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Purpose of consultation 

This guideline technical document outlines the evaluation of the available information on calcium, 
magnesium, hardness, chloride, sulphate, total dissolved solids (TDS) and hydrogen sulphide with the 
intent of updating the guideline value for these operational parameters in drinking water. The purpose of 
this consultation is to solicit comments on the proposed guidelines for operational parameters, on the 
approach used for their development, and on the potential impacts of implementing them. 
 
There are seven existing guideline technical documents, one for each of calcium, magnesium, hardness, 
chloride, sulphate, TDS and hydrogen sulphide. This document consolidates and updates information for 
these seven parameters into one document and proposes guidelines for these operational parameters 
(such as substances in the water that may affect water treatment and consumer acceptance of drinking 
water). 
 
The existing guideline technical document on: 

• calcium, developed in 1987 and reaffirmed in 2005, determined that a maximum acceptable 
concentration (MAC) was not required as there was no evidence of health effects attributable to 
calcium in drinking water. There were insufficient data to establish an aesthetic objective (AO). 
This document does not propose an AO or a MAC for calcium. Instead, calcium is addressed 
through information on controlling hardness.  

• magnesium, developed in 1978, determined that a MAC was not required as there was no 
evidence of health effects attributable to magnesium in drinking water. This document does not 
propose an AO or a MAC for magnesium. Instead, magnesium is addressed through information 
on controlling hardness. 

• hardness, developed in 1979, determined that a MAC was not required as the major contributors 
to hardness (calcium and magnesium) were not of public health concern. This document does 
not propose an AO or a MAC for hardness. Instead, it provides treatment and operational 
guidance to control hardness in drinking water treatment systems. 

• chloride, developed in 1979 and reaffirmed in 2005, established an AO of  ≤ 250 mg/L based on 
taste considerations and the potential to cause corrosion in the distribution system. This 
document proposes to maintain the AO for chloride at ≤ 250 mg/L based on the same 
considerations of taste and corrosion.  

• sulphate, developed in 1994, established an AO of ≤ 500 mg/L based on taste. This document 
proposes to maintain the AO for sulphate at ≤ 500 mg/L based on the same consideration of 
taste.  

• TDS, developed in 1994, established an AO of ≤ 500 mg/L based on excessive scaling in water 
pipes, heaters and appliances. The document proposes to maintain the AO for TDS at 
≤ 500 mg/L based on the same considerations for scaling.  

• sulphide, developed in 1992, established an AO of ≤ 0.05 mg/L (50 μg/L) based on taste and 
odour. This document proposes to maintain the AO for sulphide at ≤ 0.05 mg/L based on the 
same considerations of taste and odour.  

 
This document is available for a 60-day public consultation period. Please send comments (with 
rationale, where required) to Health Canada via email at:  
 

HC.water-eau.SC@hc-sc.gc.ca 

mailto:HC.water-eau.SC@hc-sc.gc.ca
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All comments must be received before May 31, 2024 Comments received as part of this consultation 
will be shared with members of the Federal-Provincial-Territorial Committee on Drinking Water 
(CDW), along with the name and affiliation of their author. Authors who do not want their name and 
affiliation shared with CDW members should provide a statement to this effect along with their 
comments. 
 

This guideline technical document may be revised following the evaluation of comments received, and a 
drinking water guideline will be established, if required. This document should be considered as a draft 
for comment only. 
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Proposed guideline values 

 
Aesthetic objectives (AOs) are proposed for the following parameters:  

• chloride ≤ 250 mg/L 
• sulphate ≤ 500 mg/L 
• total dissolved solids (TDS) ≤ 500 mg/L 
• hydrogen sulphide ≤ 0.05 mg/L in drinking water 

 
Executive summary  
 
This guideline technical document was prepared in collaboration with the Federal-Provincial-Territorial 
Committee on Drinking Water (CDW). It consolidates and updates all relevant information for the seven 
parameters: calcium, magnesium, hardness, chloride, sulphate, TDS and hydrogen sulphide.  
 
Exposure 

 

Calcium, magnesium, hardness, chloride, sulphate, TDS and hydrogen sulphide occur naturally and are 
found in all Canadian waters. They are most significant in groundwater aquifers.  
 
Health effects 

 

Calcium, magnesium, chloride and sulphate are essential elements.  
 
Studies in humans have found that intake of calcium supplements may increase the risk of kidney stone 
formation. Excess calcium intake and hypercalcemia from foods and water alone are unlikely. A 
health-based value of 300 mg/L is proposed for calcium based on an elevated risk of kidney stone 
formation.  
 
Studies in humans have found that increased intake of chloride, as sodium chloride, may elevate blood 
pressure. A health-based value of 470 mg/L is proposed for chloride based on an elevated risk of 
elevated blood pressure. 
 
Currently, there is insufficient evidence to support the need for health-based values for magnesium, 
hardness, sulphate, TDS or hydrogen sulphide. 
 
Aesthetic considerations 

 

Calcium, magnesium, hardness, chloride, sulphate, TDS and hydrogen sulphide are considered to have 
operational significance for drinking water utilities and residential water consumers.  
 
Increased chloride levels can result in an objectionable water taste when it is in the presence of sodium, 
calcium, potassium and magnesium. Sulphate also has a taste threshold, with moderate concentrations 
more acceptable to most consumers from a taste perspective. Hydrogen sulphide is predominantly an 
issue due to its offensive rotten egg odour and its low odour threshold. High levels of TDS can lead to 
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excessive scaling in water pipes, heaters, boilers and home appliances. Concerns regarding the presence 
of these substances in drinking water are often related to consumer complaints.  
 
The AOs for chloride (≤ 250 mg/L), sulphate (≤ 500 mg/L), TDS (≤ 500 mg/L) and hydrogen sulphide 
(≤ 0.05 mg/L) are intended to minimize the occurrence of complaints based on unacceptable taste, odour 
or excessive scaling, and to improve consumer confidence in drinking water quality. The AOs are 
primarily based on taste and odour acceptance, which varies based on source water, local conditions, 
habituation, pH and water temperature.   
 
Analytical and treatment considerations 

 

The development of a drinking water guideline takes into consideration the ability to measure the 
contaminant and to remove it from drinking water supplies. Several analytical methods are available for 
measuring all of the operational parameters well below their respective proposed AO values.  
 
At the municipal level, treatment technologies that are available to decrease the levels of calcium, 
magnesium, hardness, chloride, sulphate, TDS and hydrogen sulphide in drinking water  include 
softening, membrane filtration, ion exchange (IX) and aeration. Most well-operated and optimized 
treatment plants can achieve concentrations in the treated water below the proposed AO for each 
parameter. Prior to full-scale implementation, bench- and/or pilot-scale studies should be conducted 
using source water to ensure sufficient removal and to optimize performance. 
In cases where removal of these substances is desired at a small-system or household level, for example, 
a private well, a residential drinking water treatment unit may be an option. Several treatment 
technologies can be effective for reducing these substances at a residential scale, for example, a small 
system or in a household whose drinking water supply is from a private well. Water softeners are the 
best potential technology for the overall reduction of these operational parameters. When using a 
residential drinking water treatment unit, it is important to take samples of water entering and leaving 
the treatment unit and send them to an accredited laboratory for analysis, to ensure that adequate iron 
removal is achieved. Routine operation and maintenance of treatment units, including replacement of 
filter components, should be conducted according to manufacturer specifications. 
 
Individuals on sodium-restricted diets or needing to limit their exposure to sodium should be aware that 
residential water softening systems will increase the concentration of sodium in the treated water. In this 
case, it is recommended that a portion of the water most frequently consumed ( from the kitchen tap) 
bypass the softener altogether to avoid excessive salt intake. Generally, children under 8 years of age 
should not drink water containing sodium from a water softener as they may exceed the recommended 
upper limit of 1.5–1.9 mg of sodium/day. 
 
Application of the guidelines 

 
Note that specific guidance related to implementing drinking water guidelines should be obtained from 
the appropriate drinking water authority.  
 
This document is intended to update, consolidate and replace the current guideline technical documents 
for seven parameters: calcium, magnesium, hardness, chloride, sulphate, total dissolved solids and 
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hydrogen sulphide. For the purpose of this guideline document, these seven parameters are referred to as 
operational parameters.  
 
All water utilities should implement a risk management approach such as the source-to-tap or water 
safety plan approach to ensure water safety. These approaches require a system assessment to 
characterize the source water, describe the treatment barriers that prevent or reduce contamination, 
identify the conditions that can result in contamination and implement control measures. Operational 
monitoring is then established and operational and management protocols such as  standard operating 
procedures, corrective actions and incident responses are instituted. Other protocols are also 
implemented to validate the water safety plan, such as record keeping and consumer satisfaction are also 
implemented. Operator training is also required to ensure the effectiveness of the water safety plan at all 
times. 
 
Considering that the levels of these operational parameters can vary significantly in source water, within 
treatment plants and in distribution systems, monitoring programs should be system-specific to enable 
utilities to have a good understanding of their water quality from source to tap. Monitoring programs 
should be designed based on risk factors that contribute to the likelihood that calcium and chloride may 
be elevated within the drinking water system. These factors may include source water chemistry and use 
of road salt, among others. The locations, frequency and types of samples that should be collected will 
differ from one system to the next, depending on the desired objective and site-specific considerations. 
Suggested monitoring details are provided in section 6.0, Management strategies.  
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1.0 Exposure consideration 
 
Calcium, magnesium, hardness, chloride, sulphate, total dissolved solids (TDS) and hydrogen sulphide 
are naturally co-occurring in most Canadian waters but their presence is most significant in groundwater 
aquifers. These parameters are considered to have operational and aesthetic significance, particularly for 
groundwater systems and private well owners, and addressing them will help ensure good quality, 
palatable drinking water.  
 
Water in nature comes into contact with minerals, salts, metals and vegetation – including molecular and 
colloidal matter – which are then dissolved into the water. The measure of all these dissolved combined 
substances in water is known as TDS. TDS comprises mostly ions such as calcium, magnesium, sodium, 
bicarbonates, chloride and sulphate. Hydrogen sulphide is produced from the breakdown of organic 
matter in the absence of oxygen, but may also be reduced directly from sulphate in the presence of 
sulphate-reducing bacteria. It is widely present in sediments and water, as well as in biological wastes.  
 
Since some of these parameters are typically measured, handled and monitored together, they are 
discussed together in the document as follows:   

• Calcium and magnesium: these are the primary contributing cations for water hardness. 
• Chloride and sulphate: these are primarily related to aesthetic concerns but there are also 

operational considerations related to corrosion.  
• TDS: these are a main determinant in the taste of water and people’s acceptance. High TDS are 

also of operational concern due to the formation of scale deposits. 
• Hydrogen sulphide: has an offensive rotten egg odour that is often the primary reason for its 

removal during the water treatment process.  
 
1.1 Identity, uses and sources in the environment  

 
The parameters discussed in this guideline document are major cations and anions that are naturally 
occurring in Canadian waters and are most significant in groundwater aquifers. 
 
1.1.1 Calcium, magnesium and hardness 

 
Water hardness is defined as the sum of all multivalent cations in a solution. The principal 
hardness-causing ions are calcium and magnesium. Although hardness is caused by calcium and 
magnesium and a variety of other metals, the simple definition of water hardness is the amount of 
dissolved calcium and magnesium in the water. Strontium, iron, barium and manganese ions also 
contribute to the overall hardness but are generally present in lower concentrations. From a consumer 
perspective, hard water may be better observed as a reduced ability of water to react with soap. Hard 
water requires a considerable amount of soap to produce a lather, and it also causes scaling of hot water 
pipes, boilers and other household appliances (Davis, 2010; Crittenden et al., 2012).   
 
Groundwater is generally harder than surface water, is rich in carbonic acid and dissolved oxygen, and 
usually has a high solvating power. Longer residence times within calcium-rich formations (such as, 
calcite, gypsum and dolomite) can lead to hardness levels as high as several thousand milligrams per 
litre. Residence times and solubility can vary seasonally in some aquifers.  
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Ferromagnesian mineral igneous rocks and magnesium carbonates in sedimentary rocks are generally 
considered to be the principal sources of magnesium in natural waters. The principal natural sources of 
hardness in water are sedimentary rocks, seepage and runoff from soils. 
  
Table 1. Physiochemistry of calcium and magnesium 

Property Calcium Magnesium 

CAS RN 7440-70-2 7439-95-4 
Molecular formula Ca Mg 
Molecular Weight (g/mol) 40.078 24.3050 
Melting point  842°C, 1115 K  648.8°C, 921.8K 
Boiling Point 1484°C, 1757 K  1090°C, 1363K 
Density at room temp (g•cm-3)  1.55  1.738 

 
Calcium is the fifth most abundant natural element and is the primary source of hardness. Some of the 
common forms of calcium are calcium carbonate (CaCO3), gypsum (CaSO4·2H2O), anhydrite (CaSO4) 
and fluorite (CaF2) (Yaroshevsky, 2006; Crittenden et al., 2012). Surface water generally contains lower 
concentrations of calcium than groundwater. Notably, some areas of the country have observed 
decreasing calcium concentrations in surface water sources. There have been reductions in calcium in 
several boreal lakes with already low levels of calcium when comparing concentrations observed in the 
1980s versus the 2000s (Jeziorski et al., 2008). This is thought to be due to reduced calcium 
contributions to water bodies from soil as acidic precipitation has been greatly reduced over this time 
period. The increased prevalence of invasive zebra mussels is also thought to cause decreased calcium 
concentrations in some surface water sources (Chapra et al., 2012).   
 
Magnesium is the eighth most abundant natural element and is commonly found in such minerals as 
magnesite, dolomite, olivine, serpentine, talc and asbestos. It is present in all natural waters and is a 
major contributor to water hardness. Water from areas rich in magnesium-containing rocks may contain 
magnesium in the range of 10 mg/L to 50 mg/L. The sulphates and chlorides of magnesium are very 
soluble, and water in contact with such deposits may contain several hundred milligrams of magnesium 
per litre. Industrial effluents may contain similarly high levels of magnesium. Calcium and magnesium 
may also be introduced to a water supply intentionally as part of water treatment. Where hardness is 
extremely low (such as soft water) in a water system, the addition of calcium or magnesium to the water 
may be needed to decrease corrosion effects downstream. Sources of hardness may include a limestone 
or pellet contactor, or direct injection of a solution or slurry consisting of calcium or magnesium 
hydroxides.  
 
The degree of hardness of drinking water may be classified in terms of its CaCO3 concentration as soft, 
medium hard (or moderately hard), hard and very hard. Different ranges to characterize these 
classifications are encountered in the literature (Table 2).  

 
Table 2. Classification of hardness in drinking water measured in mg/L as CaCO3 

Extremely 

soft 

(mg/L ) 

Soft 

(mg/L ) 

Medium hard or 

Moderately hard 

(mg/L) 

Hard 

(mg/L) 

Very hard 

(mg/L) 

Reference 

0–50 50–100 100–150 150–300 > 300 Davis (2010) 
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Extremely 

soft 

(mg/L ) 

Soft 

(mg/L ) 

Medium hard or 

Moderately hard 

(mg/L) 

Hard 

(mg/L) 

Very hard 

(mg/L) 

Reference 

N/A 0–75 75–150 150–300 > 300 AWWA (2005) 
N/A 0 to < 50 50 to < 100 100 to < 150 > 150 Crittenden et al. (2012) 
N/A 0 to < 60 60 to < 120 120 < 180 > 180 As cited in Crittenden 

et al. (2012) 
N/A 0–60 61–120 121–180 > 180 USGS (2018) 
N/A N/A 60–120 120–180 > 180 Droste (2019) 

N/A: not applicable. 
 
Due to the relationship between calcium, magnesium and hardness, practitioners often convert the 
concentrations of calcium and magnesium into their equivalents as CaCO3. This is the traditional unit of 
measure for hardness. The calcium concentration is multiplied by 2.5 (based on the molar ratio) to 
convert it to a unit of CaCO3

 mg/L. Similarly, the magnesium concentration is multiplied by 4.1 (based 
on the molar ratio) to provide a result in mg/L as CaCO3.  
 
Public acceptance of hardness varies considerably according to the local conditions, tolerance, pH and 
the temperature of the water, and consumers may get used to higher levels of hardness in their water. 
Water supplies with a hardness greater than 200 mg/L are considered poor but have been tolerated by 
consumers; those in excess of 500 mg/L are unacceptable for many domestic purposes and may require 
softening. The palatability of the water also depends on the ionic makeup of the water being consumed.  
Water softening by sodium ion exchange (IX) may introduce undesirably high quantities of sodium into 
drinking water. As such, it is recommended that a portion of the water most frequently consumed (such 
as the kitchen tap) bypass the softener altogether to avoid excessive salt intake.  
 
The aesthetic concerns for water hardness come from the tendency of hardness ions to precipitate out of 
solution (primarily as hydroxide and carbonate salts) and form scale on the inside of hot water–bearing 
pipes and water heating appliances. This is generally related to pH and temperature. These two 
characteristics change the solubility of calcium and magnesium and may result in oversaturation of a 
solution, resulting in precipitation of scale. The precipitated hardness may lead to particles or turbidity 
that are visible to the naked eye. Depending on the primary chemical element responsible for 
contributing to hardness, consumers may also note discoloration of the water. The precipitation of 
calcium and magnesium scales are generally white in colour.  
 
Although hardness is caused by multivalent cations, it is often discussed in terms of carbonate and 
non-carbonate hardness. Carbonate hardness refers to the amount of carbonates (CO3

2-) and bicarbonates 
(HCO3

-) that can be precipitated out of solution with heating. This type of hardness is responsible for the 
scale that may be deposited in hot water pipes and kettles. Non-carbonate hardness is caused by the 
association of the hardness causing cations with sulphates (SO4

-), chlorides (Cl-) and nitrates (NO3
-), as 

well as the salts of calcium and magnesium such as calcium sulphate (CaSO4), calcium chloride (CaCl2), 
magnesium chloride (MgCl2) and magnesium sulphate (MgSO4) (AWWA, 2016). Non-carbonate 
hardness is more readily kept in solution, but still participates in the inhibition of soaping functions 
(Crittenden et al., 2012).  
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Utilities may determine the amount of CaCO3 that will precipitate calcium using the calcium carbonate 
precipitation potential (CCPP) to predict the potential for scaling (Schock and Lytle, 2011; Tang et al., 
2021). It can be calculated by a variety of computer programs or spreadsheet-based applications (RTW, 
2008; AWWA, 2017; APHA et al, 2018).  
 
In areas with hard water, household pipes can become clogged with scale (Coleman, 1976). Hard waters 
can also cause incrustations on kitchen utensils and increase soap consumption. Hard water is thus both 
a nuisance and an economic burden to the consumer.  
 
Hard water is generally less corrosive than soft water (Letterman and American Water Works 
Association, 1999). It has been suggested that a hardness level of 80 mg/L to 100 mg/L as CaCO3 
provides an acceptable balance between corrosion and incrustation (Bean, 1968). Other taste thresholds 
for minor hardness constituents are discussed in the drinking water guidelines for manganese and iron 
(Health Canada, 2019, 2023). 
 

Alkalinity controls the buffer intensity of most water systems. It is closely linked to hardness and is 
expressed in milligrams of CaCO3 per litre (mg/L as CaCO3). As the alkalinity of most Canadian surface 
waters is due to the presence of carbonates and bicarbonates, their alkalinity is similar to their hardness 
(Thomas, 1953). 
 
Hardness can also be measured as grain per gallon, where a grain per gallon of hardness is equivalent 
to 17.1 mg CaCO3/L of hardness (Appendix E). 

 
1.1.2 Chloride and sulphate  

 
Chloride is widely distributed in nature, generally as sodium (NaCl) and potassium (KCl) salts; it 
constitutes approximately 0.05% of the lithosphere. By far the greatest amount of chloride found in the 
environment is in the oceans. Underground salt deposits have been found in most Canadian provinces. 
Bedded deposits occur in southwestern Ontario, Saskatchewan and Alberta; dome deposits are found in 
Nova Scotia, New Brunswick, Ontario, Manitoba, Saskatchewan and Alberta. 
 
Chapra et al. (2012) describe the long-term trends of major ions in the Great Lakes system. They note 
that minimum chloride concentrations in Lake Ontario and Lake Erie were reached in approximately 
1995 and 1985, respectively, with a slow rise in subsequent years. The Geological Survey of Canada 
(2014) noted that chloride levels have been found to increase in urban municipal wells and that the 
shallow groundwater near highways in Toronto have been found to have chloride levels as high as 
14 000 mg/L due to the use of road salt during winter. The upper Great Lakes have all shown steady 
increases in chloride concentrations since the 1960s. The trend towards higher chloride levels has been 
noted across North America (Kaushal et al., 2018). 
 
Sulphate occurs naturally in numerous minerals, including barite (BaSO4), epsomite (MgSO4 ·7H2O) 
and gypsum (CaSO4·2H2O). Sulphates are discharged into the aquatic environment in wastes from 
industries that use sulphates and sulphuric acid, such as mining and smelting operations, kraft pulp and 
paper mills, textile mills and tanneries. Aluminum sulphate (alum) is used as a coagulant in the 
treatment of drinking water, and copper sulphate has been used for the control of blue-green 
algae/cyanobacteria in both raw water and public water supplies in the United States. Sulphate 
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concentrations are slowly decreasing in Lake Erie and Lake Ontario as a result of reduced impacts from 
acid rain caused by industrial activities. In the other Great Lakes – Lakes Michigan, Huron and Superior 
– concentrations of sulphate have remained stable over the past 50 years (Chapra et al., 2012). 
 
Atmospheric sulphur dioxide (SO2), formed by the combustion of fossil fuels and by the metallurgical 
roasting process, may also contribute to the sulphate content of surface waters. Sulphates or sulphuric 
acid products are also used in the manufacture of numerous chemicals, dyes, glass, paper, soaps, textiles, 
fungicides, insecticides, astringents and emetics. They are also used in the mining, pulping, metal and 
plating industries, in sewage treatment and in leather processing.  
 
Table 3. Physiochemistry of chloride and sulphate 

Property Chloride Interpretation Sulphate Interpretation 

CAS RN 16887-00-6 Not applicable 14808-79-8 Not applicable 
Molecular formula Cl- Not applicable SO4

-2 Not applicable 
Molecular Weight 
(g/mol) 

35.45 Not applicable 96.064 Not applicable 

Melting point  101°C Not applicable Not available Not applicable 
Boiling Point Not available Not applicable Not available Not applicable 
Density at room temp Not available 

 
 

Not applicable Not available 
 

Not applicable 

Solubility  6.3 mg/mL at 25°C High solubility Not available Not applicable 
 

Studies have shown that both chloride and sulphate have an impact on corrosion in the distribution 
system, especially with metallic pipe and components. The chloride-to-sulphate mass ratio (CSMR) is 
used as an indicator of galvanic corrosion potential, particularly for lead. Dudi and Edwards (2004) 
conclusively demonstrated that a chloride-to-sulphate mass ratio greater than 0.58 increased lead 
leaching from brass due to galvanic connections. Further information on corrosion control is available 
(Health Canada, 2022a). The Larson Index (the ratio of the sum of chloride and sulphate to bicarbonate) 
is also important, with a higher ratio indicating water that is more corrosive water to iron (Larson and 
Skold, 1958). Sulphate has also been identified as a nutrient that has a role in microbial growth, either in 
serving as a fuel for microorganisms or by consuming disinfectant residuals in the distribution system. 
For further information, refer to the Guidance on Monitoring the Biological Stability of Drinking Water 
in Distribution Systems (Health Canada, 2022b).  
 
Chlorides and sulphates can play a role in water hardness, where they may contribute to the stability of 
non-carbonate hardness. Non-carbonate hardness involves salts of calcium chloride, calcium sulphate, 
magnesium chloride or magnesium sulphate, which present as hardness when titrated with ethylene 
diaminetetra acetic acid (EDTA) but are not considered scale forming. They will not precipitate when 
heated but still cause reduced lathering of soap. Other minor contributions of non-carbonate hardness 
include chloride or sulphate salts of barium or strontium. 
 
Higher concentrations of chloride are most often present in drinking water derived from groundwater 
sources. The presence of chloride in drinking water sources can be attributed to the dissolution of salt 
deposits, salting of highways to control ice and snow, effluents from chemical industries, oil well 
operations, sewage, irrigation drainage, refuse leachates, volcanic emanations, sea spray and seawater 
intrusion in coastal areas. Each of these sources may result in local contamination of surface water and 
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groundwater. Chloride ions are highly mobile and are eventually transported into closed basins or to the 
oceans. 
 
Sodium chloride is widely used in the production of industrial chemicals such as caustic soda (sodium 
hydroxide), chlorine, soda ash (sodium carbonate), sodium chlorite, sodium bicarbonate and sodium 
hypochlorite. Sodium chloride and, to a lesser extent, calcium chloride (CaCl2) are used for snow and ice 
control in Canada. Annual usage is estimated to be about 5 million tonnes of salt during winter months 
(Environment and Climate Change Canada, 2022). Much of this road-applied salt directly enters local 
surface water bodies during the spring melt (Pieper et al., 2018). However, some salt has been shown to 
accumulate in soils and subsurface formations. This leads to delayed release to the surrounding aquatic 
environment in subsequent seasons and causes elevated sodium and chloride levels throughout the year 
(Robinson et al., 2017). Road salt contamination in drinking water is generally limited to wells near 
paved roads and areas with heavy applications and is affected by the topography of the area (Geological 
Survey of Canada, 2014).   
 
Sulphate salts of sodium, potassium and magnesium are all soluble in water, whereas calcium and 
barium sulphates and the heavy metal sulphates are not. Sulphates occur naturally in numerous minerals, 
including barite (BaSO4), epsomite (MgSO4·7H2O) and gypsum (CaSO4·2H2O). The reversible 
interconversion of sulphate and sulphide in the natural environment is known as the “sulphur cycle.” 

Sulphates are discharged into the aquatic environment in wastes from industries that use sulphates and 
sulphuric acid, such as mining and smelting operations, kraft pulp and paper mills, textile mills and 
tanneries.  
 
1.1.3 Total dissolved solids (TDS) 

  
TDS are a measure of all dissolved substances that are found in a water sample, including all ionic, 
molecular and colloidal matter. The primary ions contributing to TDS include calcium, magnesium, 
sodium, chloride and sulphate.  
 
TDS in water supplies originate from natural sources, sewage, urban and agricultural runoff, and 
industrial wastewater (Droste, 1997). The concentration of TDS is influenced by the solubility of the soil 
and rock and the contact time, which can vary seasonally in some aquifers. In Canada, salts used for 
road de-icing can contribute significantly to the TDS loading of water supplies (Chapra et al., 2012). 
 
Water containing less than 1000 mg/L of TDS is considered freshwater while water with TDS levels 
between 1000 mg/L and 10 000 mg/L is considered brackish water (Crittenden et al., 2012). 
Concentrations of TDS in water vary owing to different mineral solubility in geological regions. The 
concentration of TDS in water in contact with granite, siliceous sand, well-leached soil or other 
relatively insoluble materials may be below 30 mg/L. 
  
TDS is usually associated with high concentrations of ions that increase the conductivity of water and 
may affect the formation of a protective film (Letterman and American Water Works Association, 
1999). When hardness is the main contributor to TDS, the water may be corrosive toward copper. When 
sulphate and chloride are the main anionic contributor to TDS, the water may be corrosive to iron-based 
materials (Letterman and American Water Works Association, 1999). High TDS may also lead to scale 
deposits in distribution systems and home appliances (Van der Aa., 2003). 
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1.1.4 Hydrogen sulphide 

 
Hydrogen sulphide (H2S) is a naturally occurring gas produced from the breakdown of organic matter in 
the absence of oxygen and may also be formed by the direct reduction of sulphate by sulphate-reducing 
bacteria. It is widely present in sediments and water, as well as in biological wastes.  
 
It has been estimated that natural sources account for 60% to 90% of the hydrogen sulphide in the 
atmosphere globally (U.S. EPA, 1993a; Watts, 2000). Hydrogen sulphide is produced naturally through 
non-specific and anaerobic bacterial reduction of sulphates and sulphur-containing organic compounds, 
such as proteins and amino acids (Hill, 1973). It is found naturally in crude petroleum, natural gas, 
volcanic gases and hot springs and is released primarily as a gas. Hydrogen sulphide is found naturally 
in a variety of environmental media, including anaerobic aquatic sediments and groundwater, owing 
primarily to the bacterial reduction of other forms of sulphur.  
 
Table 4. Physiochemistry of hydrogen sulphide 

Property Hydrogen sulphide Interpretation 

CAS RN 7783-06-4 Not applicable 
Molecular formula H2S Not applicable 
Molecular weight (g/mol) 35.45 Not applicable 
Melting point (°C) -85.49  Not applicable 
Boiling point (°C) -60.33 Not applicable 
Density at room temp 1.5392 g/L at 0°C at 760 mm Hg; Not applicable 
Solubility  3980 mg/L at 20°C High solubility 

 
Hydrogen sulphide can be released as a result of agricultural activities or industrial processes. These 
include releases as a by-product from petroleum sector activities since natural gas and gases associated 
with crude oil contain hydrogen sulphide at levels varying from trace amounts to 70%–80% by volume 
(Pouliquen et al., 1989; Environment Canada, 2004a). Hydrogen sulphide can be generated during 
hydraulic fracturing (Kahrilas et al., 2015; Marriott et al., 2016). Other anthropogenic sources include 
liquid manure storage (Blunden and Aneja, 2008; Kim et al., 2008), kraft pulp and paper mills (Teschke 
et al., 1999; IPCS, 2003; ATSDR, 2006; Janssen et al., 2009), landfills (IPCS, 2003; ATSDR, 2006; 
Kim, 2006), decomposition of organic waste from wastewater treatment (Muezzinoglu, 2003) and other 
industrial processes such as metal refining (OMOE, 2007; NPRI, 2023). Releases to the environment are 
primarily in the form of emissions to ambient air, although sulphides (including hydrogen sulphide) may 
also be released to water under specific environmental conditions. 
 
Hydrogen sulphide can accelerate corrosion by reacting with metal ions but may not be evident for 
months. It can react with iron, steel copper and galvanized piping to form black water, even when 
oxygen is absent (Schock and Lytle, 2011). Studies have shown that hydrogen sulphide plays a role in 
the degradation of concrete and asbestos-cement pipe in some water (LeRoy et al., 1996; Vollertsen et 
al., 2008; Correa et al., 2010; Radlinksi and Wolf, 2016).  
 
1.2 Exposure 

 
Canadian water monitoring data were obtained from the provinces (municipal and non-municipal 
supplies). No data were provided by the territories. Data were from a variety of water supplies in 
Canada, including surface water and groundwater, as well as treated and distributed water where 
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monitoring occurred (British Columbia Ministry of Health, 2021; Ontario Ministry of the Environment, 
Conservation and Parks, 2021; Manitoba Sustainable Development, 2021; Ministère de l’Environnement 

et de la Lutte contre les changements climatiques, 2021; Nova Scotia Environment, 2021; Saskatchewan 
Water Security Agency, 2021; PEI Department of Communities, Land and Environment, 2021; New 
Brunswick Department of Health, 2021; Newfoundland and Labrador Municipal Affairs and 
Environment, 2021). The exposure data provided reflect different detection limits (DL) of accredited 
laboratories used within and among the jurisdictions, as well as their respective monitoring programs. 
As a result, the statistical analysis of exposure data provides only a limited picture. 
  
The concentrations of these parameters in raw groundwater water are typically higher than in raw 
surface water. The concentrations of raw groundwater are presented in Tables 5 and 6 and the full tables 
for each parameter in different water types are presented in Appendix B.  
 
In general, higher concentration of calcium, magnesium, hardness, chloride, sulphate and TDS were 
found in raw groundwater when compared with raw surface water. However, it should be noted that in 
Saskatchewan, the raw surface water generally had a higher level than the raw groundwater of calcium, 
magnesium, hardness, sulphate and TDS. Private wells showed trends similar to those of raw water from 
public utilities. Fluctuations between treated water and distributed water were observed for several 
parameters. 
 
The median values for calcium and chloride were generally below the health-based values (HBV) 
determined for these substances of 300 mg/L and of 470 mg/L respectively (see section 3.0). However, 
in most provinces (British Columbia, Manitoba, Newfoundland, Nova Scotia, Ontario, Prince Edward 
Island, Quebec and Saskatchewan), the maximum value recorded for calcium exceeded the HBV. For 
chloride, the maximum value observed in each province exceeded the HBV. Limited monitoring data 
were provided for hydrogen sulphide.  

 
Table 5. The median concentration of the operational parameters in raw groundwater across Canada 
measured in water from public drinking water utilities  

Provinces 

 

Calcium 

(mg/L) 

Magnesium 

(mg/L) 

Hardness 

(mg/L as 

CaCO3) 

Chloride 

(mg/L) 

Sulphate 

(mg/L) 

TDS 

(mg/L) 

Sulphide 

(mg/L) 

British Columbia 59.1 13.2 215 6.3 29.7 N/A N/A 
Manitoba 73.7 40 368 18.4 60.4 521 N/A 
New Brunswick 27.4 3.9 92 35.6 15 131 0.05 
Newfoundland 27.5 6 96 25.5 8 181 N/A 
Nova Scotia 33.8 5.8 120 30 13 202 0.05 
Ontario 85.7 25.3 320 70.3 34 448 0.03 
Prince Edward 
Island 

36.6 12.5 159 18.5 7.8 208 N/A 

Saskatchewan 128 50.5 532 13.2 320 1210 N/A 
N/A: not applicable; TDS: total dissolved solids.  
 
Table 6. The median concentration of the operational parameters in raw groundwater across Canada 
from private wells  

Provinces 

 

Calcium 

(mg/L) 

Magnesium 

(mg/L) 

Hardness 

(mg/L as 

CaCO3) 

Chloride 

(mg/L) 

Sulphate 

(mg/L) 

TDS 

(mg/L) 

Sulphide 

(mg/L) 

British Columbia 59.1 12.9 234.5 6.4 32.6 N/A N/A 
Nova Scotia 27 4 98 21 11 180 N/A 
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Provinces 

 

Calcium 

(mg/L) 

Magnesium 

(mg/L) 

Hardness 

(mg/L as 

CaCO3) 

Chloride 

(mg/L) 

Sulphate 

(mg/L) 

TDS 

(mg/L) 

Sulphide 

(mg/L) 

Prince Edward 
Island 

32.5 13.1 136.4 14.8 6.4 214 N/A 

Quebec 44.3 10.9 166 91.2 40.7 684 0.075 

N/A: not applicable; TDS: total dissolved solids. 
 
Health Canada has completed several targeted drinking water surveys that included measurements of 
these operational parameters (Appendix C; Health Canada, 2022c).  
• Data from the 2009–2010 National Drinking Water Survey conducted by Health Canada can be 

found in Appendix C.1.  
• In 2007, a survey targeting water plants using water sources with elevated bromide was conducted. 

In this survey, data on calcium, magnesium, hardness, chloride, sulphate and TDS were also 
collected and the results can be found in Appendix C.2.  

• In 2012–2013, a targeted national survey of water treatment plants with high sodium and naturally 
present ammonium/chloramines used was conducted. In this survey, data on calcium, magnesium, 
hardness, chloride, sulphate and TDS were also collected and the results can be found in 
Appendix C.3. 

 
Hydrogeological mapping on the concentration of calcium, magnesium, hardness, chloride, sulphate and 
TDS in surface and groundwater are available (Department of Fisheries and the Environment, 1978a, 
1978b, 1978c). A detailed overview of Canada’s groundwater is available (Geological Survey of 

Canada, 2014).  
 
2.0 Health Considerations 
 
2.1 Calcium, magnesium and hardness  

 
2.1.1 Essentiality 

 
Magnesium and calcium, the two predominant cations that make up water hardness, are essential 
minerals and beneficial to human health in numerous ways (IOM, 1997, 2011; Silva et al., 2019). Other 
essential minerals that contribute to water hardness include copper, iron, manganese and zinc (Silva et 
al., 2019; Water Resources, 2019). Aluminum, barium, cadmium and lead are also part of hardness but 
are non-essential elements (Exley, 2013; Chellan and Sadler, 2015; Water Resources, 2019). Strontium 
is likely a non-essential trace element (Bain et al., 2009; Zhao et al., 2015). 
 
Magnesium is a cofactor for more than 300 enzymatic reactions and plays an essential role in 
electrolytic homeostasis, for the synthesis of carbohydrates, lipids, nucleic acids and proteins, as well as 
for specific actions in various organs such as the neuromuscular or cardiovascular systems (Wacker and 
Parisi, 1968; Cowan, 2002; Romani, 2013; EFSA, 2015a). 
 
Calcium plays an important role in the formation and resorption of bone, in mediating vascular 
contraction and vasodilation, muscle function, nerve transmission, intracellular signalling, blood clotting 
and hormonal secretion (Campbell, 1990; Brown, 1991; Peacock, 2010; IOM, 2011; EFSA, 2015b). 
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Magnesium and calcium deficiency may be detrimental to human health, while increasing intake 
generally results in health benefits. Magnesium deficiency has been reported to be linked to an increased 
risk of cardiovascular disease, hypertension, diabetes, osteoporosis, cancers, and renal and 
gastrointestinal dysfunctions (Tucker et al., 1999; Anastassopoulou and Theophanides, 2002; Catling et 
al., 2008; Rude et al., 2009; Dong et al., 2011; Rodríguez-Morán et al., 2011; Kass et al., 2012; Del 
Gobbo et al., 2013; EFSA, 2015a; Zhang et al., 2016; Rapant et al., 2019). Hypocalcemia and 
hypokalemia may also occur, which can lead to neurological or cardiac symptoms when it is associated 
with marked hypomagnesemia (< 0.5 mmol/L) (EFSA, 2015a). Loss of appetite, fatigue, muscle spasm 
and weakness may be signs of magnesium deficiency (Bowman and Russell, 2006).  
 
If the dietary intake of calcium is insufficient to meet physiological requirements, calcium is resorbed 
from the skeleton to maintain blood concentrations within the range required for normal cellular and 
tissue functions. This may lead to rickets, osteomalacia, osteoporosis and increased risk of fractures 
(EFSA, 2015b). Inadequate intake of calcium has also been associated with increased risks of kidney 
stones, colorectal cancer, hypertension and stroke, coronary artery disease, insulin resistance and obesity 
(WHO, 2011). 
 
2.1.2 Beneficial effects 

 
It has been suggested that consuming hard water is protective against osteoporosis, decreased cognitive 
function in the elderly, decreased birth weight, various cancers and diabetes mellitus (Burton and 
Comhill, 1977; Yang et al., 1997, 1998, 1999, 2000a; Rosborg and Kozisek, 2020). Higher magnesium 
and/or calcium intake has been reported to offer a protective effect against cardiovascular disease, 
stroke, pre-eclampsia in pregnant women, high blood pressure and metabolic syndrome (Melles and 
Kiss, 1992; Catling et al., 2008; Nie et al., 2013; Poursafa et al., 2014; Chen et al., 2015; Khan et al., 
2015; Moore-Schiltz et al., 2015; Anderson et al., 2016; Hofmeyr et al., 2018; Cormick et al., 2022). 
 
Increasing magnesium and calcium intake has also been suggested as protective against various cancers, 
including colorectal, prostate, breast, ovarian and liver (Yang et al., 2000a, 2000b; Kesse et al., 2006; 
Chen et al., 2010; Keum et al., 2014; Aune et al., 2015; Bonovas et al., 2016; Hidayat et al., 2016; Song 
et al., 2017; Wesselink et al., 2020; Zhong et al., 2020; Shah et al., 2021). Increasing calcium intake has 
a positive effect on bone health, increasing bone mineral density, reducing circulating parathyroid 
hormone levels and bone turnover markers, and reducing the risk of fractures (Guillemant et al., 2000; 
Meunier et al., 2005; Silk et al., 2015; Tai et al., 2015; Weaver et al., 2016; Liu et al., 2020). 
 
2.1.3 Adverse effects 

 
Hardness, magnesium and calcium have low potential for toxicity to humans through drinking water. 
Adverse effects associated with excess intake of magnesium, calcium and/or hardness at elevated levels 
are seldom reported (WHO, 2009, 2011; Cotruvo et al., 2017). No adverse effects have been associated 
with the ingestion of magnesium from food sources, while supplementation of magnesium in excess of 
the daily recommended allowance may lead to adverse symptoms such as osmotic diarrhea (IOM, 1997; 
WHO, 2009, 2011). Water with very high magnesium levels, together with high sulphate (> 400 mg/L 
combined), may cause transient diarrhea (Rosborg and Kozisek, 2020). Water with very high levels of 
magnesium (together with high level of TDS) may increase the risk of renal and other types of stones 
and arthritis problems (Kozisek, 2020). Symptoms of excess magnesium may include change in mental 
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status, diarrhea, loss of appetite, muscle weakness, difficulty breathing, low blood pressure and irregular 
heartbeat. However, adverse effects associated with magnesium intake are most likely due to excess 
magnesium from supplements and do not generally happen to people with normal kidney function 
(WHO 2009, 2011; Rosborg and Kozisek, 2020). Similarly, excess calcium intake from foods alone is 
difficult or impossible to achieve, and hypercalcemia is unlikely to occur with high intake of calcium 
from the diet alone due to a tightly regulated intestinal absorption mechanism, where excess calcium is 
excreted by the kidneys (WHO, 2009, 2011; IOM, 2011). Excess calcium intake and hypercalcemia may 
be caused by high-dose calcium supplements, especially when accompanied by vitamin D supplements, 
as these can increase calcium absorption (Aloia et al., 2014; EFSA, 2015b). Intake of calcium 
supplements above the Tolerable Upper Intake Level (UL) (1 000 mg/day to 3 000 mg/day dependent on 
the life stage) increases the risk of hypercalcemia, hypercalciuria, vascular and soft tissue calcification, 
kidney stones, prostate cancer, constipation and interactions with iron and zinc (IOM, 2011). Clinical 
symptoms of persistent hypercalcemia are fatigue, muscular weakness, anorexia, nausea, vomiting, 
constipation, tachycardic arrhythmia, vascular and soft tissue calcification, failure to thrive and weight 
loss (EFSA, 2015b). Hypercalcemia can cause renal insufficiency and vascular and soft tissue 
calcification, including calcinosis, leading to nephrocalcinosis and kidney stones (IOM, 2011). Dermal 
exposure to water with high hardness may exacerbate atopic dermatitis (McNally et al., 1998; Miyake et 
al., 2004; Perkin et al., 2016). 
 
2.1.4 Genotoxicity and carcinogenicity 

 
The mutagenicity of magnesium and calcium was reported to be negligible either with or without S9 mix 
by Fujii et al. (2016), who completed the Ames test using 0.031 mol/L to 0.25 mol/L Mg(II) and 0.031 
mol/L to 0.25 mol/L Ca(II) and Salmonella typhimurium TA100 as the bacterial strain. Sanders et al. 
(2015) used a comet assay to assess magnesium sulphate genotoxicity on pheochromocytoma (PC-12) 
cells developed from the rat adrenal medulla. A concentration-dependent increase of DNA damage was 
evident, with a damage percentage of 8.1% at the 5.01 µg/mL treatment. At 50.01 µg/mL, the 
percentage of DNA damage was 10.8%.  

 
Ribeiro et al. (2004) investigated the genotoxic potential of calcium hydroxide by the comet assay using 
mouse lymphoma cells and human fibroblasts cells. The results showed that calcium hydroxide at 
20 µg/mL to 80 µg/mL did not promote DNA damage in mammalian cells.  
 
Magnesium appears to play a protective role at the early stages of carcinogenesis but contributes to the 
proliferation of existing tumours at the later stages (Anastassopoulou and Theophanides, 2002). This is 
because magnesium is required for cellular proliferation. In neoplastic cells, intracellular magnesium is 
increased (due to a decrease in binding affinity) and protein and DNA synthesis is promoted (Leidi et 
al., 2011). Parsons et al. (1974) reported that maintaining plasma-magnesium levels below 
0.8 mg/100 mL in patients with existing tumours generally resulted in regression of the tumours.  
In a study comprising 142 520 European adult men, a high intake of calcium from dairy products (but 
not from other foods) was positively associated with prostate cancer risk (Allen et al., 2008). This 
association with dairy calcium intake may be due to its high correlation with other aspects of dairy food, 
particularly protein (Allen et al., 2008). 
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2.2 Chloride and sulphate 

 
2.2.1 Essentiality 

 
Chloride and sulphate are essential elements. Chloride contributes to gastric hydrochloric acid 
production, electrical activity in general (such as muscular and myocardial activities), the maintenance 
of blood pressure and renal function, and the volume and electrolyte balance of body fluids (Kataoka, 
2021). Chloride also plays a central role in oxygen transport, gas exchange and regulation of renin 
produced by the juxtaglomerular apparatus (McCallum et al., 2015; Kataoka, 2021). Dietary chloride 
deficiency is rare. Low intakes of chloride have been described in two breast-fed infants whose mothers’ 

milk was deficient in chloride, in infants given chloride-deficient formula milks, and among children 
and adult patients provided with chloride-deficient liquid nutritional products (Asnes et al., 1982; Hill 
and Bowie, 1983; Rodriguez-Soriano et al., 1983; Kaleita, 1986; Miyahara et al., 2009). In infants, 
hypochloremia features include growth failure, lethargy, irritability, anorexia, gastrointestinal 
symptoms, weakness, hypokalemic metabolic alkalosis and hematuria (Gross et al., 1980). 

 
Inorganic sulphate is required for the synthesis of 3’-phosphoadenosine-5’-phosphosulphate (PAPS). 
PAPS, also known as “active sulphate,” is required for the biosynthesis of many essential sulphur-
containing compounds in the body, including chondroitin sulphate, cerebroside sulphate, dermatan 
sulphate, heparin sulphate, tyrosine-o-sulphate, taurolithocholate sulphate (bile salt) and estrone 3-
sulphate. There are hundreds of sulphur-containing compounds in the human body and the body 
synthesizes all of them, with the exception of the vitamins thiamin and biotin (IOM, 2005). Sulphate 
requirements are met when intakes meet recommended levels of sulphur amino acids since the major 
source of inorganic sulphate for humans is due to body protein turnover of the sulphur amino acids 
methionine and cysteine. Thus, a deficiency of sulphate is not found in humans consuming normal 
protein intakes with adequate sulphur amino acids (IOM, 2005). However, sulphate deficiency may 
decrease blood coagulation and blood vessel stability, and low intake from drinking water may 
contribute to constipation (Rosborg and Kozisek, 2020).  
 
2.2.2 Beneficial effects 

 
Observational studies showed an inverse association (protective effect) between serum chloride and all-
cause mortality in hypertensive patients. A serum chloride concentration lower than 100 milliequivalents 
per litre (mEq/L) was associated with a higher risk of mortality (all-cause, cardiovascular and non-
cardiovascular). A 1.5% reduction in all-cause mortality was observed for every 1 mEq/L increase in 
serum chloride (McCallum et al., 2013). However, the serum chloride concentration cannot be used as a 
marker for chloride intake, and no studies are available which investigate the association between 
chloride intake or urinary excretion and cardiovascular disease–related health outcomes (EFSA, 2019).  
 
Sulphate in drinking water decreases the health risks correlated with consumption of heavy metals by 
acting as an antagonist (Watts, 1997). 
 
2.2.3 Adverse effects 

 
The major adverse effect of increased intake of chloride, as sodium chloride, is elevated blood pressure, 
which can lead to cardiovascular and renal disease (Luft et al., 1979; MacGregor et al., 1989; Johnson et 
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al., 2001; Sacks et al., 2001; IOM, 2005; EFSA, 2019). Elevation of blood pressure has been shown to 
rely on the concomitant presence of both sodium and chloride. In normotensive and hypertensive 
subjects, sodium chloride caused a greater elevation of mean blood pressure than sodium combined with 
other anions (Kurtz et al., 1987; Shore et al., 1988; Kotchen and Kotchen, 1997; McCallum et al., 2015). 
On average, blood pressure rises progressively with increased sodium chloride intake (IOM, 2005). In 
normotensive individuals, significant increases in blood pressure were observed when receiving 
approximately 7 500–13 900 mg/day sodium chloride (Mascioli et al., 1991; Ganry et al., 1993). 
Individuals with hypertension, diabetes and chronic kidney disease, as well as older-age individuals and 
African Americans, tend to be more sensitive to the blood pressure–raising effects of sodium chloride 
(Tuck et al., 1990; Weinberger, 1993; Morimoto et al., 1997; Morris et al., 1999; Johnson et al., 2001; 
Vollmer et al., 2001; du Cailar et al., 2002; IOM, 2005). Genetic factors also influence the blood 
pressure response to sodium chloride (Hunt et al., 1999; Lifton et al., 2002; IOM, 2005). Although rare, 
acute toxicity may be caused by ingestion of 500–1 000 mg sodium chloride/kg bw (Expert Group on 
Vitamins and Minerals, 2003). Symptoms include vomiting, ulceration of the gastrointestinal tract, 
muscle weakness and renal damage, leading to dehydration, metabolic acidosis and severe peripheral 
and central neural effects. High sodium chloride intakes increase calcium excretion and may increase the 
risk of kidney stone formation (Castenmiller et al., 1985; McParland et al., 1989; Zarkadas et al., 1989; 
Sakhaee et al., 1993; Evans et al., 1997; Lietz et al., 1997; Expert Group on Vitamins and Minerals, 
2003; Lin et al., 2003; IOM, 2005). However, there is no substantial evidence to suggest a relationship 
between excess sodium chloride intake and reduced bone mineral density effects (Expert Group on 
Vitamins and Minerals, 2003). Both sodium and chloride contribute to the worsening of exercise-
induced asthma symptoms that are seen after consuming a normal or high sodium chloride diet 
(Mickleborough et al., 2001). Individuals on sodium-restricted diets or needing to limit their exposure to 
sodium should be aware that residential softening systems will increase the sodium concentration in the 
treated water. Appendix E contains information on the intake of sodium as a result of water softener use, 
by hardness level.   
 
Ingestion of sulphate has been associated with osmotic diarrhea and ulcerative colitis. Osmotic diarrhea 
is usually short term but may be more severe in infants (Chien et al., 1968; Backer, 2000; IOM, 2005). 
The extent and nature of the laxative effect are dependent on the specific sulphate salt. Laxative effects 
are commonly experienced by people consuming drinking water containing sulphate in concentrations 
> 500 mg/L (Chien et al., 1968; Esteban et al., 1997; Heizer et al., 1997; U.S. EPA, 1999b, 2003a). 
Laxative effects may occur at lower concentrations when both magnesium and sulphate are present 
(> 400 mg/L combined) (Rosborg and Kozisek, 2020). Dehydration may also occur if fluid replacement 
is not maintained (Arnaud, 2003). Humans appear to develop a tolerance to water containing high 
sulphate concentrations (Schofield and Hsieh 1983). Although the acclimation concentration and rate 
have not been determined, it generally occurs in adults within one to two weeks (U.S. EPA, 1999a, 
2003a). 

 
2.2.4 Genotoxicity and carcinogenicity 

 
Epidemiological data have indicated that there is a positive association between excess sodium chloride 
intake and risk of gastric cancer (Expert Group on Vitamins and Minerals, 2003; Wang et al., 2009; 
D’Elia et al., 2014). 
 
Potassium sulphate was not mutagenic at 0.83 mg/plate, 1.66 mg/plate, 3.33 mg/plate and 5.00 mg/plate 
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on TA98 (with and without S9) and TA100 (with S9) strains of Salmonella typhumurim. However, 
potassium sulphate showed a weak mutagenic effect on the TA100 strain in the absence of S9 but not in 
a dose-dependent manner (Kayraldiz et al., 2006). Kasprzak et al. (1983) reported that nickel(II) 
sulphate was not toxic or carcinogenic two years after intramuscular injections of 20 µL doses of 0.2 M 
nickel(II) sulphate (4.4 µmol/rat) or sodium sulphate (used as a control) every other day for four weeks 
(rats were injected with 15 x 20 µL doses of 0.2 M nickel(II) sulphate or sodium sulphate). After 
reviewing toxicity data on sulphate food additives, the United States Environmental Protection Agency 
(U.S. EPA) Select Committee concluded that there was no evidence that sulphuric acid or ammonium, 
calcium, potassium and sodium sulphates presented a hazard to public health when they are used at 
current levels or levels that might reasonably be expected in the future (U.S. EPA, 2003a). 
 
The International Agency for Research on Cancer (IARC) and the U.S. EPA have not reviewed the 
carcinogenicity of calcium or inorganic sulphate. However, IARC has reviewed the potential 
carcinogenicity of specific sulphate-containing molecules, such as diethyl sulphate and dimethyl 
sulphate, and classified them as “probably carcinogenic to humans” (IARC, 2018). It also classified 
diisopropyl sulphate and cobalt sulphate as “possibly carcinogenic to humans” (IARC, 2018). In 2022, 
the carcinogenicity of soluble cobalt(II) salts (including cobalt[II] sulphate) was re-evaluated and will be 
updated as “probably carcinogenic to humans” in Volume 131 of IARC Monographs (Karagas et al., 
2022). 

 
2.3 Total dissolved solids (TDS) 

 
Recent data on health effects associated with ingestion of TDS in drinking water are scarce. Recent 
studies appear to focus on health effects correlated with hardness rather than TDS. 
 
2.3.1 Essentiality 

 
Many ions that make up TDS, such as magnesium, calcium, sodium, chloride and potassium, are 
essential minerals and consuming adequate levels of these ions is beneficial to human health in 
numerous ways. Regular consumption of distilled or demineralized water (such as low TDS) for a few 
weeks or months can lead to deficiencies in calcium, magnesium and/or sodium, leading to extreme 
fatigue, malaise, nausea, headache, brittleness of nails and hair, pre-eclampsia, twitch, leg and 
abdominal cramps, metabolic acidosis, higher diuresis and cardiovascular disorders (Kozisek, 2005, 
2020).  

 
2.3.2 Beneficial effects 

 
An older study showed a significant negative (protective) correlation between regions supplied with 
water with high TDS and mortality from cardiovascular diseases in adult men 45 to 64 years old 
(Schroeder, 1960). However, new data have shown this correlation is likely due to high magnesium or 
calcium content rather than high TDS (Catling et al., 2008; Del Gobbo et al., 2013; Khan et al., 2015). 
Other studies reported inverse relationships between TDS concentrations in drinking water and the 
incidence of cancer and arteriosclerotic heart disease (Schroeder, 1966; Burton and Comhill, 1977). 
Epidemiological data among Russian populations suggest that high-mineral drinking water may reduce 
the risk of hypertension, coronary heart disease, ulcers, chronic gastritis, goitre, pregnancy 
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complications, cholecystitis, nephritis, slower physical development in children and complications in 
newborns and infants (Lutaĭ, 1992; Mudryi, 1999). 

 
2.3.3 Adverse effects 

 
High levels of TDS in water are generally not harmful to humans. However, while TDS is made up of 
numerous essential minerals that are beneficial to human health, many other potentially harmful ions 
may also be present. Many of the salts that make up TDS and that may cause adverse health effects (for 
example, arsenic, boron, cadmium, chromium, fluoride and nitrate) have maximum acceptable 
concentrations (MACs) established by Health Canada (refer to the most recent version of the Guidelines 
for Canadian Drinking Water Quality Summary Table) (Health Canada, 2022d). 
 
High levels (> 1 000 mg/L) of TDS may cause some individuals to experience a laxative or constipation 
effect, and increase the risk of renal stones, arthritis problems, and eye and skin irritation (Kahlown et 
al., 2006; Hussain et al., 2014; Meride and Ayenew, 2016; Kozisek, 2020). Studies in Russia suggest 
that regular and long-term intake of extremely mineral-rich water (TDS > 1 000–2 000 mg/L) increases 
the risk of developing excretory system diseases (such as kidneys and urinary tract), gastrointestinal 
tract diseases, diseases affecting female reproductive functions, developmental problems in children, 
arthritis and calculi (Shtannikov and Obyedkova, 1984; Shtannikov et al., 1986; Lagutina et al., 1990; 
Muzalevskaya et al., 1993; Rylova, 2005). In Sri Lanka, serum creatinine levels (a clinical sign and 
symptom of chronic kidney disease of unknown etiology) were significantly and positively correlated 
with TDS content in the drinking water (range: 136.3–3 750 mg/L; mean: 687 mg/L) (Gobalarajah et al., 
2020). 
 
2.3.4 Genotoxicity and carcinogenicity 

 
No evidence of TDS-related genotoxicity or carcinogenicity is available. IARC and the U.S. EPA have 
not reviewed the carcinogenicity of TDS. However, the dissolved trace heavy metals that may be present 
in TDS such as arsenic, beryllium, cadmium and chromium(VI) are classified as carcinogens in humans 
by IARC (IARC, 2018; Rahman et al., 2021). Nitrate, which may also be present in TDS, is classified as 
“probably carcinogenic to humans” (Group 2A) (IARC, 2018). IARC has also reviewed the potential 
carcinogenicity of numerous sodium-, potassium- and sulphate-containing molecules (IARC, 2018).  

 
2.4 Hydrogen sulphide 

 
2.4.1 Biological role 

 
Hydrogen sulphide is not an essential element and is endogenously biosynthesized mainly by 
cystathionine β-lyase and the tandem enzymes cysteine aminotransferase and 3-mercaptopyruvate 
sulphurtransferase (Kashfi and Olson, 2013). A portion of endogenous hydrogen sulphide is also derived 
via non-enzymatic chemical reduction of reactive sulphur species (such as persulphides, thiosulphate 
and polysulphides) in the presence of reducing equivalents such as nicotinamide adenine dinucleotide 
phosphate (NADPH) and nicotinamide adenine dinucleotide (NADH) (Cao et al., 2019). 

 
 
 

https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/water-quality/guidelines-canadian-drinking-water-quality-summary-table.html
https://www.canada.ca/en/health-canada/services/environmental-workplace-health/reports-publications/water-quality/guidelines-canadian-drinking-water-quality-summary-table.html
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2.4.2 Adverse effects 

 
No epidemiological data are available on the oral toxicity of hydrogen sulphide (WHO, 2003; ATSDR, 
2016). However, alkali sulphides irritate mucous membranes and can cause nausea, vomiting and 
epigastric pain following ingestion (WHO, 2003). The oral dose of sodium sulphide that is fatal to 
humans has been estimated at 10–14 g (WHO, 1981).  
 
When inhaled, hydrogen sulphide is acutely toxic to humans (Gosselin, 1984). Irritation of the eyes and 
respiratory tract can be observed at 15–30 mg/m3, and concentrations of 700–1 400 mg/m3 can cause 
unconsciousness and respiratory paralysis resulting in death (WHO, 1987). Hydrogen sulphide exposure 
levels that result in semi-consciousness or temporary unconsciousness (such as 15–30 minutes) can 
cause persistent neurophysical, neurobehavioural, neurocognitive, respiratory and ophthalmologic 
deficits (Hagley and South, 1983; Tvedt et al., 1991a; Kilburn, 1993; Snyder et al., 1995; U.S. EPA 
2003b). Prolonged unconsciousness can lead to respiratory failure, hypoxia and death (Milby, 1962; 
Wasch et al., 1989; Khan et al., 1990; Tvedt et al., 1991b; U.S. EPA, 2003b). Overexposure to hydrogen 
sulphide may lead to a variety of central nervous system transitory symptoms such as dizziness, nausea, 
headache and more long-acting effects such as abrupt physical collapse or “knockdown,” all of which 

have been attributed to direct effects of hydrogen sulphide on the brain (Milby and Baselt, 1999a). 
Levels associated with “knockdown” and pulmonary edema have been estimated to be in the range of 

500 to 1 000 ppm (695 to 1 390 mg/m3) and 250 to 500 ppm (348 to 695 mg/m3), respectively (Milby 
and Baselt, 1999a, 1999b; Reiffenstein et al., 1992).  

 
2.4.3 Genotoxicity and carcinogenicity 

 
Attene-Ramos et al. (2010) measured the genotoxicity of hydrogen sulphide using the comet assay in 
human intestinal epithelial cells (FHs 74 Int). Hydrogen sulphide was genotoxic in concentrations from 
250 µM to 2 000 µM. Changes in gene expression were analyzed after exposure to a single genotoxic, 
but not cytotoxic, concentration of hydrogen sulphide (500 µM). Significant changes in gene expression 
were predominately observed after the four-hour exposure period as compared to the 30-minute 
exposure. Cultured human lung fibroblasts were treated with the hydrogen sulphide donor, sodium 
hydrosulphide (10–75 µM; 12–48 hours). Sodium hydrosulphide caused a concentration-dependent 
increase in micronuclei formation (indicating DNA damage) and cell cycle arrest (G1 phase) (Baskar et 
al., 2007). 
 
Based on limited data, hydrogen sulphide has not been shown to cause cancer in humans (ATSDR, 
2016). The U.S. EPA has determined that data for hydrogen sulphide are inadequate for carcinogenic 
assessment (U.S. EPA, 2003b). IARC has not reviewed the carcinogenicity of hydrogen sulphide. 

 
3.0 Derivation of the health-based value (HBV) 
 
3.1 Magnesium, calcium and hardness  

 
3.1.1 Magnesium 

 
The toxicological data on magnesium are insufficient to serve as the basis for developing an HBV due to 
lack of available data on excess magnesium level toxicity. The Institute of Medicine (IOM) derived a 
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UL for magnesium of 2 500 mg/day for children older than 8 years, adolescents and adults (IOM, 1997). 
An HBV cannot be derived using the reported UL by IOM (1997) because the UL does not apply to 
magnesium naturally found in drinking water or in food. Magnesium, when ingested as a naturally 
occurring substance in drinking water or foods, has not been demonstrated to exert any adverse effects 
(IOM, 1997). However, adverse effects of excess magnesium intake have been observed with intakes 
from non-food sources such as various magnesium salts used for pharmacologic purposes, including 
osmotic laxatives. Ingestion of adequate levels of magnesium has a protective effect on human health 
while deficiencies can result in toxicologically adverse effects. Thus, no HBV is proposed for 
magnesium. 
 
3.1.2 Calcium 

 
IOM (2011) derived ULs for calcium based on calcium excretion for younger age groups and kidney 
stone formation for older age groups. The established UL of 2 000 mg/day for adults older than 50 years 
old was selected as the most appropriate UL to derive an HBV for calcium, as it is the lowest UL for 
individuals 1+ years old. An HBV for calcium can be calculated as follows: 

𝐻𝐵𝑉 =
2 000 𝑚𝑔/𝑑𝑎𝑦 × 0.2

1.53 𝐿/𝑑𝑎𝑦
≈ 300 𝑚𝑔/𝐿 

Where:  
• 2 000 mg/day is the UL established for adults older than 50 years old and is the most conservative 

UL for individuals 1+ years old (IOM, 2011); there are no data indicating that infants are more 
sensitive to excess calcium compared to adults. 

• 0.20 is the allocation factor for drinking water; it is used as a “floor value,” since drinking water is 

not a major source of exposure to calcium, and there is evidence of the widespread presence of 
calcium in one of the other media (such as food) (Krishnan and Carrier, 2013). 

• 1.53 L/day is the daily volume of water consumed by an adult (Health Canada, 2021). 
 
3.1.3 Hardness 

 
Hardness is most often measured as the sum of magnesium and calcium present, expressed as equivalent 
CaCO3, which is the traditional unit of measurement for hardness (see section 1.1.1 Calcium, 
magnesium, hardness). Thus, an HBV for water hardness can be derived if both magnesium and calcium 
have proposed HBVs. However, it is not possible to calculate a relevant HBV for magnesium since the 
UL for magnesium only applies to magnesium from non-food sources such as supplements (see 
section 3.1.1. Magnesium). Detrimental health effects caused by excess magnesium and/or calcium (that 
is, the two principal ions that make up water hardness) are generally caused by consumption of 
supplements rather than food and drinking water. Thus, an HBV for hardness is not warranted. 
 

3.2 Chloride and sulphate 

 
3.2.1 Chloride 

 
To protect against the risk of elevated blood pressure associated with sodium chloride intake, IOM 
(2005) derived ULs for both sodium and chloride. A UL of 3 600 mg/day for individuals 13+ years old 
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was established for chloride. An HBV can be derived using the reported UL by the IOM (2005) as 
follows:  

𝐻𝐵𝑉 =
3 600 𝑚𝑔/𝑑𝑎𝑦  ×  0.2 

1.53 𝐿/𝑑𝑎𝑦
≈ 470 𝑚𝑔/𝐿 

Where: 
• 3 600 mg/day is the UL for chloride for individuals 13+ years old (IOM, 2005). 
• 0.20 is the allocation factor for drinking water; it is used as a “floor value,” since drinking water is 

not a major source of exposure to calcium, and there is evidence of the widespread presence of 
calcium in one of the other media (such as food) (Krishnan and Carrier, 2013). 

• 1.53 L/day is the daily volume of water consumed by an adult (Health Canada, 2021). 
 
3.2.2 Sulphate 

 
Epidemiological data are insufficient to use as the basis for developing an HBV for sulphate. Although 
several studies have examined the effects of exposure of humans to sulphate in drinking water, none can 
be used to derive a dose-response characterization. Peterson (1951), Moore (1952) and Cass (1953) 
published long-term toxicological data showing a correlation between sulphate consumption and 
laxative effects. These data are insufficient because they were based on recall with little scientific weight 
(based on a YES/NO survey) and there were varying levels of magnesium and TDS in the water samples 
(U.S. EPA, 2003a). The majority of short-term toxicological studies did not find a significant association 
between sulphate consumption and diarrhea (Esteban et al., 1997; Heizer et al., 1997; U.S. EPA, 1999b). 
One short-term toxicological study published by Chien et al. (1968) showed a correlation between 
sulphate consumption and diarrhea in infants. However, the TDS concentration of the drinking water 
was high (2424 mg/L to 3123 mg/L) and there were limited participants (N = 3). 
 
Adverse effects correlated with ingestion of sulphate were noted in two animal studies. However, neither 
of these studies is suitable for deriving an HBV. Narotsky et al. (2012) noted dose-related frequency of 
diarrhea in rats consuming sodium sulphate in drinking water. It was not stated if the frequency of 
diarrhea was statistically significant between dosage groups, thus the requirements for benchmark dose 
modelling are not met. In addition, neither a No Observed Adverse Effect Level (NOAEL) or Lowest 
Observed Adverse Effect Level (LOAEL) can be calculated, since sodium sulphate dosages were given 
in g/L in drinking water, and body weight and water consumption changed throughout the experiment. 
Therefore, accurate dosages could not be obtained when converting the provided g/L sodium sulphate 
dosages to mg/kg bw per day for the HBV calculation. Gomez et al. (1995) noted diarrhea in piglets 
with ingestion of dietary sulphate ≥ 1 600 mg/L. This study is also not ideal to derive an HBV for 
reasons similar to Narotsky et al. (2012). IOM has considered this study and concluded it was not 
suitable to derive a UL (IOM, 2005). 
 
An HBV for sulphate is therefore not proposed. However, multiple international agencies have stated 
that catharsis/laxative effects and gastrointestinal irritation can occur when drinking water with sulphate 
levels ≥ 500 mg/L is ingested (NHMRC, NRMMC, 2011; WHO, 2017). 
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3.3 Total dissolved solids (TDS) 

 
Since TDS is made up of numerous salts, it is challenging to derive an HBV for this parameter. The 
health effects correlated with specific salts that make up TDS must be analyzed separately. Many salts 
that make up TDS that may cause adverse health effects (for example, boron, fluoride, nitrate, arsenic 
and chromium) already have separate established HBVs. Thus, an HBV for TDS is not warranted.  
 
3.4 Hydrogen sulphide 

 
The toxicological data on hydrogen sulphide are insufficient to use as the basis for developing an HBV 
because all the available studies, except one, are based on inhalation/air exposure of hydrogen sulphide 
and not oral exposure (Beauchamp et al., 1984; Arnold et al., 1985; Jäppinen and Tola, 1990; Haahtela 
et al., 1992; Kilburn and Warshaw, 1995; Richardson, 1995; Vanhoorne et al., 1995; Bates et al., 1997, 
1998; Hessel et al., 1997; Legator et al., 2001; WHO, 2003; Lewis and Copley, 2015; ATSDR, 2016). 
Only one oral animal study was found in the literature (Wetterau et al., 1964). There was a 23% 
decrease in body weight gain at 6.7 mg/kg bw per day in pigs exposed for 104 days and diarrheic 
digestive disturbances in pigs exposed to 15 mg/kg bw per day for a few days. Interpretation of this 
study is limited because very few details are reported (for example, no information on methods used, 
strain used, number of animals studies or statistics) (ATSDR, 2016). Thus, an HBV cannot be derived 
using animal data. IOM and Health Canada have not derived Recommended Daily Intakes for sulphide. 
Thus, an HBV cannot be derived using a Recommended Daily Intake such as the UL. An HBV is 
therefore not proposed for sulphide. 
 
4.0 Analytical considerations 
 
Standardized methods, commercial online analyzers and portable test kits (Table 7) are available for the 
analysis of calcium, magnesium, hardness, chloride, sulphate, TDS and hydrogen sulphide in source and 
drinking water. Method detection limits (MDL) are dependent on the sample matrix, instrumentation 
and selected operating conditions, and will vary between individual laboratories. These methods are 
subject to a variety of interferences which are outlined in the respective references or instructions.  
  
To accurately measure the concentration of operational parameters using online analyzers and test kits,  
utilities should develop a quality assurance and quality control program such as those outlined in 
Standard Methods 3020 (APHA et al., 2018). Periodic verification of results using an accredited 
laboratory is recommended. Water utilities should check with the responsible drinking water authority to 
determine whether results from analyzers are acceptable for compliance reporting. 
 
Drinking water utilities should discuss sampling requirements with the accredited laboratory conducting 
the analysis to ensure that quality control procedures are met and that method reporting limits are low 
enough to ensure accurate monitoring. 
 
Table 7. Availability of analytical methods for operational parameters  

Parameter Standardized Method Online Method Test Kit*  

Calcium  ✓  ✓  ✓ 
Magnesium  ✓  ✓  ✓ 
Hardness  ✓  ✓  ✓ 
Sulphate   ✓  ✓  ✓ 
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Parameter Standardized Method Online Method Test Kit*  

Chloride  ✓  ✓  ✓ 
TDS  ✓  ✓  ✓ 
Hydrogen sulphide  ✓  ✓  ✓ 

* These test kits can test for multiple parameters found in combination in an individual water sample. Refer to the 
manufacturer’s specifications to see which parameters are included in the test kit.  
 
 
4.1 Standardized methods  

 
4.1.1 Calcium, magnesium, hardness 

 
Standard methods using atomic absorption spectroscopy and titration can be used for measuring the 
concentration of calcium and magnesium (Table 8-9). SM 2340B (APHA et al., 2018) is the preferred 
method for calculating total hardness as the sum of the results from the individual analysis of calcium 
and magnesium.  
 
Table 8. Standardized methods for the analysis of calcium and magnesium in water using atomic 
absorption spectroscopy 
Method  

(Reference) 

Calcium Magnesium Interferences/Comments 

EPA 200.5 Rev. 4.2 
(U.S. EPA, 2003c) 

 ✓  ✓ Analytical range not provided. 
 

EPA 200.7 Rev. 4.4 
(U.S. EPA, 1994) 
 

 ✓  ✓ Analytical range not provided. 
Subject to matrix interference: TDS > 0.2% (w/v).  
 

EPA NERL 215.1 
(U.S. EPA, 1978a) 

 ✓ 
 

N/A Optimal range 0.2 mg/L to 7.0 mg/L using a wavelength of 422.7 nm. 
Subject to interference from ionic compounds.pH > 7 will result in lower 
calcium concentration  

EPA NERL 242.1 
(U.S. EPA, 1978b) 

N/A ✓ Optimal range: 0.02 mg/L to 0.5 mg/L using a wavelength of 285.2 nm. 
Subject to interference from aluminum.  
Interference from sodium, potassium and calcium at concentration 
> 400 mg/L.  

SM 3120B 
(APHA et al., 2018) 

 ✓  ✓ Ca upper limit range: 100 mg/L using a wavelength of 317.93 nm.  
Mg upper limit range: 100 mg/L using a wavelength of 279.08 nm. 
Subject to  
interference when TDS > 1 500 mg/L  

SM 3111B  
(APHA et al., 2018) 

✓ ✓ Ca optimal range: 0.2 mg/L to 20 mg/L using a wavelength of 422.7 nm.  
Mg optimal range: 0.2 mg/L to 2.0 mg/L using a wavelength of 285.2 nm. 
High concentration of phosphate may interfere with the determination of 
calcium and magnesium; use SM 311D for calcium..  

SM 3111D 
(APHA et al., 2018)  

✓ N/A Ca optimal range: 0.2 mg/L to 20 mg/L using a wavelength of 422.7 nm.  
Mg optimal range:0.2 mg/L to 2.0 mg/L using a wavelength of 285.2 nm. 
Subject to interference from phosphate in the determination of magnesium.  

USGS-NWQL: I-7152 
(USGS, 1985a) 

✓ N/A Two analytical ranges: 0.01 mg/L to 5.0 mg/L and 1.0 mg/L to 60 mg/L.  
Subject to interference from phosphate, sulphate and aluminum.  
pH above 7 will result in lower calcium concentration.  
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Method  

(Reference) 

Calcium Magnesium Interferences/Comments 

USGS-NWQL: I-4447 
(USGS, 1985b) 

N/A ✓ Two analytical ranges: 0.01 mg/L to 5.0 mg/L and 2.5 mg/L to 50 mg/L.  
Subject to interference from aluminum > 2 000 g/L and sodium, 
potassium and calcium at concentration > 400 mg/L. 
pH above 7 will result in lower calcium concentration 

N/A Not applicable; TDS Total dissolved solids. 
 
Table 9. Standardized methods for the analysis of calcium and hardness in water using EDTA titration  
Method  

(Reference) 

Calcium  Hardness Interferences/Comments 

EPA NERL 130.2 
(U.S. EPA, 1971a) 
 

N/A ✓ Analytical range not provided. 
Metal ions may cause fading or indistinct end points.  
 

EPA NERL 215.2 
(U.S. EPA, 1978c) 

✓ N/A Applicable range: 0.5 mg/L to 25 mg/L as CaCO3. 
Strontium, magnesium and barium interferences.  
Alkalinity in excess of 30 mg/L may cause an indistinct end point. 
 

SM 3500-Ca B 
(APHA et al., 2018) 
 

✓ N/A Analytical range not provided. 
Subtraction for Mg. 
Not recommended for sample containing phosphorus > 50 mg/L  

SM 2340 Hardness C  
(APHA et al., 2018) 
 

N/A ✓ Analytical range not provided. 
Some metal ions may cause interference.  
Determine calcium and magnesium by a non-EDTA method when 
there is a high level of heavy metals presents. 

USGS-NWQL: I-3338 
(USGS, 1985c) 
 

N/A ✓ Analytical range not provided. 
Not applicable for acidic water with excessive amount of heavy 
metals. 

EDTA: ethylene diaminetetra acetic acid; N/A: Not applicable. 
 
4.1.2 Chloride and sulphate 

 
The standardized method for measuring chloride and sulphate uses ion chromatography (Table 10). 
Turbidimetric, gravimetric and potentiometric standard methods are also available (Tables 11–13). 
SM 4500-Cl- and SM 4500-SO4

2- can be used to aid in the selection of method for the determination of 
chloride and sulphate respectively.  

 
Table 10. Standardized methods for the analysis of chloride and sulphate in water using ion 
chromatography 
Method 

(Reference) 

Chloride Sulphate Interferences/Comments 

U.S. EPA 300.1, Rev. 1.0 
(U.S. EPA, 1999c) 
 
 

✓ ✓ Analytical range not provided. 
Low-molecular-weight organic acids, bromate and chlorite may 
interfere with the determination of chloride and must be purged 
with an inert gas.  

SM 4110 B  
(APHA et al., 2017) 

✓ ✓ Analytical range not provided. 
Filter particles larger than 0.45µm. 
Low-molecular-weight organic, acids, bromate and chlorite may 
interfere with the determination of chloride and must be purged 
with an inert gas. 
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Method 

(Reference) 

Chloride Sulphate Interferences/Comments 

SM 4110 C 
(APHA et al., 2017) 

✓ ✓ Analytical range not provided. 
 

EPA-NERL: 375.4 
(U.S. EPA, 1978d) 
 

N/A ✓ Applicable range: 1 to 40 mg/L. 
Suspended matter and colour may interfere.  

N/A: Not applicable  
 
Table 11. Standardized methods for the analysis of chloride and sulphate in water using turbidimetric 
analysis  
Method 

(Reference) 

Chloride Sulphate Interferences/Comments 

SM 4500- SO4
2- E 

(APHA et al., 2017) 
N/A ✓ Suitable analytical range: 1mg/L  to 40 mg/L.  

Colour or suspended matter in large amounts will interfere. 
 

SM 4500-Cl- B 
(APHA et al., 2017) 

✓ N/A Suitable analytical range: 0.15 mg/L to 10 mg/L.  
Sulphide, thiosulphate and sulphite ions interfere. 

SM 4500-Cl- C 
(APHA et al., 2017) 

✓ N/A Analytical range not provided. 
 

N/A: Not applicable. 

Table 12. Standardized methods for the analysis of sulphate in water using gravimetric analysis 
Method 

(Reference) 

Sulphate Interferences/Comments 

SM 4500-SO4
2- C 

(APHA et al., 2017) 
✓ Suitable analytical range: > 10 mg/L.  

Gravimetric determination of SO4
2- is subject to errors; refer to 4500-SO42-A on 

the interferences. 
 

SM 4500- SO4
2- D 

(APHA et al., 2017) 
✓ Suitable analytical range: > 10 mg/L.  

 

 
Table 13. Standardized methods for the analysis of chloride in water using potentiometric 
Method 

(Reference) 

Chloride Interferences/Comments 

SM 4500-Cl- D 
(APHA et al., 2017) 

✓ Analytical range not provided. 
 

 
4.1.3 Total Dissolved Solids (TDS) 

 
Standardized methods are available for measuring TDS. SM 2540 B-D (APHA et al., 2020) is suitable 
for TDS concentrations ranging from 2.5 mg/L to 200 mg/L. The major ionic constituents of TDS 
(sodium, calcium, magnesium, chlorides, sulphates, etc.) can also be measured individually and summed 
to produce an estimate of overall TDS using SM 2510 A 3020 (APHA et al., 2017). 
 
Alternatively, SM 2510 (APHA et al., 2017) and Hach Method 8160 (Hach Co., 2021) considers 
conductivity as a surrogate measure of total dissolved solids and may be used for rapid quantification 



 
32 

 

and process monitoring capabilities. This method uses a conductivity probe and should only be used if a 
calibration curve has previously established the correction factor for the specific water type.  
 
4.1.4 Hydrogen sulphide  

 
There are four categories of sulphide in water (total sulphides, dissolved sulphides, acid-volatile 
sulphide or un-ionized hydrogen sulphide) that can be measured (Table 14 Figure 4500-S2-:1) found in 
Standard Methods (APHA et al., 2017). This table can be used to aid in the selection of methods for the 
determination of sulphide under various conditions. SM 4500-S2- H provides guidance calculating un-
ionized hydrogen sulphide (APHA et al., 2017).  
Table 14: Standardized methods for the analysis of sulphides in water  

Method 

(References) 

Methodology Interferences/Comments 

SM 4500-S2- D 
(APHA et al., 2017) 

Colorimetric Suitable analytical range: 0.1 mg/L to 20 mg/L.  
 

SM 4500-S2- E 
(APHA et al., 2017) 

Gas Dialysis with 
Methylene Blue 

Suitable analytical range: 0.002 mg/L to 0.100 mg/L.  
 

SM 4500-S2- I 
(APHA et al., 2017)  

Distillation with 
Methylene Blue 

Suitable analytical range: > 1 mg/L.  
Measures total sulphide, which includes hydrogen sulphide and 
acid-soluble metal sulphides present in suspended matter.  

SM 4500-S2- F 
(APHA et al., 2017) 

Iodometric Analytical range not provided. 
 

SM 4500-S2- G 
(APHA et al., 2017) 

Ion-selective 
electrode  

Suitable analytical range: > 0.03 mg/L.  
Humic acid may interfere with silver/sulphide ion-selective electrode.  
 

USGS-NWQL: I-3840 
(USGS, 1985d)  

Iodometric titration Suitable analytical range: > 0.5 mg/L.  
Reducing substances such as sulphites and heavy-metal ions react with 
iodine.  
 

 
4.1.4.1 Sample preservation and preparation for hydrogen sulphide 
 
Ballinger and Lloyd (1981) noted that gentle shaking of the sample for 10 seconds resulted in the loss of 
15% of hydrogen sulphide from the solution. Therefore, it is important that samples are collected with 
minimum agitation and aeration to minimize loss of hydrogen sulphide from solution, and to ensure the 
analytical results reflect the hydrogen sulphide concentration at the time and point of sample collection.  
 
Sample preservation considerations for the analysis of hydrogen sulphide in drinking water can be found 
in the references listed in Table 14. SM 4500-S2

- C provides guidance on sample pretreatment to remove 
interfering substances (such as reducing agents) for the methylene blue and iodometric methods (APHA 
et al., 2017). Zinc acetate is commonly used for preserving the water sample at the time of collection 
(Goodwin et al., 1998, APHA et al., 2017). It is important to ensure that sample preservation follows the 
sampling handling procedure stated in the selected method. 
 
4.2 Online analyzers and portable test kits  
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4.2.1 Calcium, magnesium and hardness  

 
Commercial online and portable analyzers based on conductivity, electrochemical and optical sensing 
principles are available for quantifying hardness. For monitoring of softening processes, the use of 
continuous online methods may be appropriate. Semi-batch colorimetric titrations with EDTA can 
provide process control signal for optimized control of softening processes. Kruse (2018) noted that 
conductivity methods to measure hardness has its limitation as there are minerals that do not contribute 
to hardness but contribute to conductivity.  
 
Portable (field) test kits (Table 15) for the analysis of calcium, magnesium and total hardness are also 
available and suitable for routine monitoring of treatment facilities and distribution systems where rapid 
results are favoured over analytical accuracy. Calcium, magnesium and hardness are all expected to 
remain stable throughout a water distribution network. However, field testing may be required for 
remote locations and to verify the stability of the concentrations throughout the distribution system. 
Several manufacturers provide colorimetric test kits that can be read with either a visual colour 
comparator or a portable spectrophotometer.  
 
Table 15: Field methods for the analysis of calcium and magnesium in water 

Method  
(Reference) 

Calcium Magnesiu

m 

Total 

Hardness 

Interferences/Comments 

Hach 8204- Titration 
with EDTA 
(Hach, 2019) 

✓ N/A N/A Orthophosphate causes a slow endpoint. 
 

Hach 8030- 
Calmagite 
colorimetric 
(Hach, 2015a) 

✓ ✓ N/A Range up to 4.0 mg/L as CaCO3. 
Dilution required above this level. 

Hach 8213- Titration 
with EDTA 
(Hach, 2015b) 

N/A N/A ✓ Range 10 to 4 000 mg/L as CaCO3. 

EDTA: ethylene diaminetetra acetic acid; N/A Not applicable. 
 
4.2.2 Chloride and sulphate 

 
Online and portable analyzers are available for quantifying sulphate. Some of these analyzers are based 
on the colorimetric method (Table 16) titration systems using solid state lead/sulphate-ion-selective 
electrode. A variety of test kits are available commercially for the detection of chloride and sulphate in 
drinking water based on mercuric nitrate and turbidimetric methods, respectively.   
 
Table 16: Online colorimetric methods for the analysis of sulphate in water  
Method 
(Reference) 

Sulphate Interferences/Comments 

EPA 375.2, Rev. 2.0  
(U.S. EPA, 1993b)   

✓  Not applicable. 

EPA-NERL: 375.1 
(U.S. EPA, 1971b) 

✓ Range: 10 mg/L to 400 mg/L. 
Cations may interfere.  

SM 4500-SO4
2- F  

(APHA et al., 2017) 
✓ Not applicable. 

 



 
34 

 

4.2.3 Total dissolved solids (TDS) 

 
Commercial online  and portable probes based on conductivity are also available for providing quick 
measurements of TDS in water. Depending on the manufacturer and/or calibration, these portable probes 
can typically measure TDS levels up to 1 g/L and some can measure as high as 500 g/L.   
 
4.2.4 Hydrogen sulphide 

 
A variety of test kits are available commercially for the detection of hydrogen sulphide in drinking 
water. Test strips are based on a colorimetric method where the paper will develop a colour when 
exposed to hydrogen sulphide. This method typically provides a reading within a minute. However, the 
tests are not as precise as laboratory methods.  
Test kits are available and are more precise than test strips. However, some of the test kits require a 
portable colourimeter or spectrophotometer to determine the hydrogen sulphide concentration. Real-time 
analyzers are also available to obtain rapid measurement of hydrogen sulphide concentration in drinking 
water. Pandey et al. (2012) completed a review of the sensor-based method commonly used for 
monitoring hydrogen sulphide, including comparing the general response time, limit of detection, 
common operating range and limitations of the different technologies. As with the laboratory methods, it 
is important that samples that will be tested with kits or strips are collected with minimum agitation and 
aeration to minimize loss of hydrogen sulphide from solution to ensure the analytical results reflect the 
hydrogen sulphide concentration at the time and point of sample collection. 
 
5.0 Treatment considerations 
 
5.1 Municipal-scale treatment 

 
Treatment technologies are available for the reduction of all seven operational parameters at the 
municipal level. Water utilities should balance aesthetic (visual, taste and odour) and health-based 
considerations and operational concerns (scaling in distribution and plumbing systems and household 
appliances, fouling of ultraviolet units, corrosion control) with proper removal and disinfection of 
microorganisms. Measures taken to reduce the parameters in this guideline (calcium, magnesium, 
hardness, chlorides, sulphates, TDS and hydrogen sulphide) should not compromise the disinfection 
process. It is also possible that treatment strategies that aim to reduce one parameter could potentially 
lead to unintended downstream effects.  
 
The selection of an appropriate treatment technology for a specific water supply will depend on many 
factors, including the characteristics of the raw water supply, the concentration of the parameter and the 
operational conditions of the specific treatment method. For example, ionic strength of the source water 
may impact the efficacy of coagulants and jar testing is recommended when using a coagulation process. 
These factors should be taken into consideration to ensure that the treatment technology selected is 
capable of reducing the parameters of interest in the drinking water. Since these parameters are 
considered to have both operational and aesthetic significance for drinking water, it is important to 
ensure that the consumers find the treated water acceptable for drinking or they may obtain water from 
unsafe alternative sources. 
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As these naturally occurring parameters exist in the environment together, the treatment technologies for 
these parameters are often grouped together in the scientific literature. As such, the reduction of calcium, 
magnesium, hardness, chloride, sulphate and TDS are discussed in a grouped approach in this guideline 
document. Due to the offensive odour of hydrogen sulphide, this parameter is often removed to the 
lowest possible concentration.  
 
Bench- or pilot-scale testing is recommended prior to implementing process changes or introducing a 
new source to ensure the water can be successfully treated and an optimal process design is established.  
 
5.1.1 5.1.1 Calcium, magnesium and hardness 

 
Total hardness is generally not an aesthetic concern unless it is related to the taste threshold for calcium 
or magnesium. Treatment technologies available to reduce hardness level include traditional softening, 
IX and membrane filtration treatment.  

 
Drinking water utilities and private consumers may choose not to treat these aesthetic concerns on the 
basis that they do not affect the safety of water. Elevated hardness in distribution systems can lead to 
scale formation or incrustation on pipe walls resulting in frictional pressure losses throughout the 
distribution system. Hardness-related pipe fouling can be mitigated by reducing hardness levels or by 
adjusting the pH to increase the solubility of the precipitating ions. Scale formation is particularly 
noticeable within premise plumbing or on plumbing fixtures as a white powdery or scaly deposit. 
Deposits within hot water tanks and other heating vessels can impede heat transfer resulting in lower 
energy efficiencies and premature failure (Hofman et al., 2006). Davis (2010) noted that magnesium 
levels in excess of approximate 40 mg/L as CaCO3 can form scales in hot water heaters.  
 
In cases where water providers seek to reduce the impact of calcium and magnesium, they often aim to 
reduce hardness rather than designing for complete removal as soft water can lead to corrosion in 
drinking water distribution systems and in household plumbing. More information on corrosion control 
can be found in Health Canada’s Guidance on Sampling and Mitigation Strategies for Controlling 

Corrosion (Health Canada, 2022a). Hardness can be reduced through chemical precipitation (softening), 
IX or membrane filtration processes. The selection of removal technologies will depend on the type of 
hardness (carbonate or non-carbonate) that needs to be reduced.  
 
While calcium and magnesium are often the most prevalent cations in solution, it is important to note the 
presence of sodium and potassium as they also contribute to the ionic strength of a solution. More 
information on potassium can be found in the  Health Canada drinking water guideline document 
(Health Canada, 2008). 
 
5.1.1.1 Lime softening 
 
Softening refers to the removal of the multivalent ions that cause hardness. At the municipal scale, this 
is often accomplished through the chemical precipitation of hardness ions by the addition of hydrated 
lime (calcium hydroxide Ca(OH)2), soda ash (sodium carbonate Na2CO3) and/or caustic soda (sodium 
hydroxide NaOH). Quicklime (calcium oxide CaO) is often used and is rehydrated by the addition of 
water to create a slurry of hydrated lime which is then used for softening (Davis, 2010).  The extent of 
hardness reduction depends on the type of precipitation agent applied, the dosage, the temperature, the 
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pH of a water system and the contact time achieved in the process. Chemical stoichiometry, solution of 
simultaneous equilibria equations, softening diagrams and appropriate testing (for example, jar tests, 
pilot test) can be used for determining the appropriate precipitation agent and dosage (Letterman and 
American Water Works Association, 1999; Davis, 2010; Crittenden et al., 2012). As softening raises the 
pH level of the water to above 10 and sometimes to as high as 11.5, the process can inactivate some 
microorganisms as many cannot survive above a pH of 10.5 (Logsdon et al., 1994; AWWA, 1999; 
2016).      
 
For source water with high carbonate hardness and low magnesium hardness, single-stage lime softening 
is the simplest method. Hydrated lime is added to raise the pH of the water to approximately 9.5–10 to 
precipitate calcium-related hardness (Crittenden et al., 2012). The amount of CaCO3 and Mg(OH)2 
precipitation increases with pH up to an equilibrium of 10.3 and 10.8, respectively. However, this pH 
may vary slightly due to the interactions of calcium and magnesium with other solutes in the water 
(Letterman and American Water Works Association, 1999). In raising the pH, the bicarbonate ions are 
converted to non-soluble carbonate ions (Droste, 2019; Letterman and American Water Works 
Association, 1999). When the source water contains high concentrations of calcium and magnesium, 
excess lime is used to raise the pH above 11.0 in order to precipitate the magnesium carbonate and 
magnesium hydroxide along with the calcium (AWWA, 1999; Lawler and Kweon, 2003; Crittenden et 
al., 2012).  
 
When there are significant levels of magnesium and/or non-carbonate hardness present in the source 
water, soda ash can be added in a subsequent stage to achieve the desired hardness reduction at a pH 
greater than 10.5 (Cadena et al., 1974; Crittenden et al., 2012). Caustic soda may also be used to 
precipitate calcium hardness when there is insufficient carbonate hardness to react with lime (Crittenden 
et al., 2012). This reaction produces less sludge but is generally more costly compared with the lime 
softening methods due to the wide availability of lime (Mercer et al., 2005; Davis, 2010).  
 
Generally, the lowest hardness level that can be achieved with the lime softening for calcium is 30 mg/L 
as CaCO3 and for magnesium, 10 mg/L as CaCO3. This limitation is due to the solubility of CaCO3 and 
Mg(OH)2, the physical constraint of mixing and contact, and the lack of sufficient time for the reaction 
to go to completion (Davis, 2010). The theoretical limit for the reduction of hardness in water through 
the lime-soda ash softening processes is 13.5 mg/L as CaCO3 (Cadena et al., 1974). 
 
If present, natural organic matter (NOM) may also precipitate and slow the precipitation of hardness 
(Mercer et al., 2005). Carbon dioxide (CO2) and carbonic acid need to be neutralized prior to raising the 
pH as they will compete to react with the lime before softening can occur (Letterman and American 
Water Works Association, 1999; AWWA, 2016).  
 
Where the pH has been increased above the CaCO3 saturation point, it is often necessary to recarbonate 
the water through the addition of CO2. This will stop the precipitation reaction, preventing CaCO3 
deposition in the downstream of the treatment process and in the distribution system (Davis, 2010). The 
addition of CO2 results in the conversion of carbonate into bicarbonate alkalinity and lowers the bulk 
water pH to a more neutral range (Hill, 1924). Careful control of CO2 is important as it can react with 
excess lime to form CaCO3 (AWWA, 2016) and increase the hardness level. Post-chlorination (with 
chlorine gas) may be sufficient to reduce the pH to saturation pH without the need to recarbonate the 
water (Crittenden et al., 2012).  
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Contact times for lime-softening are highly dependent on temperature, with longer reaction times 
required under cold water conditions. Contact times may not be sufficient to achieve a chemical 
equilibrium state in the chemical mixing plants (Hoover and Langelier, 1938), but rather reach the point 
at which reactions slow down considerably. Downstream filters will need to be monitored for excess 
precipitation of hardness solids if the reactions are incomplete in the lime-softening stage of the 
treatment plant. The detailed effects of each of these conditions (such as contact time, pH, etc.) are 
discussed in several literature resources (Droste et al., 1997; Crittenden et al., 2012). The chemical 
equations and process flow diagrams of the softening processes described above are available in Droste 
et al., 1997; Letterman and American Water Works Association, 1999; Davis, 2010; Crittenden et al., 
2012; and AWWA, 2016.  
 
In a study of integrated water treatment of softening and ultrafiltration, it was noted that the 
characteristics (such as size, structure, surface charge) of the precipitates (for example, CaCO3, 
Mg(OH)2) formed during the softening process can influence harness removals (Lawler and Kweon, 
2003). Randtke et al. (1982) found that when lime is used for softening, the crystals formed are small 
and settled slowly, leading to high removal of Ca+. When NaOH is used to initiate the process, it 
produces many nuclei which precipitated quickly, resulting in a higher residual calcium concentration. 
Soda-induced precipitates resulted in a lower amount of calcite. These properties affect the removal of 
hardness ions as they affect the settling velocity and chemical affinity for individual compounds (Lawler 
and Kweon, 2003). The softening process can reduce other parameters in the raw water concurrently. A 
list of inorganic parameters and their observed removal rate is available (Letterman and American Water 
Works Association, 1999; Davis, 2010).  
 
5.1.1.2 Blending  
 
Blending or split treatment is a more advanced form of precipitative softening, where the treatment train 
includes a secondary flow that bypasses the lime-softening basins and is recombined with the 
completely softened water downstream from the lime-softening basins (Davis, 2010; Crittenden et al., 
2012). It was intended as a means of simple and economical process control that required far less 
operator intervention than a traditional lime-softening plant (Cherry, 1955; Rossum, 1955; Black, 1966). 
The split stream design allows for reduced operational costs by only treating a portion of the water for 
hardness removal followed by blending with other water within the treatment plant (Cherry, 1955; 
Shuey, 1966; Davis, 2010).  
 
This process allows for greater removal of magnesium hardness as the basins can achieve oversaturation 
and precipitation of both calcium and magnesium in a single step (Zipf et al., 1981). Split treatment with 
excess lime can reduce magnesium to its solubility limit of 10 mg/L as CaCO3 (Letterman and American 
Water Works Association, 1999). Soda ash may be added to the recombined stream to reduce non-
carbonate hardness (Zipf et al., 1981). The recombined stream may need to be recarbonated through the 
addition of CO2 gas to achieve stable pH and water quality characteristics. Zipf et al. (1981) noted that 
recarbonation may not be needed for the lime-soda ash process and or if there is an adequate return of 
sludge with the recombined water. The authors also developed a methodology for understanding the 
equilibria relationships to determine the desired effluent concentrations and operating variables that may 
be useful for plant operators. Attention must be given to the water quality of a new source prior to 
making any changes (such as switching, blending and interconnecting) to an existing supply. For 
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example, if the new water source is more corrosive, it may cause leaching of lead or copper in the 
distribution system. The water quality of the recombined stream should be analyzed to ensure it meets 
the desired levels.  
 
5.1.1.3 Enhanced precipitative softening 
 
Enhanced precipitative softening aims to reduce the levels of hardness as well as dissolved organic 
carbon (DOC), ultimately reducing the formation of disinfection by-products (U.S. EPA, 1999b; Carlson 
et al., 2000). Enhanced precipitative softening is typically used for source water with high 
concentrations of NOM as the precipitated Mg(OH)2 solids could effectively remove the NOM (Lawler 
and Kweon, 2003). The high lime dosage required for magnesium removal may lead to voluminous 
sludge and operational problems (Lawler and Kweon, 2003). Rantke et al. (1982) noted that although the 
DOC reduction had been observed in softening processes, it was unclear what the mechanisms were for 
this process. They also highlighted the differing effectiveness between softening processes using lime 
versus soda ash. The presence of multivalent cations (such as Ca2+ and Mg2+) may also cause charge 
neutralization of negatively charged NOM compounds. However, that is not thought to be the main 
mechanism of NOM removal in this precipitative softening process. Leentvaar and Rebhun (1982) 
suggested that much of the total organic carbon removal associated with CaCO3 precipitation was 
through sweep flocculation, while the removal of magnesium hydroxide was achieved through charge 
neutralization. Guidance is available on the implementation of enhanced coagulation and precipitative 
softening (U.S. EPA, 1999b).  
 
5.1.1.4 Filtration 
 
While much of the precipitated solids will settle out in the treatment basins, all softening processes may 
require a filtration step to remove fine particulate matter. Rapid granular filters are traditionally included 
in lime-softening plants. However, they may be subject to fouling of the filter media if there is excess 
particulate carry-over from the lime-softening process. Similarly, membrane elements may also be 
fouled. In a study of integrated water treatment of softening and ultrafiltration by Lawler and Kweon 
(2003), it was noted that the degree of pretreatment (such as extent of softening) will influence the 
degree of fouling and efficacy of the membrane filtration treatment. Due to the kinetics of the softening 
process, precipitation can continue during settling on the surface or in the pores of the membrane unless 
the precipitation is chemically stopped. Precipitation occurring on the surface or in the pores will cause 
the débit to decline. CCPP can be used to control precipitation on the filters. Targets for CCPP after 
recarbonation are normally less than 5 mg/L entering the filter.   
 
5.1.1.5 IX Softening 
 
IX is a physicochemical process in which there is an exchange of ions in the raw water with ions within 
the solid phase of a resin (AWWA, 2005; Crittenden et al., 2012). As raw water ions displace ions on 
the resin, the capacity of the resin is gradually exhausted, resulting in contaminant breakthrough. Once 
the resin has reached its capacity, the resin must be regenerated to reverse the process. Exchange resins 
exhibit a degree of selectivity for various ions, depending on ion type and concentration in solution, and 
the type of resin selected (Davis, 2005; Crittenden et al., 2012). The process is governed by 
stoichiometric ratios and electroneutrality where the total surface charge of resin beads must be 
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maintained at all times (Crittenden et al., 2012). An exchange resin is initially saturated with monovalent 
cations (usually sodium) (AWWA, 2005).  
 
Strong acid cation (SAC) exchange resins typically use a strong acid sulphonate group that allows for 
full dissociation of salts in a water stream (Davis, 2010; Crittenden et al., 2012). Full dissociation of 
salts allows for the reduction of both carbonate and non-carbonate hardness. This technology is 
appropriate for a wide pH range and can be regenerated using either a strong acid rinse solution or a 
sodium salt brine soak (AWWA, 2005; Crittenden et al., 2012). Utilities using SAC resins in the sodium 
form should be aware that this process may introduce undesirable quantities of sodium in the treated 
water. 
 
In a bench-scale study conducted in Texas using IX softening (exchange of sodium for Ca and Mg), the 
system was able to reduce the hardness level from 388 mg/L down to 7 mg/L, the calcium level from 
88 mg/L to 1 mg/L and the magnesium level from 41 mg/L to 1 mg/L (AWWA, 2003). The softened 
water was then blended with other streams to produce a blended product as finished water. The 
researchers estimated approximately 2.6 tons of salt per million gallons (MG) of blended product was 
needed for the softening process. The sodium level increased from 110 mg/L in untreated water to 
286 mg/L in the softened water.  
 
5.1.1.6 Membrane filtration 
Membrane filtration technologies for hardness reduction in drinking water include reverse osmosis (RO) 
and nanofiltration (NF) (U.S. EPA, 1999; Odell, 2010). RO membranes can reduce TDS and 
monovalent ions while NF membranes are mainly used for the reduction of hardness (Ca2+, Mg2+) 
(Bergman et al,. 1995). RO treatment systems typically require prefiltration for particle removal and 
often include other pretreatment steps, such as the addition of anti-scaling agents and dechlorination. 
The membrane permeate has a low pH and is very corrosive due to the acid pretreatment preventing 
scaling (Davis, 2010). Lime softening followed by filtration and pH adjustment is an effective 
pretreatment to improve the performance of the RO membrane for enhanced reduction of mineral salt 
scaling from water sources. 
 
Pretreatment is required to preserve membrane life because the presence of chlorine residuals, 
particulates, NOM and scale-forming ions (Ca2+, Ba2+, iron and silica) in the feed water can adversely 
affect the performance of RO membrane technologies. Site-specific testing is recommended to 
determine the design criteria, potential fouling and pretreatment needs when utilities consider RO 
membranes. As membrane filtration technologies such as NF and RO can remove a high concentration 
of bivalent cations (Ca2+ and Mg2+), the permeate is sometimes blended with the feed water to achieve 
acceptable levels of hardness. 
 
Post-treatment for RO permeate (finished water) typically includes pH adjustment, addition of corrosion 
inhibitors and disinfection. RO concentrate disposal must also be considered in the design and operation 
of RO membrane plants. Inorganic scale formation from the precipitation of salts within the membrane 
module leads to permeate débit decline and shortening of the membrane life. Additional information on 
CaCO3 scale control can be found in AWWA (2005).  
 
In a pilot-scale study conducted in Texas using RO membranes (pressure at 130 psi, recovery at 81%), 
hardness was reduced from 388 mg/L down to 3 mg/L, calcium was reduced from 88 mg/L to <1 mg/L 



 
40 

 

and magnesium was reduced from 41 mg/L to <1 mg/L (AWWA, 2003). The RO permeate (68%) was 
then blended with untreated groundwater (38%) to produce a blended water with hardness at 149 mg /L, 
calcium at 34 mg/L and magnesium at 16 mg/L. The RO membrane filtration was also able to reduce the 
TDS level from 702 mg/L down to 14 mg/L in the permeate. The permeate pH was considerably lower 
than the feed water as acid was added to the feed water to increase recovery. Remineralization with 
lime, CO2 and sodium bicarbonate is generally needed to reduce the corrosivity of water. Since low 
mineral content water can leave a bitter, dry or rough taste, remineralization may improve the aesthetic 
quality of the finished water (Vingerhoeds et al., 2016; Biyoune et al., 2017; Lesimple et al., 2020).  
 
NF membrane filtration can achieve upwards of 98% rejection of magnesium sulphate. NF membranes 
have much tighter pore sizes (molecular weight cut-off of 500) and reject many larger ions (Conlon and 
McClellan, 1989). In a pilot study of two commercial membranes using a mix of distilled water with 
groundwater, the NF membranes achieved a rejection rate between 79.5% and 98.4% for calcium, 
83.3% and 99% for magnesium, and 37.8% and 83.4% for hardness (Nasr et al., 2013).   
 
Mulford et al. (1999) completed an NF membrane filtration study at full and pilot scale in Florida with 
different treatment train set-ups. In this study, the full-scale plant was able to reduce hardness from 290–

320 mg/L down to 28–46 mg/L, achieving > 84% reduction in hardness. In a full-scale study at two 
drinking water treatment plants in Florida, the NF membrane filtration was able to reduce hardness 
levels from around 250 mg/L down to the range of 10 to 20 mg/L; this water was blended with that from 
the lime softening process to produce finished water that met quality requirements (Bartels and Wilf, 
2007). The authors found that the NF membrane greatly reduced total organic carbon in the finished 
water compared with lime softening. Tang et al. (2019) evaluated NF membranes for a full-scale water 
treatment plant in the Netherlands and found that NF membrane filtration was able to reduce hardness 
levels from 200 mg/L to 130 mg/L, noting that target hardness is achieved by blending non-softened 
bypass water with softened permeate water.  
 
In a pilot-scale study conducted in Germany, Gorenflo et al. (2002) found that water with a high 
concentration of sulphate and potentially the complexation of Ca2+ with humic acids resulted in the NF 
membrane rejecting Ca2+ and Mg2+  at rates that were higher than the manufacturer’s data. The rejection 
rate for calcium was > 74% and magnesium was > 86%, whereas the concentration of calcium was 
114.7 mg/L, magnesium was 12.3 mg/L and sulphate was 99 mg/L in the raw water.  
 
Several bench-scale studies have shown that NF membrane filtration is capable of reducing hardness. 
Van de Bruggen et al. (2001) studied four types of NF membranes and, depending on the membrane, the 
hardness level was reduced from 280 mg/L down to between 14 mg/L and 140 mg/L. The authors noted 
the NF membranes with higher rejection rates were due to pore size and charge effects and interactions 
of Ca2+ and Mg2+ with membranes that had a positive charge surface. Ghizellaoui et al. (2005) studied 
the impact of pressure on NF membranes for a very hard water (600 ppm) and found that higher pressure 
(4–16 bar) resulted in higher retention rates of calcium and bicarbonates (50% and 40%, respectively), 
while lower pressure (1 and 2 bar) resulted in lower retention rates (34% and 30%, respectively).  

 
5.1.2 Chloride and sulphate 

 
Chloride and sulphate ions are difficult to remove in most water treatment processes. High salt content 
source waters (such as brackish or marine-influenced aquifers) may require treatment to reduce 
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customer complaints and to achieve a chemically stable water that will not be corrosive for distribution 
systems and internal building plumbing.  

 

Reductions in chloride and sulphate concentrations can be achieved through anion exchange or RO. 
Both technologies also have waste streams (concentrated brine) that require further handling to mitigate 
environmental concerns (U.S. EPA, 1999b).  
 
5.1.2.1 Membrane filtration 
 
RO is capable of > 90% rejection of chlorides and > 69% of sulphates, depending on the membrane unit 
implemented (Biesheuvel et al., 2019). The specific ionic composition, pH and temperature of the 
influent stream can have an impact on the overall efficacy of a particular membrane unit. In some cases, 
a membrane will preferentially remove greater concentrations of the sulphate form of specific salts 
(sodium sulphate > sodium chloride) due to size differences between the ions of concern. 
 
NF units generally have poor rejection of small monovalent anions such as chlorides (as low as 7%) and 
are often better suited for the removal of larger multivalent anions such as sulphates (removal > 90%) as 
shown in a pilot study by Nasr et al. (2013).  
 
A pilot-scale study of an ultrafiltration treatment plant in the Netherlands found that the sulphate 
concentration was reduced from 140 mg/L to 0.1 mg/L (Duranceau, 2001).  
 
In an NF bench-scale study, Schaep et al. (1998) observed the influence of temperature on the rejection 
rate of chloride. The rejection was approximately 10% lower at 30 oC (approximately 60% as read from 
graph) compared with 10 oC (approximately 70%). This may be due to the temperature influencing the 
viscosity of the water, which impacts the flux. The same was not observed for calcium, magnesium or 
sulphate in the same study.  
 
RO technology is used primarily to remove inorganic contaminants, and some utilities may choose to 
blend the treated water with raw water to achieve a non-corrosive product water. In many cases the 
water produced by RO treatment units is considered corrosive towards distribution systems and 
household plumbing. Additional treatment may be required to remineralize water prior to distribution. In 
all cases, system operators must ensure that all microbial treatment requirements are being met prior to 
delivering water to consumers. 
 
Inorganic scale formation (for example, silica, barium sulphate and CaCO3) remains a serious 
impediment to achieving high RO recovery and leads to permeate flux decline and shorter membrane 
life. Lime softening followed by filtration and pH adjustment is an effective pretreatment to improve the 
performance of RO for enhanced reduction of mineral salt scaling from water sources. Additional 
information on sulphate scale control can be found in AWWA (2005). 

 
5.1.2.2 Anion exchange 
 
Although anion exchange technology is capable of reducing sulphate, most systems will increase the 
concentration of chlorides in the discharge. Thus, anion exchange is rarely implemented in municipal 
drinking water systems for this purpose. Some systems may practice anion exchange for the reduction of 
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nitrate concentrations which will lead to increased chloride levels. Therefore, chloride levels should be 
monitored when using anion exchange to evaluate if they meet the proposed HBV. Alternative 
regenerants for IX that do not contain chloride are also available, but may increase the cost of operation.  
 
5.1.2.3 Treatment chemicals  
 
Many inorganic coagulants are chloride- or sulphate-based salts such as aluminum sulphate, ferric 
sulphate, polyaluminum sulphate, polyaluminum chloride or high-polyaluminum chlorosulphate 
coagulants (Wu et al., 2020). These coagulants all contribute soluble chlorides and sulphates and may 
contribute to a large portion of the total of the treated water for conventional coagulation and filtration 
plants. Direct filtration plants will see a more moderate impact from the chlorides and sulphates during 
associated coagulation. Disinfection with chlorine gas yields free chloride ions when the aqueous 
chlorine dissociates to form hypochlorous acid. IX units will also lead to the addition of chlorides as 
they typically use sodium chloride or potassium chloride as regeneration brines for the IX. While the 
sodium and/or potassium ions are active in the regeneration exchange reactions, the chloride ions are 
simply discharged to the waste stream when regeneration is complete. This additional loading of 
chlorides on the environment is a concern both in local discharge to weeping fields or discharge to the 
sanitary sewers. Storage or concentration of this brine may be required in order to limit the downstream 
impacts on the environment. In all applications, it is important to ensure that all treatment chemical used 
are certified according to NSF/ANSI/CAN Standards 60: Drinking Water Treatment Chemicals – Health 
Effects (NSF/ANSI, 2021). 

 
5.1.3 Total dissolved solids (TDS) 

 
RO and NF membranes are capable of reducing TDS (AWWA, 2005). Switching between water sources 
with significantly different TDS on a seasonal basis may be detectable for some consumers and cause 
undue concerns regarding water quality.  
 
5.1.3.1 Membrane filtration 
 
RO membranes can be used to reduce TDS and monovalent ions (Bergman et al., 1995). RO treatment 
systems typically require prefiltration for particle removal and often include other pretreatment steps, 
such as the addition of anti-scaling agents and dechlorination. Pre-treatment for hardness reduction may 
be required to prevent scaling on the membrane elements. Lime softening followed by filtration and pH 
adjustment is an effective pretreatment to improve the performance of RO for enhanced reduction of 
mineral salt scaling from water sources. 
 
NF membranes were capable of reducing some dissolved ions by size exclusion in full-scale treatment 
plants in Florida, achieving a 33%–75% reduction of TDS (Bergman, 1995). Saitua et al. (2011) found 
53% removal of TDS through a pilot-scale membrane filtration using a polyamide membrane treating 
water with an influent TDS concentration of 1 290 mg/L. In general, larger multivalent ions such as 
those that cause hardness will be removed through NF membrane filtration. However, monovalent ions 
will still pass through.  
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5.1.3.2 IX 
 
Total dissolved solids are often not significantly impacted by IX systems as this technology is designed 
to exchange hardness ions for non-hardness ions (Crittenden et al., 2012). Davis (2010) noted that strong 
base anion exchange (SBA) is capable of reducing TDS when the concentration is below 500 mg/L and 
the sulphate concentration is < 50 mg/L.  
 
Lime softening is capable of reducing TDS through the removal of calcium and magnesium bicarbonates 
as CaCO3 and Mg(OH)2 solids, respectively. It is important to note that it will also be removing 
alkalinity and may require additional treatment to address corrosion issues (Clifford, 1999). 
 
5.1.4 Hydrogen sulphide 

 
Hydrogen sulphide is predominantly an issue due to its offensive odour and low odour threshold. 
Treatment technologies able to remove hydrogen sulphide to ≤ 0.05 mg/L include oxidation, aeration 
and adsorption (Levine et al., 2004a; Crittenden et al., 2012; Lemley et al., 1999; Duranceau et al., 2010; 
Odell, 2010).  
 
5.1.4.1 Oxidation  
 
Oxidants for hydrogen sulphide control include chlorine, hydrogen peroxide (H2O2), potassium 
permanganate (KMnO4) and ozone (O3) (Thompson et al., 1995; Levine et al., 2004a; Crittenden et al., 
2012). A summarized comparison of different oxidation and the dosage requirements is found in 
Table 17. A list of their advantages and disadvantages can be found in Duranceau et al. (2010).  
 
Table 17: Comparison of chemical reactions for oxidation of hydrogen sulphide. Reproduced from 
Levine et al. (2004a) 

Oxidant Oxidation reaction Dose.  

(mg/mg H2S) 

Chlorine H2S + Cl2  →  S0 +2HCl 2.08 
H2S + 4H2O + 4Cl2  → H2SO4 + 8HCl 8.33 

Ferrate 4H2S + 3HFeO4
- + 7H+  → 3Fe+2 + S2O3

-2 + 2S0 +9H2O 2.66 
16H2S + 20HFeO4

- + 10H2O → 20Fe(OH)3 + 3H2S2 + SO3
-2 + 3S2O3

-2 + 3SO4
-2 + 6OH-   4.44 

Hydrogen 
peroxide 

H2S + H2O2  →  S0 + 2H2O 1.03 
HS- + 4H2O2 → SO4

- 2 + 4H2O + H+ (pH>8) 4.11 
Ozone S-2 + 4O3 + 4H2O → SO4

-2 + 4O2 5.64 
Potassium 
permanganate 

3H2S + 2KMnO4→3S0 + 2MnO22KOH + 2H2O 3.09 
3S-2 + 8KMnO4 + 4H2O→8MnO2 + 3SO4

-2 + 8KOH 12.39 
 
Chemical requirements for complete sulphide oxidation depend on the solution pH and temperature. 
Generally, the oxidant dose increases with increasing pH (Cadena and Peters, 1988). Typically, a higher 
oxidant dose will form sulphate rather than elemental sulphur, resulting in increased turbidity (Cadena 
and Peters, 1988; Thompson et al., 1995; Levine et al., 2004a).  
 
Crittenden et al. (2012) noted the potential formation of polysulphides when using oxidation to remove 
hydrogen sulphide. The formation of polysulphides occurs when the hydrogen sulphide concentration is 
> 1 mg/L and pH < 9. Conversion to sulphate requires an oxidant dose in excess of the stoichiometric 
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requirements and a pH > 8. Polysulphides are difficult to remove, have unique taste and odour, and can 
complex with metals in distribution systems leading to the formation of black water.  
 
Oxidation of hydrogen sulphide with hydrogen peroxide requires long contact times and large doses of 
oxidants. This subsequently results in the formation of not only sulphate but also colloidal sulphur, 
which can increase turbidity in the water (Duranceau et al., 2010; Thompson et al.,1995).  
 
Levine et al. (2004a) conducted a pilot study using hydrogen peroxide coupled with filtration to oxidize 
groundwater from a wellfield in Florida. The pilot study showed that hydrogen peroxide resulted in 
> 60% removal at 6.5 minutes of contact time. The tandem use of oxidation catalyzed by ferric sulphate 
to coagulate the colloidal sulphur showed an increase in hydrogen sulphide removal to > 80% with a 
shorter contact time (< 6 minutes). The authors concluded that the use of hydrogen peroxide catalyzed 
by ferric sulphate, coupled with filtration, was capable of reducing hydrogen sulphide (removal data not 
provided) and produced low turbidity water.  
 
Continuous chlorination is a common method for oxidizing hydrogen sulphide using a dose of 2.0 mg/L 
for every 1.0 mg/L of hydrogen sulphide (Odell, 2010). In a field study by Lyn and Taylor (1992), 
chlorine oxidation resulted in the formation of colloidal sulphur at pH > 3.8 and that increasing pH 
resulted in increased turbidity. The authors also found that aerobic conditions at low pH favoured 
sulphate formation whereas anaerobic conditions at high pH favoured elemental sulphur formation. The 
use of chlorine for sulphide oxidation can result in the formation of disinfection by-products (DBPs) 
such as trihalomethanes and haloacetic acids (Levine et al., 2004a; Thompson et al., 2010; Levine et al., 
2006; Stefen et al., 2018).  
 
Ortenberg et al. (2000) found that oxidizing hydrogen sulphide with chlorine was able to completely 
remove hydrogen sulphide but an objectionable taste was still present. They postulated that the oxidation 
of hydrogen sulphide with chlorine produced elemental sulphur and polysulphides (H2Sn), which in turn 
hydrolyzed back into hydrogen sulphide. Stefen et al. (2018) noted that a higher contact time is needed 
to increase the efficacy of chlorine. However, it can also result in the formation of trihalomethanes. 
 
The use of chlorine dioxide to oxidize hydrogen sulphide resulted in the DBPs chlorite and chlorate, 
presumably due to the presence of inorganic constituents in the reduced form (Ortenberg et al., 2000). 
The removal of hydrogen sulphide using ozone was capable of producing sulphate and did not result in 
any trihalomethanes (Stefen et al., 2018). 
 
Duranceau et al. (2010) noted that using oxygen can result in incomplete oxidation, creating colloidal 
sulphur and polysulphides. The authors also found that using ferrate as an oxidant reduced sulphide to 
below the MDL (< 0.3 mg/L). However, the turbidity level increased significantly after contact with this 
oxidant. 
 
Hydrogen sulphide can be removed from water with potassium permanganate pretreated with sulphuric 
acid to reduce pH followed by a degasser (Willey et al., 1964). The kinetics for potassium permanganate 
are rapid with chemical equilibrium occurring 5 minutes after the addition of the oxidant (Cadena and 
Peters, 1988). The reaction produces floc particles of MnO2 and elemental sulphur, which can be 
removed by filtration (Duranceau et al., 2010; Edwards et al., 2011). Careful control of the potassium 
permanganate dose is necessary to prevent the generation of pink water due to excess manganese 
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(Levine et al., 2004a). In addition, the manganese dioxide formed by the reaction can produce excess 
turbidity in the distribution system (Levine et al., 2004a).    
 
Pilot-scale studies by Duranceau et al. (2010) used hypochlorite as an oxidant for Florida groundwater. 
The oxidant was used before a proprietary filtration process or a manganese green sand filter. The 
process was continuously regenerated with bleach to remove hydrogen sulphide from the groundwater. 
Preliminary results showed that the combination of these technologies was able to reduce sulphides from 
between 1.4 and 2.6 mg/L to below 1.0 mg/L (detection limit). Another pilot study (Duranceau and 
Trupiano, 2011) using Florida groundwater evaluated two different oxidized media filtration processes: 
NaOCl oxidation preceding a proprietary filtration, and NaOCl preceding MnO2 filtration. Both 
processes were able to reduce sulphide to below detection level (< 0.1 mg/L) and produce finished water 
with turbidity levels < 1.0 nephelometric turbidity unit (NTU).  
 
5.1.4.2 Aeration  
 
Aeration brings water and air in close contact in order to remove dissolved gases (such as CO2) and 
oxidize dissolved metals such as iron, hydrogen sulphide and volatile organic compounds. Aeration is a 
common method for treating sulphides when the concentration is below 2.0 mg/L and when present in 
the gas phase (Lemley et al., 1999; Duranceau et al., 2010; Odell, 2010). Pre-oxidation is not 
recommended with aeration of hydrogen sulphide as it may produce sulphide, bisulphide or solid 
sulphur, which are not air-strippable and would subsequently need to be filtered from the treated water 
(Odell, 2010). 
 
The pH of water plays a significant role in the form of hydrogen sulphide present. It is difficult to 
remove hydrogen sulphide in water with a pH > 7 since most of the hydrogen sulphide is present in the 
forms of HS- and H+ ions. Decreasing the pH of the water entering an aeration system can improve 
hydrogen sulphide removal efficacy and lower turbidity levels but may result in the formation of some 
DBPs and increase the copper corrosion rate (Thompson et al., 1995; Edwards et al., 2011). The removal 
of sulphides at a pH of 6 is roughly 80% and at a pH of 7 is only 70%. (Lemley et al., 1999; Odell, 
2010). As water is aerated, CO2 is released, increasing the pH as hydrogen sulphide is converted to HS- 
thereby reducing the overall efficacy of the stripping process (Levine et al., 2004b; Munter and Vilu, 
2008; Crittenden et al., 2012). 
 
Cascade or tray aeration and volatilization in ground storage facilities are only partially effective for 
sulphide removal which is dependent on pH and atmospheric conditions (for example, more sulphides 
are removed on windy, warm days) (Duranceau et al., 2010). Montgomery (1985) reported using a 
cascade tray aerator on the top of a groundwater storage tank and found a removal of only 20% of 
hydrogen sulphide at ambient pH and temperature. The remaining sulphide was oxidized by chlorine to 
elemental sulphur in the storage tank. The author noted that the process produced high levels of turbidity 
and an offensive rotten egg odour. 
 
Packed towers have higher stripping efficacies but CO2 is released faster than hydrogen sulphide. As a 
result, the pH changes as the water flows down the packing, impacting the removal efficacy (Duranceau 
et al., 2010). The use of carbonic acid for pH adjustment prior to packed tower aeration can be an 
effective pretreatment and can also aid in corrosion control (Duranceau et al., 2010). 
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Aeration technology is widely applied in Estonia through the contact of a thin descending film of water 
with air on the surface of wood, ceramic or plastic packing. Munter et al. (1999) noted that the sulphide 
concentration was reduced to 0.3 mg/L from concentrations ranging from an average value of 0.003–

0.5 mg/L). A full-scale study on the western coast of Estonia involving groundwater treated by aeration 
followed by filtration with manganese greensand was able to reduce hydrogen sulphide from a range of 
0.64 to 3.4 mg/L down to 0.04 to 0.89 mg/L. 
 
A full-scale trickling filter was able to remove hydrogen sulphide from well water in Greece 
(Terkerlekopoulou et al., 2010). Water from the two wells was stored in an elevated water tower at 15 m 
above ground. The water cascaded into the homogenization tank and water aeration occurred through 
the filter, leading to an elimination of hydrogen sulphide (raw water concentration between 1 and 
1.3 mg/L) at the filter outlet (effluent data were not provided).  
 
5.1.4.3 IX 
 
Hydrogen sulphide can be removed using anion-exchange resins since a significant amount of hydrogen 
sulphide present in water is in ionized form. The effectiveness of the system depends on the resin 
selected and the concentration of competing anions (sulphate, total organic carbon, and alkalinity) as 
well as the pH of the water. Typically, chloride resin is used for hydrogen sulphide removal (Lemley et 
al., 1999; Odell, 2010). The resin can also foul because of the growth of sulphur-related bacteria, which 
can affect removal efficacy (Duranceau et al., 2010).  
 
Packed-bed anion exchange was capable of removing an influent concentration of 0.82–3.22 mg/L 
sulphide during a pilot study in Florida (Levine et al., 2006). The removal and effluent data were not 
provided. The authors also examined the biological enhancements of the anion exchange as the low 
concentration of dissolved oxygen (< 2 mg/L) promoted the growth of sulphur oxidizing bacteria at the 
upper surface of the resin, improving the removal of hydrogen sulphide by converting it to either 
elemental sulphur or sulphate. The by-products of the biological sulphur oxidation, sulphate and 
elemental sulphur, were removed through the anion exchange. The authors noted the benefits of 
coupling biological sulphur oxidation with anion exchange increased the exchange capacity, resulting in 
about two- to three-fold longer operating cycles, thus decreasing the frequency of regenerating the 
column. 
 
In a pilot plant study by Vidović et al. (2010) using IX followed by an adsorption column, it was shown 
that up to 60% of hydrogen sulphide in an acid medium (pH 6.6–7.2) can be removed by an IX column 
and that there is no removal in alkaline medium. The hydrogen sulphide that was not fully removed by 
the IX was subsequently removed by adsorption. 
 
5.1.4.4 Adsorptive media 
 
Granular activated carbon (GAC) can generally remove hydrogen sulphide to concentrations below 
0.3 mg/L (Lemley, 1999; Odell, 2010). Catalytic carbon, a type of activated carbon with a modified 
surface, has the ability to promote or catalyze chemical reactions. Catalytic carbon can adsorb sulphides 
onto the carbon surface and, in the presence of dissolved oxygen, it oxidizes the sulphides into elemental 
sulphur (S8) and sulphate (Megonnell and Spotts, 1994). A minimum dissolved oxygen of 4.0 mg/L is 
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necessary for complete oxidation of hydrogen sulphide into elemental sulphur, which can then be 
filtered (Saunders and Urbans, 1995; Lemley et al., 1999; Odell, 2010).  
 
A series of pilot-scale studies were performed by Ikehata et al. (2015) in the City of Huntington Beach, 
California, using coconut shell GAC media (certified to NSF 61) to remove hydrogen sulphide. Using 
five GAC filters in series, the hydrogen sulphide concentration was reduced from 0.02 and 0.7 mg/L to 
below MDL of 0.01 mg/L.   
 
Manganese greensand filtration can be used to treat water containing less than 5.0 mg/L of hydrogen 
sulphide (performance data were not provided). The manganese dioxide coating on the filter catalyzes 
hydrogen sulphide gas to solid sulphur which is then filtered (Odell, 2010). Willey et al. (1964) 
conducted a full-sale study at a water treatment plant in central Indiana. The plant had been operating for 
2 years and showed that hydrogen sulphide can be removed from water using a regeneration process 
consisting of a continuous feed of potassium permanganate to the influent of a manganese greensand 
filter. The authors also concluded that a dilute sulphuric acid feed and aeration eliminated a considerable 
portion of the hydrogen sulphide (from 11.3 ppm to below MDL) mechanically to reduce the demand 
for potassium permanganate. Saunders and Lee (1996) noted that when potassium permanganate is used 
with manganese greensand, the greensand media may become fouled by iron and other contaminants, 
allowing sulphur to break through if the process runs out of potassium permanganate. Thus, it is 
important to monitor the manganese greensand filter to ensure it is working optimally. 
 
5.1.4.5 Microbiological filtration 
 
Bacteria can oxidize sulphide into sulphur under oxygen-limited conditions. When dissolved oxygen 
< 0.1 mg/L, the dominant product is elemental sulphur, while at high levels of dissolved oxygen the 
dominant product is sulphate (Janssen et al., 1998). Microbiological filtration is capable of reducing 
hydrogen sulphide but the organisms can slough off surfaces and cause turbidity downstream of storage 
facilities (Duranceau et al., 2010).  
 
Levine et al. (2004b) conducted pilot-scale studies to compare an inline hydrogen peroxide oxidation 
coupled with a two stage upflow filtration system with and without the addition of a low dosage of ferric 
sulphate as catalyzer for the removal of hydrogen sulphide. The addition of ferric sulphate increased the 
removal of hydrogen sulphide from 20% to 40% (contact time of approximately 2 to 6 minutes) to over 
80% (contact time of 2 mins) as well as reduced producing water with turbidity below 0.1 NTU while 
reducing chlorine demand. This process was capable of reducing hydrogen sulphide and associated 
turbidity while reducing chlorine demand. 
 
5.1.5 Residuals  

 

Sludge resulting from the addition of lime and/or soda ash can be a major operational burden for utilities 
that operate chemical precipitation processes (AWWA, 1981). Water utilities should make 
accommodations to remove these solids on a regular basis, to avoid entrainment of these fine particles in 
the finished water. It is also possible to reduce the quantities of sludge by partially substituting caustic 
soda in place of either lime or soda ash.  
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5.2 Residential-scale treatment 

 
Several treatment technologies can effectively reduce these substances at a residential scale, for 
example, a small system or household whose drinking water supply is from a private well.  
 
Before a treatment unit is installed, the water should be tested to determine the general water chemistry 
and the concentration of the parameters of interest found in the source water. Periodic testing by an 
accredited laboratory should be conducted on both the water entering the treatment unit and the treated 
water to verify that the treatment unit is effective. Units can lose removal capacity through use and time 
and need to be maintained and/or replaced. Consumers should verify the expected longevity of the 
components in the treatment unit according to the manufacturer’s recommendations and service it when 

required. Systems classified as residential scale may have a rated capacity to treat volumes greater than 
that needed for a single residence, so they may also be used in small systems. 
 
Certified residential treatment units are available for the reduction of hardness, sulphate, chloride, TDS 
and hydrogen sulphide.  
 
5.2.1 Calcium, magnesium, hardness  

 
A number of certified residential treatment devices are currently available for the removal of calcium, 
magnesium or other hardness-contributing elements in drinking water from drinking water. These 
devices rely on cation exchange, RO and distillation systems.  
 
An IX (water softening) system certified to NSF/ANSI Standard 44 (Residential Cation Exchange Water 
Softeners) can reduce hardness in drinking water. To be certified for hardness reduction under 
Standard 44, the device must be capable of reducing hardness to below 1.0 gpg (17.1 mg/L) from an 
influent hardness of 20 gpg (342 mg/L) (NSF/ANSI, 2022a). Higher concentrations of hardness will 
require greater amounts of salt to achieve an acceptable level of hardness.  

Homeowners with private wells using IX softeners in sodium form should be aware that the treatment 
unit may introduce undesirable quantities of sodium in the treated water. It is recommended that a 
separate supply be used for potable water consumption and culinary purposes. When a water softener is 
used, it is recommended that a portion of the water most frequently consumed (such as kitchen tap) 
bypass the softener altogether to avoid excessive salt intake. Appendix E contains information on the 
intake of sodium as a result of water softener use, by hardness level.  
 
An RO system should be able to remove hardness but there are no certified systems available. 
Additionally, the use of an RO system for removal of high concentrations of hardness would foul the 
membrane more quickly and require more frequent maintenance as well as shorten the service life of the 
RO membrane. Consumers may need to pretreat the influent water to reduce fouling and extend the 
service life of the RO membrane. RO systems are generally not practical for residential-scale point-of-
entry (POE) systems as larger quantities of influent water are needed to obtain the required volume of 
treated water.  
 
The distillation process should also be able to remove hardness but there are no certified systems 
available. A distillation system certified to NSF/ANSI Standard 62 (Drinking Water Distillation 
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Systems) includes reduction of TDS using sodium chloride as a surrogate. To be certified for TDS 
reduction under Standard 62, a device must be capable of reducing an average influent concentration of 
1 000 mg/L with a minimum reduction of 97% (30 mg/L) (NSF/ANSI, 2022b).  
 
RO and distillation systems are only intended to be installed at point-of-use (POU), as the treated water 
may be corrosive to internal plumbing components.  
 
A detailed report prepared by Brodeur and Barbeau (2015) using the data from Barbeau et al. (2011) 
studied the effectiveness of treatment technologies for the removal of manganese in groundwater. This 
report also included results for hardness removal for 96 systems using various technologies at an 
average influent concentration of 136 356 µg/L (136.36 mg/L) and treated water concentration of 
49 549 µg/L (49.50 mg/L). The authors found that the IX and RO systems were capable of reducing 
hardness with median removals of 99% and 72%, respectively. Results from the individual technologies 
are summarized in Appendix D (Table D.1). 
 
5.2.2 Chloride, sulphate  

 
The technologies available for the reduction of chlorides and sulphates at a residential scale are limited. 
Both chlorides and sulphates tend to remain in solution and are not involved in many chemical reactions. 
Reductions in the concentrations of chlorides and sulphates may be achieved through anion exchange or 
RO. A number of certified residential treatment devices are currently available for the removal of 
chloride and sulphate from drinking water. These devices rely on POU/POE filtration systems.  
 
Distillation systems for sulphate and chloride removal must be capable of reducing an average influent 
concentration of 800 mg/L to a maximum concentration of 250 mg/L (NSF/ANSI, 2022b).   
 
Homeowners may opt to seek out water sources and aquifers with lower concentrations of these 
parameters if they find their existing levels are too high. 

 
5.2.3 Total dissolved solids (TDS)  

 
A number of certified residential treatment devices are currently available for the removal of TDS from 
drinking water. These devices rely on POU/POE filtration systems, RO and distillation systems.  
Reduction requirements for TDS are included under NSF/ANSI Standard 42 (Drinking Water Treatment 
Units – Aesthetic Effects). For a device to be certified for TDS removal under Standard 42, it must be 
capable of reducing an average influent concentration of 1 500 mg/L to a maximum treated water 
concentration of 500 mg/L (NSF/ANSI, 2022c). 
 
Reduction requirements for TDS are included under NSF/ANSI Standard 58 (Reverse Osmosis Drinking 
Water Treatment Systems). For a device to be certified for TDS removal under Standard 58, it must be 
capable of reducing an average influent concentration of 750 mg/L by at least 75% (down to 187 mg/L) 
(NSF/ANSI, 2022d).  
 
NSF/ANSI Standard 62 (Drinking Water Distillation Systems) is applicable to the reduction of TDS as 
sodium chloride in drinking water. For a device to be certified for TDS removal under Standard 62, it 
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must be capable of reducing an average influent concentration of 1 000 mg/L with a minimum reduction 
of 97% (30 mg/L) (NSF/ANSI, 2022b).  
 
Water that has been treated using RO or distillation may be corrosive to internal plumbing components. 
Therefore, these units should be installed only at the POU. As large quantities of influent water are 
needed to obtain the required volume of treated water, RO systems are generally not practical for POE 
installation. A consumer may need to pretreat the influent water to reduce fouling and extend the service 
life of the RO membrane. 
 
5.2.4 Hydrogen sulphide 

 
Certified residential treatment devices are currently available for the removal of hydrogen sulphide from 
drinking water. These devices rely on POU/POE filtration systems. Reduction requirements for 
hydrogen sulphide are included under NSF/ANSI Standard 42 (Drinking Water Treatment Units –
Aesthetic Effects). For a device to be certified for hydrogen sulphide removal under Standard 42, it must 
be capable of reducing an average influent concentration of 1.0 mg/L to a maximum permissible product 
water concentration of 0.05 mg/L (NSF/ANSI, 2022c).  
 
6.0 Management strategies 
 
All water utilities should implement a risk management approach such as the source-to-tap or water 
safety plan approach to ensure water safety. These approaches require a system assessment to 
characterize the source water, describe the treatment barriers that prevent or reduce contamination, 
identify the conditions that can result in contamination and implement control measures. Operational 
monitoring is then established and operational and /management protocols such as are instituted (for 
example, standard operating procedures, corrective actions and incident responses are instituted). Other 
protocols are also implemented (such as record keeping and consumer satisfaction) to validate the water 
safety plan, such as record keeping and consumer satisfaction are also implemented. Operator training is 
also required to ensure the effectiveness of the water safety plan at all times (Smeets et al., 2009). 
 
Management strategies to reduce concentrations of operational parameters in drinking water may be 
achieved by: 
• Adopting centralized treatment for parameter(s) of concern while considering downstream effects on 

distribution systems. 
• Considering blending source waters with lower concentrations of these parameters. 
• Reviewing source water characteristics and the concentration of parameter(s) of concern, and 

possibly adopting a new source with lower concentrations.  
• Addressing any anthropogenic sources of the parameters of concern.  
• Providing public information on the appropriateness of POE or POU systems for individual 

consumers.  
 
6.1 Control strategies 

 
In water sources with higher than acceptable concentrations of operational parameters, one or more 
treatment options (see Section 5.0) may be implemented. Other control strategies may include controlled 
blending prior to system entry-point, interconnecting with and/or purchasing water from another water 
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system, or use of alternative water supplies. Attention must be given to the water quality of a new source 
prior to making any changes (such as switching, blending and interconnecting) to an existing supply. For 
example, if the new water source is more corrosive, it may cause leaching of lead or copper in the 
distribution system. The water quality of the recombined stream should be analyzed to ensure it meets 
the desired concentrations.  
 
6.1.1 Blending 

 
A common practice in water softening is bypass blending, which involves diverting a portion of the 
influent flow around the treatment vessel and blending the diverted water with the treated water. 
Blending of finished water with raw water may stabilize finished water and decrease the cost of 
treatment by reducing the volume of water treated. This can result in less frequent regeneration and a 
savings in chemical and brine disposal costs (U.S. EPA, 1999b). However, the concentration of each 
parameter in the bypass water needs to be considered to ensure that the finished water concentration 
does not exceed the treatment objectives.  
 
Utilities implementing control options that involve a new, blended or interconnected source of water for 
addressing the hardness concentration should assess the water quality of new sources and blended water 
to ensure that it does not interfere with the existing treatment processes, impact the distribution system 
and/or cause other water quality issues.  
 
Other options typically considered for calcium and magnesium reduction include sequestration or 
chelation. Both of these processes act to stabilize the divalent ions and prevent precipitation under 
normal conditions. Typically, a sodium or potassium polyphosphate is used to isolate and stabilize the 
hardness-causing ions in solution. This can be applied to calcium and magnesium hardness as well as 
minor hardness contributors such as iron and manganese. In general, sequestration is considered a 
temporary control measure because its effect is time limited (Kohl and Medlar, 2006).  
 
The chelation effects can degrade over time, leading to precipitation in downstream pipes and fixtures. 
Sequestration is generally not recommended as a strategy since it can also have a negative impact on 
other metals (for example, lead). The use of polyphosphates is discussed in greater detail in Health 
Canada’s Guidance on Sampling and Mitigation Strategies for Controlling Corrosion (Health Canada, 
2022a). 
 
6.2 Monitoring 

 
Routine sampling at the plant intake is recommended for all surface water supplies in order to 
characterize the seasonal variability of these parameters. Depending on the watershed, snow melt may 
dilute the concentration of most parameters. However, it is also possible that it will allow for migration 
of groundwater into the primary surface water system, which may actually increase the concentrations 
for a short period during the spring melt. Groundwater supplies generally have a more stable 
concentration of these parameters but would benefit from regular monitoring on a quarterly basis to 
ensure that the aquifer has not changed drastically. 
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6.2.1 Source water characterization 

 
Characterization of the water quality must be carried out to ensure that changes in water quality resulting 
from control or treatment options are assessed and that potential impacts to the distribution system are 
determined. Any change in water quality should not result in compliance issues. Pilot testing of the 
selected treatment method or control option for hardness is also an important step to assess unintended 
consequences such as water quality changes. 
6.2.2 Treatment 

 
When treatment is in place for hardness reduction (including control options), it is recommended that 
monitoring be conducted quarterly, at minimum, to confirm that the aesthetic objective is not exceeded. 
Samples should be collected after treatment prior to distribution (typically at the entry point to the 
distribution system). Paired samples of source and treated water should be taken to confirm the efficacy 
of the treatment or control option. 
 
RO and IX are often operated with a bypass that blends a portion of the influent (incoming) flow with 
the treated water to obtain the desired water quality. It is important to monitor blended treated water to 
determine final hardness concentrations when this control option is used.  
 
6.2.3 Operational 

Utilities using lime softening for hardness should conduct operational monitoring of calcium and 
magnesium concentrations, and pH.  
 
Utilities using IX water softening for reduction in their source water should monitor for hardness 
breakthrough in each IX vessel to identify the timing for resin regeneration and achieve desired hardness 
control. An operational consideration when using SAC resins in hydrogen form includes the potential 
rapid chromatographic peaking of contaminants. Since barium and calcium are the cations most 
preferred by these IX resins, chromatographic peaking may be observed for ions such as sodium and 
magnesium in the treated water. The hydrogen form of SAC and weak-acid cation exchange resins must 
be followed by a CO2 stripping process and a pH or alkalinity adjustment step to reduce the corrosivity 
of the treated water.  
 
Utilities using cation exchange resins in sodium form should be aware that this process may introduce 
undesirable quantities of sodium into the treated water. 
 
RO and IX are often operated with a bypass that blends a portion of the influent (incoming) flow with 
the treated water to obtain the desired water quality. It is important to monitor blended treated water to 
determine final hardness concentrations when this control option is used. 
 
6.2.4  Blending 

 
It is important to monitor blended treated water to determine final hardness concentrations. The 
disinfectant type (chlorine or chloramine) should be the same to avoid water quality and disinfection 
issues. Corrosion issues should be considered when blending different water qualities. An increase in pH 
during the lime softening process may be detrimental to the efficacy of primary disinfection treatment 



 
53 

 

units. There is also potential for increased removal of pathogens through the sedimentation phase of 
precipitative hardness removal processes (Cornwell et al., 2003). 
 
6.2.5 Residential 

 
Homeowners with private wells as well as operators of small systems are encouraged to have their water 
tested for hardness to ensure that the concentration in their water supply is below the aesthetic objective. 
Homeowners with private wells using residential treatment devices should conduct routine testing on 
both the water entering the treatment device and the treated water to verify that the treatment device is 
effective. Homeowners using IX softeners should be aware that the treatment unit may introduce 
undesirable quantities of sodium into the treated water. 
 
7.0 International considerations 
 
The U.S. EPA has not established a standard for hardness concentration in drinking water. Calcium and 
magnesium are addressed only indirectly as components of hardness and are considered aesthetic 
parameters(USGS, 2018; 2023). The U.S. EPA and the World Health Organization (WHO) categorize 
overall hardness (Table 18) similarly as soft, moderate, hard and very hard (McGowan, 2000; USGS, 
2023).   
 
Table 18. Comparison of international drinking water values for hardness  

Soft 

(mg/L) 

Moderate 

(mg/L) 
Hard 

(mg/L) 
Very hard 

(mg/L) 
World Health 
Organization (WHO, 
2009) 

< 60 61–120 121–180 > 180 

U.S. EPA 

(USGS, 2023) 
< 60 61–120 121–180 > 180 

Australia 

(NHMRC, NRMMC, 
2011) 

< 60 
Soft but 
corrosive 

60–200 
Good 

200–500 
Increasing scale 

> 500 
Severe scale 

European Union 

(EU Drinking Water 
Directive, 2020) 

Varies by country; some recommend minimum Ca & Mg to avoid corrosion and taste 
issue.  

 
Chlorides and sulphates tend to have aesthetic limits of approximately 250 mg/L in multiple 
jurisdictions, including the United States, Australia and the European Union (Table 19). The WHO and 
Australia also note a potential laxative effect for sulphate at 500 mg/L.   
 
TDS as a bulk measure of dissolved solids has been placed on the U.S. EPA secondary contaminants list 
with some concerns around taste and aesthetics. The WHO and Australia established an aesthetic limit 
of 0.05 mg/L for hydrogen sulphide. 
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Table 19: Comparison of international drinking water values for chloride, sulphate, TDS and hydrogen 
sulphide   

Chloride 
(mg/L) 

Sulphate 
(mg/L)  

TDS 
(mg/L) 

H2S 
(mg/L) 

World Health Organization 
(WHO, 2009) 

250 250–500 (taste) 
> 1000 (laxative) 

500–1000 0.05 (odour) 

U.S. Environmental 
Protection Agency 

(U.S. EPA, 2020) 

250  250  500 N/A 

Australia 

(NHMRC, NRMMC 
(2011) 

250 250 (taste) 
500 (laxative) 

< 600 (good) 
600–900 (fair) 
900–1 200 (poor)  
> 1 200 (unacceptable)_ 

0.05  

European Union 

(EU Drinking Water 
Directive, 2020) 

250 250 N/A N/A 

N/A: Not Applicable 
 
8.0  Rationale for aesthetic objectives 
 
The taste threshold of calcium has been reported to be between 100 mg/L and 300 mg/L (Burlingame et 
al., 2007). Magnesium may also contribute undesirable tastes (such as bitterness) to drinking water with 
a taste threshold between 100 mg/L and 500 mg/L (Burlingame et al., 2007). 
 
Increased chloride levels can result in an objectionable taste to drinking water when it is in the presence 
of sodium, calcium, potassium and magnesium (Burlingame et al., 2007). The taste threshold for 
chloride is estimated to be 200 mg/L–300 mg/L (Dietrich and Burlingame, 2015). However, it is thought 
to act in concert with the concentration of sodium ions, with chloride only slightly modifying the taste 
perception. 
 
Sulphate has been reported to have a taste threshold of 250 mg/L, with sodium sulphate having a 
threshold of 250 mg/L and calcium sulphate a threshold of 1 000 mg/L (Lin et al., 2019). Sulphate in 
moderate concentrations is more amenable to most consumers from a taste perspective. Sulphate can 
compliment other TDS content to provide a balanced taste profile that is acceptable up to moderate 
levels of TDS.  
 
TDS is a main determinant in the taste of water and people’s acceptance include prior exposure and to 

what they are accustomed (Lin et al., 2019). For example, in France, where consumers are accustomed 
to mineral water, there is acceptance for water with 300 mg/L–350 mg/L, while consumers in California 
prefer water free from mineral taste with approximate 80 mg/L of TDS (Lin et al., 2019). Van der Aa 
(2003) noted that consumers generally accept water with a TDS level lower than 1 000 mg/L and that 
water with a low TDS level may taste flat. Generally, consumers were able to identify a difference in 
taste when the TDS concentration changed by about 150 mg/L (Devesa and Dietrich, 2018). 
 
Hydrogen sulphide is known for its rotten egg odour. It has a low olfactory threshold, from less than 
0.01 ppm to 0.3 ppm. There is uncertainty associated with determination of a specific odour threshold, 
as it varies with individual sensitivity (WHO, 2000; Greenberg et al., 2013). The median odour detection 
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threshold for hydrogen sulphide reported by Amoore and Hautala (1983), based on a compilation of 
25 published reports of odour threshold, is 0.008 ppm.  
 
Based primarily on these taste and odour considerations (which vary based on source water, local 
conditions, habituation, pH and the temperature of the water), aesthetic objectives are proposed for: 

• chloride at ≤ 250 mg/L  
• sulphate at ≤ 500 mg/L 
• TDS ≤ 500 mg/L 
• hydrogen sulphide at ≤ 0.05 mg/L  

 
The proposed AOs are intended to minimize the occurrence of complaints based on unacceptable taste, 
odour or excessive scaling, and to improve consumer confidence in drinking water quality. The 
concentrations of these operational parameters can be readily measured by available analytical methods, 
and effective treatment technology is available at the municipal and residential scales.  
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Appendix A: Abbreviations 
 
ANSI  American National Standards Institute 
AWWA  American Water Works Association 
AO  aesthetic objective  
CaCO3 calcium carbonate 
CCPP calcium carbonate precipitation potential 
DOC dissolved organic carbon 
EDTA  ethylene diaminetetra acetic acid 
GAC  granular activated carbon 
HBV  health-based value 
IARC International Agency for Research on Cancer 
IOM  Institute of Medicine 
IX  ion exchange 
MAC  maximum acceptable concentrations 
MDL  method detection limit 
NF  nanofiltration 
NSF NSF International 
NOM  natural organic matter 
NTU  nephelometric turbidity unit 
POE  point of entry 
POU  point of use 
RDL reporting detection limit 
RO  reverse osmosis 
SAC strong acid cation 
TDS  total dissolved solids 
UL  tolerable upper intake level 
U.S. EPA United States Environmental Protection Agency 
USGS  United States Geological Survey 
µM   micromole 
WHO  World Health Organization 
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Appendix B: Provincial data tables 
 
Data provided by the provinces were from a variety of water supplies in Canada, including surface water 
and groundwater, as well as treated and distributed water where monitoring occurred (British Columbia 
Ministry of Health, 2021; Ontario Ministry of the Environment, Conservation and Parks, 2021; 
Manitoba Sustainable Development, 2021; Ministère de l’Environnement et de la Lutte contre les 

changements climatiques, 2021; Nova Scotia Environment, 2021; Saskatchewan Water Security 
Agency, 2021; PEI Department of Communities, Land and Environment, 2021; New Brunswick 
Department of Health, 2021; Newfoundland and Labrador Municipal Affairs and Environment, 2021). 
 
Table B.1 Occurrence of calcium in Canadian water 

Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 
Media

n 
90th 

percentile Max 

British 
Columbia 
2016–2021 

Municipal 
  

Ground-raw 117/117 59.1 95.8 531 

Ground-distributed 5/5 67.2 NC 90.3 

Ground &/or surface – raw 54/54 39.9 100.8 141 

Ground &/or surface – treated 13/13 17 84.4 90.3 

Ground &/or surface – distributed 358/366 38.7 85.7 195 

Surface – raw 10/10 14.4 75.2 107 

Surface – distributed 5/5 27.9 NC 38.2 

Non-municipal 
  

Ground – raw 127/127 59.1 97.3 531 

Ground – treated 3/3 72.5 NC 90.3 

Ground – distributed 1/1 NC NC 69.8 

Ground – unspecified 212/215 45.6 85.6 195 

Ground &/or surface –raw 33/33 41.3 91.7 107 

Ground &/or surface – treated 6/6 7.6 NC 87.4 

Ground &/or surface – unspecified 205/211 39.1 91.1 193 

Surface – raw 24/24 13.9 59.2 96 

Surface – treated 10/10 14.9 33.2 33.6 

Surface – distributed 2/2 NC NC 35.8 

Surface – unspecified 46/46 27 57.4 124 

Manitoba  
2009–2020 

Municipal and 
non-municipal 

Ground & GUDI – raw 581/581 73.7 150 546 

Ground & GUDI – undisinfected 323/323 65.7 118 383 

Ground & GUDI – treated 571/572 57.2 115 347 

Ground & GUDI – distributed 282/282 62.8 133 360 

Ground &/or surface – raw 55/55 30.9 94.2 125 

Ground &/or surface – undisinfected 22/22 45.4 112.3 126 

Ground &/or surface – treated 55/55 23.1 53.7 120 

Ground &/or surface – distributed 20/20 28.6 62.2 161 

Surface – raw 306/306 23.5 88.6 219 

Surface –treated 306/306 19 58.2 227 

Surface – distributed 194/194 19.7 63.5 232 
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Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 
Media

n 
90th 

percentile Max 

New Brunswick 
(0.05–0.2) 
2016–2019 

Municipal and 
Semi-public  

Ground-raw 977/977 27.4 66 188 

Ground – treated 338/338 24.7 67.4 162 

Ground – distributed 554/554 33.2 56 132 

Ground – unspecified 161/161 46.5 112 191 

Ground & surface – raw 288/288 5.5 7.7 42.3 

Ground &surface – treated 5/5 6.9 NC 9.2 

Ground & surface – distributed 552/552 6.1 64.8 89.5 

Surface – raw 97/97 4.4 32.1 78.1 

Surface – treated 1/1 NC NC 2.6 

Surface – distributed 259/259 7.9 28.1 55.1 

Newfoundland 
and Labrador 
(0.1–1) 
2015–2020 

Municipal 
 

Ground – raw 252/254 27.5 55 250 

Ground – distributed 1 317/1 357 28 64 266 

Surface – raw 657/735 2 19 88 

Surface – distributed 3 409/3 823 3 19 95 

Nova Scotia 
2016–2020 

Municipal/semi-
public 

Ground – raw 186/186 33.8 85.1 438 

Ground – treated 314/319 29 66.1 330 

Ground – distributed 4/4 37.9 NC 63.1 

Surface – raw 79/79 2.2 7.1 29 

Surface – treated 400/401 5.8 20.2 56 

Surface – distributed 24/24 6.8 12.4 16.8 

Non-municipal  Ground – raw 752/752 27 71.9 609 

Ontario  
2018–2021 

Municipal 
 
 

Ground – raw 2 157/2 159 85.7 130 453 

Ground – treated 1 147/1 148 84.5 125 253 

Ground – distributed 821/821 80.6 106 139 

Ground & surface – raw 218/218 66.5 99.2 177 

Ground & surface – treated 41/41 81.4 92.5 97.9 

Ground & surface – distributed 699/699 36.3 42.4 150 

Surface – raw 894/894 32.4 37.8 216 

Surface – treated 1 124/1 124 33.7 37.6 117 

Surface – distributed 1 611/1 611 8 32.4 114 

PEI  
(0.02 mg/L) 
2016–2021  

Municipal Ground – raw 852/857 36.6 91.4 188.2 

Non – municipal Ground – raw 14 515/15 
141 

32.5 62 2783 

Quebec 
2010–2014 

Non – municipal Ground – raw 1 915/1 945 44.3 87 1900 

Saskatchewan 
2015–2020 

Municipal Ground – raw 270/270 128 205.1 358 

Ground & surface – treated 117/136 48 134 369 

Ground & surface – distributed 3 084/3 183 62 179.8 593 

Surface – raw 136/137 75 103 172 
DL: detection limit; GUDI: groundwater under the direct influence of surface water; NC : not calculated due to insufficient sample size; Unspecified : 
unspecified as to whether raw, treated or distributed. 
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Table B.2 Occurrence of chloride in Canadian water 
Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-

municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 

Media

n 
90th percentile Max 

British Columbia 
(2016–2021) 

Municipal Ground – raw 107/107 6.3 36.9 793 

Ground – distributed 5/5 4.1 NC 68.1 

Surface – raw 9/9 0.7 80.7 210 

Surface – distributed 5/5 2.2 6.5 6.8 

Non-municipal Ground – raw 116/117 6.4 50 793 

Ground – treated 3/3 9.4 NC 43.4 

Ground – distributed 1/1 NC NC 1.3 

Ground – unspecified 189/191 4.8 51.2 293 

Surface – raw 23/23 0.5 5.6 210 

Surface – treated 10/10 0.8 1.8 3.2 

Surface – distributed 2/2 NC NC 27.2 

Surface – unspecified 41/42 1.6 21.4 57.3 

Manitoba 
(2009–2020) 

Municipal and 
non-municipal 

Ground &GUDI – raw 571/571 18.4 172 1 280 

Ground &GUDI – 
undisinfected 

305/305 20.5 262.2 1 390 

Ground &GUDI – treated 541/541 19.8 139 879 

Ground &GUDI – distributed 4/4 49.8 NC 85.4 

Surface – raw 305/305 4.7 50.4 1 830 

Surface – treated 306/306 14 70.9 352 

Surface – distributed 6/6 18 NC 39.3 

New Brunswick 
(0.01–0.2) 
2016–2019 

Municipal Ground – raw 1 328/1 367 35.6 78.6 280 

Ground – treated 338/338 37.3 149.6 540 

Ground – distributed 554/554 27.4 83.2 407 

Ground – unspecified 156/156 39.8 225.5 503 

Ground & surface – raw 288/288 5.8 9.9 33.1 

Ground & surface – treated 5/5 11.4 NC 14.3 

Ground & surface – distributed 552/552 10.7 68.2 78 

Surface – raw 97/97 3.8 10.9 134 

Surface – treated 1/1 NC NC 5 

Surface – distributed 259/259 5.8 15.4 106 

Newfoundland and 
Labrador 
(0.1–1) 
2015–2020 

Municipal  Ground – raw 253/254 25.5 73 405 

Ground – distributed 1 354/1 357 29 83 610 

Surface – raw 727/735 8 20 570 

Surface – distributed 3 722/3 823 12 25 610 

Nova Scotia 
2016–2020 

Municipal/ 
non-municipal 

Ground – raw 201/201 30 142 960 

Ground – treated 285/285 36 140 1 600 

Ground – distributed 4/4 11.5 NC 67 

Surface – raw 91/91 8 21 51 

Surface – treated 397/404 15 31.7 88 

Surface – distributed 24/24 6 13 14 
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Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-

municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 

Media

n 
90th percentile Max 

Non-municipal Ground – raw 743/743 21 170 2 200 

Ontario 
2018–2021 

Municipal Ground – raw 2 790/2 801 70.3 270 1 715 

Ground – treated 1 272/1 272 53 177 561.6 

Ground – distributed 1 155/1 155 55.7 173.6 330 

Ground & surface – raw 168/168 70.2 124.5 331 

Ground & surface – treated 223/223 13.8 74.5 116 

Ground & surface – distributed 815/815 28.9 37.8 100 

Surface – raw 894/895 24.5 34 190 

Surface – treated 941/941 27 39.3 170 

Surface – distributed 1 804/1 806 6.1 87.8 160 

PEI  
(0.26) 
2016–2021 
  

Municipal Ground – raw 856/856 18.5 117.5 2 140 

Non-municipal Ground – raw 14 590/14 615 14.8 59.8 15 000 

Quebec 
2010–2014 

Non-municipal Ground – raw 1 999/2 065 91.2 130 11 000 

Saskatchewan 
2015–2020 

Municipal Ground – raw 266/267 13.2 151.5 616.5 

Ground & surface – treated 135/136 17.1 60.8 394.7 

Ground & surface – distributed 3 032/3 049 21.6 87 1120 

Surface – raw 159/159 18.6 52 1 065.6 
DL: detection limit; GUDI: groundwater under the direct influence of surface water; NC : not calculated due to insufficient sample size; Unspecified : 
unspecified as to whether raw, treated or distributed. 
  
Table B.3 Occurrence of hardness in Canadian water 

Jurisdiction 

(DL mg/L) 

Municipal/ 

Non municipal  

Water type No. detects/ 

samples 
Concentration (mg/L as CaCO3) 
Media

n 
90th percentile Max 

British 
Columbia 
(2016–2021) 

Municipal Ground – raw 111/111 215 454 1 650 

Ground – distributed 5/5 236 NC 389 

Surface – raw 10/10 44 399.3 1 140 

Surface – distributed 5/5 95.1 NC 162 

Non-municipal  Ground – raw 120/120 234.5 469.1 1 650 

Ground – treated 3/3 286 NC 367 

Ground – distributed 1/1 NC NC 200 

Ground – unspecified 199/203 183 452.4 1 150 

Surface – raw 24/24 41.8 207.8 1 140 

Surface – treated 10/10 46.3 101.1 102 

Surface – distributed 2/2 NC NC 319 

Surface – Unspecified 46/46 86.4 282.5 606 

Manitoba 
(2009–2020) 

Municipal and 
non-municipal 

Ground & GUDI – raw 571/571 368 677 1 570 

Ground & GUDI – 
undisinfected 

305/305 337 649 1 650 
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Jurisdiction 

(DL mg/L) 

Municipal/ 

Non municipal  

Water type No. detects/ 

samples 
Concentration (mg/L as CaCO3) 
Media

n 
90th percentile Max 

Ground & GUDI – treated 538/541 278 546 1 360 

Ground & GUDI – distributed 4/4 111 NC 170 

Surface – raw 305/305 91.7 416.2 1 130 

Surface – treated 306/306 76.7 245.5 861 

Surface – distributed 6/6 143.4 NC 310 

New 
Brunswick 
(0.2-0.7) 
2016–2019 

Municipal Ground – raw 1 176/1 176 91.8 196 543 

Ground – treated 338/338 78.5 207 476 

Ground – distributed 551/551 102 174 392 

Ground – Unspecified 161/161 125 296 499 

Ground & surface – raw 61/61 23 111 126 

Ground & surface – treated 5/5 20 NC 25 

Ground & surface – distributed 306/306 23 216 289 

Surface – raw 97/97 14 88.4 224 

Surface – treated 1/1 8.5 8.5 8.5 

Surface – distributed 259/259 22.8 81 158 

Newfoundland 
and Labrador 
(1) 
2015–2020 

Municipal  Ground – raw 251/253 96 190 700 

Ground – distributed 1 316/1 357 95 218.4 747 

Surface – raw 666/735 7 83 273 

Surface – distributed 3 419/3 823 10 70.8 291 

Nova Scotia 
2016–2020  

Municipal/ 
non-municipal 

Ground – raw 182/183 120 257.2 1 250 

Ground – treated 252/263 84.2 208 850 

Ground – distributed 4/4 104 NC 210 

Surface – raw 76/76 8.6 23.2 82 

Surface – treated 382/383 17.8 52 190 

Surface – distributed 23/23 18.7 36.4 47 

Non-municipal Ground – raw 692/692 98 260 1 740 

Ontario   
2018–2021 

Municipal 
 
 

Ground – raw 2 142/2 143 320 458 1 410 

Ground – treated 1 240/1 240 318 460 924 

Ground – distributed 1 119/1 119 236 383 548 

Ground & surface – raw 167/167 278 362.4 577 

Ground & surface – treated 49/49 305 407.2 434 

Ground & surface – distributed 702/702 126 158 476 

Surface – raw 1 148/1 148 115 131 668 

Surface – treated 1 442/1 442 118 131 476 

Surface – distributed 945/945 26 123 415 

PEI  
2016–2021  

Municipal Ground – raw 857/857 159 247.8 1 164 

Non-municipal Ground – raw 14 665/14 723 136.4 202.3 11 090 

Quebec 
2010–2014 

Non-municipal Ground – raw 604/604 166 337.7 3902 
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Jurisdiction 

(DL mg/L) 

Municipal/ 

Non municipal  

Water type No. detects/ 

samples 
Concentration (mg/L as CaCO3) 
Media

n 
90th percentile Max 

Saskatchewan 
2015–2020 

Municipal 
  

Ground – raw 260/260 531.5 909.7 1 528 

Ground & surface – treated 136/136 194 640.5 1 475 

Ground & surface – distributed 2 977/2 996 298.5 848.5 4 980 

Surface – raw 134/134 407 596.7 1 023 
DL: detection limit; GUDI: groundwater under the direct influence of surface water; NC : not calculated due to insufficient sample size; Unspecified : 
unspecified as to whether raw, treated or distributed. 

  
Table B.4 Occurrence of chloride in Canadian water 

Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 

Median 90th 

percentile 
Max 

British 
Columbia  
(2016–2021) 

Municipal Ground – raw 121/121 13.2 72.5 177 
Ground – distributed 5/5 16.6 NC 49.1 
Surface – raw 9/9 2 10.5 12.4 
Surface – distributed 5/5 10.8 NC 16.2 

Non-municipal Ground – raw 131/131 12.9 72.5 177 
Ground – treated 3/3 14.7 NC 45.1 
Ground – distributed 1/1 NC 6.2 6.2 
Ground – unspecified 211/214 12.5 52.3 176 
Surface – raw 23/23 2 15.7 25 
Surface – treated 10/10 2.7 4.5 5.8 
Surface – distributed 2/2 60 NC 65 
Surface – unspecified 45/45 5.8 28.8 93.6 

Manitoba 
(2009–2020) 

Municipal and 
non-municipal 

Ground &GUDI – raw 581/581 40 83.8 153 
Ground &GUDI – 
undisinfected 

325/325 37.2 93.1 214 

Ground &GUDI – treated 575/576 28.8 69.7 145 
Ground &GUDI – 
distributed 

282/285 29.4 72.2 127 
Surface – raw 306/306 7.1 50.3 147 
Surface – treated 307/307 5.9 23.8 90.3 
Surface – distributed 195/196 6.8 25.6 89 

New 
Brunswick 
(0.05–1) 
2016–2019 

Municipal Ground – raw 973/973 3.9 11.3 38 
Ground – treated 338/338 2.6 9.4 20.1 
Ground – distributed 554/554 3.6 10.1 16.3 
Ground – unspecified 161/161 4.1 9.6 22.5 
Ground & surface – raw 61/61 1.1 6.2 6.8 
Ground & surface – treated 5/5 0.7 NC 0.8 
Ground & surface – 
distributed 

306/306 0.9 11.3 15.8 

Surface – raw 97/97 0.8 2.1 7 
Surface – treated 1/1 NC NC 0.5 
Surface – distributed 259/259 0.9 2.6 5 

Municipal Ground – raw 236/254 6 14 27 
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Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 

Median 90th 

percentile 
Max 

Newfoundland 
and Labrador 
(1) 
2015–2020 

Ground – distributed 1 287/1 357 5 15 41 
Surface – raw 445/735 0.5 7 37 
Surface – distributed 2 284/3 823 0.6 5 39 

Nova Scotia 
2016–2020  

Municipal/ 
Semi-public 

Ground – raw 182/186 5.8 14 57.7 
Ground – treated 263/286 4 14 110 
Ground – distributed 4/4 2.5 NC 11.8 
Surface – raw 77/77 0.8 1.3 545 
Surface – treated 390/392 0.9 3.4 580 
Surface – distributed 24/24 0.4 1.2 1.4 

Non Municipal Ground – raw 750/751 4 16 75 
Ontario   
2018–2021 

Municipal Ground – raw 1 984/1 986 25.3 37.3 84.6 
Ground – treated 986/987 25.5 39.5 71.7 
Ground – distributed 665/665 27 35.9 46.3 
Ground & surface – raw 214/214 19.7 26.2 34.2 
Ground & surface – treated 41/41 23.7 25.7 32.4 
Ground & surface – 
distributed 

553/553 8.9 13.9 36.9 

Surface – raw 856/864 8.3 9.2 31.2 
Surface – treated 1 065/1 075 8.6 9.3 29.9 
Surface – distributed 1 535/1 563 2 8.1 28.6 

PEI  
(0.01)  
2016–2021  

Municipal Ground – raw 852/857 12.5 20.1 168.6 

Non-municipal Ground – raw 14 424/15 141 13.1 20 1006 

Quebec 
2010–2014 

Non-municipal Ground – raw 1 895/1 996 10.9 25 327.9 

Saskatchewan 
2015–2020 

Municipal 
 

Ground – raw 266/270 50.5 94 168 
Ground & surface – treated 116/136 19 71.5 152 
Ground & surface – 
distributed 

2 941/3 155 30 97 924 

Surface – raw 136/137 52 91.4 166 
DL: detection limit; GUDI: groundwater under the direct influence of surface water; NC : not calculated due to insufficient sample size; Unspecified : 
unspecified as to whether raw, treated or distributed. 
 
Table B.5 Occurrence of sulphate in Canadian water 

Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 
Median 90th 

percentile 
Max 

British Columbia 
2016–2021 

Municipal Ground – raw 105/106 29.7 128.5 1 490 
Ground – distributed 5/5 38.1 NC 137 
Surface – raw 9/9 7.1 57.2 147 
Surface – distributed 5/5 6 NC 47.7 

Non-municipal Ground – raw 115/116 32.6 140.5 1 490 
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Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 
Median 90th 

percentile 
Max 

Ground – treated 2/3 16.5 NC 116 
Ground – distributed 1/1 NC NC 32.3 
Ground – unspecified 185/187 27 134.6 582 
Surface – raw 23/23 7.1 33.3 147 
Surface – treated 9/9 7.3 14.7 14.8 
Surface – distributed 2/2 11 NC 12.3 
Surface – unspecified 40/41 10.9 47.2 273 

Manitoba 
2009–2020 

Municipal and 
non-municipal 

Ground & GUDI – raw 555/571 60.4 389 1 310 
Ground & GUDI – 
undisinfected  

290/305 51.6 358.8 2 260 
Ground & GUDI – treated 522/541 49.7 295 1 220 
Ground & GUDI – distributed 4/4 34.1 NC 101 
Surface – raw 303/305 4.4 205 497 
Surface – treated 273/306 6.2 142 468 
Surface – distributed 5/6 55.8 NC 277 

New Brunswick 
(0.05–2) 
2016–2009 

Municipal Ground – raw 1 327/1 366 15 47 83 
Ground – treated 338/338 10 34 440 
Ground – distributed 554/554 12 30 73 
Ground &/or surface – 
unspecified 

156/156 13 23 104 
Ground & surface – raw 54/54 5.5 8.7 18 
Ground & surface – treated 5/5 2 NC 3 
Ground & surface – distributed 298/298 4 37 51 
Surface – raw 87/87 2 3.6 23 
Surface – treated 1/1 NC NC 2 
Surface – distributed 251/251 12 31 47 

Newfoundland and 
Labrador 
(1–2) 
2015–2020 

Municipal Ground – raw 244/254 8 24 550 
Ground – distributed 1 299/1 357 9 25 598 
Surface – raw 368/735 1 3 120 
Surface – distributed 2 224/3 823 1 4 120 

Nova Scotia 
2016–2020 

 
Municipal/ 
non-municipal 
 

Ground – raw 191/202 13 66.4 1 100 
Ground – treated 264/279 13 100 620 
 Ground – distributed 4/4 30 NC 34 
Surface – raw 65/91 3 14 31 
Surface – treated 361/406 10 31 71 
Surface – distributed 24/24 16.5 26 29 

Non-municipal Ground – raw 723/742 11 94.9 1 600 
Ontario 
2018–2021 

Municipal 
 
 

Ground – raw 1 825/1 865 39.7 110 1 000 
Ground – treated 1 003/1 059 34 78.3 827 
Ground – distributed 980/989 27.6 62.5 190 
Ground & surface – raw 159/159 31.2 44.8 69.4 
Ground & surface – treated 37/37 44.9 51.2 53 
Ground & surface – distributed 793/793 25 26.7 66 
Surface – raw 745/745 23.8 26 91 
Surface – treated 921/922 26 34.3 92 
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Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 
Median 90th 

percentile 
Max 

Surface – distributed 852/852 26.7 34.5 45 
PEI 
(0.03) 
2016–2021  

Municipal Ground – raw 857/857 7.8 15.6 287.1 

Non-municipal Ground – raw 14 946/15 121 6.4 14.8 2 126 

Quebec 
2010–2014 

Non-municipal Ground – raw 1 842/1 999 40.7 52 3 624 

Saskatchewan 
2015–2020 

Municipal Ground – raw 263/263 320 867.5 1 710 
Ground & surface – treated 136/136 90.4 764 1 381.6 
Ground & surface – distributed 2 981/3 014 148.2 805.5 8 560 
Surface – raw 137/137 350 808.2 1 936.2 

DL: detection limit; GUDI: groundwater under the direct influence of surface water; NC : not calculated due to insufficient sample size; Unspecified : 
unspecified as to whether raw, treated or distributed.  
 
Table B.6 Occurrence of TDS in Canadian water 

Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 

Median 90th 

percentile Max 

Manitoba Municipal and 
non-municipal 

Ground & GUDI – raw 571/571 521 1 320 3 120 
Ground & GUDI – undisinfected 305/305 521 1 206 4 890 
Ground & GUDI – treated 541/541 456 1 030 3 030 
Ground & GUDI – distributed 4/4 300 NC 486 
Ground &/or surface – raw 56/56 219 848.5 981 
Ground &/or surface – 
undisinfected 

21/21 620 1 290 1 650 

Ground &/or surface –  treated 56/56 194 656.5 1 030 
Ground &/or surface – distributed 2/2 114 NC 163 
Surface – raw 305/305 120 640.2 3 160 
Surface – treated 305/306 136.5 472 1 410 
Surface – distributed 6/6 224 NC 593 

New Brunswick 
(1–5) 

Municipal Ground – raw 103/103 131 179 429 
Ground – distributed 50/50 123 205.2 493 
Ground & surface – raw 5/5 22 NC 25 
Ground & surface – treated 5/5 49 NC 58 
Surface – raw 8/8 61 NC 101 
Surface – distributed 12/12 52 98.5 101 

Newfoundland 
and Labrador 
(1–5) 
2015–2020 

Municipal Ground – raw 253/253 181 309.2 1 030 
Ground – distributed 1 356/1 357 190 367 1 550 
Surface – raw 735/735 30 120 1 000 
Surface – distributed 3 772/3 823 43 128.9 1 100 

Nova Scotia 
2016–2020 

Municipal/ 
non-municipal 

Ground – raw 194/194 201.5 477.6 2 380 
Ground – treated 303/304 248 432.8 2 900 
Ground – distributed 4/4 80 NC 345 
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Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 

Median 90th 

percentile Max 

Surface – raw 90/92 24.5 65.8 119 
Surface – treated 407/409 67 115 396 
Surface – distributed 24/24 42.5 80.2 95 

Non-municipal Ground – raw 737/737 180 598 4 200 
Ontario  
2018–2021 

Municipal 
  

Ground – raw 711/711 448 870 1 880 
Ground – treated 540/540 478 810.1 1 530 
Ground – distributed 336/337 442 667.8 952 
Ground & surface – raw 124/124 374 514.3 797 
Ground & surface – treated 70/70 202 444.5 507 
Ground & surface – distributed 605/605 187 212 728 
Surface – raw 429/435 83 187 860 
Surface – treated 579/581 134 210 634 
Surface – distributed 820/831 100 160 1 120 

PEI  
2016–2021 

Municipal Ground – raw 1/1 208 NC 208 
Non-municipal Ground – raw 5/5 214 NC 513 

Quebec 
2010–2014 

Non-municipal Ground – raw 443/444 684.3 1 125.7 13 837.4 

Saskatchewan 
2015–2020 

Municipal 
  

Ground – raw 210/210 1 210.5 2 149.4 3 320 
Ground & surface – treated 80/80 810 2 201.3 3 043 
Ground & surface – distributed 2 364/2 364 745.5 2 067.8 13 395 
Surface – raw 109/109 903 1 606.8 3 426 

DL: detection limit; GUDI: groundwater under the direct influence of surface water; NC : not calculated due to insufficient sample size; TDS: total dissolved 
solids; Unspecified : unspecified as to whether raw, treated or distributed. 
 
Table B.7 Occurrence of hydrogen sulphide in Canadian water 

Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 
Median 90th 

percentile 
Max 

New Brunswick 
 (0.05) 
2016–2019 

GW Ground – raw 3/3 0.05 NC 0.05 
Ground – distributed 1/1 NC NC 0.05 

Nova Scotia 
2016–2020 

Municipal+ 
Semi-public  

Ground – raw 1/23 0.05 0.05 0.1 
Ground – treated 0/4 < DL NC < DL 
Surface – raw 0/21 < DL NC < DL 
Surface – treated 25/25 0.01 0.05 0.05 
Surface – distributed 1/1 NC   NC 0.005 

Ontario  
 2018–2021 

Municipal 
  

Ground – raw 218/590 < DL 0.0261 2.6 
Ground – treated 1/64 0.01 NC < DL 
Ground & surface – 
distributed 

0/6 < DL NC  < DL 

Surface – raw 1/63 0.005 NC 0.01 
Surface – treated 0/12 < DL < DL < DL 
Surface – distributed 0/1 NC < DL < DL 



 
88 

 

Jurisdiction 

(DL mg/L) 

Municipal/ 

Non-municipal  

Water type No. detects/ 

samples 
Concentration (mg/L) 
Median 90th 

percentile 
Max 

Quebec 
2010–2014 

Non-municipal Ground – raw 86/948 < DL < DL 8.7 

DL: detection limit; NC : not calculated due to insufficient sample size; Unspecified : unspecified as to whether raw, treated or distributed. 
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Appendix C: Health Canada Drinking Water Survey data 
 
C.1 National Drinking Water Survey (2009–2010) 

 
Table C.1.1. Summary of total calcium concentrations from the National Drinking Water Survey (2009–

2010) (Health Canada, 2022c) 

Water type 

Summer (mg/L) Winter (mg/L) 

Detects/ 

samples Median Mean 90th Max 

Detects/ 

samples Median Mean 90th Max 

Well – raw 18/18 33.5 42.1 87.5 140 17/17 32.0 42.8 93.4 130 
Well –treated 17/17 33.0 42.7 89.4 140 16/16 31.0 41.8 92.0 130 
Well –
distribution 

54/54 33.5 39.3 77.2 150 27/27 29.0 28.9 48.4 50 

Lake – raw 21/21 13.0 17.0 37.0 41 20/20 17.5 20.2 44.7 55 
Lake – 
treated 

21/21 11.0 16.9 38.0 42 20/20 12.5 20.3 44.0 53 

Lake –
distribution 

57/57 10.0 17.6 39.0 47 31/31 11.0 18.9 42.0 54 

River – raw 26/26 33.0 34.6 61.5 81 22/22 45.5 42.8 77.0 100 
River –
treated 

26/26 33.5 34.9 60.5 81 22/22 42.0 39.9 73.8 100 

River –
distribution 

77/77 33.0 36.3 66.8 120 36/36 44.0 44.1 63.0 100 

Reporting detection limit (RDL) = 0.2 mg/L. 
 
Table C.1.2. Summary of total magnesium concentrations from the National Drinking Water Survey 
(2009–2010) (Health Canada, 2022c) 

Water type 

Summer (mg/L) Winter (mg/L) 

Detects/ 

samples Median Mean 90th Max 

Detects/ 

samples Median Mean 90th Max 

Well – raw 18/18 9.9 14.0 32.2 68 17/17 14.0 14.6 25.2 67 
Well –treated 17/17 9.1 13.6 24.6 69 16/16 12.0 14.6 27.0 67 
Well –
distribution 

54/54 8.8 14.0 28.0 76 27/27 6.7 9.0 18.4 22 

Lake – raw 21/21 2.2 5.0 11.0 28 20/20 2.2 5.9 11.9 33 
Lake –treated 21/21 2.0 4.7 11.0 27 20/20 2.3 5.6 11.0 33 
Lake –
distribution 

57/57 1.7 4.5 11.4 28 31/31 1.3 6.0 10.0 34 

River – raw 26/26 5.9 11.0 22.0 54 22/22 8.0 12.7 26.5 43 
River –treated 26/26 5.5 8.3 18.0 22 22/22 8.2 10.0 19.7 28 
River –
distribution 

77/77 5.5 8.5 18.4 36 36/36 13.0 12.7 19.5 28 

Reporting detection limit (RDL) = 0.05 mg/L. 
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Table C.1.3. Summary of total hardness concentrations from the National Drinking Water Survey 
(2009–2010) (Health Canada, 2022c) 

Water type 

Summer (mg/L as CaCO3) Winter (mg/L as CaCO3) 

Detects/ 

samples Median Mean 90th Max 

Detects/ 

samples Median Mean 90th 

 

Max 

Well – raw 18/18 130.0 161.9 291.0 620 16/16 140.0 165.7 335.0 590 
Well – treated 17/17 130.0 162.0 302.0 630 15/15 150.0 163.9 330.0 590 
Well –
distribution 

54/54 130.0 156.5 305.0 690 27/27 99.0 108.8 180.0 200 

Lake – raw 21/21 38.0 64.1 140.0 220 20/20 60.0 74.2 141.0 270 
Lake – treated 21/21 39.0 62.0 130.0 210 20/20 42.5 74.2 150.0 270 
Lake –
distribution 

57/57 38.0 62.7 132.0 220 25/25 40.0 83.9 216.0 270 

River – raw 26/26 115.0 131.9 255.0 420 21/21 160.0 164.5 340.0 370 
River – treated 26/26 120.0 121.8 225.0 280 21/21 150.0 145.9 240.0 370 
River –
distribution 

77/77 120.0 125.9 248.0 440 30/30 150.0 161.8 250.0 370 

Reporting detection limit (RDL) = 1 mg/L. 
 
Table C.1.4. Summary of total chloride concentrations from the National Drinking Water Survey (2009–

2010) (Health Canada, 2022c) 

Water type 

Summer (mg/L) Winter (mg/L) 

Detects*/ 

samples Median Mean 90th Max 

Detects/ 

samples Median Mean 90th Max 

Well – raw 18/18 13.0 29.2 87.6 120 16/16 18.0 39.1 88.5 240 
Well– treated 17/17 16.0 33.1 108.0 120 15/15 13.0 41.5 106.0 240 
Well – 
distribution 

54/54 15.0 28.4 99.7 150 27/27 8.0 25.1 89.2 110 

Lake – raw 17/21 9.0 25.8 34.2 260 16/20 9.0 34.4 54.0 330 
Lake – treated 21/21 12.0 26.8 36.0 280 20/20 11.5 33.3 45.0 350 
Lake – 
distribution 

57/57 13.0 28.6 36.4 290 24/25 10.0 61.1 266.6 360 

River – raw 24/26 11.5 18.6 47.5 80 20/21 6.0 19.7 47.9 110 
River – treated 26/26 13.0 21.1 51.0 97 20/21 10.0 25.5 58.1 140 
River – 
distribution 

77/77 12.0 22.1 47.4 220 28/30 9.0 31.9 93.1 140 

Reporting detection limit (RDL) = 1 mg/L. 
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Table C.1.5: Summary of total sulphate concentrations from the National Drinking Water Survey (2009–

2010) (Health Canada, 2022c) 

Water type 

Summer (mg/L) Winter (mg/L) 

Detects*/ 

samples Median Mean 90th Max 

Detects/ 

samples Median Mean 90th Max 

Well – raw 17/18 16.0 84.5 204.0 630 15/16 16.0 92.8 276.4 640 

Well – treated 17/17 37.0 85.9 205.0 620 15/15 21.0 95.3 268.0 650 

Well – 
distribution 

54/54 16.0 77.2 250.8 650 27/27 37.0 35.7 62.4 65 

Lake – raw 16/21 9.0 14.0 36.5 49 16/20 10.0 16.4 35.0 75 
Lake – treated 18/21 11.5 16.4 37.0 50 17/20 17.0 21.2 46.6 73 

Lake – 
distribution 

49/57 12.0 17.9 39.0 53 25/25 23.0 27.4 60.6 75 

River – raw 22/26 21.5 41.6 85.1 260 18/21 34.5 53.5 118.3 260 

River – treated 25/26 39.0 64.8 126.0 280 20/21 46.0 65.8 114.9 290 
River – 
distribution 

72/77 46.0 68.3 120.0 280 30/30 52.0 83.0 163.0 280 

Reporting detection limit (RDL) = 1 mg/L. 
 
Table C.1.6: Summary of total TDS concentrations from the National Drinking Water Survey (2009–

2010) (Health Canada, 2022c) 

Water type 

Summer (mg/L) Winter (mg/L) 

Detects/ 

samples Median Mean 90th Max 

Detects/ 

samples Median Mean 90th Max 

Well – raw 18/18 185.5 372.5 801.6 1710 16/16 211.5 412.6 914.0 1710 
Well – treated 17/17 195.0 387.7 877.0 1710 15/15 216.0 426.7 962.0 1690 
Well – 
distribution 

54/54 190.5 356.8 868.9 1720 27/27 219.0 301.5 660.2 833 

Lake – raw 21/21 61.0 101.5 159.0 673 20/20 73.0 125.7 193.9 874 
Lake – treated 21/21 60.0 110.5 161.0 683 20/20 74.5 135.9 200.3 880 
Lake – 
distribution 

57/57 64.0 114.8 164.4 706 25/25 87.0 198.2 620.0 894 

River – raw 26/26 149.0 183.2 360.0 710 21/21 186.0 226.0 495.0 650 
River – treated 26/26 161.0 201.7 352.0 542 21/21 225.0 230.5 375.0 609 
River – 
distribution 

77/77 163.0 209.2 381.2 768 30/30 222.0 279.3 533.6 612 

TDS: total dissolved solids. 
Reporting detection limit (RDL) = 1 mg/L. 
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C.2 Targeted Drinking Water Survey 2007 

 
Table C.2.1. Summary of total calcium concentrations from the targeted drinking water survey – 2007 
(Health Canada, 2022c) 

Water type Calcium (mg/L), RDL = 0.2 mg/L 

Detects/ 

samples 

Median Mean 90th Max 

Well – raw 12/12 33.5 45.9 148.2 180 
Well – treated 12/12 33.5 46.9 148.2 190 

Lake – raw 5/5 1.9 18.9 NC 47 
Lake – treated 5/5 13 15.6 NC 31 

River – raw 2/2 89.5 89.5 NC 110 
River – treated 2/2 92 92.0 NC 110 

RDL: reporting detection limit; NC: not calculated due to insufficient sample size.  
 
Table C.2.2. Summary of total magnesium concentrations from the targeted drinking water survey – 
2007 (Health Canada, 2022c) 

Water Type 

Magnesium (mg/L), RDL = 0.05 mg/L 

Detects/ 

samples Median Mean 90th Max 

Well – raw 12/12 15 23.7 66.8 79 
Well – treated 12/12 14 21.7 64.8 80 
Lake – raw 5/5 0.94 7.5 NC 18 
Lake – treated 5/5 0.94 7.5 NC 18 
River – raw 2/2 25.5 25.5 NC 28 
River – treated 2/2 26 26.0 NC 28 

RDL: reporting detection limit; NC: not calculated due to insufficient sample size.  
 
Table C.2.3. Summary of total hardness concentrations from the targeted drinking water survey – 2007 
(Health Canada, 2022c) 

Water Type 

CaCO3 (mg/L), RDL = 1 mg/L 

Detects/ 

samples Median Mean 90th Max 

Well – raw 16/16 155 206.06 490 770 
Well – treated 16/16 145 197.6 475 800 
Lake – raw 8/8 7.5 51.9 NC 190 
Lake – treated 8/8 23 53.25 NC 150 
River – raw 2/2 330 330 NC 390 
River – treated 2/2 340 340 NC 390 

RDL: reporting detection limit; NC: not calculated due to insufficient sample size. 
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Table C.2.4. Summary of total chloride concentrations from the targeted drinking water survey – 2007 
(Health Canada, 2022c) 

Water type 

Dissolved Chloride (mg/L), RDL = 1 mg/L 

Detects/ 

samples Median Mean 90th Max 

Well – raw 16/16 72 70.3 140 190 
Well – treated 16/16 85 80.4 170 210 
Lake – raw 8/8 8.5 7.4 NC 10 
Lake – treated 8/8 10 10.3 NC 15 
River – raw 2/2 125 125.0 NC 150 
River – treated 2/2 155 155.0 NC 190 

RDL: reporting detection limit; NC: not calculated due to insufficient sample size.  
 
Table C.2.5. Summary of total sulphate concentrations from the targeted drinking water survey – 2007 
(Health Canada, 2022c) 

Water type 

Dissolved SO4 (mg/L), RDL = 1 mg/L 

Detects/ 

samples Median Mean 90th Max 

Well – raw 16/16 9.5 90.5 306.5 484 
Well – treated 16/16 48 111.1 307 456 
Lake – raw 8/8 2.5 19.0 NC 73 
Lake – treated 8/8 15 29.9 NC 89 
River – raw 2/2 82.5 82.5 NC 90 
River – treated 2/2 90.5 90.5 NC 96 

RDL: reporting detection limit; NC: not calculated due to insufficient sample size. 
 
Table C.2.6. Summary of total TDS concentrations from the targeted drinking water survey – 2007 
(Health Canada, 2022c) 

Water type 

TDS (mg/L), RDL = 1 mg/L 

Detects/ 

samples Median Mean 90th Max 

Well – raw 16/16 662.5 715.5 1245 1550 
Well – treated 16/16 748.5 725.8 1235 1540 
Lake – raw 8/8 22 80.6 NC 279 
Lake – treated 8/8 50.5 92.3 NC 245 
River – raw 2/2 558.5 558.5 NC 644 
River – treated 

2/2 597.5 597.5 
NC 

695 
RDL: reporting detection limit; NC: not calculated due to insufficient sample size; TDS: total dissolved solids. 
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C.3 Targeted Drinking Water Survey 2012–2013  

 
Table C.3.1. Summary of total calcium concentrations from the targeted drinking water survey 2012–

2013 (Health Canada, 2022c) 

Water type 

Calcium (mg/L), RDL = 0.2 mg/L 

Detects/ 

samples Median Mean 90th 

Max 

 

Well – raw 19/19 13.0 31.6 92.2 140.0 
Well – treated 19/19 6.8 24.4 93.0 99.0 
Well – distribution 14/14 12.0 30.2 89.8 96.0 
Lake – raw 1/1  52 52 52 52 
Lake – treated 1/1  50 NC NC 50 
Lake – distribution 1/1  52 NC NC 52 
River – raw 6/6 85.0 84.3 NC 91.0 
River – treated 6/6 80 80.5 NC 90 
River – distribution 6/6 78 76.8 NC 91 

RDL: reporting detection limit; NC: not calculated due to insufficient sample size. 
 
Table C.3.2. Summary of total magnesium concentrations from the targeted drinking water survey 
2012–2013 (Health Canada, 2022c) 

Water type 

Magnesium (mg/L), RDL = 0.05 mg/L 

Detects/ 

samples Median Mean 90th Max 

Well – raw 19/19 2.5 9.6 17.4 73 
Well – treated 19/19 2 5.7 16.4 24 
Well – distribution 14/14 3.3 7.4 18.9 23 
Lake – raw 1/1  8.6 NC NC 8.6 
Lake – treated 1/1  8.5 NC NC  8.5 
Lake – distribution 1/1  9 NC  NC  9 
River – raw 6/6 20.5 19.5 NC  24 
River – treated 6/6 20.5 19.7 NC  24 
River – distribution 6/6 19.5 19.3 NC  24 

RDL: reporting detection limit; NC: not calculated due to insufficient sample size. 
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Table C.3.3. Summary of total hardness concentrations from the targeted drinking water survey 2012–

2013 (Health Canada, 2022c) 

 Water Type 

CaCO3 (mg/L), RDL = 1 mg/L 

Detects/ 

samples Median Mean 90th Max 

Well – raw 19/19 42 118.4 306 650 
Well – treated 19/19 22 84.5 304 340 
Well – distribution 14/14 41.5 105.5 305 330 
Lake – raw 1/1 160 160 NC 160 
Lake – treated 1/1 160 NC NC 160 
Lake – distribution 1/1 170 NC NC 170 
River – raw 6/6 290 290 NC 300 
River – treated 6/6 290 283.3 NC 300 
River – distribution 6/6 290 273.3 NC 300 

RDL: reporting detection limit; NC: not calculated due to insufficient sample size. 
 
Table C.3.4. Summary of total chloride concentrations from the targeted drinking water survey 2012–

2013 (Health Canada, 2022c) 

Water type 

Dissolved chloride (mg/L), RDL = 1 mg/L 

Detects/ 

samples Median Mean 90th Max 

Well – raw 19/19 66 70.3 152 170 
Well – treated 19/19 76 82.1 162 180 
Well – distribution 14/14 77 87.8 155 170 
Lake – raw 1/1 55 NC NC 55 
Lake – treated 1/1 56 NC NC 56 
Lake – distribution 1/1 59 NC NC 59 
River – raw 6/6 86.5 67.7 NC 100 
River – treated 6/6 94.5 78.0 NC 120 
River – distribution 6/6 93.5 73.8 NC 110 

RDL: reporting detection limit; NC: not calculated due to insufficient sample size. 
 
Table C.3.5. Summary of total sulphate concentrations the targeted drinking water survey 2012–2013 
(Health Canada, 2022c) 

Water type Dissolved sulphate (mg/L), RDL = 1 mg/L 

Detects/ 

samples 

Median Mean 90th Max 

Well – raw 16/19 275 399.5 910 920 
Well – treated 17/19 360 400.6 900 920 
Well – distribution 13/14 370 405.8 868 920 
Lake – raw 1/1 21 NC NC 21 
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Water type Dissolved sulphate (mg/L), RDL = 1 mg/L 

Detects/ 

samples 

Median Mean 90th Max 

Lake – treated 1/1 20 NC NC 20 
Lake – distribution 1/1 21 NC NC 21 
River – raw 6/6 56 57.5 NC 71 
River – treated 6/6 55.5 58 NC 73 
River – distribution 6/6 58 57 NC 72 

RDL: reporting detection limit; NC: not calculated due to insufficient sample size. 
 
Table C.3.6. Summary of total TDS concentrations from the targeted drinking water survey 2012–2013 
(Health Canada, 2022c) 

Water type TDS (mg/L), RDL = 1 mg/L 

Detects/ 

samples 

Median Mean 90th Max 

Well – raw 19/19 1 090 1 132.5 1 852 2 060 
Well – treated 19/19 1 080 1 212.6 1 868 2 050 
Well – distribution 14/14 1 285 1 243.7 1 858 1 910 
Lake – raw 1/1 260 NC NC 260 
Lake – treated 1/1 250 NC NC 250 
Lake – distribution 1/1 260 NC NC 260 
River – raw 6/6 446 409.5 NC 451 
River – treated 6/6 449 411.5 NC 470 
River – distribution 6/6 424 394.5 NC 470 

RDL: reporting detection limit; NC: not calculated due to insufficient sample size; TDS: total dissolved solids.  
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Appendix D: Summary of total hardness removal for residential scale technologies 
 

Table D1. Performance of POU and POE for total hardness removal according to treatment technology 
(Brodeur and Barbeau, 2015) 
 
 Percentage of 

samples above 

Percentile 

 Average Median Min Max 120 

mg/L 

180 

mg/L 

75th 95th 

Total (n=96) 

Influent (g/L) 

Effluent (g/L) 

 

136 356 

49 549 

 
112 581 

3 632 

 
156 

44 

 
419 661 

376 034 

 
44.8% 

17.7% 

 
24.0% 

7.3% 

 
175 631 

 72 369 

 
369 694 

204 207   

% reduction 67% 95% -111% 99.97%   99.58% 100% 

Water treatment units         
Ion exchange (n=54)         

Influent (µg/L) 155 740 115 706 469 419 661 48.1% 27.8% 237 422.8 385 947 
Effluent (µg/L)   29 507     1 886 83 326 359 7.4% 3.7% 39 467.25 179 062 
% reduction 81% 99% -111% 99.9%   99.8% 100% 

Activated carbon (n=18) 
Influent (µg/L) 

 
115 749 

 
103 011 

 
156 

 
279 420 

 
44.4% 

 
22.2% 

 
156 814 

 
- 

Effluent (µg/L) 
% reduction 

108 350 
19% 

100 743 
8% 

83 
-8% 

292 259 
90.6% 

50% 16.7% 153 558 
31% 

- 
- 

Reverse osmosis (n=9)         
Influent (µg/L) 30 865 2 803 269 138 639 22.2% 0% 65 002 - 
Effluent (µg/L)      880    287   44    5 144 0% 0%      760 - 
% reduction 66% 72% 21.4% 99.97%   95% - 

Green sand (n=3)         
Influent (µg/L) 107 478 73 769 67 743 180 921 33% 33% 180 921 - 
Effluent (µg/L) 113 275 73 694 71 146 194 985 33% 33% 194 985 - 
% reduction    -     - -7.8% 0.1%   - - 

Ceramic microfilter (n=1) 
Influent (µg/L) 

 
104 048 

 
- 

 
- 

 
- 

 
0% 

 
0% 

 
- 

 
- 

Effluent (µg/L) 
% reduction 

101 113 
2.82% 

- 
- 

- 
- 

- 
- 

0% 0% - 
- 

- 
- 

Sediment filter (n=1)         
Influent (µg/L) 173 939 - - - 100% 0% - - 
Effluent (µg/L) 173 947 - - - 100% 0% - - 
% reduction      0 - - -   - - 

Combinations (n=10)         
Influent (µg/L) 171 856 131 206 40 475 369 333 50% 30% 325 567 - 
Effluent (µg/L)    59 027     2 569      119 376 034 20% 10%   62 554 - 
% reduction   87% 99% -1.8% 99.9%   100% - 

POE: point of entry; POU: point of use. 
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Appendix E: Intake of sodium as a result of water softener use, by hardness level 
Depending on the type of softener that you have, sodium may be added to the water during the water 
softening process. The contribution of sodium to water from a water softener will vary depending on the 
level of hardness of the water. A higher concentration of hardness will result in higher levels of sodium 
being added to the water. The table below shows that a water softener using sodium chloride can add 
significantly to the intake of the sodium, compared with the amount that Canadian adults typically 
consume in drinking water.  
 
Table E.1. Intake of sodium as a result of water softener use, by hardness level  

Drinking water hardness 
(CaCO3 mg /L) 

Hardness 
(Grains per gallona) 

Sodium added 
(mg/L) 

100 (acceptable)b 5.8 46 
200 (poor) 11.7 92 

500 (unacceptable) 29.2 230 
a 1 grain per gallon of hardness is equivalent to 17.1 mg CaCO3/L of hardness. 
b Based on Health Canada’s drinking water quality guideline for hardness. 
 
When a water softener is used, it is recommended that a portion of the water most frequently consumed 
(such as the kitchen tap) bypass the softener altogether. As a general rule, children under 8 years of age 
should not drink water containing sodium from a water softener as they may exceed the recommended 
upper limit (1.5–1.9 mg/day) (IOM, 2005). If you are or a family member is on a sodium restricted diet, 
you should consult your physician. 
 


