND ND ND VL P ND P ND 

Key to Frequencies 

Not 

Detected 
ND not seen 0% 

        

Present P rarely seen  <1%     
Very Low VL seen infrequently 1-3%     

Low  L seen periodically 3-5%     
Moderate M seen often 5-10%     
Common C seen in all mic fields 10-20%     
Dominant D  seen most often  >20%     

 
 

 LCR Sediment Metal Content  

In the Lower Columbia River, sediments are confined to small depositional areas 
and to a much lesser extent, interstices between cobbles in erosional areas.  Whole, 
composite sediment samples (excluding >2 mm) were subjected to sediment 
digestion using the strong acid leachable method (SALM), which is intended to 
dissolve those metals that may be environmentally available (BC MoE 2017). This 
method may include metals that are not bioavailable, thus the results may over-
represent risk. They are reported as total metals, even though digestion of silicate 
minerals will be incomplete and may result in partial extraction. The 2012 and 
2015 results reported here were treated this way.  
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Sediment guidelines are generally stated in two ways: safe levels of substances that 
will protect aquatic life from adverse effects of toxic substance (ISQG), or levels 
which, if exceeded, can cause severe effects on aquatic life (PEL). These guidelines 
are not based on cause-effect studies, but on levels of toxic substances found in the 
sediment where biological effects have been measured. Therefore, caution should 
be exercised in the application of these working guidelines.  
 
Canadian sediment quality objectives and guidelines are deliberately set to be 
protective. Therefore, if concentrations of metals of concern are less than the 
established objectives, potential risks to the receptor groups can be ruled out with 
confidence.  Further, elevated sediment metals do not necessarily indicate effects 
to the resident plant and animal communities. Depositional sediment samples will 
include adsorbed forms with limited bioavailability. In addition, sediment metal 
concentrations, pore water concentrations, and bioavailable metal concentrations 
may be linked, but they are not necessarily similar in scale or slope. 
 
An important consideration in LCR sediment studies in the AOI is how metal 
concentrations have the potential to adversely affect the LCR aquatic food web.  
 
For this study, sediment metals of concern were defined as those that either: 

¶ identified as metals of concern in earlier studies (Golder 2003, Hatfield 
2008, Golder 2010) 

¶ sediment concentrations at near-field sites that were significantly higher 
than at reference sites  

¶ metals that exceeded sediment guidelines at depositional sites 
downstream of the smelter from 1992 - 2015  

 
The resultant metals of interest are identified in Table 4-9. 
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Table 4-9: Matrix for Determining Sediment Metals of Interest 

Metal 

Metals of interest 
from previous          

reports 

Near-field sites >> 
reference sites 
2012 samples 

Near-field sites >> 
reference sites 
2015 samples 

Guideline sediment 
exceedances in 
past 20 years 

Aluminum  V   

Antimony  V V  

Arsenic V V V V 

Cadmium  V V V V 

Chromium V V V V 

Copper V V V V 

Iron  V V V 

Lead V V V V 

Manganese  V V V 

Mercury V V V V 

Nickel V V V V 

Selenium  V   

Silver V V V V 

Thallium V V V  

Tin  V V  

Zinc V V V V 

(Golder 2003, Hatfield 2008, Golder 2010) 
>> signifies a difference of >50%   

 

In this report, we considered all potential metals of interest, but focused on those 
most likely to have potential adverse effects and that could have originated in 
releases from the smelter. Several of the metals listed in Table 4-9 have other 
important drivers of their distributions.  For example, iron and manganese are very 
common and are mobile in anaerobic sediments.  Aluminum is prevalent 
throughout the LCR, as is mercury.  Some metals such as silver exceeded guidelines 
much more frequently in the past than they did in samples from the last decade. 

Table 4-10 provides a comparison of reference sample sites and exposed sites.  The 
overall metal concentrations increase in depositional sediments downstream of 
the smelter.  Like earlier studies on the Lower Columbia, this study shows 
correlated differences for zinc, copper and lead, and to a lesser extent, Cd and As 
when all sample sites are considered. At depositional sites downstream of the 
smelter, sediment concentrations of all metals of interest identified in Table 4-9 
exceeded the reference site average concentrations by 2 standard deviations in 
both 2012 and 2015 (Table 4-10).  Of these metals, local high elevation creek 
sediments from Blueberry, Murphy, Hanna and Topping creeks have 
concentrations comparable to the depositional sites downstream of the smelter for 
lead, copper, arsenic and cadmium (Reyes, 2004).  Thus, the elevated metal 
concentrations in sediments downstream of the smelter cannot be attributed to 
past or present smelter activity alone.  
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Table 4-10: Average and standard deviation for depositional sediment samples (mg/kg 
dry) from upstream reference sites and downstream exposure sites collected in 2015. 

Number of samples 3 7  

Sediment Sample Site DEP-REF DEP-EXP Exposure Mean/Reference Mean 

Antimony 0.167 ± 0.058 22.13 ± 24.4 132.51 
Arsenic 0.90 ± 0.10 6.34 ± 3.54 7.04 
Cadmium 0.157 ± 0.042 1.059 ± 0.85 6.75 
Chromium 12.5 ± 2.85 25.3 ± 6.47 2.02 
Copper 5.2 ± 0.17 188 ± 153 36.15 
Iron 10303 ± 1647 26914 ± 10102 2.61 
Lead 7.03 ± 0.25 105.7 ± 43.5 15.04 
Manganese 107.7 ± 1.53 388.8 ± 161.3 3.61 
Mercury <0.05 0.16 ± 0.06 6.40 
Nickel 7.2 ± 0.75 11.3 ± 3.2 1.57 
Selenium <0.5 <0.5  - 
Silver <0.2 1.09 ± 1.14 10.90 
Thallium <0.1 0.20 ± 0.07 4.00 
Tin 0.367 ± 0.153 21.44 ± 18.91 58.42 
Zinc 46.0 ± 14.1 1100.3 ± 680.7 23.92 

    

When only the exposure sediment sites are considered, the correlation 
between zinc and copper in the sediment data set was high (Pearson r = 0.97) 
while lead was less correlated to the other two metals. These metals represent 
the slag signature which, for the LCR and the Trail smelter, contains small 
amounts of base metals including zinc, lead, copper and cadmium (Golder 
2007b). 
 
Sediment collected in exposure sites had higher concentrations of zinc, copper, 
iron, and arsenic, matching the results of earlier studies (Golder 2007, Hatfield 
2008).  

Other Sediment Metals of Interest  

Figure 4-22 to Figure 4-24 illustrate concentrations of other metals of interest 
measured in the sediments collected from three reference sites (Kootenay 
Eddy, Genelle, and Birchbank) and from seven downstream exposure sites 
(Korpak, Maglios, Casino, Airport Bar, Trimac, Fort Shepherd Eddy, and 
Waneta). Where they exist, published guidelines are indicated on each figure 
to illustrate where exceedances may have occurred.  
 
In the 2012 and 2015 sediment concentrations of As, Cd, Cr, Cu, Pb, and Zn 
were above the limit of detection. Thirty percent of mercury sediment samples 
were below the limit of detection in 2012, whereas 20% of samples were 
below the limit of detection in 2015. Selenium had 50% and 90% of samples 
below the limit of detection in 2012 and 2015, respectively. There were 40% 
and 50% of samples below the limit of detection for Tl in 2012 and 2015, 
respectively.  

http://www.ecoscapeltd.com/


15-1438.4 84 May 2019 

#102 ς 450 Neave Court, Kelowna, BC  V1V 2M2   P: 250.491.7337   F: 250.491.7772     Web:  www.ecoscapeltd.com    

 

 

 

Figure 4-22: Distribution of arsenic, cadmium, and chromium concentrations in depositional 
sediments with distance from the smelter. 
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Figure 4-23: Distribution of copper, lead and mercury concentrations in depositional sediments with 
distance from the smelter. 
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Figure 4-24: Distribution of selenium, thallium and zinc concentrations in depositional sediments with 
distance from the smelter. 
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Figure 4-25: Distribution of phosphorus, potassium and aluminum concentrations in depositional 
sediments with distance from the smelter. 
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The distance from the smelter was a factor but distance had a non-linear 
relationship to sediment metal distribution for: arsenic, cadmium, chromium, 
copper, lead, and zinc, but not aluminum (Figure 4-22 - Figure 4-24). Lead was 
the only sediment metal in 2015 that consistently decreased with distance 
from smelter. Arsenic, zinc, and copper behaved similarly, increasing from 
Korpac (DEP-EXP-1) to Casino (DEP-EXP-3), followed by a decrease of 
sediment concentrations downstream of Casino. Both Casino Eddy and Trimac 
are well protected backwater areas and they had elevated sediment metals, 
while Airport  Bar (DEP-EXP-4) did not. In Casino Eddy samples, elevated 
antimony, arsenic, copper, iron, manganese, silver, tin, and zinc were 
observed.  

Mercury and thallium both decreased as distance of smelter increased until 
Casino Eddy (DEP-EXP-3). At the Trimac site (DEP-EXP-5) there was a spike in 
sediment metal concentrations of mercury, selenium, thallium, and chromium.  
Of the metals that had elevated sediment concentrations at downstream sites, 
all but chromium are currently associated with smelter effluents (Golder 
2003; Intrinsik et al. 2011).  

The exposure depositional sites demonstrated sediment metal concentrations 
above reference site concentrations (Figure 4-22-Figure 4-24). At every 
exposure site, the number of metals exceeding, and the magnitude of that 
exceedance dropped from 2003 to 2012 and from 2012 to 2015 (Figure 4-26). 
Maglios sediments had 8 metals exceeding, of which zinc was prominent 
(Table 4-11). The non-linear pattern of sediment exceedances as distance from 
the smelter increases, suggests there are site-specific effects and other metal 
inputs which may include naturally occurring metal concentrations, historical 
mining and milling, municipal effluent and stormwater.  
 

 
 

Figure 4-26: Number of sediment metal BC guideline exceedances at depositional sites in the LCR 
area of interest: 2003, 2012 and 2015. 
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Metal concentrations continued their observed decline in the 2003 to 2015 
data, both in terms of concentration and guideline exceedances. Of the metals 
of interest in depositional sediment samples from all sample sites, 45 metal 
concentrations decreased by more than 20% and only 18 increased when 
2012 and 2015 are compared (Table 4-11).  Sediment metals at the Casino site 
are not following the same trends as the other depositional sites, with 
increased sediment arsenic, copper, chromium, silver and zinc, while all other 
sites had decreased concentrations of these metals. The depositional sites 
flanking Casino had opposing metal patterns. These results suggest that this 
site is affected by elevated metals sediments from Casino Creek and likely 
exacerbated by recreational vehicle disturbance (Reyes et al, 2004).   
 
Metals that exceeded BC/CCME or LCR sediment guidelines in 2003 and 2012 
but not in 2015 include: 
Å arsenic at Maglios, Airport Bar, Fort Shepherd, Waneta 
Å silver at Korpac, Airport Bar, Waneta   
Å cadmium at Casino, Fort Shepherd 
Å chromium and lead at Maglios 

 
The depositional sediment metals that exceeded the possible effects levels 
(PEL) in 2003 data included Zn, Pb, Cu, As, Hg, and Cd (Table 4-11).  In 2012 
data, the list of metals exceeding PEL concentrations was limited to Zn, Pb, Cu, 
and As. In the 2015 data, the list was further reduced to Zn, Pb and Cu. The 
Casino site had the most PEL exceedances, and these may be influenced by 
possible reduced scour and sediment redeposition than other sites, inflows 
from Casino Creek, and the Trail WWTP plume (Schedule A ɀ Mapsheet 7). 
Casino Creek is named after Big Casino Mine, which was established in 1910. 
By 1929, a saw mill was also fully operational. These two industries likely 
contributed to elevated metals found in river sediments, especially in a 
mineralized watershed such as the Columbia River drainage (Reyes et al, 
2004).      
  
The ecological importance of these exceedances is small relative to the context 
of the entire AOI (Golder 2007), where the area of depositional habitat in the 
AOI is only about 0.1%. In spite of Casino having the most PEL exceedances, 
the SALE indicated that the risk management objectives were not being met 
only at Maglios and Waneta sites (Golder 2007).  
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Table 4-11: Exceedances of BC/CCME sediment quality guidelines (based on maximum observed concentrations) in 
depositional sediment samples 2003 - 2015 (numbers in grey were not exceedances and are provided for 
comparison). 
Fall 2003   Reference Sites Exposure Sites 

Metal µg/g CCME BC Kootenay Genelle 
Birch 
bank Korpac Maglios Casino 

Airport 
Bar Trimac 

Ft 
Shepherd Waneta 

Arsenic 5.9 5.7    10 20 17 8.3 7.2 20 6 
Cadmium 0.6 0.6 0.6   1.8 2.2 1.2 0.83 3.2 1.07 0.71 
Chromium 37.3 36.4      56     80 
Copper 35.7 35.1    415 1156 466 338 174 506 1685 
Lead 35 33.4    173 335 142 122 150 193 126 
Mercury 0.17 0.16       0.3 0.19 0.34 0.17  
Nickel  n/a 16         18   
Silver n/a 0.5    108 5.2 10 1.8 1.5 3.4 1.2 
Zinc 123 120       2455 7746 2276 1638 1067 3307 17925 

Fall 2012   Reference Sites Exposure Sites 

Metal µg/g CCME BC Kootenay Genelle 
Birch 
bank Korpac Maglios Casino 

Airport 
Bar Trimac 

Ft 
Shepherd Waneta 

Arsenic 5.9 5.7 0.8 1.1 0.6 7.1 14 11 7 9.6 5.9 4.9 
Cadmium 0.6 0.6 0.23 0.3 0.09 1.7 0.5 1.1 0.6 1.1 0.71 1.2 
Chromium 37.3 36.4 18 15 15 19 39 31 24 30 25 34 
Copper 35.7 35.1 5.8 6.3 4 120 670 370 180 320 250 100 
Lead 35 33.4 7.8 9.9 4.9 170 100 160 62 130 83 73 
Mercury 0.17 0.16 <0.05 <0.05 <0.05 0.19 0.12 0.21 0.08 0.16 0.07 0.05 
Nickel  n/a 16 9.1 9.7 6.1 10 10 14 12 10 11 18 
Silver n/a 0.5 <0.2 <0.2 <0.2 0.6 5.7 2.6 0.8 2.1 1.4 0.9 
Zinc 123 120 71 70 38 650 4200 2200 930 2400 1400 780 

Fall 2015   Reference Sites Exposure Sites 

Metal µg/g CCME BC Kootenay Genelle 
Birch 
bank Korpac Maglios Casino 

Airport 
Bar Trimac 

Ft 
Shepherd Waneta 

Arsenic 5.9 5.7 0.9 1 0.8 6 5.5 14.1 5.2 5.9 4.1 3.6 
Cadmium 0.6 0.6 0.19 0.17 0.11 1.39 0.54 0.57 0.46 1.12 0.52 2.81 
Chromium 37.3 36.4 11.9 10 15.6 20.8 19.1 36.6 22.5 26.3 20.7 31.2 
Copper 35.7 35.1 5.4 5.1 5.1 95.9 161 514 139 196 176 36 
Lead 35 33.4 6.8 7.3 7 160 141 136 48.9 109 52.8 91.9 
Mercury 0.17 0.16 0.05 <0.05 <0.05 0.23 0.13 0.12 0.08 0.25 0.17 0.14 
Nickel  n/a 16 7.9 7.3 6.4 10.5 8.4 10.2 10.1 11.6 9.8 18.3 
Silver n/a 0.5 <0.2 <0.2 <0.2 0.5 0.6 3.6 0.4 0.9 1.1 0.5 
Zinc 123 120 59 48 31 645 1190 2550 770 1160 793 594 
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More historic sediment data were available for Waneta Eddy, the largest 
depositional area downstream of the smelter within the LCR, than for the other 
depositional sites (Figure 4-27). Guidelines are based on individual samples 
and therefore maxima are shown here to provide a worst-case analysis. The 
four metals of main interest showed correlated fluctuations with declining 
trends after 2003.  Sediment concentrations of copper, lead, and zinc at 
Waneta are now approaching guideline values (Figure 4-27) and as of 2015, 
sediment arsenic no longer exceeded the BC or CCME guidelines. 
  

 

Figure 4-27: Maximum observed concentrations at the Waneta Eddy for depositional sediment 
metals of interest from 2003 to 2015, compared to BC guidelines. 
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Sediment Nutrients 

Most sediment nutrients including phosphorus, ammonia and potassium were 
elevated downstream of Trail, and may contribute to the increased periphyton 
growth.  This is a common occurrence in rivers receiving urban stormwater. 
Gradually diminishing inputs to groundwater from historic fertilizer 
manufacturing is another probable nutrient source. No nuisance algae 
growths were detected at the depositional sites in 2015; thus, the elevated 
nutrients were not problematic. 

Summation 

Depositional sediment quality in the 2015 samples showed lower 
concentrations of metals of interest than samples collected in the preceding 
years.  Sediment metals that exceeded guideline PEL concentrations in 2015 
were limited to Zn, Pb, and Cu. 
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4.3 Periphyton  

 Erosional Habitat Periphyton 

Primary objectives of the erosional periphyton sampling components are to 
assess the effects of the effluent discharge on erosional periphyton 
communities in terms of community structure, composition, and standing crop 
biomass, and to detect any trends over time in these metrics. 
 
Erosional cobble substrates account for approximately 1517 ha or 98% of the 
total area of the LCR between HLK Dam and the Canada - US border.  This 
reflects the erosional nature of the Columbia River in this area and highlights 
the importance of erosional habitats to the LCR. The years when periphyton 
studies were conducted in the LCR area of interest are 1995, 1999, 2003, 2010, 
2012 and 2015.  
 
Periphytic algal are the main primary producers in freshwater environments. 
Periphyton biofilms in erosional LCR habitats are complex, layered 
assemblages of autotrophs (e.g., algae, photosynthetic bacteria) and 
heterotrophs (e.g., bacteria, fungi, yeasts, protozoa), all embedded in a 
protective polymeric matrix (Wetzel 1993, Decho 1990, Drenner et al. 1993, 
Sobczack 1996). This biofilm supplies a large portion of the energy to higher 
trophic levels in the LCR. Diatoms commonly constitute the dominant group of 
algae in river biofilms, as they did in every study of the LCR including this one.  
 
Biomonitoring is a useful tool for assessing aquatic ecosystem health, 
complementing physical and chemical analyses (Morin et al, 2008). Periphytic 
algae are very sensitive to systemic modifications in water quality and 
hydrologic regime (Fernandes and Esteves 2003). After a high-flow period 
such as freshet, bacteria and small closely attached diatoms are among the 
rapid, early colonizers, while slower growing filamentous green algae are 
among the later arrivals.  Diatoms arriving from upstream reservoirs that 
become entrapped on the biofilm are important to the LCR periphyton (Larratt 
et al. 2013).  
 
When the summary data from the 2012 and the 2015 investigations are 
compared to other large rivers including the LCR above the area of interest, 
most metrics place the AOI in the oligotrophic to typical large river category, 
with small differences between years and between the AOI and upstream LCR 
Reach 2 (Table 4-12). This summary data overview did not detect an influence 
from the smelter on LCR erosional periphyton.  
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Table 4-12: Summary of typical range of LCR periphyton metrics from 2015, with comparison to 
oligotrophic, typical, and productive large rivers and upstream Reach 2 LCR. 

Metric 

Oligo-
trophic or 

stressed 

Typical 
large 
rivers 

Eutrophic 
or 

productive 

LCR-
upstream 
Reach 2 * 

Exposure 
Erosional 

AOI of LCR 
2012 

Exposure 
Erosional 

AOI of LCR 
2015 

Number of taxa (live 
& dead) 

<20 ς 40 25 - 60 Variable 8 ς 60 23 ς 48 22 ς 44 

Chlorophyll-a µg/cm2 <2 2 ς 5 (7) >7 ς 10 
(30+) 

0.04 ς 
15.3 

0.37 ς 3.50 0.23 ς 0.99 

Algae density 
cells/cm2 

<0.2 x106 1 - 4 x106 >10 x106 0.03 ς 3.9 
x106 

0.05 ς 
0.73x106 

0.05 ς 
0.29x106  

Algae biovolume 
cm3/m2 

<0.5 0.5 ς 5 20 - 80 0.1 ς 25 0.15 ς 0.93 0.18 ς 1.46 

Diatom density 
frustules/cm2 

<0.15 x106 1 - 2 x106 >20 x106 0.4 ς 2.3 
x106 

0.07 ς 0.28 
x106  

0.04 ς 0.55 
x106 

Biomass ς AFDW 
mg/cm2 

<0.5 0.5 - 2 >3 0.35 ς 7.1 Not 
sampled 

Not sampled 

Biomass ς dry wt 
mg/cm2 

<1 1 ς 5 >10 3.1 Not 
sampled 

Not sampled 

Bacteria sed. HTPC 
CFU/cm2 

<4 -10 
x106 

0.4 ς 50 
×106 

>50×106 _ 
>1010 

1.5 - >5 x 
106 

0.36 ς >2 x 
106 

Not re-
sampled 

Fungal count 
CFU/cm2 

<50 50 ς 200 >200 8 - 1830 <200 ς 
1000 

Not re-
sampled 

Comparison data obtained from Flinders and Hart 2009; Biggs 1996; Peterson and Porter 2000; Freese et al. 2006; Durr 
and Thomason 2009; Romani 2009; Biggs and Close 2006. Dodds et al, 1998 
*Artificial substrate samples, tends to inflate growth metrics compared to natural substrates 

 

 Dominant Erosional Taxa  

Diatoms were the dominant algae class in all studies of the AOI, as is typical of 
large rivers (Table 4-12). In most of this work, the small diatom 
Achnanthidium minutissima was dominant numerically at erosional sites.  
However, when the dominant taxa are ranked by their biovolume 
contributions t o standing crop, a variety of dominant diatoms emerge (Table 
4-13). Timing of sampling with respect to flow events likely accounts for much 
of the observed dominant species variation between years of study as it does 
throughout the LCR (Olson-Russello et al. 2014).   
 
In 2015, periphyton samples from erosional reference sites had 8 diatom 
dominants and 2 dominant filamentous green taxa, while those from erosional 
exposure sites had 9 diatom dominants, and 1 dominant filamentous green 
taxa.  Of these, 6 taxa were dominants in both reference and exposure sites. 
Unique dominants occurring only at the exposure sites included the genera 
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Navicula and Nitzschia, known to have metal pollution tolerance (Morin et al, 
2008), however these taxa were also prevalent in the reference sites. 
   
Diatom frustule abnormalities were extremely rare (<1 in 500) in the 2012 
and 2015 results and were evenly distributed between the reference and 
exposure sites. Sites with heavy loads of metal pollution are known to have 
abnormality levels of more than 3.5 to >10% (Guasch et al 2012), while no 
sample exceeded 0.2% in the LCR AOI. 

 Erosional Species Richness 

The periphyton community metrics of species richness and Simpson Index 
showed little difference between reference and exposure areas in 2015 data.  
Like 2012, there was no significant difference between species richness in 
erosional areas between reference (29 ± 4 taxa) and exposure sites (31±7 
taxa) in the 2015 samples (Table 4-14, Figure 4-28 and Figure 4-29). Like 
species richness, there was no significant change in the Simpsons Index 
between exposure and reference sites in the 2015 data (F=1.48, p=0.22) 
(Table 4-14).  
 
Despite these overall community similarities, in pair-wise comparison ERO-
EXP-4 had significantly lower species richness, especially among the diatoms, 
when compared to sites ERO-EXP-1, ERO-EXP-2, and ERO-EXP-3 (p<0.001), 
and to ERO-REF-1 (p=0.04).  
 
We measured 23 to 44 taxa per site while earlier studies measured between 
63 and 84 taxa per site (Golder 2003, 2007). Improved effluent management 
throughout the LCR may have lowered phosphorus levels sufficiently to 
gradually lower species richness over time toward a natural, background 
range. These findings are important because reduced periphyton species 
richness is universally found at sites with metal effluent impacts (Guasch et al. 
2012; Morin et al. 2008). All erosional sites had more diatoms and fewer 
filamentous algae in 2015 compared to 2012, with the biggest differences in 
diversity at the near-field sites, which became closer to typical LCR sites (Table 
4-13). Overall, the density of filamentous green algae was far higher at 
erosional sites than at depositional sites (Table 4-13, Table 4-14, Table 4-15), 
likely in response to elevated nutrients, water velocity, and substrate type. 
This is supported by previous ecological studies that show water velocity, 
substrate type, and nutrient concentrations affect algae growth (Larratt et al. 
2013). 

 Erosional Productivity Metrics   

Most samples from the LCR AOI were in the oligotrophic category for 
periphyton growth  in 2003 chl-a results (Golder, 2007b). Similarly, only four 
chlorophyll -a samples reached the mesotrophic 2 ɀ 5 µg/cm2 chl-a range in the 
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near field during 2012, while in 2015 all chl-a results indicated oligotrophic 
conditions, and none reached the mesotrophic range (Table 4-14). The fall 
2015 erosional periphyton chlorophyll-a data averaged 0.71 ± 0.2 µg/cm2 at 
the two reference sites and was unchanged at the 5 exposure sites (Table 
4-14).  
 
Mirroring the chl -a results, periphyton abundance continued its decline since 
2003 to average (1.36 ± 0.9) ×105 cells/cm2 at reference sites and (1.76 ± 1.5) 
×105 cells/cm2 at exposure sites in the 2015 data. This decline in periphyton 
abundance has been most dramatic at the exposure sites and is approaching 
standing crop estimates typical for LCR (Table 4-14).  Like the other 2015 
periphyton metrics, biovolumes from erosional sites did not show any 
significant difference between reference and exposure sites (Figure 4-28 and 
Figure 4-29), although there was wider variability in the exposure site 2015 
data than in the 2012 data.  In fact, all periphyton production metrics showed 
higher variability in 2015 than in 2012 throughout the data set (Figure 4-28). 
All productivity metrics were significantly different across 2015 erosional 
sites: total abundance (F=3.39, p=0.012), total biovolume (F=2.81, p=0.03), 
and chl-a (F=5.10, p=0.001). This was driven by the unusually low productivity 
at ERO-EXP-4 (Kor-Mag) (Figure 4-29), with significant differences between 
adjacent sites.  This important effect detected by the periphyton data, was 
likely induced by local nutrient additions and is not attributable to the smelter 
as these sites are further downstream of the smelter where the effluent plume 
is more diffused/dilut ed. It is more likely that this variability is driven by other 
nutrient inputs such as tributaries. For example, Ryan Creek located about 2.2 
km downstream of the smelter had historic mining in its headwaters. This 
historic activity is speculated to be the cause of observed exceedances of 
criteria  in both surface water and sediment in Ryan Creek (Golder 2006).     
 
While there was substantial variation among exposure sites, no spatial 
gradients in abundance data emerged within the near and far-field sites or 
between the exposure and reference sites attributable to smelter operations 
(Table 4-14). Similarly, in all three years of study, there were no strong spatial 
gradients in chl-a with distance upstream or downstream of the smelter 
attributable to smelter operations (Figure 4-28). Seasonal and year-to-year 
variations were a driver of the variation among sites in the 2003, 2012 and 
2015 chl-a data sets. 
 
Sites with important differences between 2012 and 2015 erosional periphyton 
include these sites that have been identified as impacted in earlier work 
(Golder 2010) ERO-EXP-1, ERO-EXP-2 in the near-field and ERO-EXP-4 in the 
far field where the plume travels (Figure 4-29).  Samples collected at ERO-EXP-
1 adjacent to Stoney Creek showed high green filamentous production in the 
ρωωπȭÓ ÂÅÆÏÒÅ ÔÈÅ ÆÅÒÔÉÌÉÚÅÒ ÐÌÁÎÔ ×ÁÓ ÒÅÍÅÄÉÁÔÅÄȟ ÁÎÄ ÓÉÎÃÅ ÒÅÍÅÄÉÁÔÉÏÎȟ 
filamentous populations have progressively declining through to the present.  
This is an encouraging development.  
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At the ERO-EXP-2, periphyton community metrics were either low (Golder 
2003) or high (Hawes et al. 2014). Groundwater discharges from the smelter 
site have elevated temperature and nutrients including ammonia and sulphate 
(Golder 2010). Periphyton productivity in this near field area is also 
influenced by greater water velocities and is situated immediately 
downstream of the CIII outfall. These conditions can be stimulatory for many 
algae taxa including cyanobacteria. Cyanobacteria are also known for their 
metal tolerance (Fiore and Trevors, 1994). ERO-EXP-2 samples had more 
cyanobacteria in 2012, but were typical of the upstream LCR in 2015. These 
near-field taxonomic results confirm the 2015 productivity metrics, 
suggesting that the influence of the smelter on the AOI is diminishing as 
reclamation proceeds.   
 
In previous studies, the Old Bridge site (ERO-EXP-3) was distinctive with more 
Chrysophytes (golden algae) and higher green algae densities (Golder 2003), 
which often indicates organic or nutrient enrichment (Felisberto, et al. 2011; 
Wetzel 2001). In 2012 and 2015 results, these algae were no longer prevalent, 
possibly indicating changes in Trail Creek water quality. 
 
Far field site ERO-EXP-4 showed low productivity in 2012 and very low 
productivity in 2015 (Figure 4-29). For example, 2015 samples showed very 
low diatom densities and diversity with only moderate populations of 
Gomphonema and Botryococcus.  In addition to the dilute effluent plume, there 
are other important influences acting on this site including lower velocities 
over more embedded substrates with more fines, and Ryan Creek inflows.  
Since productivity metrics are consistently higher above and below this site, 
smelter impact is not the primary cause of the low productivity observed at 
this site. 
 
Over the course of these studies, productivity metrics within the IDZ and near- 
field have been trending toward more typical LCR levels. As the data accrues, 
this trend will clarify. It must be remembered that periphyton systems are 
influenced by a wide number of factors and apparent changes may reflect 
timing of sampling relative to the time elapsed since the last major flow event 
or simply large annual variations which have been observed on the LCR 
(Larratt et al., 2013). Since the enhanced productivity in the near field is 
declining as reclamation proceeds, and since the enhanced near-field 
productivity does not approach nuisance proportions but is a benefit to 
benthic invertebrates, it is not harmful from a periphyton perspective, only 
different . 

 Indicator Taxa at Erosional Sites 

Attempts to find periphyton species whose distributions were correlated to 
metals of interest in the AOI and could serve as indicator taxa were largely 
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unsuccessful and contradictory (G3 1999, Golder 2003, Golder 2007), due to 
other more important driving forces on periphyton, including overall river 
flows, localized water velocities, irradiance, nutrient concentrations and 
benthic invertebrate grazing pressure.  Many results are conflicting in the 
literature as well (Medley and Clements 1998, Soldo and Behra 2000, Guasch 
et al 2012). Instead of looking within the diatoms for indicators of metal 
exposure, it is better to analyze the overall community structure and the 
distribution of the main algae classes in LCR samples (Morin et al. 2008). Using 
this approach, no indication of a spatial trend in the periphyton community 
structure with distance downstream of the smelter in either the 2003 (Golder) 
or the 2012 and 2015 data were detected using NMDS. Instead of adverse 
impacts, we found the highest periphyton density and diversity occurred at 
the near-field sites in the 2012 and in the 2015 samples. Both recent years are 
in direct opposition to the 2003 findings that indicated lower periphyton 
growth metrics in the near field.   

 
Periphyton tissue metal samples were collected from filamentous green algae 
from right -bank and left-bank erosional sites in 2015. The range of cell wall 
structure among periphyton taxa provides adsorption sites for many metal 
ions ɀ a natural process important to metal attenuation in all lakes and rivers 
(Sulaymon et al. 2013; Wetzel 2001). Unlike water samples that represent one 
point in time, periphyton tissue metals from erosional cobble substrates 
represent metals adsorbed from the water over the 2-4 week life span of the 
cell.  Algae are known to adsorb all the metals of interest to this study (Kaplan, 
2013; Dipak et al. 1993; Mehta and Gaur, 2008). However, bioavailability 
differs among metals. Humic substances can have an increased effect on the 
reduction of the uptake for Cu, Cr, Co, and Cd (Vymazal 1984). The rates of 
metal uptake by periphyton depend on cell wall and cell membrane type, cell 
condition, as well as the extracellular conditions such as metal concentration 
and pH of the environment. Continuous uptake for Ni, Cr, and Fe has been 
shown, while uptake of Cu, Pd, Cd, and Co occurs rapidly with initial exposure 
with only slight uptake thereafter (Vymazal 1984).  

 
Periphyton tissue concentrations suggest there are several sources of metals 
that include the smelter. Elevated periphyton tissue concentrations were 
observed at far field sites, which suggest an additional source of metals. There 
were 6% of mercury samples, 29% of silver samples, and 3% thallium samples 
that were below the limit of detection. The concentrations of silver and 
mercury could not be compared using a mixed effects model because of the 
large number of non-detectable samples and the small amount of variability in 
reference sites. The periphyton tissue concentrations of As, Cd, Cu, Cr, Pb and 
Tl were not significantly different between reference and exposure sites 
(p<0.05). For these five metals site explained 4%-36% of the variation of these 
metal concentrations. The effect of treatment on the concentrations of zinc 
were tested with a one-way ANOVA because site explained 0% of the variation 
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in the concentrations of zinc. Zinc concentrations were not significantly 
different between reference and exposure sites (F=1.5, 0.227). 

 
The concentrations of copper and silver in periphyton tissue along with the 
periphyton metrics suggest that these two metals are not exerting an algicidal 
effect. Periphyton tissue metal concentrations of copper and silver were highly 
variable within sites and there was no linear trend associated with the 
periphyton productivity metrics (biovolume, chl-a, and abundance) and 
periphyton tissue metals. 
 
Unlike 2012, 2015 samples showed two unique non-algae components of the 
biofilm.  First, black particulates were noted in ERO-EXP 2-3, 2-4 and 2-5, as 
well as ERO-EXP 3-1 and 3-4. Freshwater sponge spicules were noted in ERO-
EXP 1-4, 2-5, 5-2, and DEP-EXP-4.  They inhabit a wide range of aquatic 
habitats, usually preferring habitats with low suspended silt since they are 
filter -feeders. 
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Figure 4-28: Boxplots of five metrics of 2012 and 2015 periphyton community productivity and 
diversity in depositional and erosional sites above and below smelter outflow (reference versus 
exposure respectively).  Dep = depositional Ero = erosional Exp = exposure Ref = reference. 
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Figure 4-29: Boxplots of three metrics of 2012 and 2015 periphyton community productivity in 
erosional sites. Dep = depositional Ero = erosional Exp = exposure Ref = reference. 
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Table 4-13: Percent contribution of the major algae groups to periphyton biovolume by erosional 
sample site, 2015. 
              Biovolume ς Percent 

 Reference Sites 
 

Exposure Sites 

 Ero Ref 1 Ero Ref 2 Ero Exp 1 Ero Exp 2 Ero Exp 3 Ero Exp 4 Ero Exp 5 

2015 Algae Type Birchbank u/s Stoney CIV-Stoney CIII CIII-Korpac Kor-Mag Mag-Wan 

Diatoms 73.7 85.5  85.5 93.0 86.9 91.1 91.2 

Green Algae 24.4 13.9 13.7 6.7 12.7 7.32 8.52 

Flagellates 0.35 0.48 0.16 0.24 0.36 0.90 0.15 

Blue-green Algae 0.06 0.17 0.6 0.07 0.03 0.53 0.16 

Dinoflagellates 0.0 0.0 0.0 0.0 0.03 0.0 0.0 

Red 1.44 0.0 0.0 0.0 0.0 0.0 0.0 

 

Table 4-14: Periphyton growth metrics by erosional sample site, 2015. 

Erosional 
Periphyton 

  Near Field Far Field Reference 

 CIV/Stoney CIII CII - Kor Kor - Mag Mag - Wan LB opp. CIV Birchbank 
Statistic Exp-1 Exp-2 Exp-3 Exp-4 Exp-5 Ref-1 Ref-2 

Abundance 
(cells /cm3 × 

105) 

Mean (± SD) 2.08 ± 1.9 1.54 ± 0.98 2.88 ± 1.8 0.47 ± 0.09 1.9 ± 1.1 1.22 ± 0.71 1.50 ± 1.20 

Median 1.23 1.10 3.11 0.45 1.53 1.04 0.83 

Minimum 0.78 0.80 0.95 0.36 0.70 0.61 0.58 

Maximum 5.50 3.21 4.69 0.58 3.54 2.45 3.47 

Species 
Richness (# 

taxa) 

Mean (± SD) 36.8 ± 7.4 32.6 ± 4.88 32.2 ± 4.02 22.2 ± 1.9 29.2 ± 4.76 30.2 ± 4.71 27 ± 2.0 

Median 39 34 34 22 28 28 26 

Minimum 24 27 28 20 24 26 25 

Maximum 43 38 37 25 37 38 30 

Bio Volume 
(cm3/m2) 

Mean (± SD) 1.46 ± 1.46 1.29 ± 0.1.9 1.51 ± 1.1 0.18 ± 0.07 1.17 ± 0.86 0.69 ± 0.39 0.78 ± 0.68 

Median 0.97 0.39 2.06 0.17 0.78 0.54 0.42 

Minimum 0.59 0.27 0.30 0.098 0.21 0.31 0.36 

Maximum 4.05 4.74 2.55 0.30 2.18 1.28 1.95 

Simpson's 
Index 

Mean (± SD) 0.86 ± 0.07 0.84 ± 0.03 0.80 ± 0.07 0.85 ± 0.02 0.75 ± 0.14 0.84 ± 0.05 0.73 ± 0.16 

Median 0.90 0.84 0.83 0.86 0.83 0.85 0.82 

Minimum 0.76 0.79 0.69 0.82 0.55 0.75 0.45 

Maximum 0.91 0.87 0.88 0.89 0.86 0.89 0.85 

Chlorophyll-a 
(ug/cm2) 

Mean (± SD) 0.99 ± 0.34 0.73 ± 0.63 0.96 ± 0.50 0.23 ± 0.04 0.65 ± 0.25 0.68 ± 0.30 0.73 ± 0.18 

Median 28 0.49 0.86 0.24 0.59 0.66 0.70 

Minimum 24 0.33 0.33 0.15 0.38 0.25 0.51 

Maximum 37 1.85 1.70 0.27 0.92 1.05 0.97 

Kor = Korpac  Mag = Maglios  Wan  = Waneta 
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Figure 4-30: Periphyton tissue metals at erosional sites, 2015. Vertical dashed line separates 
reference from exposure sites.   
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 Erosional Statistical Community Analysis  

NMDS 

Statistical community analyses confirmed that there were no major 
differences between erosional sites upstream and downstream of the smelter. 
These analyses were completed at the genus level and excluded rare (occurred 
in <5% of samples) taxa that can bias the analyses (Guasch et al., 2012).  NMDS 
analysis of the 2012 and 2015 indicated that the most important factor 
determining periphyton community was the year sampled (F=9.64, R2=0.13, 
p<0.001) (Figure 4-31). Significant differences between years have been 
identified throughout the LCR and MCR, and are caused by annual variations 
in weather, flow patterns water temperature, etc. The difference between 
periphyton communities from reference and exposure sites was significant, 
but explained only 4% of the periphyton community variation (F=2.39, 
R2=0.04, p = 0.02; Figure 4-31). 
 
The taxa that were primarily responsible for causing differences between 
years in erosional periphyton communities, include the cyanobacteria 
Synechocystis, as well as the green alga Aphanothece spp. were higher in 2012, 
while the green alga Botryococcus spp. and the golden alga Dinobryon spp. was 
prevalent in 2015.  
 
The taxa that were primarily responsible for separating the erosional sites 
from the depositional sites were the prevalence of metal-tolerant diatoms 
Nitzschia spp., Fragilaria spp., and Cymbella spp. at depositional sites. The 
diversity of metal-tolerant taxa is indicative of moderate concentrations of 
metals. The depositional sediment metals are not present in concentrations 
that are known to adversely affect periphyton communities (Hawes et al. 
2014; Medley and Clements, 1998).  At the erosional sites, the occurrence of 
the green algae Botryococcus spp., the cyanobacteria Calothrix spp., and the 
diatom Gomphonema spp. also separated depositional sites from erosional 
periphyton.  
 
The differences in taxa responsible for separating reference and exposure 
were too small to allow determination of key taxa. 
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Figure 4-31: NMDS of periphyton biovolume at the genus level grouped by year (left panel), 
and grouped by exposure (EXP) sites in red and reference (REF) sites in blue (right panel). The 
stress value was 0.22. 

 

The NMDS showed overall periphyton community structure in 2015 had more 
diatoms and fewer cyanobacteria than in 2012.  The models showed that 
abundance, chl-a, and species richness were higher in 2012 (chiefly ERO-EXP-
2) while 2015 had higher biovolume (chiefly ERO-EXP-1-5 and ERO-EXP-2-1).  
These 2015 samples had very high densities and diversities of diatoms, 
notably large varieties of Synedra ulna and Didymo. 

Model Averaging 

Model averaging also demonstrated that physical habitat factors, including 
substrate size (D90) was important in predicting chl -a, and effective number 
of species (Figure 4-32). The positive relationship between substrate size and 
chl-a and effective number of species occurs because large substrates have 
large, stable surfaces available for periphyton growth.  
 
The effect of treatment (reference/exposure) were included in the periphyton 
community and productivity models to test if the effluent discharge influenced 
periphyton community composition and productivity. Reference/exposure 
did not explain a significant portion of the variation in periphyton. Earlier 
research in the LCR area of interest reported adverse effects of metals on 
periphyton growth within the near -field prior to 2003 (G3 2001, Suter and 
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Tsao, 1996, Golder 2010). Suter and Tsao (1996) identified chronic effects 
values were possibly exceeded for Cd Cu Zn, while later reports suggested Pb, 
Tl and Cu correlated with periphyton growth in the IDZ (Golder 2010).  While 
this may have been the case in the past, 2012 and 2015 periphyton community 
metrics did not differ significantly between reference and exposure sites, 
based on results from mixed effects models and model averaging (Figure 
4-32), corroborating results from NMDS (Figure 4-31). 

Summation 

Near-field taxonomic results from 2015 confirm the erosional productivity 
metri cs, suggesting that the influence of the smelter on the AOI is diminishing 
as reclamation proceeds. Over the course of 2003-2015 periphyton studies, 
productivity metrics within the IDZ and near-field have been trending lower 
toward more typical LCR levels. 
 
Periphyton tissue metals analysis in 2015 showed increases within the IDZ for 
Cr and Hg, while Cu, Pb, Zn, Cd, and Ag showed a small increase over exposure 
sites below the smelter outfalls. These concentrations declined with 
increasing distance downstream from the smelter, then increasing again at 
ERO-EXP 4 indicating other metal sources. Tl and Se were highest at the 
Birchbank Reference Area. 
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Figure 4-32: Model averaged parameter coefficients and 95% confidence limits from model 
averaged linear mixed effects models of the effect of treatment (reference or exposure), 
distance downstream of HLK outflow, average velocity, water temperature, and substrate (D90) 
on periphyton productivity and diversity in erosional sites in LCR above and below smelter 
outflow. Coefficients are centered and standardized to allow direct comparisons of the direction 
and size of effects. Variables with 95% confidence intervals spanning zero are considered of low 
significance as the direction of their effects are inconsistent among models.  Parameter 
coefficients are sorted by their relative variable importance to the averaged model on a scale of 
0 to 1 on the right y-axis of each panel. 
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 Depositional Habitat Periphyton 

Primary objectives of the depositional periphyton sampling components are 
to assess the effects of the effluent discharge on discrete depositional 
periphyton communities in terms of community structure, composition, and 
standing crop biomass, and to detect any trends over time. Depositional 
sediments account for approximately 33 ha or 2% of the total area of the LCR 
between HLK Dam and the Canada - US border.  In the study area, the area of 
depositional habitat was estimated at 0.1% of the total sediment habitat 
(Golder 2007a).  Despite their small size, the depositional areas are important 
for their contribution to overall LCR biodiversity.  
 
Depositional periphyton communities are usually distinct from their erosional 
counterparts (Table 4-16). They are smaller and are driven by unique site 
characteristics that make them more diverse than the comparatively uniform 
mainstem erosional habitats. Additionally, depositional sediments retain 
historic discharges and are therefore slower to demonstrate improved 
conditions than the erosional habitats are. Most sediment nutrients including 
phosphorus, ammonia and potassium were progressively elevated 
downstream of Trail, and may contribute to the increased periphyton growth.  
This is a common occurrence in rivers receiving urban stormwater and 
wastewater. 
 
Aqueous metal concentrations continued their observed decline in the 2003 
to 2015 data, both in terms of concentration and guideline exceedances. 
Depositional sediment metals that exceeded guideline PEL concentrations in 
2015 were limited to Zn, Pb and Cu. These are the three metals identified in 
tests of bioavailability that ranked depositional sites with potential toxicity as 
Maglios > Fort Shepherd > Waneta (Golder, 2007a; 2010).  Of these, copper is 
known to lower densities of some algae.  These sites did not show lower 
periphyton metrics in recent data (Figure 4-34).  All algae including diatoms 
have varying sensitivity to dissolved metals and varying requirements for 
trace metals as nutrients including the metals Mn, Fe, Co, Ni, Cu, Zn, and Cd 
(Medley and Clemens 1998).  
 
Growth of periphyton and macrophytes in LCR depositional sites downstream 
of Trail has decreased dramatically over the past decade (Golder 2007), likely 
in response to variable flow regimes and possibly declining nutrient 
concentrations. Nutrient concentrations in LCR water measured in 2012 
through 2015 would classify the LCR as oligotrophic (Olson-Russello et al. 
2014).  

 Comparison of Depositional and Erosional Periphyton 

Depositional periphyton communities usually generate about half of the 
erosional periphyton abundance per unit area because unstable sandy 
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substrate does not allow slow-growing species to develop before substrate 
disruption (Barbour, 1999, Wetzel, 2001). Further, they are subject to scour 
during high flows as happened in 2012 throughout the LCR. However, if 
depositional areas are not scoured and offer macrophytes or other stable 
growth media, then depositional abundance can exceed that of erosional 
substrates as happened in 2015 (Table 4-16). Biovolume is similar between 
the two habitat types because the small, closely attached species so prevalent 
in high flow situations are absent here. Instead, larger diatoms are prevalent, 
as well as large diatoms from upstream reservoirs that settle in the calm 
backwaters and eddies. These factors culminated in significantly greater 
species richness and diversity in depositional sites versus erosional sites in 
2015 samples (Table 4-16Table 4-16).  Additionally, the contribution made to 
the biofilm by algae was small in depositional periphyton, while the 
contribution made by bacteria and organic debris was much greater than it is 
in erosional periphyton biofilms (Hawes et al 2014).  

 Dominant Depositional Taxa 

Reservoir taxa such as Cyclotella accounted for a significant portion of the 
2015 depositional periphyton (Table 4-17), particularly in reference sites that 
are physically closer to the reservoirs. Depositional reference sites had larger 
biovolumes of Didymosphenia geminata (also called Didymo or rock snot) than 
the erosional sites in 2012 because most of the Didymo originated from above 
the Kootenay confluence in that year (Larratt et al. 2013). Conversely, in 2015 
samples, Didymo was a dominant taxon at exposure sites and not at reference 
sites.  In both habitat types, there was no evidence of species shifts reflecting 
effects from the smelter. In 2012 and in 2015, both depositional reference and 
exposure site periphyton were dominated by a similar community of diatoms 
and filamentous green algae (Table 4-17). 

 Depositional Species Richness and Diversity 

3ÐÅÃÉÅÓ ÒÉÃÈÎÅÓÓ ÁÎÄ ÄÉÖÅÒÓÉÔÙ ɉ3ÉÍÐÓÏÎȭÓ )ÎÄÅØɊ ÄÉÄ ÎÏÔ ÄÉÆÆÅÒ greatly 
between the 7 exposure and 3 reference sites in depositional habitats during 
2012 or 2015, although species richness generally increased downstream of 
the smelter in 2012 while the reverse was true in 2015. No statistical test was 
run to specifically compare the differences in these variables. In the 
depositional habitats, those with significantly increased productivity in 2015 
tended to have lower diversity metrics (Table 4-18).  

 Depositional Periphyton Productivity 

Chlorophyll-a at depositional sites exceeded that of erosional sites in the 2015 
data with the reference sites averaging 1.16 ± 0.38 µg/cm2 and the exposure 
sites averaging 1.29 ± 0.40 µg/cm2 (Table 4-16). This trend was also apparent 
in the abundance and biovolume data. Reference depositional sites had similar 
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growth metrics, while significant differences in total biovolume (F=3.35, 
p=0.01) and abundance (F=4.81, p=0.002) occurred in exposure site pairs.  For 
example, the Korpac site had a significantly different biovolume and 
abundance from Casino, and the abundances of Trimac and Ft. Shepherd were 
significantly different than Korpac.  
 
Depositional cell density and biovolume were consistently lower than the 
erosional metrics in the 2012 results that followed two heavy freshet years, 
but in the 2015 results under more typical flows, depositional periphyton 
abundance was much higher than at adjacent erosional areas (Figure 4-28). 
Reference depositional 2015 samples showed a 4-fold increase in productivity 
metrics over 2012 samples. The change was even greater in the smaller 
depositional sites such as Casino Bar and Ft Shepherd (Table 4-18; Figure 
4-34).  Large depositional sites such as downstream Waneta and upstream 
Genelle eddies had lower periphyton abundance biovolume and species 
richness in 2012 and in 2015 results than the smaller depositional sites.  The 
large depositional eddies likely have other influences restricting their 
periphyton production  that are unrelated to the smelter such as greater water 
depth (Table 4-18). The overall productivity and diversity of the exposure 
Waneta site was slightly higher than that of the reference Genelle site in the 
2015 data, again suggesting that an impact from the smelter was not detected.    
 
Depositional periphyton abundance and biovolume showed no consistent 
gradient from upstream reference to downstream exposure sites in the 2003 
work (Golder 2007), the 2012 AREMP or in this study (Figure 4-34).  Growth 
metrics and species richness showed weak positive correlations with 
sediment copper concentrations measured in 2015 (r=0.61 to 0.74), while 
3ÉÍÐÓÏÎȭÓ ÉÎÄÅØ ×ÁÓ ÎÅÇÁÔÉÖÅÌÙ ÃÏÒÒÅÌÁÔÅÄ ÁÔ r=-0.92. Taken together, these 
results indicate that the algicidal effects of copper were not resulting in 
reduced periphyton growth, but were affecting the relative concentrations of 
dominant taxa.  Depositional metal concentrations have been declining over 
the past decade (Hawes et al.  2014).  
 
In each study, the range of productivity metrics varied significantly, both 
within the 3 reference sites and within the 7 exposure sites (Table 4-18).  None 
the less, productivity metrics of the depositional sites downstream of the 
smelter exceeded the average of the reference sites (Table 4-18).  Nutrients 
are donated by many sources including groundwater from the smelter site, 
City of Trail stormwater and City of Trail primary-treated municipal effluent 
is discharged to the Columbia River just above the Maglios site. These may 
have contributed to the progressive increase in sediment nutrient 
concentrations the further down the river the depositional site occurred. 
Increases in periphyton production as water progresses downstream are 
normal in large river systems and are frequently nutrient-driven (Wetzel, 
2001).  
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 Depositional Community Structure  

Diatoms accounted for over 95 ɀ 99.8% of the total depositional periphyton 
biovolume in 2012 and over 99.3 - 99.9% in 2015 in depositional surface 
sediments. Depositional reference and exposure sites shared 7 dominant taxa 
out of 10 (Table 4-17 Table 4-17). The many taxa that occurred in both 
reference and exposure sites helps explain why the NMDS analysis did not 
detect major periphyton community differences attributable to smelter 
effluent exposure (F=0.82, R2=0.05, p=0.49; Figure 4-33). Year-to-year 
differences were detected (F=13.9, R2=0.44, p<0.001) due to a prevalence of 
the diatom Tabellaria and the flagellate Ochromonas in 2012, while the 
diatoms Cyclotella, Achnanthidium, and Eucocconeis were prevalent in 2015. 
Cyanobacteria counts were lower throughout all the LCR depositional sites in 
2015 over 2012, as was species diversity. These are system-wide changes, 
attributable to important periphyton community drivers including flow 
regime, water temperature, water chemistry, etc.  
 
There was no indication of a spatial trend in the depositional community 
structure wit h distance downstream of the smelter in 2012 or 2015 
periphyton data. This data was collected during fall low flows, when the 
potential to generate a downstream spatial trend could be expected to be the 
greatest. In 2012 findings, Waneta had unusually high flagellated algae 
densities, known as a group for their metal tolerance. In 2015 flagellates were 
still common but the Waneta periphyton community structure was not as 
distinct as it had been, suggesting improved conditions (Table 4-15). 
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Figure 4-33: NMDS of depositional periphyton biovolume at the genus level grouped by year (left panel), 
and grouped by exposure (EXP) sites in red and reference (REF) sites in blue (right panel). The stress value 
was 0.17. 

 
 

 
 
 
 
 

Table 4-15: Percent contribution of the major algae groups to periphyton biovolume by site -      
Depositional Sites, 2015. 

 Biovolume ς Percent 

 Reference Sites Exposure Sites 

Algae Type Kootenay Genelle Birchbank Korpac Maglios Casino 

Airport 

Bar Trimac 

Ft 

Shepherd Waneta 

Diatoms 99.7 99.9 99.3 99.9 99.9 99.9 99.7 99.8 99.9 99.9 

Green Algae 0.0 0.0 0.0 0.03 0.0 0.0 0.0 0.14 0.02 0.0 

Flagellates 0.21 0.04 0.48 0.06 0.02 0.01 0.18 0.02 0.02 0.04 

Blue-green Algae 0.13 0.03 0.18 0.01 0.01 0.01 0.07 0.01 0.01 0.01 

Dinoflagellates 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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