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Summary 

i Reasons 

Chemicals used in drinking water treatment must be permitted under national regulations1, 
i.e. they may be specifically approved for use by the Secretary of State or comply with an 
appropriate European or national standard. The approval process and production of 
Standards is well established but it is possible that drinking water treatment chemicals contain 
unexpected contaminants.  

The purpose of this research is to investigate whether contaminants may be present in any 
treatment chemical used in water treatment in England and Wales. The study will investigate 
the manufacturing processes of water treatment chemicals and make an assessment of 
whether any potential contaminants are likely to arise at concentrations that would give 
aesthetic or toxicological concern for the water supply. 

ii Objectives 

The overall objective of this study was to investigate the production processes of water 
treatment chemicals used in England and Wales and make an assessment of whether any 
potential contaminants are likely to be present at undesirable or unacceptable concentrations. 

iii Benefits 

This project will identify potential contaminants in water treatment chemicals used in England 
and Wales. As a result, both water companies and chemical manufacturers will be better 
placed to implement actions to minimise/eliminate contamination of water treatment chemicals 
and drinking water to ensure compliance with relevant regulations. 

iv Conclusions 

1. Regulations and procedures for the use of chemicals in drinking water treatment in 
England and Wales are well established. 

                                                      

1  Regulation 31 of the Water Supply (Water Quality) Regulations 2000 (SI No. 3184:2000), as 
amended for England, and equivalent regulations elsewhere in Scotland, Northern Ireland and 
Wales. 
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2. Chemicals used in drinking water treatment must be permitted under regulation 31 and 
normally this means the chemicals conform to a European or national standard, such 
as a BS EN, or the introduction or application of the chemical has been specifically 
approved by the Secretary of State. 

3. Manufacturers incorporate appropriate QA/QC procedures to ensure the quality of their 
products, including appropriate process monitoring and precautions to avoid 
contamination during manufacture and delivery. Few incidents of product contamination 
were reported. 

4. Water companies have detailed procedures to avoid contamination upon delivery and 
storage. Key procedures include the use of fully trained operators, locked and coded 
delivery valves with restricted access to the corresponding keys, and inspection of 
paperwork, e.g. matching the delivery note with the purchase order. A small number of 
companies carry out some basic tests on deliveries, e.g. appearance, odour, pH, 
specific gravity, etc., within health and safety constraints, but most rely on certificates of 
conformity or analysis (or similar). Few incidents of product contamination were 
reported. 

5. The information provided with regard to raw materials, manufacturing processes and 
process chemistry varied in the level of detail. Based on the level of information readily 
provided by manufacturers/suppliers in response to the questionnaire survey, it is not 
possible to predict the presence of unexpected contaminants of water treatment 
chemicals. In addition, the level of manufacturing detail required for product approval 
under regulation 31 is also likely to be insufficient to predict the presence of such 
contaminants. 

v Suggestions 

Manufacturers, suppliers and water companies incorporate appropriate and detailed QA/QC 
procedures to ensure the quality of water treatment chemicals during production, transport to 
treatment works, and storage. However, experience has shown that unexpected 
contamination can occur, for example the contamination of some ferric coagulants with 
NDMA. 

Despite QA/QC procedures, there is potential for unexpected contamination of some raw 
materials, particularly those that are by-products (or co-products) from other manufacturing 
processes. Raw materials are typically accepted on the evidence of certificates of analysis or 
conformity, or on the basis of meeting an agreed specification – none of which will identify 
unexpected contaminants. 
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As the prediction of unexpected contaminants based on manufacturing processes and 
process chemistry is very unlikely because of the lack of readily available and detailed 
information, two alternative approaches are suggested: 

1. It is possible that unexpected contaminants could be identified from GCMS scans of 
water treatment chemicals diluted to correspond with water treatment practice. 
Unexpected contaminants would be indicated by ‘unknown’ peaks in the GCMS trace. 

The feasibility of this approach could be tested on water treatment chemicals 
incorporating by-product raw materials and/or dosed in the greatest quantities, such as 
coagulants (ferric sulfate, aluminium sulfate, polyaluminium chloride, ferric chloride), 
sodium hydroxide, sulfuric acid and hydrochloric acid. 

2. Specific potential contaminants of drinking water could be identified and their formation 
mechanisms investigated to identify reactants and reaction pathways. Chemical 
manufacturers would be asked to identify any manufacturing processes - including 
manufacturing processes of raw materials – that incorporate such reactants and 
reaction pathways. Any relevant products would be analysed for the contaminant of 
concern.  

In addition, changes could be considered to the current regulation 31 approvals and 
production of standards process to reflect the concern over the production of specific 
unexpected contaminants. For example, more detailed information could be requested 
regarding raw materials and process chemistry, with mandatory testing for 
contaminants of concern where relevant reactants and reaction pathways are identified. 

vi Résumé of Contents 

Section 1: A statement of the objectives and background to the project. 

Section 2: A summary of existing information on contaminants in water treatment chemicals 
based on a review of relevant literature, databases and texts. A detailed review is presented 
in Appendix A. 

Section 3: A review of post-production contamination of water treatment chemicals based on 
experience reported in literature and by water companies and manufacturers/suppliers in 
response to a questionnaire survey. 

Section 4: A review of usage of water treatment chemicals in England and Wales identifying 
chemicals, quantities used and typical doses, based on the response by water companies to a 
questionnaire survey. 
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Section 5: A summary of regulations, standards and product specifications identifying 
restrictions on composition of water treatment chemicals. A detailed review is presented in 
Appendix B. 

Section 6: A review of manufacturing processes identifying raw materials, process chemistry, 
known incidents of product contamination and QA/QC, based on the response by 
manufacturers/suppliers to a questionnaire survey. 

Section 7: A review of quality control procedures implemented by water companies and 
manufacturers/suppliers to avoid contamination of water treatment chemicals. 

Section 8: A concise discussion of the findings of the study. 

Section 9: Conclusions. 

Section 10: Suggestions. 
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1. Introduction 

1.1 Objectives 

The overall objective of this study was to investigate the production processes of water 
treatment chemicals used in England and Wales and make an assessment of whether any 
potential contaminants are likely to be present at undesirable or unacceptable concentrations. 
The study also reports on incidents of post-production contamination. 

Specific objectives are listed below: 

i) Review the existing published information available on contaminants in water treatment 
chemicals. 

ii) Gather and summarise information on known instances of post-production 
contamination, for example during storage or transport.  

iii) Assess the usage of water treatment chemicals in England and Wales to obtain 
information on the total amounts used and the typical doses applied. 

iv) Summarise the existing restrictions on composition specified in the relevant national 
and European standards. 

v) Investigate the manufacturing processes involved and take a view on the likelihood of 
potential contaminants of concern being formed during manufacture. 

vi) Describe existing quality control procedures during manufacture including any criteria 
for acceptance or rejection of starting materials. 

vii) If any contaminants are thought to arise, where possible, estimate the levels that are 
likely to arise and consider their fate in water treatment. 

viii) Advise on possible further research to detect possible contaminants in different 
chemicals. 

1.2 Background 

Drinking water treatment relies heavily on chemical use, particularly for the processes of 
coagulation and disinfection. Chemicals used in drinking water treatment must be permitted 
under regulation 31 and normally this means the chemicals conform to a European or national 
standard, such as a BS EN, or the introduction or application of the chemical has been 
specifically approved by the Secretary of State. 

Unexpected contaminants can occur in chemicals even though they are compliant with the 
regulatory requirements. For example, a recent study commissioned by DWI (Dillon et al., 
2008) found the first evidence of N-nitrosodimethylamine (NDMA) contamination of ferric 
coagulants (which otherwise conformed to the relevant BS EN standard) used for drinking 
water treatment. The use of this chemical gave rise to small but detectable concentrations of 
NDMA in drinking water. As a consequence of these findings DWI issued guidance to the 
water industry, commissioned further research to identify the extent of the problem, and 
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entered into dialogue with the coagulant manufacturer to identify the source of the 
contamination and to encourage changes in the manufacturing process to reduce 
contamination. 

The water supplier must ensure the method of use and the purity of any treatment chemical, 
and the products shall be such that treated water meets the requirements of the relevant 
regulations. 

It is possible that other drinking water treatment chemicals contain unexpected contaminants. 
Research has highlighted issues such as bromate, chlorate, chlorite and perchlorate in 
hypochlorite (Gordon et al., 2009) and arsenic in hexafluorosilicic acid (MacPhee et al., 2002). 

The purpose of this research was to investigate whether contaminants may be present in any 
treatment chemical used in water treatment in England and Wales. The study investigated the 
manufacturing processes of water treatment chemicals and makes an assessment of whether 
any potential contaminants are likely to arise at concentrations that would give aesthetic or 
toxicological concern for the water supply. The study also reports on incidents of post-
production contamination arising from storage and handling. 

1.3 Résumé of contents 

Section 1: A statement of the objectives and background to the project. 

Section 2: A summary of existing information on contaminants in water treatment chemicals 
based on a review of relevant literature, databases and texts. A detailed review is presented 
in Appendix A. 

Section 3: A review of post-production contamination of water treatment chemicals based on 
experience reported in literature and by water companies and manufacturers/suppliers in 
response to a questionnaire survey. 

Section 4: A review of usage of water treatment chemicals in England and Wales identifying 
chemicals, quantities used, typical doses and QA/QC, based on the response by water 
companies to a questionnaire survey. 

Section 5: A summary of regulations, standards and product specifications identifying 
restrictions on composition of water treatment chemicals. A detailed review is presented in 
Appendix B. 

Section 6: A review of manufacturing processes identifying raw materials, process chemistry, 
known incidents of product contamination and QA/QC, based on the response by 
manufacturers/suppliers to a questionnaire survey. 
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Section 7: A review of quality control procedures implemented by water companies and 
manufacturers/suppliers to avoid contamination of water treatment chemicals. 

Section 8: A concise discussion of the findings of the study. 

Section 9: Conclusions. 

Section 10: Suggestions. 
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2. Review of Existing Information on 
Contaminants in Water Treatment 
Chemicals 

2.1 Introduction 

Existing information on contaminants in water treatment was obtained from the internet, 
selected databases (Science Direct, CSA Illumine, British Library Inside Web), UKWIR/WRc 
toxicity datasheets, REACH dossiers and selected key reports. A summary review is 
presented below; a detailed review is presented in Appendix A. 

2.2 Summary review 

UKWIR/WRc Toxicity Datasheets and the database of REACH dossiers held at ECHA 
(European Chemicals Agency) were interrogated for information on impurities and 
contaminants for the chemicals included in the present review. Information on likely 
contaminants was obtained for five chemicals out of those with Toxicity Datasheets and 
information on the presence of impurities was obtained for three chemicals from the REACH 
dossiers out of those that have been registered (see Table 2.1). 

Table 2.1 Impurities or contaminants located from Toxicity Datasheets or REACH 
dossiers 

Chemical Contaminant/impurity Reference 

Aluminium sulfate Diuron trioxide REACH dossiers 

Chlorine DBPs 

Chlorate 

Toxicity Datasheets 

Ethanol Aldehydes 

Carboxylic acids 

Toxicity Datasheets 

Hexafluorosilicic acid Hydrogen fluoride REACH dossiers 

Iron (III) chloride sulfate Nickel sulfate REACH dossiers 

Potassium permanganate Cadmium 

Chromium 

Mercury 

Sulfate 

NDMA 

Toxicity Datasheets 
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Chemical Contaminant/impurity Reference 

Sodium hypochlorite Sodium chlorate 

Sodium carbonate 

Sodium hydroxide 

Toxicity Datasheets 

Sodium silicate Soluble aluminium-silicate 
complex 

Toxicity Datasheets 

 
MacPhee et al., (2002) describe an AWWARF/AWWA sponsored project to investigate 
contaminants in water treatment chemicals. The composition of trace constituents in 
commonly used drinking water treatment chemicals was evaluated and their potential 
significance on final water and sludge quality assessed. 

There were few reported concerns about specific trace contaminants. The most frequent 
complaints were associated with gross contaminants, such as sediment or floating debris in 
liquid chemicals. While the source of the contamination was sometimes traced to a deficiency 
in the manufacturing or refining process, the most frequently reported incidents occurred 
during transport, primarily associated with improperly cleaned or maintained delivery 
containers or transfer hoses. 

The sources and fate of contaminants associated with raw materials and specific 
manufacturing processes were identified (see Table 2.2). Chemicals analysed included 
coagulants, sodium hypochlorite, chlorine, caustic soda, lime, organic polymers, corrosion 
inhibitors, potassium permanganate and hexafluorosilicic acid. 

Table 2.2 Comparison of source and fate of contaminants 

Contaminant Source Fate 

Coagulant metals 

Aluminium 

Iron 

Coagulant 

Water1/Coagulant2 

Sludge 

Sludge 

 

Major cations 

Calcium 

Magnesium 

Sodium 

Potassium 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 
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Contaminant Source Fate 

Trace metals 

Antimony 

Arsenic3 

Barium4 

Cadmium 

Chromium5 

Cobalt 

Copper6 

Lead7 

Manganese 

Mercury8 

Molybdenum 

 

Nickel 

Selenium 

Silver 

Titanium 

Vanadium 

Zinc 

Not detected 

Not detected 

Water 

Not detected1/Coagulant2 

Coagulant 

Coagulant 

Water 

Not detected 

Water1/Coagulant2 

Coagulant 

Not detected or  
Water1/Coagulant2 

Coagulant 

Not detected 

Not detected 

Coagulant 

Coagulant 

Coagulant1/Water2 

Not detected 

Sludge 

Water 

Not detected or Sludge 

Sludge 

Not detected or Sludge 

Sludge 

Sludge 

Sludge 

Not detected 

Not detected1/Sludge2 

 

Sludge 

Not detected or Sludge 

Not detected 

Sludge 

Sludge 

Sludge 

Notes: 

1. Aluminium-based coagulants. 

2. Iron-based coagulants. 

3. Limiting constituent for use of hydrofluorosilicic acid. 

4. Limiting constituent for use of lime. 

5. Limiting constituent for use of alum, steel pickle liquor-derived ferric chloride, zinc phosphate. 

6. Limiting constituent for use of sodium hydroxide. 

7. Limiting constituent for use of ferric sulfate. 

8. Limiting constituent for use of alum, polyaluminium chloride, titanium dioxide-derived ferric chloride, potassium 
permanganate. 

9. Source: MacPhee et al., (2002). 

 

At this time, contaminants in drinking water treatment chemicals were controlled by ANSI/NSF 
Standard 60. This standard had a number of limitations and it was recognised that procedures 
were required to establish that chemicals were not contaminated during transport. For 
example at treatment works, inspection of paperwork, visual inspection of chemicals and 
delivery vehicles during unloading, checking for unusual odours, and simple physical or 
chemical tests. 

Levine et al., (2005) reported on the reactions of organic polyelectrolytes with other chemicals 
used in water treatment, including oxidants, inorganic coagulants, lime, and corrosion 
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inhibitors. The authors evaluated, inter alia, impacts of polyelectrolyte interactions on water 
quality and the impact of ultraviolet (UV) light on polyelectrolyte reactions with oxidants. 

The polyelectrolytes used most widely were polyacrylamides, polyDADMACs and 
polyamines/epi-DMAs. The major concern associated with the use of polyelectrolytes was 
related to potential health impacts from residual monomers (e.g. acrylamide and 
epichlorohydrin). 

Exposure of oxidants to UV light could potentially result in advanced oxidation reactions 
which, in turn, could result in decomposition of polyelectrolytes. Some combination of 
polyelectrolytes, chlorine and UV light resulted in the formation of disinfection by-products 
(DBPs). 

Letterman and Pero (1990) reviewed contaminants that might be present in synthetic 
polyelectrolytes (see Table 2.3). 

Table 2.3 Potential contaminants in synthetic polyelectrolytes 

Polyelectrolyte Contaminant Evidence 

Polyacrylamide Acrylamide Direct 

Hydroxypropionitrile Direct 

Isobutylnitrile Direct 

Polyamine/epi-
DMA 

Epichlorohydrin Direct 

Glycidol Direct 

1,3-dichloro-2-propanol Direct 

3-chloro-1,2-propanediol Direct 

2,3-dichloro-1-propanol Direct 

Dimethylamine Indirect 

2-hydroxy-3-dimethyl-aminopropyl chloride Speculative 

1,3-bis(dimethylamino)-2-propanol Speculative 

PolyDADMAC Diallyldimethyl ammonium chloride Direct 

Dimethylamine Indirect 

Diallyl ether Speculative 

Allyl chloride Speculative 

5-hexanal Speculative 

Source: Letterman and Pero (1990). 
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Valentine et al., (2005) (and others) have shown that polymers containing the dimethylamino  
(-N(CH3)2) group, including some containing residual dimethylamine (DMA) from manufacture, 
were possible precursors for the formation of N-nitrosodimethylamine (NDMA). 

NDMA and N-nitrosomorpholine (NMOR) have been identified as contaminants of some ferric 
coagulants used in England and Wales (Dillon et al., 2012). 
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3. Post-Production Contamination 

3.1 Introduction 

This section presents a review of post-production contamination of water treatment chemicals 
based on experience reported by water companies and manufacturers/suppliers in response 
to the questionnaire surveys. 

3.2 Water company survey 

The water company questionnaire requested companies to describe any known incidents of 
product/post-production chemical contamination. Five water companies (out of 16) reported 
incidents that are summarised in Table 3.1. 

Table 3.1 Water company survey: Post-production chemical contamination 

Description of Incident 

Aluminium sulfate – Historic issue related to incorrect delivery into treated water tank (- not 
contamination of product). 

Polyaluminium chloride – Historic issue with crystallisation of product; slight yellow 
discolouration and chlorophenolic odour caused by ng/l concentrations of halogenated 
phenols in the acid used in manufacture. 

Ferric sulfate – NDMA in product. 

Sodium hypochlorite – Historic issue with bromate concentrations; contamination of product 
with diesel; incorrect delivery into alum tank (- not contamination of product). 

Chlorine – Low concentrations of carbon tetrachloride associated with manufacturing process. 

Monosodium phosphate – Contamination of product with diesel. 

Ferric sulfate – Issue with crystallisation of product and deposition. 

Sodium hypochlorite – Historic issue with crystallisation of product. 

Sodium hypochlorite – Historic issue with contamination of opaque carboys used to store 
other chemicals. 

 
The nine incidents listed in Table 3.1 can be related to issues in manufacturing, delivery, and 
storage, although some incidents remain ‘undetermined’: 

Manufacturing issues: Historic incidents, e.g. halogenated phenols in polyaluminium chloride, 
NDMA in ferric sulfate, bromate in sodium hypochlorite, and carbon tetrachloride in chlorine. 
Once the manufacturer is aware of such contamination, steps can be taken to identify and 
eliminate the cause. 
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Delivery issues: Historic issues with delivery of chemicals into the wrong tanks. A few high 
profile incidents have resulted in strict delivery procedures being adopted by water companies 
(see Section 7.2). 

Storage issues: Historic contamination has occurred due to the re-use of containers to store 
chemicals. Re-use of containers is not good practice and procedures adopted by water 
companies should prevent such incidents (see Section 7.2). Degradation of chemicals during 
storage may also be an issue, e.g. crystallisation of polyaluminium chloride, ferric sulfate, and 
sodium hypochlorite. Generally such incidents should be avoided by strict adherence to 
manufacturers’ instructions. 

Undetermined issues: The source of some incidents of contamination may be undetermined, 
e.g. contamination with diesel, but procedures adopted by water companies (and chemical 
manufacturers/suppliers) should prevent such incidents in the future. 

The low number of incidents – with several occurring many years ago – indicates the relative 
infrequent chemical contamination occurring at water treatment works. However, there may 
have been reluctance for some water companies to report incidents in response to this 
survey. For example contamination of ferric sulfate with NDMA has been a recent problem 
that has affected a number of water companies but was highlighted by only one water 
company in the survey. 

It is in the interests of the water industry, including chemical manufacturers/suppliers, that all 
incidents of contamination are reported so that appropriate action can be taken to eliminate 
the cause.   

3.3 Manufacturer/supplier survey 

The manufacturer/supplier questionnaire requested companies to describe any known 
incidents of product/post-production chemical contamination. Two companies (out of 11) 
reported incidents that are summarised in Table 3.2. 
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Table 3.2 Manufacturer/supplier survey: Post-production chemical contamination 

Description of Incident 

Sodium hydroxide – Contamination with corrosion products, typically magnetite, is known. 

Sulfuric acid – Contamination with corrosion products, iron, nickel and chrome is known 
during storage and handling. Contamination with wood, paper, etc., gives rise to 
discolouration as does contamination with diesel at customer premises. 

Ferric chloride – Contamination with carbon and silica due to failure of product filtration is 
known. Corrosion products may cause contamination if incorrect materials of construction are 
used by customer. 

Ferric sulfate – Crystallisation due to failure of concentration/acidity control in manufacture. 

Ferrous chloride – Incorrect steel raw material has given rise to copper and zinc 
contamination. Insufficient free acid accelerates oxidation and decomposition. 

Polyaluminium chloride hydroxide/polyaluminium chloride hydroxide sulfate – Insufficient 
purification treatment in manufacture may result in organic components from raw materials 
being observed in product as colour or odour; inadequate control of concentration may result 
in crystallisation in storage; cross-contamination between polyaluminium chloride hydroxide, 
polyaluminium chloride hydroxide sulfate and/or aluminium sulfate can cause copious 
precipitation of basic aluminium sulfate. 

Sodium bisulfite – Accelerated decomposition to sodium hydrogen sulfate has been observed 
in storage; crystals of sodium sulfate hydrate may form. 

Sodium hypochlorite – Product has been known to deteriorate at an accelerated rate if stored 
and delivered at too high a temperature; deposition of salt crystals due to inadequate control 
of salt in sodium hydroxide intermediate product; contamination due to corrosion caused by 
incorrect materials of construction at customer premises; diesel contamination of product 
containers at customer premises. 

Hydrochloric acid – Product contamination, typically iron, due to incorrect materials of 
construction at customer premises or failure of corrosion protection in storage or transport has 
been known. 

Polyaluminium chloride – Historic incident where atypical dark coloured product was supplied 
which led to customer complaints. The discolouration was due to harmless levels of humic 
acids which had ‘survived’ aluminium trihydroxide (Al(OH)3) recrystallization and was resolved 
by the addition of a small amount of hydrogen peroxide. 

 
The ten incidents listed in Table 3.2 can be related to issues in manufacturing, delivery and 
storage: 

Manufacturing issues: Several incidents relate to raw materials or manufacturing, 
e.g. contamination of ferric chloride with carbon and silica, organic contamination of 
polyaluminium chloride, and cross-contamination between polyaluminium chloride variants 
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and/or aluminium sulfate. Failure to control final product concentration or acidity has been 
reported to cause product crystallisation or decomposition. 

Delivery and storage issues: Several incidents relate to contamination or product 
decomposition caused by inappropriate delivery and storage. For example, contamination of 
ferric chloride, sodium hypochlorite and hydrochloric acid, and accelerated decomposition of 
sodium hypochlorite if delivered and stored at too high a temperature. Also, diesel 
contamination of both sulfuric acid and sodium hypochlorite has been related to incidents at 
treatment works. 

Similar to the water company survey, the low number of incidents indicates the relative 
infrequency of contamination of water treatment chemicals. However, there may be an even 
greater reluctance for chemical companies to report incidents of contamination. 

It is in the interests of the water industry, including chemical manufacturers/suppliers, that all 
incidents of contamination are reported so that appropriate action can be taken to eliminate 
the cause. 
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4. Usage of Water Treatment Chemicals 

4.1 Introduction 

This section presents a review of the usage of water treatment chemicals in England and 
Wales - identifying chemicals, quantities used and typical doses - based on the response by 
water companies to the questionnaire survey. 

4.2 Water treatment chemical usage 

The usage of water treatment chemicals in England and Wales in 2010, based on the 
responses from 16 water companies, is summarised in Table 4.1. 

The chemicals with the greatest potential for contaminating drinking water with regard to 
quantities dosed (>10,000 tonne/yr) include coagulants (ferric sulfate, aluminium sulfate and 
polyaluminium chloride), chemicals used for pH adjustment (calcium hydroxide, sodium 
hydroxide and sulfuric acid), disinfectants (sodium hypochlorite and sodium chloride used in 
the generation of sodium hypochlorite) and chemicals used for plumbosolvency control 
(sodium dihydrogen orthophosphate/monosodium phosphate and phosphoric acid). 
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Table 4.1 Summary of chemical usage (2010)  

Application Generic Name 
Usage1 (2010) 

(tonnes/yr) 

Typical Dose2 (mg/l) 

Groundwater 
Lowland Surface 

Water 
Upland Surface 

Water 

Coagulation/coagulant aid Ferric sulfate 90304 0.3-4.0 (as Fe) 0.14-20 (as Fe) 7-15 (as Fe) 

Aluminium sulfate 85317  2-8 (as Al)  

Polyaluminium chloride 20807 1-4 (as Al) 2-7 (as Al)  

Ferric chloride 9245  2.0-12 (as Fe)  

Aluminium iron sulfate 4000    

Anionic polyacrylamide 1625 0.01-0.45 0.05-0.50 0.02-0.20 

PolyDADMAC 360  0.1-0.5 0.1-4.0 

Cationic polyacrylamide 203  0.05-0.30 0.02-0.20 

Polyamine 62  1.0  

pH adjustment/correction Calcium hydroxide 37646  2.5-21 2.5-25  

Sodium hydroxide 
33700 2.5-10/ 

30-126 

2.5-10/ 

8-167 

5-20/ 

10-100 

Sulfuric acid 18311 1.5-8 6-12 0.5-30 

Hydrochloric acid 918    

Disinfection Sodium hypochlorite 16298 0.2-7.3 (as Cl2) 0.35-7.0 (as Cl2) 0.3-2.2 (as Cl2) 

Sodium chloride 11845 0.2-1.0 (as Cl2) 0.5-1.2 (as Cl2) 0.3-1.0 (as Cl2) 

Chlorine 5492 0.15-8.0  (as Cl2) 0.5-10.0 (as Cl2) 0.3-2.5 (as Cl2) 

Sodium bisulfite 2995 0.30-1.4 (as SO2) 0.4-1.5 (as SO2) 0.4-4.0 (as SO2) 
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Application Generic Name 
Usage1 (2010) 

(tonnes/yr) 

Typical Dose2 (mg/l) 

Groundwater 
Lowland Surface 

Water 
Upland Surface 

Water 

Sulfur dioxide 
445 0.20-1.0 (as SO2) 0.20 - 1.5  

(as SO2) 
0.05 - 0.81  
(as SO2) 

Ammonium sulfate 
223 0.1-1.0 (as NH3) 0.67-1.13  

(as NH3) 
 

Fluoridation Hexafluorosilicic acid 1937 0.8-1.1 (as F) 0.8 (as F) 1.0 (as F) 

Sodium hexafluorosilicate 198   0.9-1.1 (as F) 

Plumbosolvency Sodium dihydrogen 
orthophosphate/ 
Monosodium phosphate 

17534 0.5-1.2 (as P) 0.6-1.4 (as P) 0.6-1.6 (as P) 

Phosphoric acid 10677 0.3-2.0 (as P) 0.5-2.0 (as P) 0.5-1.6 (as P) 

Alkalinity adjustment Calcium hydroxide 4961  74-93 (as P)  

Carbon dioxide 2430   10-30 (as CO2) 

Ion exchange 
(regeneration) 

Hydrochloric acid 3090    

Sodium chloride 64    

Oxidation Oxygen > 5888  0.40-2.10  

Notes: 

1.  Includes data from 16 water companies. 

2.  Dose as delivered unless stated. 

3.  Other chemicals identified but not dosed directly to water treatment included citric acid (used for cleaning microstrainers) and sodium polyphosphate (used for scale 
inhibition). 
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5. Restrictions on Composition 

5.1 Introduction 

This section presents a summary of regulations, standards and product specifications 
identifying restrictions on composition of water treatment chemicals. A detailed review is 
presented in Appendix B. 

5.2 European (CEN) Standards 

European Standards for drinking water treatment chemicals have been developed by CEN 
(Comité Européen de Normalisation) – the European Committee for Standardisation. 

CEN operates through over three hundred Technical Committees (TCs) which deal with 
particular areas of standardisation, e.g. TC 164 - Water Supply. TCs may set up Working 
Groups (WGs) to handle individual tasks, and WGs may create Task Groups (TGs) to 
undertake detailed technical work. 

CEN TC 164/WG9, Water Treatment, was created in November 1989 and its priority was 
defined as the standardisation of chemicals used in water treatment.  

Once a European Standard has been approved at TC level, it is issued as a Provisional EN 
(PrEN) for a limited consultation period. Once approved, the standard is published as a BS 
EN.   

5.2.1 Approach to setting purity criteria 

WG9 set purity criteria for water treatment chemicals based on the ‘Toxic Substances’ defined 
in the 1980 Drinking Water Directive (DWD), i.e. Parameters 44 to 56. These include 
pesticides, cyanide and polycyclic aromatic hydrocarbons (PAHs) but almost invariably these 
have been omitted from the WG9 standards on the grounds that they are absent in the 
starting materials or unlikely to be present in strongly acidic, alkaline or oxidising 
environments. Therefore the purity criteria for most chemicals include only ‘toxic’ metals, i.e. 
arsenic, cadmium, chromium, mercury, nickel, lead, antimony and selenium. In the case of 
organic contaminants, such as residual monomer in polyelectrolytes, limits are set on the 
basis of toxicity data and included as ‘Impurities and Main By-products’ rather than ‘Toxic 
Substances’. 

Purity criteria for BS EN water treatment chemicals are given in Table 5.1. 
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Table 5.1 BS EN chemical impurities 

Chemical BS EN 
Contaminant (mg/kg) 

As Cd Cr Hg Ni Pb Sb Se Other 

Aluminium sulfate 

Type 1 (mg/kg Al max) 

Type 2 (mg/kg Al max) 

Type 3 (mg/kg Al max) 

878  

14 

40 

100 

 

3 

50 

100 

 

30 

700 

1000 

 

4 

10 

20 

 

20 

700 

1000 

 

40 

200 

800 

 

20 

40 

120 

 

20 

40 

120 

Fe 1.6 g/kg Al max (Fe free grade) 

Fe 115 g/kg Al max (low Fe grade) 

Polyaluminium chloride 

Type 1 (mg/kg Al max) 

Type 2 (mg/kg Al max) 

Type 3 (mg/kg Al max) 

883  

14 

40 

100 

 

3 

50 

100 

 

30 

700 

1000 

 

4 

10 

20 

 

20 

700 

1000 

 

40 

200 

800 

 

20 

40 

120 

 

20 

40 

120 

 

Ferric chloride 

Type 1 (mg/kg Fe max) 

Type 2 (mg/kg Fe max) 

Type 3 (mg/kg Fe max) 

888  

20 

20 

50 

 

1 

25 

50 

 

50 

350 

500 

 

0.3 

5 

10 

 

60 

350 

500 

 

35 

100 

400 

 

10 

20 

60 

 

10 

20 

60 

Fe(II) 2.5% m/m Fe max 

Mn 0.5% m/m Fe max (Level 1); 
1.0% m/m Fe max (Level 2); 2.0% 
m/m Fe max (Level 3) 

Ferric sulfate 

Type 1 (mg/kg Fe max) 

Type 2 (mg/kg Fe max) 

Type 3 (mg/kg Fe max) 

890  

1 

20 

50 

 

1 

25 

50 

 

100 

350 

500 

 

0.1 

5 

10 

 

300 

350 

500 

 

10 

100 

400 

 

10 

20 

60 

 

1 

20 

60 

Fe(II) 2.5% m/m Fe max 

Mn 0.5% m/m Fe max (Level 1); 
1.0% m/m Fe max (Level 2); 2.0% 
m/m Fe max (Level 3) 

Chlorine 

Type 1 (mg/kg max) 

Type 2 (mg/kg max) 

937  

 

   

 

 

    NCl3 20 mg/kg max 
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Chemical BS EN 
Contaminant (mg/kg) 

As Cd Cr Hg Ni Pb Sb Se Other 

Aluminium iron sulfate 

Type 1 (mg/kg Al+Fe 
max) 

Type 2 (mg/kg Al+Fe 
max) 

Type 3 (mg/kg Al+Fe 
max) 

887  

14 

 

40 

 

100 

 

3 

 

50 

 

100 

 

30 

 

700 

 

1000 

 

4 

 

10 

 

20 

 

20 

 

700 

 

1000 

 

40 

 

200 

 

800 

 

20 

 

40 

 

120 

 

20 

 

40 

 

120 

 

Anionic polyacrylamide 1407         Acrylamide monomer 200 mg/kg 
max 

PolyDADMAC 1408         DADMAC monomer 5000 mg/kg 
active product max 

Polyamine 1409         mg/kg active product max: 

3-monochloropropane-1,2-diol 40 

1,3-dichloro-2-propanol 40 

2,3-dichloro-1-propanol 40 

Cationic polyacrylamide 1410         Acrylamide monomer 200 mg/kg 
max 

Modified starch 1406         (Nothing specified) 

Calcium hydroxide 
(lime) 

Type 1 (mg/kg) 

Type 2 (mg/kg) 

12518 

 

 

 

5 

20 

 

 

 

2 

2 

 

 

20 

20 

 

 

0.3 

0.5 

 

 

10 

20 

 

 

10 

50 

 

 

3 

4 

 

 

3 

4 

Limits on SiO2, Al2O3, Fe2O3, 
MnO2, CaCO3 depending on 
Grade (Grades A, B and C) 
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Chemical BS EN 
Contaminant (mg/kg) 

As Cd Cr Hg Ni Pb Sb Se Other 

Sodium hydroxide 

Type 1 (mg/kg NaOH) 

Type 2 (mg/kg NaOH) 

896  

2 

10 

 

1 

5 

 

1 

10 

 

0.1 

1 

 

2 

10 

 

5 

20 

 

5 

5 

 

5 

5 

 

Sulfuric acid 

(mg/kg H2SO4 max) 

899 0.4 0.1 4 0.1 4 4 1 1 SO2 100 mg/kg 

Fe 100 mg/kg 

Hydrochloric acid 

Type 1 (mg/kg HCl 
max) 

Type 2 (mg/kg HCl 
max) 

939  

3 

10 

 

1 

5 

 

3 

10 

 

0.5 

3 

 

3 

10 

 

3 

20 

 

1 

10 

 

5 

10 

Fe 170 mg/kg max 

Halogenated organics 17 mg/kg 
as Cl 

Sodium hypochlorite 

Type 1 

Type 2 

(mg/kg available 
chlorine max) 

901  

1 

5 

 

20 

25 

 

2.5 

5 

 

2.5 

5 

 

15 

15 

 

3.5 

5 

 

2.5 

10 

 

20 

25 

NaClO3 max 5.4% of available 
chlorine 

Sodium bromate mg/kg available 
chlorine: 

Type 1 2.5 

Type 2 5.0 

Sodium chloride 

Type 1 (mg/kg) 

Type 2 (mg/kg) 

14805 

 

 

0.3 

1.5 

 

0.75 

1.5 

 

0.75 

1.5 

 

1.05 

1.5 

 

0.75 

3 

 

3.5 

4.5 

 

6 

7.5 

 

6 

7.5 

Bromide (% of NaCl): 

Type 1 0.025 

Type 2 0.05 

Sodium bisulfite 

(mg/kg) 

12120  

1 

 

1 

 

1 

 

1 

 

5 

 

1 

 

1 

 

1 

 

Sulfur dioxide 1019         (Nothing specified) 
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Chemical BS EN 
Contaminant (mg/kg) 

As Cd Cr Hg Ni Pb Sb Se Other 

Ammonia 12126         Permanent gases + methane 0.1% 
V/V max 

Oil 5 mg/kg max 

Ammonium sulfate 

(mg/kg max) 

12123  

5 

 

0.5 

 

5 

 

0.1 

 

5 

 

0.1 

 

1 

 

2 

 

Sodium thiosulfate 

(mg/kg max) 

12125  

0.5 

 

0.1 

 

5 

 

0.1 

 

5 

 

5 

 

2 

 

2 

 

Hexafluorosilicic acid 

(mg/kg H2SiF6 max) 

12175  

400 

 

40 

 

400 

 

10 

 

400 

 

400 

 

80 

 

80 

 

Sodium 
hexafluorosilicate  

(mg/kg max) 

12174  

400 

 

40 

 

400 

 

10 

 

400 

 

400 

 

80 

 

80 

 

Sodium dihydrogen 
orthophosphate 

(mg/kg max) 

1198  

3 

 

3 

 

10 

 

1 

 

10 

 

10 

 

3 

 

3 

 

Phosphoric acid 

(mg/kg H3PO4 max) 

974  

2 

 

0.5 

 

4 

 

0.5 

 

4 

 

4 

 

4 

 

1 

 

Carbon dioxide 936         (Nothing specified) 

Sodium carbonate 

(mg/kg Na2CO3) 

897  

2 

 

2 

 

2 

 

0.1 

 

2 

 

2 
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Chemical BS EN 
Contaminant (mg/kg) 

As Cd Cr Hg Ni Pb Sb Se Other 

Sodium 
hexametaphosphate 

(mg/kg max) 

1212  

3 

 

3 

 

10 

 

1 

 

10 

 

10 

 

3 

 

3 

 

Potassium 
permanganate 

(mg/kg max) 

12672  

20 

 

50 

 

50 

 

10 

 

50 

 

50 

 

50 

 

50 

 

  

 



Defra 
 

WRc Ref: Defra9033.03/15689-0 
May 2013 

© Defra 2013 29 

Class, grade and type 

The CEN standards for drinking water treatment chemicals may include classes, grades and 
types: 

• Class is used for grouping properties of the main component of the chemical. Typically 
this would be by content of active ingredient (e.g. percentage of calcium hydroxide in 
lime). 

• Grade is used in relation to the levels of main impurities, e.g. content of water insoluble 
matter. 

• Type is used for different levels of chemical parameters (normally trace metals). 

These different qualities of chemicals represent the range of products that are available and 
used for treatment of drinking water within the European Union. Relatively few of the 
published standards include classes and grades but most include types. 

The 1/10th Rule 

Initially the limits on toxic metals concentrations were determined using the ‘1/10th Rule’. This 
states that the concentration of impurity added to water, at a reference dose2 of product, 
should not exceed 1/10th of the maximum permitted concentration in drinking water (defined 
by the maximum admissible concentrations (MACs) in the 1980 Drinking Water Directive 
(DWD)). However, explicit reference to the 1/10th Rule has been dropped from the WG9 
standards for three main reasons: 

• Several Member States objected to the rule because it calculated values that 
represented less pure chemicals than they used, or wished to specify, for drinking 
water treatment. 

• Some Member States were against tying product specifications to the DWD but 
preferred to set impurity levels as low as possible. 

• In many cases the 1/10th Rule calculated impurity levels much higher than are found in 
currently available water treatment chemicals. 

It is also noted that use of the 1/10th Rule clearly represents a ‘worst case’ scenario since it is 
assumed that all of the contaminant in the chemical will ultimately be present in the treated 
water. This is incorrect for chemicals used in processes such as coagulation where a 
                                                      

2  A typically high, but not necessarily maximum, dose of the chemical. 
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substantial proportion of the contaminants added with the chemical will be precipitated in the 
sludge. Thus it is scarcely possible that drinking water limits could be exceeded provided that 
the raw water concentrations are low and products are used which conform to the 1/10th Rule. 

Calculation of contaminant concentration 

The maximum concentration, C in µg/l, of a contaminant that could be added to drinking water 
as a result of adding a particular dose of chemical, D in mg/l, is given by: 

𝐶 =
𝐿 𝑥 𝐷
1000

 

where L is the maximum impurity level in mg/l. 

Based on the typical doses used in water treatment identified in Table 4.1, Table 5.2 indicates 
product contaminant levels (mg/kg) that would give rise to contamination of final waters at μg/l 
and ng/l levels. It should be noted that the calculated values in Table 5.2 assume total 
dissolution of the contaminant; in practice contaminants will partition in varying proportions 
between water and sludge. 

Table 5.2 Product contaminant levels (mg/kg) giving rise to μg/l and ng/l 
concentrations in drinking water 

Dose  
(mg/l) 

Final Water Contamination Level 

500μg/l 100μg/l 10μg/l 1 μg/l 500ng/l 100ng/l 10ng/l 1 ng/l 

10 50,000 10,000 1,000 100 50.0 10.0 1.00 0.100 

50 10,000 2,000 200 20.0 10.0 2.00 0.200 0.020 

100 5,000 1,000 100 10.0 5.00 1.00 0.100 0.010 

150 3,333 667 66.7 6.67 3.33 0.667 0.067 0.007 

200 2,500 500 50.0 5.00 2.50 0.500 0.050 0.005 

250 2,000 400 40.0 4.00 2.00 0.400 0.040 0.004 
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As a graphical example, Figures 5.1 – 5.3 show the maximum additions of trace metals that 
could be added to water when using iron (III) sulfate coagulant. These are worst case 
calculations since they neglect the fact that a substantial proportion of trace metals will 
partition to the sludge. 

Figure 5.1 Type 3 Iron (III) sulfate 

 

Potentially dosing of Type 3 iron (III) sulfate at typical levels used in the UK would exceed the 
1/10th Rule for lead at the new standard (10 μg/l) assuming that the lead remained in solution. 
However, it should be noted that a substantial proportion of contaminants added with 
coagulants precipitate in the sludge. Also, there is a general condition associated with all 
treatment chemicals which conform to BS EN, namely “the method of use and purity of these 
products shall be such that, in the case of water for public supply, the water so treated meets 
the requirements of the relevant regulations.” 

The questionnaire survey did not distinguish between the different Types (1, 2 or 3) of iron (III) 
sulfate used in the water industry. However, manufacturers/suppliers have confirmed that 
Type 3 is neither manufactured in, nor imported to, the UK. 
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Figure 5.2 Type 2 Iron (III) sulfate 

 

 

Figure 5.3 Type 1 Iron (III) sulfate 
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Figure 5.4 shows a surface plot of impurity concentration in treated water as a function of 
chemical dose and impurity level in the chemical. An extreme example shows that a chemical 
containing 100 mg/kg impurity dosed at 10 mg/l would add only 1 µg/l of the impurity to the 
treated water (cf. Table 5.2). 

Figure 5.4 Impurity concentrations in treated water 

 

5.3 NSF/ANSI 60 

NSF/ANSI 60 was developed in the US to establish minimum requirements for the control of 
potential adverse human health effects from products added to water for its treatment. 
Chemicals covered by this standard include: 

• coagulation and flocculation chemicals; 

• softening, precipitation, sequestering, pH adjustment and corrosion/scale control 
chemicals; 

• disinfection and oxidation chemicals; and 

• miscellaneous treatment chemicals. 

NSF/ANSI 60 describes requirements of chemical manufacturers, chemical evaluation and 
test procedures, and contaminants of concern of listed treatment chemicals. 
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A full description of NSF/ANSI 60, including the minimal chemical analyses required for a 
range of water treatment chemicals, is given in Appendix B.  
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6. Manufacturing Processes 

6.1 Introduction 

This section presents a review of manufacturing processes - identifying raw materials, 
process chemistry, known incidents of product contamination and QA/QC - based on the 
response by manufacturers to the questionnaire survey. 

6.2 Manufacturing processes 

Manufacturing processes for the following water treatment chemicals are described in 
Appendix C: 

Aluminium sulfate Sodium hypochlorite  

Ferric sulfate  Sodium chloride 

Polyaluminium chloride Chlorine 

Ferric chloride  Oxygen 

Polyacrylamides Ammonium sulfate 

PolyDADMAC Hexafluorosilicic acid  

Calcium hydroxide  Sodium hexafluorosilicate 

Sodium hydroxide Sodium dihydrogen phosphate / Monosodium phosphate 

Sulfuric acid  Phosphoric acid 

Hydrochloric acid  

 

The contamination of ferric sulfate with NDMA reported previously (Dillon et al., 2008) was 
caused by the presence of a specific precursor in a raw material. The raw material itself was a 
by-product and the precursor resulted from the use of an organic polyelectrolyte in its 
manufacture. Recognising that both factors might be implicated in other incidents of 
unexpected contamination, the questionnaire asked, inter alia, whether any raw materials 
were by-products and whether organic polyelectrolytes were used at any stage in the 
manufacturing process. A summary of the information returned with regard to raw materials 
from the above list of water treatment chemicals is given in Table 6.1. 
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Table 6.1 Summary of information provided on raw materials used in chemical manufacturing processes 

Chemical Raw Materials Manufacturer/Supplier Comments 

Aluminium sulfate Sulfuric acid, Aluminium hydroxide, Water • Sulfuric acid is a co-product of nickel production 
but is controlled to meet quality specification; 
aluminium hydroxide is recrystallized from bauxite 
(mostly used to produce aluminium). Shipments of 
acid and hydroxide tested in addition to supplier 
QA/QC. 

• Each shipment of sulfuric acid and aluminium 
hydroxide tested. Acid conforms to BS EN and 
hydroxide accepted on CoA. 

• No by-products or organic polyelectrolytes used in 
the manufacturing process. 

Ferric sulfate Ferrous sulfate, Nitric acid, Sulfuric acid, Water • Ferrous sulfate may be sourced from the 
manufacture of titanium dioxide – source selected 
to minimise levels of Mn and Mg; sulfuric acid is a 
co-product of nickel production but is controlled to 
meet quality specification; nitric acid is recovered 
and recycled, topped up with commercial grade as 
required. 

• No organic polyelectrolytes used in the 
manufacturing process. 
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Chemical Raw Materials Manufacturer/Supplier Comments 

Polyaluminium chloride Aluminium hydroxide chloride, Calcium hydroxide • Raw materials conform to BS ENs. 

• No organic polyelectrolytes used in the 
manufacturing process. 

Aluminium hydroxide, Hydrochloric acid, Sulfuric acid, 
Water 

• Sulfuric acid is a co-product of nickel production 
but is controlled to meet quality specification; 
aluminium hydroxide is recrystallized from bauxite 
(mostly used to produce aluminium); various 
sources for hydrochloric acid, produced by 
combustion of hydrogen in chlorine or as a co-
product. 

• No organic polyelectrolytes used in the 
manufacturing process. 

Ferric chloride Ferrous chloride, Hydrochloric acid, Chlorine, Iron, 
Steel, Water 

• Raw materials all products of other manufacturing 
processes: various sources for hydrochloric acid, 
steel and ferrous chloride, controlled to maintain 
product quality. 

• Ferrous chloride from steel pickling with co-
product grades of hydrochloric acid; steel and iron 
sources include scrap metal and iron oxide. 

• No organic polyelectrolytes used in the 
manufacturing process. 

Polyacrylamide 
polyelectrolyte (anionic 
and non-ionic) 

Acrylamide monomer, Acrylic acid, Sodium hydroxide, 
Water 

• Raw materials from approved suppliers 
manufactured to agreed specifications. 

• No by-products or organic polyelectrolytes used in 
the manufacturing process. 

Anionic polyacrylamide, Sodium acrylate/acrylamide • Raw materials accepted on CoA or CoC; no 
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Chemical Raw Materials Manufacturer/Supplier Comments 

copolymer known contaminants. 

Polyacrylamide 
polyelectrolyte (cationic) 

Acrylamide monomer, Cationic monomer, Water • Raw materials from approved suppliers 
manufactured to agreed specifications and 
accepted on CoA or CoC. 

• No by-products or organic polyelectrolytes used in 
the manufacturing process. 

PolyDADMAC Diallydimethylammonium chloride, Water • Raw materials from approved suppliers 
manufactured to agreed specifications and quality 
assured by testing throughout the manufacturing 
process. 

• No by-products or organic polyelectrolytes used in 
the manufacturing process. 

Calcium hydroxide Calcium oxide, Water • Calcium oxide produced from calcium carbonate 
(limestone) sourced from manufacturer’s quarry; 
no known contaminants. 

• No by-products or organic polyelectrolytes used in 
the manufacturing process. 

Sodium hydroxide Sodium chloride, Hydrochloric acid, Water • Sodium chloride from solution mining purified to 
remove mineral impurities and acidified with 
hydrochloric acid before electrolysis; various 
sources for hydrochloric acid (combustion of 
hydrogen in chlorine or as a co-product).  

• No organic polyelectrolytes used in the 
manufacturing process. 

Sulfuric acid Sulfur dioxide, Water • Sulfur dioxide produced from sulfur (by-product of 
oil refining) or copper sulfide ore.  
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Chemical Raw Materials Manufacturer/Supplier Comments 

Hydrochloric acid Chlorine, Hydrogen, Water • High grade hydrochloric acid produced from 
combustion of hydrogen in chlorine; other grades 
(<1 ppm w/w residual organics) produced from 
hydrocarbons or methyl chloride. 

• Hydrogen produced from electrolysis or 
hydrocarbon compounds. 

• No organic polyelectrolytes used in the 
manufacturing process. 

Sodium hypochlorite Sodium chloride, Water • Sodium chloride from solution mining supplied to 
agreed specification. 

• No by-products or organic polyelectrolytes used in 
the manufacturing process. 

Sodium chloride Sodium chloride, Anti-caking agent • Sodium chloride from solution mining purified to 
specification; imported anti-caking agent accepted 
on inspection, analysis and CoA of each batch. 

• No by-products or organic polyelectrolytes used in 
the manufacturing process. 

Chlorine Sodium chloride, Hydrochloric acid, Water • Sodium chloride from solution mining purified to 
remove mineral impurities and acidified with 
hydrochloric acid before electrolysis; various 
sources for hydrochloric acid (combustion of 
hydrogen in chlorine or as a co-product). 

• No organic polyelectrolytes used in the 
manufacturing process. 

Ammonium sulfate Aqueous ammonium sulfate • Raw material is a by-product of the Caprolactam 
process. 
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Chemical Raw Materials Manufacturer/Supplier Comments 

• No organic polyelectrolytes used in the 
manufacturing process. 

Sodium dihydrogen 
phosphate/ Monosodium 
phosphate 

Phosphoric acid, Sodium hydroxide, Water • Phosphoric acid (imported) and sodium hydroxide 
both conform to BS ENs; reliance on supplier QA, 
quality tests before delivery and CoC.  

• No by-products or organic polyelectrolytes used in 
the manufacturing process.  

Phosphoric acid Phosphoric acid, Water 

 
• Imported phosphoric acid tested by manufacturer 

and on import to UK (conforms to BS EN). 

• No by-products or organic polyelectrolytes used in 
the manufacturing process. 

Calcium phosphate, Sulfuric acid No information provided. 
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Information on the chemical manufacturing processes and process chemistry was provided 
with varying levels of detail. Details of the source and manufacture of raw materials was 
limited, with manufacturers often relying on suppliers to meet required specifications and 
accepting raw materials on Certificates of Conformity (CoC) or Certificates of Analysis (CoA). 

Although several chemical manufacturers confirmed the use of raw materials that are by-
products (or co-products) of other manufacturing processes, no manufacturer confirmed the 
use of organic polyelectrolytes in their manufacture. This possibly indicates a lack of in-depth 
knowledge of the manufacturing processes for some raw materials. For example, whilst 
manufacturers of ferric sulfate identified ferrous sulfate (copperas) as a by-product from the 
manufacture of titanium dioxide, the use of polyamine in the production of ferrous sulfate was 
not identified. Polyamine was believed to be the source of DMA – a precursor to the formation 
of NDMA – that resulted in contamination of ferric sulfate (Dillon et al., 2008). 

Based on the level of information readily provided by manufacturers/suppliers in response to 
the questionnaire survey, it is not possible to predict the presence of unexpected 
contaminants of water treatment chemicals. 

6.3 Product contamination 

Incidents of product contamination/post-production contamination reported in the water 
company and manufacturer/supplier surveys are summarised in Section 3. 

6.4 QA/QC 

QA/QC procedures reported in the water company and manufacturer/supplier surveys are 
summarised in Section 7. 
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7. Quality Control Procedures 

7.1 Introduction 

This section presents a review of quality control procedures implemented by manufacturers 
and water companies to avoid contamination of water treatment chemicals. 

7.2 Water company QA/QC 

7.2.1 ISO 9000 accreditation 

ISO 9000 addresses various aspects of quality management, providing guidance and tools for 
companies and organisations to ensure that their products and services consistently meet 
customer’s requirements. Further information on ISO 9000 accreditation can be found on the 
ISO website (http://www.iso.org/iso/home/standards/management-standards/iso_9000.htm). 

Of the 16 water companies that responded to the questionnaire, 10 reported having ISO 9000 
accreditation (or similar, including ISO 9001:2000) covering procurement, delivery and 
handling of water treatment chemicals; one company had procedures in place but these were 
not accredited and another company was unsure but confirmed that deliveries were compliant 
with European requirements concerning carriage of dangerous goods by road. Two 
companies claimed no accreditation nor procedures, whilst two other companies provided no 
information. 

Twelve companies reported that their chemical suppliers were ISO 9000 accredited (or 
similar, including ISO 9001:2000). Two companies were unsure and two other companies 
provided no information. 

Eight companies reported that their hauliers were ISO 9000 accredited (or similar) although 
two of these companies deemed this the responsibility of the chemical supplier. Other 
companies were less certain of accreditation of hauliers, for example indicating that this would 
be considered when assessing tenders but might not be a specific requirement. One 
accredited haulier was reported as possibly sub-contracting to named non-accredited hauliers 
where product packaging and dosing arrangements meant a very low risk of accidental or 
deliberate contamination. 

7.2.2 Delivery procedures 

Following a particularly serious incident at a water treatment works in the 1980s, stringent 
delivery procedures have been adopted by water companies. 

Some of the most common elements relating to delivery procedures are listed below; this 
should not be considered as an exhaustive list.  

http://www.iso.org/iso/home/standards/management-standards/iso_9000.htm
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Paperwork 

Procedures adopted by water companies include the following elements related to the 
delivery paperwork: 

• Appropriate written procedures and chemical datasheets (MSDSs, CoCs, CoAs) held 
locally and/or centrally, and updated regularly. 

• Prior written notice of deliveries (including expected delivery date, details of chemical 
(generic name, product name and concentration), and quantity). 

Pre-delivery safety 

Procedures adopted by water companies include the following elements related to pre-
delivery safety: 

• Ensure sufficient capacity to accept the quantity of chemical to be delivered. 

• Fully trained personnel available to supervise the delivery of all chemicals. 

• Personal protective equipment provided and available. 

• Visual and audible alarms, safety showers and eye baths operable and available. 

• Delivery valves, pipework and tanks clearly labelled.  

• All delivery valves closed with uniquely coded locks; corresponding coded keys held 
centrally with restricted access. 

Delivery 

Procedures adopted by water companies include the following elements related to a chemical 
delivery: 

• All deliveries from approved suppliers. 

• All deliveries supervised by trained operator throughout the delivery. 

• Driver to sign in and provide all necessary paperwork (delivery note, CoCs, CoAs, 
cleaning certificates, etc.) and samples as required. 

• Operator to inspect tags and the delivery note to confirm delivery of the correct 
chemical and quantity. 
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• Driver to park in designated, bunded delivery area with temporary signage erected to 
advise of on-going delivery. 

• Operator to retrieve coded key, unlock and open delivery valve and authorise 
commencement of delivery. 

• Following completion of delivery, operator to close and lock delivery valve, and return 
coded key. 

• Operator to sign and file delivery note, and complete other local/central paperwork as 
required.   

Suspension or termination of delivery 

Procedures adopted by water companies include the following elements related to the 
suspension or termination of a chemical delivery: 

• If for any reason it becomes necessary to suspend delivery, operator to instruct the 
driver accordingly. Operator only to instruct the driver to recommence the delivery when 
conditions are acceptable. 

• If the delivery is suspended due to a problem that cannot be rectified, the delivery must 
be terminated and senior management informed immediately. 

7.2.3 Inspection, sampling and analysis 

Only one water company reported extensive sampling and testing of chemicals on delivery, 
but excluded some chemicals on health and safety grounds (e.g. chlorine, strong acids or 
bases). Procedures included simple tests for appearance, odour, miscibility, temperature, pH, 
specific gravity and other (non-specified) chemical tests. 

Three companies reported tests for specific chemicals: 

• Measurement of chlorine concentration in sodium hypochlorite. 

• Appearance and concentration of polyaluminium chloride and lime. 

• Non-specified tests on phosphoric acid. 

Two companies reported retaining samples of chemicals (including coagulants) for future 
analysis if required. 
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Eight companies reported no formal arrangements, relying on audits and testing by suppliers, 
CoCs and CoAs. 

Two companies provided no information. 

7.2.4 Rejection of deliveries 

The suspension or rejection of deliveries is generally covered in water companies’ delivery 
procedures. The most frequent reason for rejection of a delivery is a significant discrepancy 
between the delivery note and the order, e.g. incorrect chemical or grade, out of specification, 
missing CoC or CoA. 

Other reasons for rejecting deliveries included: 

• Insufficient storage capacity. 

• Failure to meet site health and safety (or other site) requirements. 

• Poor condition of packaging and possible evidence of tampering. 

• Repeated failure of tests on samples. 

Generally the operator has the authority to reject a delivery, subsequently reporting to a 
senior manager. One water company required the decision to reject a delivery to be taken by 
a District Manager. 

One company reported that its delivery procedures were being updated to include rejection of 
deliveries. Two companies failed to provide specific information. 

7.2.5 Cross contamination 

All water companies that responded to the questionnaire have practices and procedures in 
place to avoid cross contamination between chemicals. 

For chemicals delivered in bulk, the most frequent precautions include: 

• Deliveries fully supervised by trained personnel.  

• Deliveries into dedicated tanks using dedicated pumps and pipework, with all delivery 
valves, pipework and tanks clearly labelled. 

• Delivery valves locked with unique keys held centrally and with restricted access. 
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• Chemicals stored in separate secured areas in accordance with manufacturers’ 
instructions, with leakage and intruder alarms where appropriate. 

• No cross connections between pipework carrying different chemicals.   

For chemicals delivered in smaller quantities, the most frequent precautions included: 

• Chemicals stored centrally and transported to treatment works as and when required, 
with all movements recorded. 

• Confirmation before use of chemical type and grade, within expiry date and 
manufacturer’s seal intact. 

• Containers used once only. 

One company reported that its procedures were being updated to address cross 
contamination. Two companies failed to provide specific information. 

7.3 Manufacturer/Supplier QA/QC 

The following summary of manufacturer/supplier QA/QC is based on returns from 11 water 
treatment chemical manufacturers/suppliers from the UK and mainland Europe. 

7.3.1 ISO 9000 accreditation 

All manufacturers/suppliers claimed accreditation to ISO 9000 or similar (e.g. ISO 9001:2008). 
The scope of the accreditation generally applied to the manufacture and storage of specified 
listed chemicals. 

7.3.2 Raw materials/ingredients 

QA/QC 

The extent of QA/QC applied to raw materials/ingredients is variable and dependent, inter 
alia, on the source of the raw material, the criticality of the raw material to the manufacturing 
process, and the quantities involved.  

Several manufacturers require raw materials to be tested by the supplier (typically approved 
and accredited to ISO 9000). Such raw materials might then be accepted on the basis of QC 
data, CoC or CoA. 

Some specific raw materials/ingredients may be analysed by the manufacturer or a third 
party. Examples include: 
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• Bulk shipments (>2000 tonnes) independently analysed for specified parameters; 
smaller quantities tested less comprehensively and/or accepted on CoC or CoA. 

• Phosphoric acid tested on import, after transfer to storage tanks and after dilution (for 
strength). 

• Sodium hydroxide tested for strength after dilution. 

• Shipments of sulfuric acid and aluminium trihydroxide analysed for specified 
parameters (strength, colour, metals). 

• Limestone analysed for specified parameters every ‘blast’. 

• Sodium chloride solution (brine) analysed daily. 

• Ammonium sulfate solution (raw material) monitored continuously for pH, daily for total 
organics, weekly for metals. 

Six manufacturers/suppliers reported not retaining samples of raw materials. The remainder 
of the companies retained samples for between 3-6 months, with one company retaining raw 
materials for the shelf-life of the product. 

Out of specification raw materials 

The fate of out of specification (OOS) raw materials is varied and depends on the criticality of 
the raw material and extent of deviation from specification. 

Two companies rejected raw materials at the point of delivery with a third company stopping 
production should the raw material prove OOS. Most commonly, the raw material would be 
segregated and returned to the supplier unless it could be blended into the manufacturing 
process, e.g. after further analysis. 

Limestone is typically blended to maintain a consistent raw material. 

7.3.3 Final products 

QA/QC 

The frequency and extent of testing of final products varies depending on the chemical. 
Process control parameters may be measured continuously whilst other key process 
parameters may be measured daily or for each batch. Process parameters that are measured 
at this frequency may include appearance, solids, specific gravity, acidity/basicity, 
temperature, strength, alkalinity, etc. Additional analysis – in accordance with BS EN or CEN 
requirements - may be carried out on samples taken from bulk storage or prior to despatch. 
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Although BS EN requirements specify, inter alia, quality criteria and test methods, the 
frequency of analysis is not specified. Thus any additional analysis on parameters such as 
trace elements and specific metals listed in relevant standards is often carried out less 
frequently, typically monthly, quarterly or annually. 

Final product chemical and physical analysis is compared with BS EN or CEN specification. 
Certificates of Conformity may be issued with each delivery or on request. Certificates of 
Analysis are typically issued on request. 

Samples of final products are retained for periods ranging from weeks up to 1 year, 
depending upon the product and shelf-life. 

Out of specification final products 

Out of specification (OOS) final products are typically blended or reworked through the 
production process to meet specification. Where deviation from the specification is trivial, e.g. 
water content, the product may be offered at a concessionary rate. Other OOS products may 
be downgraded and sold as non-potable grades. 

Chemical audit 

An audit trail between raw materials and final product can be established for some, but not all, 
chemicals. Imports of raw materials may lose identity if stored in bulk. Similarly, the identities 
of chemical batches are lost when pumped to bulk storage. 

For chemicals manufactured by continuous processes, traceability is by time and place of 
manufacture and storage rather than by identification of product with a particular batch of raw 
material. 

Cross contamination 

All manufacturers/suppliers that responded to the questionnaire reported practices to avoid 
cross contamination between chemicals, including the use of well-trained staff and written 
procedures. 

Most commonly, chemicals were produced in dedicated streams (from storage of raw 
materials/ingredients to final product) and despatched in dedicated containers or road tankers 

Where more than one chemical/grade was produced on site, the production and storage of 
different chemicals was physically separated where possible. Where road barrels were used 
for multiple products, the whole chemical range would be known (and excluded toxic and 
malodorous chemicals) with written procedures in place for safe changeover, including third 
party certified washout if required. 
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Polyelectrolyte manufacturers reported either production lines dedicated to product ionicity or 
production campaigns to minimise difference in ionic charge and risk of contamination. 

Three companies reported the production of a single product, although one of these used 
separate raw material streams, production lines and closed systems to avoid contamination 
between grades.  
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8. Discussion 

Chemicals may be used in water treatment to produce a safe and wholesome drinking water. 
Use of such chemicals must be permitted under regulation 31 and normally this means the 
chemicals conforming to a European or national standard, such as a BS EN, or the 
introduction or application of the chemical has been specifically approved by the Secretary of 
State. Although small concentrations of known contaminants may be permitted by the relevant 
regulations or standards, it is possible that water treatment chemicals may contain 
unexpected contaminants introduced with raw material, through the manufacturing process, or 
during transport and storage. 

This project investigated the possibility of contaminants arising in treatment chemicals through 
manufacturing at concentrations that would give rise to aesthetic or toxicological concern.   

A review of the scientific literature and relevant databases (Section 2) identified examples of 
trace contamination of water treatment chemicals, including coagulants, organic 
polyelectrolytes and chlorine/sodium hypochlorite. Contaminants included: 

• Coagulants – metals, NDMA and NMOR. 

• Organic polyelectrolytes – acrylamide, epichlorohydrin, diallyldimethyl ammonium 
chloride (DADMAC) and dimethylamine (DMA). 

• Chlorine/sodium hypochlorite – chlorate. 

Known contaminants can be regulated to avoid excessive concentrations in drinking water by 
controlling contaminant concentrations in products and conditions of use. 

As well as trace contamination arising from manufacturing processes, post-production 
contamination, e.g. sedimentation and floating debris, was also reported in the US arising 
from transportation and delivery (MacPhee et al., 2002). 

The extent of post-production contamination in the UK was addressed by a questionnaire 
survey of water companies and chemical manufacturers/suppliers (Section 3). Very few 
incidents of post-production contamination were reported: five water companies reported nine 
incidents and two chemical manufacturers/suppliers reported ten incidents. Incidents related 
to delivery and storage at water companies including historic issues related to delivery of 
chemicals into the wrong tanks, the re-use of containers, and degradation of chemicals during 
storage. Incidents reported by manufacturers/suppliers included issues related to 
inappropriate practice, e.g. storage of sodium hypochlorite at too high a temperature. 
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The low number of incidents reported indicates the relative infrequency of contamination of 
water treatment chemicals, although it is noted that there may have been reluctance to report 
such incidents in response to this survey. 

It is in the interests of the water industry, including chemical manufacturers/suppliers, that all 
incidents of contamination are reported so that appropriate action can be taken to eliminate 
the cause.    

The questionnaire survey of water companies also identified the usage, i.e. quantities and 
typical doses, of water treatment chemicals in England and Wales (Section 4). The chemicals 
with the greatest potential for contaminating drinking water with regard to quantities used 
(>10,000 tonnes/yr) were identified as coagulants (ferric sulfate, aluminium sulfate and 
polyaluminium chloride), chemicals used for pH adjustment (calcium hydroxide, sodium 
hydroxide and sulfuric acid), disinfectants (sodium hypochlorite and sodium chloride (used in 
the generation of sodium hypochlorite)) and chemicals used for plumbosolvency control 
(sodium dihydrogen orthophosphate/monosodium phosphate and phosphoric acid). 

The BS EN specifications for many chemicals, including those identified above as being used 
in large quantities, include permitted concentrations of contaminants, mostly metals (Section 
5). At the typical doses used in water treatment, none of these known contaminants would 
exceed prescribed concentrations or values (PCVs) in drinking water. However, unexpected 
contaminants at low concentrations could result in μg/l or ng/l concentrations in drinking 
water. For example, contamination of ferric sulfate with NDMA at 250-390 μg/l (equivalent to 
0.16-0.23 mg/kg) resulted in concentrations of NDMA in drinking water up to 24 ng/l (Dillon et 
al., 2012). 

The questionnaire survey of chemical manufacturers/suppliers reviewed the manufacturing 
processes of 19 of the most commonly used water treatment chemicals in England and Wales 
(Section 6). Information on manufacturing processes and process chemistry was provided 
with varying levels of detail. Details of the source and manufacture of raw materials was 
limited, possibly indicating a lack of in-depth knowledge of the manufacturing processes for 
some raw materials. Manufacturers often rely on suppliers to meet required specifications for 
raw materials as indicated by Certificates of Conformity (CoC) or Certificates of Analysis 
(CoA). 

It is noted that if a chemical conforms to the requirements of a BS EN it can be used by a 
water company under regulation 31(3) without specific approval by the Secretary of State. 
Under this circumstance, DWI would hold little, if any, information on the chemical. If a 
chemical is not covered by a relevant BS EN, DWI would require details including the full 
formulation of the chemical. However, product approval takes into account only how the 
chemical will be used, e.g. dosed in water treatment, and whether there is any toxicological 
risk from the constituents of the chemical when in drinking water (and potentially being 
received by consumers). DWI do not consider the manufacturing process as such, but would 
need to know about any proprietary constituents that may be used in the manufacture of the 
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product for which approval is being sought. A condition of product approval includes a 
requirement for DWI to be informed of any relevant changes, e.g. a change in the source of a 
raw material. If the chemical is covered by a BS EN, DWI would not have to be informed of 
such changes. 

Based on the level of information readily provided by manufacturers/suppliers in response to 
the questionnaire survey, it is not possible to predict the presence of unexpected 
contaminants of water treatment chemicals. In addition, the level of manufacturing detail 
required for product approval under regulation 31 is also likely to be insufficient to predict the 
presence of such contaminants.   

The questionnaire survey also requested information on quality assurance/quality control 
(QA/QC) procedures implemented by water companies and manufacturers/suppliers to avoid 
contamination of water treatment chemicals (Section 7). The majority of water companies 
reported having ISO 9000 accreditation (or similar) covering procurement, delivery and 
handling of water treatment chemicals. A majority also reported that their chemicals suppliers 
were ISO 9000 (or similar) accredited. Water company QA/QC procedures to avoid 
contamination of water treatment chemicals were generally comprehensive and covered: 
delivery; inspection, sampling and analysis of delivered chemicals; rejection of deliveries; and 
avoidance of cross contamination. 

Manufacturer/supplier QA/QC was similarly stringent, with all respondents claiming ISO 9000 
accreditation (or similar) covering the manufacture and storage of specified listed chemicals. 
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9. Conclusions 

1. Regulations and procedures for the use of chemicals in drinking water treatment in 
England and Wales are well established. 

2. Chemicals used in drinking water treatment must be permitted under regulation 31 and 
normally this means the chemicals conform to a European or national standard, such 
as a BS EN, or the introduction or application of the chemical has been specifically 
approved by the Secretary of State. 

3. Manufacturers incorporate appropriate QA/QC procedures to ensure the quality of their 
products, including appropriate process monitoring and precautions to avoid 
contamination during manufacture and delivery. Few incidents of product contamination 
were reported. 

4. Water companies have detailed procedures to avoid contamination upon delivery and 
storage. Key procedures include the use of fully trained operators, locked and coded 
delivery valves with restricted access to the corresponding keys, and inspection of 
paperwork, e.g. matching the delivery note with the purchase order. A small number of 
companies carry out some basic tests on deliveries, e.g. appearance, odour, pH, 
specific gravity, etc., within health and safety constraints, but most rely on certificates of 
conformity or analysis (or similar). Few incidents of product contamination were 
reported. 

5. The information provided with regard to raw materials, manufacturing processes and 
process chemistry varied in the level of detail. Based on the level of information readily 
provided by manufacturers/suppliers in response to the questionnaire survey, it is not 
possible to predict the presence of unexpected contaminants of water treatment 
chemicals. In addition, the level of manufacturing detail required for product approval 
under regulation 31 is also likely to be insufficient to predict the presence of such 
contaminants.   
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10. Suggestions 

Manufacturers, suppliers and water companies incorporate appropriate and detailed QA/QC 
procedures to ensure the quality of water treatment chemicals during production, transport to 
treatment works, and storage. However, experience has shown that unexpected 
contamination can occur, for example the contamination of some ferric coagulants with 
NDMA. 

Despite QA/QC procedures, there is potential for unexpected contamination of some raw 
materials, particularly those that are by-products (or co-products) from other manufacturing 
processes. Raw materials are typically accepted on the evidence of certificates of analysis or 
conformity, or on the basis of meeting an agreed specification – none of which will identify 
unexpected contaminants. 

As the prediction of unexpected contaminants based on manufacturing processes and 
process chemistry is very unlikely because of the lack of readily available and detailed 
information, two alternative approaches are suggested: 

1. It is possible that unexpected contaminants could be identified from GCMS scans of 
water treatment chemicals diluted to correspond with water treatment practice. 
Unexpected contaminants would be indicated by ‘unknown’ peaks in the GCMS trace. 

The feasibility of this approach could be tested on water treatment chemicals 
incorporating by-product raw materials and/or dosed in the greatest quantities, such 
as coagulants (ferric sulfate, aluminium sulfate, polyaluminium chloride, ferric 
chloride), sodium hydroxide sulfuric acid and hydrochloric acid. 

2. Specific potential contaminants of drinking water could be identified and their 
formation mechanisms investigated to identify reactants and reaction pathways. 
Chemical manufacturers would be asked to identify any manufacturing processes – 
including manufacturing processes of raw materials – that incorporate such reactants 
and reaction pathways. Any relevant products would be analysed for the contaminant 
of concern.  

In addition, changes could be considered to the current regulation 31 approvals and 
production of standards process to reflect the concern over the production of specific 
unexpected contaminants. For example, more detailed information could be 
requested regarding raw materials and process chemistry, with mandatory testing for 
contaminants of concern where relevant reactants and reaction pathways are 
identified. 
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Abbreviations and Nomenclature 

CEFIC European Chemical Industry Council (Conseil Européen des Fédérations de 
l’Industrie Chimique)  

CIA Chemical Industries Association 
DBP Disinfection by-product 
DCAA Dichloroacetic acid 
DMA Dimethylamine 
DWI Drinking Water Inspectorate 
ECHA European Chemicals Agency 
Epi-DMA Epichlorohydrin-dimethylamine 
GAC Granular activated carbon 
HAA Haloacetic acid 
Incopa European Inorganic Coagulants Producers Association 
IUPAC International Union of Pure and Applied Chemistry 
MCAA Monochloracetic acid 
MSDS Material safety data sheet 
NDMA N-nitrosodimethylamine 
NMOR N-nitrosodimorpholine 
NSF/ANSI National Sanitation Foundation-International/American National Standards Institute 
PAC Powdered activated carbon  
PAM Polyacrylamide 
PolyDADMAC Polydiallyldimethyl ammonium chloride 
REACH Registration, Evaluation, Authorisation and Restriction of Chemicals 
TCAA Trichloroacetic acid 
THM Trihalomethane 
UKWIR UK Water Industry Research  

Water Treatment Chemical Surveys 

CoA Certificate of analysis 
CoC Certificate of conformity 
FG Food grade 
LB Low bromide / Low bromate 
OOS Out of specification 
PDV Pure dried vacuum (salt) 
PWG Potable water grade 
QA/QC Quality assurance/quality control 
ULB Ultra low bromide / Ultra low bromate 
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Appendix A Review of Existing Information 
on Contaminants in Water 
Treatment Chemicals 

A1 Introduction 

Existing information on contaminants in water treatment were obtained from the internet, 
selected databases (Science Direct, CSA Illumine, British Library Inside Web), UKWIR/WRc 
toxicity datasheets, REACH dossiers and selected key reports. 

A2 Literature search 

A2.1 Primary objective 

To assess the occurrence - or potential occurrence - of chemical contaminants in drinking 
water treatment chemicals, primarily as a result of manufacturing processes, storage or 
handling.  

The occurrence of contaminants when approved chemicals (see Table A.1) are used 
specifically in drinking water treatment were sought.  

Table A.1 Drinking water treatment chemicals included in the review 

 

Chemical Name1 

Chemicals with BS ENs 

Acetic acid 

Aluminium chloride, aluminium chloride hydroxide and aluminium chloride hydroxide sulfate 
(monomeric) 

Aluminium iron (III) chloride (monomer) and aluminium iron (III) chloride hydroxide 
(monomeric) 

Aluminium iron (III) sulfate  

Aluminium sulfate  

Ammonia solution  

Ammonium sulfate  

Ammonium chloride  

Anionic and nonionic polyacrylamides  

Calcium carbonate  
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Chemical Name1 

Calcium hypochlorite  

Calcium tetrahydrogen bis(orthophosphate) 

Carbon dioxide  

Cationic polyacrylamides  

Chlorine  

Chlorine dioxide  

Copper sulfate  

Dipotassium hydrogen orthophosphate  

Disodium hydrogen orthophosphate  

Disodium dihydrogen pyrophosphate  

Ethanol  

Hexafluorosilicic acid  

High-calcium lime  

Hydrochloric acid  

Hydrogen peroxide  

Iron(III) chloride  

Iron(III) chloride sulfate  

Iron(II) sulfate  

Iron(III) sulfate, liquid  

Iron(III) sulfate, solid  

Liquefied ammonia  

Methanol  

Modified starches  

Monocalcium phosphate  

Monopotassium hydrogen orthophosphate 

Monozinc phosphate solution  

Oxygen  

Ozone  

Phosphoric acid  

Phosphonic acids and salts – anti-scalants for membranes 

Poly(diallyldimethyl ammonium chloride) 

Polyaluminium chloride hydroxide and polyaluminium chloride hydroxide sulfate 
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Chemical Name1 

Polyaluminium chloride hydroxide silicate 

Polyaluminium hydroxide silicate sulfate 

Polyamines  

Polycarboxylic acids and salts – anti-scalants for membranes 

Polyphosphates – anti-scalants for membranes 

Potassium dihydrogen orthophosphate  

Potassium permanganate  

Potassium peroxomonosulfate  

Potassium tripolyphosphate  

Silver salts for conservation of drinking water for intermittent use 

Sodium acid pyrophosphate  

Sodium alginate  

Sodium aluminate  

Sodium calcium polyphosphate  

Sodium carbonate  

Sodium chlorate  

Sodium chloride for on-site electrochlorination using non-membrane technology 

Sodium chloride for regeneration of ion exchangers 

Sodium chlorite  

Sodium dichloroisocyanurate, anhydrous sodium dichloroisocyanurate, dehydrate 
trichloroisocyanuric acid 

Sodium dihydrogen orthophosphate  

Sodium disulfite  

Sodium fluoride  

Sodium hexafluorosilicate  

Sodium hydrogen carbonate  

Sodium hydrogen sulfite  

Sodium hydroxide  

Sodium hypochlorite  

Sodium permanganate  

Sodium peroxodisulfate  

Sodium polyphosphate  
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Chemical Name1 

Sodium silicate  

Sodium sulfite  

Sodium thiosulfate 

Sodium tripolyphosphate  

Sulfur dioxide  

Sulfuric acid  

Tetrapotassium pyrophosphate  

Tetrasodium pyrophosphate  

Tripotassium orthophosphate  

Trisodium orthophosphate  

Traditional chemicals2 

Calcium chloride 

Calcium sulfate 

Citric acid (food grade) - for use only in cleaning of membranes 

Ferrous chloride 

Magnesium carbonate 

Magnesium hydroxide 

Magnesium oxide 

Magnesium sulfate - use only for re-mineralisation with RO membrane systems 

Magnetite (iron oxide (Fe3O4)) 

Products supplied as mixture of magnesium hydroxide and magnesium oxide 

Sodium sulfate 

Lithium salts 

Other chemicals2 

Tannin 

Ferric aluminium sulfate 

Permethrin 

Airophos 750PWG 

Notes: 

1. The IUPAC recommended spelling of sulfate is used throughout the report; searches included both ‘sulfate’ and     
‘sulphate’.  

2. Included in DWI List of Approved Products for use in Public Water Supply in the United Kingdom, November 2011. 
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A2.2 Criteria for selecting studies  

All studies where contamination has arisen or potential contamination has been explored 
were included. 

A2.3 Electronic searches 

The following databases were searched for relevant studies: 

• Science Direct 

• Conference Papers Index and Core Cambridge Sciences Collection from 1982 to 2010 
via CSA illumine 

• British Library Inside Web 

Search strategy for chemical contaminants in drinking water treatment chemicals: 

• "Contaminants" AND "drinking" AND "water" AND "treatment" AND "chemicals"  

Search strategy for contaminants in chemicals used for drinking water treatment: 

• “search_term_from_Table A.1” AND contaminant OR impurity 

A2.4 Restrictions to search 

Searches were restricted to material published in English only.   

A2.5 Searching other resources 

Relevant studies were identified by searching the reference lists of identified, included, 
studies and from current reviews on the subject material. Specifically, this included the 
UKWIR/WRc Toxicity Datasheets and submitted REACH dossiers. 

A2.5.1 UKWIR/WRc Toxicity Datasheets 

UK Water Industry Research (UKWIR) encompasses all of the water companies in the UK. 
These water companies are charged with the supply of wholesome drinking water free of 
contaminants that may affect health, which also means they have to maintain the efficacy of 
their various treatment works and distribution networks. UKWIR/WRc hold a database of 
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Toxicity Datasheets that contains approximately 600 datasheets (in 2010/11). These Toxicity 
Datasheets contain detailed information on the occurrence and usage, toxicology, 
ecotoxicology, environmental fate and behaviour and removal of chemicals during drinking 
water and wastewater treatment on a range of chemicals. The Toxicity Datasheets database 
was interrogated for information on impurities and contaminants for the chemicals defined in 
Table A.1.  

A2.5.2 REACH Dossiers 

The EC Regulation on Registration, Evaluation, Authorisation and Restriction of Chemicals 
(REACH) has provisions for manufacturers or importers of chemicals to provide various 
defined data about those chemicals to the European Chemicals Agency (ECHA) as part of a 
staggered registration process. These data are contained in dossiers which are held by 
ECHA. Certain parts of these dossiers are confidential; however, information is available via 
ECHA’s website for substances already registered.   
http://apps.echa.europa.eu/registered/registered-sub.aspx 

The database of dossiers held at ECHA was interrogated for information on impurities and 
contaminants for the chemicals defined in Table A.1.  

A3 Outcome of literature search 

A3.1 Papers identified from the literature search 

A series of papers were identified from the literature searches that may provide further 
information on contaminants. Relevant papers and key documents are reviewed below.  

A3.2 Review of water treatment chemicals 

A3.2.1 Coagulants 

In a study commissioned by DWI to investigate the occurrence and formation of NDMA in 
drinking water in England and Wales, Dillon et al. (2008) detected NDMA at concentrations up 
to 5.8 ng/l in final waters from three (out of 41) water treatment works. Detailed investigation 
identified the source of the NDMA as a contaminated ferric sulfate used as a coagulant at the 
affected works. 

A subsequent study (Dillon et al., 2012) further investigated the occurrence of NDMA in 
coagulants and also the potential formation and removal of other nitrosamines in drinking 
water treatment. 

http://apps.echa.europa.eu/registered/registered-sub.aspx
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All coagulants used in drinking water treatment in England and Wales were analysed and the 
results showed that NDMA was a contaminant in many of the coagulants, notably in five ferric 
sulfates (at concentrations up to 19.0 μg/l) produced by two manufacturers using a similar 
process. The NDMA concentration in one ferric sulfate increased considerably during the 
study, up to 380 μg/l, increasing NDMA concentrations in treated waters and distribution 
significantly. The source of the contamination was believed to be a raw material used in the 
manufacturing process. NDMA concentrations in the coagulant were reduced following a 
change in the manufacturing process and source of the raw material. 

NDMA was detected in other ferric and aluminium coagulants at concentrations near to the 
limit of detection of the analytical method indicating concentrations in the coagulants 
<1.0 μg/l. 

Of the other nitrosamines, only N-nitrosomorpholine (NMOR) was detected in the ferric sulfate 
analysed. NMOR was detected at concentrations up to 28 μg/l in samples of coagulant taken 
from a water treatment works but not in any samples of final water from the works. 

Other identified contaminants of coagulants include diuron trioxide (see Table A.6) and the 
contaminants regulated by BS ENs (As, Cd, Cr, Hg, Ni, Pb, Sb, Se, Fe and Mn (see Table 
5.1)) and NSF/ANSI 60 (Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Hg, Se and Tl (see Table B.1)). 

A3.2.2 Polyelectrolytes 

The polyelectrolytes mainly used in drinking water treatment are non-ionic, anionic and 
cationic polyacrylamides, polyamines (also known as epichlorohydrin-dimethylamines (epi-
DMAs)) and polyDADMAC (WRc, 1996). Contaminants that might be present in synthetic 
polyelectrolytes have been reviewed by Letterman and Pero (1990), see Table A.2. The main 
contamination risk for polyelectrolytes is the presence of high levels of the monomer 
precursors and the presence of these are tightly regulated in British and European standards. 

Table A.2 Potential contaminants in synthetic polyelectrolytes 

Polyelectrolyte Contaminant Evidence 

Polyacrylamides Acrylamide Direct 

Hydroxypropionitrile Direct 

Isobutylnitrile Direct 

Polyamines Epichlorohydrin Direct 

Glycidol Direct 

1,3-dichloro-2-propanol Direct 

3-chloro-1,2-propanediol Direct 
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Polyelectrolyte Contaminant Evidence 

2,3-dichloro-1-propanol Direct 

Dimethylamine Indirect 

2-hydroxy-3-dimethyl-aminopropyl 
chloride 

Speculative 

1,3-bis(dimethylamino)-2-propanol Speculative 

PolyDADMAC Diallyldimethyl ammonium chloride Direct 

Dimethylamine Indirect 

Diallyl ether Speculative 

Allyl chloride Speculative 

5-hexanal Speculative 

Source: Letterman and Pero (1990). 

 
The toxicity of the normally used anionic and non-ionic polymers is generally low but the 
cationic polymers are more toxic (Bolto and Gregory, 2007) and the monomers are more toxic 
than the polymers (Criddle, 1990). Bolto (2005) reviewed the reactions of chlorine with 
organic polyelectrolytes (i.e. pre-chlorination). Both the polyelectrolyte and the chlorine doses 
used in many investigations have been significantly higher than would be expected to be 
normally used by UK water utilities; e.g. polyelectrolyte doses of 5-100 mg/l and chlorine 
doses of 10-50 mg/l and the results must therefore be interpreted with caution. The 
polyelectrolytes generally form low levels of THMs, especially relative to the concentrations 
formed by NOM. Removal of low molecular weight compounds seems to be key to avoid 
formation of problematic DBPs. 

NDMA formation can be of concern when other nitrogen compounds are present, as in water 
reuse applications. Valentine et al., (2005) have shown that polymers containing the 
dimethylamino or –N(CH3)2 group were likely precursors for NDMA formation, some of them 
possibly containing residual dimethylamine from manufacture. Polyelectrolytes that do not 
contain the dimethylamino group do not produce significant amounts of NDMA in the 
presence of chlorine. Production of NDMA is greatest at acidic pH levels. 

Chlorination of polyDADMAC indicate that the polymer is unlikely to contribute to DBPs 
(Fielding et al., 1999) or NDMA (Jobb et al., 1992) when chlorinated. Other studies indicate 
that small amounts, approximately 10 ng/l, of NDMA might form after chlorination (Davis et al., 
2000) or chloramination (Wilczak et al., 2003) of polyDADMAC. The NDMA formation by 
chloramination can be minimised by reducing the polymer dose and maintaining free chlorine 
contact before chloramine formation. Other suggested ways of reducing NDMA formation 
include ammonia removal and avoidance of chloramination (Mitch and Sedlak, 2002). 

Chlorination of polyamines seems to result in some chlorinated DBPs but low levels of THMs 
(Fielding et al., 1999) whereas potential polyamine impurities (e.g. monomer residuals) did not 



Defra 
 

WRc Ref: Defra9033.03/15689-0 
May 2013 

© Defra 2013 71 

yield any DBPs. There are also indications of NDMA formation (Kohut and Andrews, 2003) 
during chlorination of polyamines. 

The chlorination of a cationic polyacrylamide has been investigated by Soponkanaporn and 
Gehr (1989) and they reported increased degradation as temperature and pH increased and 
formation of THMs was noted, especially after UV radiation for 1 h at pH 3. However, Bolto 
(2005) suggests that these results could be due to residual acrylate or acrylamide monomers. 
Bolto (2005) also states that “disinfection at pH 9 will always involve the production of 
choline”, which is an essential nutrient. Chlorination of an anionic polyacrylamide (Fiege et al., 
1980) also indicated that it was low molecular weight impurities, rather than the polymer, 
which reacted and formed THMs. Particularly acrylamide is well known to form THMs in the 
presence of chlorine; Mallevialle et al. (1984) found that 0.8 mg THMs formed from 1 mg 
acrylamide. Bolto (2005) noted that the quality of anionic polyacrylamides have improved over 
the years. 

Ozonation at high doses is very destructive for polymers but mainly formaldehyde is produced 
at ozone levels used in water treatment. At a polymer dose of 10 mg/l, 36-62 µg/l was found 
for polyDADMAC, anionic polyacrylamide and polyamine (Fielding et al., 1999). 

A3.2.3 Sodium and calcium hypochlorite 

Gordon et al., (1995, 2009) demonstrated that some species, including chlorate and 
perchlorate, form in sodium hypochlorite feedstocks. These authors proposed practical 
recommendations for mitigating and minimising the formation of these species such as 
diluting feedstocks on delivery to reduce the concentration of the hypochlorite ion. 

Emmert et al., (2011) measured concentrations of trihalomethanes (THMs) and haloacetic 
acids (HAAs) in sodium hypochlorite feedstocks collected from five different utilities in the US. 
Significant concentrations of three out of five regulated HAAs were detected in four out of the 
five utilities (see Table A.3). 

Table A.3 Measured concentrations in sodium hypochlorite feedstocks 

Water Utility 
NaOCl 
(mg/l) 

MCAA1 

(μg/l) 
DCAA1 

(μg/l) 
TCAA1 

(μg/l) 
Total HAA 

(μg/l) 
HAA/FAC 

ratio 

TN-1 20.3 73.0 402 152 627 30.9 

TX 4.2 65.2 101 35.8 203 49.3 

IL 6.6 92.3 91.4 27.3 211 31.6 

TN-2 7.8 13.6 40.0 8.3 61.9 8.0 

OH 67.2 - 11.6 44.6 56.1 0.8 

Notes: 

1. MCAA = monochloroacetic acid, DCAA = dichloroacetic acid, TCAA = trichloracetic acid. 
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2. Source: Emmert et al. (2011). 

 

The four feedstocks (TN-1, TX, IL, TN-2) giving the highest HAA/FAC ratios were all diluted 
and/or stored on-site for a period of time. The OH feedstock was undiluted. 

The authors highlight water as the potential source of carbon in the formation of HAAs: water 
that may contain mg/l levels of carbon used in the production process and in diluting 
feedstocks when delivered to utilities (carried out to reduce the rate of formation of chlorate 
ion and perchlorate ion). It is suggested that HAA removal strategies could focus on clean-up 
and prevention of feedstock contamination rather than final water. 

THMs were also detected in much lower concentrations. Of the four THM species analysed 
(chloroform (CHCl3), bromodichloromethane (CHBrCl2), chlorodibromomethane (CHBr2Cl), 
bromoform (CHBr3)), only chloroform was detected above the detection limit (1 μg/l). 

A3.2.4 Ozone and hydrogen peroxide 

The majority of hydrogen peroxide is manufactured through the anthraquinone process (or 
Reidl-Pfleiderer process) where different organic solvents are used. The hydrogen peroxide is 
extracted from the solvents to an aqueous solution that is distilled to generate the final 
product. 

Due to its high reactivity, ozone must be produced on site. Ozone is most commonly 
produced by the corona discharge method but nitrogen oxides are also formed as by-
products. Air driers or the use of pure oxygen gas can reduce the formation of nitrogen 
oxides. 

Due to their high reactivity, the risk of contamination of ozone and hydrogen peroxide is likely 
to be low as contaminants are likely to be rapidly degraded in concentrated solutions. 
Hydrogen peroxide degrades to water and oxygen and ozone degrades to oxygen and these 
reactions are of no concern in terms of contamination. The two compounds can however react 
with other compounds, e.g. pesticides, EDCs and pharmaceuticals, to create oxidation 
intermediates or end-products that are of similar or increased toxicity compared to the starting 
compound. Evgenidou et al. (2005) found, for example, that the toxicity of dichlorvos solutions 
increased when photocatalytically treated in the presence of hydrogen peroxide. 

The main intermediates of pesticide degradation by TiO2 photo-catalysis were found to be 
(Konstantinou and Albanis, 2003): 

• hydroxylated products, usually dehalogenated if halogens present,  
• oxidation of side chains, 
• ring opening products for aromatic pesticides, 
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• decarboxylation products and, 
• isomerisation and cyclisation products. 

It can be expected that similar products and intermediates will be found when pesticides are 
oxidised by hydrogen peroxide or ozone. 

A3.3 Review of key reports 

A3.3.1 Trace Contaminants in Drinking Water Chemicals (AWWARF, 2002) 

Introduction 

As a result of growing concerns about the quality and reliability of drinking water treatment in 
the United States (US), the AwwaRF/AWWA sponsored a project to investigate contaminants 
in water treatment chemicals (MacPhee et al., 2002). The objectives of the project included: 

• Assess the extent of problems with trace contaminants in drinking water chemicals 
using the literature, utility and manufacturer surveys, and interviews. 

• Evaluate and describe sources of contamination associated with manufacture or 
refinement of water treatment chemicals. 

• Conduct pilot- and full-scale studies to characterise the composition and portioning of 
chemical contaminants between finished water and sludge. 

• Relate differences in composition of treatment chemicals to differences in raw materials 
and manufacturing processes. 

• Bring awareness of issues associated with trace contaminants in water treatment 
chemicals to the attention of drinking water utilities and provide practical tools to assess 
and reduce impacts on final water or sludge quality. 

Seven drinking water utilities and one large chemical manufacturer participated in the project 
to assess the character, frequency of occurrence, and approaches to reduce or eliminate 
trace contaminants in chemicals used for drinking water treatment chemicals. In addition, the 
composition of trace constituents in commonly used drinking water treatment chemicals was 
evaluated and their potential significance on final water and sludge quality assessed. 

Recognising the importance of controlling contaminants in drinking water treatment chemicals 
or additives, the US Environmental Protection Agency (USEPA) and the American National 
Standards Institute (ANSI) adopted standards and a certification programme adopted by the 
National Sanitation Foundation-International (NSF) – ANSI/NSF Standard 60 (NSF 1999). 
However, the certification programme had a number of limitations: 
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• Certification applies only to the quality of the product up to the point the chemical 
leaves the production facility, thus ignoring contamination that might occur during 
transport or on-site handling and storage. 

• Certification is based on upon a few periodic sampling events intended to provide a 
general evaluation of the typical quality of products produced by a given manufacturing 
facility. 

• Maximum allowable dose of a given chemical is established so that it will not impact on 
final water quality, but impact on the quality of water plant sludge is ignored.   

The requirement for Standard 60 certified products is an important first step in reducing the 
chances of contamination but utilities should consider stricter limitations, including the 
inspection and evaluation to validate that materials delivered meet the utility’s specifications, 
and establish that the material was not contaminated during transport. Some utilities may 
have the capability to perform more detailed testing inspections than others, but all facilities 
should conduct inspection of paperwork, visual inspection of products and delivery vehicles 
during unloading, checking for unusual odours and simple physical or chemical tests. 

Occurrence survey 

In order to establish the types and frequency of problems associated with contaminants in 
water treatment chemicals, a survey was sent to about 150 utilities. Responses were received 
from about 30 per cent of utilities, representing 266 water treatment plants from across the 
US. 

There were few reported concerns about specific trace contaminants. The most frequent 
complaints were associated with gross contaminants, such as sediment or floating debris in 
liquid chemicals (even in NSF certified products). While the source of the contamination was 
sometimes traced to a deficiency in the manufacturing or refining process, the most frequently 
reported incidents occurred during transport, primarily associated with improperly cleaned or 
maintained delivery containers or transfer hoses. 

Although not a contamination issue, the attempted delivery or unloading of the wrong 
chemical was also highlighted as a problem. Many of these incidents could have been 
avoided through the use of inspection programmes including routine activities including 
checking of paperwork, comparison of amount of material delivered to amount of on-site 
storage available, and supervision of all activities associated with delivery of chemical 
products (connection, off-loading, disconnection and clean-up). 
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Composition of commonly used water treatment chemicals 

Sources of contamination associated with raw materials and specific manufacturing 
processes were identified. Compositional data were gathered including from analysis of 
chemicals for up to 28 metals, total organic carbon (TOC) and disinfection by-product (DBP) 
precursors for iron- and aluminium-based coagulants. Chemicals analysed included iron- and 
aluminium-based coagulants, sodium hypochlorite, chlorine, caustic soda, lime, organic 
polymers, corrosion inhibitors, potassium permanganate and hydrofluorosilicic acid. 

Products generated by certain manufacturing processes or using better quality raw materials 
can result in products with improved characteristics. For example, standard alum contained 
much higher levels of most metals than low-iron alum or polyaluminium chloride due to the 
poorer quality of the aluminium source used for the former chemical. 

Analysis of TOC and DBP precursors in coagulants indicated that amounts of these organics 
added to water at coagulant doses typically used in water treatment were unlikely to be 
significant. 

Source and fate of trace contaminants added by treatment chemicals 

Pilot- and full-scale studies investigated the significance of trace contaminants in coagulants 
(alum, alum and polymer, polyaluminium chloride and ferric chloride) and how the 
contaminants partition between final water and sludge. Observations included: 

• More trace metals were contributed by coagulants than by other treatment chemicals 
due to higher dose, higher metal content, or both. 

• Arsenic, antimony, lead, selenium and silver were typically below detection limits in raw 
water, treatment chemicals and final water, but were often detected in sludge. These 
metals may have originated in the treatment chemicals and then concentrated in the 
sludge streams. 

• Higher levels of major cations (calcium, magnesium, sodium, potassium), barium and 
copper were contributed by the incoming raw water than were added by treatment 
chemicals (except calcium added by lime addition). 

• Metals contributed by coagulants included: aluminium, chromium, cobalt, mercury, 
nickel, titanium and vanadium. Additionally, iron coagulants contributed iron, cadmium, 
manganese and molybdenum while aluminium-based coagulants contributed zinc. 

• Metals contributed by coagulants typically partitioned into the sludge streams rather 
than the final water. 
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Table A.4 summarises the findings of this study. 

Table A.4 Comparison of source and fate of contaminants 

Contaminant Source Fate 

Coagulant metals 

Aluminium 

Iron 

Coagulant 

Water1/Coagulant2 

Sludge 

Sludge 

Major cations 

Calcium 

Magnesium 

Sodium 

Potassium 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Trace metals 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Molybdenum 

 

Nickel 

Selenium 

Silver 

Titanium 

Vanadium 

Zinc 

Not detected 

Not detected 

Water 

Not detected1/Coagulant2 

Coagulant 

Coagulant 

Water 

Not detected 

Water1/Coagulant2 

Coagulant 

Not detected or  
Water1/Coagulant2 

Coagulant 

Not detected 

Not detected 

Coagulant 

Coagulant 

Coagulant1/Water2 

Not detected 

Sludge 

Water 

Not detected or Sludge 

Sludge 

Not detected or Sludge 

Sludge 

Sludge 

Sludge 

Not detected 

Not detected1/Sludge2 

 

Sludge 

Not detected or Sludge 

Not detected 

Sludge 

Sludge 

Sludge 

Notes: 

1. Aluminium-based coagulants. 

2. Iron-based coagulants.  

3. Source: MacPhee et al.(2002). 
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Estimating impact of contaminants in treatment chemicals on final water 
quality 

The maximum allowable dose for a treatment chemical additive of known composition can be 
estimated using a methodology based on ANSI/NSF Standard 60 (see also Appendix B). This 
approach establishes the maximum allowable dose as the amount of a treatment chemical 
that will contribute less than 10 per cent of any Maximum Contaminant Level (MCL), except 
for sodium hypochlorite that is allowed to contribute up to 50 per cent of the bromate MCL. It 
is assumed that all constituents added by the treatment chemical partition into the final water. 
Key findings included: 

• Limiting doses calculated by this method were typically far higher than used in water 
treatment. 

• Mercury and chromium were limiting for many treatment chemicals, including 
aluminium- and iron-based coagulants. 

• The maximum allowable dose for sodium hypochlorite was typically driven by bromate 
composition. 

Table A.5 Maximum allowable doses and limiting constituents for typical water 
treatment chemicals 

Treatment Chemical Maximum Allowable Dose Limiting Constituent 

Standard aluminium sulfate 14 mg/l as Al 

156 mg/l as alum 

Cr 

Low-iron aluminium sulfate 17 mg/l as Al 

189 mg/l as alum 

Hg 

Polyaluminium chloride 18 mg/l as Al Hg 

Hydrofluorosilicic acid 4.3 mg/l as F As 

Steel pickle liquor-derived 
ferric chloride 

28 mg/l as Fe 

81 mg/l as FeCl3 

Cr 

Titanium dioxide-derived 
ferric chloride 

13 mg/l as Fe 

37 mg/l as FeCl3 

Hg 

Ferric sulfate 8 mg/l as Fe 

29 mg/l as Fe2(SO4)3 

Pb 

Zinc phosphate 103 mg/l as P Cr 

Potassium permanganate 0.8 mg/l as Mn 

2.3 mg/l as KMnO4 

Hg 
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Treatment Chemical Maximum Allowable Dose Limiting Constituent 

Sodium hydroxide >2000 mg/l as Na 

>3500 mg/l as NaOH 

Cu 

Lime 1320 mg/l as Ca 

2400 mg/l as Ca(OH)2 

Ba 

Source: MacPhee et al. (2002). 

 
Table A.5 shows that very low MCLs for certain contaminants could impact selection of 
chemical products and/or necessitate manufacturers to reduce levels of particular trace 
contaminants. For example, at the time the data were collated, sodium hypochlorite dose was 
limited by bromate to 19 mg/l as Cl2. Subsequently, careful selection of raw materials and 
improvements to the production process reduced bromate levels such that the permissible 
sodium hypochlorite dose increased to nearer 80 mg/l as Cl2. 

Estimating impact of contaminants in treatment chemicals on sludge 
quality 

Contaminants from water treatment chemicals may ultimately partition to sludge streams, 
potentially impacting treatment and disposal routes, e.g. to sewer or land application. 
MacPhee et al. (2002) presented a simple procedure to calculate the maximum allowable 
composition in a treatment chemical to meet sludge quality targets.  

How Utilities can limit trace contaminants in treatment chemicals 

• Specify ANSI/NSF Standard 60 certified products. 

• Employ additional and/or tighter specifications in order to address specific concerns. 

• Develop and implement procedures for inspection and evaluation of each incoming 
shipment of treatment chemicals. 

• Require (or give preference to) vendors who use dedicated delivery vehicles. 

• Contact NSF if visual inspection indicates potential contamination of products delivered 
to a water treatment plant. 

A3.3.2 Reactions of Polyelectrolytes with other Water Treatment Chemicals 
(AWWARF, 2005) 

Levine et al., (2005) reported on the reactions of organic polyelectrolytes with other chemicals 
used in water treatment applications. The research objectives included: 
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• Evaluation of polyelectrolyte interactions and their impacts on process performance, 
water quality and operations. 

• Assessment of the impact of ultraviolet (UV) light on polyelectrolyte reactions with 
oxidants. 

Analytical methods were developed to determine, inter alia, if changes in polymer structure 
influenced its efficacy, toxicity or reactivity. 

The potential for chemical interactions to occur during water treatment depends on the 
sequence of addition, water quality and operational variables. Polyelectrolytes present in 
water could potentially react with oxidants, activated carbon (PAC or GAC), disinfectant 
chemicals, corrosion control chemicals or fluoridation chemicals. 

Polyelectrolytes may contain constituents such as co-monomers, initiator fragments or 
impurities. The major concerns associated with the use of polyelectrolytes are related to 
potential health impacts from residual monomers (acrylamide and epichlorohydrin). 

Anionic and non-ionic polymers used in water treatment tend to be of lesser concern than 
cationic polyelectrolytes. The health significance of possible contaminants has been reviewed 
by Letterman and Pero (1990). The monomers are more toxic than the polymers and limits on 
the concentration of monomer and dose of the polymer used in water treatment are 
controlled. 

Polyacrylamides (PAMs) are produced from the polymerisation of acrylamide monomer. 
Acrylamide is a suspected carcinogen and is regulated under the Safe Drinking Water Act 
(SDWA) in the US. Residues of the monomer remain in the polyelectrolyte and its use in 
water treatment is controlled by conditions of use (concentration and dose). 

• Cationic PAMs are formed from copolymers of acrylamide and the cationic acrylate 
acryloyloxethyltrimethylammonium chloride (formed from quaternization of 
dimethylaminoethyl acrylate with methyl chloride). 

• Anionic PAMs are carboxylic acid polymers based on polyacrylamide. Copolymers can 
be prepared either by copolymerisation of acrylamide and acrylic acid or its salts, or by 
polymerisation of acrylamide followed by partial hydrolysis. 

PolyDADMAC is produced from the polymerisation of diallylmethylammonium chloride. 

Epi-DMA is produced from the reaction between epichlorohydrin and the secondary amine 
dimethylamine. Epichlorohydrin is a suspected carcinogen and is regulated under the Safe 
Drinking Water Act (SDWA) in the US.  
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The major conclusions from the study were: 

• Polyelectrolytes used most widely were polyacrylamides, polyDADMACs and Epi-
DMAs. Other chemicals used concurrently with polyelectrolytes included oxidants 
(permanganate, chlorine, ozone, chlorine dioxide), inorganic coagulants, lime and 
corrosion inhibitors. 

• Exposure of oxidant chemicals to UV light can result in advanced oxidation reactions. 
These advanced oxidation reactions can cause decomposition of polyelectrolytes. 

• Some combinations of polyelectrolytes, chlorine and UV light can result in the formation 
of disinfection byproducts (DBPs).The levels of regulated DBPs (trihalomethanes and 
haloacetic acids) formed by polyelectrolyte reactions, when used at typical dosages, 
can range from 4 to 47 μg DBP/mg polyelectrolyte. 

Recommendations from the study included: 

• Adequate reaction time should be allowed between addition of polyelectrolyte and other 
chemicals, particularly oxidant chemicals to prevent carry-over of residual 
polyelectrolyte into downstream processes. 

• To optimise the effectiveness of polyelectrolytes, it is important that the make-up water 
is free of “excessive” levels of oxidants. 

• If polyelectrolytes are overdosed, or dosed too close to other chemical application 
points, potential reactions may occur with other chemicals, particularly in the presence 
of natural or applied UV light. Such reactions can result in the formation of DBPs or 
DBP precursors. 

• Some types of polyelectrolytes decompose due to exposure to UV light, a process 
exacerbated by the presence of chemical oxidants such as chlorine or permanganate. 
Polyelectrolyte addition and mixing should be completed prior to exposure to sunlight or 
UV disinfection. 

• Streams recycled to water treatment from filter backwashing or sludge processing may 
contain residual polyelectrolyte. The potential for chemical interaction can increase if 
such streams are exposed to other treatment chemicals or and/or UV. 

• Commonly used polyelectrolytes such as EPI-DMA and polyDADMAC may react with 
disinfectants to form significant levels of N-nitrosodimethylamine (NDMA) (Valentine 
et al., 2004). 
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A3.3.3 Hypochlorite – An Assessment of Factors that Influence the Formation 
of Perchlorate and other Contaminants (AWWA/WRF, 2009) 

Gordon et al., (2009) investigated the factors that impacted the formation of perchlorate, 
bromate and other contaminants (chlorate and chlorite) in sodium hypochlorite. 

• Perchlorate is both a natural and anthropogenic compound, and appears to be a 
ubiquitous contaminant of hypochlorite solutions that increases in concentration 
significantly over time. 

• Chlorate is a contaminant produced during on-site generation of hypochlorite solutions 
and the subsequent decomposition of hypochlorite. Chlorate is also a by-product of 
treatment of drinking water with chlorine dioxide. 

• Bromate results from the oxidation of bromide to hypobromite to bromate via a 
mechanism analogous to that of chlorate. Bromate may also form during ozonation 
when bromide is oxidised by dissolved ozone in water. 

Bulk hypochlorite is generally manufactured by passing chlorine gas through sodium 
hydroxide. Sodium hydroxide is frequently produced by means of the chlor-alkali process, in 
which an aqueous sodium chloride solution is electrolysed to produce chlorine gas and 
sodium hydroxide. OSGs vary much more widely in terms of the chemical composition of 
electrode materials, energy inputs, configuration, feed water quality and salt quality. 

Bulk hypochlorite tends to be more uniform in quality than OSG hypochlorite and contains a 
higher percentage of chlorine: bulk hypochlorite is typically delivered as a 13% hypochlorite 
solution whilst OSG hypochlorite ranges from less than 1% free available chlorine (FAC) to 
4% FAC. 

The hypochlorite ion is unstable and undergoes two independent modes of self-
decomposition, forming oxygen and chloride or chlorate and chloride: 

2𝑂𝐶𝑙�  →  𝑂� +  2𝐶𝑙�  [1.0] 

3𝑂𝐶𝑙�  → [𝐶𝑙𝑂�� ]  → 𝐶𝑙𝑂�� + 2𝐶𝑙� [1.1] 

Perchlorate is formed as a direct result of reactions between hypochlorite and chlorate, as 
indicated in the following generalised reaction: 

𝑂𝐶𝑙�  + 𝐶𝑙𝑂��  → 𝐶𝑙𝑂��  + 𝐶𝑙� [1.3] 

Bromate can be found in hypochlorite solutions, likely from a reaction of bromide with 
hypochlorite analogous to the formation of chlorate. 
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Freshly prepared calcium hypochlorite solutions – 3% and 6% FAC – contained bromate, 
chlorate and perchlorate but no transition metals. The 3% solution contained 390 mg/l 
chlorate, 27 μg/l perchlorate and 2.4 mg/l bromate; the 6% solution contained 830 mg/l 
chlorate, 55 μg/l perchlorate and 5.3 mg/l bromate. 

Based on the findings presented in the report, several recommendations were made to 
reduce chlorate and perchlorate formation (and the decomposition of hypochlorite): 

• Dilute stored hypochlorite solutions upon delivery 

A four-fold dilution will decrease the rate of formation of perchlorate by a factor of 36, a ten-
fold dilution by a factor of 270. 

• Store hypochlorite solutions at lower temperature 

A 5°C reduction in storage temperature will reduce the rate of perchlorate formation by a 
factor of approximately 2. 

• Control the pH of stored hypochlorite solutions at pH 11-13 (even after dilution) 

Manufacturer specifications should include pH control in the range 11-13. Also, given the 
typical pH range of OSG hypochlorite (pH 9-10), such solutions should be used as soon as 
possible after manufacture and should not be stored for more than 1-2 days. 

• Control concentrations of transition metal ions by purchasing filtered hypochlorite 
solutions and by using low-metal ion concentration feed water for OSG systems 

The presence of transition metal ions increases the degradation rate of hypochlorite and 
reduces free available chlorine (FAC), thus increasing the volume of hypochlorite required 
and increasing the amounts of contaminants dosed. 

• Use fresh hypochlorite solutions when possible 

Over time, hypochlorite will naturally decompose, reducing the concentration of FAC whilst 
increasing concentrations of chlorate and perchlorate. Dosing a fresh hypochlorite solution will 
reduce the volume required and decrease the amounts of contaminants dosed. 

• Use low-bromide salt to produce OSG hypochlorite 

Control bromate formation by minimising the amount of bromide in the hypochlorite solution. 

The findings of the study also raised questions that should be considered in the 
manufacturing and transport of hypochlorite and sodium chloride. 
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For bulk hypochlorite manufacture: 

• What is the temperature of the hypochlorite solution directly after manufacture?  
At what temperature is the hypochlorite solution stored between manufacture and 
delivery? 
Is there a cooling system in place to lower the temperature of the final product at the 
manufacturing facility?  
Do the delivery vehicles have cooling systems in place to maintain the hypochlorite 
solution at a constant temperature during transport?  
What is the concentration of hypochlorite at the time of delivery? If unknown, can the 
manufacturer provide the concentration of hypochlorite at the time of manufacture 
together with the age and storage conditions of the hypochlorite solution?  
What are the concentrations of bromate, chlorate and perchlorate in the hypochlorite 
solution? 
What is the ionic strength of the hypochlorite solution at the time of manufacture and 
does the manufacturer offer any means to reduce this value?  
What quality of salt is used during the manufacturing process and what is its bromide 
content? 
What concentrations of transition metals (Ni, Mn, Fe, Co and Cu) are present in the 
hypochlorite solution?  
Does the manufacturer offer filtered hypochlorite solutions? 

For on-site generator manufacturers: 

• Does the OSG manufacturer have any specific recommendations about quality or 
source of salt?  
Do they know of any specific impurities in salt that can adversely impact OSG operation 
or formation of contaminants in the hypochlorite solution product?  
Does the OSG manufacturer know the range of perchlorate concentration in the final 
OSG solution for their various models? 

For salt suppliers: 

• What is the source of the salt being delivered?  
What is the purity (as NaCl) of the salt delivered?  
What is the concentration of bromide in the salt?  
What concentrations of transition metals (Ni, Mn, Fe, Co and Cu) are present in the 
salt? 

A4 Outcome of data search 

Information on likely contaminants or impurities was obtained for five chemicals from the 
Toxicity Datasheets and three chemicals from the REACH dossiers (see Table A.6). 
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Table A.6 Impurities or contaminants located from Toxicity Datasheets or REACH 
dossiers 

Substance Contaminant/impurity Reference 

Aluminium sulfate Diuron trioxide REACH dossiers 

Chlorine DBPs 

Chlorate 

Toxicity Datasheets 

Ethanol Aldehydes 

Carboxylic acids 

Toxicity Datasheets 

Hexafluorosilicic acid Hydrogen fluoride REACH dossiers 

Iron (III) chloride sulfate Nickel sulfate REACH dossiers 

Potassium permanganate Cadmium 

Chromium 

Mercury 

Sulfate 

NDMA 

Toxicity Datasheets 

Sodium hypochlorite Sodium chlorate 

Sodium carbonate 

Sodium hydroxide 

Toxicity Datasheets 

Sodium silicate Soluble aluminium-silicate 
complex 

Toxicity Datasheets 
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Appendix B Restrictions on Composition 
B1 Introduction 

Regulations, standards and product specifications were reviewed to identify restrictions on 
composition of water treatment chemicals.  

B2 European (CEN) Standards 

European Standards for drinking water treatment chemicals arose from the EC Procurement 
Directives, in particular the Utilities Directive (EC 1990), intended to promote free trade within 
the European Union (EU). Tenders for water treatment chemicals were to be made with 
reference to European Standards developed by CEN (Comité Européen de Normalisation) – 
the European Committee for Standardisation. 

The aim of CEN is to prepare standards for Europe in order to achieve a free market for 
goods and services inside Europe. Once CEN has begun work on the production of a 
European Standard (EN, European Norm), members (e.g. BSI) are required to stop any 
national work on the same subject. When an EN is produced, it must be implemented at 
national level by being given the status of a national standard (without any alteration) and by 
the withdrawal of any conflicting national standard. 

CEN operates through over three hundred Technical Committees (TCs) which deal with 
particular areas of standardisation, e.g. TC 164 – Water Supply. TCs may set up Working 
Groups (WGs) to handle individual tasks, and WGs may create Task Groups (TGs) to 
undertake detailed technical work. 

Once a European Standard has been approved at TC level, it is issued as a Provisional EN 
(PrEN) for a limited consultation period. Once approved, the standard is published as a 
BS EN.   

CEN TC 164/WG9, Water Treatment, was created in November 1989 and its priority was 
defined as the standardisation of chemicals used in water treatment. A BSI Committee, 
C11/59 was set up to co-ordinate UK input to WG9. The UK chemical and water industry 
views are represented on these committees through CIA, CIWEM, DWI, Water UK and WRc-
NSF. 

Details of the purity criteria for water treatment chemicals are described in Section 5, including 
a table showing data for selected chemicals. 
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B3 NSF/ANSI 60 

A consortium led by NSF International (NSF) developed voluntary third-party consensus 
standards and a certification programme for all direct (NSF/ANSI 60) and indirect (NSF/ANSI 
61) drinking water additives.  

NSF/ANSI 60 was developed to establish minimum requirements for the control of potential 
adverse human health effects from products added to water for its treatment. The Standard 
(and accompanying text) is intended for voluntary use by certifying organisations, utilities, 
regulatory agencies, and/or manufacturers as a basis of providing assurances that adequate 
health protection exists for covered products. 

The latest version of the Standard, NSF/ANSI 60 (2009a), establishes minimum health effects 
requirements for the chemicals, the chemical contaminants, and the impurities that are 
directly added to drinking water from drinking water treatment chemicals.   

This Standard contains health effect requirements for drinking water treatment chemicals that 
are directly added to water and are intended to be present in the finished water. This 
Standard also contains health effects requirements for other chemical products that are 
directly added to water but are not intended to be present in the finished water. Chemicals 
covered by this Standard include coagulation and flocculation chemicals, softening, 
precipitation, sequestering, pH adjustment, and corrosion/scale control chemicals, disinfection 
and oxidation chemicals, miscellaneous treatment chemicals, and miscellaneous water supply 
chemicals. 

Chemicals or mixtures of chemicals used for the various purposes discussed in this Standard, 
but not specifically referenced, shall be acceptable provided they meet the requirements of 
this Standard. 

B3.1 General requirements 

Direct additives shall be evaluated and tested as prescribed. The Single Product Allowable 
Concentration3 (SPAC) of a contaminant shall be calculated: a product shall not contribute 
any contaminant to drinking water in excess of a contaminant’s SPAC. SPACs for regulated 
contaminants are equivalent to 10% of the Maximum Contaminant Level (MCL); procedures 
for calculation of SPACs for unregulated contaminants are described in Annex A of the 
Standard. 

                                                      

3  The maximum concentration of a contaminant in drinking water that a single product is allowed to 
contribute under Annex A of the Standard. 
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Formulation submission and review 

The manufacturer shall submit, at a minimum, the following information for each product: 

• a proposed maximum use level for the product, which is consistent with the 
requirements of Annex A; 

• complete formulation information, which includes: 

• the composition of the formulation (in percent or parts by weight for each 
chemical in the formulation); 

• the reaction mixture used to manufacture the chemical, if applicable; 

• chemical abstract number (CAS number), chemical name, and supplier for each 
chemical present in the formulation; and 

• a list of known or suspected impurities within the treatment chemical formulation 
and the maximum percent or parts by weight of each impurity. 

• a description or classification of the process in which the treatment chemical is 
manufactured, handled and packaged; 

• selected spectra (e.g. UV/visible, infrared) shall be required for some additive products 
or their principal constituents; and 

• when available, a list of published and unpublished toxicological studies relevant to the 
treatment chemical and the chemicals and impurities present in the treatment chemical. 

The formulation information provided by the manufacturer shall be reviewed, and this review 
shall determine any formulation-dependent contaminants to be evaluated in addition to the 
product-specific analytes identified in each product section.  

B3.2 Formulation control 

The manufacturer shall have practices in place to ensure that the product is manufactured 
according to the approved formulation, and to ensure that no changes in manufacturing 
processes, product composition, or raw materials can occur without prior authorisation by the 
certification body. The practices shall ensure that no contamination is introduced by product 
packaging, transfer and storage equipment, or dilution water. Containers shall either be 
dedicated to one category of chemical, or written records of cleaning (e.g. wash tickets) must 
be available for review. Documentation of these practices shall be available for review. 
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B3.3 Product traceability 

The manufacturer shall establish and maintain practices that ensure all products and product 
blends are uniquely labelled. These practices shall provide for traceability from raw materials 
to finished products. 

B3.4 Facility inspections 

Facilities producing certified products shall receive inspections, announced or unannounced, 
at least once per calendar year. 

B3.5 Normative drinking water criteria 

Drinking water criteria included in NSF/ANSI 60 are normative evaluation criteria for the 
determination of product compliance with the health effects requirements of this Standard. 
The values in these tables include the consensus USEPA and Health Canada drinking water 
criteria for contaminants evaluated by these two agencies; values for selected regulated 
metals are shown in Table B.1. Tables also include criteria for non-regulated contaminants 
that have been developed according to toxicity data requirements and chemicals that have 
been evaluated using the threshold of evaluation approach.  

Table B.1 USEPA and Health Canada NSF/ANSI 60 Drinking Water Criteria: 
Regulated Metals 

Contaminant1 
Drinking Water Regulatory 

Level (MCL/MAC) (mg/l) 

Single Product Allowable 
Concentration (SPAC) 

(mg/l) 

Antimony 0.006 0.0006 

Arsenic 0.010 0.001 

Barium 2 0.2 

Beryllium 0.004 0.0004 

Boron 5 0.5 

Cadmium 0.005 0.0005 

Chromium (total) 0.1 0.01 

Copper TT2 (action level 1.3 mg/l) 0.13 

Lead (at tap) TT2 (action level 0.015 mg/l) 0.0015 

Mercury (inorganic) 0.002 0.0002 

Selenium 0.05 0.005 

Thallium 0.002 0.0002 
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Notes: 

1. The references for criteria based on US primary drinking water regulations are from the US Code of Federal 
Regulations, Title 40 (Protection of Environment), revised 1 July 1999. (www.access.gpo.gov/cgi-bin/cfrassemble.cgi) 

2. TT = Treatment technique. 

3. Source: NSF/ANSI 60 – 2009a (Table D1) 

 

B3.5.1 Chemicals for coagulation and flocculation  

Selected coagulation and flocculation chemicals listed in the Standard are shown in Table 
B.2. 

B3.5.2 Chemicals for corrosion and scale control, softening, sequestering, 
precipitation and pH adjustment 

Selected chemicals for corrosion and scale control, softening, sequestering, precipitation and 
pH adjustment coagulation and flocculation chemicals listed in the Standard are shown in 
Table B.3. 

B3.5.3 Chemicals for disinfection and oxidation 

Selected coagulation and flocculation chemicals listed in the Standard are shown in Table 
B.4. 

B3.5.4 Miscellaneous treatment chemicals 

Selected miscellaneous treatment chemicals listed in the Standard are shown in Table B.5. 

 

http://www.access.gpo.gov/cgi-bin/cfrassemble.cgi
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Table B.2 NSF/ANSI 60: Coagulation and flocculation products 

Chemical Type Formula Typical Dose1 (mg/l) Minimum Test Batteries of Chemistry-specific Analyses2 

Aluminium chloride AlCl3 70.0/26.87 Metals5, Base/neutral scan6 

Aluminium 
chlorohydrate 

Al2Cl(OH)5 - Metals5, Base/neutral scan6 

Aluminium sulfate Al2(SO4)3.nH2O 156/26.87 Metals5, Base/neutral scan6 

Anionic polyacrylamide 
(dry)3 

- 1.04 Acrylamide, Acrylic acid, Acrylonitrile, 3-hydroxypropane nitrile, 
Isobutane nitrile 

Anionic polyacrylamide 
(emulsion) 3 

- 4.04 Acrylamide, Acrylic acid, Acrylonitrile, 3-hydroxypropane nitrile, 
Isobutane nitrile 

Cationic polyacrylamide 
(dry) 3 

- 1.04 Acrylamide, Cationic monomer, Acrylonitrile, 3-hydroxypropane nitrile, 
Isobutane nitrile 

Cationic polyacrylamide 
(emulsion) 3 

- 4.04 Acrylamide, Cationic monomer, Acrylonitrile, 3-hydroxypropane nitrile, 
Isobutane nitrile 

Ferric chloride FeCl3.nH2O 60.0/20.78          
100/20.78 

Metals5, VOCs, Base/neutral/acid scan6 

Ferric sulfate Fe2(SO4)3.nH2O 100/288 Metals5, Base/neutral/acid scan6 

Ferrous chloride FeCl2 - Metals5, VOCs, Base/neutral/acid scan6 

Ferrous sulfate FeSO4.nH2O 43.7/16.18         
80.0/16.18 

Metals5, Base/neutral/acid scan6 

Non-ionic 
polyacrylamide (dry) 3 

- 1.04 Acrylamide, Acrylonitrile, 3-hydroxypropane nitrile, Isobutane nitrile 
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Chemical Type Formula Typical Dose1 (mg/l) Minimum Test Batteries of Chemistry-specific Analyses2 

Non-ionic 
polyacrylamide 
(emulsion) 3 

- 4.04 Acrylamide, Acrylonitrile, 3-hydroxypropane nitrile, Isobutane nitrile 

Poly(diallyldimethyl 
ammonium chloride)  

- 25.09 DADMAC monomer, dimethylamine 

Polyaluminium chloride Al2(OH)xCly.nH2O (-)/26.87 Metals5, Base/neutral scan6 

Polyaluminium 
chlorosulfate 

- (-)/26.87 Metals5, Base/neutral scan6 

Polyaluminium silicate 
sulfate 

- (-)/26.87 Metals5, Base/neutral scan6 

Poly(epichlorohydrin-
dimethylamine) 

- 20.010 Epichlorohydrin, 1,3-Dichloro-2-propanol, 1,2-Dichloro-3-propanol, 
glycidol, dimethylamine, ethylenediamine (if used as a branching 
agent) 

Sodium aluminate11 Na2Al2O4 43/26.87 Metals5, Base/neutral scan6 

Sodium silicate Na2O(SiO2)n 7.8 Metals5 

Notes: 

1.  Typical dose used historically in water treatment; not a maximum dose unless specifically stated. 

2.  Chemistry-specific analyses shall be performed each time the product is evaluated. Analysis shall also include formulation-dependent analytes as identified during formulation 
review. 

3.  If nitrogen-containing initiators are used, evaluation shall include analysis for the initiator and any initiator by-products. 

4.  Based on an acrylamide polymer application of 1 mg/land an acrylamide monomer level of 0.05% in the polymer, or equivalent for a carryover of not more than 0.5 ppb of acrylamide 
monomer into the final water. 

5.  Metals = Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Hg, Se, Tl. 

6.  A GCMS analysis shall also be performed when recycled materials are used in the manufacturing process. 

7.  The first value is typical dose as indicated by chemical formula. The second value is typical dose as Al2O3 for the aluminium salts (aluminium chloride, aluminium sulfate, 
polyaluminium chloride, and sodium aluminate). 
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8.  The first value is typical dose as indicated by chemical formula. The second value is typical dose as Fe for the iron salts (ferric chloride, ferric sulfate, ferrous chloride, and ferrous 
sulfate). 

9.  The typical dose is based on a polyDADMAC polymer application of 25 mg/l and a carryover of not more than 50 ppb of DADMAC into the final water. 

10.  The typical dose is based on an epi-DMA polymer application of 20 mg/l and an epichlorohydrin monomer level of 0.01% in the polymer, or equivalent, for a carryover of not more 
than 2 pbb of epichlorohydrin monomer into the final water. 

11.  Sodium silicate may be used in conjunction with an acid-forming substance to produce activated silica. The net concentrations of sodium silicate and acid-forming substance are not 
to exceed the maximum dose for these chemicals individually. 

12.  Source: NSF/ANSI 60 – 2009a (Table 4.1) 

 

Table B.3 NSF/ANSI 60: Corrosion and scale control, softening, sequestering, precipitation and pH adjustment 

Chemical Type Formula Typical Dose1 (mg/l) Minimum Test Batteries of Chemistry-specific Analyses2 

Calcium carbonate3 CaCO3 650 Metals4, Radionuclides, Base/neutral/acid scan9 

Calcium hydroxide Ca(OH)2 650 Metals4, Radionuclides10, Fluoride10 

Calcium oxide CaO 500 Metals4, Radionuclides11, Fluoride11 

Carbon dioxide CO2 200 VOCs 

Dipotassium 
orthophosphate 

K2HPO4 18.45 Metals4, Radionuclides11, Fluoride11 

Disodium 
orthophosphate 

Na2HPO4 14.95 Metals4, Radionuclides11, Fluoride11 

Magnesium carbonate 
hydroxide 

(MgCO3)4.Mg(OH)2.5H2O 115 Metals4 

Magnesium hydroxide Mg(OH)2 150 Metals4 

Magnesium oxide MgO 100 Metals4 

Monopotassium 
orthophosphate 

KH2PO4 14.35 Metals4, Radionuclides11, Fluoride11 
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Chemical Type Formula Typical Dose1 (mg/l) Minimum Test Batteries of Chemistry-specific Analyses2 

Monosodium 
orthophosphate 

NaH2PO4 12.65 Metals4, Radionuclides11, Fluoride11 

Phosphoric acid H3PO4 13.85 Metals4, Radionuclides11, Fluoride11 

Polyphosphoric acid - 9.05 Metals4, Radionuclides11, Fluoride11 

Potassium hydroxide KOH 100 Metals4 

Potassium 
tripolyphosphate 

K5P3O10 15.75 Metals4, Radionuclides11, Fluoride11 

Sodium bisulfate NaHSO4 2.4 Metals4 

Sodium calcium 
magnesium 
polyphosphate 

- 15.05 Metals4, Radionuclides11, Fluoride11 

Sodium carbonate Na2CO3 100 Metals4 

Sodium hydroxide NaOH 100 Metals4 

Sodium polyphosphate - 10.7-11.95 Metals4, Radionuclides11, Fluoride11 

Sodium silicate Na2O(SiO2)n 16.0 Metals4 

Sodium 
tripolyphosphate 

Na5P3O10 12.95 Metals4, Radionuclides11, Fluoride11 

Sulfuric acid H2SO4 50 Metals4, VOCs 

Tetrapotassium 
pyrophosphate 

K4P2O7 17.45 Metals4, Radionuclides11, Fluoride11 

Tetrasodium 
pyrophosphate 

Na4P2O7 14.055 Metals4, Radionuclides11, Fluoride11 
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Chemical Type Formula Typical Dose1 (mg/l) Minimum Test Batteries of Chemistry-specific Analyses2 

Tripotassium 
orthophosphate 

K3PO4 22.45 Metals4, Radionuclides11, Fluoride11 

Trisodium 
orthophosphate 

Na3PO4 17.35 Metals4, Radionuclides11, Fluoride11 

Notes: 

1.  Typical dose used historically in water treatment; not a maximum dose unless specifically stated. 

2.  Chemistry-specific analyses shall be performed each time the product is evaluated. Analysis shall also include formulation-dependent analysis as identified during formulation review. 

3.  Dissolves slowly over time. CaCO3 is exposed using the following ratio: 156 g product/250 ml deionised water. 

4.  Metals = Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Hg, Se, Tl. 

5.  Equivalent to 10 mg PO4/l, on a dry basis (based on potential ecological effects of phosphate at >10 mg PO4/l). 

6.  The potential impurities for these products may vary considerably depending on source. 

7.  Calculated from the USEPA RfD for zinc, this use level is based on 2 mg/l as zinc, 

8.  Calcium oxide products may be bracketed by the testing of calcium hydroxide products, produced at the same location and from the same source of calcium oxide. 

9. BNA scan not run if no waste fuels used in the manufacturing process. 

10.  Radionuclides and fluoride not run when CaO is sampled from the same location. 

11.  Radionuclides and fluoride not run if product is a blend or repackage of certified materials. 

12.  Source: NSF/ANSI 60 – 2009a (Table 5.1) 
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Table B.4 NSF/ANSI 60: Disinfection and oxidation 

Chemical Type Formula Typical Dose1 (mg/l) Minimum Test Batteries of Chemistry-specific Analyses2 

Ammonia, anhydrous NH3 5 Metals3, VOCs 

Ammonium hydroxide NH4OH 10 Metals3 

Ammonium sulfate (NH4)2SO4 25 Metals3 

Calcium hypochlorite4 Ca(OCl)2 105 Metals3, VOCs, bromate 

Chlorine10 Cl2 106 VOCs 

Hydrogen peroxide H2O2 37 Metals3, VOCs 

Potassium 
permanganate 

KMnO4 15 Metals3 

Sodium chlorate NaClO3 8 Metals3, VOCs 

Sodium chlorite NaClO2 7 Metals3, VOCs 

Sodium hypochlorite4, 11 NaOCl 105 Metals3, VOCs, bromate 

Notes: 

1.  Typical dose used historically in water treatment; not a maximum dose unless specifically stated. 

2.  Chemistry-specific analyses shall be performed each time the product is evaluated. Analysis shall also include formulation-dependent analysis as identified during formulation review. 

3.  Metals = Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Hg, Se, Tl. 

4.  Hypochlorite products shall include the appropriate statement in product literature (as per 6.3.2). 

5.  Equivalent to 10 mgCl2/l on a dry basis. Residual Cl2 in treated water to be compliant with regulations. 

6.  Equivalent to 10 mgCl2/l on a dry basis. Use levels up to 30 mg/Cl2 may be acceptable for short-term applications such as shock chlorination and disinfection of new installations. 

7.  Typical dose for 35% 2O2 solution. Residual levels of H2O2 to be removed from water treatment through chlorination. 

9.  Testing on anhydrous ammonia products may bracketed based on the testing of ammonium hydroxide (aqua ammonia), if the aqua ammonia solution is prepared with the same 
respective anhydrous ammonia solution. 

10.  Chlorine products may be bracketed based on testing of sodium hypochlorite bleach, prepared from the same chlorine source, or annual analysis may alternate between the chlorine 
and sodium hypochlorite product. 

11.  When all certified ingredients are used, testing for this chemical may be alternated every other year. 

12.  Source: NSF/ANSI 60 – 2009a (Table 6.1) 



Defra 
 

WRc Ref: Defra9033.03/15689-0 
May 2013 

© Defra 2013 98 

Table B.5 NSF/ANSI 60: Miscellaneous treatment chemicals 

Chemical Type Formula Typical Dose1 (mg/l) Minimum Test Batteries of Chemistry-specific Analyses2 

Copper sulfate CuSO4 1.05 Metals4 

Ferrous chloride FeCl2 - Metals4, VOCs 

Sodium bisulfite NaHSO3 186 Metals4 

Sodium sulphite Na2SO3 226 Metals4 

Sulfur dioxide SO2 10 Metals4 

Notes: 

1.  Typical dose used historically in water treatment; not a maximum dose unless specifically stated. 

2.  Chemistry-specific analyses shall be performed each time the product is evaluated. Analysis shall also include formulation-dependent analysis as identified during formulation review. 

4.  Metals = Sb, As, Ba, Be, Cd, Cr, Cu, Pb, Hg, Se, Tl. 

5.  Based on mg Cu per litre water. 

6.  Based on chlorine level of 12 mg/l prior to treatment. 

7.  Source: NSF/ANSI 60 – 2009a (Table 7.1) 
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Appendix C Manufacturing Processes 
Manufacturing processes for most water treatment chemicals used in England and Wales at 
quantities greater than 50 tonnes per year are described below. 

C1 Coagulants, flocculants and precipitants 

C1.1 Aluminium sulfate 

Chemical manufacturer/supplier comment: 

Aluminium sulfate is produced using a high purity grade of sulfuric acid. Traces of humic 
material in the aluminium hydroxide can result in cosmetic issues (coloration). There is little 
possibility of contamination – no additives such as surfactants are used in the manufacturing 
process. 

There is essentially no control over the starting materials. Aluminium trihydrate (aluminium 
hydroxide) is refined from bauxite using the Bayer process. Sulfuric acid is fairly pure – it 
meets BS EN 899. Most sulfates are fairly insoluble and would be precipitated out during the 
manufacturing process. 

 

Aluminium sulfate is produced by reacting aluminium hydroxide (Al(OH)3) with sulfuric acid 
(H2SO4): 

2Al(OH)3 + 3H2SO4 → Al2(SO4)3·6H2O 
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Figure C.1 Flowsheet - Aluminium sulfate, polyaluminium chloride 

 

Aluminium hydroxide is found in nature as the mineral gibbsite, a principal constituent of 
bauxite. Bauxite also consists of aluminium oxide hydroxide, iron oxides, silica and small 
amounts of titanium dioxide. 

Virtually all the Al(OH)3 used commercially is manufactured by the Bayer process, in which 
bauxite is digested with a hot solution of sodium hydroxide (NaOH) at 175°C. This converts 
the alumina (Al2O3) to Al(OH)3 which dissolves in the hydroxide solution: 

Al2O3 + 2OH− + 3H2O → 2Al(OH)4
− 

The other components of bauxite do not dissolve and the solution is clarified by filtering off the 
solid impurities (‘red mud’). The hydroxide solution is then cooled, and the dissolved Al(OH)4

− 

precipitates as a white, voluminous solid (Al(OH)3). 
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C1.2 Ferric sulfate 

Chemical manufacturer/supplier comment: 

In the UK, production of ferric sulfate based on the titanium dioxide industry has practically 
disappeared. The primary raw material is now spent pickling liquor, as with ferrous chloride 
and ferric chloride. The spent pickling liquor can contain amines and thioureas added as 
inhibitors. The first step in the manufacturing process is to precipitate ferrous sulfate which 
results in a degree of purification. When iron ores are used as the source of iron they can 
contain trace metals at levels dependent on the source of the ore. When nitric acid is used for 
oxidation of Fe(II) to Fe(III), organics can be nitrated. Steel tankers are used and these must 
be thoroughly washed out. 

There is no control over the quality of the copperas but the identities of impurities are known. 
Nitric acid is essentially used as a catalyst – there is a small top up (~20 tonnes per year). 
DMA in copperas is nitrated to form NDMA. Problems of precipitation have occurred with too 
concentrated solutions (>12% Fe) and with variable free acid concentration. 

 
Ferric sulfate is produced by reacting a hot solution of ferrous sulfate (copperas, FeSO4) with 
sulfuric acid (H2SO4) and an oxidizing agent such as nitric acid or hydrogen peroxide: 

2FeSO4 + H2SO4 → Fe2(SO4)3 + 2H+ 

Figure C.2 Flowsheet - Ferric sulfate 
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Ferrous sulfate is obtained as a by-product of industrial processes using iron ores that have 
been treated with sulfuric acid, e.g. from ‘pickling’ in the steel industry or from the production 
of titanium dioxide via the sulfate process. 

Ferrous sulfate is also prepared commercially by oxidation of pyrite: 

2FeS2 + 7O2 + 2H2O → 2FeSO4 + 2H2SO4 

C1.3 Polyaluminium chloride 

Chemical manufacturer/supplier comment: 

 A wide variety of processes are used to manufacture polyaluminium chloride. One process 
reacts aluminium hydroxide with hydrochloric acid under conditions of high temperature and 
pressure. The hydrochloric acid used is purified technical grade containing mg/l levels of 
phenols – these are removed during production by steam distillation. 

Some polyaluminium chloride has historically contained colour and phenolic compounds. The 
colour was thought to arise from traces of humic substances in the aluminium hydroxide. An 
oxidation stage, using potassium permanganate, was added to decolourise organics. The 
product is monitored for phenols, chlorinated phenols, etc. 

Some hydrochloric acid used to produce polyaluminium chloride can be a co-product of the 
reaction of sulfuric acid with metal chlorides to produce sulfates. Trace metals and organics 
may be present. 

Hydrochloric acid containing phenolics is not used. The hydrochloric acid may contain low 
levels of acetic acid and phosphorous acid – acetic acid “cooks out” during the manufacturing 
process. Problems of precipitation have occurred when water evaporates from PACl 
solutions. Cream coloured residual trihydrate fines can occur. Hydroxy sulfate crystals can 
precipitate leading to blockages in dosing lines. Traces of humic substances can be present in 
the aluminium trihydrate. 

 

C1.3.1 Polyaluminium chloride hydroxide 

Polyaluminium chloride hydroxide (AlnCl(3n-m)(OH)m) is produced from the reaction between 
aluminium hydroxide (Al(OH)3) and hydrochloric acid (HCl): 

Al(OH)3 + HCl → AlnCl(3n-m)(OH)m 
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C1.3.2 Polyaluminium chloride hydroxide sulfate 

Polyaluminium chloride hydroxide sulfate (AlnCl(3n-m)(OH)mSO4) is produced from the reaction 
between polyaluminium chloride hydroxide (AlnCl(3n-m)(OH)m) and aluminium sulfate 
(Al2(SO4)3): 

AlnCl(3n-m)(OH)m + Al2(SO4)3 → AlnCl(3n-m)(OH)mSO4 

C1.4 Ferric chloride 

Chemical manufacturer/supplier comment: 

Ferric chloride can be produced by a number of processes using a range of raw materials. 
One product is manufactured from spent pickling liquor (hydrochloric acid) used for scale 
removal in steelworks – this is a solution of ca. 20% ferrous chloride. The concentration has to 
be increased by adding steel plus chlorine or iron ore plus hydrochloric acid. The ferrous 
chloride solution is then filtered. Impurities arise from several sources. Steelworks add 
surfactants – amines or thioureas – as inhibitors. These will break down under the 
temperatures used in the process but breakdown products will remain so the ferrous chloride 
potentially contains organics. These organics will be chlorinated when chlorine is added to 
oxidise Fe(II) to Fe(III). Filtration is used at the end of the process to remove particulates 
(carbon and silica) – this also removes organics which are adsorbed on the particulates. If the 
filtration process fails, a scum forms on the surface of the ferric chloride solution. Organics 
content has been found to be very low. Dedicated tankers and storage vessels are used. 

The ferrous chloride raw material is spent steel pickle liquor containing 8-10% Fe. The iron 
concentration is increased be adding more metal. Raw material contaminated with oil is not 
used. 

 

Solutions of ferric chloride (FeCl3) are produced industrially from the reaction of both iron and 
iron ore with hydrochloric acid; the intermediate ferrous chloride is oxidised with chlorine. 

Iron may be dissolved in hydrochloric acid (or a solution of ferric chloride): 

2Fe(s) + 2HCl(aq) → 2FeCl2(aq) + H2 

Fe(s) + 2FeCl3(aq) → 3FeCl2(aq) 

Iron ore may be dissolved in hydrochloric acid: 

Fe3O4(s) + 8HCl(aq) → FeCl2(aq) + 2FeCl3(aq) + 4H2O 
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Ferrous chloride may be oxidised with chlorine: 

2FeCl2(aq) + Cl2(g) → 2FeCl3(aq) 

Figure C.3 Flowsheet - Ferric chloride 

 

C1.5 Polyelectrolytes 

C1.5.1 Polyacrylamides 

Polyacrylamides are polyelectrolytes formed from acrylamide monomer (-CH2CHCONH2-) 
subunits. Anionic, cationic or non-ionic polyacrylamides can be synthesized as simple linear-
chain structures or as cross-linked structures. Polyacrylamide is not toxic but residual 
acrylamide monomer, which may remain as a trace contaminant of the product, is a 
neurotoxin and is regulated accordingly. 

http://en.wikipedia.org/wiki/Acrylamide
http://en.wikipedia.org/wiki/Cross-link
http://en.wikipedia.org/wiki/Neurotoxin
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Anionic polyacrylamide 

Figure C.4 Process Chemistry - Anionic polyacrylamide 

 

Cationic polyacrylamide 

Figure C.5 Process chemistry - Cationic polyacrylamide 
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C1.5.2 PolyDADMAC 

PolyDADMAC is a polyelectrolyte formed from the radical polymerisation of the 
diallyldimethylammonium chloride (DADMAC) monomer. The DADMAC monomer is formed 
from the reaction between allyl chloride and dimethylamine (DMA). 

Figure C.6 Process chemistry - PolyDADMAC 

 

C2 pH adjustment/correction 

C2.1 Calcium hydroxide 

Calcium hydroxide (lime, Ca(OH)2) is manufactured from limestone. Limestone is a 
sedimentary rock composed largely of the minerals calcite and aragonite which are different 
crystalline forms of calcium carbonate (CaCO3). Limestone is extracted from quarries or 
mines. Impurities may include clay, sand, iron oxide, and other inorganic and organic 
materials. 

Limestone is calcined at about 1000°C to produce calcium oxide (quicklime, CaO): 

CaCO3 → CaO + CO2 

Calcium hydroxide is produced from the reaction between calcium oxide and water: 

CaO + H2O → Ca(OH)2 
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C2.2 Sodium hydroxide 

Chemical manufacturer/supplier comment: 

Sodium hydroxide has probably the least issues regarding potential contamination. The only 
process-related impurity is mercury for which a limit is set in BS EN 896. NaOH produced by 
the diaphragm process (less prevalent) is still checked for mercury content. Organics would 
interfere with the manufacturing process so manufacturers ensure that oil, grease etc. are 
absent. There is no possibility of contamination from mechanical devices and the chemical is 
of very high purity contained within sealed plant. 

The only potential issue is shipping – the same tanker may be used for different products 
including cleaning products consisting of NaOH plus surfactants. Therefore efficient washout 
of tankers is essential. 

 

Sodium hydroxide (caustic soda, NaOH) is produced (along with chlorine and hydrogen) via 
the chloralkali process. This involves the electrolysis of an aqueous solution of sodium 
chloride. The sodium hydroxide builds up at the cathode where water is reduced to hydrogen 
gas and the hydroxide (OH-) ion: 

2Na+ + 2H2O + 2e– → H2 + 2NaOH 

More accurately: 

2Na+Cl– + 2H2O + 2e– → H2 + 2Cl– + 2NaOH 

The chloride (Cl–) ions are oxidised to chlorine gas at the anode. 

To produce NaOH it is necessary to prevent reaction of NaOH with chlorine. This is typically 
done in one of three ways, of which the membrane cell process is economically the most 
viable. 

Membrane cell process: Similar to the diaphragm cell process, a Nafion membrane (a 
sulfonated tetrafluoroethylene based fluoropolymer-copolymer) separates the cathode and 
anode reactions. Only sodium ions and a little water pass through the membrane. It produces 
a higher quality of NaOH. 

Mercury cell process: Sodium ions are reduced to sodium metal which forms an amalgam 
with a mercury cathode; this sodium is then reacted with water to produce NaOH. There have 
been concerns about mercury releases, although modern plants claim to be safe. 
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Diaphragm cell process: Uses a steel cathode; the reaction of NaOH with Cl2 is prevented 
using a porous diaphragm often made of asbestos fibres. In the diaphragm cell process the 
anode area is separated from the cathode area by a permeable diaphragm. The brine is 
introduced into the anode compartment and flows through the diaphragm into the cathode 
compartment. A diluted caustic brine leaves the cell. The sodium hydroxide must usually be 
concentrated to 50% and the salt removed; this is done using an evaporative process. The 
salt separated from the caustic brine can be used to saturate diluted brine. The chlorine 
contains oxygen and is purified by liquefaction and evaporation.  

Of the three processes, the membrane cell process requires the lowest consumption of 
electrical energy and the amount of steam needed for concentration of the caustic is relatively 
small.  

Solid sodium hydroxide is obtained from the 50% solution by the evaporation of water. 

C2.3 Sulfuric acid 

Chemical manufacturer/supplier comment: 

Sulfuric acid may be produced by the burning of sulfur in which case the quality of the sulfur 
(a source of potential impurities) is controlled. When the process is initiated there is potential 
for contamination from diesel or fuel oil – such product is sold for applications with lower purity 
requirements. On plant shut down, contamination from corrosion products is possible. Most of 
the sulfur used to make sulfuric acid comes from natural oil refining – hydrogen sulfide is 
oxidised to form sulfur. The content of organics is very low. Sulfur obtained from geological 
deposits can contain heavy metals. 

Sulfuric acid can be produced by the smelting process. The gas phase sulfur dioxide contains 
particulates and other impurities which are removed using cyclones or electrostatic methods – 
these also remove mercury from the gas phase. Analysis is carried out for mercury; metalloids 
such as As, Se and Te are not detected. The high temperatures used in the process result in 
the destruction of any organics. 

As with NaOH, efficient washout of tankers is essential. In the 1990s traces of diesel in a 
tanker caused the product to turn brown/black and it had to be disposed of. 

 
Sulfuric acid is produced from sulfur, oxygen and water via the conventional contact process 
(DCDA) or the wet sulfuric acid (WSA) process. 
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Figure C.7 Flowsheet - Sulfuric acid 

 

Contact process (DCDA) 

In the first step, sulfur is burned to produce sulfur dioxide. 

S (s) + O2 (g) → SO2 (g) 
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The sulfur dioxide is then oxidized to sulfur trioxide using oxygen in the presence of a 
vanadium (V) oxide catalyst. This reaction is reversible and the formation of the sulfur trioxide 
is exothermic. 

2SO2 (g) + O2 (g)  2SO3 (g) (in presence of V2O5) 

The sulfur trioxide is absorbed into 97–98% H2SO4 to form oleum (H2S2O7), also known as 
fuming sulfuric acid. The oleum is then diluted with water to form concentrated sulfuric acid. 

H2SO4 (l) + SO3 → H2S2O7 (l) 

H2S2O7 (l) + H2O (l) → 2H2SO4 (l) 

Wet sulfuric acid process (WSA) 

In the first step, sulfur is burned to produce sulfur dioxide: 

S (s) + O2 (g) → SO2 (g) 

or, alternatively, hydrogen sulfide (H2S) gas is incinerated to SO2 gas: 

2H2S + 3O2 → 2H2O + 2SO2 

The SO2 is then oxidized to sulfur trioxide using oxygen with vanadium (V) oxide as catalyst. 

2SO2 + O2  2SO3 (in presence of V2O5) 

The sulfur trioxide is hydrated into sulfuric acid H2SO4: 

SO3 + H2O → H2SO4 (g) 

The last step is the condensation of the sulfuric acid to liquid 97–98% H2SO4: 

H2SO4 (g) → H2SO4 (l) 
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C2.4 Hydrochloric acid 

Chemical manufacturer/supplier comment: 

There are several different sources of hydrochloric acid, for example the reaction of hydrogen 
with chlorine – this process is only used for a small proportion of production (<25%). Only 
synthesis grade, not commercial grade, is supplied to the water industry. 

Other sources of hydrochloric acid include by-products of production of plasticisers, titanium 
dioxide and pesticides. These are probably not appropriate for treatment of drinking water. 

 
Flowsheet - see sodium hypochlorite (Figure C.8). 

In its purest form hydrochloric acid is a gas but when hydrogen chloride is mixed with water, it 
forms the solution which is commonly known as hydrochloric acid (HCl).  

In its strongest form, a prefix of 'fuming' is often used,  the word 'fuming' referring to the white 
fumes which are apparent in strong concentrations of the product.  Essentially, however, all 
these materials are the same product with simply a variation in concentration. Fuming HCl is a 
concentration of between 36% and 40%.  Production above 40% is not realistic as the product 
evaporates.  More dilute solutions can be obtained by mixing HCl with water to produce 
concentrations to the desired strength. 

Solutions of hydrochloric acid are manufactured by dissolving hydrogen chloride in water. 
Several methods of generating hydrogen chloride are available and large scale production is 
usually connected to manufacture of other chemicals. 

Commercially, hydrochloric acid solutions are produced up to approximately 38%, above this 
the evaporation rate is very high meaning that extra storage precautions are needed.  The 
majority of hydrogen chloride gas produced is used for hydrochloric acid production. 

The various methods of manufacture include: 

Direct synthesis 

This process is carried out in an HCl oven or HCl burner which firstly involves electrolysing 
brine (a solution of sodium chloride in water) to produce chlorine Cl2, sodium hydroxide and 
hydrogen.  Secondly, the chlorine and hydrogen are reacted to produce hydrogen chloride 

Cl2  +  H2    2HCl 



Defra 
 

WRc Ref: Defra9033.03/15689-0 
May 2013 

© Defra 2013 112 

Organic synthesis 

The majority of hydrochloric acid production is linked to the manufacture of chlorinated or 
fluorinated organic compounds.  Chlorine gas is reacted with the organic compound which 
results in a hydrogen atom being replaced by a chlorine. This hydrogen then reacts with the 
other chlorine atom from the Cl2 molecule to form HCl: 

R - H  +  Cl2    R - Cl  +  HCl 

The hydrogen chloride can either be captured and re-used in the process or dissolved in 
water to produce hydrochloric acid solution.  The process can be summarised as follows: 

After leaving the chlorination process, a gas stream including HCl, passes into an absorption 
column where the HCl is absorbed into a weak solution of hydrochloric acid.  Chlorination 
gases now removed of HCl can be re-used in the process.  The gas stream continues to a 
final scrubber which removes any remaining HCl before venting to the atmosphere. 

Thermal decomposition 

Hydrated metal chlorides produced from metal treatment processes can undergo thermal 
decomposition to produce HCl: 

2FeCl3  +  6H2O    Fe2O3  +  3H2O  +  6HCl 

Incineration process 

This involves combustion of chlorinated organic waste, for example: 

C4H6Cl2  +  5O2    4CO2  +  2H2O  +  2HCl 

C3 Alkalinity/hardness adjustment 

C3.1 Calcium hydroxide 

See Section C2.1. 

C3.2 Carbon dioxide 

Liquid carbon dioxide is recovered from a variety of sources such as ammonia and hydrogen 
plants, purified and liquefied. 
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C4 Disinfection, oxidation and reduction 

C4.1 Sodium hypochlorite 

Chemical manufacturer/supplier comment: 

In the production of sodium hypochlorite, massive efforts are made to avoid the presence of 
metals, such as copper and nickel, which would initiate decomposition of the product. Off-
specification sodium hydroxide can cause elevated concentrations of mercury – this is the 
only real issue. Sodium chlorate forms on storage, so sodium hypochlorite is manufactured 
and delivered on a “just in time” basis. The other potential contaminant is bromate but this is 
not an issue with ULB and LB grades. 

Dedicated tankers are used. Storage in GRP tanks has been found to result in deterioration of 
the tanks (and presumably contamination of the sodium hypochlorite). 

 
Sodium hypochlorite (NaOCl) was historically produced via the electrolysis of brine using the 
chloralkali process.  

Figure C.8 Flowsheet - Sodium hypochlorite, hydrochloric acid 
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Sodium hypochlorite is produced by the Hooker process where sodium hypochlorite (NaClO) 
and sodium chloride (NaCl) are formed when chlorine is passed into cold and dilute sodium 
hydroxide solution. Industrially it is prepared by electrolysis with minimal separation between 
the anode and the cathode. The solution must be kept below 40°C (by cooling coils) to 
prevent the undesired formation of sodium chlorate (NaClO3). 

Cl2 + 2NaOH → NaCl + NaOCl + H2O 

Chlorine is simultaneously reduced and oxidized in a process known as disproportionation. 

The commercial solutions always contain significant amounts of sodium chloride (common 
salt) as the main by-product, as seen in the above equation.  

C4.2 Sodium chloride 

In the UK, sodium chloride (salt, NaCl) is obtained from sub-surface rock salt deposits through 
the injection of water and subsequent treatment of the resultant brine solution. Sodium 
chloride might also be mined directly or, in warmer climates, obtained by evaporation of sea 
water in shallow basins warmed by sunlight. 

The ‘raw’ brine is purified to remove magnesium and calcium compounds. The purified brine 
emerging from the purification process is fed into the evaporating plant to drive off water. The 
resulting salt slurry is passed through each evaporation vessel in series, the brine boiling at 
ever decreasing pressure and temperature. Pure sodium chloride crystals are deposited out 
of solution and dried. 

Several grades of sodium chloride are produced; the most frequently used in water treatment 
being standard pure dried vacuum (PDV) salt. 

C4.3 Chlorine 

Chlorine is produced at large-scale by variants of the chloralkali process involving several 
process steps. The description given is typical of a membrane plant that also simultaneously 
produces sodium hydroxide (caustic soda) and hydrogen gas. 

Raw saturated brine is partially or totally treated with sodium hydroxide, sodium carbonate 
and a flocculant to reduce calcium, magnesium and other impurities. The impurities are 
removed by clarification, filtration and ion exchange before the ‘pure’ brine is transferred to 
storage tanks to be pumped to the electrolytic cells.  

Brine is heated to the correct temperature to control exit brine temperatures. Brine exiting the 
electrolytic cells must be treated to remove residual chlorine and control pH levels before 
being returned to the saturation stage. This can be accomplished via dechlorination towers 
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with acid and sodium bisulfite addition. Failure to remove chlorine can result in damage to the 
cells. Brine should be monitored for accumulation of both chlorate and sulfate; chlorate can 
diffuse through the membranes and contaminate the caustic, while sulfate can damage the 
anode surface coating. 

Chlorine gas exiting the electrolytic cells must be cooled and dried since the exit gas can be 
over 80°C and contain moisture that allows chlorine gas to be corrosive to iron piping. Ideally 
chlorine exits between 18°C and 25°C. After cooling, the gas stream passes through a series 
of towers with counter flowing sulfuric acid. These towers progressively remove any remaining 
moisture from the chlorine gas. After exiting the drying towers the chlorine is filtered to 
remove any remaining sulfuric acid. 

The chlorine gas is then compressed and may be further cooled. After compression it flows to 
the liquefiers, where it is cooled enough to liquefy. Non-condensible gases and any remaining 
chlorine gas are vented off as part of the pressure control of the liquefaction systems. These 
gases are routed to a gas scrubber, producing sodium hypochlorite, or used in the production 
of hydrochloric acid (by combustion with hydrogen) or ethylene dichloride (by reaction with 
ethylene). 

Liquid chlorine is typically gravity-fed to storage tanks. It can be loaded into rail or road 
tankers via pumps or padded with compressed dry gas. 

C4.4 Oxygen 

Most commercial oxygen is produced from air using a variation of the cryogenic distillation 
process producing oxygen that is >99% pure. More recently, the more energy-efficient 
vacuum swing adsorption process has been used for a limited number of applications that do 
not require oxygen with more than 90-93% purity.  
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Cryogenic distillation process 

Figure C.9 Flowsheet - Oxygen 

 

The air is compressed in a multi-stage compressor and then passed through a water-cooled 
aftercooler to condense and remove any water vapor. The dried air passes through a 
molecular sieve adsorber containing zeolite and silica gel-type adsorbents, which trap carbon 
dioxide, heavier hydrocarbons and any remaining traces of water vapor.  

The pretreated air stream is split and a small portion is diverted through a compressor where 
its pressure is boosted. This air is then cooled and allowed to expand to nearly atmospheric 
pressure. This expansion rapidly cools the air which is injected into the cryogenic low-
pressure fractionating column.  

The main air stream passes through one side of a pair of heat exchangers operating in series, 
while very cold oxygen and nitrogen from the cryogenic fractionator pass through the other 
side. The incoming air stream is cooled, while the oxygen and nitrogen are warmed. The 
temperature of the air is lowered to the point where the oxygen, which has the highest boiling 
point, starts to liquefy.  

The air stream - now part liquid and part gas - enters the base of the high-pressure 
fractionating column. As the air works its way up the column, it loses additional heat. The 
oxygen continues to liquefy, forming an oxygen-rich mixture in the bottom of the column, while 
most of the nitrogen and argon flow to the top as a vapour.  
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The liquid oxygen mixture (‘crude liquid oxygen’) is drawn from the bottom of the high-
pressure fractionator and is cooled further. Part of this stream is allowed to expand to nearly 
atmospheric pressure and is fed into the low-pressure fractionating column. As the crude 
liquid oxygen works its way down the column, most of the remaining nitrogen and argon 
separate, leaving 99.5% pure oxygen at the bottom of the column.  

The nitrogen/argon vapour from the high-pressure column is cooled further and allowed to 
expand to nearly atmospheric pressure en-route to the top of the low-pressure fractionating 
column. The nitrogen, which has the lowest boiling point, gasifies first and flows out the top of 
the column as 99.995% pure nitrogen.  

The argon, which has a boiling point between the oxygen and the nitrogen, remains a vapor 
and begins to sink as the nitrogen boils off. As the argon vapor reaches a point about two-
thirds the way down the column, the argon concentration reaches its maximum of about 7-
12% and is drawn off into a third fractionating column, where it is further recirculated and 
refined. The final product is a stream of crude argon containing 93-96% argon, 2-5% oxygen, 
and the balance nitrogen with traces of other gases.  

The oxygen at the bottom of the low-pressure column is about 99.5% pure. This can be 
increased if required using additional fractionating and/or catalysis to oxidise any 
hydrocarbons. 

The oxygen is compressed or liquefied as required for distribution.  

C4.5 Sodium bisulfite 

Chemical manufacturer/supplier comment: 

Sodium bisulfite is produced by burning sulfur to produce sulfur dioxide followed by reaction 
with sodium hydroxide or ammonia. Pure ingredients are used with no other additives. 
Analysis has confirmed that low levels of contaminants are present. 

 
S + O2 → SO2 

SO2 + NaOH → NaHSO3 

C4.6 Ammonium sulfate 

Ammonium sulfate is most commonly produced as a byproduct from coking plants supplying 
the iron and steel making plants. Reacting the ammonia produced in the thermal 
decomposition of coal with waste sulfuric acid allows the ammonia to be crystallized out as a 
salt (often brown because of iron contamination) and sold into the agro-chemicals industry. 
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C5 Fluoridation 

C5.1 Hexafluorosilicic acid 

Hexafluorosilicic acid (H2SiF6) is manufactured in parallel with the production of phosphoric 
acid. Phosphate rock (fluorapatite) contains between 3-7% fluoride and is the main source of 
fluorides used in water fluoridation. 

Fluorapatite is reacted with sulfuric acid to produce calcium sulfate (CaSO4), hydrogen 
fluoride (HF) and phosphoric acid (H3PO4).  

Ca5F(PO4)3 + 5H2SO4 + 10H2O → 3H3PO4 + 5CaSO4·2H2O + HF 

Hydrogen fluoride is reacted with water, forming weak hexafluorosilicic acid (H2SiF6). The acid 
is then concentrated to 30% strength. Although trace elements such as lead and arsenic are 
present in fluoride compounds, the manufacturing process involves recovery of the product 
from a vapour phase, which ensures a high degree of purity. 

C5.2 Sodium hexafluorosilicate 

Hexafluorosilicic acid (H2SiF6) can readily be converted into various salts. Sodium 
hexafluorosilicate (Na2SiF6) is the result of neutralising hexafluorosilicic acid with sodium 
carbonate (Na2CO3) and precipitating the solid matter. 

H2SiF6 + Na2CO3 → Na2SiF6 + H2O + CO2 

C6 Plumbosolvency control 

C6.1 Sodium dihydrogen phosphate / Monosodium phosphate 

Sodium monophosphates are usually produced by neutralization of phosphoric acid with 
sodium carbonate (soda ash) or sodium hydroxide (caustic soda): 

2H3PO4 + Na2CO3 → 2NaH2PO4 + H2O + CO2 

H3PO4 + NaOH → NaH2PO4 + H2O 

The latter is predominantly used in Germany, while in the United States, the less expensive 
soda ash is used. The phosphates crystallize from the solutions as hydrates and are 
separated by centrifugation. Anhydrous salts are obtained by dehydration in rotary dryers or 
directly from the solutions by spray drying or in rotary kilns. Both thermal phosphoric acid and 
the cheaper wet phosphoric acid are used as starting materials. The very pure thermal 
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phosphoric acid is generally used in the production of food-grade phosphates, e.g. 
monosodium phosphate. 

Thermal phosphoric acid is used preferentially for production of monosodium phosphate. Wet 
phosphoric acid is less suitable because the impurities are only partially precipitated in the 
neutralization with soda ash or caustic soda up to the first stage, so that additional 
recrystallization would be required to purify the phosphate. The dihydrate and the anhydrous 
salt are the usual commercial forms. 

C6.2 Phosphoric acid 

Phosphoric acid can be prepared by three routes:  the wet process, the thermal process and 
the dry kiln process. 
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C6.2.1 The Wet Process 

Figure C.10 Flowsheet - Phosphoric acid 

 

Phosphate rock (typically a species of apatite) is reacted with 93% sulfuric acid to produce 
calcium sulfate (CaSO4) and phosphoric acid (H3PO4). Phosphate rock includes other 
components like sand and lime which can change the composition. In terms of P2O5, most 
calcium phosphate rocks have a content of 30% to 40% P2O5 by weight. 

The overall process can be represented as: 

Ca5X(PO4)3 + 5H2SO4 + 10H2O → 3H3PO4 + 5CaSO4·2H2O + HX 

where X may include OH (hydroxylapatite), F (fluorapatite), Cl (chlorapatite) and Br 
(bromapatite). 

Digestion of the phosphate rock using sulfuric acid yields the insoluble calcium sulfate 
(gypsum), which is filtered and removed. The initial phosphoric acid solution may contain 23–
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33% P2O5, but can be concentrated by the evaporation of water to produce commercial- or 
merchant-grade phosphoric acid, which contains about 54% P2O5. Wet-process acid can be 
further purified by removing fluorine to produce animal-grade phosphoric acid, or by solvent 
extraction and arsenic removal to produce food-grade phosphoric acid. 

During digestion of fluorapatite, hydrogen fluoride is produced as a by-product and is a minor 
industrial source of hydrofluoric acid. 

C6.2.2 The Thermal Process 

Very pure phosphoric acid is obtained by burning elemental phosphorus to produce 
phosphorus pentoxide (P2O5) and dissolving the product in dilute phosphoric acid. This 
produces a very pure phosphoric acid, since most impurities present in the rock have been 
removed when extracting phosphorus from the rock in a furnace. The end result is food-
grade, thermal phosphoric acid; however, for critical applications, additional processing to 
remove arsenic compounds may be carried out. 

 

http://en.wikipedia.org/wiki/Hydrogen_fluoride
http://en.wikipedia.org/wiki/Hydrofluoric_acid

