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Abstract 

We were interested in the development of Site-Specific Water Quality Guidelines 

(SS-WQGs) within the Canadian Water Quality Index (CWQI) model, due to high 

natural background concentration levels of aluminum (Al) and iron (Fe) in some 

freshwater bodies throughout New Brunswick (NB). This report presents the 

adaptation and implementation of an existing CCME-approved SS-WQG method 

called the background concentration (BC) procedure, into the CWQI model. The 

effects of using five different BC-based SS-WQGs (mean; median; mean + SD; 90th 

percentile; mean + 2SD) at eight selected reference monitoring stations across NB 

are examined and compared. The recommendations for SS-WQGs for Al and Fe at 

eight reference stations are also provided in this report. Mean + 2SD was observed to 

give the highest WQI scores improvement among the five BC-based SS-WQGs. 

 

Keywords: aluminum, iron, site-specific water quality guidelines, background 

concentration procedure, water quality index, CCME, New Brunswick  
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Introduction 

Water quality guidelines are science-based levels of physical, chemical and 

biological parameters for different water uses. The Canadian Council of Ministers of 

the Environment (CCME) Canadian Water Quality Guidelines (CWQGs) were 

initially published by the Canadian Council of Resource and Environment Ministers 

(CCREM) in 1987. They provide national water quality guidelines for major water 

uses in Canada (CCME, 2008), including raw water for drinking water supply, 

recreational water quality and aesthetics, freshwater aquatic life, agricultural uses, 

and industrial water supplies. The guidelines for the protection of freshwater aquatic 

life are considered in this project.  

It is possible that some guidelines are over- or under-protective at sites with 

unique conditions, including sites with high natural background levels of particular 

parameters due to geographical and geological factors. Therefore, it may be 

advantageous to apply site-specific water quality guidelines in some cases or 

locations (Khan et al., 2005). New Brunswick (NB) has a variety of freshwater 

systems that are monitored routinely for water quality. Through the 2017 Honours 

project (Fang, 2017; Phase 1), the seasonal and overall trends of 12 water quality 

parameters at eight selected reference NB water monitoring network stations were 

examined. Additionally, CCME guidance for using background concentrations to 

formulate site-specific water quality guidelines (SS-WQGs) was explored for 

aluminum and iron which both had high background concentration levels at the eight 

reference stations (2003-2016). The outcome of Phase 1 shows that the background 

concentration levels of aluminum and iron did not have significant seasonality (Fang, 

2017). Based on the results of Phase 1, we developed additional related objectives to 

explore in the Master of Forestry report (Phase 2).  
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The high background levels of aluminum and iron in some parts of NB often 

leads to exceedances above the CWQGs and result in a given site being classified as 

having ‘fair’ or ‘poor’ water quality, though the water quality of these waterbodies 

can support aquatic life and do not appear to be in a compromised condition. This 

Master of Forestry (MF) project, aims to integrate the SS-WQGs calculated in Phase 

1 into the Canadian Water Quality Index (CWQI), evaluate the performance of the 

SS-WQGs, and provide recommendations for SS-WQGs for aluminum and iron at 

the eight study stations.  

 

Methods 

Briefly, the eight selected NB Surface Water Monitoring Network (SWMN) 

stations in NB were observed to have consistently higher than normal Al and Fe 

values but were not suspected of having any anthropogenic inputs that could 

influence Al or Fe.  These sites were also chosen based on the integrity of data (e.g., 

# samples and sampling period), and spatial distribution around NB for long-term 

data analysis (Figure 1). All water quality data were collected from the web portal of 

the New Brunswick Department of the Environment and Local Government (NB 

DELG, https://www.elgegl.gnb.ca/WaterNB-NBEau). The eight selected monitoring 

stations were sampled a minimum of 4 times per year and the data reflected the water 

quality at that time. The data used in this project cover the period from 2003 to 2017. 
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Figure 1. Locations of the eight ‘reference’ sampling sites in New Brunswick as part of the 

provincial Surface Water Monitoring Program (SWMP). 1: Tobique River above Riley 

Brook Bridge, Route 385; 2: Tabusintac River above Bridge, Route 8; 3: Southwest 

Miramichi River above Porter Brook Bridge; 4: Cains River mouth; 5: Renous River below 

Renous Bridge, Route 8; 6: Digdeguash River near Dominion Hill; 7: Lepreau River above 

Bridge, Route 780; 8: Big Salmon River mouth. (Source Map: Google Earth Pro). 

 

The CWQI is a tool for simplifying the reporting of water quality data 

(CCME, 2001). The WQI score can give an overall level of water quality of a certain 

water body. The CWQI consists of three components: Scope (F1); Frequency (F2), 

and Amplitude (F3). The formulas for each component of the CCME WQI are as 

follows (CCME 2001): 
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Scope indicates the percentage of failed variables. A failed variable is a parameter 

that has at least one test failing to meet the WQG during the whole collecting period. 

When calculating WQI scores, the lower the F1 component is, the higher the 

resultant WQI scores will be. 

𝐹1 = (
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑖𝑙𝑒𝑑 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠
) ∗ 100 

 

Frequency is the percentage of failed tests over all tests. Similar to F1, the lower the 

F2 component is, the higher the resultant WQI scores will be. 

𝐹2 = (
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑎𝑖𝑙𝑒𝑑 𝑡𝑒𝑠𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑠𝑡𝑠
) ∗ 100 

 

Amplitude is the most complex factor among the three. It represents the amount by 

which failed test values do not meet their objectives. F3 is calculated through three 

steps.  

1. The first step is to calculate the excursion, which can be calculated in two ways 

under different circumstances, depending on whether exceedances are based on being 

above (A) or below (B) a certain water quality objective.  

(A) 𝑒𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛 𝑖 = (
𝐹𝑎𝑖𝑙𝑒𝑑 𝑇𝑒𝑠𝑡 𝑉𝑎𝑙𝑢𝑒 𝑖

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑗
) − 1 

  (𝐵)𝑒𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛 𝑖 = (
𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑗

𝐹𝑎𝑖𝑙𝑒𝑑 𝑇𝑒𝑠𝑡 𝑉𝑎𝑙𝑢𝑒 𝑖
) − 1 

Most parameters only have upper limits as WQGs, while pH has both upper and 

lower limits and dissolved oxygen has a lowest acceptable level based on 

temperature and life stage for the protection of aquatic life.  
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2. The second step is to calculate the normalized sum of excursions (nse), in which 

divides the sum of all excursions by the number of tests over the testing period at the 

sample site: 

𝑛𝑠𝑒 =
∑ 𝑒𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛 𝑖𝑛

𝑖=1

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑒𝑠𝑡𝑠
 

𝐹3 = (
𝑛𝑠𝑒

0.01𝑛𝑠𝑒 + 0.01
) 

Finally, all three components are combined to calculate the WQI score. The 

denominator, 1.732, normalizes the resultant values to a range between 0 and 100, 

where 0 represents the “worst” water quality and 100 represents the “best” water 

quality. 

𝐶𝐶𝑀𝐸 𝑊𝑄𝐼 = 100 − (
√𝐹12 + 𝐹22 + 𝐹32

1.732
) 

The resultant WQI scores can be categorized into rankings of poor to excellent based 

on their values and associated expected condition (CCME, 2001): 

• Excellent: (CWQI value 95-100) - water quality is protected with a virtual absence 

of threat or impairment; conditions very close to natural or pristine levels. 

• Good: (CWQI value 80-94) - water quality is protected with only a minor degree of 

threat or impairment; conditions rarely depart from natural or desirable levels. 

• Fair: (CWQI value 65-79) - water quality is usually protected but occasionally 

threatened or impaired; conditions sometimes depart from natural or desirable levels. 

• Marginal: (CWQI value 45-64) - water quality is frequently threatened or impaired; 

conditions often depart from natural or desirable levels. 

• Poor: (CWQI value 0-44) - water quality is almost always threatened or impaired; 

conditions usually depart from natural or desirable levels. 

Since 2007, the NB DELG has consistently used a suite of 11 parameters in 

calculating their WQI scores (Table 1). Aluminum was added as it fit within the 
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objectives of this MF project. In fact, the current CCME WQG for aluminum is not 

currently active as CCME retracted it in 2006 due to the complexity of setting a 

target for a parameter that behaves differently in terms of its mode of toxicity, and it 

is highly dependent on pH (E. Douthwright, NB DELG, pers. comm.). In this project, 

the CWQG for aluminum was used in the absence of a current replacement. 

Hardness is required for the WQI calculation, as the CWQGs of copper and zinc are 

both hardness-dependant, but it is not included in Table 1 as it does not have a 

corresponding guideline. The guideline for zinc used on the guideline spreadsheet for 

the WQI calculation was 7.5 μg/L only, without the equation. This was to simplify 

the calculation and to avoid possible errors when running the WQI calculator. All of 

the hardness sample values were below 90 mg/L through the entire collecting period, 

so it can be guaranteed that using 7.5 μg/L only would not lead to mistakes.  

 
Table 1. Parameters and WQGs for the protection of aquatic life used for the calculation of WQI 

in NB (Environment and Climate Change Canada, 2017). Aluminum is bolded because it is not 

currently involved in the WQI calculation in NB but was a focus parameter within this project. 

 

Parameter Form Guideline 

Aluminum Total 5 µg/L if pH < 6.5 

100 µg/L if pH ≥ 6.5 

Ammonia un-

ionized 

19 μg/L 

Arsenic Total 5 μg/L 

Chloride Total 120 mg/L 

Copper Total 2 μg/L for hardness < 90 

mg [CaCO3]/L 

0.2*e0.8545*ln[hardness]-1.465 

μg/L for hardness 

> 90 mg [CaCO3]/L 

Iron Total 0.3 mg/L 

Nitrate Total 2.9 mg NO3-N/L 

Oxygen Dissolved 6.5 mg/L 

pH   between 6.5 and 9 

Phosphorus total 0.03 mg/L 

Turbidity   10 NTU  

Zinc total 7.5 μg/L for hardness 

≤ 90 mg [CaCO3]/L 
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7.5 + 0.75*(hardness-

90) for hardness 

> 90 mg [CaCO3]/L 

 

Site-Specific WQGs (SS-WQGs) approach   
 

There are four approaches recommended for deriving SS-WQGs (CCME 

2003):  

1. background concentration (BC) procedure 

2. recalculation procedure 

3. water effect ratio procedure 

4. resident species procedure  

In Fang (2017), we used the BC procedure, where the natural background 

concentrations of a given parameter are used to characterize water quality conditions 

at the site under consideration. This approach has been used most commonly to 

describe relatively pristine or somewhat contaminated water bodies (CCME, 2003). 

The upper limit of the natural background of a substance can be established as the 

SS-WQG, which generally is estimated through statistical procedures (CCME, 

2003). The five BC statistical values calculated at every station for both Al and Fe in 

Fang (2017) were mean, median, mean ± one standard deviation (mean ± SD), mean 

± two standard deviations (mean ± 2SD), and the 90th percentile. The SS-WQGs 

should not be lower than background concentrations (CCME, 2003), therefore the 

BC statistical value lower than CWQGs would not be used as a BC-based SS-WQG. 

Also, the statistics mean ± 2SD and mean ± SD are for parameters that have both 

lower and upper limits, such as dissolved oxygen and pH. However, only aluminum 

and iron would be considered in this project and they do not have corresponding 
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lower limits, therefore, only mean + SD and mean + 2SD would be considered for 

aluminum and iron in this project.  

 

Results and Discussion  

Table 2 summarizes the BC statistical values of Al and Fe at the eight project 

stations (from Fang 2017). The bolded BC statistical values in Table 2 were 

considered as BC-based SS-WQGs in the calculation of WQI scores as they were 

greater than the existing CWQG. Specifically, Big Salmon River and Southwest 

Miramichi River stations did not have BC statistical values of Fe higher than the 

current CWQG. In fact, the BC statistical values of Fe at the Big Salmon River 

station were relatively low, falling between 0.03mg/L and 0.08mg/L, which indicates 

that the background concentration of Fe at these stations may exceed guidelines 

occasionally but overall are acceptable for the protection of aquatic life.  

In contrast, the BC statistical values of Fe at Tabusintac River station were 

the highest among the eight reference sites with a mean + 2SD of 0.61 mg/L. The 

mean + 2SD of Al at Lepreau River station (pH>6.5) was the highest among the 

eight sites at 0.32 mg/L, which was three times higher than the CWQG. The eight 

stations all had BC statistical values of Al higher than the CWQG (0.005 mg/L when 

pH<6.5, 0.1 mg/L when pH≥6.5), while four of them had both BC statistical values 

of Fe and Al higher than the CWQGs (0.3 mg/L for Fe; Cains, Digdeguash, Lepreau, 

and Tabusintac River stations).  

Table 2. Background concentration (BC) statistics for the eight reference sites. All the 

statistics that are higher than the current CWQGs are bolded.  

Site 

# 
Site Name Parameter 

Background concentration statistics 

Mean Median Mean+1SD 90th 

percentile 

Mean 

+ 

2SD 
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1 Tobique 

River  
Fe 0.07 0.05 0.14 0.11 0.21 

Al 0.05 0.04 0.11 0.08 0.16 

2 Tabusintac 

River  

Fe 0.30 0.27 0.46 0.55 0.61 

Al 0.10 0.10 0.17 0.16 0.24 

3 Southwest 

Miramichi 

River 

Fe 0.10 0.09 0.16 0.20 0.23 

Al 0.09 0.08 0.15 0.18 0.2 

4 Cains River  Fe 0.26 0.22 0.40 0.50 0.53 

Al 0.11 0.10 0.19 0.23 0.26 

5 Renous 

River  

Fe 0.13 0.12 0.19 0.26 0.25 

Al 0.08 0.08 0.14 0.17 0.19 

6 Digdeguash 

River  
Fe 0.26 0.25 0.35 0.40 0.45 

Al 0.11 0.11 0.16 0.17 0.2 

7 Lepreau 

River  
Fe 0.23 0.23 0.30 0.33 0.37 

Al 0.2 0.2 0.26 0.26 0.32 

8 Big Salmon 

River  

Fe 0.04 0.03 0.06 0.08 0.08 

Al 0.07 0.05 0.11 0.13 0.15 

 

If the water quality data are normally distributed, 68% of the values will lie 

within one standard deviation of the mean and 95% of the values will lie within two 

standard deviations of the mean. This means that the BC statistic mean + SD is 

roughly equal to the 68th percentile, and the mean + 2SD is roughly equal to the 95th 

percentile. Therefore, the order of the BC statistical values is mean + 2SD > 90th 

percentile > mean + SD. As shown in Table 2, the mean + 2SD is always the highest, 

90th percentile is always less than mean + 2SD and mean + SD is always less than 

90th percentile. 

Table 3 shows the WQI scores and rankings of using CWQGs and different 

BC-based SS-WQGs of aluminum and iron at each station. The WQI scores all 

increased by different amounts using different BC-based SS-WQGs, and surprisingly 

the amount by which WQI scores changed did not result in any change in their WQI 

ranking. Most WQI scores calculated with BC-based SS-WQGs could only change 

slightly, from zero to 1.7 points, which was mainly contributed by the change of F2 

and F3, for F1 did not change but it appeared to dominate the calculation. For 

example, the highest change was brought by mean + 2SD at Cains River station, the 
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F2 value decreased from 7.3 to 1.8, the F3 value decreased from 19.2 to 12.1. F2 

decreased because the application of BC-based SS-WQGs of Al and Fe decreased the 

number of failed tests overall for these two parameters. F3 decreased for a similar 

reason, as the higher the BC-based SS-WQGs were, the lower the exceedances 

would be, and the lower the F3 values would be. According to the WQI score 

formula: 

   𝐶𝐶𝑀𝐸 𝑊𝑄𝐼 = 100 − (
√𝐹12+𝐹22+𝐹32

1.732
) 

the combination of the change of F2 and F3 would lead to the 1.7 points increase in 

the WQI score. 

 

Table 3. WQI scores using CWQGs and BC statistics to generate SS-WQGs for Al and Fe at 

each station. If the SS-WQG was lower than CWQG, they are not shown here as the CWQG 

is used in the calculation of WQI scores. 

Site 

# 

Station 

Name 

CWQGs and 

BC statistics 

Scope 

(F1) 

Frequency 

(F2) 

Amplitude 

(F3) 

WQI 

score 

WQI 

rank 

1 
Tobique 

River  

CCME 33.3 1.7 1.8 80.7 Good 

mean+1SD 33.3 1.5 1.7 80.7 Good 

mean + 2SD 33.3 1.4 1.4 80.7 Good 

2 
Tabusintac 

River  

CCME 50 8.9 19.9 68.5 Fair 

mean+1SD 50 4.2 18.7 69.1 Fair 

90th percentile 50 3.6 18.5 69.2 Fair 

mean + 2SD 50 3.5 18.3 69.2 Fair 

3 

Southwest 

Miramichi 

River  

CCME 16.7 3.7 6 89.5 Good 

mean+1SD 16.7 1.8 5.1 89.9 Good 

90th percentile 16.7 1.8 4.9 89.9 Good 

mean + 2SD 16.7 1.7 4.8 89.9 Good 

 

Cains River  

CCME 41.7 7.2 19.2 73.2 Fair 

 Mean 41.7 6.9 18.7 73.3 Fair 

4 mean+1SD 41.7 3.4 12.7 74.8 Fair 

 90th percentile 41.7 2.2 12.3 74.9 Fair 

 mean + 2SD 41.7 1.8 12.1 74.9 Fair 

5 
Renous 

River  

CCME 25 2.8 6.8 85 Good 

mean+1SD 25 1.8 6.1 85.1 Good 

90th percentile 25 1.4 5.9 85.1 Good 

mean + 2SD 25 1.3 5.8 85.2 Good 

 Digdeguash CCME 41.7 9.9 13.8 74 Fair 
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 River  Mean/ median 41.7 9.0 13.0 74.3 Fair 

6 mean+1SD 41.7 5.2 12.7 74.7 Fair 

 90th percentile 41.7 4 12.4 74.8 Fair 

 mean + 2SD 41.7 3.3 12.3 74.8 Fair 

7 
Lepreau 

River  

CCME 50 15.9 71.7 48.7 Marginal 

Mean/ median 50 13.7 71.6 49.0 Marginal 

90th percentile 50 13.3 71.6 49.0 Marginal 

mean + 2SD 50 12.9 71.5 49.1 Marginal 

8 
Big Salmon 

River  

CCME 25 2.1 11.1 84.2 Good 

mean+1SD 25 1.9 11 84.2 Good 

90th percentile 25 1.3 10.8 84.3 Good 

mean + 2SD 25 1.1 10.7 84.3 Good 

 

 

Performance Analysis of the CWQI 
 

Based on the results above, we explored the weightings of the three factors 

within the WQI calculations. According to the WQI equation, the three factors (F1, 

F2, and F3), all weigh the same in the calculation. However, take an extreme 

example: if all 12 parameters considered in this project each had only one test value 

exceeding the WQGs, each parameter had an infinite number of tests, and the failed 

test value exceeded the WQGs by a negligible amount. Then the F1 value would be 

equal to 100, F2 and F3 values would approach zero, ultimately, the CWQI score 

would be no greater than 42.26, falling in the category of poor. This extreme case 

might never happen, however, there were 12 parameters involved at each reference 

site in this project. The F1 factor appears to dominate the resultant CWQI score and 

it would take large changes in F2 or F3 to influence any change large enough to 

change the rank of the station. 

Gartner Lee (2006) used large datasets to quantify how the CWQI changed 

with 1) # of parameters, 2) parameter selection, 3) # samples, and 4) the effect of 

objective selection. The sensitivity analysis of the CWQI showed that the 

performance of the index was reasonable when 10 or more variables were included 



 

 12 

 

and at least 30 sample observations from at least 3 years of data (Painter and Waltho, 

2004; Gartner Lee 2006).   

 In this project, I used 12 parameters for the CWQI score calculations which 

means that for each parameter that fails, it decreased the F1 value by 8.3. Applying 

SS-WQGs does not change the number of failed parameters, for there will still be at 

least one failed test for this parameter when using BC concentration data. This is a 

much larger effect than F2 can exert, especially when using large datasets. F2 would 

have the most influence when there were fewer tests overall for this factor’s 

denominator. F3 reflects the excursion, and the change in excursion needs to be large 

(i.e. the excursion before the application of the SS-WQG needs to be a large change), 

for this factor to have as much influence as F1. 

An example of F1 dominance can be seen at the Tabusintac River station. 

There was one failed pH test at 6.44 (0.06 lower than the CWQG), and a failed 

phosphorous test at 0.034 (0.004 higher than the guideline). These two failed tests, 

with small excursions, collectively led to a decrease in 16.7 points in F1 at this 

station. In comparison, at other stations, like the Lepreau River station, only 6 of the 

78 tests of aluminum passed the CWQG, but the parameter aluminum itself would 

still only lead to 8.3 points’ decrease in F1 at this site, the same as either pH and 

phosphorous at the Tabusintac River station. As far as I am concerned, the 

calculation of F1 should also consider the weights of all parameters by investigating 

the number and amplitude of failed tests.  

Because F1 dominates the factors that contribute to the CWQI, Gartner Lee 

(2006) proposed two alternative F1 formula scenarios: 

Alternative F1 Scenario 1 = (F1a+F1b)/2 

Where  F1a = (number of failed variables/total number of variables) *100  
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(the same as the current formula of F1). 

F1b = (number of samples showing values that exceed guidelines or 

 objectives/total number of samples) *100.  

This formula integrates the number of samples that had values exceeding 

guidelines. It is very likely that some stations had failed tests of different parameters 

at different collecting periods; the failed tests would be dispersed through the whole 

collecting period rather than centered in a certain period, and this would lead to a 

higher F1b. If F1b is higher than F1a, then the modified F1 value would certainly be 

higher than the original F1 value. Gartner Lee (2006) used a large dataset (163 

stations) to show that the Alternative F1 Scenario 1 had no significant statistical 

difference on the revised CWQI score. Therefore, this modified formula was not 

used for further analysis in this project.  

The Alternative F1 Scenario 2 (Gartner Lee, 2006), discounts exceedances 

that are infrequent.    

Alternative F1 Scenario 2 =  F1a*(F2>0.1)+0.5*F1a*(F2≤0.1)  

Where F1a = (number of failed variables/total number of variables) x 100 (same 

as the current formulation of F1).  

        F2 = (total number of failed tests/total number of tests) x 100 (same as 

the current formulation of F2).  

Alternative 1 scenario 2 discounts when there is an occasional exceedance. 

Specifically, the F1 values under scenario 2 are divided by two if the corresponding 

F2 values are less than or equal to 10%; and the F1 values are to remain the same as 

the original ones if the F2 values are greater than 10%. The rest of the WQI 

calculation process remains the same as the original.  
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From Table 4, the scenario 2 F1 values were the lowest among the three cases, 

except for Lepreau River station, whose F2 values were all greater than 10% and had 

a high ratio of failed samples. At Lepreau River station, the application of both 

formulas did not improve the WQI scores, but the scenario 1 formula did change the 

WQI rank to poor. Scenario 1 formula can decrease F1 values and improve WQI 

scores under certain circumstances. As mentioned above, it is very likely that some 

failed tests were dispersed over the whole collecting period rather than concentrated, 

which made it possible for F1b to be relatively high. On the contrary, if the failed 

tests were concentrated, the F1 values could decrease and WQI scores would 

subsequently increase. Most stations had F2 values less than 10% except Lepreau 

River station. Overall, there was an average change of WQI scores about 5.5% (-16% 

to 11%) in scenario 1, while the application of scenario 2 F1 formula improved the 

WQI scores by five to 12 points (average change 10% from 0 to 18%), as well as  the 

rankings of some stations from fair to good. Tabusintac, Cains and Digdeguash River 

stations showed the most improvement of WQI scores and ranks in scenario 2. Most 

stations, except Tobique and Big Salmon River stations, had decreased WQI scores 

using CCME WQGs only in scenario 1. The Renous River station had slightly 

decreased WQI scores in scenario 1 using CCME WQGs and BC-based SS-WQGs.



 

 

1
5
 

 

Table 4. Original and alternative 1 scenario formulas modified WQI and ranking, the rankings changed under scenario 1 and 2 are highlighted in 

yellow. 

Site 

# 

Station 

Name 

CWQGs 

and BC 

statistics  

F1 

original 

WQI 

original 

Original 

WQI 

rank 

F1 

Scenario 1 

WQI 

Scenario 1 

Ranking 

Scenario 1 

F1 

Scenario 2 

WQI 

Scenario 2 

Ranking 

Scenario 2 

1 

 

 

Tobique 

River 

CCME 33.3 80.7 Good 23.8 86.2 Good 16.7 90.3 Good 

Mean + SD 33.3 80.7 Good 22.9 86.7 Good 16.7 90.3 Good 

mean + 2SD 33.3 80.7 Good 22.0 87.2 Good 16.7 90.3 Good 

2 

 

 

 

Tabusintac 

River 

CCME 50.0 68.5 Fair 55.9 65.4 Fair 25.0 80.8 Good 

mean+1SD 50.0 69.1 Fair 43.1 72.8 Fair 25.0 81.8 Good 

90th 

percentile 
50.0 69.2 Fair 42.0 73.4 Fair 25.0 81.9 Good 

mean + 2SD 50.0 69.2 Fair 37.8 75.7 Fair 25.0 82.0 Good 

3 

 

 

 

Southwest 

Miramichi 

River 

CCME 25.0 85.0 Good 26.7 84.0 Good 12.5 91.6 Good 

mean+1SD 25.0 85.1 Good 22.5 86.5 Good 12.5 91.9 Good 

90th 

percentile 
25.0 85.1 Good 20.0 87.9 Good 12.5 92.0 Good 

mean + 2SD 25.0 85.2 Good 19.2 88.4 Good 12.5 92.0 Good 

4 

 

 

 

 

Cains River 

CCME 41.7 73.2 Fair 46.3 70.8 Fair 20.9 83.1 Good 

Mean 41.7 73.3 Fair 44.5 71.8 Fair 20.9 83.3 Good 

mean+1SD 41.7 74.8 Fair 30.5 80.8 Good 20.9 85.8 Good 

90th 

percentile 
41.7 74.9 Fair 28.7 81.9 Good 20.9 86.0 Good 

mean + 2SD 41.7 74.9 Fair 26.1 83.4 Good 20.9 86.0 Good 

5 

 

 

 

Renous 

River 

CCME 16.7 89.5 Good 28.0 83.4 Good 8.4 93.7 Good 

mean+1SD 16.7 89.9 Good 18.2 89.1 Good 8.4 94.3 Good 

90th 

percentile 
16.7 89.9 Good 18.2 89.1 Good 8.4 94.3 Good 

mean + 2SD 16.7 89.9 Good 17.2 89.7 Good 8.4 94.4 Good 

6 

 

 

Digdeguash 

River 

CCME 41.7 74.0 Fair 57.8 65.2 Fair 20.9 84.5 Good 

Mean/ 

median 
41.7 74.3 Fair 56.2 66.3 Fair 20.9 84.9 Good 
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mean+1SD 41.7 74.7 Fair 45.5 72.6 Fair 20.9 85.6 Good 

90th 

percentile 
41.7 74.8 Fair 42.4 74.4 Fair 20.9 85.8 Good 

mean + 2SD 41.7 74.8 Fair 37.8 77.0 Fair 20.9 85.9 Good 

7 

 

 

 

Lepreau 

River 

CCME 50.0 48.7 Marginal 71.4 40.8 Poor 50.0 48.7 Marginal 

Mean/ 

median 
50.0 49.0 Marginal 61.9 44.8 Marginal 50.0 49.0 Marginal 

90th 

percentile 
50.0 49.0 Marginal 61.3 45.0 Marginal 50.0 49.0 Marginal 

mean + 2SD 50.0 49.1 Marginal 61.3 45.1 Marginal 50.0 49.1 Marginal 

8 

 

 

 

Big Salmon 

River 

CCME 25.0 84.2 Good 22.5 85.5 Good 12.5 90.3 Good 

mean+1SD 25.0 84.2 Good 21.3 86.1 Good 12.5 90.3 Good 

90th 

percentile 
25.0 84.3 Good 17.5 88.1 Good 12.5 90.4 Good 

mean + 2SD 25.0 84.3 Good 16.3 88.7 Good 12.5 90.5 Good 
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Special case analysis of Lepreau River station 

 

Among the eight stations, Lepreau River station received the lowest CWQI 

scores and ranks. This was due to the high proportion of samples with pH < 6.5, 

which led to the application of the rather strict CWQG of aluminum to those samples 

(0.005 mg/L). F1 did not change but F2 and F3 changed slightly. Lepreau River 

station had five BC-based SS-WQGs of Al higher than the CWQG, but only mean + 

2SD and 90th percentile of Fe was higher than CWQG. 

The background concentration of Fe at Lepreau River station was not very 

high during 2003 to 2017. The highest BC statistic was mean + 2SD at 0.37mg/L, 

slightly above the current CWQG 0.3mg/L, but it decreased F2 and F3 by a 

noticeable amount.  

By contrast, most Al samples when pH ≥ 6.5 (blue dots on Figure 2) fell 

between CCME WQG (0.1 mg/L) and the mean/median background concentration 

(0.2 mg/L), the rest fell under CCME WQG, with only one sample slightly above 0.2 

mg/L. The background concentrations when pH < 6.5 were higher (Figure 2).  
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Figure 2. Scatter plots of Al sample values at Lepreau River station with BC-based SS-

WQGs indicated with coloured lines.  

 

If one divides the aluminum tests into the lower pH group (< 6.5), and the 

higher pH group (≥ 6.5), and applies the BC procedure to both groups, two sets of 

BC statistics can be acquired (Table 5). Though the CWQG of Al when pH is lower 

than 6.5 is much less protective, the BC statistics when pH was lower than 6.5 were 

all higher than those of the other scenario. 

 

Table 5. Background concentrations (BC) statistics of Al (pH-divided) and Fe at Lepreau 

River station. 

BC statistics Aluminum mg/L Iron mg/L 

pH<6.5 pH≥6.5 

Mean 0.22 0.14 0.23 

Median 0.22 0.15 0.23 

Mean+1SD 0.24 0.16 0.30 
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90th percentile 0.28 0.19 0.33 

Mean + 2SD 0.34 0.20 0.37 

 

 

 The WQI scores were much higher than before as shown in Table 6 using BC 

statistics of both Fe and pH-divided Al. F1 did not change because BC statistics 

cannot eliminate any parameter from the list of failed parameters. F2 decreased 

because the application of BC statistics decreased the number of failed aluminum 

tests. F3 also decreased significantly due to the decreased number of failed tests and 

the higher objectives, namely higher denominators. The application of BC statistics 

for Al and Fe increased WQI scores at Lepreau from 48.7 to 71.1, increased the rank 

from marginal to fair.  

 

Table 6. WQI scores using pH-divided (cut-off at pH 6.5) BC statistics of Al and Fe at 

Lepreau River station. 

 F1 F2 F3 WQI Category 

CCME 50 15.9 71.7 48.7 Marginal 

Mean 50 0.12 2.0 71.10 Fair 

Median 50 0.1 1.9 71.11 Fair 

Mean+1SD 50 0.09 1.3 71.12 Fair 

90th percentile 50 0.08 1.2 71.12 Fair 

Mean + 2SD 50 0.07 1.0 71.13 Fair 

 

 

Though deriving pH-divided BC statistics of Al can increase WQI scores 

dramatically, this process is not suitable to every station in this project. In fact, two 

reference sites had one pH test value lower than 6.5; another two reference sites had 

two pH test values lower than 6.5; three reference sites had no pH value lower than 
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6.5; Lepreau River station had 56 pH values lower than 6.5, which led to the 

extremely strict CWQG (0.005mg/L) applied to this site. It would be cumbersome to 

apply the pH-divided BC statistics derivation process to all the reference stations 

since they only rarely had a pH lower than 6.5 to calculate the corresponding pH-

divided BC-based SS-WQGs. 

Due to the particularity of aluminum at Lepreau River station, I explored 

other options for establishing a SS-WQG when the pH was low. In British Columbia, 

the water quality criteria for aluminum for the protection of aquatic life in freshwater 

when pH < 6.5 under chronic condition, is based on the 30-day mean aluminum 

using the median pH value (Butcher, 2001). This formula was applied to the Lepreau 

River station data in this project (median pH (2003-2017) = 6.15), for the data used 

in this project were chronic from 2003 to 2017 and the objective of this project was 

also giving long-term SS-WQGs recommendations.   

Dissolved Al = e(1.6-3.327(median pH) +0.402K) 

Where K = (median pH)2 

The outcome of the calculation was 0.026mg/L, when pH<6.5. This figure is 

much higher than CWQG of 0.005mg/L, but it is still almost ten times less than the 

lowest BC-based SS-WQG at Lepreau River station. The WQI score using this 

method for pH < 6.5 aluminum samples, using mean + 2SD for iron and the 

remaining pH ≥ 6.5 Al data at Lepreau is 65.25, falling into the fair category. This 

formula can be a strong argument, but 0.026mg/L seems to be over-protective 

compared with other BC-based SS-WQGs.  

Rather than recommend a higher BC-based SS-WQG for the lower pH 

condition, it might make more sense to use the value when pH ≥ 6.5 (mean + 2SD = 

0.20 mg/L) and apply it regardless of pH. Because Al is more bioavailable at lower 
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pH and because the old CCME WQG was far more protective at 0.005mg/L, it would 

be prudent to investigate the toxicity of Al in such naturally acidic freshwater at 

Lepreau River station to resident aquatic life (e.g., fish, benthic invertebrates, algae, 

bacteria).  

Figure 3 summarizes the number of exceedances for aluminum at each station 

using BC-based SS-WQGs or CWQGs. As expected, the numbers of exceedances 

using CWQGs only were all the highest at each station, the BC-based SS-WQGs that 

were less than CWQG are not shown in Figure 3. There would be very few 

exceedances when the mean + 2SD is applied; and there was no regular pattern for 

mean or median, and some stations still maintained their exceedances (e.g., 

Digdeguash River and Lepreau River stations). Stations had their means and medians 

lower than CWQG (e.g., Renous, SW Miramichi and Tabusintac River stations), had 

relatively better water quality and lower numbers of exceedances. It should be noted 

here that the BC-based SS-WQGs used at Lepreau River station were pH-divided 

(i.e., split above and below pH 6.5 as per the current guidelines).  

 

Figure 3. Numbers of exceedances of aluminum at the eight study stations using CWQG and 

BC-based SS-WQGs. 
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Figure 4 shows the numbers of exceedances of Fe at the four stations that had 

BC-based SS-WQGs exceeding the CWQG. Similarly, mean + 2SD was the highest 

among all the BC statistics at every station, and the numbers of exceedances using 

mean + 2SD were all the lowest. The other two BC statistics, mean and median, were 

all below CWQG at all stations and they were not involved in this examination. The 

numbers of exceedances using CWQGs only were all 10 and above, and applying the 

mean + 2SD would decrease the numbers to a negligible level.  

 
 
Figure 4. Numbers of exceedances of iron using CWQG and BC-based SS-WQGs at four 

stations that had three or two BC-based SS-WQGs higher than CWQG. 

 

Across Canada, only the province of Alberta includes aluminum in their WQI 

scores using the CWQG, while the other provinces and territories, including New 

Brunswick, do not include aluminum. Striped bass (Morone saxatilis) and brook trout 

(Salvelinus fontinalis) were observed to be the two North American fish species most 

sensitive to the toxic effects of aluminum (Gostomski, 1990). Aluminum toxicity was 

also observed to be increased at lower pH (Gostomski, 1990). 

 In Canada, six provinces and territories include iron in their WQI scores: 

British Columbia, Manitoba, Newfoundland and Labrador, Northwest Territories, 
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Nova Scotia and New Brunswick (0.3 mg/L; CESI, 2008). In addition, 

Newfoundland and Labrador uses both 0.3mg/L (CESI, 2008) and SS-WQGs (Khan 

et al., 2005); Northwest Territories use both 0.3mg/L (CESI, 2008) and mean + 2SD 

as the SS-WQG (Lumb et al., 2006). Iron has an essential role as a constituent of 

enzymes and, in freshwater, iron is an important nutrient for algae and other 

organisms (Vuori, 1995). Current water quality criteria for metals are typically 

derived from toxicity tests with the metal dissolved in clean laboratory water. 

Estimating the toxicity of iron from such tests, however, is extremely difficult 

because of the complex solubility and toxicity characteristics of the ferrous and ferric 

forms of the metal in freshwater (Linton, 2007).  

Conclusion 

 In conclusion, the recommended SS-WQGs for each station are summarized 

in Table 7, based on the mean + 2SD BC-based SS-WQG. Four stations had 

recommended SS-WQGs for aluminum only, this was because of the relatively lower 

background concentration of iron at those stations, including the Big Salmon, 

Renous, Southwest Miramichi, and Tobique River stations. For the remaining four 

stations, Cains, Digdeguash, Lepreau, and Tabusintac River stations, the 

recommended SS-WQGs were all their corresponding mean + 2SD values for both 

parameters. The recommendations for aluminum at the four stations ranged from 

0.15 to 0.26 (Table 7). The recommendation for iron at Lepreau River station was the 

lowest at 0.37mg/L, slightly above CWQG; and the recommendation for Tabusintac 

River station was the highest at 0.61mg/L. These values are only recommendations, 

it cannot be guaranteed that these values keep the safety of aquatic life around those 

stations. Further investigation is required to examine whether these levels are safe for 

aquatic life site-specifically.  



 

 24 

 

 

Table 7. Recommended SITE-SPECIFIC water quality objective values using the mean + 

2SD for the calculation of background concentrations for Al and Fe at eight project stations.  

“--“represents that no site-specific value is recommended as the current CC 

Site # Station names  Recommended site-

specific WQG values 

for Al (mg/L) 

Recommended site-

specific WQG values 

for Fe (mg/L) 

1 Tobique River  0.16 -- 

2 Tabusintac River  0.24 0.61 

3 Southwest Miramichi 

River  

0.20 -- 

4 Cains River  0.26 0.53 

5 Renous River  0.19 -- 

6 Digdeguash River  0.20 0.45 

7 Lepreau River  0.20 0.37 

8 Big Salmon River  0.15 -- 

 

 Substituting BC-based SS-WQGs into the WQI calculation is a simple way to 

test possible SS-WQGs and find the optimal ones based on the management 

objectives and WQI scores, as long as there is a long-term dataset available. 

However, the main shortcoming of the WQI formula is the domination of F1, which 

can lead to biased calculations and mask any improvements when using SS-WQGs. 

Additionally, the background concentration method for deriving SS-WQGs is not 

ecologically or biologically-based, and it may not produce values that are protective 

of aquatic life. Although WQI calculation can certainly be helpful in terms of 

comparing all BC-based SS-WQGs, it is impossible for this method to determine the 

SS-WQGs that can guarantee the safety of aquatic life. It may require further 

investigation, especially exploring the other three approaches (recalculation 

procedure, water effect ratio procedure, and resident species procedure) to obtain 

practical and safe SS-WQGs for each reference station.   
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