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Preface 
……………………………………… 
Why is the Technical Guidance for Water 
Quality Practitioners important? 
 
The Canadian Environmental 
Sustainability Indicator (CESI) is a 
national, public indicator. It is 
challenging to achieve a consensus for 
nationally consistent computing and 
reporting of the Water Quality Index 
(WQI). Independent monitoring 
networks submit the WQI results; 
different jurisdictions support these 
networks. Water quality monitoring 
generally differs across sites. 
Jurisdictions also tailor most programs 
to suit their specific needs. 
 
Our task as practitioners is to accommodate these 
differences in applying the WQI. In this way, when 
we report the WQI to the public we can say with 
good confidence that our message is accurate, 
consistent and comparable across Canada. We 
need to be consistent in our approach and use 
methods that can be replicated. As well, everyone 
needs to document the calculations so that the 
rationale and calculations are easy to understand. 
To help meet these goals, we developed this 
technical guidance document. Use it in conjunction 
with the WQI calculator.  
 
 
 
 
 
 
 

This is the 2008 version of the guidance document, 
the third prepared since 2005. The WQI team 
reviews this technical guidance annually. This 
guidance continues to be based on agreements 
and understandings from national workshops, 
federal meetings and consultation with the private 
sector. 
 
What can you achieve with this document? 
By applying the methods outlined in this document, 
you’ll develop index scores that meet the needs of 
CESI. You’ll get a more accurate score, and have 
fewer revisions to make because you followed the 
correct procedures. 
 
How is this document organized? 
This document is divided as follows. First, we 
provide a summary of the requirements for 
reporting under CESI, along with summary 
information on selected guidelines. We give an 
introduction with further background on the 
purpose of the document. Next, we provide an 
overview of Statistic Canada’s requirements for 
ensuring data quality. We then give you an 
overview of the CESI WQI process. The sections 
following this overview then explain, in greater 
detail, the requirements for each step in the 
process: development of the monitoring program, 
preparing data for use in the calculator, verifying 
the data and then reporting it to the national level.    
 
………………………………………………………. 
We welcome your suggestions on ways that we 
can make this guide more useful to you. Please  
e-mail your comments to  
indicateurs.indicators@ec.gc.ca 
………………………………………………………. 
 

mailto:indicateurs.indicators@ec.gc.ca�
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Summary Requirements for WQI 
Practitioners Reporting under 
CESI – 2008 
……………………………………….. 

Below is a summary of the 2008 
requirements for reporting the WQI. 
These points are discussed in more 
detail in this document at the page 
numbers indicated.  
 
Documenting Site Characteristics (p. 13) 

 Monitor ambient surface water quality for 
all sites that you report. 

 For each site, document and submit the 
known or expected types of human 
activities (disturbances or impacts) to the 
national data managers as supplementary 
information. 

 Provide a list of monitored sites in your 
region that you have excluded from CESI 
reporting. Submit the reason for the 
rejection to the national data managers. 

Selecting Parameters (pp. 13-15) 

 For each site, choose parameters: (1) that 
reflect the full range of expected 
disturbances; (2) for the purpose of 
protecting aquatic life; and (3) that reflect 
ecologically relevant conditions. 

 If feasible and relevant to the site, include 
major parameter categories like nutrients, 
inorganics, metals, pesticides, major ions, 
and acid-base chemistry and oxygen. 

 Document the rationale for your choice of 
parameters.  

 For each site, aim to use approximately 10 
parameters for the WQI calculation. 

Sampling Frequencies (pp. 15-16) 

 Base each WQI calculation on a minimum 
of four samples per year from 2004 to 2006 
(or late December 2003 to early January 
2007), for a minimum of 12 total samples. 
The exceptions are lakes in the South and 
all sites in the North. 

 For lake sampling (excluding the Great 
Lakes), use three years of data, 2004 to 
2006 (or late December 2003 to early 
January 2007), with at least two samples 
per year if taken during fall and spring 
mixing, or at least four samples per year if 
taken at other times. 

 If it is ecologically acceptable for river sites 
in the north, the WQI calculation can be 
based on three samples per year from 
2004 to 2006 for a total of at least nine 
samples if it is the mid-winter sample that 
is excluded. 

Guideline Selection (pp. 16-18) 

 Ensure the guidelines selected are 
science-based, apply to chronic exposure 
and are locally relevant according to the 
2005 evaluation criteria. These criteria 
include: level of protection, date of 
derivation, and use of appropriate 
modifying factors. In cases where the 
guideline is near the detection limit, you 
may need to adjust the guideline value. 

 Adjust guidelines for each sample where 
the parameters are dependent on 
environmental conditions such as pH, 
temperature and water hardness.  
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Data Calculation and Verification (pp. 19-22) 

 Use the 2008 CESI WQI calculator 
provided with this guidance document to 
calculate scores and submit required 
information. It is based on the one modified 
in 2005 by Monique Dubé. 

 Complete checks for missing data. Missing 
data should be reported as -9999.  Do not 
replace missing data with estimated values, 
with the exception of parameters required 
to calculate dependent guidelines, such as 
pH, temperature and hardness. In these 
cases, estimate these values following the 
methods described in this document. 

 Complete checks for data at or below 
detection limits (DL). Report this data as 
<(DLvalue) so they are appropriately 
flagged in the dataset for the WQI 
calculator. 

 Review and confirm all reported results 
with appropriate experts, reference sites, 
other assessments and knowledge of site 
characteristics. 

Reporting (p. 23) 

 Report all results on the worksheets of the 
WQI calculator, including: calculation 
output; parameter and form reported; and 
guidelines and units used. If you do not 
use the recommended guideline values, 
provide an additional description of 
guidelines you applied (including a 
reference and rationale).  

 For all new sites, submit site data, 
including spatial coordinates, water body 
type, site name and ID to national data 
managers. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Review and confirm all reported 
results with appropriate experts, 
other assessments and knowledge 
of site characteristics 
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 * Indicates the guideline has changed from previous years. 

 
Recommended Water Quality Guidelines for Selected Parameters for 
CESI WQI 2008.  See CCME (2007, 1999) for values not listed here1. 
 

Parameter Recommended WQG Value Notes 
Ag - Silver 0.05 µg/L for hardness <100 mg/L 

1.9 µg/L for hardness>100 mg/L of CaCO3. 
British Columbia (BC) Provincial 
guideline 

Al - Aluminium pH ≥ 6.5 dissolved aluminium should not exceed 0.05 mg/L.  
 
When pH < 6.5, the guideline for dissolved [Al] = e^[1.6-
3.327(pH) + 0.402(pH)^2]. 

BC Provincial guideline  
Dissolved Al is operationally 
defined as that which passes 
through a 0.45 µm filter. 

Ammonia 19 µg/L or 0.019 mg/L for un-ionized ammonia 
Where: the fraction of un-ionized ammonia = 1/ [10^(pKa-pH) 
+1] 
and, pKa = 0.0901821 + 2729.92/(T + 273.15) 
and, T = temperature in C 

CWQG 
CESI calculator automatically 
converts total ammonia into 
unionized for comparison to 
guideline. 

Chlorophyll a* See Appendix B  
Chloride 150 mg/L BC Provincial guideline 
Cu - Copper 2 µg/L for hardness< 90 mg/L CaC03 

guideline = (USEPA formula) * 0.2 for hardness >90 mg/L 
CaC03,  
Where, USEPA formula (1984) 
[Cu] = e^(0.8545[ln(hardness)]-1.465) µg/L 

CWQG 
 

Fe – Iron 0.3 mg/L QC Provincial guideline 
Ni - Nickel [Ni] = e^(0.76[ln(hardness)]+1.06) µg/L CWQG 
Nitrate 13 mg/L (2.9 mg NO3--N/L) 

 
CWQG 
Please check the reporting units 
to ensure that monitoring data 
and guideline are equivalent i.e., 
both NO3- or both NO3-N. 

Nitrogen (Total) See Appendix B  
Pb-Lead 1 µg/L for hardness is < 50 mg/L CaCO3 

 
[Pb] = e^(1.273[ln hardness)]-4.705) µg/L for hardness 
>50 mg/L CaCO3   

CWQG  
WQI calculator will have to be  
changed manually for hardness
<50 mg/L. 

Phosphorus See Appendix B  
Se - selenium 0.002 mg/L BC Provincial guideline 
Suspended  
Sediments 
 
 

 

Clear flow – max increase of 5 mg/L from background over 
longer term exposure (e.g., 30d) 
High flow or turbid waters – max increase of 25 mg/L from 
background at any one time when background levels are 25-
250 mg/L; no more than 10% increase from background 
when background is >250 mg/L.  

CWQG 
If data on both suspended solids 
and turbidity are available, it is 
suggested that only suspended 
sediments be used in the WQI. 
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Notes: 
1. For substances not listed, use the Canadian Water Quality Guidelines unless an evaluation using the 

scoring matrix suggests that a guideline from another jurisdiction is more appropriate (http://ceqg-
rcqe.ccme.ca/). 

 
2. Unless otherwise noted, the CESI WQI calculator computes the guidelines. The CESI WQI calculator 

is different from the CCME WQI calculator. The most recent version of the CESI WQI was prepared 
by Monique Dubé (July 6, 2005). For this year, 2008, three new tabs (worksheets) have been 
added to facilitate data validation and management: Data QA/QC, Methodological Notes, Site 
Metadata. 

 
3. Multiple versions of a calculator for the CCME WQI formula exist. Examples of public versions include 

the CCME WQI calculator (www.ccme.ca) and Newfoundland's Canadian Water Quality Index 
calculator (www.env.gov.nl.ca/env/waterres/quality/background/cwqi.html). The calculator to be used 
for CESI WQI (Dubé, 2005) is currently not available publicly. The CESI WQI calculator uses the 
same mathematical formula as the CCME and Newfoundland versions; however the recommended 
WQG for CESI have been added as the default values. WQG that depend on water hardness are 
automatically calculated in the CESI version. Lastly, an error was found in the CCME WQI calculator 
with regards to how unionized Ammonia is calculated. The CESI WQI calculator correctly computes 
the values, and the pH and temperature boundaries are removed.  In 2008, additional MSExcel 
worksheets were added to the CESI WQI calculator to facilitate collection of information about the 
application of the index. 

 
 
 

 
 

Parameter Recommended WQG Value Notes 
Temperature See Appendix C BC Provincial guideline 
Turbidity Clear flow – maximum increase of 8 NTUs from background 

levels over short term (e.g., 24h); max increase of 2 NTUs 
from background over longer term exposure (e.g., 30d) 
 
High flow or turbid waters – max increase of 8 NTUs from 
background at any one time when background levels are 8-80 
NTUs; no more than 10% increase from background when 
background is >80 NTUs 
 

CWQG 
If data on both suspended solids 
and turbidity are available, it is 
suggested that only suspended 
sediments be used in the WQI. 
 

Zn - Zinc 7.5 µg/L for hardness <90 mg/L CaCO3 
 
[Zn] = 7.5 + 0.75* (water hardness-90) for hardness > 90 mg/L 
CaCO3  
 

BC Provincial guideline 

http://www.ccme.ca/�
http://www.env.gov.nl.ca/env/waterres/quality/background/cwqi.html�
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1 – Introduction: Getting the 
Most from this Resource  
……………………………………….. 

Purpose 
This report provides technical guidance 
on calculating the Canadian Council of 
Ministers of the Environment (CCME) 
Water Quality Index (WQI) for local 
water bodies. The WQI forms the basis 
of national reporting under the federal 
initiative Canadian Environmental 
Sustainability Indicators (CESI).  
 
Like the first three sets of reports, the fourth series 
of CESI reports of the WQI (both Highlights and 
Feature Reports) will focus on the status of 
ambient surface water quality for the protection of 
aquatic life. The report will use data from existing 
monitoring networks. The aim of the WQI under 
CESI is to indicate the exposure of aquatic life to 
changes in ambient water quality, rather than 
episodic events of pollution or natural phenomena. 
 
The WQI team has developed this technical 
guidance document to ensure a level of 
consistency among WQI calculations between 
jurisdictions and geographical regions and 
between each year of reporting.  
 
This guidance is a synthesis of several sources 
including the proceedings from three national 
workshops, federal meetings, a variety of 
published articles and reports, consultant reports, 
advice from Canadian water quality experts and 
personal communications (reference list included). 
 
Applying the Guidance 
The guidance in this document applies to the 
calculation of the WQI for existing monitoring sites, 
which jurisdictions are either considering or have 
already selected for the CESI report. It assumes 

that suitable data, as defined in this document, 
exist to apply the index.   
 
Based on the experience from first three releases 
of the reports, we have revised this guidance for 
the 2008 report and will revise it again in 
subsequent years to accommodate other 
beneficial uses. These uses include possible 
indices for treated and untreated source waters, 
agricultural, recreational, and industrial water uses. 
We may also alter the guidance to reflect using the 
water quality data to assess temporal trends, 
changes to monitoring programs, or other changes 
to methodology or data requirements.  
 
Jurisdictions will vary in their approach to WQI 
application, especially in the first years of the CESI 
project. Over time, we expect that incremental 
improvements in monitoring, guideline 
development, data analysis and interpretation, and 
practitioner familiarity with applying the WQI will 
result in more nationally consistent approaches.  
 
WQI Calculation Package 
This document is meant to be used in conjunction 
with CESI WQI calculator, which computes the 
guidelines. The most recent version of the CESI 
calculator is based on the one modified by 
Monique Dubé (July 6, 2005) and contains a 
series of new worksheets providing: (1) a data 
quality checklist, (2) a page for providing additional 
information related to the methodology or results, 
(3) basic site meta-data, and (4) a list of 
parameters, using controlled vocabulary to 
standardize identification of parameters selected. 
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2 – Addressing the Elements of 
Data Quality 
……………………………………….. 

According to the Canadian 
Environmental Sustainability Indicators 
Treasury Board Submission (section 
37), Statistics Canada must ensure that 
the indicators and underlying statistical 
information meet corporate quality 
standards. As part of their evaluation of 
the national water quality indicator, 
Statistics Canada examined the 
underlying data, the national histogram 
as well as the interpretation of the data 
to ensure that the final indicator 
embodies six elements of data quality 
that make up their corporate quality 
standards, listed below. 
(www.statcan.gc.ca/about-
apercu/policy-politique/info_user-
usager-eng.htm). 
 
This guidance document is developed in the spirit 
of addressing the six elements of data quality as 
described by Statistics Canada: 
 
1. The relevance of statistical information reflects 

the degree to which it meets the real needs of 
users. It is concerned with whether the 
available information sheds light on the issues 
of most importance to users. The assessment 
of relevance needs to take into account the 
varying needs of users.  

 
2. The accuracy of statistical information is the 

degree to which the information correctly 
describes the phenomena it was designed to 
measure. It is usually characterized in terms of 
error in statistical estimates and is traditionally 
decomposed into bias (systematic error) and 

variance (random error) components. It may 
also be described in terms of the major 
sources of error that potentially cause 
inaccuracy (e.g., coverage, sampling, non-
response, response). 

 
3. The timeliness of statistical information refers 

to the delay between the reference point (or 
the end of the reference period) to which the 
information pertains, and the date on which the 
information becomes available. It is typically 
involved in a trade-off against accuracy. The 
timeliness of information will influence its 
relevance. 

 
4. The accessibility of statistical information 

refers to the ease with which it can be 
obtained by users. This includes the ease with 
which the existence of information can be 
ascertained, as well as the suitability of the 
form or medium through which the information 
can be accessed. The cost of the information 
may also be an aspect of accessibility for 
some users. 

 
5. The interpretability of statistical information 

reflects the availability of the supplementary 
information and metadata necessary to 
interpret and utilize it appropriately. This 
information normally covers the underlying 
concepts, variables and classifications used, 
the methodology of collection and analysis, 
and indicators of the accuracy of the statistical 
information.  

 
6. The coherence of statistical information 

reflects the degree to which it can be 
successfully brought together with other 
statistical information within a broad analytic 
framework and over time. The use of standard 
concepts, classifications and target 
populations promotes coherence, as does the 
use of common methodology across surveys. 
Coherence does not necessarily imply full 
numerical consistency.

http://www.statcan.gc.ca/about-apercu/policy-politique/info_user-usager-eng.htm�
http://www.statcan.gc.ca/about-apercu/policy-politique/info_user-usager-eng.htm�
http://www.statcan.gc.ca/about-apercu/policy-politique/info_user-usager-eng.htm�
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3 – An Overview of CESI Water Quality Index Process  
………………………………………………………………….. 
Figure 1. Overview of steps in calculating and integrating the WQI for the CESI project.

In Step 1 you define the use of the index. So far, 
for CESI, the WQI reports for aquatic life.  
 
Step 2 is to design the Water Quality monitoring 
program. As a data provider, you need to consider 
which sites to include, which parameters to use to 
obtain the most representative results and whether 
sampling frequency meets the criteria. You must 
also choose guidelines to use to determine water 
quality.  
 
In Step 3 you prepare the data that you’ll use with  
the CESI WQI calculator. Then in Step 4, you 
calculate and verify the WQI score for the site. 
 

In Step 5 your report is submitted to the national 
CESI water quality lead through the 5 regional 
leads. 
 
The National WQI team then verifies, integrates 
and interprets the data and then reports the 
findings to the public through the Canadian 
Environmental Sustainability Indicators reports. 
 
The following sections provide specific guidance 
on steps two through five. 
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4 – Use of Water Quality 
Monitoring Data 
……………………………………….. 

This section provides advice related to 
the use of water quality monitoring data 
for CESI reporting. It includes detailed 
comments on site and parameter 
selection, the number of samples to 
include and guideline selection.  

4.1 Site Selection 
All sites reported in the CESI report monitor 
ambient surface water quality. In your calculation 
of the WQI, you should include all sites from 
existing monitoring networks, unless: 

 They fail to meet minimum data 
requirements (insufficient samples or 
parameters analysed. See section 4.3) 

 The sites lack suitable guidelines for 
relevant parameters 

 Problems exist with data quality due to 
sample collection, storage or analysis 
methods, or  

 Too little information is available to 
interpret/understand ambient water quality 
at the site. 

 
Be sure to provide your reasons for rejecting sites 
in your report. In this way, the WQI team can 
identify the impact of the WQI criteria on the 
selection of sites. 
 
Northern Sites 
Northern sites may be “remote” or under human 
disturbance.  The “North Line” is based on a 
statistical area classification of the north by 
Statistics Canada reflecting a combination of 
16 social, biotic, economic and climatic 
characteristics that delineate north from south in 
Canada. (McNiven and Puderer 2000). (See Map 1) 

 

4.2 Parameter Selection 

4.2.1 Types of Parameters 

Select parameters based on the knowledge of 
specific disturbances to water quality and aquatic 
life at that site, such as land uses, pollution point 
sources or other stressors (e.g. atmospheric 
deposition). For example, in an agricultural setting, 
consider nutrients and locally-applied pesticides 
where appropriate. Further, it’s paramount that 
you consider the relevance of those parameters to 
the water use being evaluated (e.g., aquatic life, 
source water for drinking etc.). 

This report outlines methods to calculate the WQI 
for the protection of aquatic life, which is the only 
beneficial use that CESI currently reports on.  
Based on available expert knowledge, 
practitioners are to select parameters according to 
stressors important to aquatic life at each site. 
Some variables that may be important for 
assessing water quality for other uses (e.g., fecal 
coliforms, TDS, or chloride for source waters) may 
be inappropriate to include for this purpose.  
 
Note that to derive guidelines, you may require 
data for some variables that are known to modify 
toxicity or bioavailability, such as pH, temperature 
and hardness. You might, though, need to exclude 
these parameters directly in the WQI computation. 
(Some exceptions exist: for example, pH in areas 
subject to acid deposition).  
  
If pH is used as both a parameter and as a 
guideline modifying factor, it must be entered in 
two columns in the calculator.  The column used 
as a modifying factor should be labeled pH, and 
the missing values in this column adjusted 
according to guidance.  The column used as a 
parameter in the index calculation should be 
labeled differently (“pH_score” for example) and 
the missing data should be coded as -9999. 
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For the purposes of CESI WQI, hardness should 
not be included as a “tested parameter”; only as a 
guideline modifying factor.  CESI WQI is intended 
to report water quality relative to aquatic life.  
While hardness can change the toxicity of some 
substances (e.g., metals), it has no direct toxic 
effect of aquatic life.  As such, the effect of 
hardness is taken into account by adjusting the 
guidelines of other substances.   
 

One of the objectives of CESI is to work towards a 
nationally consistent approach to parameter 
selection. Past discussions with all partners in 
March 2006, however, have determined that 
selecting a common suite or core set of 
parameters for all sites across Canada was not 
recommended for the CESI water quality initiative. 
Instead, selecting relevant parameters for each 
site based on local conditions is of higher 
importance.  

Map 1 Water quality indicator stations, Canada, 2002 to 2004 

 
Sources: Statistics Canada, Environment Accounts and Statistics Division. Monitoring station information assembled by 
Environment Canada from federal, provincial and joint water quality monitoring programs. 
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For this reason, you can use the matrix contained 
in Appendix A (Table 1, from Les Swain, BC Water, 
Land and Air Protection) as a guide for parameter 
selection relevant to each site. Using the matrix, 
however, requires a detailed knowledge and 
understanding of each site and its key stressors. 
The WQI team expects water scientists and 
managers to use their best scientific judgement.   
 
The WQI team recommends that where feasible, 
practitioners choose major parameter categories 
such as nutrients, inorganics, metals, pesticides, 
major ions, and acid-base chemistry to reflect the 
full range of expected potential disturbances at the 
site in question. You should also consider 
parameters such as dissolved oxygen, pH, and 
temperature, which are important to sustaining 
aquatic life. 
 
Site-specific judgement and expert opinion are 
requisite to the defensible and consistent 
application of the WQI for reporting on water 
quality. For each site, practitioners should 
document if they used parameters different from 
those recommended in Appendix B.   
 
4.2.2 Number of Parameters 

When you are choosing parameters for the WQI 
calculation, first consider their appropriateness. 
Once you have determined the set of parameters, 
you can then think about the number to include in 
the WQI calculations. The WQI team recommends 
that you choose as close to ten parameters as 
possible. In this way, we can ensure consistency 
in the relative influence of parameters in the WQI 
score from sites across Canada. We base this 
guidance on the sensitivity of the WQI calculator to 
the number of parameters. If the numbers of 
parameters are consistent, then WQI scores 
between sites are more comparable. 

Recent sensitivity analyses of Ontario streams and 
rivers (Painter and Waltho 2005; Statistics Canada, 
2006) indicate that the index is more sensitive to 
the effects of individual parameters when using 
fewer than seven or eight parameters. The CCME 

originally suggested that a minimum of four 
parameters are required to apply the index, based 
on its testing of the index. Having too many 
parameters, however (e.g. more than 15 or 20) will 
invariably include some with less scientific basis 
for selection. Too many parameters can dilute the 
index and make it insensitive to changes in one or 
two important substances. In contrast, if you 
choose parameters based on local stressors, 
these will exert a stronger, more significant 
influence on the WQI outcome.  

4.3 Sample Sizes and Years 
Different sites and aquatic ecosystems require 
different sampling frequencies and timing to 
capture the natural variability in the levels of the 
substances measured. This variance is due to 
differences in climatic and hydrologic regimes 
across Canada.  
In the following section, we provide guidance on 
the data required for the 2007 CESI Report. 
 
River sampling 
For river or stream sites, include three years of 
data, 2004 to 2006, and at least four samples 
per year for a total of at least 12 samples.  
 
In running water systems, surface sampling is 
generally considered to be representative of the 
water column, which is normally well-mixed. If 
sampling frequency is minimal, you can use 
samples taken in late December 2003 or early 
January 2007 intended to represent the winter 
season of 2003/2004 and 2006/2007 respectively. 
 
If you deem it ecologically acceptable, no winter 
sample will be required for the WQI calculation for 
river sites in the North. In these cases, base the 
calculation on at least three samples per year from 
2004 to 2006 for a total of nine samples. 
 
The WQI Team accepts the lack of a winter 
sample in the case of Northern rivers because of: 

1. The difficulty of accessing northern sites 
for sampling; and 
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2. Sensitivity analysis conducted by Painter 
and Waltho (2005) and Painter, Glozier et 
al. (personal communication, WQI team 
meeting, March 23rd to 24th, 2006) 
demonstrating that for selected northern 
sites, no significant difference existed in 
WQI scores calculated using four samples 
per year versus three samples per year 
when the mid-winter sample was excluded. 

 
Lake sampling 
For lake sites, include three years of data, 2004 
to 2006, with at least two samples per year, if 
taken during fall and spring mixing, or four 
samples per year if taken during other time 
periods.  
 
You should sample the surface waters of lakes 
when the lake is as close to complete mixing as 
possible. This usually occurs shortly after ice-off 
and before ice-on during the ice-free period. 
 
In most temperate lake systems, the water column 
can become thermally stratified during the summer, 
with mixed conditions only present during spring 
and fall turn-over. When stratified, the 
concentration of certain variables can vary 
between each layer and throughout the water 
column. Ideally, you should take samples twice a 
year when lakes are completely mixed. If you take 
samples during other times of the year, take them 
at various depths. Weight concentrations by the 
water volume that occupies that depth and then 
average these weights.  
 
Weighting by volume may be infeasible at times, 
and you may collect samples outside mixing 
periods. As an alternative, use surface samples 
since they would likely represent the largest 
volume of water in the lake and have a strong 
influence on the volume-weighted average. 
 
For the Great Lakes, the calculation procedure is 
unique to reflect the nature of water quality 
monitoring in these areas. Samples are collected 
at many locations throughout the lakes, once 

every three years, and the sediment quality data is 
included. These data are presented on their own 
in the CESI report, and are excluded from the 
national indicator. 
 
The WQI team recognizes that practitioners face 
constraints in how frequently they can collect and 
analyze samples, particularly in more remote, less 
accessible regions of the country. Accordingly, we 
accept minimal sample sizes for calculating the 
WQI so as to make use of available data. If, 
however, you apply the index with fewer samples 
than the recommended number, the WQI result 
may be unreliable for comparison.   

4.4 Selection of Water Quality Guidelines 
For CESI WQI, use the Canadian Water Quality 
Guidelines for the protection of aquatic life 
unless otherwise noted herein (CCME, 2007, 
Table 1, Appendix B) or required for site-
specific considerations.  The most recent list 
of CWQGs is published on the CCME website: 
(http://ceqg-rcqe.ccme.ca/). 
 
The calculation of the WQI relies on the use of 
existing water quality guidelines for the long-term 
protection of aquatic life. The principal behind 
guideline selection is to choose those that are 
most “locally-relevant”. National guidelines will 
likely be locally relevant if the toxicity of the 
substance is unchanged by pH, temperature or 
hardness. National values for naturally-occurring 
substances like metals may be inappropriate if the 
local natural background is high, or if there are 
local sensitive species or species of concern to 
consider. 
 
Guideline Review 
In 2005, EC’s National Guidelines and Standards 
Office conducted a review of existing water quality 
guidelines from various sources (national, 
provincial, site-specific, other) (Table 1, 
Appendix B). The purpose of the review was to 
summarize how the guidelines were derived to 
help practitioners decide which guidelines would 
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be most appropriate to use. The list of guidelines 
reviewed in this exercise is not exhaustive. Instead, 
EC selected the parameters in consultation with 
the regional leads. They reflect those included in 
WQI calculations for 2005.  
 
EC evaluated and recommended only chronic 
guidelines for those jurisdictions most likely to be 
compatible with the CCME guiding principles and 
Canadian conditions for use in the calculations. 
Chronic or long-term exposure guidelines are 
more appropriate than acute or short-term 
guidelines because the WQI is intended to reflect 
overall water quality; not episodic events. 
 
All guidelines reviewed considered a range of 
species and water chemistry conditions that would 
be appropriate to most regions in Canada. These 
guidelines, therefore, could be considered “locally-
relevant” for sites selected thus far for reporting 
the WQI for CESI. 
 
Using the Guidelines 
You should review the list of 
recommended guidelines to ensure local-
relevance. The WQI team developed a scoring 
matrix to help evaluate guidelines based on 
scientific factors such as: level of protection, date 
of derivation, and use of appropriate modifying 
factors (Appendix D).  
 
Unless otherwise specified, the guidelines apply to 
total concentration in an unfiltered sample.   
 
In cases where the local natural background level 
is known and is greater than the recommended 
guideline, use the local natural background level 
as the benchmark. More guidance on calculating 
natural background is forthcoming; in the interim, 
you should continue to accommodate natural 
background levels using the RAA method as was 
done for previous reports (see section 4.4.1).  
 
 
 
 

Some provincial water quality guidelines that we 
recommend for use in CESI WQI stipulate 
monitoring data requirements (e.g., 30-day 
average) to ensure compliance with guideline 
values.  These parameter-specific data 
requirements are in place to ensure that 
monitoring data are appropriate for comparison 
with the guideline value. 
 
Parameters without Guidelines 
For some parameters, no suitable guidelines for 
calculating the WQI may exist. In these cases, you 
have three options.  

1. The first and preferred option is for you to 
develop a site-specific guideline (an 
additional guidance document on this topic 
will be available soon).  

2. You can apply the rapid assessment 
approach (RAA), described below. The 
RAA generates a non-effects based 
benchmark based on long-term monitoring 
data. You may apply it only until you are 
able to derive an effects-based site-specific 
guideline.  

3. Option three is to exclude the parameter in 
the WQI calculation until you have 
developed a site-specific guideline.  

 
If you follow any of the above options, record the 
details on the Methodological Notes worksheet in 
the calculator. Based on information collected, EC 
will identify and prioritize sites and parameters 
requiring site-specific guidelines. 
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4.4.1 Rapid Assessment Approach 

Another option to develop guidelines for the WQI 
is the Rapid Assessment Approach (RAA). 
 
You can use the RAA (modified from Swain 2005; 
Cecilia Wong pers.com.) in two ways. First, it can 
serve as an alternative to the screening and 
scoring matrix tool presented above and in 
Appendix E to identify parameters for which you 
need to develop site-specific guidelines. Second, 
you can use the RAA as a procedure for 
calculating “preliminary site-specific guidelines” for 
naturally occurring substances that correlate with 
turbidity. These “preliminary site-specific 
guidelines” are only interim measures to use prior 
to developing effects-based site-specific 
guidelines (CCME 2001).  
 
Apply the RAA only in cases where long-term 
ambient data are consistently above the guideline 
value, yet no observable adverse effects have 
appeared at the site. The RAA is appropriate when 
at least eight years of data exist, unless sampling 
frequency is high (e.g., every two weeks) in which 
case five years of data is acceptable (Cecilia 
Wong and Andrea Ryan, personal communication, 
2005; RAA Training Course, 2006).
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5 – Preparing Data for the WQI 
Calculator 

……………………………………… 

Once your data are ready, the next step 
is using the CESI WQI Calculator. This 
section discusses how to deal with 
some of the common issues that arise 
when entering WQI data. It also 
describes how to verify and assure the 
quality of these data.  
 
If you are a new user of the Calculator, 
refer to Appendix C for a step by step 
guide. 

5.1 Observations below the Detection Limit 
Enter observations below the detection limit into 
the calculator as <DL. The Calculator will count 
these samples as being in compliance with the 
guidelines, and the data will be flagged as being 
below the detection limit. 
 
In cases where the guideline value is below the 
detection limit, at least 50% of the data must be 
real observations (i.e., at least 10 X DL) for the 
parameter to be included. In this situation, remove 
data that are within 10x the detection limit and 
apply the guideline so all real observations are 
counted as exceedances. The only exception to 
this rule is seasonally applied pesticides. 

5.2 Guidelines and Observations below the 
Detection Limit 
In the few cases where the guideline value is 
below the detection limit (e.g. cadmium), at least 
50% of the data must be real observations (i.e., at 
least 10 X DL) for the parameter to be included. In 
this situation, remove data that are within 10x the 
detection limit and apply the DL as the guideline. 
Thus, all real observations are counted as 

exceedances. The only exception to this rule is 
seasonally applied pesticides. 
 
If less than 50% of observations are above 
detection, then exclude the parameter from the 
calculation. 

5.3 Dealing with Replicate Samples 
1. If replicates are identified as 

parent/daughter, use parent sample values. 
 

2. If replicates are not identified as 
parent/daughter, use highest value (this 
will address situations where some 
replicates are detected and others not). 
Caution: this rule would only apply if the 
data quality objectives for replicates are 
met, meaning that the value is a reliable 
measure and not a possible error. 

5.4 Missing Data 
If data are missing, leave them out. Identify them 
in the WQI Calculator as “-9999”. Make no attempt 
to replace them with estimated values, with the 
exception of parameters required to calculate 
locally-relevant guidelines. These parameters 
include pH, hardness and temperature.  

 For missing hardness data, substitute 
alkalinity. If alkalinity is also missing, 
replace the missing value with a 
calculated three-year average for the 
site. For both hardness and alkalinity, 
observations must be relatively stable.  

 For pH, replace the missing value with 
the calculated three-year average for 
the site.  

 For temperature, examine the dataset 
and the average temperature on record. 
Replace the missing value with the 
average temperature for that month.  

 
If values are missing for any parameter such that 
they fail to meet the minimum data requirements 
as outlined previously, then exclude that 
parameter. 
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5.5 Negative Temperature Values 
Replace all negative temperature values with zero 
(“0”); otherwise the calculator will count the 
observation as missing data. This applies to 
temperature both as a tested parameter and as a 
guideline modifier.  Changing a negative 
temperature value to zero will have minimal impact 
when it is used to calculate the ammonia guideline 
value.  Record the changes on “Methodological 
Notes” worksheet of the calculator. 

5.6 Data Verification and Validation 
Errors will sometimes exist in water quality 
databases. The most common are field errors 
(sample contamination, mislabelling), lab errors 
(misidentified samples, miscalculations, analytical 
mistakes) and data entry errors. Pay particular 
attention to data that are near detection limits, 
since these data are prone to false positives. You 
should implement appropriate QA/QC protocols 
and processes from sampling to analysis to data 
input, and use accredited analytical laboratories 
where possible, to ensure the highest quality data 
in the WQI.   

You can identify suspect values in the dataset by 
noting how high (or low, in the case of pH and 
dissolved oxygen) they are relative to their 
guideline and historical measurements. Typically 
this screening can be automated in Excel or other 
databases. You should validate values that are at 
least 10 times higher than the guidelines by: 

 verifying field books (accuracy of data 
entry for field measured variables),  

 consulting lab reports,  
 ensuring reported units are correct, and 
 consulting stream flow and 

meteorological records and the levels 
of other variables in the dataset, like 
turbidity and major ions, which could 
explain the unusual values.  

Unless they are erroneous, leave outliers in the 
dataset. If you do remove a data point, document 
and report the rationale behind your decision.  

5.7 General Advice on Data Entry 
Last year Statistics Canada reported on common 
problems with data formatting and consistency 
that they encountered when reviewing WQI data 
submissions. Below is their advice to practitioners 
based on the 2007 results.  

• Use the station ID code in the calculator 
(not station name) 

• Keep the station name and ID consistent 
between files and between reporting years 
(check spelling, spacing, leading 0’s etc.) 

• Use consistent units and make sure you 
include all parameter forms 

• If the common vocabulary list does not 
include an entry you wish to use, enter the 
column heading yourself following the 
same format (parameter name, form and 
units) and report the omission to the 
national data managers. 

• Consistently follow the instructions in this 
document when dealing with: 

o Missing data 
o Samples below the detection limit 

• Input Ammonia data in it’s total form and 
allow the calculator to determine the 
unionised component.  In the Objectives 
worksheet of the calculator, input the 
unionised guideline and use the “compute” 
command in the “Non-compliance if” field.  
The “Tested Data” worksheet provides you 
with the unionised fraction (conversion 
ratio) as well as the actual unionised 
ammonia calculated from this fraction. 

Guideline Tips 
• Allow the calculator to develop a guideline 

unique to each sample 
o Avoid calculating guidelines over 

modifying factor ranges (“guidelines 
by category”) 

• Avoid calculating guidelines by an average 
value of a modifying factor  
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6 – Calculating and Verifying the 
Water Quality Index 
……………………………………… 

This section outlines some methods 
that you can undertake to review data 
and calculator results to understand the 
behaviour of the WQI according to its 
inputs. These methods may help you 
identify problems such as insufficient 
sampling frequency or timing, or 
inappropriate parameter or guideline 
selection.   

6.1 Calculating the Score 
Once you have prepared your data set as 
described in the previous section, you are ready to 
use the WQI calculator to develop a score. When 
you are calculating the WQI, use the 2008 CESI 
WQI Calculator based on the one modified by 
Monique Dubé (July 6, 2005). 

6.2  Interpreting the Score 
WQI scores are distributed into one of five groups 
of ratings which each have standard general 
interpretations.  Table 1 (next page) displays the 
rating system and the accompanying 
interpretations.  The rating system was designed 
to facilitate understanding for the reader. 

6.3 Verifying Results with Expert 
Assessments 
Once you have calculated the WQI for a site, have 
other experts review and confirm the reported 
results, before you submit the completed 
calculator to the national team. 
 
While reviewing the input data is important, the 
results of this post-analysis should primarily be 
used to improve your understanding of the WQI 
calculation. You should review data inputs 
(parameters, guidelines, sampling frequency etc.) 

outside of the WQI calculation. Select inputs 
based on their appropriateness to the conditions of 
the individual site. You should make any decisions 
about WQI Calculator inputs independently of the 
resulting WQI score. 
 
Suggested Steps to Verify Index Results 
You can take various steps to verify that index 
results are consistent with expert assessment of 
water quality, known phenomena occurring at the 
site and results from other sites. You can: 

1. Examine the influence of specific 
parameters, guidelines or samples on 
ratings by using different guidelines, by 
removing a sample, or by allowing each 
parameter to pass in turn and recalculating 
ratings. Note if there is undue influence on 
ratings from either of these inputs. In 
addition, the WQI calculator allows users to 
multiply the observations for specified 
parameters by a chosen factor (e.g. by 10) 
to develop scenarios. 

2. Examine data for episodic events with 
questionable long-term impact (e.g. 1 or 2 
samples where many parameters exceed 
guidelines by a wide margin).  Guidelines 
are developed for application to long-term 
exposure conditions. Such events may put 
undue influence on the F1 and/or F3 
measurement in the WQI calculator.  

3. Compare results of test sites to those of 
reference conditions.  

4. Correlate the WQI trends (either spatial or 
temporal) to the intensity of known 
stressors. For example, look at the 
correlation of the WQI with agricultural 
intensity or the effects of improvements to 
an important point source of pollutants, etc. 

5. Review results and conclusions of previous 
water quality assessments. Are findings 
consistent, given the time period, 
parameters, sampling strategy (timing, 
frequency), analytical methods, guidelines 
and WQI formulation? 

6. Re-examine potential pollution sources. 
Are they having unexpected influences? 
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7. Examine biomonitoring (e.g. fish 
populations, benthic invertebrate 
communities) or other habitat assessments 
such as sediment quality and toxicity 

testing. Do they generally concur with the 
WQI results? 

 
 

 
 

 

Table 1.  The rating system of index values.  The WQI yields a number between 0 and 100 that is 
indicative of the overall water quality for a particular use. 
 

Rating Interpretation 
Excellent (95.0 to 100.0) 
 

Good (80.0 to 94.9) 
 

Fair (65.0 to 79.9) 
 

Marginal (45.0 to 64.9) 
 

Poor (0 to 44.9) 

Water quality measurements never or very rarely exceed 
water quality guidelines. 

Water quality measurements rarely exceed water quality 
guidelines and, usually, by a narrow margin. 

Water quality measurements sometimes exceed water 
quality guidelines and, possibly, by a wide margin. 

Water quality measurements often exceed water quality 
guidelines and/or by a considerable margin. 

Water quality measurements usually exceed water quality 
guidelines and/or by a considerable margin. 

Note: These interpretations are adapted from those endorsed by the CCME (2001), based on the 
initial assessment of over 100 sites by several water quality experts in British Columbia 
Rocchini and Swain, 1995). 
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7 – Reporting to the National 
Level 
……………………………………… 

This section describes the items to 
include in your reports to the national 
level. It also discusses procedures if 
you decide to withhold certain data.  

7.1 Items to Include in Reports 
Report all results on the worksheets of the WQI 
Calculator: these include data, calculation output; 
parameters reported; and guidelines used. If you 
use different guidelines from the previous 
reporting year or derived new site-specific 
guidelines, please identify these changes in the 
“Methodological Notes” worksheet. Similarly, if 
sites were excluded, parameter selection changed, 
or minimum requirements not met, also please 
identify these in the “Methodological Notes” 
worksheet. If the site is new to CESI, submit its 
coordinates, site name and ID, and water body 
type on “site meta-data” worksheet. 
 
When you report results you may also want to 
provide documentation that: 

 assesses the nature of the contaminant 
and the types of potential effects; 

 explains what is driving the index and 
why; and  

 explains obvious discrepancies 
between results obtained with the WQI 
and other types of habitat assessment 
which are also communicated to the 
public. (For example, other 
assessments might be a water 
monitoring program that excludes 
certain parameters or does not reflect a 
transient event, such as an accidental 
spill). 

 

7.2 Withholding Data 
If, for whatever reason, your region prefers to 
withhold the tested data from the national team, 
please still submit the data in the calculator 
worksheet form; simply remove the worksheets 
that you have no authority to submit. Please 
proceed, however, with submitting the tested data 
to Statistics Canada to facilitate a data quality 
review and further analytical research and 
development work. Any data you submit to 
Statistics Canada will be kept confidential as 
specified by the Statistics Act. 
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Appendix A: Parameter Selection Guide 
……………………………………………………………………………………. 
Selection of parameters for the protection of aquatic life (modified from Les Swain, personal communication) 

 
 
1 If pesticides are applied and only for the pesticides 

used. 
2 Metals appropriate to the operation – cyanide if gold 

leaching takes place. 
3 In winter samples 
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Dissolved 
Solids 

 √ √          √  

pH √ √ √ √ √ √ √ √ √ √ √ √ √ √ 
DO √ √ √ √  √ √ √ √ √ √  √  
Suspended 
Solids 

√ √ √ √ √ √ √ √ √ √ √ √ √  

Turbidity √ √ √ √ √ √ √ √ √ √ √  √  
Ammonia √ √ √ √  √ √ √   √  √  
Chloride           √3  √3  
Nitrate √ √ √ √  √ √ √   √  √  
Nitrite √ √ √ √  √ √ √   √  √  
Phosphorus √ √ √ √  √ √ √   √  √  
Al       √2     √2   
As       √2     √2   
Cd       √2     √2 √  
Cu       √2    √ √2 √ √2 
Fe     √  √2     √2   
Hg       √2    √  √  
Pb       √2    √ √2 √  
Se       √2 √    √2   
Zn       √2    √ √2 √  
Cyanide       √2     √2   
               
PAHs        √ √  √ √ √  
Pthalates           √    
Pesticides  √1    √1        √1 
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Appendix B: Rationale for 
Recommended Guidelines and 
Additional Guidance 
……………………………………… 

Guidelines for Metals 
For the purposes of the CESI WQI report, we have 
sufficient confidence to recommend the use of the 
Canadian Water Quality Guidelines (CWQG) for 
As, Cr, Mo, Tl, Hg and MeHg (1997-2002) and 
also Cd (1996) for which the national guideline is 
modified for hardness. The WQI Team conducted 
no review of these guidelines for this report.  
 
The results of the review of the older CWQG for 
the other metals (i.e., Ag, Al, Cu, Fe, Pb, Ni, Se, 
and Zn) are summarized below.  
 
For the initial assessment using the WQI, we 
recommend using the total metal concentration in 
an unfiltered sample, unless otherwise specified.  
 
According to CCME guidance, the CWQG apply to 
the total concentration of a substance in an 
unfiltered water sample. This application estimates 
conservatively the bioavailable fraction in that it 
assumes that all of the compound is available for 
organisms to take up. Metals in unfiltered water, 
however, may be bound to particulates, depending 
on the species in question, organic contents, and 
particulate concentration. As such, recent studies 
tend to measure the dissolved fraction of metals in 
water samples. This fraction is believed to reflect 
more accurately the fraction that is bioavailable.  
 
Even in filtered samples, the formation of 
complexes with colloids like humic substances 
(dissolved organic carbon) may affect the 
bioavailability of metals. Analytically, the 
bioavailable fraction is functionally defined as that 
which remains in the water sample following 
filtrations through a 0.45 µm filter. Comparing 
measurements from filtered water samples to a 
water quality guideline based on an unfiltered 

water sample may lead to “false” negatives when 
calculating the WQI.  
 
With the exception of aluminium1, we recommend 
that practitioners convert the concentrations of 
metals for the dissolved fraction to the total 
fraction equivalent (i.e., filter [or dissolved] plus 
particulate) where they know the site-specific 
dissolved:total ratio. Otherwise, we recommend 
applying the generic conversion factors which the 
United States Environmental Protection Agency 
(US EPA) publishes 
(www.epa.gov/waterscience/criteria/wqcriteria.html).  
Work is currently underway to validate these 
conversion factors and should be available for the 
2007 report. 
 
Ag - Silver 
Overall recommendation: BC Provincial 
Guideline 
 
We recommend the BC Provincial WQG because 
it includes more recent data than either the 
Canadian or US EPA values. Note that a new 
Canadian WQG for silver is under development. 
 
Guideline v1 value: 0.05 µg/L for hardness 
<100 g/L and 1.9 µg/L for hardness>100 mg/L of 
CaCO3. 
 
The value of 1.9 µg/L is the freshwater chronic 
value as cited in Table 7.11 of Guideline Technical 
Background Report for sliver (Table 7.11 
www.env.gov.bc.ca/wat/wq/BCguidelines/silver/
bcsilver-41.htm#t71). The guideline of 1.5 µg/L is 
based on marine data.  
 
Al - Aluminium 
Overall Recommendation: BC Provincial 
Guideline 
 
The CCME is revising the Canadian WQG (CCME, 
1987). The BC guideline also requires updating 

                                                 
1 The recommended guideline for aluminium is based 
on the dissolved fraction. 

http://www.epa.gov/waterscience/criteria/wqcriteria.html�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/silver/bcsilver-41.htm#t71�
http://www.env.gov.bc.ca/wat/wq/BCguidelines/silver/bcsilver-41.htm#t71�
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with newer toxicity studies and perhaps the 
incorporation of other toxicity modifying factors 
such as calcium, DOC, and other complexing 
ligands. The BC guideline makes a better 
approximation of aluminium toxicity than the 
Canadian WQG for pH, between 4 and 6.5. Until a 
new national or provincial guideline is available, 
however, use the BC guideline. 
 
Guideline value: pH ≥ 6.5 dissolved aluminium 
should not exceed 0.05 mg/L. When pH < 6.5, the 
guideline for dissolved Al = e 1.6 - 3.327(pH) + 0.402(pH)^2.  
Dissolved Al is operationally defined as that which 
passes through a 0.45 µm filter. 
 
Cu - Copper 
Overall recommendation: Canadian Water 
Quality Guideline 
 
We recommend the CWQG (CCREM 1987), which 
is based on the US EPA 1984 criteria with an 
additional safety factor. This guideline is an 
equation with hardness. The continued use of the 
safety factor is still appropriate given recent 
evidence to suggest that the US EPA equation 
may fail to protect invertebrate species in hard 
water. While the US EPA has a new draft 
guideline based on the Biotic Ligand Model (BLM) 
designed for site-specificity, the WQI Team 
believes it is impractical to recommend its use at 
this time. Practitioners need a high level of 
understanding to use the model and it requires 
that datasets contain entries for Ca+, Mg+, and 
DOC.  The BC guideline uses essentially the same 
dataset as that used for the USEPA 1984 
guideline; BC, however, provides no rationale for 
their hardness equation. 
 
Guideline Value: when hardness< 90 mg/L CaC03, 
guideline of 2 µg/L 
Hardness >90 mg/L CaC03, guideline = (US EPA 
formula) * 0.2 
 
Where, US EPA formula (1984) 
[Cu] = e(0.8545[ln(hardness)]-1.465) µg/L 
 

Note that we have changed the original hardness 
cut-off of 60 mg/L to 90 mg/L. This change is 
necessary because the formula generates a 
guideline value of 1.5 µg/L at hardness of 60mg/L 
and a guideline value of 2.1 µg/L at hardness of 
90 g/L.  
 
Fe – Iron 
Overall Recommendation: Canadian Water 
Quality Guidelines 
 
The CWQG for iron is the same as Quebec’s 
chronic guideline value. 
 
Guideline value: 0.3 mg/L 
 
Ni - Nickel 
Overall Recommendation: Canadian Water 
Quality Guideline 
 
Until a new Canadian WQG for nickel is available 
(under development), practitioners should 
continue to use the current Canadian WQG, which 
includes a modifying equation for water hardness. 
Both the CWQG guideline and the US EPA 
guideline are out of date; neither includes recent 
toxicity tests conducted on species such as C. 
dubia, which have been found to be sensitive to 
nickel. The Australian guideline includes toxicity 
studies carried out at elevated temperatures and 
are not representative of Canadian waters.  
 
Guideline value: 
[Ni] = e(0.76[ln(hardness)]+1.06) µg/L 
 
Pb - Lead 
Overall Recommendation: Canadian Water 
Quality Guideline 
 
We recommend the Canadian WQG. The BC 
guideline is a slightly modified version of the US 
EPA equation. BC felt that the guideline was too 
conservative, but provided no detail on how they 
modified it. Moreover, the condition that the 
concentration of lead in the 30 day average can be 
higher than the BC guideline (but less than 1.5 
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times) and only on one occasion complicates the 
guideline. Other rules like this may make the 
guideline too complicated to be practically applied 
to the index. 
Guideline value:  [Pb] = e(1.273[ln hardness)]-4.705) µg/L, 
where water hardness measured as [CaCO3] is 
>50 mg/L.  Where hardness is < 50 mg/L, set the 
WQG for lead to 1 µg/L.  Please note that you will 
need to be change this manually in the WQI 
calculator. 
 
CCME recognises a minimum WQG for lead of 
1µg/L (CCME, 1987). Use a hardness of 50 mg/L 
to calculate a WQG of 1 µg/L for soft water  
(0-60 mg/L CaCO3] because the toxicity data for 
very soft waters are unavailable. The above 
equation with 50 mg/L hardness, returns a value 
of .3 µg/L which was rounded down to 1 µg/L. 
 
Se - Selenium 
Overall Recommendation: BC Guideline 
We recommend the BC guideline, which takes into 
account toxicity and essentiality. The Canadian 
WQG needs to be updated with the newer 
toxicological studies. Most organisms seem to 
take up selenium through ingestion of food and not 
water.  
 
Guideline Value: 0.002 mg/L 
 
Zn - Zinc 
Overall Recommendation: BC Guideline 
Use the BC guideline as a benchmark for reporting 
the WQI in 2007. Its value is comparable to the 
Australian guideline (which the team did not 
consider because several of the toxicity tests 
would be carried out at elevated temperatures 
compared to Canadian waters). Use the BC 
guideline as an interim guideline until a new 
national guideline is developed. (The BC Guideline 
bases the water hardness relationship on two 
points. This is particularly problematic and should 
be addressed.) The Canadian WQG is too dated 
(1976) so avoid using it. Similarly, avoid the 
Ontario PWQO since it excludes some of the most 

sensitive toxicity tests and makes no reference to 
water hardness.  

 
Guideline Value: Zn = 7.5 + 0.75* (water 
hardness-90) when water hardness > 90 mg/L, 
when lower than 90 mg/L should not exceed 
7.5 µg/L. 

Guidelines for Other Parameters 

Ammonia 
Over all Recommendation: Canadian Water 
Quality Guideline 
Use the current Canadian WQG. US EPA 1999 
contains no significantly different data; note the 
EPA is now revising the guideline because it may 
be under-protective of freshwater mussels. 
 
Guideline value: 19 µg/L or 0.019 mg/L for un-
ionized ammonia 
Where: the fraction of un-ionized ammonia =  
1/ [10(pKa-pH) +1] 
and, pKa = 0.0901821 + 2729.92/(T + 273.15) 
and, T = temperature in C 
 
There are two ways to examine ammonia data: 

1. convert the raw data that is reported as 
total ammonia to unionized using the 
equations above and compare to the 
unionized guideline of 0.0019; or 

2. convert the unionized guideline value back 
to total and compare with the raw data. 
The CESI WQI calculator does the former 
(#1). 

 
Example:  For a sample collected at pH 7.5 and 
T = 10C, the fraction of unionized ammonia is 
computed as 0.00586. If the measured 
concentration of total ammonia in that sample is 
2.9 mg/L, then the fraction of unionized ammonia 
is equal to 2.9 * 0.00586 or 0.017 mg/L.  This 
calculated concentration of unionized ammonia 
(0.017 mg/L) is less than the guideline value 
(0.019 mg/L). 
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Chloride 
Overall Recommendation:  BC Provincial 
Guideline 
Use the WQG for chloride from BC; note however, 
that no plant studies were included in the guideline 
derivation. As such, take care when applying this 
value in areas that may have sensitive wetland 
and aquatic plants.  
 
The BC guideline was derived for sodium chloride 
and will not be protective when chloride is 
associated with potassium, calcium, and 
magnesium. 
 
Guideline value: 150 mg/L 
 
Chlorophyll a 
Overall Recommendation:  Canadian 
phosphorus framework approach 
The site/region specific guidelines for chlorophyll a 
need to follow the Canadian phosphorus 
framework approach that uses trigger ranges for 
chlorophyll a based on trophic categories for lakes 
and rivers as defined by OECD (1982) and Dodds 
et al. (1998), respectively, and reference 
conditions (US EPA applies this approach). 
 
Collect and process chlorophyll a data to identify 
reference conditions and trigger ranges for future 
WQI reports. Refer to Table C1 to determine 
which guideline is appropriate to the unimpacted 
trophic state of the river or lake. 
 
Nitrate 
Overall Recommendation:  Canadian Water 
Quality Guideline 
The Canadian WQG is based only on toxicity data 
for sodium nitrate, not potassium nitrate or 
ammonium nitrate since potassium and 
ammonium are more toxic than nitrate itself. 
Australia included toxicity data for potassium 
nitrate and sodium nitrate. The Netherlands looked 
at sodium nitrate and potassium nitrate toxicity 
data separately, and estimated “safe” 
concentrations for each using several different 
methods, but ultimately recommended just a 

single value for nitrate.  BC may or may not have 
considered toxicity data for sodium and potassium 
nitrate in its guideline. 
 
Use the Canadian WQG at all sites. This guideline 
is based on a much more current and 
comprehensive data set than the BC, US EPA and 
Dutch guidelines. The species included in that 
dataset are also more relevant to Canadian sites 
than data used in deriving the Australian 
guidelines. In addition, Australia included data 
from tests that used potassium nitrate, where the 
potassium may have caused toxicity, rather than 
the nitrate, driving the guideline lower. Although a 
critical study in the Canadian guideline uses an 
amphibian which may not occur at all sites across 
Canada, a widely distributed invertebrate species 
showed a similar level of sensitivity.  
These guidelines provide no protection against 
eutrophication; eutrophication may be observed at 
levels below those likely to cause toxicity 
 
Guideline Value: 13 mg/L (2.9 mg NO3

--N/L) 
 
Please check the reporting units to ensure that 
monitoring data and guideline are equivalent i.e., 
both NO3- or both NO3-N. 
 
The distinction comes into molecular weight of 
NO3- and how the analysis goes. Most analytical 
methods express the amount of nitrate present in 
a solution relative to the amount of nitrogen atoms 
in the NO3- ion. The data from the provinces may 
report the nitrate data in mg NO3-N/L. If you report 
data as NO3-N/L, either multiply the values by 4.43 
and use the guideline value of 13 mg NO3/L 
guideline. Alternatively, leave the data as is and 
use the guideline value of 2.9 mg NO3-N/L.   
 
Nitrogen (total) 
Overall Recommendation: A framework 
approach similar to total phosphorus 
Total nitrogen is a measure of all inorganic and 
organic forms of nitrogen found in a water sample. 
It is used to indicate nitrogen’s contribution to 
excessive plant growth rather than measure 
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nitrogen toxicity. Where not measured directly, TN 
can be calculated as TKN-N + NO3-N +NO2-N. 
 
For total nitrogen, we recommend using a 
framework approach similar to total phosphorus. 
The trigger ranges for lakes and rivers should 
follow the classification scheme of Nürnberg 
(1996) and Dodds et al. (1998), respectively.  
 

While you are collecting and processing data to 
identify regional background/reference conditions, 
on an interim basis refer to table below to 
determine which guideline is appropriate to the 
unimpacted trophic state of the river or lake under 
consideration.  
 
 

 
 
 
Table C1: Nutrient Guidance  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Phosphorus 
Overall Recommendation: Canadian 
Framework for phosphorus 
 
We recommend applying the application of the 
Canadian Framework for phosphorus. The 
framework offers a tiered approach in which 
Trigger ranges are based on the range of 
phosphorus concentrations in water that define the 
reference trophic status for a site.  Measured 
phosphorus concentrations should not exceed 
predefined ‘trigger ranges’ and should not be 
allowed to increase more than 50% over baseline 
(reference) levels.  
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
While collecting and processing data (i.e., 
identification of background or reference 
conditions) for the application of Phosphorus 
Framework, on an interim basis refer to Table C1 
to determine which guideline is appropriate to the 
unimpacted trophic state of the river or lake.  
 
 
 
 
 

Trophic Level TP 
(µg/L) 

TN 
(µg/L) 

Planktonic 
Chl a 
(µg/L) 

Benthic 
Chl a 
(mg/m2) 

Reference 

Lakes      
Oligotrophic 10 350 3.5  Nürnberg 1996 
Mesotrophic 30 650 9   
Eutrophic 100 1200 25   
      
Rivers      
Oligotrophic <25 <700 < 10 < 20 Dodds et al. 1998 
Mesotrophic 25 - 75 700 - 1500 10 – 30 20-70  
Eutrophic > 75 > 1500 > 30 > 70  
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Suspended Sediments 
The Canadian guidelines were adopted from 
guidelines originally developed by BC.  Quebec 
and Manitoba have also adopted the same 
guidelines. 
 
Overall Recommendation:  
Use the Canadian guidelines. These guidelines 
are the same as those used in various other 
provinces.  
Because they are based on allowable increases 
above local background concentrations, they are 
applicable on a site-specific basis across the 
country. Note that turbidity and suspended 
sediment concentrations are correlated, although 
the relationship between the two is very site-
specific (depending on concentration, size, shape, 
and refractive index of suspended sediments and 
water colour). Therefore, in calculating the Water 
Quality Index for a site, we recommend including 
only one of these parameters, rather than both. If 
data on both parameters are available, use 
only suspended sediments in the WQI.   
 
Guideline Value: 
Clear flow –max increase of 5 mg/L from 
background over longer term exposure (e.g., 30d) 
 
High flow or turbid waters – maximum increase of 
25 mg/L from background at any one time when 
background levels are 25-250 mg/L; no more than 
10% increase from background when background 
is >250 mg/L. 
 
Temperature 
The CCREM 1987 guidelines are based on 
guidelines from the IJC (1976), Manitoba (1983) 
and the USEPA (1976). 
 
Overall Recommendation:  BC Provincial 
Guidelines 
 
Use the BC guidelines. These guidelines 
recognize differences between streams and lakes, 
as well as between streams supporting different 
types of fish. They also provide more specific 

guidance on appropriate temperatures or 
temperature increases than the Canadian or 
Ontario guidelines. One caveat is that the BC 
guidelines may not consider sensitive species that 
occur in other areas of Canada. 
 
Guideline Value: 

1. Streams with bull trout and/or Dolly 
Varden: Max Daily Temp is 15°C,   
Maximum Incubation Temp is 10°C,   
Min Incubation Temp is 2°C, Max 
Spawning Temp is 10°C 
 

2. Streams with known fish distribution: + 
or – 1°C change beyond optimum temp 
range as shown in Table B3 (see below) 
for each life history phase of the most 
sensitive salmonid species present; 
Hourly rate of change not to exceed 1°C  
 

3. Streams with unknown fish distribution: 
Mean Weekly Maximum Temp = 18°C 
(Max Daily Temp = 19°C) 
Hourly rate of change not to exceed 1°C; 
Max Incubation Temp = 12°C (in the spring 
and fall) 
 

4. Lakes and impoundments: 
+ or – 1°C change from natural ambient 
background  
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Table C2: Optimum Temperature Ranges of Specific Life History Stages of Salmonids and Other Coldwater 
Species for Guideline Application (from BC Environment, Lands and Parks 2001)
  

Species Incubation Rearing Migration Spawning 

Salmon 

Chinook 5.0-14.0 10.0-15.5 3.3-19.0 5.6-13.9 

Chum 4.0-13.0 12.0-14.0 8.3-15.6 7.2-12.8 

Coho 4.0-13.0 9.0-16.0 7.2-15.6 4.4-12.8 

Pink 4.0-13.0 9.3-15.5 7.2-15.6 7.2-12.8 

Sockeye 4.0-13.0 10.0-15.0 7.2-15.6 10.6-12.8 

Trout 

Brown 1.0-10.0 6.0-17.6 — 7.2-12.8 

Cutthroat 9.0-12.0 7.0-16.0 — 9.0-12.0 

Rainbow 10.0-12.0 16.0-18.0 — 10.0-15.5 

Char 

Arctic Char 1.5-5.0 5.0-16.0 — 4.0 

Brook Trout 1.5-9.0 12.0-18.0 — 7.1-12.8 

Bull Trout 2.0-6.0 6.0-14.0 — 5.0-9.0 

Dolly Varden — 8.0-16.0 — — 

Lake Trout 5.0 6.0-17.0 — 10.0 

Grayling 

Arctic Grayling 7.0-11.0 10.0-12.0 — 4.0-9.0 

Whitefish 

Lake Whitefish 4.0-6.0 12.0-16.0 — greater than 8.0 

Mountain Whitefish less than 6.0 9.0-12.0 — less than 6.0 

Other Species 

Burbot 4.0-7.0 15.6-18.3 — 0.6-1.7 

White Sturgeon 14.0-17.0 — — 14.0 
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Turbidity 
Canadian guidelines for turbidity are extrapolated 
from the Canadian guidelines for suspended 
sediments. These guidelines were based on the 
BC guidelines and have also been adopted by 
Quebec and Manitoba. 
 
Overall Recommendation: Canadian guidelines 
for turbidity 
 
Use the Canadian guidelines for turbidity.  Many 
provinces use these guidelines.  Because they are 
based on an allowable increase above local 
background, the guidelines are already site-
specific and should be relevant to all sites across 
Canada.  Turbidity and suspended sediment 
concentrations are correlated, although the 
relationship between the two is very site-specific, 
depending on concentration, size, shape, and 
refractive index of suspended sediments and 
water colour. Therefore, in calculating the Water 
Quality Index for a site, include only one of these 
parameters, rather than both.  If data on both 
parameters are available, we suggest using 
only suspended sediments in the WQI.   
 
Guideline Value: 
Clear flow – maximum increase of 8 NTUs from 
background levels over short term (e.g., 24 hours); 
maximum increase of 2 NTUs from background 
over longer term exposure (e.g., 30 days) 
 
High flow or turbid waters – maximum increase of 
8 NTUs from background at any one time when 
background levels are 8-80 NTUs; no more than 
10% increase from background when background 
is >80 NTUs 
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Appendix C: Step by Step Guide to Using the WQI Calculator 
……………………………………………………………………………………… 

This Appendix provides a step by step guide to using the CESI WQI Calculator, Monique Dubé version, 2005. 
The Calculator uses the Excel program; you will find it easier to use if you have a basic knowledge of Excel 
commands.  
 

1. Getting started − General Calculator information 
 Make multiple back-up copies of files throughout your work. 
 When you first open the Calculator, change the Security levels in Excel to enable macros. To do this, go 

to the Tools menu and select Macro then Security. Set the security level to Low. 
 Leave worksheets named as they are, in the order that they are. Avoid adding worksheets, since this 

action may cause the Calculator’s macros to fail.  
 Note that the Calculator instructions use the term “field”. In Excel, these are usually referred to as 

“columns”. Leave the “field” (column) headings as they are. If you change them, some of the program’s 
macros may fail to run correctly.  

 You can reformat column and row dimensions only if you “unprotect” the sheet. To do this: Click on the 
tab for the protected worksheet. On the Tools menu, select Protection, and then click Unprotect Sheet.  

 Leave everything else unchanged or you may have problems running the program. 
 Currently, the Calculator has a lady bug symbol, labeled “Report a Bug”. The e-mail address listed is no 

longer valid. If you have comments to make on the Calculator,  
e-mail them to: indicateurs.indicators@ec.gc.ca. 

 On occasion the Calculator will freeze up, for reasons unknown. Sometimes, it is best to simply 
open another copy, re-enter the data and try again. 
 

2. Formatting your dataset for the Calculator 
Validate and verify your dataset before you copy it into the Calculator 

 Check that your data are in the same units as the Water Quality Guideline. 
 Make sure all values are formatted as numbers and not text. 
 Ensure you have no blank values in the data set - missing data must be entered as “-9999”.  
 The Calculator treats negative numbers as missing data; therefore enter any data that you have that 

is negative as 0. (e.g. temperature). 
 Samples that are less than detection limit should be entered as text; for example “<20” or “L15”.  All 

other sample data should be numerical entries. 
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Copying your data into the “Data” worksheet in the Calculator 
 In the “Data” worksheet, enter your headings in Row 3. 
 Put Station ID in Column A. Leave these headings as they are. Changing the “field” or column 

headings may cause the Calculator to malfunction.  
 Put sample date in Column B. 
 Put Index Period in Column C, e.g. 2008, or 2004-2006) 
 Enter your parameters in Columns D onwards. 
 Enter your data from Row 4 down. 

 

3. Testing the objectives (guidelines) 
The “Objectives” worksheet is where you place information on the water quality guidelines that you are using. 
Note: The word 'objective' appears in the calculator for historical reasons.  Earlier versions of the CCME WQI 

calculated were developed by the Province of British Columbia.  In BC, site-specific water quality 
guidelines are called objectives. Because the name change was not critical to the functioning of the 
CESI WQI Calculator, the terminology in the CESI WQI calculator was never updated. 

 
3.1 Preparing the Objectives sheet 

 In the “Data” worksheet, highlight all the parameter names in row 3 (starting at Column D onwards). 
Right click with your mouse and select Copy. 

 Click on the “Objectives” worksheet tab. 
 In the “Objectives” worksheet, right click on Cell C, Row 7 and select Paste Special, then Transpose 

and click enter. This will ensure that your headings match exactly. If the headings in your “Data” and 
“Objectives” worksheets differ, you will get an error message when you run the Calculator.  

 You can enter up to 400 parameters. 
 Write “test” in column A of each parameter that you want to include in the WQI calculation. If you put 

a number in the unnamed column next to column A, the program will test the parameters in that 
order. If you leave out the word “test”, the Calculator will leave out that parameter. 

 Leave no blank rows in this sheet, particularly in the ‘Water Quality objectives” column. If the program 
finds a blank row it will ignore all objectives below the blank row. 

 
3.2 Entering the objectives (guidelines) for each parameter 
For the Calculator to carry out its testing of parameters to calculate the WQI score, you need to enter 
instructions into various columns of the Objectives worksheet. We describe these below.  
 
 3.2.1. Entering straightforward objectives 

 Enter the objective value for each of your parameters. Refer to the Technical Guidance document for 
guidance on selecting objective values. To enter the objective, enter a greater than / less than sign in 
the column named “Non-compliance if”, and the objective value in the column named “Value 1”. 
 

 Some parameters are dependent on other parameters, such as hardness, temperature, dissolved 
oxygen, pH.  Each of these has a special command that you enter into the “Non-compliance if” 
column.  (In the Calculator, some of these instructions are repeated in the box labeled “Legal 
Operators for the Non-compliance Field”). 
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3.2.2 Entering hardness dependent objectives (guidelines) 
 To test guidelines which are hardness dependent, the Data worksheet must contain a column labeled 

hardness. (Exact spelling, use lower case.)  
On the “Objectives” worksheet, enter the command hardness into the “Non-compliance if” column, 
then the guideline value for the parameter in question. Next, enter the hardness range in the columns 
“Hardness >” and “Hardness <=. 
 

 
 

For each sample on the Data worksheet, the Calculator uses the corresponding hardness 
measurement to calculate the guideline. If some cells in the hardness column are blank, when you 
run the Calculator, it will ask you for a default hardness value, so that the calculation can proceed. 
Note: once the calculation is complete, the Calculator inserts the hardness column it used into the 
“Tested Data” worksheet and colours it green. You can check to make sure the Calculator used the 
correct column for hardness. 
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3.2.3 Commands to use for hardness related to nickel, cadmium, copper, lead and zinc 
 For these parameters, the program calculates the guideline value based on a more complicated 

equation that relates to hardness. In theses cases, you need to enter a specific “operator” or 
command into the “Non-compliance if” column. 

 
Leave the ‘Values’ and the ‘Hardness’ columns blank if you use these operators. Then, in the “Non-
compliance if” column enter: 
o NiHardness for nickel 
o CdHardness for cadmium 
o CuHardness for copper 
o PbHardness for lead 
o ZnHardness for zinc. 

 

 
 

3.2.4 Entering pH and/or temperature dependent objectives-Ammonia and Aluminium 
Aluminium and ammonia have guidelines that are pH dependent. In addition, the ammonia guideline is 
temperature dependent.  
 To test guidelines which are pH and/or temperature dependent, the Data worksheet must contain 

columns labeled Temp and pH . These column labels must be exact, or otherwise you will get an 
error message when you run the Calculator.   

 For ammonia, enter the command or operator compute in the “Non-compliance if” column. This 
operator will apply the equation for ammonia that is dependent on pH and temperature, as outlined in 
Appendix B. You need to enter 19ug/L (or 0.019mg/L, depending on what units your data are in) into 
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the ‘value 1’ column. Leave the value 2 column blank.  The calculator will calculate the unionized 
concentration of ammonia and report it on the “Tested Data” worksheet under the original heading of 
“Total Ammonia…” 
 

 For aluminium, enter the command or operator pH dependent in the “Non-compliance if” column.   
- The default pH threshold is 6.5, for pH values greater than or equal to 6.5, the recommended 

guideline is 0.05.  For pH values less than 6.5, the guideline is based on an equation included in 
Appendix B. 

- To use this default setting, leave the “Value 1” column blank and enter 0.05 in the “Value 2” 
column  

 
Some general advice on data entry from Statistics Canada 
Below is some advice to practitioners based on Statistics Canada’s experience in reviewing data from the 
2007 reporting year.  

 Use station ID as the station identifier (not station name) 
 Keep the station name and ID consistent between files and consistent between reporting years 

(check spelling, spacing, leading 0’s etc.) 
 Use consistent units and make sure you include all parameter forms 
 Consistently follow the instructions in this document when dealing with: 

- Missing data 
- Samples below the detection limit 
- Ammonia data - allow calculator to determine unionised component (rather than calculating total 

guideline) 
 
Guideline Tips 

 Wherever possible, allow the calculator to develop a guideline unique to each sample 
- Avoid calculating guidelines over modifying factor ranges (“guidelines by category”) 

 Avoid calculating guidelines by an average value of a modifying factor  
- Allow the calculator to develop a guideline unique to each sample 
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4. Run the Calculator 
 When you have all your objectives entered and want to run the calculation, press the middle of the 

blue button. Be sure to click the middle of the button and not the grey box it appears in. 

 
 
 

 A dialogue box will appear: 

 
 
As seen above, the Calculator gives you the option of entering a multiplier value to each test value. Leave 
the number at 1.0 when you are calculating the CESI WQI.  
 
Common error messages with the Calculator 
 
Missing Data - If your dataset is missing a parameter that modifies another parameter (e.g. hardness) you 
will get an error message.  
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Mislabeled columns - The names of the columns in your dataset may also be problematic. For example, as 
currently programmed, the Calculator looks for a column labeled “Temp” for temperature data. You may have 
temperature data on your Data worksheet, but if the column is labeled “temp” or with some other name 
instead of “Temp”, the program will not find it. 

 
 
Sometimes you will get various error messages, with the option to “Debug”. Choose this option, since the 
program will then continue to run.   
 

 
 
NOTE: On occasion, the Calculator will freeze up, for a variety of reasons. Often, it is best to simply open 
another copy, re-enter the data and try again.  
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5. Reviewing the results 
Once you have successfully run the Calculator, you can then review various work sheets that provide a 
detailed analysis of the WQI score. 
 
5.1 Interpreting the “Tested Data” worksheet  
 The “Tested Data” worksheet shows the results for each site, by parameter. If the guideline score was 

impacted by pH, hardness or temperature data, the data set that the Calculator used appears next to the 
score.  

 
 

5.1.2 Interpreting the colour coding 
The table below provides information on how to interpret colour coded data.  
 

Colour Shading Meaning 

 
 

Supporting information - green 

  
 

Failed values <10 times objective 
(guideline) - grey 

  
 

Failed values 10 to 25 times objective - 
yellow 

 
 

Failed values >25 times objective - red 
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5.2 Interpreting the “Output” worksheet  
 This sheet provides the WQI score for each site by index period.  

 
 
 F1 refers to the scope of exceedances: the proportion of variables where the guidelines were exceeded.  
 F2 refers to the frequency of exceedances: the fraction of tests where the guidelines were exceeded.  
 F3 refers to the amplitude, the magnitude by which the guidelines were exceeded.  
 The rest of the sheet provides statistics on the tested data. Note that you can scroll to the far right of the 

screen to review information on the periods when the F3 (amplitude) score is greater than 80%.  
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5.3 Interpreting the “Excursions” worksheet  
 

 
 
 The “Excursions” sheet shows the distribution of F1 (scope), F2 (frequency), and F3 (amplitude) scores.  

So, the Bins are delineated slices of the dataset of possible F1, F2 and F3 scores. If an F1 score is 22, it 
would fall in the 20-25 bin.  If the F2 score is 55.5, it would fall into the 55-60 bin, and so forth. There are 
three per F (1, 2, or 3), because in this example, there are three years worth of data - one per year.  The 
graphs illustrate this information, which is meant to show how the different F scores affect the WQI value. 
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Appendix D: Water Quality Guideline Evaluation Grid 
………………………………………………………………………………………………………………………………………………….
  

Initial Screening and Evaluation of existing Water Quality Guidelines for local 
relevance 

    

           

Step 1 : Initial Screening           
           
Site: (provide site name, location, or 
reference number) 

           

Parameter: (give name)   Detection Limit:          
Naturally occurring (Y / N):   Natural Background level known (Y / N):   Local Natural 

Background level: 
   If natural background is unknown, highlight this data gap on the 

site-level template 

      Natural background 
level for other sites 
in Canada: 

   If local natural background is unknown, do you suspect it to be 
significantly different from other sites across Canada, where 
natural background is known? 

Existing Guidelines  Canadian Provincial  SSG   other?  Other e.g., USEPA, EU, Australia, Denmark, Netherlands, UK, 
Germany 

Value           
Reference  CCME, 1999         
Is Natural Background higher than 
all guideline values? (Y / N): 

        If yes, select Natural Background as benchmark for 
calculating the WQI 

Are there known and significant 
toxicity modifying factors (TMFs) for 
this parameter? (Y / N): 

If yes:  hardness: (Y / 
N) 

pH: (Y / N)  temperature: (Y / N) other: (Y / N)   
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Step 2: Evaluation and 
Scoring of Existing 
Guideline Values 

          

           
Information Inputs: Max. 

Score 
Canadian Provincial SSG Other?       Considerations and example scores 

Guideline value (Copy from Step 1)           

           
           

Evaluation criteria - for all 
parameters 

          

Intended to protect aquatic life 5        5 - protects all forms or aquatic life (fish, inverts, plants), 4 - 
protects most forms; 3 - protects wildlife consumers only; 2 - 
protects other receptors (health-based); 0 – technology or socio-
economic based 

Level of Protection consistent with 
CCME 

10        10 - intended to protect all species all the time; 8 - 95% level of 
protection based on chronic data; 5 – acute (short-term) exposure 
guideline based on LC 50; 0 – technology or socio-economic 
based 

Date of derivation 5        5 - post 1995; 4 – 1991 - 1995; 3 - 1987 to 1990; 2 – 1980 – 1986; 
1 - pre 1980 

critical species 10        10 - species occurs or has the potential to occur at the site; 8 - 
resident Canadian species; 7 - genus found in Canada and test 
conducted under conditions appropriate for Canadian waters; 5 - 
species not found in Canada but whose sensitivity is known to be 
comparable to Canadian species; <5 - other situations 

For parameters with TMF (include 
only those that are relevant) 

          

hardness           
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Does the guideline have a 
corresponding equation(Y / N): 

5        5 - equation applicable for local conditions (i.e., derived within 
locally relevant ranges); 3 - relationship derived from acute data; 0 
- no equation provided with guideline value 

           
pH           

Does the guideline have a 
corresponding equation? (Y / N): 

5        5 - equation applicable for local conditions (i.e., derived within 
locally relevant ranges); 3 - relationship derived from acute data; 0 
- no equation provided with guideline value 

Temperature           

Does the guideline have a 
corresponding equation? (Y / N): 

5        5 - equation applicable for local conditions (i.e., derived within 
locally relevant ranges); 3 - relationship derived from acute data; 0 
- no equation provided with guideline value 

Other           

Does the guideline have a 
corresponding equation? (Y / N): 

5        5 - equation applicable for local conditions (i.e., derived within 
locally relevant ranges); 3 - relationship derived from acute data; 0 
- no equation provided with guideline value 
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Step 3: Total Scores Max. 
Score

Canadian Provincial SSG Other?        

Max score for Parameters without TMF 30          
Max score for Parameters with one TMF 35          

Max score for Parameters with two TMF 40          
Max score for Parameters with three TMF 45        Select the guideline value with the highest score.  Provide 

information on site-level data template.  High Priority g 
Parameter for site-specific guideline development - Where 
scores for all existing guidelines are less than 30% of the 
maximum score; Medium Priority  -  where all scores are  31- 
60% of the maximum score; Low Priority  - where all scores 
are 61-80% of the maximum score. 

           
         Detection Limit Check (see text):  Case A: If the guideline 

with the highest score is less than 1/10th the detection limit 
(DL), then the guideline value is maintained as the benchmark 
(e.g., DL 100 mg/L, guideline 2 mg/L). Case B: Guideline 
value with the highest score is more than 1/10th the DL, but 
less then the DL, than, the DL becomes the benchmark (e.g., 
DL 100 mg/L, guideline 20 mg/L, benchmark will be 100 
mg/L).  Case C: If the guideline is greater than the DL but less 
than the five times above the detection limit, apply rapid 
assessment approach if appropriate (see text).  If rapid 
assessment is not appropriate or sufficient data do not exist, 
then set the benchmark at 5 times above the DL (e.g., DL 100 
mg/L, guideline 200 mg/L, benchmark 500 mg/L).  Case D:  If 
guideline is greater than 5 times above the DL, than the 
guideline value is maintained as the benchmark. Highlight this 
information in the site-level template. 
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