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Summary 

i Reasons 

There have been regular unsubstantiated reports in the literature attributing the occurrence of 
skin disease to tap water exposure. Some consumers attribute their skin complaints to tap 
water, therefore water companies and the drinking water regulators have identied the need for 
more information in order to respond appropriately to these consumer concerns. There is a 
cost to water companies investigating consumer water quality complaints and any protocol 
needs to be based on sound science and beneficial  to the public. 

ii Objectives 

To conduct a wide ranging review of the evidence for a possible link between skin irritation 
and sensitisation and tap water quality/usage and any related health effects, perceived or 
otherwise. 

iii Benefits 

Skin disease can be a painful and/or disabling condition, and in extreme circumstances may 
also result in associated psychological problems and can carry economic burden. Identifying 
any potential link or negating a link between skin disease and tap water quality is important to 
either look to identifying means to decrease skin disease, or to dispel any perceived cause. 

iv Conclusions 

Currently there is insufficient evidence to evaluate the effects of domestic tap water, and its 
chemical constituents or parameters, on skin irritation in humans. Future studies have been 
outlined based on potential associations identified from experimental or epidemiological 
studies, in relation to water hardness, water pH, personal care products, nickel, and 
chloramination. 

v Recommendations 

It is recommended from this review that much needed future clinical trials focus on prevention 
early on in life (from birth) and control for the types of wash product used, the hardness of 
water and its alkalinity. The next step however, in order to best guide the design of future 
clinical studies, is to further define the effect of water hardness, the concentration of free 
calcium and magnesium, the alkalinity of water, and the interaction of these properties with 
wash products on the biophysical properties of the skin, including measures for irritation, 
permeability barrier function, skin-surface pH, protease activity, and lipid structure. It remains 
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unclear whether the putative association between water hardness and skin irritation results 
from the concentration of free calcium ions, alkalinity, the interaction between one of these 
factors with wash products, or a combination of all of them. Enhanced data collection from 
customer contacts to water companies is proposed as the next step to  inform a robust study. 

vi Résumé of Contents 

This review covers: 

• Chemical parameters and properties of interest;  

• Comparison of occupational exposure to potential respiratory, skin and eye irritants and 
drinking water levels; 

• Assessment of animal and in vitro studies; 

• Assessment of human studies; 

• Review of possible associations and causalities of experimental and human studies; 

• Future avenues of research including possible experimental and human studies. 

Assessment of the potential use of drinking water quality data and customer skin-related 
health concerns to analyse skin irritation effects of drinking water. 
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Glossary  

Abraded    Roughened skin 

Allergen    Substance causing allergic response 

Aquagenic pruritus   Water induced itching 

Atopic dermatitis   Eczema 

Chloramination    Process of using chloramine to disinfect potable water 

Cutaneous    Relating to the skin 

Dermatitis    Inflammation of the skin (eczema is a type of dermatitis) 

Detergent    A cleansing substance 

DWI     Drinking Water Inspectorate 

Eczema    Chronic skin condition causing the skin to become itchy, dry  
     and cracked 

Epidermis    The outermost layer of the skin 

Erythema    Redness 

GLP     Good Laboratory Practise 

Hard water    Water with a high concentration of calcium and magnesium 

Interventional clinical trials  Studies changing behaviour to see if an effect occurs 

Keratinocytes    Cells of the epidermis 

Klimisch code    Recognised coding of quality of studies 

Mechanistic studies   Studies looking at biological plausibility and physiology 

MET     Minimum Elicitation Threshold 
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Observational studies   Studies observing a subset of the population 

OECD guidelines   Standardised guidelines for toxicity testing 

Oedema    Swelling 

pH     Scale measuring the acidity or alkalinity of a substance 

Scleroderma    Connective tissue disease 

Sensitiser    Substance capable of inducing allergy 

SLS     Sodium lauryl sulphate 

Soft water    Water with lower concentration of calcium and magnesium 

Stratum corneum   Uppermost skin layer 

TEWL     Trans-epithelial water loss 

Urticaria    Rash with itchy raised areas of the skin 

Vehicle     Inert substance used to confer a suitable consistency of the  
     chemical of interest 

Workplace Exposure Limits (WELs) UK limits for exposure in the workplace for certain chemicals 
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1. Introduction 

1.1 Background 

The skin is the largest organ of the body and fulfils many functions. These include a barrier 
function to protect the body from the environment, a temperature regulator, an immune organ 
to detect infections, and a sensory organ to detect temperature, touch, and vibration.  

Skin comes into contact with tap water on many occasions and via many different activities. 
Such activities include bathing and showering, and cleaning. In a survey of UK households,  
over 80% of baths were reported to last  between 11 and 30 minutes, and, over 80% of 
showers were reported to last 10 minutes or less (DWI, 2009). During these bathing and 
showering events, almost the entire skin surface area is in direct contact with tap water. 

Non-scientific literature is publically available (such as magazines, newspapers and product 
information) that attributes the occurrence of skin disease to tap water exposure. This is of 
concern to Regulators and to the public, if their water is perceived to be sub-standard. There 
may be potential cost to water companies due to time spent monitoring and investigating 
water quality and literature to re-assure the public. Indications from customer contacts 
received by the Drinking Water Inspectorate (DWI) suggest that the medical profession may 
play a role in prompting this association.  

It is important that any postulated association between tap water and ill health is investigated. 
Currently, there has not been a substantiated review exploring all possible attributing factors 
of the evidence for, or against, skin irritation and tap water quality. 

1.2 Current thinking 

A number of questions relating to possible links between skin irritation and tap water quality 
have arisen recently. These include: 

• The Department of Health has funded research into potential links between water 
hardness and eczema. In particular, the study examines the hypothesis that use of soft 
water may reduce symptoms. This study was published in February 2011 and does not 
indicate that an improvement of eczema is likely to follow a change to artificially soft 
water (Thomas et al., 2011). 

• There has been some public concern in the US about possible links between the use of 
chloramine as a residual disinfectant in drinking water and skin, gastric and lung 
irritation. There is no substantive evidence to support these concerns and the 
US Environmental Protection Agency (EPA) has concluded that monochloramine has 
not been shown to be a cause or a factor in the reported skin problems and that the 
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standard for monochloramine is set at a level where no digestive problems are 
expected to occur. However, use of chloramination in the UK is low: in 2010 there were 
169 treatment works using chloramination, supplying 4 485 282 m³/d, and 1098 
treatment works not using chloramination, supplying 12 809 242 m³/d (DWI, 2011). 

• In addition, there are a number of reports referring generally to occupational or 
recreational exposure to chloraminated water, and while these exposure situations may 
not be easily comparable with normal domestic exposure to drinking water, it is not 
known if they contain data or information that would be useful to a risk assessment. 

• Individuals may be sensitised to nickel via direct and prolonged dermal contact to this 
metal from the wearing of jewellery. In addition, traces of nickel in tap water may occur 
if plastic tap fittings are coated with nickel so that chrome plating is able to adhere to 
the brass or plastic fitting. Sale and installation of such taps is increasing in the UK, and 
nickel at levels approaching, or slightly exceeding the drinking water standards are 
being reported in water company random tap sample monitoring programmes. It is not 
known if these levels are high enough to trigger skin disease in already sensitised 
individuals. 

• At least one water company softens the public water supply at source. Historically this 
was to keep maintenance of hot water boilers to a minimum (scale) but with changes in 
public perception it may be seen as a positive benefit by consumers of that company in 
terms of washing and bathing.  

In light of these issues it is timely to conduct a wide ranging review of the evidence for a link 
between irritation and sensitisation and tap water quality/usage and any related health effects, 
perceived or otherwise. 
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2. Skin Disease 

2.1 How common is skin disease in the UK? 

Skin diseases affect around 23 to 33% of the UK population at any one time, and are the most 
common reason for people to consult their general practitioner with a new problem. Because 
the skin is visible, over 1,000 disease patterns have been described, yet less than 10 skin 
diseases make up 70% of dermatological consultations. Most people with a skin problem 
(69%) self-care, with around 14% seeking further medical advice, usually from the doctor or 
nurse in the community. Of the nearly 13 million people presenting to general practitioners 
with a skin problem each year in England and Wales, around 6.1% (0.8 million) are referred 
for specialist advice. Most (92%) are referred to NHS specialists rather than private 
dermatologists. Most specialist work is outpatient-based. Specialists most commonly see 
people with skin lesions (35-45%), eczema, psoriasis and acne (Schofield et al., 2009). 

Eczema is the commonest skin condition in childhood, closely followed by infectious skin 
conditions such as warts, impetigo and fungal infections. Hand eczema is a common problem 
in adults especially in certain occupational groups such as hairdressers. Skin cancer and leg 
ulcers are commoner in the elderly and are likely to increase as a proportion of all skin 
conditions as the population ages (Schofield et al., 2009). 

2.2 Causes of skin diseases 

Direct causation has been shown for many infectious skin diseases such as herpes simplex (a 
virus), ringworm (dermatophyte), and impetigo (usually Staphylococcus aureus; a bacterium). 
Risk factors for the more common skin diseases, such as eczema include genetic 
predisposition and a range of environmental factors, including exposure to irritants and 
allergens. Genetic factors may be important in psoriasis and severe acne. All three types of 
skin cancer (basal cell, squamous cell and melanoma) are related to excessive sun exposure 
in people with fair skin. The causes of most rare skin diseases are unknown (Schofield et al., 
2009). 

2.3 How does skin disease affect people? 

2.3.1 Disability 

Public sympathy for people with skin disease is often limited, which is surprising considering 
skin disease is so common and can affect people in a wide variety of ways. Scleroderma 
directly restricts mobility and functioning of the limbs, and leg ulcers produce chronic pain and 
limit the ability to walk. Some inflammatory skin diseases such as occupational hand 
dermatitis or hand psoriasis confer a direct disability by affecting the ability to use one’s 
hands. Atopic eczema and scabies are disorders producing intense itching, leading to sleep 
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loss for sufferers and their families and decreased concentration due to fatigue the following 
day (Schofield et al., 2009). 

2.3.2 Mortaility 

Some skin diseases are life threatening, for example, once melanoma skin cancer has spread 
beyond the regional lymph nodes or into the bloodstream, the prognosis is very poor. 
Melanoma kills a disproportionate number of young economically active people when 
compared with other cancers. A wide range of multisystem dermatological diseases are 
associated with reduced life expectancy: collagen vascular diseases, acquired blistering 
diseases, and genetic diseases such as xeroderma pigmentosum (hypersensitivity to UV 
radiation), epidermolysis bullosa (a condition where the skin blisters easily) and many others. 
Rare skin diseases, such as blistering drug reactions can result in a person losing almost their 
entire skin – as in a severe burn. In the absence of a correctly functioning skin, temperature 
regulation, salt and water balance and defense against infections are grossly impaired. These 
types of skin conditions are associated with a mortality of around 30% (Schofield et al., 2009). 

2.3.3 Psychological morbidity 

In addition to physical symptoms, skin disease can have a significant effect on a person’s 
psychological well-being. Disfiguring skin disease on visible sites such as the face (e.g. acne) 
can result in loss of self-esteem, depression and poorer job prospects. Indeed, quality of life 
scores for people with skin disease are often worse than people with more traditional 
“medical” disorders such as angina and hypertension. The skin is therefore a sensitive and 
dynamic organ that has a crucial and frequently underestimated social function (Schofield 
et al., 2009). 

2.3.4 Economic burden 

Although it is true that skin disease is rarely life threatening, it is the product of its moderate 
morbidity times and its high prevalence that places skin disease among the top four chronic 
disease problems when entire communities are considered. Direct costs of specific skin 
diseases are as high as for many other diseases, with much of that cost being borne by 
patients as well as society. Small changes in the way this balance functions (with more cost to 
the health care system) can have a profound effect on a country’s health care budget 
because skin disease affects so many people. 

Other costs such as unemployment and losing an economically viable sector of a country’s 
workforce are also important when considered at a population level. Indirect costs, for 
example, the adverse effects on quality of life and the opportunity costs due to loss of time 
spent for daily topical therapy and skin care in many skin diseases also need to be considered 
in such economic evaluations (Schofield et al, 2009). 
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2.4 The skin barrier 

2.4.1 Structure and function of the skin barrier 

The skin serves as an important barrier that keeps moisture in the body and prevents the 
incursion of harmful exogenous agents, such as irritants and allergens, and resists the 
invasion of pathogens. The epidermis is the outermost compartment of the skin, and is made 
up of distinct layers of keratinocytes (Figure 2.1). The uppermost layer, the stratum corneum, 
forms the primary barrier to the penetration of irritants and allergens, and is often referred to 
as the ‘skin barrier’ (Cork et al., 2009). 

Figure 2.1  The epidermis (Cork et al., 2009) 

 

Panel A: illustration of the epidermis showing the arrangement of keratinocyte cells at various stages of 
differentiation. The primary barrier to the penetration of irritants and allergens is located in the intact portion of the 
stratum corneum. Panel B: The calcium gradient across the epidermis. Differentiation of keratinocytes is driven by 
the increasing concentration of calcium. The transition of differentiated keratinocytes into corneocytes is triggered by 
a rapid decline in calcium concentration at the interface between the SG and the stratum corneum. Panel C: The pH 
gradient across the stratum corneum. The pH gradient is vital for maintaining normal barrier function, including the 
regulation of lipid lamellae biosynthesis and desquamation. The acidic surface pH of skin has a strong antimicrobial 
effect, decreasing skin colonisation by pathogenic bacteria. 
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The stratum corneum is composed of terminally differentiated, anuclear (no nucleus), 
keratinocytes referred to as corneocytes. Corneocytes have a flattened disc-like geometrical 
morphology, with a large surface area that increases 2-fold during maturation (Stamatas et 
al., 2009). The stratum corneum is on average 20 corneocytes deep, spanning between 10-
20 µm, depending on the body site (where the number of cell layers can range between 4 and 
122) (Ya-Xian et al., 1999). The structure of the stratum corneum is often compared to a brick 
wall, where the bricks represent corneocytes (Figure 2.2) (Elias, 1983). Similar to mortar, a 
complex mixture of lipids between the corneocytes, referred to as lipid lamellae, bonds the 
bricks together creating a ‘weatherproof’ barrier.  

Figure 2.2  The brick wall analogy of the skin barrier (Elias, 1983; Cork et al., 2006) 

 

The brick wall analogy of the skin barrier (Elias, 1983; Cork et al., 2006). The wall represents the barrier to the loss of 
water and to the penetration of irritants/allergens. It is made up of bricks, representing the corneocytes, held together 
by iron rods, representing the corneodesmosomal junctions, and surrounded by mortar, representing the lipid 
lamellae. The rusting of the iron rods in the uppermost layers represents desquamation.  

The plasma membrane of the corneocytes is fortified with insoluble proteins, including loricrin, 
involucrin, filaggrin, and small proline-rich proteins (Candi et al., 2005). The resulting water-
impermeable ‘casing’ is referred to as the cornified envelope. Contained within the 
corneocytes is a range of humectants (materials that promote the retention of water) 
collectively known as natural moisturizing factor (NMF) (Harding et al., 2006). The 
constituents of NMF are derived from the catabolism of the structural protein filaggrin, during 
maturation of the corneocytes. NMF is essential for the retention of water within corneocytes 
and results in their optimal hydration and swelling, preventing the development of gaps 
between them. 

Around the corneocytes equimolar concentrations of cholesterol, phospholipids and 
ceramides, arranged in multi-lamellar membrane sheets, make up the lipid lamellae (Schurer 
and Elias, 1991). The components of lipid lamellae are extruded into the extracellular space 
between the corneocytes from secretory lamellar bodies (Lavker, 1976; Norlen et al., 2003). 
In addition to preventing water loss the lipid lamellae restricts the penetration of water-soluble 
materials between the corneocytes. Key ceramide species within the lamellar membranes 
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interact with involucrin incorporated within the cornified envelope (Marekov and Steinert, 
1998; Nemes et al., 1999; Wertz and Downing, 1986), thereby binding the corneocytes within 
the lamellar mesh, to create a single coherent barrier.  

Linking the corneocytes together are reinforced intercellular desmosomal junctions referred to 
as corneodesmosomes (Lundstrom et al., 1994). In the brick wall analogy these can be 
visualised as iron rods running down through the bricks, providing additional strength to the 
wall. The incorporation of corndeodesmosin marks the transition from desmosome to 
corneodesmosome (Serre et al., 1991). Corneodesmosin is a 52 kDa protein, packaged in 
lamellar bodies and, secreted into the extracellular space at the transition between the 
nucleated layers of the epidermis and the stratum corneum (Ishada-Yamamoto et al., 2004). 
Lamellar bodies also deliver a cocktail of proteases which progressively breakdown the 
corneodesmosomal junctions as the corneocytes mature. This results in the disassociation of 
mature corneocytes (or squames) in the uppermost layers of the stratum corneum. The 
process of corneocyte shedding, known as desquamation, counterbalances the generation of 
new keratinocytes in the basal layer so that the whole epidermis is continually renewed 
(Caubet et al., 2004).  

The degradation of the corneodesmosomal junctions is largely attributed to the kallikrein-
related peptidases (KLK), a family of serine proteases possessing either trypsin-like or 
chymotrypsin-like activity (Caubet et al., 2004). Under normal conditions the rate of 
desquamation is tightly controlled by a number of protease inhibitors delivered by lamellar 
bodies ahead of the degradatory proteases, including Lymphoepithelial kazal-type 5 serine 
protease inhibitor (LEKTI) (Cronin and Stoughton, 1962).  

The skin barrier is formed by the structurally intact stratum corneum, which is at its optimum 
at the point where cornification (transition of keratinocytes into corneocytes) culminates, prior 
to the natural breakdown of the stratum corneum (the process of desquamation). The 
thickness of the stratum corneum (the number of corneocyte layers and level of hydration) 
(Cronin and Stoughton, 1962; Feldmann and Mailbach, 1967; Marzulli, 1962; Schaefer and 
Scheer, 1951) and the maturity of the surface corneocytes (corneocyte surface area) (Rougier 
et al., 1988) are important structural parameters that determine the effectiveness of this 
barrier at preventing the entry of irritants and allergens. These parameters vary at different 
sites of the body (Rougier et al., 1988; Barker, 1951; Kashibuchi et al., 2002; Lee and Hwang, 
2002; Plewig and Marples, 1970; Southwood, 1955). Sites with the thinnest stratum corneum 
and smallest (immature) corneocytes, such as the face, can be described as having low ‘skin 
barrier reserve’, and are at greatest risk to external insults including irritant and allergen 
penetration (Dotterud et al., 1995; Kunz and Ring, 2002; Schudel and Wuthrich, 1985; Cork 
et al., 2008) (Figure 2.3).  
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Figure 2.3 Thickness of stratum corneum (Cork et al., 2009) 

 

There is a wide difference in the thickness of the stratum corneum at different body sites. The skin sites that are not 
pre-disposed to AD have a much thicker stratum corneum where the uppermost corneocytes have been permitted to 
mature (Panel A), and as a result have higher ‘skin barrier reserve’ (indicated in purple shading) to protect against 
allergen penetration. In contrast, the sites of pre-disposition to AD, such as the face and flexures, have the thinnest 
stratum corneum (Panel B) and can be visualized as having a very low ‘skin barrier reserve’. 

2.4.2 Regulation of skin barrier structure and function 

The structure of the skin barrier is regulated by its function as a permeability barrier. Poor 
permeability barrier function, defined by a decreased ability to retain water (increased 
permeability), is accompanied by increased ion flux with consequent perturbation of epidermal 
ion gradients (Elias et al., 2002a). A distinct gradient of calcium ions (Ca2+) normally exists 
across the epidermis, starting with low levels in the basal layer(s) and progressively 
increasing towards the upper stratum granulosum, where it peaks, before sharply declining 
across the stratum corneum (Figure 2.3) (Elias et al., 2002b; Forslind et al., 1999). Ca2+ 
regulates the expression of differentiation-dependent genes in keratinocytes, such as those 
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encoding proteins of the cornified envelope (Elias et al., 2002b). As such the Ca2+ gradient 
plays a key role in maintaining the different stages of differentiation. Other ions, including 
potassium, also exhibit specific gradients across the epidermis, which play important roles in 
regulating barrier homeostasis (Lee et al., 1992). The maintenance of these ion gradients 
across the epidermis is interdependent on the ability of the epidermis, specifically the stratum 
corneum, to act as a permeability barrier (Elias et al., 2002a). 

Acute barrier damage, by tape-stripping for example, causes rapid extracellular ion flux 
resulting in the loss of Ca2+ in the stratum granulosum (Menon et al., 1992; Mauro et al., 
1998). This disruption of the Ca2+ gradient triggers rapid secretion of lamellar bodies contents 
in the upper stratum granulosum and restoration of permeability barrier function (Menon et al., 
1994). The altered distribution of Ca2+ in the nucleated layers of the epidermis inhibits 
differentiation and promotes proliferation to compensate for the loss of functional corneocytes 
as a result of barrier disruption (Elias et al., 2002b). If the permeability barrier is artificially 
restored using a vapour permeable membrane barrier repair does not take place, however the 
Ca2+ gradient is rapidly restored (Elias et al., 2002a). Similarly if exogenous Ca2+ is applied to 
the skin the repair process is inhibited (Lee et al., 1992).  

Barrier disruption also results in elevation of pH within the uppermost layers of the epidermis, 
and the subsequent elevation of serine protease activity (Figure 2.4) (Hachem et al., 2006). 
Under normal circumstances there is a pH gradient across the stratum corneum, starting with 
a pH close to 7 at the stratum granulosum- stratum corneum interface and changing to an 
acidic pH, of around 5, in the superficial layers of the stratum corneum (Figure 2.3) (Ohman 
and Vahlquist, 1994; Schade and Marchionini, 1928; Hanson et al., 2002). Localised pH 
within the stratum corneum regulates the activity of desquamatory proteases, protease 
inhibitors, and lipid synthesis enzymes, and therefore plays an important role in balancing 
formation and degradation of the skin barrier. On the other hand the generation of lamellar 
components relies on the conversion of glycosylceramides and sphingomyelin into ceramides 
by β-glucocerebrosidase (β-GlucCer’ase) and acid sphingomyelinase, both of which have an 
acid optimum pH (Holleran et al., 1993; Schmuth et al., 2000; Fluhr et al., 2006). When the pH 
of the stratum corneum is increased, by the application of neutral/alkaline buffers, or by 
blocking the metabolic pathways involved in stratum corneum acidification, broad barrier 
abnormalities are observed (Behne et al., 2002; Fluhr et al., 2001; Hachem et al., 2005; 
Mauro et al., 1998). This included rapid activation of serine proteases, with consequent 
breakdown of corneodesmosomes and degradation of lipid synthesis enzymes, and 
decreased β-GlucCer’ase activity, resulting in incompletely processed lipid lamellae 
membranes.  
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Figure 2.4 The serine protease-PAR2 axis (Ohman and Vahlquist, 1994; Schade and 
Marchionini, 1928; Hanson et al., 2002) 

 

Acute and chronic disruption of the skin barrier leads to an elevation of stratum cornuem pH, with consequent 
enhancement of serine protease activity. Serine proteases with trypsin-like activity have been shown to activate the 
PAR2 receptor on keratinocytes involved in epidermal homeostasis and inflammation. Activation of the serine 
protease-PAR2 axis (turquoise) following barrier disruption leads to: an antimicrobial barrier defect (blue), cutaneous 
inflammation (red), skin barrier breakdown (purple), and pruritus. 

In addition to the role of pH in modulating skin barrier structure, it is an important element of 
the antimicrobial barrier. The acidic surface of the stratum corneum restricts colonisation, by 
pathogenic microorganisms and encourages persistence of normal microbial flora (Fluhr 
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et al., 2006). Furthermore serine proteases, involved in desquamation, directly activate and 
further process antimicrobial peptides (Yamasaki et al., 2006). As such the activity of these 
proteases is an important determinant in the antimicrobial properties of the skin. Serine 
proteases located in the stratum corneum are also capable of activating the pro-inflammatory 
cytokine interleukin (IL)-1 (Nylander-Lundqvist and Egelrud, 1997). Cytokines, including IL-1, 
IL-6 and TNF-a, (tumour necrosis factor) are released following skin barrier disruption and 
facilitate normal skin barrier repair (Barland et al., 2004; Jiang et al., 2009; Jensen et al., 
1999; Wood et al., 1992; Man et al., 1999; Wang et al., 2004). 

Alterations in trypsin-like serine protease activities play a key role in skin barrier homeostasis 
through their ability to activate the Protease-Activated Receptor 2 (PAR2) signalling cascade 
by direct cleavage of PAR2 (Hachem et al., 2006; Stefansson et al., 2008). PAR2 is a G-
coupled receptor, involved in skin barrier homeostasis, inflammation and pruritus 
(Ramachandran and Hollenberg, 2008; Steinhoff et al., 2003). Inhibition of the serine 
protease-PAR2 pathway following skin barrier disruption, using serine protease inhibitors, was 
found to improve recovery of the permeability barrier (Hachem et al., 2006; Denda et al., 
1997). Similarly acute acidification of the stratum corneum was found to improve skin barrier 
structure and function owing to a reduced activity of serine proteases and enhanced activity of 
lipid synthesis enzymes (Hachem et al., 2010). 

Variations in skin surface pH and serine protease activity at different body sites appears to 
correlate with the regional variation in skin barrier structure and function (Cork et al., 2009). 
Together this suggests that differential regulation of the serine protease-PAR2 axis may, at 
least in part, determine regional skin barrier performance, including the extent of the skin 
barrier reserve, and subsequently regional variation in the susceptibility to the penetration of 
harmful exogenous agents.  

A greater knowledge of the mechanisms underlying skin barrier homeostasis will help to 
understand the effect of our environment on barrier function. For instance the use of soap and 
harsh ionic detergents has a profound effect on the surface pH of skin, and thereby significant 
detrimental effect on skin barrier function (Cork et al., 2009). Mucke and colleagues reported 
that washing the skin with soap causes an increase in pH by 3 units on the palms for more 
than 90 minutes (Mucke et al., 1993). Increases in skin surface pH, resulting from the use of 
soap and harsh detergents, cause significant structural damage indicated by a decreased 
ability of the barrier to retain water (Voegeli, 2008). Significant thinning of the stratum 
corneum was also observed following washing with soap, consistent with altered activity of 
epidermal proteases (White et al., 1987).  

2.5 The skin barrier and skin disease 

A growing body of evidence suggests a primary role for the ‘skin barrier’ in the pathogenesis 
of a broad range of inflammatory skin disorders, including contact dermatitis, ichthyosis, 
psoriasis, rosacea and atopic dermatitis (AD) (Figure 2.5 and Figure 2.6) (Cork et al., 2009; 
Yamasaki et al., 2007; Proksch et al., 2008). Repeated barrier disruption for instance, induces 
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epidermal hyperplasia and inflammation (Wood et al., 1992; Denda et al., 1996). With respect 
to skin irritation/dermatitis the structure of the skin barrier plays both direct and indirect roles 
(Reviewed by Danby and Cork, 2010). Damage caused to the skin barrier directly triggers 
inflammation and indirectly facilitates the penetration of harmful irritants. When assessing the 
irritant effects of domestic tap water therefore, it is important to assess not only the 
components of tap water that act as direct irritants but also whether tap water can affect the 
structure and function of the skin barrier, and in doing so potentiate the development or 
progression of inflammatory skin disorders. Furthermore the presence of an underlying skin 
barrier defect, in the case of patients with AD for instance, will determine the responsiveness 
or sensitivity to individual environmental factors and irritants. AD is a chronic, relapsing, 
inflammatory disease of the skin with high prevalence, affecting 15–30% of children and 2–
10% of adults. This large sub-population is likely to be most susceptible to the potential irritant 
effects of domestic tap water. 

Figure 2.5 A visual representation of the skin barrier (Cork et al., 2010) 

 

The intact ‘healthy’ skin barrier prevents undue water loss and protects against the ingress of harmful irritants and 
allergens. 
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Figure 2.6 A visual representation of the skin barrier in this condition (Cork et al., 
2010) 

 

The broad skin barrier defect associated with AD can be visualised as a broken wall built with an insufficient amount 
of poor quality mortar. There is an increased rate of desquamation represented by the increased rusting of the iron 
rods. The poor construction leads to the development of cracks that permit transepidermal water loss (TEWL) and the 
entry of irritants and allergens. 

The skin of patients with AD is characterised by a thinner epidermis (Lee and Hwang, 2002; 
White et al., 1987), less mature surface corneocytes (Kashibuchi et al., 2002; Holzle and 
Plewig, 1977), poor hydration and an increased TEWL (Hon et al., 2008; Voegeli et al., 2009; 
Sugarman et al., 2003). The reduced permeability barrier function of the stratum corneum 
broadly results from abnormal keratinocyte differentiation, defective lipid lamellae and altered 
homeostasis. The expression of differentiation-dependent genes, including those encoding 
components of the cornified envelope, is broadly affected and compromises skin barrier 
structure (Jensen et al., 2004; Guttman-Yassky et al., 2009; Sugiura et al., 2005). The 
expression of filaggrin in particular is reduced and results in a structural defect and reduced 
levels of natural moisturising factor (NMF) (Harding et al., 2006;  Seguchi et al., 1996). Low 
levels of NMF in the skin are associated with dryness and scaling and correlate with the 
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clinical severity and barrier impairment in AD (Harding et al., 2006; Nakagawa et al., 2004; 
Nemoto-Hasebe et al., 2009; Sergeant et al., 2009).  

Evidence on the development of AD (Figure 2.7) supports an event, normally early on in life, 
whereby skin barrier function is abrogated sufficiently to induce inflammation. The optimal 
combination of an existing genetically predetermined skin defect with the underdeveloped 
stratum corneum during the first year of life and adverse environmental conditions brings 
about this event, particularly at sites naturally low in skin barrier reserve. From this point 
inflammation progresses in an escalating cycle ultimately leading to the development of a 
flare. Clinically AD is characterised by xerosis (drying), pruritus (severe itching) and 
erythematous (reddening) lesions (Cork et al., 2009). Increased stratum corneum pH and 
protease activity are common consequences of skin barrier gene-changes, and appear to play 
a central role in the development of the sub-clinical skin barrier defect and the perpetuation of 
the inflammatory cascade ultimately leading to the development of a flare.  

Figure 2.7  The course of Atopic Dermatitis. Adapted from Proactive Medicine, 
Danby and Cork, 2010 

 

Historically AD has been divided into two subtypes, ‘intrinsic’ and ‘extrinsic’, based on the 
presence of allergic sensitisation (Leung et al., 2004). Current opinion however favours a 
model whereby these subtypes represent different phases of the disease (Bieber, 2008). In 
this model AD develops in early infancy as a non-atopic condition and later, in about 60-80% 
of cases, progresses to ‘true’ AD (Illi et al., 2004). The penetration of allergens through the 
defective skin (permeability) barrier is a key event in the transition between the two stages. In 
a sub-group of patients the transition to the atopic form never occurs and the condition, 
generally mild, resolves often before the age of 7. It is anticipated that this group of patients 
possess only a mild genetic predisposition. In severe cases of AD, where the transition to 
atopy takes place, an association with loss-of-function mutations in the filaggrin gene has 
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been demonstrated. These mutations are associated with compromised skin barrier function 
and subsequently the increased penetration of allergens. The impact of environmental factors 
is therefore likely to exert the greatest effect on the development of AD at the mild end of the 
spectrum of disease. This is an example of gene dose and environment dose effect. In 
intrinsic AD a small genetic effect (minor skin barrier defect) interacts with a large 
environmental dose to produce clinical AD. In extrinsic AD a large genetic effect (severe skin 
barrier defect) is probably sufficient on its own (or with a very small environmental dose) to 
produce clinical AD. A greater dose of negative environmental factors makes the skin barrier 
defect and clinical disease more severe.  

The relapsing course and severity of AD is associated with the interaction of environmental 
factors with an existing skin barrier defect (Thaci et al., 2008). The term ‘environmental factor’ 
refers to anything from the environment that has an effect on the structure and function of the 
skin barrier and the development of inflammatory reactions (Cork et al., 2008). As introduced 
earlier this includes the use of soap and harsh detergents. Irritant chemicals and physical 
agents can also complicate the course of AD (Darsow et al., 2009). Patients with AD often 
develop sensitisation to environmental allergens, including food allergens (cow’s milk, peanut, 
wheat, and/or soy protein), bacterial allergens (S. aureus) and aeroallergens (from house dust 
mite and A. alternata for example) associated with elevated serum IgE/transition to extrinsic 
AD (Caubet and Eigenmann, 2010; Ponyai et al., 2008; Hedayati et al., 2009; de Benedictis 
et al., 2009). Sensitisation to allergens and irritants is thought to occur as a result of a 
defective skin barrier. Subsequent exposure through the defective barrier triggers skin 
inflammation and exacerbates AD (Cork and Danby, 2009; Elias and Schmuth, 2009). 
Avoidance of environmental triggers and factors that facilitate skin barrier breakdown is an 
important part of treatment both in terms of suppressing flares and extending periods of 
remission (Darsow et al., 2009; Tan et al., 1996; Lewis-Jones et al., 2007). Similarly contact 
sensitisation to chemical irritants such as nickel is frequently found in AD (Ponyai et al., 
2008). 

The role of the skin barrier defect in the persistence of dermatosis suggests that restoration of 
skin barrier function could prevent further relapses of dermatitis by preventing the penetration 
of irritants and allergens (Thyssen et al., 2010). The establishment of an artificial barrier over 
the skin using ‘barrier’ creams/ointments to protect against contact irritants has shown some 
success in the treatment of contact dermatitis and supports the concept of skin barrier repair 
as a means of preventing relapses (Slade et al., 2008). A systematic review of barrier creams 
for the treatment of occupational irritant hand dermatitis found a consistent trend for reduced 
numbers of new cases when a barrier cream intervention was made compared to no 
intervention. However, the human studies conducted to date are insufficiently powered to 
establish effectiveness (Bauer et al, 2010). In the case of napkin/nappy dermatitis, multiple 
environmental factors combine and contribute to its development (Shin, 2005). The presence 
of urine under occlusion produces excessive skin hydration leading to increased skin barrier 
permeability to potential irritants. Urine is also associated with the elevation of skin-surface-
pH, which creates an optimum environment for the activity of faecal proteases and lipases. 
The prolonged exposure to these degradative enzymes under occlusion results in severe 
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erythema and skin barrier disruption. Treatment of napkin/nappy dermatitis comprises 
effective cleansing of the napkin/nappy area to remove urine and faecal matter and the 
application of a barrier cream to protect against further skin contact with exogenous proteases 
and lipases (Yen et al., 2008). Topical products that restore the skin pH to near normal (pH 
4.5-5.5) are also important. 

Washing the skin is an important environmental factor influencing the structure and function of 
the skin (Subramanyan, 2004). The way in which the skin is washed determines whether the 
effect is positive or negative. On the one hand, effective cleansing is essential to remove 
contact irritants and other negative environmental agents such as saliva and food in peri-oral 
dermatitis and urine and faeces in peri-anal dermatitis (napkin/nappy dermatitis) (Hurwitz, 
1993). Cleansing also reduces bacterial colonisation of the skin, which is particularly 
important in AD due to high skin colonisation with S. aureus (Leyden et al., 1974). However, 
the use of soap and harsh detergents (anionic surfactants) in wash products is associated 
with skin dryness and irritation (Imokawa, 1980; Ananthapadmanabhan et al, 2004). The 
negative effects of soap and some harsh detergents, such as the anionic surfactant sodium 
lauryl sulphate (SLS), is attributed in part to their ability to increase the surface pH of the skin, 
associated with degradation of the skin barrier and inhibition of repair (Cork et al, 2009; 
Ananthapadmanabhan et al., 2004; Kim et al., 2009). The skin of patients with AD is 
characterised by an elevated surface pH that is directly related to disease severity (Fluhr 
et al., 2006), which helps explain the increased susceptibility of these individuals to skin 
reactions following the use of soap and harsh detergents.  

Washing the skin with soap and harsh detergents leads to increased trans epithelial water 
loss (TEWL) concomitant with elevated skin surface pH (Ananthapadmanabhan et al., 2004; 
Kim et al., 2009; Park and Eun, 1995). The observed reduction in permeability barrier function 
is related to changes in the type and structure of stratum corneum lipids following surfactant 
application (Fulmer and Kramer, 1986; Froebe et al., 1990). In addition to triggering 
inflammation itself, surfactants such as SLS have been shown to enhance the percutaneous 
penetration of other exogenous agents, including irritants and allergens (Frankild et al., 1995). 
Combined exposure to harsh surfactants and aeroallergens for example leads to an additive 
increase in skin irritation (Loffler et al., 2003). The effects of harsh surfactants, and the wash 
products containing them, vary greatly in their effect on the structure and function of the skin 
barrier (Loden et al., 2004; Loffler and Happle, 2003). However, mild non-ionic surfactants 
have been described as having similar effects on the skin as using water alone. These mild 
non-ionic surfactants have also been associated with beneficial effects (Subramanyan, 2004; 
Ananthapadmanabhan et al., 2004; Blume-Peytavi et al., 2009). Complexes of different mild 
surfactants, which together form large micelles, can produce less damaging effects on the 
skin barrier than water alone (Walters et al., 2008). The use of alkaline soaps and harsh 
anionic surfactants is not recommended for patients with AD, and there avoidance is 
associated with improvement of the condition (Blume-Peytavi et al., 2009; Burkhart, 2008). 

Aside from the negative effects of harsh surfactants, water itself has been associated with 
mild skin irritation and dryness (Galzote et al., 2007; Hiscock, 2006; Tsai and Maibach, 1999). 
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This irritation is largely observed under occlusive conditions and may be associated with the 
increased permeability of excessively hydrated skin and the concomitant elevation of protease 
activity under these conditions (Tsai and Maibach, 1999). The loss of water-soluble skin 
actives, such as NMF, has been suggested as a mechanism by which soaking in water dries 
the skin (Robinson et al., 2010). Prolonged bathing in water may therefore damage the skin in 
AD rather than improve it.  

2.6 Assessment of skin barrier structure and function 

The role of negative environmental factors in the development of skin conditions such as AD 
and by nature our ability to modify them, places greater emphasis on the need to analyse and 
quantify their effects in vivo. The presence of an underlying skin barrier defect only becomes 
clinically evident once the skin becomes inflamed. The clinical significance of anti-
inflammatory treatments is based on their ability to visually reduce inflammation and pruritus. 
The clinical significance of avoiding potential negative environmental factors, such as skin 
barrier repair therapies, will be the reduction in the number of flares (increased duration of 
remission), and/or the ability to prevent the development of clinical disease. Assessment of 
these end points in clinical trials requires several thousand patients to achieve statistical 
power. The first stage in assessing the effect of individual environmental factors must 
therefore be to demonstrate an ability to affect skin barrier structure and function and/or 
modify the underlying skin barrier defect. Clinical observations are only suitable during the 
late stages of disease, and are limited to the assessment of visual signs arising as a result of 
inflammation, such as skin irritation, xerosis and pruritus. To establish the effect of new and 
existing treatment strategies for AD on the sub-clinical condition of the skin barrier, the use of 
a combination of more sensitive and informative biophysical and biochemical assays is 
essential. The inference, directly relevant to this systematic review, is that changes in the 
physical and biological properties of the skin can be accurately assessed to determine 
irritation before it is clinically and visually manifested (i.e. ‘sub-clinical’ irritation). 

The multi-factorial nature of AD may mean that different groups of patients respond differently 
to different treatments and or conditions based on their predisposition. They may also 
respond differently during the evolution of the disease, as the skin barrier breaks down, 
compared to later in its course when flares are occurring. This will inevitably make it harder to 
demonstrate a clinical effect, and may give cause to first establish the type of skin barrier 
defect of a patient. Sub-clinical assessment of skin barrier function, and the further 
development of novel technologies to do this, will pave the way to first identifying at risk 
individuals early on in life (at birth) so that they can benefit from the optimum treatment in 
conjunction with the most positive environmental conditions to help prevent the development 
of clinical disease. This prevention of the development of AD may then, in turn, prevent the 
development of the other diseases (in some patients) in atopic manifestations, food allergy, 
asthma and allergic rhinitis (nasal inflammation due to the presence of an allergen) 
(Spergel and Paller, 2003). 
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2.7 Aquagenic pruritus 

Aquagenic pruritus (AP) or water-induced itching is a rare condition that has been clinically 
diagnosed and characterised. It is an intense, sometimes debilitating skin discomfort, often a 
prickling, tingling or burning sensation, which, is not associated with visible skin changes. In 
addition to the physical discomfort derived from the condition, patients may also undergo 
mental distress as a result of being labelled ‘neurotic’ as they seek medical advice and help 
from doctors unaware of the condition. 

Greaves et al. (1981) first described aquagenic pruritus as a distinct clinical condition in 1981 
in a report of three patients and clearly distinguished it from other conditions causing skin 
discomfort in association with water exposure. Subsequent patients were identified, and the 
clinical diagnosis of AP was characterised following examination of 36 patients between 1981 
and 1985. 

It was found that more than one third of these patients experienced discomfort while bathing, 
after an average time lapse of 5.4 minutes from first exposure to the water. Seventeen of the 
patients did not experience any discomfort when the skin was continually exposed to the 
water but discomfort was apparent approximately 2 to 15 minutes after exposure to water had 
ceased. The duration of discomfort lasted from between 10 minutes to 2 hours. Many of these 
patients experienced similar skin discomfort after stimulation of the skin by other factors 
unrelated to water such as perspiration, getting into and out of bed, rapid changes in ambient 
temperature, heat and cold. However, these stimuli could not reproduce the discomfort as 
consistently as exposure to water. The areas affected were the legs and thighs for nearly all 
of the patients, but also the trunk, shoulders and upper extremities in a large number of them. 
In the majority of patients, it was observed that only certain regions of the skin seemed to 
develop symptoms when exposed to water. Localised application of water to these regions 
would result in discomfort. Areas of the body that did not become symptomatic with whole 
body exposure usually would not respond to localised water application (Steinman and 
Greaves, 1985). A further characteristic of AP is that patients feel angry, irritated, depressed 
or aggressive during the ‘attack’. Treatment with anti-histamines and H2 (histamine receptor) 
blockers did not provide significant relief from the symptoms in the vast majority of the 
patients seen (Steinman and Greaves, 1985). 

The symptoms exhibited by patients suffering from AP bear a close similarity to the water-
induced pruritus exhibited by patients with polycythaemia vera (a disorder of the blood which 
exhibits water-induced pruritus as one of its symptoms). Steinman and Greaves (1985) 
emphasise that it is important that those patients presenting with AP symptoms are tested 
periodically for polycythaemia vera. Lactose intolerance may also be a contributing factor. In a 
recent study of 39 patients with the symptoms of AP, 30.8% exhibited polycytheamia vera 
(increase in blood cells)or myelofibrosis (disorder of the bone marrow), while in 69.2% no 
underlying disease was found. 25.6% had lactose intolerance (Heitkemper et al., 2010). 



Drinking Water Inspectorate 
 

WRc Ref: DWI8375.01/15491-0 
March 2011 

© WRc plc 2011 23

There is no consistent treatment for the condition although capsaicin cream is commonly used 
and the use of UV has been investigated. 

2.7.1 Aquagenic pruritus of the elderly 

There also appears to be a variation of aquagenic pruritus called aquagenic pruritus of the 
elderly (APE). Whilst some of the effects are the same (e.g. itching), there are sufficient 
differences to warrant APE being considered separately to AP. Like AP, APE is induced by 
water. However, clinically and with regard to therapy it is different (Bircher, 1990). 

Kligman et al. (1986) were the first to identify APE. They observed that the age at onset of the 
condition was usually after 60 years and that the severity of the symptoms increased with 
age. In addition, a distinguishing feature was that all the patients had persistently dry skin 
(senile xerosis). Elderly persons with xerosis often experience intermittent itching that 
frequently results in uncontrollable scratching episodes. Such itching may often be triggered 
by events such as temperature changes (as may occur by undressing), light stroking, rough 
clothing or insomnia (Kligman et al., 1986). However, in APE, the patients experienced the 
itching following a hot bath or shower with the intensity of the pruritus dependent on the 
duration of exposure. The itching was worsened by the use of harsh soaps, the effect being a 
direct consequence of aggravation of the xerosis by the soap. A bath or shower of less than 
five minutes duration produced no itching as long as the patient remained in the bath, in 
contact with the water. 

AP and APE should not be confused with a number of other conditions which a small 
proportion of the population may experience after contact with water, but where water itself is 
not the primary cause of the discomfort. Examples of this are: 

• Cold urticaria; effects occur after exposure to cold water; 

• Cholinergic and heat urticaria in which heat is the offending agent; 

• Symptomatic dermatographism in which the force of the jet of water during showering 
or vigorous towelling following bathing may induce itching and wheals (Steinman and 
Greaves 1985).  

In addition, the condition aquagenic urticaria (the rarest form of physical urticaria), an allergic 
reaction which results from direct contact with water via an unknown mechanism is also 
excluded. Urticaria is characterised by multiple, circumscribed, smooth raised itchy weals 
(nettle-rash) that develop suddenly and last for a short time before disappearing and leaving 
no visible trace. 

All of the above conditions are associated with observable skin effects such as redness 
and/or nettle rash. Aquagenic pruritus does not exhibit visible skin effects. 
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3. Chemical Parameters and Properties of 
Interest 

The basis of the literature review is a list of chemical parameters and properties of interest 
from the UK drinking water standards together with other properties such as water hardness, 
disinfection processes and disinfectant by-products, augmented by other chemicals that are 
found in drinking water, and for which there are guideline values set by authoritative bodies 
such as the World Health Organization (WHO).  

In the development of an initial priority list of chemicals, a very broad approach was adopted. 
A list was compiled detailing all chemicals for which drinking water standards for England and 
Wales have been derived. This list was then supplemented with additional chemical standards 
and guidelines from other international bodies, including: 

• WHO Guidelines for Drinking-water Quality (GDWQ); 

• US Environmental Protection Agency (EPA) Drinking Water Quality Standards; 

• National Health and Medical Research Council Australian Drinking Water Guidelines; 

• Health Canada Drinking Water Guidelines. 

This yielded an initial list of 502 chemicals and chemical parameters for prioritisation. 

Each of these 502 chemicals and chemical parameters were compared with WRc’s internal 
databases to generate a table cross-referencing by skin irritation, eye irritation, respiratory 
and gastrointestinal tract irritation and sensitisation potential. 

Using these data, 158 chemicals and parameters were identified for potential skin irritation, 
with effects ranging from mild to corrosive, 45 chemicals were identified as non-irritating to the 
skin, and no data on skin irritation were located for 299 chemicals. 

One hundred and fifty nine chemicals and chemical parameters were identified as potentially 
irritating to the eyes, with effects ranging from mild to highly corrosive, 25 were identified as 
non-irritating to the eyes, and no data on eye irritation were located for 318 chemicals. 

Using the available data on respiratory tract and gastrointestinal tract irritation, 83 chemicals 
were identified as irritants. No data were located for 419 chemicals. 

Sixty-seven chemicals were identified as potentially sensitising, 57 chemicals were identified 
as non-sensitising, and no data on potential sensitisation were located for 378 chemicals. 
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By cross-referencing these data, and eliminating those chemicals that were not irritating to the 
skin, eyes and respiratory and gastrointestinal tract, and were not sensitising, a list of 205 
chemicals and chemical parameters was generated. This list detailed all chemicals and 
chemical parameters that had been identified either as irritating to the skin, the eyes, the 
respiratory and gastrointestinal tract, and/or were reported to be sensitising agents. 

DWI reviewed the list and provided recommendations for additions or deletions. The final 
prioritised list is detailed in Table 3.1. The full list is available in Appendix C. 
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Table 3.1 Prioritised list of chemical parameters and properties of interest 

Chemical Name CAS RN 

England & Wales, 
DWI, WS(WQ)R 

(2010) 
WHO, GDWQ 

(2008), a 
(mg/l) Skin irritant Eye irritant 

Resp. tract/GI 
tract irritant Sensitising 

Chemical 
parameter (µg/l) 

1,2-Dichloroethane 107-06-2 3 0.03, a Y (mild) Y (mild) ? Y 
Acrylamide 79-06-1 0.1, b 0.0005, a N Y ? ? 

Aluminium 7429-90-5 200 c dependent on 
form 

Y (dependent on 
form, but 
generally 
moderate) 

? ? 

Arsenic 7440-38-2 10 0.01, d Y Y ? ? 

Benzene 71-43-2 1 0.01, a Y (moderate) Y (moderate) ? 
N (but prolonged 
contact prodices 
defatting) 

Calcium 7440-70-2 N/A N/A Y (contact 
dermatitis) ? ? Y (contact 

dermatitis) 
Chlorine 7782-50-5 N/A 5, e Y (corrosive) Y (corrosive) Y (corrosive) ? 
Bromate 15541-45-4 10 µg BrO3/l 0.01, d, f, a Y (moderate) Y (slight) ? Y (mild) 
Chromium (total) 7440-47-3 50 0.05, d, g Y (caustic) Y (caustic) Y (caustic) ? 
Copper 7440-50-8 2000 2, h Y ? ? N 
*Epichlorohydrin 106-89-8 0.1, b 0.0004, d Y (highly) Y (highly) ? Y 
Hardness - N/A I, j * * * * 
*Heptachlor 76-44-8 0.03 k Y (moderate) Y ? ? 

*Heptachlor epoxide 1024-57-3 0.03 k 
? Probably, 
based on 
hepatochlor 

? Probably, 
based on 
hepatochlor 

? ? 

Magnesium 7439-95-4 N/A N/A Y Y Y N 
Monochloramine (Chloramine, 
chloramines, measured as free 
chlorine) 

10599-90-3 N/A 3 ? ? Y (potent) ? 

Nickel 7440-02-0 20 0.07 ? ? ? Y (potent) 
*Perfluorooctanoic acid (PFOA) 335-67-1 0.3 - 45, l - Y (mild) Y Y ? 
pH - 6.5-10 i, m * * * * 
Polycyclic aromatic hydrocarbons 
(PAH; other than benzo[a]pyrene) - 0.1, n N/A Y (for PAHs) ? Y (for PAHs) ? 
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Chemical Name CAS RN 

England & Wales, 
DWI, WS(WQ)R 

(2010) 
WHO, GDWQ 

(2008), a 
(mg/l) Skin irritant Eye irritant 

Resp. tract/GI 
tract irritant Sensitising 

Chemical 
parameter (µg/l) 

Tetrachloroethene 
(Tetrachloroethylene) 127-18-4 10, o 0.04 

Y (slight to 
highly 
irritating) 

Y (slight to 
highly irritating) Y N 

Tetrachloromethane 56-23-5 3 N/A Y (moderate) Y (mild) ? ? 
Trichloroethene 
(Trichloroethylene) (TCE) 79-01-6 10, o 0.02, d Y (highly) Y (moderate) ? ? 

*Vinyl chloride 75-01-4 0.5, b 0.0003, a ? Y Y ? 
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*:       Low priority 
CAS RN: Chemical Abstract Service registry number 
DWI: Drinking Water Inspectorate 
WS(WQ)R: Water Supply (Water quality) Regulation 
WHO: World Health Organization 
GDWQ: Guidelines for Drinking-water quality 
Y:    Yes 
N:     No 
N/A: Not applicable 
?:    Unknown 
a. For substances that are considered to be carcinogenic, the guideline value is the concentration in 

drinking water associated with an upper bound excess lifetime cancer risk of 1 x10-5 (one additional 
cancer per 100 000 of the population ingesting drinking water containing the substance at the 
guideline value for 70 years). 

b. The parametric value refers to the residual monomer concentrations in the water as calculated 
according to specifications of the maximum release from the corresponding polymer in contact with 
the water. This is controlled by product specification. 

c. Owing to limitations in the animal data as a model for humans and the uncertainty surrounding the 
human data, a health based guideline value cannot be derived; however, practicable levels based 
on optimisation of the coagulation process in drinking water plants using aluminium-based 
coagulants are derived: 0.1 mg/litre or less in large water treatment facilities, and 0.2 mg/litre or less 
in small facilities 

d. Provisional guideline value, as there is evidence of a hazard, but the available information on health 
effects is limited. 

e. Concentrations of the substance at or below the health based guideline value may affect the 
appearance, taste or odour of the water, leading to consumer complaints. For effective disinfection, 
there should be a residual concentration of free chlorine of >0.5 mg/l after at least 30 minutes 
contact time pH <8.0. 

f. Provisional guideline value because calculated guideline value is below the achievable 
quantification level. 

g. For total chromium. 
h. Staining of laundry and sanitary ware may occur below guideline value. 
i. Not of health concern at levels found in drinking water. 
j. May affect acceptability of drinking water. 
k. Occurs in drinking water at concentrations well below those at which toxic effects may occur. 
l. The English and Welsh Drinking Water Inspectorate (DWI) issued guidance for PFOS based on a 4 

tier system with values ranging from 0.3 to 9.0 µg/l with requirements for increased monitoring 
through to actions to decrease concentrations. 

m. An important operational water quality parameter. 
n. The specified compounds are benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[g,h,i]perylene, 

indeno[1,2,3-cd]pyrene. The parametric value applies to the sum of the concentrations of the 
individual compounds detected and quantified in the monitoring process. 

o. The parametric value applies to the sum of tetrachloroethene and trichloroethene concentrations 
detected and quantified in the monitoring process. 
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3.1 Parameters of water 

3.1.1 Hard water and soft water 

Water hardness is mainly a terminology applicable to carbonated environment (carbonates 
rock like chalk, limestone). Rain water is naturally soft but once it falls on the ground and 
percolates through rocks it ‘picks up’ minerals, such as calcium and magnesium, increasing 
hardness. Water hardness is generally expressed as the concentration of calcium carbonate 
present (CaCO3), although calcium sulphate (CaSO4) and dolomite (CaMg[CO3]2) are also 
commonly present. Hard water contains a relatively high concentration of divalent cations, 
Ca2+ and Mg2+. Depending on the local geology the hardness of the water supply will vary. 
The general pattern across the UK means that water supplies are hardest in the south and 
become softer moving north.  

The World Health Organization Guidelines (WHO, 2008) has identified that water with  
hardness of 200 mg/l or higher (measured as calcium carbonate) will produce scale and soft 
water with a hardness of 100 mg/l (as calcium carbonate) or less will have a low buffering 
capacity and be more corrosive to pipes. Where water companies artificially soften water 
before releasing into supply, it is recommended that they maintain a minimum total hardness 
of 150 mg/l (as calcium carbonate) (DWI, 2010). This is because there is some limited 
evidence of a relationship between water hardness and cardiovascular health which may be 
related to the beneficial properties of magnesium and calcium in the diet (DWI, 2010). 

3.1.2 pH of tap water 

The hardness of tap water affects its pH. pH is a measure of the acidity or alkalinity of a liquid 
and is determined from the concentration of hydrogen ions in the solution. It is measured on a 
logarithmic scale from 0 to 14 (>7 is alkaline and <7 is acidic) (ADWG, 2004).  

The pH of a solution is defined as:   pH = -log aH   
 
Where aH is the activity of hydrogen ions in the solution, expressed in moles/l. In a dilute 
solution, the hydrogen ion activity is practically the same as hydrogen ion concentration.  
 
The pH of water is a measure of the acid-base equilibrium and is controlled by the carbon 
dioxide-bicarbonate-carbonate equilibrium system (ADWG, 2004). 

In general terms, naturally soft tap water may have a pH 8-8.5. This pH is achieved at the 
water treatment works to account for plumbosolvency control. With naturally hard tap water, 
the pH is generally maintained at about 7.5 (definitely <8) at the treatment works to avoid 
calcium carbonate precipitation.  

Hard tap water artificially softened in the home would not be expected to have a pH 
substantially different from the unsoftened hard water because the base exchange replaces 
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multivalent cations (mainly calcium and magnesium) with sodium and the alkalinity is not 
changed (WRc, 2011). 

Buffering capacity of hard, soft and artificially softened tap water is complex. The buffer 
capacity of artificially softened tap water will be the same as unsoftened (hard) tap water. 
Naturally soft tap water will have a lower buffer capacity than hard tap water because the 
alkalinity (bicarbonate concentration) of soft tap water is lower. For pH values between 7.5 
and 8.5 which are typically found in raw water, the carbonate system has a low buffering 
capacity (WRc, 2011). 
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4. Comparison of Occupational Exposure 
Limits and Drinking Water Levels 

4.1 Workplace Exposure Limits (WELs) 

There is a strong possibility that a number of the parameters regulated in drinking water will 
also be used in occupational situations such as metals and some organic pollutants. As such, 
information is available about levels of occupational exposure and the occurrence of health 
effects, UK Workplace Exposure Limits (WELs) set for these substances. The substances on 
the list identified in Table 3.1 were investigated for occupational use. 

Worker control standards in the UK provide either short term peak concentrations 
(15 minutes) or long term average concentrations (8 hours) data on the acceptable level of 
exposure to a certain substance for that period of time. WELs are maximum levels not to be 
exceeded in the atmosphere to ensure no risk to the health of workers. These values can be 
accompanied by a ‘skin’ notification, to highlight potential for exposure via this route.  

UK data for worker control standards were searched for using the UK Health and Safety 
Executive (HSE) approved workplace exposure limits (WELs) for the priority parameters 
determined (HSE, 2007). Table 4.1 details the UK WELS, any notations and classifications 
associated with the WEL, and corresponding reasons for the ‘skin’ notation. 

WELs are available for: 

• 1,1-Dichloroethane; 

• Acrylamide;  

• Aluminium;  

• Arsenic;  

• Benzene;  

• Chlorine;  

• Chromium (total);  

• Nickel;  

• Tetrachloroethene (Tetrachloroethylene); 
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• Trichloroethene (Trichloroethylene) (TCE); and  

• Vinyl chloride.  

Skin notations are present for: 

• 1,1-Dichloroethane; 

• Acrylamide;  

• Benzene;  

• Nickel; and 

• Trichloroethene (trichloroethylene) (TCE).  

WELs are provided as ppm or mg/m³, to be measured as concentration in the atmosphere 
potentially inhaled by the workforce. No levels are associated with dermal exposure. A skin 
notation would trigger the use of personal protective equipment such as gloves, to prevent 
any dermal exposure. Therefore, direct comparison of the WELs and appropriate levels to 
translate to drinking water standards to protect from adverse effects via the skin from water is 
not possible. 
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Table 4.1 UK Workplace Exposure Limits (WELS) 

Chemical Name 
CAS 
RN 

WEL 8 hour WEL 15 minutes     

ppm mg/m3 ppm mg/m3 Effect Notation Classification Reason for Sk notation 

1,1-Dichloroethane 75-34-
3 

100 NS NS NS Irritating to eyes 
and respiratory 
system 

Sk Carc 11, 22, 36/37, 
52/53 

Sk assigned to draw attention to 
the possibility of systemic toxicity 
following absorption by this route. 

Acrylamide 79-06-
1 

NS 0.3 NS NS Irritating to skin 
and eyes and 
causes skin 
sensitisation 

Sk Carc 45, 46, 20/21, 25, 
36/38, 43, 
48/23/24/25, 62 

Sk was considered appropriate, 
reflecting the potential for 
absorption via this route. 

Aluminium 7429-
90-5 

NS 2 NS NS     

Arsenic 7440-
38-2 

NS 0.1 NS NS  Carc   

Benzene 71-43-
2 

1 3.25 NS NS Irritating to eyes 
and skin 

Sk Carc 45, 46, 11, 36/38, 
48/23/24/25, 65 

Sk warranted due to potential for 
benzene to be absorbed via the 
skin thereby contribute to systemic 
toxicity 

Calcium 7440-
70-2 

NS NS NS NS     

Chlorine 7782-
50-5 

NS NS 0.5 1.5 Irritating to eyes, 
respiratory system 
and skin 

 23, 36/37/38, 50  

Bromate 15541-
45-4 

NS NS NS NS     

Chromium (total) 7440-
47-3 

NS 0.5 
(0.05 
CrVI) 

NS NS  (Cr VI Sen 
Carc) 

BMGV Causes ulceration and 
sensitisation 

Copper 7440-
50-8 

Fume and 
mists only 

NS NS NS     

*Epichlorohydrin 106-
89-8 

NS NS NS NS     

Hardness - NS NS NS NS     
*Heptachlor 76-44-

8 
NS NS NS NS     

*Heptachlor epoxide 1024-
57-3 

NS NS NS NS     

Magnesium 7439-
95-4 

Magnesium 
oxide only 

NS NS NS     
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Chemical Name 
CAS 
RN 

WEL 8 hour WEL 15 minutes     

ppm mg/m3 ppm mg/m3 Effect Notation Classification Reason for Sk notation 

Monochloramine 
(Chloramine, chloramines, 
measured as free chlorine) 

10599-
90-3 

NS NS NS NS     

Nickel 7440-
02-0 

NS 0.1 NS NS Causes skin 
sensitisation 

Sk Carc 
(oxides 
and 
sulphides) 
Sen 
(sulphate) 

 The critical health effects resulting 
from exposure to nickel 
compounds are sensitisation and 
cancer, and no dose-response 
estimates could be made. 

*Perfluorooctanoic acid 
(PFOA) 

335-
67-1 

NS NS NS NS     

pH - NS NS NS NS     
Polycyclic aromatic 
hydrocarbons (PAH; other 
than benzo[a]pyrene) 

- NS NS NS NS     

Tetrachloroethene 
(Tetrachloroethylene) 

127-
18-4 

50 345 100 689   40, 50/53  

Tetrachloromethane 56-23-
5 

NS NS NS NS     

Trichloroethene 
(Trichloroethylene) (TCE) 

79-01-
6 

100 550 150 820 Irritating to eyes 
and skin 

Sk, Carc 45, 36/38, 67, 
52/53 

A Sk notation is appropriate due to 
potential for absorption by this 
route. 

*Vinyl chloride 75-01-
4 

3 7.8 NS NS  Carc 45, 12  

          
 
NS:  No Standard 
*:  Low priority 
Sk:  Skin notation 
Carc:  Carcinogen 
BMGV:  Biological Monitoring Guidance Value 
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Classification Code Risk Phrase 

10 Flammable. 
11 Highly flammable. 
12 Extremely flammable. 
20 Harmful by inhalation 
22 Harmful if swallowed. 
23 Toxic by inhalation. 
25 Toxic if swallowed. 
36 Irritating to eyes. 
37 Irritating to respiratory system. 
38 Irritating to skin. 
40 Limited evidence of a carcinogenic effect. 
43 May cause sensitization by skin contact. 
45 May cause cancer. 
46 May cause heritable genetic damage. 
50 Very toxic to aquatic organisms. 
59 Dangerous for the ozone layer. 
60 May impair fertility. 
63 Possible risk of harm to the unborn child. 
65 Harmful: may cause lung damage if swallowed. 
66 Repeated exposure may cause skin dryness or cracking. 
67 Vapours may cause drowsiness and dizziness. 
68 Possible risk of irreversible effects. 
20/21 Harmful by inhalation and in contact with skin. 
20/21/22 Harmful by inhalation, in contact with skin and if swallowed. 
23/24/25 Toxic by inhalation, in contact with skin and if swallowed. 
23/25 Toxic by inhalation and if swallowed. 
24/20/22 Harmful: danger of serious damage to health by prolonged exposure through 

inhalation and if swallowed. 
24/25 Toxic in contact with skin and if swallowed. 
26/27 Very toxic by inhalation and in contact with skin. 
36/37 Irritating to eyes and respiratory system. 
36/37/38 Irritating to eyes, respiratory system and skin. 
36/38 Irritating to eyes and skin. 
48/20 Harmful: danger of serious damage to health by prolonged exposure through 

inhalation. 
48/20/22 Harmful: danger of serious damage to health by prolonged exposure through 

inhalation and if swallowed. 
48/23 Toxic: danger of serious damage to health by prolonged exposure through 

inhalation. 
48/23/24/25 Toxic: danger of serious damage to health by prolonged exposure through 

inhalation, in contact with skin and if swallowed. 
50/53 Very toxic to aquatic organisms, may cause long-term adverse effects in the 

aquatic environment. 
51/53 Toxic to aquatic organisms, may cause long-term adverse effects in the 

aquatic environment. 
52/53 Harmful to aquatic organisms, may cause long-term adverse effects in the 

aquatic environment. 
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5. Intrinsic Irritating Properties of 
Chemicals/Parameters Including Animal 
Data 

Data was searched for as per the details in Appendix A. Only one study was located 
specifically on exposure to tap water and incidence of skin disease in experimental animals 
following an extensive data search.  

Due to lack of data on exposure to tap water and irritation in animals, a review and 
assessment of chemically induced irritation, based on the priority chemicals and parameters 
identified in Table 3.1, was conducted to provide some information on amounts needed to 
elicit irritant effects. Human data have been included where animal studies are not available, 
to illustrate the intrinsic irritant properties of the chemicals or parameters. Information on 
human studies and tap water with parameters and chemicals as constituents is detailed in 
Section 6. Although it is known that the substances included are irritating. Details on the type 
of vehicle used to apply the substance to the skin are mainly lacking, but have been included, 
where available.  

Limitations exist when comparing these studies to exposure of irritants in tap water, mainly 
because they are designed to provide information on the hazard, not the threshold of effect, 
and are performed to maximise the attainment of a positive result. Such limitations include 
much higher concentrations and the use of neat material. Study protocols that include 
abrasion and occlusive dressing may represent a ‘worst case’ that may not be applicable to 
the majority of the public, and exposure is often for 4 hours continuously, or even up to 
24 hours. 

1,2-Dichloroethane 

1,2-Dichloroethane is slightly to highly irritating to the skin of rabbits and slightly irritating to 
the skin of guinea pigs when administered as 500 mg for 24 hours (IUCLID, 2000a). [Klimisch 
code: 2 reliable with restrictions] 

1,2-Dichloroethane has the potential to irritate the skin. It is classified by the EC under the 
Classification, Labelling and Packaging regulation as a skin irritant (EC, 2008). 

Acrylamide 

In a study conducted according to modern protocol standards, 500 mg acrylamide moistened 
with water (specifics unknown) was applied to the shaved, intact skin of a group of 3 New 
Zealand white rabbits under a semi-occlusive dressing for 4 hours. Skin reactions were 
scored at 24, 48, and 72 hours post-application and graded according to the EU scheme. 
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There was no erythema or oedema at any of the time-points when reactions were scored, 
therefore this study did not indicate that acrylamide was a skin irritant (EU RAR, 2002). 
[Klimisch code: 1 reliable] 

Similarly, in a further New Zealand white rabbit study conducted to the same standards, there 
were no signs of skin irritation using 0.5 ml 50% aqueous acrylamide (EU RAR, 2002). 
[Klimisch code: 1 reliable] 

A study was described in which an unknown volume of 51% aqueous acrylamide was applied 
to the shaven skin of 6 rabbits under a semi-occlusive dressing for 4 hours. Skin reactions 
were scored at 24 and 72 hours post-application. Slight reactions were reported, although 
individual scores were not presented. The same report also briefly describes a study in which 
0.5 ml of 51% aqueous acrylamide was applied once per day for 10 days under a semi-
occlusive dressing to the shaven abdominal skin of 3 rabbits. Local skin reactions were 
scored at 24, 48, and 72 hours. The mean score for erythema was 1.4 (maximum, 2); for 
oedema the mean (and maximum) score was 1.0 (EU RAR, 2002). [Klimisch code: 2 reliable 
with restrictions] 

A 10% aqueous solution of acrylamide was applied 5 days/week for 2 weeks under an 
occlusive dressing to the shaved skin of one rabbit. No significant responses were recorded. 
In another dermal study by the same authors the application of approximately 17 ml of a 
12.5% solution to the shaved skin of a rabbit caused erythema of unknown severity (EU RAR, 
2002). [Klimisch code: 2 reliable with restrictions] 

Acrylamide has the potential to irritate the skin. It is classified by the EC under the 
Classification, Labelling and Packaging regulation as a skin irritant (EC, 2008).  

Aluminium  

No data have been located for elemental aluminium. Data are available for aluminium 
sulphate. Aluminium sulphate may alter pH, and it is not known if the results below are due to 
pH perturbation or inherent irritationg properties of aluminium sulphate. 

No skin irritation was observed when aluminium sulphate (hydrous salt, CAS 7784-31-8) was 
applied to the skin of mice, rabbits and guinea pigs (CHEMInfo, 2004). [Klimisch code: 4 
insufficient detail] 

New Zealand white rabbits were administered aluminium sulphate (anhydrous salt, 
CAS 10043-01-3) to the skin during an OECD Guideline 404 'Acute dermal irritation/corrosion' 
study, conducted to GLP. Irritation was not observed in this study (IUCLID, 2000b). 
[Klimisch code: 1 reliable] 

In a second study, New Zealand white rabbits were administered aluminium sulphate 
(anhydrous salt, CAS 10043-01-3) to the skin during an OECD Guideline 404 'Acute dermal 
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irritation/corrosion' study, conducted to GLP. Irritation was not observed in this study 
(IUCLID, 2000b). [Klimisch code: 1 reliable] 

Aluminium chloride has been reported to be corrosive to human skin (no further details 
available) (IUCLID, 2000h) [Klimisch code: not relevant] 

Elemental aluminium is not irritating to the skin. Aluminium chloride and alkyls are classified 
by the EC under the Classification, Labelling and Packaging regulation as corrosive (EC, 
2008).  

Please see Section 6.2.5 for further information on aluminium. 

Arsenic 

Arsenic acid is irritating to the skin of rabbits (IUCLID, 2000c). [Klimisch code: 4 insufficient 
detail] 

Organic arsenic at 25% caused skin irritation in guinea pigs (EHC, 1981). [Klimisch code 4: 
insufficient evidence] 

Arsenic has the potential to irritate the skin. Arsenic trioxide is classified by the EC under the 
Classification, Labelling and Packaging regulation as corrosive (EC, 2008).  

Arsenic is known to cause skin cancer in humans. 

Benzene 

Undiluted benzene was applied for 10-20 applications to the ear of white rabbits. Erythema, 
oedema, exfoliation, blistering and moderate necrosis were observed, indicating irritation 
(WHO, 1993). [Klimisch code: 2 reliable with restrictions]  

The skins of six shaved rabbits were exposed to neat undiluted benzene for 4 hours, using an 
exposure chamber of 6 cm2 in an OECD guideline Draize skin irritation study. One hour after 
exposure oedema and erythema were documented. Oedema resolved after 24 hours, but 
erythema persisted for 72 hours and was enhanced for all animals within 6 days 
(Jacobs, 1991). [Klimisch code 1: reliable] 

Five albino rabbits were administered 0.01 ml of undiluted benzene to uncovered clipped skin. 
Primary skin irritation graded 3 (out of a scale of 10) was recorded as the severest reaction 
that developed, indicating that benzene has the potential to cause skin irritation. No further 
details are available (Smyth et al., 1962). [Klimisch code: 4 insufficient detail] 
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Prolonged or repeated contact causes redness, dryness and cracking (dermatitis) due to the 
defatting action of benzene (species not stated) (NIOSH, 1997). [Klimisch code: 4 insufficient 
detail] 

Benzene has the potential to irritate the skin (defatting agent). It is classified by the EC under 
the Classification, Labelling and Packaging regulation as a skin irritant (EC, 2008)  

Calcium 

No data have been located for calcium. Please see Section 6.1 for data on calcium and water 
hardness. 

Chlorine 

Chlorine is a gas at ambient atmosphere, therefore standard guideline studies to determine its 
irritation/corrosivity potential of chlorine cannot be performed. Chlorine has the potential to 
react with body tissue water to form hydrochloric and hypochlorous acids (DH, 2004). These 
acids are corrosive in their pure form and damage cells in the body on contact, and thus are 
potent irritants of the eyes, skin and mucous membranes. Undiluted chlorine solutions are 
strong oxidising agents, therefore burns or irritation to the skin and eyes can occur 
(Environment Canada, 1984). [Klimisch code: 4 insufficient detail] 

In the pure form, liquefied gas can cause frostbite and corrosive injury to the eyes and skin; 
burns and permanent damage may also occur (CCOHS, 2006).  [Klimisch code: 4 insufficient 
detail] 

A solution of 0.5 ml sodium hypochlorite (4.74% available chlorine) in a mixture with other 
ingredients used as control bleach in a patch study was applied under a semiocclusive patch 
on the dorsal skin of the rabbits for 24 hours. The skin was examined for erythema and 
oedema directly after patch removal and 48 hours later. The compound was considered to be 
not irritating to the rabbit skin (Osterberg et al., 1977). [Klimisch code: 2 reliable with 
restrictions] 

A 5% solution of 0.5 ml sodium hypochlorite was applied to rabbit and guinea pig abraded and 
non-abraded skin for 4 hours. The substance was slightly irritant to both rabbits and guinea 
pigs (Nixon et al., 1975). [Klimisch code 2: reliable with restrictions] 

A 12.5% solution of 0.5 ml sodium hypochlorite was applied to rabbit and guinea pig abraded 
and non-abraded skin for 24 hours. Initial solution of 12.5% and dilution of 6.25% were 
considered as severe irritants; a dilution of 3.12% was considered to be moderately irritant 
and a dilution of 1.56% as slightly irritant (Duprat et al., 1974). [Klimisch code: 2 reliable with 
restrictions] 
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A 12.7% solution of 0.5 ml sodium hypochlorite was applied to rabbit and guinea pig abraded 
and non-abraded skin for 4 hours. The substance was slightly irritant to both rabbits and 
guinea pigs (EU, 2007). [Klimisch code 2: reliable with restrictions] 

Chlorine (as sodium hypochlorite) has the potential to irritate the skin. It is classified by the EC 
under the Classification, Labelling and Packaging regulation as a skin irritant (EC, 2008). 

Please see Section 6.2 for further information on chlorine. 

Bromate 

Prolonged contact of bromate (form not stated) on intact rabbit skin was reported to cause 
superficial burns, which healed within a few days (Clayton and Clayton, 1994). 
[Klimisch code: 4 insufficient detail] 

Sodium bromate was tested in a guinea pig sensitisation test. Mild sensitisation occurred 
(Anonymous, 1994). [Klimisch code: 4 insufficient detail] 

Bromate has the potential to irritate the skin. Nickel bromate is classified by the EC under the 
Classification, Labelling and Packaging regulation as a skin sensitiser (EC, 2008).  

Chromium 

New Zealand white rabbits were administered 500 mg chromium oxide (inorganic Chromium 
(III) salt) moistened with water in an OECD guideline skin irritation study conducted to GLP. 
No irritation was observed in the animals (WHO, 2009). [Klimisch code: 1 reliable] 

An industry summary report on skin irritation by a preparation of basic chromium sulphate 
(chromium(III) salt). The substance was applied under an adhesive patch to the inside of an 
ear of two rabbits for 24 hours, and the condition of the application site was followed up for 
7 days. The report concludes that the basic chromium sulphate preparation was not irritating.  
(WHO, 2009). [Klimisch code: 2 reliable with restrictions] 

Aqueous chromium (VI) trioxide is a corrosive substance due to its low pH. Potassium 
dichromate and chromium trioxide (chromium VI compounds), are caustic and irritating to 
mucosal tissue (no further details available) (ATSDR, 2000). [Klimisch code: 4 insufficient 
detail] 

Guinea pigs were administered repeated applications of potassium dichromate solution to 
unabraded skin for 4 days. Concentration dependent erythema was observed. No further 
details are available (EU, 2005). [Klimisch code: 4 insufficient detail] 
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Chromium VI has the potential to irritate the skin. It is classified by the EC under the 
Classification, Labelling and Packaging regulation as corrosive and a skin sensitiser 
(EC, 2008).  

Copper 

Copper is reported to produce dermal irritation, erythema and oedema (species and dose not 
stated) (EPA, 2006). [Klimisch code: 4 insufficient detail] 

It is not sensitising to rabbits and guinea pigs (no further information is available) (EPA, 2006). 
[Klimisch code: 4 insufficient detail] 

Copper has the potential to irritate the skin. Copper sulphate is classified by the EC under the 
Classification, Labelling and Packaging regulation as a skin irritant (EC, 2008).  

Epichlorohydrin 

Application of 0.5 ml undiluted epichlorohydrin to the skin of rabbits for 24 hours was reported 
to be intensely irritating and necrotic to the depilated (hair removed) skin (IUCLID, 2000d). 
[Klimisch code: 2 reliable with restrictions] 

Application of 0.2 ml epichlorohydrin to the skin of rabbits for up to 2 hours was reported to be 
less irritating. Repeated applications may lead to widespread necrosis (IUCLID, 2000d). 
[Klimisch code: 2 reliable with restrictions]  

Guinea pigs were administered epichlorohydrin in both a Draize and a maximisation 
sensitisation study. Positive results were obtained in both studies (IUCLID, 2000d). 
[Klimisch code: 2 reliable with restrictions (for both)] 

Epichlorohydrin has the potential to irritate the skin. It is classified by the EC under the 
Classification, Labelling and Packaging regulation as a skin irritant and a skin sensitiser 
(EC, 2008).  

Hardness 

Ohmori et al. (2010) conducted a pilot randomised crossover study to evaluate the efficacy of 
a test shampoo and ultrapure soft water in the treatment of canine dermatitis (Ohmori et al., 
2010). A cohort of 11 dogs was split into two groups, both receiving the shampoo treatment, 
but 1 group used ultrapure soft water and the other ordinary tap water for washing (See Table 
5.1 for water parameters). In a second phase of the study the groups were switched so that 
every dog received both combinations of treatment. Dermatitis and pruritus, assessed by the 
investigator and owner respectively, improved significantly (decreased pruritus and dermatitis 
scores) when ultrapure soft water, but not when tap water was used for washing. The use of 
the test shampoo in conjunction with ultrapure soft water, but not tap water, also resulted in 
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significantly decreased TEWL measurements suggesting that tap water inhibits skin barrier 
repair. Similar findings were also reported in a murine model of AD (Ohmori et al., 2010). This 
study presently describes a pilot evaluation and therefore does not have sufficient power to 
qualify as a robust clinical trial in dogs, however the results should help design future studies, 
including human interventional studies. The finding that an improvement in disease severity 
was observed only when the test shampoo was used in conjunction with soft water suggests 
that both the wash product used and the type of water need to be controlled in future trials. 
This has significant bearing on the recent human clinical trial where only the level of water 
hardness was controlled, and no difference between the treated and untreated groups was 
subsequently found. [Klimisch code: 1 reliable] 

Table 5.1 Parameters of water in dog cross-over study (Ohmori et al., 2010) 

Parameter USPW Tap water 

pH* 7.9 7.9 

Water hardness (mg CaCO3/l) <1 158 

Ca2+ (mg/l) 0 46.6 

Mg2+ (mg/l) 0 10 

Na+ (mg/l) 80.7 13.3 

Cl- (mg/l) 18.3 18.0 

SO4
2- (mg/l) 45.3 36.0 

Total alkalinity (mg CaCO3/l) 83.7 83.3 

*The pH was measured at 25°C. Tap water available at Fuchu (Tokyo, Japan) was used as the control. All data 
represent the mean of three independent measurements. 

 
Water hardness has the potential to irritate the skin. 

Water is deemed to be hard due to the presence of hardness minerals such as calcium and 
magnesium. Please see sections on these chemicals for details of inherent irritating 
properties. More information is present in Section 6.1. 

Heptachlor and heptachlor epoxide 

No data have been located for heptachlor in animals. In humans, heptachlor is an eye and 
moderate skin irritant (HSDB, 2010). [Klimisch code: not relevant] 

No data have been located for heptachlor epoxide. 

Heptachlor has the potential to irritate the skin. 
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Magnesium 

Elemental magnesium powder is reported to be an irritant to the skin, eyes, mucus 
membranes and upper respiratory tract of animals (no further details are available) (IUCLID, 
2000e). [Klimisch code: 4 insufficient detail] 

Elemental magnesium is reported to not be a skin sensitiser (no further details are available) 
(IUCLID, 2000e). [Klimisch code: 4 insufficient detail]  

Elementalagnesium has the potential to irritate the skin.If magnesium is present in tap water, 
it will be in the form of a magnesium salt. Please see Section 6.1 for data on magnesium and 
water hardness. 

Monochloramine  

No data have been located for monochloramine. Please see Section 6.2 for discussion of 
chloramination and skin irritation. 

Nickel 

Nickel metal was not a skin irritant while the soluble salts gave some degree of skin irritation 
(EU, 2008). [Klimisch code: 2 reliable with restrictions] 

A number of studies have been conducted on skin sensitisation in guinea pigs with nickel 
sulphate and nickel chloride. These indicate that nickel sulphate is a strong skin sensitiser 
while the results with nickel chloride are less clear (EU, 2008). [Klimisch code: 2 reliable with 
restrictions] 

Nickel has the potential to irritate the skin via sensitisation. It is classified by the EC under the 
Classification, Labelling and Packaging regulation as a skin sensitiser (EC, 2008).  

Please see Section 6.2 for more information on nickel.  

Perfluorooctanoic acid (PFOA) 

In rabbits, PFOA has been reported to cause mild skin irritation, however, rats were less 
sensitive than rabbits (FSA, 2006; EFSA, 2008). [Klimisch code: 4 insufficient detail]  

Perfluorooctanoic acid has the potential to irritate the skin, as a weak irritant. 

pH 

It is well known that alkalis and acids are skin irritants.  
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Exacerbation of skin disorders have been associated with pH values of greater than 11. 
Evidence from recent studies demonstrate that solutions of pH 10 can increase swelling in the 
stratum corneum (outermost layer of the skin/epidermis) and alter lipid rigidity, leading to skin 
damage (Ananthapadmanabhan, 2004). [Klimisch code: not relevant] 

Extremes of pH have the potential to irritate the skin. 

Please see Section 6.2 for more information on pH. 

Polycyclic aromatic hydrocarbons (PAH; other than benzo[a]pyrene) 

In general, PAHs are skin irritants. 

Anthracene is a primary irritant and its fumes can cause mild irritation of the skin, eyes, 
mucous membranes and respiratory tract. At a concentration of 4.7 mg/m³, mild skin irritation 
was found in 50% of exposed mice (IPCS, 1998). [Klimisch code: 2 reliable with restrictions] 

A volume of 0.5 ml toluene was applied to the clipped dorsal intact skin of seven New Zealand 
White rabbits and kept under semi-occlusive dressing for 4 hours. After exposure, the skin 
was rinsed with water. The observation period was 7 days. The rabbits were examined 
45 minutes, 24, 48 and 72 hours following patch removal, and on day 7. Observations were 
scored according to the Draize method. 

The incidence and severity of irritation increased as the study progressed, and by 72 hours all 
animals exhibited erythema, ranging from very slight to severe, and slight oedema. On day 7, 
erythema ranged from well-defined to severe for all animals, and oedema ranged from very 
slight to slight for 5 animals. Toluene was considered moderately skin irritating in the report 
(EC, 2003) [Klimisch code: 1 reliable] 

Rabbits were administered 0.5 ml xylenes to the skin under semi-occlusive dressing for 
24 hours. Xylene was irritating under these conditions (IUCLID, 2000i) [Klimisch code 2: 
reliable with restrictions. 

Application of 495 mg naphthalene to rabbit skin caused mild irritation (IPCS, 1998). 
[Klimisch code: 2 reliable with restrictions] 

PAHs have the potential to irritate the skin and many are classified as skin irritants by the by 
the EC under the Classification, Labelling and Packaging regulation (EC, 2008).  

Tetrachloroethene (Tetrachloroethylene) 

New Zealand white rabbits were administered 500 mg tetrachloroethene to the skin during an 
OECD Guideline 404 'Acute dermal irritation/corrosion' study. GLP status was not reported. 
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Severe irritation was observed in this study (IUCLID, 2000f). [Klimisch code: 2 reliable with 
restrictions] 

Guinea pigs were administered 1 ml tetrachloroethene to the skin under occlusive dressing for 
more than 15 minutes. Severe irritation was observed in this study (IUCLID, 2000f). 
[Klimisch code: 2 reliable with restrictions] 

Tetrachloroethene has the potential to irritate the skin. 

Tetrachloromethane 

Epicutaneous administration of 1 ml of tetrachloromethane has been demonstrated to induce 
degenerative changes in the epidermis 15 minutes to 16 hours after application (IPCS, 1999). 
[Klimisch code: not relevant] 

Rabbits (only abraded skin) and male Hartley guinea-pigs (normal and abraded skin) were 
administered 0.5 ml tetrachloromethane (under occlusion). Moderate dermal irritation was 
observed (IPCS, 1999). [Klimisch code: 2 reliable with restrictions] 

Rabbits were administered 0.5 ml tetrachloromethane to the skin under an occlusive dressing 
for 24 hours to the intact and abraded skin in a Draize skin irritation study. Irritation was 
assessed at 24 and 72 hours. Tetrachloromethane was classified as a skin irritant.    
Histopathology of skin samples taken from the application site on day 3 after exposure 
confirmed the irritant reaction (IPCS, 1999). [Klimisch code: 2 reliable with restrictions] 

Undiluted tetrachloromethane (10 µl) was applied to the open skin of guinea-pigs 3 times daily 
for 3 days. A skin reaction (no further details provided) was observed on day 2 and an 
average score described as "redness" was seen on day 4 (IPCS, 1999). [Klimisch code: 2 
reliable with restrictions] 

Rabbits and guinea-pigs were administered 0.1 ml (159 mg) of tetrachloromethane into the 
skin for ten consecutive days. Oedema and erythema was observed (IPCS, 1999). 
[Klimisch code: 2 reliable with restrictions] 

Tetrachloromethane has the potential to irritate the skin. 

Trichloroethene (Trichloroethylene) (TCE) 

New Zealand white rabbits were administered 2 mg trichloroethene to the skin during an 
Draize skin irritation study. GLP status was not reported. Severe irritation was observed in this 
study (IUCLID, 2000g). [Klimisch code: 2 reliable with restrictions] 

Six guinea pigs and four rabbits were exposed daily to 0.1 ml trichloroethene for 10 days. 
Twelve control rabbits and 22 control guinea pigs were used. Application of  trichloroethylene 
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caused visual erythema and oedema at the first 24-hour reading and on repeated exposure, 
all animals reacted strongly with evidence of fissuring and scaling. Increases in skin fold 
thickness, relative both to pre-treatment values in the treated animals and to values in 
concurrently examined untreated animals, were seen in both species after repeated 
administration of trichloroethylene rising to more than 200% of pre-treatment/control values by 
seven days (Wahlberg, 1984). [Klimisch code: 2 reliable with restrictions] 

Application of 0.1 ml of undiluted trichloroethylene to the skin of rabbits caused erythema 
within 5 minutes and by 24 hours, skin fold thickness had increased to 150% of the pre-
treatment value (EU, 2004) [Klimisch code 4: insufficient detail] 

Trichloroethene has the potential to irritate the skin. It is classified by the EC under the 
Classification, Labelling and Packaging regulation as a skin irritant (EC, 2008).  

Vinyl chloride 

Vinyl chloride is a gas, therefore dermal exposure via tap water is unlikely. 

Intense salivation and lacrimation have been reported in rats, guinea pigs and rabbits 
exposed via inhalation to 375-700 mg vinyl chloride/l (OECD, 2001). [Klimisch code: 2 reliable 
with restrictions] 

Inhalation of vinyl chloride has the potential to induce irritant effects. 
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6. Human Data  

Searches to find studies examining the irritant effect of parameters or chemicals (identified in 
Table 3.1) when present in water in humans have been conducted (see Appendix B). This 
does not include information on the intrinsic irritant properties of these chemicals when 
applied directly to human skin. 

Only a single interventional clinical trial on the effect of a property of tap water on skin 
irritation was found. This trial, published in 2011, assessed the benefit of ion-exchange water 
softeners for the treatment of AD. The trial was conducted in response to several 
observational studies linking water hardness to the increased prevalence of AD in England, 
Spain and Japan. A number of small mechanistic studies offer a scientific basis for this 
interaction. Given the weighting of scientific reports returned in our searches to the effect of 
water hardness, as opposed to the other physical and chemical properties of water, the 
following review of these studies is split into two parts, the first covering water hardness and 
the second the remaining properties of tap water. 

All details on the properties of the water have been included where available, however, most 
studies did not consider this. 

All of the studies (with the exception of the Softened Water Eczema Trial (SWET)) fall below 
what could be classed as a robust interventional human study (normally this kind of 
assessment would only be made for clinical trials). 

6.1 Water hardness and alkalinity 

6.1.1 Interventional clinical trials 

Thomas and colleagues (2011) conducted an observer-blind, parallel-group randomised trial 
of water softeners for the treatment of AD (Thomas et al., 2011). A cohort of 336 children 
aged 6 months to 16 years diagnosed with AD according to the UK working party’s diagnostic 
criteria, and with a minimum severity score of 10 points using the Six Area Six Sign Atopic 
Dermatitis (SASSAD) severity score, was recruited. All participants, recruited at UK centres in 
Nottingham, Cambridge, London, Isle of Wight, Portsmouth, Lincoln and Leicester, lived in a 
hard water area (≥200 mg/l calcium carbonate). The participants were randomised into two 
groups, wherein the first group received immediate installation of an ion-exchange water 
softener, and the second group constituted the control. The ion-exchange water softeners 
replaced calcium and magnesium ions in water with sodium ions. The units were checked on 
a weekly basis for levels of calcium carbonate greater than 20 mg/l, which would indicate that 
the softener was not functioning properly. The alkalinity and pH of the water is not affected, 
nor are the other chemical properties of the water including the chlorine concentration. Other 
than the level of calcium carbonate no other chemical parameters of the water used in the 
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study were provided. Participants using the water softeners were instructed to reduce soap 
usage by half, as per guidelines on the use of domestic water softeners. 

The trial was carried out for a 12-week period, during which time the participants continued 
their normal treatment (including topical corticosteroids and/or emollients for example). The 
primary outcome was measured after the 12-week period. In a second phase of the study, the 
water softener was removed from the first group and fitted in the homes of the second 
(control) group for a 4-week observational period. The trial was conducted observer-blind 
because it was not possible to conceal the effect of the water softener to the participants. The 
study design was published before commencement of the study (Thomas and Sach, 2008). 
The primary outcome was the change in disease severity between the two groups at the end 
of the 12-week trial period. Severity was determined using the SASSAD severity score by 
trained research nurses blinded to the allocation of treatment (<10% variation in scores 
between research nurses). The secondary outcomes included: the proportion of time spent 
moving in the night as a surrogate marker for sleep loss and itch measured using wrist 
accelerometers; proportion of participants with the same, worse of improved outcome based 
on SASSAD scores; the amount of topical anti-inflammatory treatments used during the study, 
Patient Orientated Eczema Measure; number of totally controlled weeks and well controlled 
weeks; mean change in the Dermatitis Family Impact (DFI) questionnaire; mean change in 
health related quality of life.  

The population analysed included 159 participants with a mean age of 5.8 in the group 
receiving the water softener, and 164 participants with a mean age of 5.1 in the control group 
accounting for exclusions and losses-to-follow up. The mean water hardness in the control 
group was 310 mg/l calcium carbonate compared to 309 mg/l before water treatment in the 
group receiving the water softener. No significant difference was found in the primary 
outcome measure (odds ratio 0.66, 95% CI -1.37 to 2.69 in favour of the control group). Both 
groups showed a slight improvement in the severity of disease (20% in the group receiving 
the water softener compared to 22% in the control group). Adjustment for potential 
confounders did not alter the conclusion. No significant difference for any of the objective 
secondary outcome measures was found. A significant difference in 3 of the 4 subjective 
secondary outcomes was found, including improved Patient Oriented Outcome Measure, 
increased number of well and totally controlled weeks, and improved DFI for the group 
receiving the water treatment. Furthermore just over 50% of the participants opted to 
purchase the water softener following completion of the study, the main reason for which 
(66% of respondents) was perceived improvement in the condition. Unfortunately because the 
study could not be conducted blind to the participant these subjective outcomes are subject to 
bias. The study concludes, based on the narrow CI that the replacement of calcium and 
magnesium ions in tap water using a water softener is unlikely to have any effect, when used 
in isolation over a short period of time, on the severity of pre-existing moderate-severe 
disease in children aged 6 months to 16 years (mean age of 5.8). 

This interventional clinical trial is of robust design, demonstrating adequate statistical power, 
randomisation of treatment allocation, and single blinding, with good external validation. In 



Drinking Water Inspectorate 
 

WRc Ref: DWI8375.01/15491-0 
March 2011 

© WRc plc 2011 53

order to compensate for the inability to blind treatment allocation to the participant an 
emphasis was appropriately placed on objective outcome measures. The study adequately 
addresses the impact of water softeners on the severity of pre-existing disease in moderate to 
severe cases. However as the authors point out, further clinical trials are required to assess 
the observed relationship between water hardness and the occurrence of AD, the potential 
role of water softeners in the prevention of AD early in life and the impact of water softeners 
on mild AD and general skin irritation. 

No other interventional studies conducted in humans were identified as part of this review. A 
systematic review of treatment of AD conducted in 2000 did not identify any relevant trials 
evaluating the potential benefit of water softeners for the treatment of AD prior to this point. 
Our search did however identify a pilot study conducted in dogs that, although outside the 
remit of this review, warrants comment in light of the paucity of human studies. 

6.1.2 Observational studies 

Three ecological studies on the relationship between domestic water hardness and the 
prevalence of AD have been published to date across the world. In the first McNally et al. 
(1998) surveyed the parents of 4141 randomly selected primary school children aged 6-11 
and 3499 secondary school children aged 11-16 in a defined area of Nottinghamshire in 
England (McNally et al., 2008). The survey included questions on the lifetime occurrence and 
prevalence over a 1-year period of AD, which was defined as “an itchy flexural skin rash”. The 
children were split into four categories depending on their geographical location based on the 
hardness of the domestic water supply: category 1, 118-135 mg/l; category 2, 141-157 mg/l; 
category 3, 172-214 mg/l; and category 4, 231-314 mg/l combined concentration of calcium 
and magnesium salts. Similar categories were also created for calcium, magnesium and 
chlorine separately. The relationship between the water parameters and prevalence of AD 
was determined using multiple logistic-regression. In children aged 6-11 the lifetime 
prevalence of AD and the prevalence of symptoms over the 1-year period were significantly 
associated with water hardness (adjusted odds ratio for lifetime occurrence 1.28, 95% CI 
1.04-1.58, and for 1 year prevalence 1.54, 95% CI 1.19-1.99 based on category 1 compared 
to 4). No significant association was found in children aged 11-16, however when the two 
groups of children were combined the 1-year prevalence of AD remained significantly 
associated with water hardness. The odds ratios were adjusted for the potential confounders 
age, sex, Townsend index (a census based index of material deprivation) and distance from 
the nearest health centre, however this had little effect on the results (no change in 
significance). Assessment of the separate categories for calcium, magnesium and chlorine, 
revealed a significant association between the calcium concentration and the 1-year 
prevalence of AD in children aged 6-11 (adjusted odds ratio 1.29, 95% CI 1.00-1.66), but not 
the lifetime occurrence of AD. No association was found with either magnesium or chlorine 
following adjustment for potential confounders, however chlorine concentration was 
significantly associated with AD prevalence in children aged 6-11 before adjustment.  
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Miyake et al. (2004) conducted the second ecological study on water hardness and the 
lifetime occurrence of AD in a Japanese urban area (Miyake et al., 2004). In total 458 284 out 
of 489 725 children aged between 6-12 and residing in the Osaka Prefecture of Japan were 
included in the study. The presence of AD was determined based on parent reported 
diagnosis by a physician since birth (lifetime occurrence). The study region consisted of 44 
municipalities, almost all of which receive domestic water from multiple sources. The average 
water hardness (equivalent amount of calcium carbonate that could be formed from the 
calcium in solution), and chlorine content of the water was determined for each municipality. 
The municipalities were then split into 4 categories for water hardness (<48.0, 48.0-53.9, 
54.0-75.9, and ≥76.0 mg/l calcium carbonate) and chlorine content (<19.8, 19.8-21.7, 21.8-
27.9, and ≥28.0 mg/l). The relationship between water hardness and chlorine content of 
domestic water and the lifetime prevalence of AD was determined using multiple logistic 
regression analysis. The confounding factors considered included socio-economic status 
(average tax burden per family) and health care status (number of clinics and hospitals in 
area). There was a significant positive linear trend across the four categories of water 
hardness for increased lifetime prevalence of AD with increasing water hardness. Comparing 
the lowest to highest category of water hardness a significant increase in the lifetime 
prevalence of AD was observed (adjusted odds ratio 1.12, 95% CI 1.06-1.18, the crude 
unadjusted odds ratio was also significant). A similar association was found for chlorine 
concentration when comparing the highest to lowest category (odds ratio 1.06, 95% CI 1.03-
1.10, the crude unadjusted odds ratio was not significant). However there was no linear trend 
across the 4 categories. There was a positive linear trend between the concentration of 
chlorine and the water hardness (Pearson’s coefficient 0.57, p = 0.0001). The individual 
association between AD prevalence and magnesium or calcium concentration was not 
assessed.  

Arnedo-Pena et al. (2007) conducted a replicate study to estimate the association between 
domestic water hardness and the prevalence of AD in Spain (Arnedo-Pena et al., 2007). Two 
groups of school children, aged 6-7 and 13-14, were enrolled in the study across three zones 
in the province of Castellon with defined water hardness, <200 mg/l, 200-250 mg/l, and 
>300 mg/l. When comparing the zones of lowest and highest water hardness a statistically 
significant association between water hardness and the lifetime prevalence of AD was found 
in children aged 6-7 (adjusted odds ratio 1.58, 95% CI 1.04-2.39). A greater association was 
found in the same group of children between water hardness and the prevalence of symptoms 
of AD in the last year (adjusted odds ratio 2.29, 95% CI 1.9-4.42). There was no significant 
association between water hardness and AD in children aged 13-14.  

The three studies detailed above do not rule out the possibility that another environmental 
factor, with a similar spatial distribution to water hardness, accounts for the observed 
association. This may include an alternative chemical parameter or property of the domestic 
water not tested, which correlates with, and is determined to some extent by water hardness. 
The alkalinity of water is an example of a parameter affected by water hardness, and notably 
measured as the concentration of calcium carbonate in water. Given that water hardness was 
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measured as the amount of calcium carbonate present in all three observational studies, a 
significant association between alkalinity and the prevalence of AD can be made. 

The increased association between water hardness and the prevalence of AD over a 1-year 
period in the English study compared to the association with the lifetime prevalence of AD 
suggests that hard water may exacerbate or prolong the duration of AD rather than cause it. 
Both studies suggest an effect of age, however this relationship is not clear. Miyake et al. 
(2004) found that the association between AD and water hardness strengthened with 
increasing age within the 6-12 age group, whereas the remaining 2 studies reported strong 
association for the younger age group and no association in the older age group (McNally 
et al., 1998; Miyake et al., 2004). It should be noted that the level of calcium carbonate 
present in Japan is very different from England (much lower), and as such there was a large 
difference between the categories of hardness in the Japanese study compared to both the 
Spanish and English study. 

Specific conclusions about the effect of individual chemical properties of tap water cannot be 
drawn from these studies because of the very different sources and composition of domestic 
water. Beyond the level of calcium carbonate and chlorine in each study, the water is 
undefined, and therefore these studies do not constitute robust evidence of the effect of any 
particular aspect of domestic tap water. However, the consistent replication of findings across 
three counties worldwide provides compelling evidence suggesting an effect of water 
hardness and/or alkalinity on the prevalence of AD. The recent trial conducted by Thomas 
and colleagues however demonstrates that these observations alone are insufficient to draw 
any firm conclusions other than the need for further research.  

6.1.3 Related mechanistic studies  

Several mechanistic studies, detailed below, have been conducted to ascertain the effect of 
water hardness, calcium and magnesium, and the alkalinity of water on the skin. 

Warren et al. (1996) conducted a study to ascertain the effect of wash water hardness and 
surfactants on irritant contact dermatitis (Warren et al., 1996). In the first part of the study 36 
female subjects were recruited with clinically healthy skin at the time of enrolment. The 
volunteers were required to assess a series of wash conditions consisting of three different 
wash products and two types of water (deionised and hard water, approximately 188 mg/l) for 
washing and rinsing using the forearm controlled application technique. Each volunteer 
performed every combination of wash conditions over the course of two 5-day treatment 
regimens, separated by 2 weeks, where all three wash products were applied to each 
forearm. In total 18 applications/washes were performed in a randomised double-blind design. 
On aggregate, for the wash products, there was no significant effect of the hardness of the 
wash water on skin dryness, erythema, or hydration (measured as capacitance). When 
comparing the effect of the rinse water however, rinsing with hard water resulted in 
significantly increased skin dryness and erythema and significantly decreased skin hydration. 
When assessing the effect of the individual wash products, very similar results were found. 
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Notably, when deionised water was used to wash the skin, there was very little difference 
between the three wash products; they all appeared mild. However, when hard water was 
used to wash the skin, the three different wash products produced very different effects on the 
skin, from mild in the case of the syndet, to harsh for the sodium cocoate soap bar.  

In a separate test the effect of the wash/rinse water used in conjunction with either a syndet or 
soap bar on the inner elbow crease region was assessed. A cohort of 24 male and female 
volunteers was recruited and split into two groups. The first using deionised water, and the 
second using hard water for both the wash and rinse. Each volunteer washed both study sites 
with either the soap or syndet three times per day for 5 days in a randomised double blind 
design. Whereas the two different wash products resulted in very different effects on the skin, 
measured as change in erythema grade, no distinction could be made between the types of 
water used. A further study comparing deionised water to tap water with a water hardness of 
106 mg/l also failed to identify a distinction between the type of water used for washing. The 
authors additionally reported increased surfactant deposition on the forearms rinsed with only 
hard water compared to deionised water. Together the results suggest that hard water plays 
an important role in determining the negative effects of surfactants on the skin, which was 
associated with greater residue of surfactant on the skin present post-rinsing. Rinsing the 
skin, with hard water as opposed to deionised water, but not water of moderate hardness, 
was found to increase skin irritation and dryness and reduce hydration of the forearms. 

Ramsing and Agner (1997) investigated the effect of purified water on previously irritated skin. 
A cohort of 21 female volunteers completed the study (Ramsing and Agner, 1997). Irritation of 
the hands was first elicited by three consecutive emersions in 0.5% sodium lauryl sulphate 
(SLS) solution over 2 days. Irritation was assessed on day 3 by measuring TEWL, 
capacitance (hydration) and blood flow (laser Doppler blood flow monitor) and by clinical 
observations (erythema grading). Following irritation one hand was washed twice per day with 
purified water for 10 days, and the other hand left untreated as a control. Volunteers could 
wash their hands as normal during the study. Measurements were repeated after 5 and 10 
days of treatment with water. No significant difference in TEWL, hydration or erythema was 
found at the end of the study. A significant difference in blood flow was found after both 5 and 
10 days of water treatment compared to no treatment. The persistence of elevated blood flow 
following SLS-induced irritation of the skin of the hands treated with water compared to no 
treatment suggests that water can aggravate sub-clinically inflamed skin, however no effect 
on skin barrier structure and function was observed. 

Proksch et al. (2005) conducted a study to compare the effects of tap water with Dead Sea 
salt solution on the biophysical properties of the skin in Bonn (Germany) (Proksch et al., 
2005). A cohort of 30 volunteers diagnosed with AD, having xerosis (atopic dry skin) without 
active disease, was recruited for a randomised double-blind forearm-controlled study. Each 
volunteer submerged one forearm in a bath of 5% Dead Sea salt solution (containing 6 g/l 
magnesium) and the other in tap water every day for 6 weeks. Before the first wash/treatment, 
and at weekly intervals, skin hydration, roughness, redness (erythema), and TEWL were 
measured. The tap water had no significant effect on any of the parameters measured. 
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Washing the forearm with Dead Sea salt however significantly reduced TEWL after 5 weeks, 
improved skin hydration and roughness after 6 and 3 weeks, respectively, and reduced skin 
redness after 6 weeks. The study concludes that Dead Sea salt reduces sub-clinical 
inflammation and improves the skin barrier function. The high concentration of magnesium 
salts and (to a lesser extent) calcium salts, coupled with depleted carbonate ions, are 
suggested as the key contributors to this improvement in skin condition. Although the positive 
effects of Dead Sea salts cannot be attributed to any specific component it can be said that 
magnesium salts, found in Dead Sea salt, do not cause skin irritation under the conditions 
tested. 

There is an absence of robust clinical studies comparing the effect of water hardness, water 
alkalinity, and magnesium and calcium concentration in tap water on skin irritation. The 
finding from the above mentioned ecological and mechanistic studies demonstrate a need to 
further investigate the effect of these properties on skin irritation and the prevalence of AD.  

Several studies have looked at the effect of different sources of natural water on the recovery 
of SLS-irritated skin. Yoshizawa et al. (2007) reported that seawater from the Pacific Ocean 
significantly reduced the extent of SLS-induced cutaneous irritation, measured as the change 
in TEWL, and improved skin hydration, compared to deionised water in three healthy 
volunteers (Yoshizawa et al., 2001). A similar effect was observed when sodium chloride in 
deionised water, at an equivalent concentration found in the seawater (500 mM), was used to 
treat the skin following SLS-induced irritation. Pertinent to this report, magnesium chloride in 
deionised water (55 mM; 5.23 g/l) was also found to enhance the skins recovery (return to 
baseline TEWL) following SLS-induced irritation. Calcium chloride in deionised water (10 mM; 
1.22 g/l) on the other hand had no effect on the recovery of SLS-irritated skin. Two replicate 
studies assessed the anti-irritant properties of spring water following SLS-induced skin 
irritation (Hercogova et al, 2002; Ferreira et al., 2010). Both Sao Pedro do Sul (<0.03 mg/l 
Mg2+, 3 mg/l Ca2+) and Leopoldine (167 mg/l Mg2+, 858 mg/l Ca2+) spring water enhanced 
recovery of the skin significantly compared to purified water. Due to the complex composition 
of the spring waters tested it is not possible to draw conclusions on specific component 
effects. 

Bock and Schwanitz (1998) conducted a hand-controlled study on the effect of CO2-enriched 
(carbonic acid) water compared to tap water on the biophysical properties of the skin (Bock 
and Schwanitz, 1998). A cohort of 20 right handed volunteers (no pre-selection criteria) were 
asked to rinse one hand in carbonic acid (pH 5.4), and the other hand in tap water (pH 
8.2±0.1) once per day for 2 weeks. During this period the hands were washed twice daily in a 
standardised way using shampoo solution. Rinsing the hands with carbonic acid, as opposed 
to tap water resulted in a significantly reduced skin surface pH (by approximately 1 pH unit) 
throughout the study period. Whereas TEWL became slightly elevated on the hands rinsed 
with tap water, it remained low on the hands rinsed with carbonic acid. The results suggest 
that rinsing the hands with carbonic acid reduces the negative effects of washing on skin 
barrier function, and that this effect is linked to the reduction in skin-surface-pH as a result of 
the rinse water used.  
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Bock et al. (2004) also conducted a follow-up study by assessing the effect of CO2-enriched 
water on the recovery of detergent-damaged skin in a forearm-controlled study (Bock et al., 
2004). Twenty healthy, non-preselected, volunteers were recruited to the study. The skin was 
first irritated using a standard skin irritant (1% SLS) under occlusion and the degree of 
irritation quantified by measurement of TEWL and skin redness (using a chromameter). Over 
a period of 9 days each volunteer flushed one forearm with tap water and the other arm with 
CO2-enriched tap water for one minutes, once per day. The tap water used was hard (125-
250 mg/l calcium carbonate, 7-14o scale of hardness) with an alkaline pH (7.9±0.1). CO2-
enrichment altered the pH to 5.4 at 37oC. Compared to tap water, flushing the skin daily with 
CO2-enriched water significantly improved the rate of recovery of the skin following irritation. 
Both TEWL and skin redness were significantly reduced on the forearm flushed with CO2-
enriched water compared to the forearm flushed with untreated tap water. Two mechanisms 
have been postulated to cause this effect of CO2-enrichment, the first being the reduction of 
stratum corneum (SC) pH, and the second the lowering of free calcium ions. Hard water in 
particular contains a relativity high concentration of free calcium ions at an alkaline pH.  

6.2 Other chemical properties of tap water  

6.2.1 Interventional clinical trials 

No studies identified. 

6.2.2 Observational studies 

Chlorine 

McNally and colleagues (1998) reported a correlation between the concentration of chlorine in 
drinking water (comparing the lowest to highest categories of chlorine concentration) and the 
1-year prevalence (odds ratio 1.33, 95% CI 1.04-1.7 after adjustment) and lifetime prevalence 
of AD (odds ratio 1.23, 95% CI 1.00-1.52 after adjustment) in children aged 6-11 before the 
adjustment of potential confounders, but not afterwards (McNally et al., 1998). The 
concentration of chlorine in each category was not presented. Miyake et al. (2004) reported a 
correlation between high chlorine concentration (<19.8 mg/l compared to >28.0 mg/l) and the 
lifetime prevalence of in children aged 6-12 only after adjustment for potential confounders 
(odds ratio 1.06, 95% CI 1.03-1.10 after adjustment) (Miyake et al., 2004). Furthermore, the 
increase in prevalence was not linear across four different categories of increasing chlorine 
concentration. Generally in the UK, chlorine occurs at a concentration below 1 mg/l, 
suggesting that this situation will not be replicated in the UK. Notably, chlorine concentration 
correlated with water hardness, which was also associated with the lifetime prevalence of AD. 
The association between chlorine and AD prevalence could, therefore, be linked instead to 
the increasing chlorine concentration with increasing water hardness. In both studies a 
greater association was found between the prevalence of AD and water hardness compared 
to chlorine. 
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Pardo et al. (2007) conducted an observational study to investigate the effect of physical and 
chemical properties of swimming pool water on the development of contact dermatitis in 
hydrotherapists (Pardo et al., 2007). A total of 52 pools were included in the study, relating to 
which reports from hydrotherapists at 39 of the pools were obtained to evaluate the incidence 
of contact dermatitis. Gaseous chlorine was used to disinfect 13.5% of the pools included. 
The incidence of contact dermatitis was significantly higher in hydrotherapists working in 
contact with gaseous chlorine compared to other chlorine compounds used to disinfect pools 
(odds ration 1.48, 95% CI 1.17-1.89). Other disinfection methods included trichloroisocyanuric 
acid tablets, hypochlorite compounds and 1-bromo-3-chloro-5,5-dimethyl hydantion tablets. 
The concentration of chlorine compounds in the pool, the concentration of free chlorine in the 
water, the duration of use of chlorine compounds, water temperature, pH, relative humidity in 
the air and air temperature did not significantly affect the findings. 

Kelsall and Sim (2001) conducted an observational study to investigate the effect of different 
swimming pool disinfection systems on skin irritation in school children (Kelsall and Sim, 
2001). Three school pools using three different disinfection systems (chlorine, chlorine/ozone, 
bromine/ozone) where included in the study. Questionnaires were sent out to 700 school 
children using the pools to gather information on self-reported skin reactions within 24 hours 
of swimming in their school pool. Responses from 385 children were obtained and analysed. 
4-8% of swimmers reported a skin rash following swimming in their school pool. There was no 
significant association between skin irritation and the type of disinfectant used when 
comparing bromide/ozone to chlorine (odds ratio 1.91, 95% CI 0.71-5.10) or chlorine/ozone 
(odds ratio 1.88, 95% CI 0.61-5.81). 

6.2.3 Related mechanistic studies 

Nickel 

Nielsen et al. (1999) conducted a double blind, placebo controlled 2-week study to investigate 
the effect of repeated exposure of the hands and arms to nickel chloride in water (Neilsen 
et al., 1999). A cohort of 35 people was recruited from a dermatology out-patients clinic onto 
the study. All participants had suffered from mild-moderate hand eczema for >3 months. 
Anyone showing current fissuring or vesicles on the hands or forearms was excluded. All 
participants tested positive to 5% nickel sulphate in patch tests conducted in the clinic prior to 
participation.  

The participants (aged between 23-68 years) were split into two groups, one exposed to 
nickel (mean age 42 years), and the other exposed to vehicle (inert substance used to confer 
a suitable consistency of the chemical of interest) only as a control. At the beginning of the 
study, all participants were treated with a closed patch test of 0.5% SLS on one area of the 
forearm. During Week 1 of the study, they self-treated with two drops of 10 mg/l nickel in 20% 
ethanol solution (0.56 µg nickel per application of two drops), or vehicle only (ethanol) in the 
control sub-group, once per day on the SLS treated site and an untreated site. During Week 



Drinking Water Inspectorate 
 

WRc Ref: DWI8375.01/15491-0 
March 2011 

© WRc plc 2011 60

2, a 100 mg/l solution of nickel (5.6 µg nickel per application), or vehicle only, was applied in 
the same manner.  

A further part of the study required the same participants to immerse one of their fingers in 
10 mg/l nickel in purified water, or water only in the control sub-group, for 10 minutes once per 
day during Week 1. The same finger was then immersed in a 100 mg/l nickel solution during 
Week 2.  

All volunteers were patch tested at the end of the 2 weeks using 5% nickel sulphate in 
petrolatum and nickel chloride in distilled water at concentrations of 10, 100 and 200 mg/l. 
Volunteers were assessed at Day 0, 7 and 14. Erythema was graded visually on a scale of 0-
3. Scaling was determined as present or absent, as were vesicles, which were also counted. 
The presence of erythema and infiltration was recorded as ‘yes’ or ‘no’. Laser Doppler 
flowmetry was used to measure inflammation on the forearms and exposed fingers. Results 
were analysed in a number of ways including Mann-Whitney U-Test, Student’s T-Test, 
Wilcoxon matched pairs signed rank test, and Wilcoxon’s rank sum paired data test. A 
significance level of 0.05 was used.  

Results for the forearm treatment show that there was no significant difference between the 
groups in any measurement taken on Day 0. On Day 7, one nickel-exposed person had a 
reaction at the site pre-treated with SLS, but not at the site that received no pre-treatment with 
SLS. By Day 14, this had increased to 8 volunteers at the site pre-treated with SLS. By the 
end of the study, four of the nickel-exposed patients had experienced a reaction on the 
normal skin of their forearms, while no reactions were observed in the vehicle-treated control 
group. On day 14 the scores in follicular reactions were significantly higher for the nickel-
exposed group compared to the vehicle-exposed group at site pre-treated with SLS. No 
significant difference was found when comparing the sites without SLS pre-treatment. Blood 
flow did not change significantly in the vehicle or nickel treated groups with prior SLS 
treatment. From day 0 to 14, blood flow increased significantly on the site pre-treated with 
SLS in the nickel-exposed group compared to the vehicle-exposed group. There was an 
increase in the irritant reaction observed for patch tests to nickel chloride in the nickel 
chloride-exposed group compared to the vehicle-exposed group following the study. 

Results for the submersion of fingers in nickel show that there was no significant difference 
between the groups in any measurement taken on Day 0. Both groups showed an increase in 
the presence of vesicles between Day 7 and 14 and at Day 14, there were significantly more 
vesicles on the fingers of people exposed to nickel compared to water alone (p=0.05). The 
nickel exposed group showed higher blood flow in the fingers and in the arms of those pre-
treated with SLS. The study did not find a significant association between a positive patch test 
to nickel and reactivity on the finger. 

A control group of 35 healthy volunteers were additionally enrolled into the study. The effect of 
nickel compared to vehicle only control was assessed at sites with, and without, SLS  
pre-treatment on the forearms only, as described for the patients. 15 volunteers were in the 
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control group, and 15 in the nickel exposed group. Five volunteers compared their left to right 
forearms. No significant effect of nickel exposure was found at any site on erythema score or 
blood flow. 

Nielsen et al. (1999) concluded that reactions to nickel were higher in patients sensitised to 
nickel previously compared to healthy individuals, with a negative patch test result to nickel 
chloride, and when the skin is pre-treated with SLS. 10 mg/l of nickel chloride in the water was 
sufficient to evoke irritation in nickel-sensitive hand eczema patients. The concetration of 
nickel found in tap water is usually low (below the standard of 20 µg/l), with the maximum 
concentration if nickel detected in 2009 of 773 µg/l (DWI, 2010b). These levels may equate to 
the levels used for induction of sensitisation potential in this study, but levels found in tap 
water are much lower than those required to elicit a response in this study. Nickel chloride is 
not routinely measured in tap water, therefore a judgement on the relevance of these doses 
cannot be made. 

Agner et al. (2002) further investigated the relationship between SLS sensitisation and nickel 
allergy (Agner et al., 2002). The study used patch testing with nickel chloride (NiCl2) instead 
of nickel sulphate, as it is more readily absorbed by the skin, and is seen as a compound that 
people would be more likely exposed to in everyday life. Various concentrations of nickel 
chloride were tested on 20 volunteers. One man and 19 women aged between 22 and 52 
(mean age 29 years) were chosen for the study as they had shown a positive patch test to 
nickel in the previous two years and had persistent reactions to nickel alloys. Patches of 
solution were applied to the forearms using Finn Chambers and Scanpor tape and left for 
24 hours. The skin was assessed at 48 and 72 hours. Cohort A consisted of 10 people treated 
with SLS at concentrations of 0.12%, 0.25% and 0.50% aq with and without 1% NiCl2 and one 
further patch test with 1% NiCl2 alone. Cohort B consisted of 10 people treated with NiCl2 at 
concentrations of 0.25%, 0.50% and 1% aq with and without 0.5% SLS and one further patch 
test with 0.5% SLS alone.  

Volunteers presented increased skin redness with exposure to increased concentrations of 
nickel chloride and SLS. TEWL was significantly increased at sites treated with SLS, showing 
impaired barrier function, whereas exposure to nickel chloride alone only slightly influenced 
barrier function. Overall, the study showed that the combined application of NiCl2 and SLS 
caused a synergistic response that was up to 4 times greater than the effects of the 
substances alone. The authors concluded that, in most cases, contact allergens will only 
influence skin barrier function as a secondary response after inflammation has already been 
initiated by a substance such as SLS, and have no direct influence on their own. 

There are many available studies on the effects of nickel on the skin. Unfortunately, very few 
of them give clear and reliable information. It is difficult to control exposure to allergens such 
as nickel as concentrations can vary greatly, even when samples are taken from the same 
source. To induce a skin reaction, some studies found used unusually large doses of nickel 
that do not represent average concentrations in that area. The concetration of nickel found in 
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tap water is usually low (below the standard of 20 µg/l), with the maximum concentration if 
nickel detected in 2009 of 773 µg/l (DWI, 2010b). 

Thyssen et al. (2010) conducted a study concerning null mutations in the filaggrin (FLG) gene 
and nickel sensitisation (Thyssen et al., 2010). They stated that AD is more common in men 
and women with a FLG mutation but nickel sensitisation is not exclusively apparent with 
mutation. A positive link between FLG mutation and nickel allergy in women with pierced ears 
(as this increases the exposure to the allergen) was found, but it was not statistically 
significant. The study concluded that having an FLG null mutation does increase the likelihood 
of being sensitised to nickel, as does having an ear piercing. Nickel sensitisation is lower in 
men than women and that this is most likely due to men having fewer body piercings.  

A volunteer study in young adults using nickel sulphate indicated a steep dose response 
curve with only marginal irritation at 0.13% but a strong effect at 1% (EU, 2008). These 
concentrations are very much higher than likely tap water concentrations. 

Allergic contact dermatitis is the most common effect of nickel in the general population. A 
number of patch test studies in Europe suggest that about 20% of women and approximately 
5% of men are sensitised to nickel. Most cases of primary nickel sensitisation are caused by 
skin contact with metallic items such as ear ornaments, jewellery, jean buttons and other 
nickel releasing items. Solution of nickel salts may also induce sensitisation e.g., nickel 
sulphate in the nickel-plating industry (WHO, 2005). 

Flares of dermatitis have been reported after oral challenge of nickel-sensitised women with 
0.5-5.6 mg of nickel as nickel sulphate administered in a lactose capsule. There is also 
evidence that after an oral dose of 1 mg nickel, higher levels of nickel were found in the urine 
of atopic patients (patients with a history of flexural dermatitis) indicating a higher 
gastrointestinal absorption, although this was a study with a small number of patients (WHO, 
2005). These concetrations are higher than the amount of nickel found in tap water (standard 
of 20 µg/l), with the maximum concentration if nickel detected in 2009 of 773 µg/l (DWI, 
2010b). 

There is also some evidence of oral hyposensitisation to nickel, with low oral doses and a low 
nickel diet over a long period of time (several years) leading to an increased level of tolerance 
to a nickel challenge (WHO, 2005).  

Chromium 

Chromium is an abundant compound in the environment, mostly present in the trivalent form 
(Cr(III)). In the hexavalent form (Cr(VI)), chromium is hazardous. If orally ingested doses of 
2.5 g can cause severe gastrointestinal bleeding and death from cardiovascular shock. Few 
people in the UK are sensitised to chromium but a small proportion of the population can be 
affected by very small doses (Felter and Darson, 1997). Nethercott et al. (1994) conducted a 
study to calculate the Minimum Elicitation Threshold (MET) of chromium expressed as the 
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amount of chromium in μg per cm2 of skin (Nethercott et al, 1994). MET is the lowest 
concentration of an allergen required to produce an allergic response. After a patch test trial, 
the MET of Cr(VI) was determined to be 0.089 μg/cm2 skin. The aim of the study was to use 
the MET data in environmental and occupational risk assessment; chromium is a common 
allergen in certain occupations such as leather workers and chromium platers. The study was 
double blinded. 102 people were recruited onto the study using dermatologists’ 
recommendations and questionnaires to assess suitability. The questionnaires included 
questions on skin history, allergies and occupational history, to determine any previous 
exposure to chromium. 78 men, aged between 24 and 74 years (mean age 45.6) and 24 
women, aged between 25 and 59 years (mean age 39.6) participated in the study. 15% had a 
previous history of AD, and 22% had worked in the construction industry, which is known to 
have a high incidence of Cr(VI) related dermatitis. All volunteers were advised not to use 
steroids or immunosuppressants in the 2 weeks prior to the study.  

Gel matrix patches were constructed specifically for the study to ensure maximum 
bioavailability. Patches were designed to hydrate when in contact with perspiration on the 
skin. When hydrated, the patches increase in thickness and the allergen migrates into the 
skin. Potassium dichromate (Cr(VI)) was tested in concentrations of 4.4, 0.88, 0.18, 0.088, 
and 0.018 μg/cm2 and chromium trichloride (Cr(III)) in concentrations of 33.0, 6.6, 3.3, and 
0.66 μg/cm2. Hydroxypropyl cellulose patches were used as a negative control. Tests were 
performed in three rounds with a 3 week resting period between each to avoid “excited skin 
syndrome”. During Round 1 all volunteers were tested with the highest concentration of 
Cr(VI). All those who reacted positively during Round 1 were tested with the two lowest 
concentrations Cr(VI) and all concentrations of Cr(III) during Round 2. If there were any 
positive reactions to both types of chromium, the volunteers stopped at that stage as their 
elicitation threshold had been reached. During Round 3, volunteers who showed no response 
to the two lowest concentrations of Cr(VI) were tested with the two higher concentrations. For 
each round, patches were applied for 48 hours and visually assessed at 48 and 96 hours. 

Over half of volunteers (54 of 102) had a positive test reaction to Cr(VI) at 4.4 μg/cm2. At 
Round 2, no volunteers reacted to any of the Cr(III) samples, confirming that this form of 
chromium is not highly soluble and therefore, not likely to cause any dermal irritation. One 
volunteer had a reaction to the two lowest concentrations of Cr(VI). During Round 3, one 
volunteer again reacted to the two lowest concentrations of Cr(VI). Twenty-two people reacted 
to 0.88 μg/cm2 Cr(VI). Using computer models and X2 goodness of fit tests the MET for 
chromium was determined. 

Many studies have shown that hexavalent chromium can elicit Allergic Contact Dermatitis 
(ACD) in chromium-sensitised people (Felter and Dourson, 1997), due to its high solubility 
and oxidising capabilities. It also has the ability to cause mild irritation in non-sensitised 
people when present at high concentrations, for example, construction workers who deal with 
wet cement can develop ACD because of the increased levels of Cr(VI) in the cement 
(Nethercott et al., 1994). The general consensus is that less than 1% of contact dermatitis is 
related to chromium (Felter and Dourson, 1997). The elicitation threshold for hexavalent 
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chromium is 10 mg/l in the chromate form and 100 mg/l in the dichromate form. DWI have 
published results (latest for 2009) demonstrating that chromium is rarely present in tap water. 
The standard for chromium in tapwater for Engalnd and Wales is 50 µg/l. In 2009, the highest 
level of chromium detected (one incident) was 62.6 µg/l (DWI, 2010b). 

Fowler et al. (1999) investigated the effect of arm immersion in standing water in Louisville, 
Kentucky (Fowler et al., 1999). Twenty-six volunteers with a known chromium allergy 
immersed one of their arms for 30 minutes in water containing between 25 and 29 mg/l Cr(VI) 
as potassium dichromate. This was repeated for 3 days. At the end of the study, 16 
volunteers had no reaction on their chromium-exposed arm and the remaining 10 had 
developed a small number of vesicles, redness and itching on the chromium treated arm. 
They surmised that levels such as these in the environment do not pose a significant hazard 
to those who are sensitised to chromium. As levels of chromium in the UK are generally well 
below 50 μg/l it could be assumed that no reaction is likely to occur in sensitised people at this 
concentration either. 

6.2.4 Case studies 

Nickel 

Lee and Lee (1990) reported a case of a 26-year-old female with chronic ACD (Lee and Lee, 
1990). Patch testing showed she had an allergy to nickel, yet after complete avoidance of the 
substance, her dermatitis continued. Analysis of the ground water from a private well that she 
had been using showed nickel levels were 9 times higher than average domestic levels in 
Korea. Dermal exposure to her tap water had caused her dermatitis to continue. It should be 
noted that nickel is not a cumulative toxin in humans (Barceloux, 1999). 

Tohani et al. (1991) describe a case study in Northern Ireland whereby a 40-year old healthy 
female developed an irritant macular rash in response to submergence in bath water (Tohani 
et al., 1991). Patch testing analysis revealed she was highly allergic to cobalt and nickel. It 
was later discovered the bath water contained up to 1.8 mg/l aluminium (as aluminium 
sulphate) that lowered the pH of the water to around 5. The UK drinking water standard for 
aluminium is 200 µg/l and for pH is between 6 and 9.5. It is hypothesised that the low pH of 
the bathwater resulted in nickel being released from the plumbing system, causing the irritant 
reaction in the patient. 

1-Bromo-3-chloro-5,5-dimethylhydrantoin 

Loughney and Harrison (1998) presented a case report of irritant contact dermatitis to  
1-bromo-3-chloro-5,5-dimethylhydrantoin in a hydrotherapy pool in the UK (Loughney and 
Harrison, 1998). The case involved a 46-year old male physiotherapist with no previous 
history of atopy and no family history of note. The skin reaction involved asteatotic eczema 
with severe excoriation and lichenification of the upper and lower limbs. The trunk was also 
affected, but there were no signs of facial involvement. The symptoms developed upon 
immersion into a hydrotherapy pool disinfected with 1-bromo3-chloro-5,5-dimethylhydrantoin. 
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The method of disinfection had recently been changed from the use of sodium hypochlorite. 
The patient had routinely used the pool prior to the change in disinfectant, and continued to 
do so, without skin reaction, following a further change to a chlorine-based disinfectant. The 
association between bromide-based disinfectants and irritant contact dermatitis is well-
recognised (Rycroft and Penny, 1983). 

Chloramine 

Weintraub et al. (2006) reported a case of heterogeneous dermatitis complaints after change 
in water treatment (Weintraub et al., 2006). In February 2004, a water utility serving 2.4 million 
people in northern California replaced chlorine with monochloramine (levels not reported) for 
secondary disinfection. Subsequently between April 2004 and March 2006, the health 
department received a total of 48 calls from citizens with questions or complaints about 
chloramine. A total of 17 customers with skin complaints completed a questionnaire about 
their symptoms. The study was subject to several significant biases that preclude the retrieval 
of meaningful findings. The water utility felt it was unnecessary to follow up the study based 
on the outcome. Cases of contact urticaria in response to chloramine have been reported 
(Kanerva et al., 1997; Dooms-Goossens et al., 1983). Perceptions of chemicals in tap water 
may account for the increased reporting of symptoms following a report of chemicals in tap 
water (Doria et al., 2009). 

6.2.5 Anecdotal evidence 

Aluminium 

Immediately following the incident at Lowermoor treatment works in the Camelford area in 
North Cornwall, UK, in July 1988, where high quantities (estimated to be 20 tonnes) 
of aluminium sulphate were released into supply (consumer concentrations (presumed to be 
measured at consumer's taps) ranged from 30 to 620 mg Al/l), residents were alleged to have 
experienced a range of symptoms including upset stomachs, blisters, mouth ulcers and throat 
and skin irritation (COT, 2005). The incidence of concerns in public perception of chemicals in 
tap water are strong in the UK, as a consequence of perceived exposure to chemical risks. 
This may account for the increased reporting of symptoms following a report of chemicals in 
tap water (Doria et al., 2009). 

Nickel 

In Europe, reported nickel concentrations in drinking water are generally below 10 μg/l. 
However, there have been reports of greatly increased concentrations in which nickel has 
leached from plumbing fittings with levels of 490 μg/l being reported in water left standing 
overnight in plumbing fittings plated with chromium on a base of nickel. Leaching from 
chromium nickel stainless steel pipework diminished after a few weeks, suggesting that it is 
not due to corrosion but passive leaching. Concentrations of nickel up to 6 μg/l were detected 
from leaching from new stainless steel pipes (WHO, 2005). The DWI has recorded and 
reported a number of exceedances of the 20 ug/l UK standard in Random Daytime Sampling 
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undertaken by water companies since 2004.  In 2009, the maximum concentration if nickel 
detected was 773 µg/l (DWI, 2010b), 

There have also been a number of studies on the leaching of nickel into water boiled in 
electric kettles especially with nickel-plated elements and new or newly decalcified elements. 
Concentrations in the range of 100-400 μg/l have been reported with maximum values over 
1000 μg/l, but again concentrations diminished with time (WHO, 2005; COT, 2007; WRc-NSF, 
2007). 

DWI’s 2008 annual report called on water utilities to ‘up their game’ in controlling risks within 
building caused by poor plumbing practice, or the use of materials and fitting which were not 
listed as suitable by WRAS in relation to the Water Fittings Regulations 1999 (DWI, 2008). 
Exceedance of the standard for nickel in samples from customers tap were cited in the report 
as an issue.  

Taps are generally made with brass bodies that are chrome-plated to enhance the 
appearance of the fittings and also to protect the visible surfaces from oxidation. Plating is 
carried out electrochemically by applying a potential difference across a conducting solution 
containing the metal ions to be deposited. It is not possible to plate chrome directly so it is 
necessary to first apply a layer of nickel about 10 μm thick. Nickel is easy to deposit and, 
because the electrical field is bent into the apertures of the tap body, some nickel is deposited 
within the apertures such as the spout. A thin (<1 μm) layer of chromium is then deposited. 
Deposition of chromium is much less efficient and deposition does not occur within the parts 
being plated. Consequently nickel deposited inside the fitting is not covered by chromium and 
a nickel layer can be found on the inside of the tap. The nickel coating is commonly ‘semi-
bright’ nickel, the slowest corroding form of nickel.  

There is some anecdotal evidence of an increasing use of plastic taps in certain areas of the 
UK. Unlike the case with brass bodied taps, the chrome coating of plastic bodied taps leads to 
deposition of nickel throughout most of the inside surfaces of the tap. DWI annual reports 
suggest that 5 or 6 failures of the UK nickel standard have been associated with the use of 
chrome-plated plastic taps, although it is not clear whether the taps were plastic bodied or 
were chrome-plated brass taps with plastic inserts (e.g. flow straighteners). 

It should be noted apart from the taps, other plumbing fittings may contain nickel or be nickel 
plated, for example isolation valves. It is likely that in chlorinated water the corrosion product 
on nickel surfaces within plumbing would be nickel chloride which is very soluble. 

At present, WRc-NSF is conducting a research project under the Portfolio Collaborative 
Research Programme, with a group of participants, entitled ‘Improving Drinking Water Quality 
– Nickel Leaching from Chrome Plated Tapware’. This project has collated theories and 
supporting evidence from water companies and fittings manufacturers and suppliers on the 
leaching of nickel from plumbing fittings and an experiment is in progress to test leaching of 
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nickel from different types of taps (including plastic). The results of this experiment will be 
available to the Portfolio project participants in due course. 

Chloramination  

Recently Dr Susan Richardson of the US Environmental Protection Agency (EPA) has 
identified and described a small population (perhaps several 1000s) of people in the US who 
are susceptible to dermatitis from exposure to chloraminated water. These findings were 
briefly reported at the HIWATE (Health impacts of long term exposure to disinfection by-
products in drinking water) Open Day held at Imperial College in London in February, 2010. 
Dr Richardson, and also a group in the USA, Citizens Concerned About Chloramine (CCAC) 
have gathered detailed information about cases of dermatitis which they consider to be linked 
to chloramine exposure. CCAC was formed in 2004 as they considered that many people 
began to experience skin, respiratory and digestive health effects after the San Francisco 
Public Utilities Commission introduced chloramination in February of that year. CCAC claim to 
have documented the symptoms of over 500 people in the San Francisco Bay area alone, 
from exposure to chloraminated water. They also claim to have reports of similar symptoms in 
people from over 40 American states as well as Scotland, Australia and Canada.No details of 
levels of chloramine and associated symptoms are available.  

CCAC has a confidentiality agreement with those who report medical symptoms due to 
chloraminated water and, are therefore, unable to release individual reports without the 
specific permission of each sufferer. However, Denise Kula of the CCAC did discuss 
the typical findings of chloramine-related, rash sufferers and her words are repeated below.  

“Most people reporting rashes, develop them gradually, after several weeks of ongoing 
exposure to chloraminated water. However there are many case reports of individuals who 
react immediately upon exposure to chloraminated water, with red, burning and itching 
skin. And there are many other reports of people who gradually develop the rashes after 
many months or even years, of ongoing exposure. All sufferers notice increasing dryness 
and itchiness of the skin that gets worse/more irritated over time.  

The rashes vary from mild to very severe and are extremely itchy. Sometimes the rashes 
are intensely inflamed and cover most of the sufferer's body. Other times the rashes are 
only present on the parts of the body that get the most frequent exposure to chloraminated 
water; for instance, the hands and forearms of someone who does a lot of dish-washing 
or bathing of children. Many people report that the areas of rash, coincide with the parts of 
the body where the shower water tends to hit them the most. If the person changes their 
habitual position in the shower, say, facing the water, so it hits their chest, instead of facing 
away from the water, where it hits their back and/or shoulders, the rashes develop in the 
new areas of heaviest exposure. The symptoms always worsen when people wash or 
bathe more frequently and the hotter the temperature of the chloraminated water, the more 
irritating it is. Also, sufferers notice that when they travel, the higher the dosage level of 
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chloramine in the local water supply where they bathe, the worse their symptoms are. In 
areas where chloramine is not used, they experience no symptoms. 

In every case that has been reported to CCAC, all the symptoms clear up, usually in a 
couple of days after completely discontinuing the use of chloraminated water. They remain 
symptom free when using chlorinated water or bottled spring water, for bathing. The 
symptoms reappear, any time they are re-exposed to chloraminated water, from any 
source. Unfortunately, there has not been one case of an identified chloramine 
sufferer's sensitivity, clearing up on its own or following attempts at medical treatment.” 

Many of the people who get rashes from chloraminated water, are given allergy tests by their 
doctors for diagnostic purposes. The majority of chloramine sufferers test negative for 
allergies. They also get little to no relief from allergy medications. They do get relief when they 
discontinue chloramine exposure. This indicates that sensitivity to chloramine is unlikely to be 
an allergic reaction, a more plausible explanation would be a chemical irritation of the skin 
(and mucous membranes, in the cases involving the eye, respiratory and GI tract sensitivity). 

The San Francisco Public Utilities Commission has also produced some comments on the 
subject in their “Questions and Answers regarding Chloramine” section of their website 
(available at http://sfwater.org/mto_main.cfm/MC_ID/13/MSC_ID/166/MTO_ID/399). In 
response to the question, “Does chloramine cause dry skin, skin rashes?”, several lines of 
evidence were outlined: 

• Reviews of the peer-reviewed medical literature reviews indicated that skin rashes had 
not been associated with exposure to chloramine. Approximately 10-12% of the 
population experienced dermatitis on a given day and this could be caused by a wide 
range of inherited and environmental factors including soap, detergents and cleaners, 
paints and solvents and other chemicals, and natural foods, juices and plants. 

• A review of customer complaints between the years 2002-2007 did not reveal any 
increased trends in customer complaints regarding water quality or general health due 
to chloramine. Customer complaints/enquiries at other water companies converting to 
chloramine were that “skin feels dry or scalp itches more” but utilities considered that 
customers had made an association between a known change and an unrelated 
condition and such complaints only lasted for a couple of months. Although skin 
complaints associated with municipal drinking water were not uncommon there was no 
link with any specific water quality parameter. This view was confirmed by the case 
report of Weintraub et al. (2006) outlined earlier. The EPA also believed that water 
disinfected with monochloramine meeting regulatory standards has no known or 
anticipated health effects, including skin problems.  

In response to the question, “If chloramine is not the cause of skin irritation symptoms 
reported by people, what other reasons might explain why some people experience fewer 
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symptoms when they shower or bathe with water that has not been chloraminated”, the 
following comment was made: 

• When people change frequency or location of bathing or use bottled water, other 
conditions may change as well as the water, including temperature of the water, soaps 
and lotions used, length of exposure time, and other environmental allergens may be 
present in one location but not another. 

At present, there have been no studies in the UK looking at changes in perceived health (e.g. 
skin irritation) when changes occur in water treatment, such as the introduction of 
chloramination in place of chlorination. A cross national study of drinking water quality 
perceptions by the University of East Anglia found the UK population had a greater tendancy 
to towards “chemophobia” than on the continent (Doria et al., 2009). This being the case, 
such perceptions would need to be recognised in any study which would reply to some extent 
on ‘self-reporting’ rather than medically-based endpoints. 

In the absence of any structured study, a UK water utility company, when asked informally 
about skin complaints and chloramination, commented that that they had a number of 
chloraminated zones and no particular issues with reported skin conditions had been 
identified. If chloramination were posing a significant problem, they would expect to see this 
reflected in the nature and number of skin complaints particularly when the water treatment 
zones were changed from chlorination to chloramination. Such an increase in reporting has 
not occurred. 
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7. Review of Possible Associations and 
Causalities of Experimental and Human 
Studies 

7.1 Animal data 

Data have been located for the chemical parameters and properties of interest. Of this data, 
no information on the vehicle used to apply the substance to the skin has been located. 
Limited data are available on the concentrations of the substances to cause irritation, and this 
varies, as does application time of the substance. The standard available tests for irritation 
and sensitisation are conducted at high concentrations and so, while the results indicate a 
potential for toxicity, nothing can be deduced about any threshold concentration at which such 
a toxic effect can be observed. 

Substances identified that as having the potential to be skin irritants in water based on 
drinking water parametersI include; 1,2-dichloroethane, acrylamide, arsenic acids, benzene, 
chromium VI compounds, copper sulphate, hardness, sodium hypochlorite, nickel (as a 
sensitiser), pH, PAHs, tetrachloroethane, tetrachloromethane and trichloroethylene. 

The lack of relevant data in experimental studies prevents associations between skin disease 
and the substances of interest in this research. The substances identified  are irritants and it is 
possible therefore that such substances if present in tap water are contributing to skin 
conditions, but lack of specific concentrations that affect skin means that any link cannot be 
substantially claimed and causality cannot be verified. 

However, the one study in dogs looking at water and irritation provides evidence that disease 
severity was less when the test shampoo was used in conjunction with soft water. The finding 
suggests that both the wash product used and the type of water need to be controlled in 
future trials. This has significant bearing on the recent human clinical trial where only the level 
of water hardness was controlled, and no difference between the treated and untreated 
groups was found subsequently.  

7.2 Human data 

This systematic review has found there to be general absence of robust interventional human 
studies on skin irritation and domestic tap water. To date there has been just one 
interventional clinical trial investigating a property of tap water in relation to skin irritation. 
While this study is of good design, and addresses the effect on a single intervention, there 
remains a large gap between the potential effects of tap water on the skin that were identified 
through mechanistic studies and any robust evidence in the form of interventional clinical 
trials.  
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A number of observational studies suggest that regular exposure of the skin to hard water, as 
opposed to soft water, exacerbates and/or prolongs the duration of AD. Mechanistic studies 
conducted in small cohorts of volunteers suggest that calcium and magnesium salts in water 
have a significant effect on the biophysical properties of the skin and may explain why the 
hardness of water is associated with the prevalence of AD, the pathogenesis of which 
involves breakdown of the skin barrier. Calcium is an important regulator of skin barrier 
structure and function. The loss of extracellular calcium following skin barrier disruption is a 
crucial signal for triggering the repair process. Exogenous calcium applied to the skin, like the 
calcium in hard water for example, has been shown to inhibit the repair process (Lee et al., 
1992).  

In contrast to calcium salts, magnesium salts (10 mM), except magnesium bis(dihydrogen 
phosphate), were found to accelerate the recovery of experimentally damaged skin in mice 
(Denda et al., 1999). Furthermore the positive effects of magnesium salts on skin barrier 
recovery were significantly enhanced in the presence of calcium, where the concentration of 
calcium was equal to or lower than the concentration of magnesium. Where the calcium 
concentration exceeded the concentration of magnesium, barrier recovery was inhibited 
significantly. In agreement with this, two human studies in this review have reported the 
beneficial effects of washing in water with high magnesium to calcium ratio (Proksch et al., 
2005; Yoshizawa et al., 2001). This effect is unlikely to be clear-cut, given that other ions, 
such as phosphate and potassium, appear to also affect skin barrier repair, and moreover 
modulate the effect of calcium and magnesium (Lee et al., 1992; Denda et al., 1999). In the 
case of hard water, free calcium ions predominate over magnesium ions, which putatively 
leads to the increased prevalence of AD. 

The mechanistic studies conducted by Bock and co-workers in human volunteers also support 
the negative effects of free calcium ions on skin barrier recovery (Bock and Schwanits, 1998; 
Bock et al., 2004). The treatment of SLS-irritated skin with CO2-enriched tap water depleted of 
free calcium improved recovery of the skin compared to untreated tap water. However,  
CO2-enrichment also affects the pH of water and the alkalinity of hard water (water containing 
calcium carbonate). The authors demonstrated that the application of CO2-enriched tap water 
reduced skin surface pH. pH is an important regulator of skin barrier homeostasis, and is 
normally maintained at around pH 4.5 to 5.5 at the surface of the skin. The elevation of skin 
surface pH toward neutral is associated with the pathogenesis of a number of inflammatory 
skin conditions including AD (Fluhr and Bankova, 2006). The elevation of skin surface pH 
results in the increased breakdown of the skin barrier. Similarly acidification of the stratum 
corneum has been shown to enhance skin barrier function and prevent the onset of murine 
AD (Hachem et al., 2010; Hatano et al., 2009). Notably increased water hardness is 
associated with increased alkalinity (hardness measured in calcium carbonate is equal to 
alkalinity). This raises the question of whether the negative effects of hard water are 
associated with the increased alkalinity (effectively buffering capacity) of water as opposed 
to/or in combination with the increased concentration of free calcium ions.  
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Rinsing the skin with tap water, generally slightly alkaline in Europe, has been shown to 
elevate skin surface pH, for 6 hours in one study (undefined water hardness), measured using 
a surface electrode (Gfatter et al., 1997; Lambers et al., 2006; Bornkessel et al., 2005). There 
is a need to conduct further studies to ascertain the effect of tap water alkalinity on the ability 
of water to alter skin-surface-pH and the longevity of the effect. It is reasonable to assume 
that hard water with high alkalinity will cause the greatest increases in skin surface pH for the 
longest period of time. Based on current literature prolonged increases in skin surface pH can 
be expected to facilitate skin barrier breakdown. Indeed, as has already been mentioned, skin 
surface pH, like tap water alkalinity (equal to hardness in both ecological studies performed 
(McNally et al., 1998; Miyake et al., 2004) is associated with AD. Skin pH is important to 
disease and repair whether change is genetic or environmentally induced or both. 

Both the elevated concentration of free calcium ions and the increased alkalinity of water are 
plausible mechanisms by which hard water could potentially disrupt the skin or delay its repair 
following disruption.  Water has been referred to as a weak irritant, defined as any agent that 
gradually reduces the structural integrity of the skin barrier, and reduces the water holding 
capacity of the skin resulting in dryer less pliable skin prone to the penetration of other irritants 
and allergens (Warren et al., 1996). Reduced skin barrier function is associated with 
increased irritation and allergen sensitisation. In this way the effect of tap water, and its 
components, on the bio-physical properties of the skin, and its ability to repair following insult 
is of significance, however direct evidence of irritation resulting from water exposure is 
required. 

Water has been shown to irritate skin under occlusion in a number of studies, however 
occlusion alone is known to facilitate/cause cutaneous irritation itself therefore these studies 
have not been included (reviewed in Tsai and Maibach, 1999). Notably however a study by 
Willis reported that the irritancy of sterile water (0.1 M HEPES in water for buffered solutions) 
under occlusion is increased at pH 7.5 compared to 3.5 in support of irritancy associated with 
the increasing alkalinity of tap water (Willis, 1973). In rare cases, exposure to high 
concentrations of calcium has been linked to a number of skin disorders including calcinosis 
cutis and perforating disorders (Lee et al., 2005; Wheeland and Roundtree, 1985).However at 
the reported concentrations this is not relevant to domestic tap water. Importantly none of the 
studies reviewed present a direct mechanism whereby water significantly irritates human skin 
in the absence of additional factors such as occlusion or prior disruption, SLS-irritation or a 
genetic predisposition to AD for example. Similarly there was no evidence to the contrary, that 
water is not irritating.  

It has been suggested that the irritant effects associated with hard water are indirect and 
related to the washing of skin, an unavoidable event during most exposures of skin to tap 
water. Washing the skin with soap and harsh detergents, used in liquid cleansers, can cause 
cutaneous irritation and elevated TEWL (reduced skin barrier function). The harsh detergent 
SLS for example is a standard skin irritant used in patch tests. It is thought to disrupt the skin 
barrier by several mechanisms including; a direct action on corneocytes leading to their 
swelling in size, denaturation of keratin structures via direct binding, elevation of stratum 
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corneum pH and alteration of lipid synthesis in the straum corneum, possibly as a result of 
local pH changes (Fluhr et al., 2006; Gloor, 2004). The irritancy of cleansers has previously 
been linked to the pH of the product, although in fact it is most likely that the buffering 
capacity of cleansers determines this effect (Baranda et al., 2002). Buffering capacity is the 
ability of a product applied to the skin surface to change the pH of the skin over a period of 
time. The use of soap and harsh detergents is an important negative environmental factor that 
contributes to the onset and severity of AD. In hard water areas, more soap and/or liquid 
cleanser is required to achieve lather during washing, thereby increasing their potential to 
cause irritation. In addition to promoting increased usage, rinsing the skin with hard water 
following washing is associated with increased residues of soap left on the skin following 
washing prolonging skin contact with these potential irritants. Soap and detergent residues 
are associated with subclinical damage of the skin barrier and delayed recovery of chronic 
irritant contact dermatitis, which is often referred to as the reservoir effect (Loden et al., 2003). 
It is to be expected that the damage caused by washing with increased amounts of surfactant, 
which remain on the skin for prolonged periods of time, is exacerbated by the inhibition of skin 
barrier repair by free calcium ions from hard water.  

Importantly the type of wash product used, soap or mild detergent for instance, greatly affects 
the irritant effects on the skin. Harsh surfactants such as soap exert a more pronounced 
negative effect on the skin when used with hard water compared to soft water, whereas mild 
surfactants remain relatively mild on the skin. Similarly the use of only very mild surfactants 
will reduce the need for skin barrier repair. To this end, the findings of any study assessing 
the effect of hard water on the prevalence of AD will be substantially affected by how many 
participants routinely use a product containing harsh surfactants, and how many use products 
containing very mild alternatives. Sophisticated wash products use very mild surfactants that 
have effects on the skin barrier similar to water alone (Ananthapadmanabhan et al., 2004). 
Additionally ion-chelating agents are used in these products to improve lather formation in 
hard water areas, and this directly affects skin ion exposure. Given the plausible interlinked 
role of water hardness and surfactant usage in determining skin irritation any future studies 
should aim to control or at least monitor wash product usage. The interaction between wash 
products, free calcium ions, calcium carbonate and skin should be investigated further to 
determine the extent to which surfactants and other additives can alter the way in which water 
hardness affects the skin. Where it is not possible, or even desirable, to alter the properties of 
water it may be possible to alter/improve the formulation of wash products to counteract the 
negative, potentially irritant, effects of water. 

The effect of water hardness, or indeed its alkalinity, on skin irritation/dermatitis is likely to be 
complex. The findings of the only human interventional study conclude that the replacement 
of calcium and magnesium ions in tap water with sodium ions using a water softener is 
unlikely to have any effect, on the severity of pre-existing moderate-severe disease in children 
aged 6 months to 16 years (mean age of 5.8), when used in isolation over a short period of 
time. It remains to be investigated whether water softeners can prevent the emergence of 
disease, as observational studies suggest that soft water may be beneficial to hard water. 
Moreover, as an additional negative environmental factor the relevance of hard water may 
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only be that it affects the development of skin disease in individuals with a predisposition to 
mild, non-atopic, disease, i.e. those who without significant contribution from their 
environment wouldn’t normally develop the disease. Given that AD resolves in the majority of 
cases, particularly mild non-atopic cases, by the age of 5 (Illi et al., 2004), the mean age of 
children participating in the trial, patients above this age are more likely to be true-atopic with 
a greater predisposition to AD. As such, the AD of participants in this study could be expected 
to have a reduced dependence on the contribution of negative environmental factors. The 
possibility also remains that alkalinity, or chlorine concentration, affect the severity of AD in 
this age group, or are a requirement for a combined effect with calcium ions, given that 
neither parameter is affected by ion-exchange treatment. The results of the soft water trial 
also emphasis that the interaction between tap water constituents/properties and wash 
products may be import as discussed. The study in dogs provides imporant evidence of the 
need for wash products to be controlled in future clinical studies.  

The interaction with wash products is suggested to be important in determining the effect of 
other chemical components of tap water including nickel and chromium. Prior damage to the 
skin using the detergent SLS, found in wash products, was shown to enhance nickel-induced 
irritation 4-fold (Agner et al., 2002). In the absence of skin barrier damage the levels of these 
metals in tap water is thought to be insignificant in terms of skin irritation. This suggests that 
the way to address the problem is not by means of setting drinking water standards rather it 
points to the need to provide better consumer advice and labelling for, the types of wash 
product used. Selecting the right products may lead to improved skin condition, whereas 
selecting the wrong products could lead to avoidable, enhanced skin sensitivity including 
sensitivity to certain types of tap water. Such a course of action would also require there to be 
a scientifically robust and justified methods for determining the quality, in terms of their effect 
on the skin, of different wash products, under different conditions (hard compared to soft 
water). This alone is insufficient, and additionally requires that there is a mechanism for 
enabling consumers to make informed decisions about the products they use based on 
universally recognised and accepted scientific data. Currently manufacturers make a number 
of meaningless claims about their products, such as “dermatologically tested”, a general claim 
that doesn’t reflect the products’ actual attributes. Another example is the labelling of products 
as “pH 5.5” suggesting that they help maintain the skins natural surface pH, when in fact the 
products may have little or no buffering capacity resulting in rapid elevation in pH during 
washing. A labelling format/system is required that will enable consumers to distinguish 
products with a range of different effects on the skin barrier, and therefore choose the most 
appropriate based on their skin type or the hardness of their water supply. This has parallels 
with the way that consumers know to use different settings on washing machines if they live in 
a hard water area. Consumers should be able to see meaningful and reliable information and 
regulation of claims on the packaging of wash products is not a new concept, having been 
pursued by the National Eczema Society for many years, owing to the long-held 
understanding that soap and harsh detergents are a negative environmental factor involved in 
the exacerbation of AD. Identification of appropriate labelling or an identification system would 
create voluntary action as a first step, before regulation is introduced. Advice leaflets 
developed by the toiletries industry and the water industry would be an initial consideration. 
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In order to determine whether the emphasis for change should be placed on the properties of 
water, or the design of wash products, thorough investigation is required. This review provides 
the basis for designing the necessary experiments. It is likely that the tests involved will also 
be important for the assessment of wash products in the future. 

It appears clear that up to 20% of women and 5% of men may be sensitised to nickel. Several 
studies indicate that challenge and subsequent dermatitis may be induced orally and by 
dermal exposure to nickel in water. The concentration of nickel in water in these experiments 
is several orders of magnitude higher than that normally found in water. However, the time of 
exposure was short (10 minutes). The leaching experiment conducted on kettles showed, and 
those currently being executed on chrome plated taps may show, high levels of nickel in 
drinking water in certain situations of leaching and stagnation. It is currently unclear whether 
these concentrations (which may be up to 400-1000 µg/l from leaching) would be sufficient to 
trigger dermatitis in sensitive people but it is medically plausible. 

At any one time, it is suggested that 10% of the population may be suffering skin conditions of 
some kind, and many different exposures and circumstances may play a role in these 
conditions. Therefore, demonstrating an association between a skin condition and a single 
factor, let alone cause and effect, requires a large-scale well designed epidemiological study, 
taking into consideration all confounders and biases. At present, the evidence that 
chloramination can lead to skin conditions is anecdotal and although many case studies have 
been carefully compiled, they have not been subject to peer review. The water companies 
using chloramination suggest that a small increase in complaints immediately after 
introduction, and the number of complaints diminishes after about two months. It appears that 
if there is an effect on skin conditions, it is a small sub-population of people. The incidence of 
concerns in public perception of chemicals in tap water are strong in the UK, as a 
consequence of perceived exposure to chemical risks. This may account for the increased 
reporting of symptoms following a report of chemicals in tap water (Doria et al., 2009). 

7.3 Conclusion 

The skin barrier plays an important role in maintaining skin integrity and various factors may 
affect this barrier. A greater dose of negative environmental factors makes the skin barrier 
defect and clinical disease more severe. Calcium and magnesium salts in tap water have a 
significant effect on the biophysical properties of the skin and may explain why the hardness 
of water is associated with the prevelance of AD. Exogenous calcium has been shown to 
inhibit the repair process, while magnesium has been found to accelerate the recovery of 
experimentally damaged skin. pH is also an important regulator of skin barrier homeostasis 
and elevation of pH results in the increased breakdown of the skin barrier. Rinsing the skin 
with tap water (slightly alkaline) can raise the pH of the skin for several hours. Both the 
increased concentration of calcium ions and the increased alkalinity of tap water could be 
reasons why hard water may disrupt the skin or delay its repair. 
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Tap water exhibits natural properties with intrinsic irritating potential, however, the threshold 
and exposure time required for an effect is unknown.  

There is currently only one interventional clinical trial investigating the effect of domestic tap 
water on skin irritation. This study found that the replacement of calcium and magnesium ions 
in tap water with sodium ions using a water softener is unlikely to have any effect, when used 
in isolation over a short period of time, on the severity of pre-existing moderate-severe 
disease in children aged 6 months to 16 years (mean age of 5.8 years). Three observational 
studies looking at water hardness and the prevalence of eczema were located, which 
replicate findings of evidence suggesting an effect of water hardness or alkalinity on the 
prevalence of eczema. Several mechanistic studies are available looking at the effect of water 
hardness, calcium, magnesium and the alkalinity of water on the skin, indicating again that 
alkalinity or hardness may play a role. Mechanistic studies for nickel and chromium have also 
been located. Observational studies have also looked at chlorine and skin irritation. Case 
studies are available for nickel, 1-bromo-3-chloro-5,5-dimethylhygrantoin and chloramine, and 
anecdotal evidence is available for aluminium, nickel and use of chloramination to treat water. 

Although three ecological studies have found an association between water hardness and 
increased rates of childhood eczema, a high quality clinical trial failed to find any evidence of 
benefit for installation of ion-exchange water softeners for children with pre-existing moderate 
to severe eczema.   

With respect to water softeners as an ancillary treatment for AD, there remains the need to 
assess their effect on mild disease, and more importantly the development of disease from 
birth before the development of disease. The trial did not address the role of water alkalinity, 
not altered by water softeners, and of chlorine in the development of AD, and more general 
skin irritation. The findings from both observational and investigative studies provide 
compelling mechanistic evidence for the damaging effects of water hardness and alkalinity 
during washing. The interaction between wash products and water, specifically its alkalinity 
and calcium concentration, has been shown to modify the effects on washing on the 
biophysical properties of the skin. When wash products containing harsh surfactants are 
used, irritation of the skin is enhanced. The use of harsh surfactants to damage the skin was 
also found to facilitate irritation to metal ions, such as nickel, suggesting that washing with 
inappropriate products could lower the threshold level of irritation. The interaction between 
wash products and wash water suggest that irritation could be overcome by 2 approaches, 
either adjustment of water properties or improvement inf wash product design. The later 
would require standardised product testing and better labelling on packaging to ensure 
consumers can make informed choices.  

The mechanistic evidence summarised in this report suggests an irritant effect of washing 
with harsh hard water with high alkalinity. Robust evidence of this irritation in humans is 
required in the form of well-designed interventional clinical trials.  



Drinking Water Inspectorate 
 

WRc Ref: DWI8375.01/15491-0 
March 2011 

© WRc plc 2011 78

It is recommended from this review that much needed future clinical trials focus on prevention 
early on in life (from birth) and control for the types of wash product used, the hardness of 
water and its alkalinity. The next step however, in order to best guide the design of future 
clinical studies, is to further define the effect of water hardness, the concentration of free 
calcium and magnesium, the alkalinity of water, and the interaction of these properties with 
wash products on the biophysical properties of the skin, including measures for irritation, 
permeability barrier function, skin-surface pH, protease activity, and lipid structure. It remains 
unclear whether the putative association between water hardness and skin irritation results 
from the concentration of free calcium ions, alkalinity, the interaction between one of these 
factors with wash products, or a combination of all of them. 

The results of these studies will be essential in designing optimal clinical trials. Identifying 
whether wash products play a role in determining skin irritation associated with hard water will 
enable the formulation of new strategies for improving public skincare. 

7.4 Future avenues of research  

Where potential associations have been identified from experimental or epidemiological 
studies, future possible human and experimental studies are outlined in Table 7.1. 
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Table 7.1 Future avenues of research 

Parameter General findings and hypotheses Suggested future work 

Water hardness 
and pH 

Evidence suggests some exacerbation of eczema, and/or increased 
prevalence with hard water/water with high alkalinity in three large 
observational studies. The Nottingham study suggests that a 
change to artificially  soft water does not alleviate pre-existing 
symptoms of moderate-severe childhood eczema. 

Calcium salts (as in hard water) may have detrimental effects on the 
skin. 

Magnesium salts (as in hard water) may have beneficial effects on 
the skin. 

The skin barrier is acidic and an increase in pH is associated with 
pathogenesis of a number of skin conditions. Tap water with high 
alkalinity could potentially modify skin surface pH leading to 
detrimental effects. 

 

Effect of tap water (at its normal pH) on skin surface pH and 
longevity of any effect and the effects of changing water pH and 
alkalinity in tap water in human volunteers (healthy) and those 
with existing AD to see how tap water pH may affect skin barrier 
integrity measured by transepidermal water loss, how long the 
surface pH remains perturbed and whether there is any 
difference in activation of skin proteases. 

Laboratory experiments on the effect of different tap waters 
(including variable hardness and alkalinity) on the skin barrier. 

Possible review (depending on results of above studies) of 
economic and human health impact of reducing pH of tapwater. 

Large interventional clinical trial(s) on the efficacy of water 
treatment for the prevention of AD from birth may be appropriate, 
following on from mechanistic studies. It is essentially that the 
indicated mechanistic studies are conducted first to enable the 
best design of clinical trials. Water treatment may involve the use 
of a water softener, reducing water alkalinity, using optimum 
wash products that do not damage the skin barrier as a result of 
their interaction with hard water, or a combination of these. 

Personal Care 
Products 

Tap water, in conjunction with shampoos, may have detrimental 
effects on the skin barrier. 

Harsh surfactants exact more pronounced negative effects on the 
skin when used with hard water while mild surfactants have little 
effect.  

Many PCPs are alkaline and have negative effects on the skin 

Functional studies on water hardness/pH and the effect of PCPs 
on the skin including testing on a range of skin hygiene products 
including shampoos and shower gels, etc., (including those 
products than claim to be skin pH friendly) to explore their 
physiological effects in normal and atopic dermatitis skin, e.g. if 
they are lower pH products, how long does that pH remain low 
on the skin, and likewise, if it is an alkaline product, how long 
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Parameter General findings and hypotheses Suggested future work 

barrier. 

There is little control over the claims of efficacy and endorsements 
of PCPs. 

does the skin pH remain raised? 

Interactions between PCPs, calcium ions and the skin. 

Human studies on the effects of PCPs on the skin used with tap 
or ultrapure water. 

Nickel Nickel causes contact sensitisation and nickel in water may 
potentially present a challenge to sensitise individuals via dermal 
and oral contact. 

Exposure of tap water containing nickel is potentially high from 
chrome-plated taps and plastic taps in particular, after long 
stationary periods, e.g. at night. 

Measurement of the potential concentration of nickel in water 
and in contact with skin and the amount required to elicit a 
challenge and response. 

Chloramination Some anecdotal evidence is available suggesting that 
chloramination may increase skin irritation and dermatitis in a small 
group of individuals. 

Comparative study on chloramination exposure and skin disease 
in different locations. London – a big population – has 
chloraminated supply and would be expected to show higher 
reports than other cities in UK such as Manchester.  A 
comparison of skin contacts between these two cities could be 
conducted as the chlorine/chloramine and the hard/soft water 
both differ. 
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8. Assessment of How Drinking Water Quality 
Data of Customer Skin-related Health 
Concerns May be Used to Analyse Skin 
Irritation Effects of Drinking Water 

8.1 Outline of requirement to collect data 

Water Companies are required to collect and provide consumer contact data to DWI 
regarding a number of factors.  

On an annual basis since 2005, the DWI has received details from water companies, of the 
number of consumers contacting them about water quality. The numbers are recorded for 
each water supply zone and are put into 5 broad categories.  

• Enquiries; 

• Appearance; 

• Taste and Odour; 

• Illness; and 

• Water Quality Concerns. 

Within the categories there are subcategories. Within the “illness” category are the 
subheadings: 

• Gastroenteritis; 

• Oral; 

• Skin; and 

• Medical Opinion. 
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8.2 Available data 

8.2.1 Definitions 

A consumer contact about illness is a contact where the consumer attributes specific 
symptoms of illness to the water, including reports of illness amongst family members of the 
household, within their workplace or at another location such as a school. 

A contact is recorded in a category whenever the consumer reports symptoms of ill health in 
their household or workplace or some other location such as a school and attributes these 
symptoms to the water. The illness categories are defined as follows: 

Gastroenteritis 

The symptoms are described as one or more of the following; sickness, diarrhoea, vomiting, 
nausea, bilious (or equivalent lay terms such as stomach upset). 

Oral 

The symptoms relate to when water is taken into the mouth (include here descriptions such as 
sore throat, burning sensation on tongue or when swallowing, heartburn). 

Skin 

The symptoms relate to a sensation (irritation, itchy) or a change in appearance (red, blotchy, 
dry, flaky) of the skin anywhere on the body (including the scalp and hair condition). Include 
here reports of results of tests on hair or patch tests for allergies where positive findings were 
attributed to tap water. 

Medical Opinion 

This category is used when it is clear that the only reason for the contact by the consumer is 
advice they have been given by a doctor (or some other health professional such as a nurse, 
health visitor, consultant, or surgeon) along the lines of “my doctor said tap water was bad for 
me”. The advice may be verbal or in the form of a leaflet provided by the doctor or the health 
professional. Exclude from this category any contacts where consumers are reporting a 
confirmed diagnosis of cryptosporidiosis, these should be included in the Gastroenteritis 
category above. Also exclude contacts where the medical advice is indirect e.g. doctor writing 
in a magazine or on the internet or interviewed on TV, radio, internet. 

8.3 Type of data 

Data are numerical and categorised into: 

• The company name; 
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• The zone reference; 

• The total population for the zone; 

• The number of contacts for each illness category (gastro, oral, skin, medical opinion) 
and the sum of these contacts for each zone; 

• The total number of all water quality concerns (i.e. the total for Enquiries, Taste & 
Odour, Appearance, Illness, Water quality concerns); 

• The data set excludes contacts during incidents so it represents individual reporting in 
relation to normal water quality and supply situations. 

8.4 The possibility of use of data 

The data supplied by DWI has been categorised into company codes and supply zones within 
each company area. Data are available from 2005-2009, inclusive, and data on levels of 
nickel, calcium carbonate, calcium and magnesium is also available for each zone. The 
population in each zone when matched to the number of illness contacts and the number of 
these that pertain to skin shows that the number of these contacts are low. 

If water quality compliance data was collated for each water supply zone, it would be possible 
to undertake a statistical analysis to test for an association between water quality parameters 
and the incidence of reported skin irritation. However, the dataset currently available has a 
number of weaknesses that could mask any association and make the results difficult to 
interpret: 

1. The information is a consumer report which is not verified by medical professionals and 
therefore reflects the customer’s subjective perception of their skin condition.  

2. The data depends on individual’s desire to positively make contact with the water 
company regarding the status of their skin, which introduces reporting bias into the 
data. While it is better than a questionnaire approach in that a customer has made an 
effort to report, it is not medical data. 

3. The DWI summary data counts the number of reports per water supply zone and does 
not provide details when the customer contact was made, or where within the water 
supply zone the customer lives. However, water companies do hold this information. 

4. The number of customer contacts per water supply zone is generally very low, which 
means that any effect is likely to be subtle and therefore difficult to detect.  
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5. The data contains no information about the personal attributes of the customer, so 
there is no way to control for multiple confounding factors that influence people’s 
susceptibility to skin irritation or their propensity to contact water companies to report 
their condition. Limited data on the customer (such as postcode and gender) are held 
by the water companies.   

6. Analysis of a wide range of water quality parameters is possible but it increases the risk 
of detecting a spurious result – i.e. an apparent association between water quality and 
illness that is purely due to random chance. 

Analysis of data at the scale of a water supply zone increases statistical power; for example, 
geographic differences in demographic and socio-economic status of customers will tend to 
become smaller as data is aggregated to larger spatial scales. But even if an association 
between water quality and skin irritation were detected then this could not be interpreted as 
evidence of cause and effect. For example, an apparent relationship between water hardness 
and skin irritation might reflect a greater use of detergents in hard water areas. In order to 
devise a reliable study using data that may be obtained from the DWI, increased information 
on adverse skin events and their relationship to tap water are required. For example, more 
detail on the type of skin complaint, and whether there was any follow up (from GP levels) and 
information on the incidence of skin disease after use of water from a different region. This 
would enable the range of complaints to be identified before any follow-up investigation to 
determine causality.  

8.5 Recommendations for data to be collected 

A vigilance system designed to develop standard procedures for enhanced data collection on 
skin disease in relation to tap water would facilitate the use of such data to determine trends 
of occurrence matched against target parameters. 

Self-diagnosis and self-medication are common following mild skin reactions, and therefore 
may not be reported in a self-reporting vigilance system. Including family doctors and 
dermatology consultants will enhance the strength of associations. 

An example of a vigilance system for reporting skin disease in association with cosmetic or 
household cleaning product use has been implemented by the Agence Francaise de Securite 
Sanitaire des Produits de Sante (AFSSAPS; French agency for the Safety of Healthcare 
Products) and used by Unilever in France since 2003 (Kornfeld-Lecanu et al, 2010). 

Such a system can be aligned with incidence of skin disease reported from contact with tap 
water. 

The system implemented by Unilever comprises: 

• Collection of reported cases of skin reactions; 
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• Case analysis conducted by a dermatologist according to an algorithm based on 
pharmacovigilance methods. 

Cases are collected via a standard procedure based on spontaneous reporting by consumers 
who contacted Unilever by telephone, post or email. During initial contact, a trained call centre 
agent used a standard questionnaire to collect all of the required information for the 
subsequent case analysis, including chronological and clinical details (e.g. the anatomical 
location and appearance of the reaction). The customer would then be advised to see a 
doctor, depending on the severity of the reaction, and to stop using the product, although it is 
unlikely that this can be advised for tap water. Two weeks later, the consumer was contacted 
again to determine the outcome of the reaction. If the consumer had consulted a doctor, then 
the consultant would contact the health practitioner to discuss the case (with the patients’ 
permission). Required equipment was sent to the doctor if a patch test were required. 

Cases were then analysed by the consultant dermatologist. An algorithm based on those 
used for pharmacovigilance was developed and adapted. The causal relationship with the 
product was determined using a score combining chronological data (compatible, not clearly 
compatible, unknown or incompatible chronology), clinical data and results of the re-
introduction of the implicated products and patch testing. Again, it is acknowledged that 
withdrawal of tap water may not be feasible, and therefore re-introduction would not be 
necessary. Each case was finally classified as causal relationship excluded, doubtful, 
possible, probable or highly probable. 

A pilot of a similar scheme in one region may be appropriate to determine the feasibility of 
collating such information nationally with regards to tap water.  

8.6 Potential study 

If the type of data outlined could be collected, then associations between degree of plausibility 
of an association and specific properties of tap water in different regions could be studied. 

These data may show unusual clusters in some areas, in which the tap water from that area 
can be investigated to determine any atypical parameters or properties potentially causing 
such effects. An improved dataset could be analysed to identify geographic variation in the 
incidence of skin irritation, and used to select individual households for a more detailed 
epidemiological survey.  

The number of skin contacts for each zone could be matched to the water parameters 
identified (22 chemical parameters and two properties) as priorities for each zone, to 
determine if any trend exists between a particular parameter/set of parameters and the 
number of contacts regarding skin problems. 

Data on the parameters from water companies per supply zone are reported to DWI, 
however, the frequency of monitoring depends on the parameter in question. Not all of the 
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identified parameters have water quality standards; therefore, this data would not be readily 
available (for example, water hardness). However, water companies have operational data 
that could be used in a study. The list of parameters can be further prioritised from this review 
of skin irritation and tap water quality. Such parameters are pH, hardness, alkalinity, nickel 
and chloramine.  

Confounding factors associated with the data provided must be accounted for with the data 
analysis and these need to be identified for use in a future study. These could be identified by 
discussions with the cosmetics industry and learned bodies such as the National Eczema 
Society. Such confounders could be lifestyle factors of those motivated to make a customer 
contacts, existing skin conditions, use of detergents and personal care products, time of year, 
occupation, age etc. This information could be used to gauge the strength of evidence for a 
causal relationship; each case could then be weighted by the strength of evidence (more 
powerful than simple count of number of incidences). 

Mechanistic studies to determine biological plausibility of a postulated association between a 
particular parameter and skin problems, individually and in combination, and the resolution of 
effects of washing will substantially increase the likelihood of obtaining meaningful results 
from future clinical trials.  
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Appendix A Toxicity Data Search 
Scoring of quality of studies 

As an important part of the literature review of the animal and in vitro studies and the 
subsequent risk assessment, the quality of studies will be assessed using a Klimisch code, 
which is a classification code used for toxicological studies in assessments for the OECD and 
other authoritative bodies. This is based on the extent of peer-reviewing, the use of standard 
protocols (such as those laid out by OECD), and the robustness of the methodology in terms 
of controls, analysis, animal or volunteer numbers, etc. They are based on three principles: 
adequacy, reliability and relevance of the available data (Klimisch et al., 1997). Definitions of 
Klimisch codes are provided below: 

1. Reliable without restrictions: Studies or data generated according to internationally 
accepted testing guidelines, or test parameters documented are based on a specific 
testing guideline. 

2. Reliable with restrictions: Studies or data that do not totally comply with the specific 
testing guideline, but are sufficient to accept the data as well documented and 
scientifically acceptable. 

3. Not reliable: Studies or data in which there were interferences between the measuring 
system and the test substance or in which organisms/test systems were used which are 
not relevant, or generated according to a method which is not acceptable, the 
documentation of which is not sufficient for assessment and which is not convincing for 
an expert judgment. 

4. Not assignable: Studies or data that do not give sufficient experimental details and are 
only listed in short abstracts or secondary literature. 

The definitions of each Klimisch code have been broken down into separate criteria. The 
criteria are; guideline compliance (including significant deviations that would need to be 
incorporated into risk/hazard assessment), Good Laboratory Practise (GLP) status, 
acceptability of the study with regards to its scientific quality, documentation of the study and 
detail provided. These are described in more detail below. 

Most value is put on studies scoring 1 or 2. 

Guideline compliance  

The Organisation for Economic Co-operation and Development (OECD) Guidelines for the 
Testing of Chemicals are a collection of the most relevant internationally agreed testing 
methods. The Test Guidelines ensure that results are obtained by the same method and to 
the same standard. Studies should either conform to an OECD Test Guideline number, or be 
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broadly similar to these methods, without any significant deviations that would result in 
difficulties performing hazard/risk assessments. 

GLP status 

Good Laboratory Practice (GLP) principles were established in 1981 by the OECD. GLP 
examines how laboratory studies are planned, performed, monitored, recorded, reported and 
archived, and so ensures that results are a true reflection of the study. GLP is implemented by 
laboratory inspections and study audits.  

Scientific Acceptability  

The study should be carried out to robust scientific principles, to ensure the relevance and 
adequacy of results. 

Documentation  

The method and results should be fully described in the study report to enable full expert 
assessment of the study. 

Detail 

The study report should include sufficient detail to enable independent expert assessment of 
the findings and subsequent enable risk/hazard assessment. 

Search terms 

The search terms below were used to identify any relevant studies available in the open 
literature: 

• Water; 

• Tap water; 

• Tap; 

• Irritation; 

• Sensitisation; 

• Chlorine; 

• Hard water; 
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• Drinking water; 

• Bathing water; 

• Chemical parameters; 

• Physical parameters. 

Search methods for identification of studies 

Electronic searches 

The following databases were searched for relevant studies: 

SRC Physprop database 
http://esc.syrres.com/interkow/physdemo.htm 
 
ChemID Plus 
http://chem.sis.nlm.nih.gov/chemidplus/ 
 
Mammalian Toxicity 
 
General: 
Annex VI of CLP  
http://ecb.jrc.ec.europa.eu/classification-labelling/clp/ 
 
TOXNET   
http://toxnet.nlm.nih.gov/ 
 
OECD eChem Portal                                       
http://www.echemportal.org/echemportal/index?pageID=0&request_locale=en 
 
IPCS INCHEM   http://www.inchem.org/ 
 
ATSDR (MRLs only unless no data)                
http://www.atsdr.cdc.gov/toxprofiles/index.asp 
 
PubMed                                                           
http://www.ncbi.nlm.nih.gov/pubmed 
 
National Toxicology Programme           
http://ntp-server.niehs.nih.gov/ 
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IUCLID & EU RAR &                                  
http://ecb.jrc.ec.europa.eu/ 
 
US EPA IRIS  
http://cfpub.epa.gov/ncea/iris/index.cfm?fuseaction=iris.showSubstanceList&list_type=alpha&
view=all 
 
ITER    http://www.tera.org/iter/ 
 
IARC Classifications                                       
http://monographs.iarc.fr/ENG/Classification/ 
 
Environmental Health Criteria  
http://www.who.int/ipcs/publications/ehc/ehc_alphabetical/en/index.html 
 
JECFA  (as appropriate) 
http://apps.who.int/ipsc/database/evaluations/search.aspx 
 
SIDS                                                              
http://www.chem.unep.ch/irptc/sids/oecdsids/sidspub.html 
 
Search strategy  
 
1. CAS number 

2. “animal”[Mesh] OR animal 

3. “search_term_from_table_3.1”[Mesh] AND search_term_from_table_3.1 

4. "skin irritation" OR "cutaneous irritation" OR "skin reaction" OR "cutaneous reaction" 
OR "skin inflammation" OR "cutaneous inflammation" OR “erythema”[Mesh] OR 
erythema OR “skin-surface-pH” 

Searching other resources 

Relevant studies will be identified by searching the reference lists of identified, included, 
studies and from current reviews on the subject material. 

Restrictions to search 

Searches will be restricted to material published in English only.      
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Appendix B Human Data Search 
Primary objective 

To assess the effects of tap water, or specific chemical parameters of tap water (listed in 
Table 3.1), on skin irritation in the general population. Skin irritation caused by chemicals at 
levels less than or equal to those present in drinking water within the UK, or tap water with a 
defined chemical composition where its parameters match or fall within those of UK drinking 
water, represents a health issue for UK residents. Alternatively evidence of no skin irritation 
would support the safety of UK drinking water. The absence of robust and unbiased human 
clinical studies should guide new studies. 

Table B.1 Chemical parameters in UK tap/drinking water to be included in the 
review 

 

Chemical Name CAS Number Search terms 

Group 1:   

1,1-Dichloroethane 75-34-3 "1,1-dichloroethane "[Substance Name] OR 1,1-
dichloroethane OR “Ethylidene chloride” 

Acrylamide 79-06-1 "Acrylamide"[Mesh] OR acrylamide OR 2-Propenamide OR 
“Acrylic acid amide” 

Aluminium 7429-90-5 "Aluminum"[Mesh] OR aluminium 

Arsenic 7440-38-2 "Arsenic"[Mesh] OR arsenic 

Benzene 71-43-2 "Benzene"[Mesh] OR Benzene 

Bromate (BrO3) 7440-70-2 "Bromates"[Mesh] OR bromate 

Calcium 7782-50-5 "Calcium"[Mesh] OR calcium 

Chlorine 15541-45-4 "Chlorine"[Mesh] OR chlorine 

Chromium (total) 7440-47-3 "Chromium"[Mesh] OR chromium 

Copper 7440-50-8 "Copper"[Mesh] OR copper 

Magnesium 7439-95-4 "Magnesium"[Mesh] OR magnesium 

Monochloramine (Chloramine, 
chloramines, measured as free 
chlorine) 

10599-90-3 "chloramine "[Substance Name] OR "Chloramines"[Mesh] 
OR chloramide OR chloramine OR monochloramine OR 
chloalformamide OR chloralamide OR monochloramide 

Nickel 7440-02-0 "Nickel"[Mesh] OR nickel 

Polycyclic aromatic 
hydrocarbons (PAH; other than 
benzo[a]pyrene) 

- "Polycyclic Hydrocarbons, Aromatic"[Mesh] OR Polycyclic 
aromatic hydrocarbons 

Tetrachloroethene 
(Tetrachloroethylene) 

127-18-4 "Tetrachloroethylene"[Mesh] OR Perchloroethylene OR 
Tetrachloroethene OR Tetrachloroethylene 

Tetrachloromethane 56-23-5 "Carbon Tetrachloride"[Mesh] OR “Carbon tetrachloride” OR 
Tetrachloromethane 
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Chemical Name CAS Number Search terms 

Trichloroethene 
(Trichloroethylene) (TCE) 

79-01-6 "Trichloroethylene"[Mesh] OR Trichloroethene OR 
Trichloroethylene 

Group 2 (low priority):   

Epichlorohydrin 106-89-8 "Epichlorohydrin"[Mesh] OR Epichlorohydrin OR “1-Chloro-
2,3-epoxypropane" 

Heptachlor 76-44-8 "Heptachlor"[Mesh] OR Heptachlor OR “1,4,5,6,7,8,8-
Heptachloro-3a,4,7,7a-tetrahydro-4,7-methanoindene” 

Heptachlor epoxide 1024-57-3 "Heptachlor Epoxide"[Mesh] OR “Heptachlor epoxide” OR 
“Heptachlor exo-epoxide” OR “exo-1,4,5,6,7,8,8-
Heptachloro-2,3-epoxy-4,7-methano-3a,4,7,7a-
tetrahydroindane” 

Perfluorooctanoic acid (PFOA) 335-67-1 "perfluorooctanoic acid "[Substance Name] OR 
“Perfluorooctanoic acid” OR “Pentadecafluorooctanoic acid” 
OR “Perfluorocaprylic acid”  

Vinyl chloride 75-01-4 "Vinyl Chloride"[Mesh] OR Vinyl chloride OR Chloroethylene 

Water properties:   

Hardness - "Water Softening"[Mesh] OR “water hardness” OR “hard 
water” OR “soft water” OR “water soft*” 

“calcium carbonate” OR “calcium bicarbonate” OR “carbonic 
acid” OR “calcium sulphate” OR dolmite OR “calcium 
magnesium carbonate” 

pH - (“water”[Mesh:NoExp] OR water) AND pH 

General:   

Tap water NA “tap water” OR “drinking water” OR “domestic water” OR 
“municipal water” 

 

Secondary objective 

To assess whether sub-populations, e.g. those with atopic eczema, have an increased 
susceptibility to skin irritation by tap water, or chemical parameters of tap water. 

Criteria for selecting studies  

Types of studies 

All randomised, and non-randomised, studies, including clinical trials, case control studies and 
cross sectional surveys for example, involving the general population where tap/drinking 
water or any of the chemicals listed in Table 3.1 have been tested in a way that approximate 
normal use will be included. 
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For the secondary objective studies where the effect of tap/drinking water or any of the 
chemicals listed in Table 3.1 has been tested in distinct, defined, sub-populations of interest 
will be identified. The sub-populations of interest include patients with dermatitis or other 
inflammatory skin disorder, where a doctor has diagnosed this, or subjects with a self-
reported history of dermatitis or skin sensitivity. 

Types of participants 

All human subjects regardless of age, sex, ethnicity and medical background will be included.  

Types of interventions 

Exposure of skin in situ to tap/drinking water with a defined chemical composition compared 
to a suitable control or comparator, such as purified water (distilled, deionised or filtered) or 
another source of tap/drinking water with a defined chemical composition. 

Exposure of skin to any of the chemicals listed in Table 3.1 compared to a suitable control, for 
example a solution of nickel in deionised water may be compared to deionised water (from the 
same source) alone. The source and composition of the water/test vehicle should be defined. 
The test chemical should be the only variable parameter studied, and should be at a 
concentration relevant to the parameters found in UK tap/drinking water. Studies where the 
test chemicals have been applied to skin along with enhancers of skin penetration or delivery 
not normally present in tap/drinking water will be excluded. The duration and frequency of 
exposure is not defined, however should be commensurate with normal expected exposure of 
skin to tap/drinking water. 

Types of outcome measures 

The types of outcome measures included are listed below in order of priority, starting with the 
primary outcome measure: 

1. Signs: redness, flaking, dryness, visible eczema, cracking. Preferably conducted by an 
independent observer; 

2. Symptoms: burning or stinging or itching; 

3. Biophysical measures: transcutaneous blood flow or redness as measured by 
erythemometer or transepidermal water loss; 

4. Prevalence of disease, e.g. atopic dermatitis or other inflammatory skin disease. 

Biological and cellular measures, such as inflammatory cell infiltrate or cytokine release, will 
be discussed in support of the outcome measures listed above where data is available, but 
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are not considered in the selection of studies because they may indicate sub-clinical changes 
only.  

Search methods for identification of studies 

Electronic searches 

The following databases will be searched for relevant studies: 

• The Cochrane Central Register of Controlled Trials (CENTRAL) in The Cochrane 
Library, Issue 4, 2010; 

• MEDLINE from 1966 to 2010 via Pubmed (National Library of Medicine, U.S.); 

• Scopus including EMBASE records from1980 to 2010 (Elsevier B.V.); 

• Web of Sciences comprising the Science Citation Index expanded from 1900 to 2010 
and Conference Proceedings Citation Index – Science (CPCI-S) from 1990 – 2010 via 
Web of Knowledge (Thomson ISI); 

• BIOSYS previews from 1969 to 2010 via Web of Knowledge (Thomson ISI); 

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

Search strategy for Scopus 

1. TITLE-ABS-KEY(human) 

2. TITLE-ABS-KEY(search_term_from_table_1) 

3. TITLE-ABS-KEY("skin irritation" OR "cutaneous irritation" OR "skin reaction" OR 
"cutaneous reaction" OR "skin inflammation" OR "cutaneous inflammation" OR 
erythema) 

4. #1 AND #2 AND #3 

5. TITLE-ABS-KEY(eczema OR dermatitis) 

6. #1 AND #2 AND (#3 OR #5) 
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Search strategy for BIOSYS previews and Web of Science. 

1. human [Topic] 

2. search_term_from_table_3.1 [Topic] 

3. "skin irritation" OR "cutaneous irritation" OR "skin reaction" OR "cutaneous reaction" 
OR "skin inflammation" OR "cutaneous inflammation" OR erythema [Topic] 

4. #1 AND #2 AND #3 

5. eczema OR dermatitis [Topic] 

6. #1 AND #2 AND (#3 OR #5) 

Search strategy for MEDLINE. 

1. “humans”[Mesh] OR human 

2. “search_term_from_table_3.1”[Mesh] AND search_term_from_table_3.1 

3. "skin irritation" OR "cutaneous irritation" OR "skin reaction" OR "cutaneous reaction" 
OR "skin inflammation" OR "cutaneous inflammation" OR “erythema”[Mesh] OR 
erythema OR “skin-surface-pH” 

4. #1 AND #2 AND #3 

5. “Dermatitis”[Mesh] OR dermatitis OR eczema 

6. #1 AND #2 AND (#3 OR #5) 

Search strategy for CENTRAL 

1. human 

2. search_term_from_table_3.1 

3. "skin irritation" OR "cutaneous irritation" OR "skin reaction" OR "cutaneous reaction" 
OR "skin inflammation" OR "cutaneous inflammation" OR erythema 

4. #1 AND #2 AND #3 

5. dermatitis OR eczema 
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6. #1 AND #2 AND (#3 OR #5) 

Searching other resources 

Relevant studies will be identified by searching the reference lists of identified, included, 
studies and from current reviews on the subject material. 

Restrictions to search 

Searches will be restricted to material published in English only.    

Table B.1 Data collection form 

 

Main conclusions Brief summary 

Methods Type of study: 
Method of treatment allocation: 
Blinding 
Sample size calculation: was the study powered? 
Funding: 

Participants Location inc. country 
Timeframe 
Eligibility criteria 
Exclusion criteria 
Number recruited inc. age range, sex, ethnicity, skin condition/history of skin 
disease 

Interventions Type 
Dose 
Frequency 
Duration 
Chemical composition of water 
Is the intervention relevant to tap/drinking water parameters within the UK 

Outcomes 1. Signs: redness, flaking, dryness, visible eczema, cracking. Preferably 
conducted by an independent observer. 
2. Symptoms: burning or stinging or itching 
3. Biophysical measures: transcutaneous blood flow or redness as measured 
by erythemometer or transepidermal water loss 
4. Prevalence of disease, e.g. atopic dermatitis or other inflammatory skin 
disease 

Notes Other relevant information 

Biological and cellular measures 
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Appendix C Primary Chemical and Parameter Screen 
Table C.1 Table of chemicals that have either English and Welsh, US, Canadian and WHO drinking water standards/guidelines 

and information on their irritancy potential created as part of the development of a priority chemicals list 

Chemical Name CAS RN England & Wales, DWI, WS(WQ)R (2010) WHO, 
GDWQ 
(2008) 
(mg/l) 

Skin 
irritant 

Eye 
irritant 

Resp. 
tract/GI 

tract irritant 

Sensitising 
Chemical parameter (µg/l) Indicator 

parameter 
(µg/l) 

1,1,1,2-Tetrachloroethane 630-20-6 N/A N/A N/A ? ? ? ? 
1,1,1-Trichloroethane 71-55-6 N/A N/A a ? ? ? ? 

1,1,1-Trichloropropanone (1,1,1-
trichloroacetone) 

918-00-3 N/A N/A N/A ? ? ? ? 

1,1,2,2-Tetrachloroethane 79-34-5 N/A N/A N/A ? ? ? ? 
1,1,2-Trichloroethane 79-00-5 N/A N/A N/A ? ? ? ? 

1,1,3-Trichloropropanone 921-03-9 N/A N/A N/A ? ? ? ? 
1,1-Dichloroethane 75-34-3 N/A N/A b Y (slight to 

moderate) 
Y (slight to 
moderate) 

Y ? 

1,1-Dichloroethene (1,1-Dichloroethylene) 75-35-4 N/A N/A a Y possibly ? ? 
1,1-Dichloropropanone (1,1-dichloroacetone) 513-88-2 N/A N/A N/A ? ? ? ? 

1,2,3-Trichloropropane 96-18-4 N/A N/A N/A ? ? ? ? 
1,2,4-Trichlorobenzene 120-82-1 N/A N/A N/A Y (slight to 

moderate) 
Y ? Contradictory 

1,2,4-Trimethylbenzene 95-63-6 N/A N/A N/A Y (non to 
moderate) 

Y (non to 
moderate) 

Y N 

1,2-Dibromo-3-chloropropane 96-12-8 N/A N/A 0.001, c ? ? ? ? 
1,2-Dibromoethane (ethylene dibromide) 106-93-4 N/A N/A 0.0004, c, d Y Y ? Y 

1,2-Dichloroethane 107-06-2 3 - 0.03, c Y (mild) Y (mild) ? Y 
1,2-Dichloroethene 540-59-0 N/A N/A 0.05 ? ? ? ? 

1,2-Dichloropropane (1,2-DCP) 78-87-5 N/A N/A 0.04, d N Y (slight) ? ? 
1,3,5-Trichlorobenzene 108-70-3 N/A N/A N/A Y Y Y (moderate) ? 
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(moderate) (moderate) 
1,3,5-Trimethylbenzene 108-67-8 N/A N/A N/A ? ? ? ? 

1,3-Dichloropropane 142-28-9 N/A N/A o Y (mild) ? ? ? 
1,3-Dichloropropanone 534-07-6 N/A N/A N/A ? ? ? ? 
1,3-Dichloropropene 542-75-6 N/A N/A 0.02, c Y (severe) Y 

(moderate 
to severe) 

? Y 

1,3-Dinitrobenzene 99-65-0 N/A N/A N/A ? ? ? ? 
1,4-Dithiane 505-29-3 N/A N/A N/A ? ? ? ? 

2,2-DPA (DPA; diphenyl amine) 122-39-4 N/A N/A N/A Y (very 
mild) 

Y 
(moderate) 

Y Y (only with 
cross-

sensitisation to 
p-

phenylenedia
mine) 

2,3,4,6-Tetrachlorophenol 58-90-2 N/A N/A N/A ? ? ? ? 
2,3,7,8-TCDD (Dioxin) 1746-01-6 N/A N/A N/A Y (chronic 

exposure 
produces 

chloracne) 

? ? ? 

2,4,5-T (Trichlorophenoxyacetic acid) 93-76-5 N/A N/A 0.009 Y 
(occupatio

nal 
exposure 
produces 

chloracne) 

? ? ? 

2,4,5-TP (Silvex) 93-72-1 N/A N/A N/A ? ? ? ? 
2,4,6-Trichlorophenol 88-06-2 N/A N/A 0.2, c, e Y (highly 

irritating to 
corrosive) 

Y (highly 
irritating) 

? ? 

2,4,6-Trinitrotoluene 118-96-7 N/A N/A N/A ? ? ? ? 
2,4-D (2,4-dichlorophenoxyacetic acid) 94-75-7 N/A N/A 0.03, f ? ? ? ? 

2,4-DB 94-82-6 N/A N/A 0.09 Y ? Y ? 
2,4-Dichlorophenol 120-83-2 N/A N/A g Y (severe 

irritation 
and 

necrosis) 

Y 
(reversible 

corneal 
opacity) 

? ? 
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2,4-Dinitrotoluene 121-14-2 N/A N/A N/A Y (mild) Y (mild) ? N 
(experimental 
animals)/ Y 

(dermatitis in 
humans) 

2,6-Dinitrotoluene 606-20-2 N/A N/A N/A ? ? ? ? 
2-Chlorophenol 95-57-8 N/A N/A g Y (strong) Y (strong) Y (strong) Y (dermatitis) 
2-Phenylphenol 90-43-7 N/A N/A a Y (mild to 

moderate) 
Y (mild to 
moderate) 

Y (mild to 
moderate) 

? 

3-Amino-1,2,4-triazole (Amitrole) 61-82-5 N/A N/A N/A N 
(experime

ntal 
animals)/Y 

(mild in 
man) 

Y (mild) ? N 
(experimental 
animals)/ Y 

(dermatitis in 
humans) 

Acenaphthene 83-32-9 N/A N/A N/A Y (for 
PAHs) 

? Y (for PAHs) ? 

Acephate (orthene) 30560-19-1 N/A N/A N/A ? ? ? ? 
Acifluorfen (sodium) 62476-59-9 N/A N/A N/A ? ? ? ? 

Acrylamide 79-06-1 0.1, h - 0.0005, c N Y ? ? 
Acrylonitrile 107-13-1 N/A N/A N/A ? ? ? ? 
Aggressivity - N/A N/A N/A * * * * 

Alachlor 15972-60-8 N/A N/A 0.02, c N ? ? Y 
Aldicarb 116-06-3 N/A N/A 0.01, i N N ? N 

Aldicarb sulfone 1646-88-4 N/A N/A N/A ? ? ? ? 
Aldicarb sulfoxide 1646-87-3 N/A N/A N/A ? ? ? ? 

Aldrin 309-00-2 0.03 - 0.00003, j Y Y ? Y 
Aluminium 7429-90-5 200 - k dependent 

on form 
Y 

(dependent 
on form, 

but 
generally 
moderate) 

? ? 

Americium 241 86954-36-1 N/A N/A N/A ? ? ? ? 
Ametryn 834-12-8 N/A N/A N/A ? ? ? ? 
Amitraz 33089-61-1 N/A N/A l N ? ? N 

Ammonia 7664-41-7 N/A N/A a Y Y Y N 
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(corrosive) 
Ammonium 14798-03-9 - 500 N/A         

Ammonium sulfamate 7773-06-0 N/A N/A N/A ? ? ? ? 
AMPA 1066-51-9 N/A N/A a N N ? ? 

Anthracene (PAH) 120-12-7 N/A N/A N/A Y (non to 
slight) 

N ? Y (photo-
allergy) 

Antimony 7440-36-0 5 - 0.02 ? ? ? ? 
Antimony 122 14374-79-9 N/A N/A N/A ? ? ? ? 
Antimony 124 14683-10-4 N/A N/A N/A ? ? ? ? 
Antimony 125 14234-35-6 N/A N/A N/A ? ? ? ? 

Arsenic 7440-38-2 10 - 0.01, m 
 

Y Y ? ? 

Asbestos 132207-33-1 N/A N/A n ? ? ? ? 
Asulam 3337-71-1 N/A N/A N/A ? ? ? ? 
Atrazine 1912-24-9 N/A N/A 0.002 N N ? Y 

(experimental 
animals) / N 
(humans) 

Azinophos-methyl 86-50-0 N/A N/A N/A N Y (mild) ? Y 
Barium 7440-39-3 N/A N/A 0.7 Y 

(dependen
t on form, 

ranges 
from mild 

to 
corrosive) 

Y 
(dependent 

on form, 
ranges 

from mild 
to 

corrosive) 

? ? 

Barium 140 14798-08-4 N/A N/A N/A ? ? ? ? 
Baygon 114-26-1 N/A N/A N/A ? ? ? ? 

Bendiocarb (ficam) 22781-23-3 N/A N/A N/A ? ? ? ? 
Benomyl 17804-35-2 N/A N/A N/A ? ? ? ? 

Bentazone 25057-89-0 N/A N/A a 
 

N Y ? Y 

Benz[a]anthracene (PAH) 56-55-3 N/A N/A N/A Y (for 
PAHs) 

? Y (for PAHs) ? 

Benzene 71-43-2 1 - 0.01, c Y 
(moderate) 

Y 
(moderate) 

? N (but 
prolonged 
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contact 
prodices 
defatting) 

Benzo[a]pyrene (PAH) 50-32-8 0.01 - 0.0007, c ? ? ? ? 
Benzo[b]fluoranthene (PAH) 205-99-2 N/A N/A N/A ? ? ? ? 
Benzo[g,h,i]perylene (PAH) 191-24-2 N/A N/A N/A ? ? ? ? 
Benzo[k]fluoranthene (PAH) 207-08-9 N/A N/A N/A Y (for 

PAHs) 
? Y (for PAHs) ? 

Beryllium 7440-41-7 N/A N/A o ? Y 
(conjunctivi

tis) 

? Y 

Beryllium 7 13966-02-4 N/A N/A N/A ? ? ? ? 
Beta particle and photon activity (formerly man 

made radionuclides) 
- N/A N/A N/A ? ? ? ? 

Bioresmethrin 28434-01-7 N/A N/A N/A ? ? ? ? 
Bis-2-chloroisopropyl ether 39638-32-9 N/A N/A N/A ? ? ? ? 

Bismuth 210 - N/A N/A N/A ? ? ? ? 
Boron 7440-42-8 1000 - 0.5, p ? ? ? ? 

Bromacil 314-40-9 N/A N/A N/A Y (non to 
slight) 

Y (mild) ? ? 

Bromate 15541-45-4 10 µg BrO3/l - 0.01, c, p q Y 
(moderate) 

Y (slight) ? Y (mild) 

Bromine 82 14686-69-2 N/A N/A N/A ? ? ? ? 
Bromobenzene 108-86-1 N/A N/A N/A ? ? ? ? 

Bromochloroacetate 5589-96-8 N/A N/A g Y 
(corrosive) 

Y 
(corrosive) 

Y (corrosive) ? 

Bromochloroacetonitrile 83463-62-1 N/A N/A g ? ? ? ? 
Bromochloromethane 74-97-5 N/A N/A N/A ? ? ? ? 

Bromodichloromethane (BDCM) 75-27-4 N/A N/A 0.06, c ? ? ? ? 
Bromoform 75-25-2 N/A N/A 0.1 Y 

(moderate) 
Y 

(moderate) 
? ? 

Bromomethane 74-83-9 N/A N/A N/A ? ? ? ? 
Bromophos-ethyl 4824-78-6 N/A N/A N/A ? ? ? ? 

Bromoxynil 1689-84-5 N/A N/A N/A N Y ? N 
Butyl benzyl phthalate (PAE) 85-68-7 N/A N/A N/A Unclear, 

mixed 
Y (slight) ? ? 



Drinking Water Inspectorate 
 

WRc Ref: DWI8375.01/15491-0 
March 2011 

© WRc plc 2011 120

results 
Butylate 2008-41-5 N/A N/A N/A ? ? ? ? 

Cadmium 7440-43-9 5 - 0.003 ? ? ? ? 
Calcium 7440-70-2 N/A N/A N/A Y (contact 

dermatitis) 
? ? Y (contact 

dermatitis) 
Calcium 45 13966-05-7 N/A N/A N/A ? ? ? ? 
Calcium 47 14391-99-2 N/A N/A N/A ? ? ? ? 

Captan 133-06-2 N/A N/A N/A ? ? ? ? 
Carbaryl 63-25-2 N/A N/A a N Y (weak) ? N 

Carbendazim 10605-21-7 N/A N/A N/A N N ? N 
Carfentrazone-ethyl 128639-02-1 N/A N/A N/A ? ? ? ? 

Carbofuran 1563-66-2 N/A N/A 0.007 Y (mild) Y (mild) ? N 
Carbon 14 14762-75-5 N/A N/A N/A ? ? ? ? 

Carbon tetrachloride 56-23-5 N/A N/A 0.004 Y 
(moderate) 

Y (mild) ? ? 

Carbophenothion 786-19-6 N/A N/A N/A ? ? ? ? 
Carboxin 5234-68-4 N/A N/A N/A ? ? ? ? 

Cerium 141 13967-74-3 N/A N/A N/A ? ? ? ? 
Cerium 144 14762-78-8 N/A N/A N/A ? ? ? ? 
Cesium 131 14914-76-2 N/A N/A N/A ? ? ? ? 
Cesium 134 13967-70-9 N/A N/A N/A ? ? ? ? 
Cesium 136 14234-29-8 N/A N/A N/A ? ? ? ? 
Cesium 137 10045-97-3 N/A N/A N/A ? ? ? ? 

Chloral hydrate (trichloroacetaldehyde) 302-17-0 N/A N/A r Y Y Y ? 
Chloramben 133-90-4 N/A N/A N/A ? ? ? ? 

Chloramines (total) - N/A N/A N/A ? ? Y (potent) ? 
Chlorate (7790-93-4) N/A N/A 0.7, s Y (slight) Y (slight) Y (slight) ? 

Chlordane (57-74-9 or 
12789-03-6) 

N/A N/A 0.0002 N Y 
(corrosive) 

? N 

Chloride 16887-00-6 - 250 000, t a, u ? ? ? ? 
Chlorine 7782-50-5 N/A N/A 5, v, w Y 

(corrosive) 
Y 

(corrosive) 
Y (corrosive) ? 

Chlorine dioxide 10049-04-4 N/A N/A x Y Y Y (significant 
damage) 

? 
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Chlorite - N/A N/A 0.7, s Unclear, 
mixed 
results 

Unclear, 
mixed 
results 

Unclear, 
mixed 
results 

Y (dermatitis) 

Chloroacetones 78-95-5 N/A N/A g Y 
(necrosis) 

? ? N (but poor 
study) 

Chloroacetic acid 79-11-8 N/A N/A N/A Y 
(corrosive) 

Y 
(corrosive) 

Y (corrosive) ? 

Chlorantraniliprole  500008-45-7 N/A N/A N/A ? ? ? ? 
Chlorobenzene (Phenyl chloride) 108-90-7 N/A N/A N/A Y 

(moderate) 
Y (non to 

slight) 
? N 

Chlorobenzilate 510-15-6 N/A N/A o ? ? ? ? 
Chloroform 67-66-3 N/A N/A 0.3 Y 

(moderate 
necrosis) 

Y ? ? 

Chloromethane 74-87-3 N/A N/A N/A ? ? ? ? 
Chloropicrin 76-06-2 N/A N/A G ? ? ? ? 

Chlorothalonil 1897-45-6 N/A N/A o Y (mild) Y (severe) ? Y 
Chlorotoluene, o- 95-49-8 N/A N/A N/A Y 

(moderate) 
Y 

(moderate) 
? N 

Chlorotoluene, p- 106-43-4 N/A N/A N/A Y 
(moderate) 

Y 
(moderate) 

? Y 

Chlorotoluron 15545-48-9 N/A N/A 0.03 N N ? N 
Chloroxuron 1982-47-4 N/A N/A N/A ? ? ? ? 

Chlorphenvinphos 470-90-6 N/A N/A N/A ? ? ? ? 
Chlorpyrifos 2921-88-2 N/A N/A 0.03 Y (slight) Y (slight) ? ? 

Chlorsulfuron 64902-72-3 N/A N/A N/A ? ? ? ? 
Chromium (total) 7440-47-3 50 - 0.05, m, y Y (caustic) Y (caustic) Y (caustic) ? 

Chromium 51 14392-02-0 N/A N/A N/A ? ? ? ? 
Chrysene (PAH) 218-01-9 N/A N/A N/A Y (for 

PAHs) 
? Y (for PAHs) ? 

cis-1,2-Dichloroethylene 156-59-2 N/A N/A N/A ? ? ? ? 
Clopyralid 1702-17-6 N/A N/A N/A N Y ? N 
Cobalt 57 13981-50-5 N/A N/A N/A ? ? ? ? 
Cobalt 58 13981-38-9 N/A N/A N/A ? ? ? ? 
Cobalt 60 10198-40-0 N/A N/A N/A ? ? ? ? 
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Colour - 20 mg/l Pt/Co - N/A 
 

? ? ? ? 

Conductivity - - 2500 µS/cm at 
20°C, t 

N/A * * * * 

Copper 7440-50-8 2000 - 2, z Y ? ? N 
Corrosion control - N/A N/A N/A * * * * 

Corrosivity - N/A N/A N/A * * * * 
Cyanazine 21725-46-2 N/A N/A 0.0006 Y (but 

mixed 
results) 

Y ? Contradictory 

Cyanide 57-12-5 50 - 0.07 ? Y ? ? 
Cyanogen chloride 506-77-4 N/A N/A 0.07, aa ? ? Y ? 

Cyfluthrin  68359-37-5 N/A N/A N/A N Y 
(moderate) 

? N 

Cypermethrin 52315-07-8 N/A N/A o Y 
(moderate 
to severe) 

Y 
(moderate 
to severe) 

? Y (mild) 

Cyprodinil 121552-61-2 N/A N/A N/A ? ? ? ? 
Dalapon (sodium salt) 75-99-0 N/A N/A N/A Y 

(moderate) 
Y 

(moderate 
to severe) 

? ? 

DCPA (Dacthal) 1861-32-1 N/A N/A N/A N Y (mild) ? N 
DDT and metabolites 50-29-3 N/A N/A 0.001 ? ? ? ? 

Deltamethrin 52918-63-5 N/A N/A o ? ? ? ? 
Di(2-ethylhexyl)adipate 103-23-1 N/A N/A a Y 

(moderate) 
Y 

(moderate) 
? N 

Di(2-ethylhexyl)phthalate 117-81-7 N/A N/A 0.008 Y (slight) Y (slight) ? N 
Dialkyltins - N/A N/A g ? ? ? ? 
Diazinon 333-41-5 N/A N/A o Y 

(moderate) 
Y (severe) ? ? 

Dibromoacetate 631-64-1 N/A N/A g Y 
(corrosive) 

Y 
(corrosive) 

Y (corrosive) ? 

Dibromoacetonitrile 3252-43-5 N/A N/A 0.07 ? ? ? ? 
Dibromochloromethane 124-48-1 N/A N/A 0.1 ? ? ? ? 

Dibromochloropropane (DBCP) 96-12-8 N/A N/A N/A ? ? ? ? 
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Dibutyl phthalate 84-74-2 N/A N/A N/A N N ? N 
(experimental 
animals)/ Y 
(humans, 
probably 
cross-

exposure) 
Dicamba 1918-00-9 N/A N/A N/A Y 

(corrosive) 
Y 

(corrosive) 
Y (highly to 
corrosive) 

N 
(experimental 
animals)/ Y 

(some 
humans) 

Dichlobenil 1194-65-6 N/A N/A N/A N N ? ? 
Dichloramine 3400-09-7 N/A N/A g ? ? Y (potent) ? 

Dichloroacetate 79-43-6 N/A N/A 0.05, p, s Y 
(corrosive) 

Y 
(corrosive) 

? ? 

Dichloroacetic acid 76-43-6 N/A N/A N/A ? ? ? ? 
Dichloroacetonitrile 3018-12-0 N/A N/A 0.02, d ? ? ? ? 

Dichlorodifluoromethane 75-71-8 N/A N/A N/A ? ? ? ? 
Dichloromethane (methylene chloride) 75-09-2 N/A N/A 0.02 Y 

(moderate 
to severe) 

Y 
(moderate 
to severe) 

? ? 

Dichloroprop (Dichlorprop) 120-36-5 N/A N/A 0.1 Y Y ? N 
Dichlorvos 62-73-7 N/A N/A N/A Y (severe) ? ? Y (moderate) 

Diclofop-methyl 51338-27-3 N/A N/A N/A Y 
(generally 
irritating) 

Y ? Mixed 

Dicofol 115-32-2 N/A N/A N/A ? ? ? ? 
Dieldrin 60-57-1 0.03 - 0.00003, j ? ? ? ? 

Diethyl phthalate 84-66-2 N/A N/A N/A Y (slight to 
moderate) 

Y (mild) ? N 

Difenzoquat 49866-87-7 N/A N/A N/A ? ? ? ? 
Diflubenzuron 35367-38-5 N/A N/A bb N Y (slight) ? N 

Diisopropyl methylphosphonate 1445-75-6 N/A N/A N/A ? ? ? ? 
Dimethoate 60-51-5 N/A N/A 0.006 N Y 

(possibly) 
? ? 

Dimethrin 70-38-2 N/A N/A N/A ? ? ? ? 
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Dimethyl methylphosphonate 756-79-6 N/A N/A N/A ? ? ? ? 
Dimethyl phthalate 131-11-3 N/A N/A N/A Y (non to 

slight) 
Y (non to 

slight) 
? N 

Dinoseb 88-85-7 N/A N/A o Y 
(humans), 

N 
(experime

ntal 
animals) 

Y (severe) Y Y (dermatitis) 

Diphenamid 957-51-7 N/A N/A N/A ? ? ? ? 
Diquat 231-36-7 N/A N/A cc ? ? ? ? 

Dissolved oxygen 7782-44-7 N/A N/A N/A ? ? ? ? 
Disulfoton 298-04-4 N/A N/A N/A N N ? N 

Diuron 330-54-1 N/A N/A N/A N Y (non to 
mild) 

? N 

EDB (ethylene dibromide) 106-93-4 N/A N/A N/A Y Y ? Y 
Edetic acid (EDTA) 60-00-4 N/A N/A 0.6, dd Y Y ? ? 

Endocrine disrupters - N/A N/A N/A ? ? ? ? 
Endosulfan 115-29-7 N/A N/A a N N ? N 
Endothall 145-73-3 N/A N/A N/A ? ? ? ? 

Endrin 72-20-8 N/A N/A 0.0006 ? ? ? ? 
Epichlorohydrin 106-89-8 0.1, h - 0.0004, d Y (highly) Y (highly) ? Y 

EPTC (dipropylthiocarbamic acid S-ethyl 
ester) 

759-94-4 N/A N/A N/A Y 
(moderate 

to 
corrosive) 

Y (severe) ? ? 

Esfenvalerate 66230-04-4 N/A N/A N/A ? ? ? ? 
Ethion 563-12-2 N/A N/A N/A ? ? ? ? 

Ethoprophos (mocap) 13194-48-4 N/A N/A N/A ? ? ? ? 
Ethylbenzene 100-41-4 N/A N/A 0.3, e Y Y Y ? 

Ethylene glycol 107-21-1 N/A N/A N/A Y Y Y ? 
Ethylene thiourea 96-45-7 N/A N/A o ? ? ? ? 

Etridiazole  2593-15-9 N/A N/A N/A ? ? ? ? 
Fenamiphos 22224-92-6 N/A N/A o ? ? ? ? 
Fenarimol 60168-88-9 N/A N/A N/A ? ? ? ? 
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Fenchlorphos (ronnel) 299-84-3 N/A N/A N/A ? Y ? ? 
Fenitrothion 122-14-5 N/A N/A a N N ? N 
Fenoprop 93-72-1 N/A N/A 0.009 ? ? ? ? 
Fenthion 55-38-9 N/A N/A N/A ? ? ? ? 

Fensulfothion 115-90-2 N/A N/A N/A ? ? ? ? 
Fenvalerate 51630-58-1 N/A N/A N/A ? ? ? ? 

Fipronil 120068-37-3 N/A N/A N/A ? ? ? ? 
Flamprop-methyl 52756-25-9 N/A N/A N/A N N ? ? 

Fluometuron 2164-17-2 N/A N/A N/A ? ? ? ? 
Fluproponate - N/A N/A N/A ? ? ? ? 
Fluoranthene 206-44-0 N/A N/A a ? 

Probably, 
based on 

other 
PAHs 

? ? Probably, 
based on 

other PAHs 

? 

Fluorene (PAH) 86-73-7 N/A N/A N/A Y (for 
PAHs) 

? Y (for PAHs) ? 

Fluoride 16984-48-8 1500 - 1.5, ee ? ? ? ? 
Fonofos 944-22-9 N/A N/A N/A ? ? ? ? 

Formaldehyde 50-00-0 N/A N/A a Y Y Y ? 
Formothion 2540-82-1 N/A N/A o ? ? ? ? 
Fosamine 59682-52-9 N/A N/A N/A ? ? ? ? 
Gallium 67 14119-09-6 N/A N/A N/A ? ? ? ? 
Gasoline - N/A N/A N/A Y (non to 

slight) 
Y (non to 

slight) 
? N (unlikely) 

Glyphosate 1071-83-6 N/A N/A a N Y ? N 
Gold 198 10043-49-9 N/A N/A N/A ? ? ? ? 

Gross alpha particle activity - N/A N/A N/A 
 

? ? ? ? 

Gross beta particle activity - N/A N/A N/A ? ? ? ? 
Haloxyfop  69806-34-4 N/A N/A N/A ? ? ? ? 
Hardness - N/A N/A u, ff * * * * 

Heptachlor 76-44-8 0.03 - a Y 
(moderate) 

Y ? ? 
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Heptachlor epoxide 1024-57-3 0.03 - a ? 
Probably, 
based on 

hepatochlo
r 

? Probably, 
based on 

hepatochlo
r 

? ? 

Hexachlorobenzene 118-74-1 N/A N/A a 
 

N ? ? N 

Hexachlorobutadiene 87-68-3 N/A N/A 0.0006 Y 
(corrosive) 

Y Y Y 

Hexachlorocyclohexanes (mixed isomers) - N/A N/A o ? ? ? ? 
Hexachlorocyclopentadiene 77-47-4 N/A N/A N/A Y (highly 

irritating to 
corrosive) 

Y 
(moderate 
to highly 
irritating) 

Y (highly) Y 

Hexachloroethane 67-72-1 N/A N/A N/A ? ? ? ? 
Hexaflurate (potassium hexafluoroarsenate) 17029-22-0 N/A N/A N/A ? ? ? ? 

Hexazinone 51235-04-2 N/A N/A N/A ? ? ? ? 
HMX (octahydro-1,3,5,7-tetranitro-1,3,5,7-

tetrazocaine) 
2691-41-0 N/A N/A N/A ? ? ? ? 

Hydrogen sulfide (hydrogen sulphide) 7783-06-4 N/A N/A U, ff 
 

N Y (severe) Y (severe) N 

Imazapyr 81334-34-1 N/A N/A N/A Y (mild) ? ? N 
Indeno[1,2,3,-c,d]pyrene (PAH) 193-39-5 N/A N/A N/A Y (for 

PAHs) 
? Y (for PAHs) ? 

Indium 111 - N/A N/A N/A ? ? ? ? 
Inorganic tin 7440-31-5 N/A N/A a Y (mild) Y (mild) Y (mild) ? 

Iodide 20461-54-5 N/A N/A N/A ? ? ? ? 
Iodine 7553-56-2 N/A N/A gg Y Y Y Y (in humans, 

but rare) 
Iodine 125 14158-31-7 N/A N/A N/A see iodine see iodine see iodine see iodine 
Iodine 129 15046-84-1 N/A N/A N/A see iodine see iodine see iodine see iodine 
Iodine 131 10043-66-0 N/A N/A N/A see iodine see iodine see iodine see iodine 
Iprodione 36734-19-7 N/A N/A N/A N Y ? ? 

Iron 7439-89-6 200 - hh ? ? ? ? 
Iron 55 14681-59-5 N/A N/A N/A ? ? ? ? 
Iron 59 14596-12-4 N/A N/A N/A ? ? ? ? 
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Isophorone 78-59-1 N/A N/A N/A ? ? ? ? 
Isopropyl methylphosphonate 1832-54-8 N/A N/A N/A ? ? ? ? 
Isopropylbenzene (cumene) 98-82-8 N/A N/A N/A Y (non to 

slight) 
N Y ? 

Isoproturon 34123-59-6 N/A N/A 0.009 N N ? N 
Lanthanum 7439-91-0 N/A N/A N/A ? ? ? ? 

Lead 7439-92-1 25 (10), ii - 0.01 ? N ? ? 
Lead-210 14255-04-0 N/A N/A N/A ? ? ? ? 

Lignin 9005-53-2 N/A N/A N/A ? ? ? ? 
Lindane (gamma-hexachlorocyclohexane) 58-89-9 N/A N/A 0.002 N (liquid) / 

Y 
(vapours) 

N (liquid) / 
Y 

(vapours) 

Y (vapours) N 

Magnesium 7439-95-4 N/A N/A N/A Y Y Y N 
Malathion 121-75-5 N/A N/A a Y (slight) N ? N 

(experimental 
animals) / Y 
(humans, 
prolonged 
contact) 

Maleic hydrazide 123-33-1 N/A N/A N/A Y 
(moderate) 

Y (severe) ? ? 

Mancozeb 8018-01-07 N/A N/A N/A Y ? ? Y (strong) 
Manganese 7439-96-5 50 - 0.4, e ? ? ? ? 

Manganese 54 13966-31-9 N/A N/A N/A ? ? ? ? 
MCPA (4(chloro-2-methoxyphenoxy)acetic 

acid) 
94-74-6 N/A N/A 0.002 Y Y ? N 

MCPB 94-81-5 N/A N/A o 
 

N Y Y ? 

m-Dichlorobenzene/1,3-Dichlorobenzene 541-73-1 N/A N/A N/A Y Y Y ? 
Mecoprop 93-65-2 N/A N/A 0.01 Y Y (severe) ? N 
Mercury 7439-97-6 1 - 0.006, jj N 

(metallic) 
Y 

(inorganic) 

Y 
(inorganic) 

Y (inorganic) Y 

Mercury 197 13981-51-6 N/A N/A N/A see 
mercury 

see 
mercury 

see mercury see mercury 
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Mercury 203 13982-78-0 N/A N/A N/A see 
mercury 

see 
mercury 

see mercury see mercury 

Metaldehyde 108-62-380 N/A N/A N/A N N ? N (limited 
study) 

Metham 137-42-8 N/A N/A N/A ? ? ? ? 
Methamidophos 10265-92-6 N/A N/A o ? ? ? ? 

Methidathion 950-37-8 N/A N/A N/A ? Y (severe) ? Y (possibly) 
Methiocarb (mercaptodimethur) 2032-65-7 N/A N/A N/A N N ? N 

(experimental 
animals) / Y 
(dermatitis 
humans) 

Metiram 9006-42-2 N/A N/A N/A ? ? ? ? 
Methomyl 16752-77-5 N/A N/A o ? ? ? ? 

Methoprene - N/A N/A bb ? ? ? ? 
Methoxychlor 72-43-5 N/A N/A 0.02 ? ? ? ? 

Methyl ethyl ketone 78-93-3 N/A N/A N/A Y (mild to 
moderate) 

Inconsistan
t 

? N 

Methyl parathion 298-00-0 N/A N/A a ? ? ? ? 
Metolachlor 51218-45-2 N/A N/A 0.01 Y (slight) Y (mild) ? Y 
Metribuzin 21087-64-9 N/A N/A N/A ? ? ? ? 

Metsulfuron-methyl 74223-64-6 N/A N/A N/A ? ? ? ? 
Mevinphos (phosdrin) 7786-34-7 N/A N/A N/A ? ? ? ? 

Microcystin-LR (cyanobacterial toxins) - N/A N/A 0.001, m, 
kk 

* * * * 

Mirex 2385-85-5 N/A N/A N/A ? ? ? ? 
Molinate 2212-67-1 N/A N/A 0.006 ? ? ? ? 

Molybdenum 7439-98-7 N/A N/A 0.07 ? ? ? ? 
Molybdenum 99 14119-15-4 N/A N/A N/A ? ? ? ? 

Monobromoacetate 79-08-3 N/A N/A g Y 
(corrosive) 

Y 
(corrosive) 

Y (corrosive) ? 

Monochloramine (Chloramine, chloramines, 
measured as free chlorine) 

10599-90-3 N/A N/A 3 ? ? Y (potent) ? 

Monochloroacetate (79-11-8) N/A N/A 0.02 Y (highly 
corrosive) 

Y (highly 
corrosive) 

Y (highly 
corrosive) 

? 

Monochloroacetic acid 79-11-8 N/A N/A N/A Y (highly Y (highly Y (highly ? 
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corrosive) corrosive) corrosive) 
Monochlorobenzene (phenyl chloride) 108-90-7 N/A N/A ll Y 

(moderate) 
Y (non to 

slight) 
? N 

Monocrotophos 2157-98-4 N/A N/A mm ? ? ? ? 
MTBE (methyl tertiary butyl ether) 1634-04-4 N/A N/A nn Y 

(moderate 
to severe) 

Y (slight) Y N 

MX (chlorinated furanone) - N/A N/A a ? ? Y ? 
Naphthalene 91-20-3 N/A N/A N/A N Y ? N 

Naphthalophos 1491-41-4 N/A N/A N/A ? ? ? ? 
Napropamide 15299-99-7 N/A N/A N/A ? ? ? ? 

NDMA (N-Nitrosodimethylamine) 62-75-9 N/A N/A 0.1 Y Y Y ? 
Neptunium 239 13968-59-7 N/A N/A N/A ? ? ? ? 

n-Hexane 110-54-3 N/A N/A N/A ? ? Y ? 
Nicarbazin 330-95-0 N/A N/A N/A ? ? ? ? 

Nickel 7440-02-0 20 - 0.07 ? ? ? Y (potent) 
Niobium 95 13967-76-5 N/A N/A N/A ? ? ? ? 

Nitralin (planavin) 4726-14-1 N/A N/A N/A ? ? ? ? 
Nitrate (as NO3-) (7697-37-2) 50 000 - 50, oo ? ? ? ? 

Nitrate and Nitrite (both as N) - N/A N/A N/A ? ? ? ? 
Nitrilotriacetic acid (NTA) 139-13-9 N/A N/A 0.2 ? Y ? ? 

Nitrite (as NO2-) (14797-65-0) 500 (0.1 treatment works) - 3 oo; (0.2 
pp, m) 

? ? ? ? 

Nitrocellulose 9004-70-0 N/A N/A N/A ? ? ? ? 
Nitroguanidine 556-88-7 N/A N/A N/A ? ? ? ? 

Norflurazon 27314-13-2 N/A N/A N/A ? ? ? ? 
Novaluron 116714-46-6 N/A N/A bb ? ? ? ? 

o-Dichlorobenzene /1,2-Dichlorobenzene 95-50-1 N/A N/A N/A Y Y Y ? 
Odour - acceptable and no abnormal 

change 
- N/A ? ? ? ? 

Odour/taste - N/A N/A N/A ? ? ? ? 
Omethoate 1113-02-6 N/A N/A N/A ? ? ? ? 

Oryzalin 19044-88-3 N/A N/A N/A ? ? ? ? 
Oxamyl (Vydate) 23135-22-0 N/A N/A o ? ? ? ? 
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Oxidisability - N/A N/A N/A ? ? ? ? 
Ozone 10028-15-6 N/A N/A N/A Y Y Y ? 

Paraquat 1910-42-5 N/A N/A N/A Y (slight) Y ? ? 
Parathion 56-38-2 N/A N/A a ? ? ? ? 

Parathion methyl (methyl parathion) 298-00-0 N/A N/A N/A ? ? ? ? 
p-Dichlorobenzene/1,4-Dichlorobenzene 106-46-7 N/A N/A N/A Y Y Y ? 

p-Dioxane (1,4-dioxane) 123-91-1 N/A N/A 0.05, c Y (mild) Y (severe) ? N 
Pebulate 1114-71-2 N/A N/A N/A ? ? ? ? 

Pendimethalin 40487-42-1 N/A N/A 0.02 N N ? N 
Pentachlorophenol 87-86-5 N/A N/A 0.009, c, m Y Y Y Y 

Perfluorooctanoic acid (PFOA) 335-67-1 0.3 - 45, qq - - Y (mild) Y Y ? 
Perfluorooctane sulfonic acid (PFOS) 1763-23-1 0.3-9, rr - - N N ? ? 

Permethrin 52645-53-1 N/A N/A a, (0.3 = 
ss) 

Y (mild) Y (mild) ? Y (moderate) 

Pesticides - 0.1 - N/A ? ? ? ? 
Pesticides - total - 0.5, tt - N/A ? ? ? ? 

Petroleum products - N/A N/A uu Y (non to 
slight) 

Y (non to 
slight) 

? N (unlikely) 

pH - 6.5-9.5 N/A ff, vv 
 

* * * * 

Phenanthrene (PAH) 85-01-8 N/A N/A N/A Y (for 
PAHs) 

? Y (for PAHs) ? 

Phenol 108-95-2 N/A N/A N/A Y 
(corrosive) 

Y ? N 

Phorate 298-02-2 N/A N/A o ? ? ? ? 
Phosphorus 32 14596-37-3 N/A N/A N/A ? ? ? ? 

Phthalic acid esters (PAE) - N/A N/A N/A Y (non to 
slight) 

Y (non to 
slight) 

? N 

Picloram 1918-02-1 N/A N/A N/A Y (mild) Y (mild) ? N 
Piperonyl butoxide 51-03-6 N/A N/A N/A ? ? ? ? 

Pirimicarb 23103-98-2 N/A N/A N/A N Y (non to 
slight) 

? Y (moderate) 

Pirimiphos-ethyl 23505-41-1 N/A N/A N/A ? ? ? ? 
Pirimiphos-methyl 29232-93-7 N/A N/A ww Y (non to 

slight) 
Y (non to 

slight) 
? N 
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Plutonium 238 13981-16-3 N/A N/A N/A ? ? ? ? 
Plutonium 239 15117-48-3 N/A N/A N/A ? ? ? ? 
Plutonium 240 14119-33-6 N/A N/A N/A ? ? ? ? 
Plutonium 241 14119-32-5 N/A N/A N/A ? ? ? ? 
p-Nitrophenol 100-02-7 N/A N/A N/A ? ? ? ? 
Polihexanide 32289-58-0 N/A N/A N/A ? ? ? ? 
Polonium 210 13981-52-4 N/A N/A N/A ? ? ? ? 

Polychlorinated biphenyls (PCBs) 1336-36-3 N/A N/A N/A ? ? ? ? 
Polycyclic aromatic hydrocarbons (PAH; other 

than benzo[a]pyrene) 
- 0.1, xx - N/A Y (for 

PAHs) 
? Y (for PAHs) ? 

Potassium 7440-09-7 N/A N/A N/A Y 
(moderate) 

Y 
(corrosive) 

? ? 

Profenofos 41198-08-7 N/A N/A N/A ? ? ? ? 
Promecarb 2631-37-0 N/A N/A N/A ? ? ? ? 
Prometon 1610-18-0 N/A N/A N/A ? ? ? ? 
Propachlor 1918-16-7 N/A N/A N/A Y (slight to 

strong) 
Y 

(moderate 
to strong) 

? Y 

Propanil 709-98-8 N/A N/A yy ? ? ? ? 
Propargite 2312-35-8 N/A N/A N/A ? ? ? ? 
Propazine 139-40-2 N/A N/A N/A Y (mild) Y (mild) ? ? 
Propham 122-42-9 N/A N/A N/A ? ? ? ? 

Propiconazole 60207-90-1 N/A N/A N/A N N ? Y 
Propoxur 114-26-1 N/A N/A o ? ? ? ? 

Propyzamide (kerb) (Pronamide) 23950-58-5 N/A N/A N/A Y (slight) N ? N 
Pyrazophos 13457-18-6 N/A N/A N/A ? ? ? ? 
Pyroxsulam 422556-08-9 N/A N/A N/A ? ? ? ? 

Pyrene (PAH) 129-00-0 N/A N/A N/A Y (for 
PAHs) 

? Y (for PAHs) ? 

Pyridate 55512-33-9 N/A N/A zz ? ? ? ? 
Pyriproxyfen 95737-68-1 N/A N/A 0.3, bb, aaa ? ? ? ? 
Quintozene 82-68-8 N/A N/A o ? ? ? ? 

Radiological characteristics - N/A N/A N/A ? ? ? ? 
Radium 224 13233-32-4 N/A N/A N/A ? ? ? ? 
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Radium 226 13982-63-3 N/A N/A N/A ? ? ? ? 
Radium 228 15262-20-1 N/A N/A N/A ? ? ? ? 

Radon 10043-92-2 N/A N/A N/A ? ? ? ? 
Radon-222 14859-67-7 N/A N/A N/A ? ? ? ? 

RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine) 121-82-4 N/A N/A N/A ? ? ? ? 
Resin acids - N/A N/A N/A ? ? ? ? 

Rhodium 105 14913-89-4 N/A N/A N/A ? ? ? ? 
Rubidium 81 - N/A N/A N/A ? ? ? ? 
Rubidium 86 14932-53-7 N/A N/A N/A ? ? ? ? 

Ruthenium 103 13968-53-1 N/A N/A N/A ? ? ? ? 
Ruthenium 106 13967-48-1 N/A N/A N/A ? ? ? ? 

Selenium 7782-49-2 10 - 0.01 ? ? ? ? 
Selenium 75 14265-71-5 N/A N/A N/A ? ? ? ? 

Silica 14808-60-7 N/A N/A N/A ? ? ? ? 
Silver 7440-22-4 N/A N/A i ? ? ? ? 

Silver 108m 14391-65-2 N/A N/A N/A ? ? ? ? 
Silver 110m - N/A N/A N/A ? ? ? ? 
Silver 111 15760-04-0 N/A N/A N/A ? ? ? ? 
Simazine 122-34-9 N/A N/A 0.002 Y (slight) Y (slight) ? N 
Sodium 7440-23-5 - 200 000 u, ff ? ? ? ? 

Sodium 22 13966-32-0 N/A N/A N/A ? ? ? ? 
Sodium dichloroisocyanurate 2893-78-9 N/A N/A bbb Y 

(corrosive) 
Y 

(corrosive) 
Y (corrosive) ? 

Sodium salt of 2-phenylphenol 132-27-4 N/A N/A a Y Y ? N 
Spirotetramat  203313-25-1 N/A N/A N/A ? ? ? ? 

Strontium 7440-24-6 N/A N/A N/A ? ? ? ? 
Strontium 85 13967-73-2 N/A N/A N/A ? ? ? ? 
Strontium 89 14158-27-1 N/A N/A N/A ? ? ? ? 
Strontium 90 10098-97-2 N/A N/A N/A ? ? ? ? 

Styrene (vinyl benzene) 100-42-5 N/A N/A 0.02, e Y Y Y N 
Sulfate (sulphate) 14808-79-8 - 250 000, t u, ff,  ? ? ? ? 

Sulfur 35 15117-53-0 N/A N/A N/A ? ? ? ? 
Sulprofos 35400-43-2 N/A N/A N/A ? ? ? ? 

Tannin - N/A N/A N/A ? ? ? ? 
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Taste - acceptable and no abnormal 
change 

- N/A * * * * 

Tebuthiuron 34014-18-1 N/A N/A N/A N N ? N 
Technetium 99 14133-76-7 N/A N/A N/A ? ? ? ? 

Technetium 99m - N/A N/A N/A ? ? ? ? 
Tellurium 129m - N/A N/A N/A ? ? ? ? 
Tellurium 131m - N/A N/A N/A ? ? ? ? 
Tellurium 132 14234-28-7 N/A N/A N/A ? ? ? ? 

Temephos 3383-96-8 N/A N/A N/A ? ? ? ? 
Temperature - N/A N/A N/A * * * * 

Terbacil 5902-51-2 N/A N/A N/A ? ? ? ? 
Terbufos 13071-79-9 N/A N/A N/A ? ? ? ? 

Terbuthylazine 5915-41-3 N/A N/A 0.007 Y (slight) Y 
(moderate) 

? N 

Terbutryn 886-50-0 N/A N/A N/A Y (slight) Y 
(moderate) 

? ? 

Tetrachloroethene (Tetrachloroethylene) 127-18-4 10, ccc - 0.04 Y (slight to 
highly 

irritating) 

Y (slight to 
highly 

irritating) 

Y N 

Tetrachloromethane 56-23-5 3 - N/A Y 
(moderate) 

Y (mild) ? ? 

Tetrachlorvinphos 22248-79-9 N/A N/A N/A ? ? ? ? 
Thallium 7440-28-0 N/A N/A N/A ? ? ? ? 

Thallium 201 - N/A N/A N/A ? ? ? ? 
Thiobencarb 28249-77-6 N/A N/A N/A ? ? ? ? 
Thiometon 640-15-3 N/A N/A N/A ? ? ? ? 

Thiophanate ([1,2-
phenylenebis(iminocarbonothioyl)]biscarbamic 

acid diethyl ester) 

23564-06-9 N/A N/A N/A ? ? ? ? 

Thiram 137-26-8 N/A N/A N/A Y Y Y Y 
Thorium 228 14274-82-9 N/A N/A N/A ? ? ? ? 
Thorium 230 14269-63-7 N/A N/A N/A ? ? ? ? 
Thorium 232 7440-29-1 N/A N/A N/A ? ? ? ? 
Thorium 234 15065-10-8 N/A N/A N/A ? ? ? ? 

Tin 7440-31-5 N/A N/A N/A Y (mild) Y (mild) Y (mild) Y (dermatitis) 
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Toltrazuril 69004-03-1 N/A N/A N/A ? ? ? ? 
Toluene 108-88-3 N/A N/A 0.7, v ? ? Y 

(inflammatio
n following 
long-term 
exposure) 

? 

Total dissolved solids (TDS) - N/A N/A u, ff * * * * 
Total haloacetic acids (HAAs) - N/A N/A N/A Y 

(corrosive) 
Y 

(corrosive) 
Y (corrosive) ? 

Total indicative radioactive dose - - 0.1 mSv/year, 
ddd 

N/A ? ? ? ? 

Total organic carbon - - no abnormal 
change 

N/A ? ? ? ? 

Toxaphene 8001-35-2 N/A N/A o ? ? ? ? 
trans-1,2-Dichloroethylene 156-60-5 N/A N/A N/A ? ? ? ? 

Triadimeton 43121-43-3 N/A N/A N/A ? ? ? ? 
Triallate 2303-17-5 N/A N/A N/A Y (slight to 

moderate) 
Y (mild to 

highly 
irritating) 

? Y (EPA 
classification) 

Triadimefon 43121-43-0 N/A N/A N/A ? ? ? ? 
Triazophos 24017-47-8 N/A N/A o Y (mild) ? ? N 

Tributyltin oxide 56-35-9 N/A N/A o Y (severe) Y Y N 
Trichloramine - N/A N/A g ? ? Y (potent) ? 

Trichlorfon 52-68-6 N/A N/A o N Y (mild to 
moderate) 

? Y 

Trichloroacetate 76-03-9 N/A N/A 0.2 Y 
(corrosive) 

Y (highly) ? N 

Trichloroacetic acid 76-03-9 N/A N/A N/A Y 
(corrosive) 

Y (highly) ? N 

Trichloroacetonitrile 545-06-2 N/A N/A g Y (severe) ? ? ? 
Trichlorobenzenes (total) (12002-48-1) N/A N/A h, ll ? ? ? ? 

Trichloroethene (Trichloroethylene) (TCE) 79-01-6 10, ccc 
 

- 0.02, m Y (highly) Y 
(moderate) 

? ? 

Trichlorofluoromethane 75-69-4 N/A N/A N/A N N Y (mild) ? 
Triclopyr 55335-06-3 N/A N/A N/A N Y (mild) Y ? 
Trifluralin 1582-09-8 N/A N/A 0.02 N Y (slight) ? Y 
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Trihalomethanes (THMs) - 100, eee - fff see 
individual 

THMs 

see 
individual 

THMs 

see 
individual 

THMs 

see individual 
THMs 

Trinitroglycerol 55-63-0 N/A N/A N/A Y 
(moderate) 

Y ? ? 

Tritium 10028-17-8 - 100 Bq/l N/A ? ? ? ? 
Turbidity - 4 NTU 1 NTU 

(treatment 
works) 

N/A * * * * 

Unspecified alpha & beta emitters - N/A N/A N/A ? ? ? ? 
Uranium 7440-61-1 N/A N/A 0.015, d, p, 

ggg 
N N ? N 

Uranium 234 13966-29-5 N/A N/A N/A see 
uranium 

see 
uranium 

see uranium see uranium 

Uranium 235 15117-96-1 N/A N/A N/A see 
uranium 

see 
uranium 

see uranium see uranium 

Uranium 238 7440-61-1 N/A N/A N/A see 
uranium 

see 
uranium 

see uranium see uranium 

Vernolate (dipropylcarbamothioic acid S-
propyl ester) 

1929-77-7 N/A N/A N/A ? ? ? ? 

Vinyl chloride 75-01-4 0.5, h - 0.0003, c ? Y Y ? 
White phosphorous 7723-14-0 N/A N/A N/A ? ? ? ? 

Xylenes 1330-20-7 N/A N/A 0.5, e Y (m-
xylene is 
corrosive, 
o-xylene is 

non-
irritating, 

p-xylene is 
irritating) 

Y (slight to 
moderate) 

? N (m-xylene) 

Ytterbium 169 14269-78-4 N/A N/A N/A ? ? ? ? 
Yttrium 90 10098-91-6 N/A N/A N/A ? ? ? ? 
Yttrium 91 14234-24-3 N/A N/A N/A ? ? ? ? 

Zinc 7440-66-6 N/A N/A u, ff 
 

Y ? ? ? 

Zinc 65 13982-39-3 N/A N/A N/A see zinc see zinc see zinc see zinc 
Zirconium 95 13967-71-0 N/A N/A N/A ? ? ? ? 



Drinking Water Inspectorate 
 

WRc Ref: DWI8375.01/15491-0 
March 2011 

© WRc plc 2011 136

a. Occurs in drinking water at concentrations well below those at which toxic effects may occur. 

b.  Very limited database on toxicity and carcinogenicity. 

c. For substances that are considered to be carcinogenic, the guideline value is the concentration in drinking 
water associated with an upper bound excess lifetime cancer risk of 1 x10-5 (one additional cancer per 
100 000 of the population ingesting drinking water containing the substance at the guideline value for 70 
years). 

d. Provisional guideline value, as there is evidence of a hazard, but the available information on health 
effects is limited. 

e. Concentrations of the substance at or below the health based guideline value may affect the appearance, 
taste or odour of the water, leading to consumer complaints. 

f. Guideline value not established because of the rapid breakdown of chlorine dioxide and because the 
chlorite provisional guideline is adequately protective for potential toxicity from chlorine dioxide. 

g. Available data inadequate to permit derivation of health based guideline value. 

h. The parametric value refers to the residual monomer concentrations in the water as calculated according 
to specifications of the maximum release from the corresponding polymer in contact with the water. This 
is controlled by product specification. 

i. Applies to aldicarb sulphoxide and aldicarb sulphone. 

j. For combined aldrin plus dieldrin 

k. Owing to limitations in the animal data as a model for humans and the uncertainty surrounding the human 
data, a health based guideline value cannot be derived; however, practicable levels based on 
optimisation of the coagulation process in drinking water plants using aluminium-based coagulants are 
derived: 0.1 mg/litre or less in large water treatment facilities, and 0.2 mg/litre or less in small facilities. 

l. Degrades rapidly in the environment and is not expected to occur at measurable concentrations in 
drinking water supplies. 

m. Provisional guideline value, as there is evidence of a hazard, but the available information on health 
effects is limited. 

n. No consistent evidence that ingested asbestos is hazardous to health. 

o. Unlikely to occur in drinking water. 

p. Provisional guideline value because calculated guideline value is below the level that can be achieved 
through practical treatment methods, source protection, etc. 

q. Provisional guideline value because calculated guideline value is below the achievable quantification 
level. 
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r. Occurs in drinking-water at concentrations well below those at which toxic effects may occur. (Although a 
health-based guideline of 0.1 mg/l has been derived, as chloral hydrate occurs in drinking water at 
significantly lower concentrations than this level, WHO decided that no formal guideline is necessary). 

s. Provisional guideline value because disinfection is likely to result in the guideline value being exceeded. 

t. The water should not be aggressive. 

u. May affect acceptability of drinking water. 

v. Concentrations of the substance at or below the health based guideline value may affect the appearance, 
taste or odour of the water, leading to consumer complaints. 

w. For effective disinfection, there should be a residual concentration of free chlorine of >0.5 mg/l after at 
least 30 minutes contact time pH <8.0. 

x. Guideline value not established because of the rapid breakdown of chlorine dioxide and because the 
chlorite provisional guideline is adequately protective for potential toxicity from chlorine dioxide (taste 
and odour threshold 0.4 mg/l). 

y. For total chromium. 

z. Staining of laundry and sanitary ware may occur below guideline value. 

aa. For cyanide as total cyanogenic compounds. 

bb. Not considered appropriate to set guideline values for pesticides used for vector control in drinking 
water. 

cc. Rarely found in drinking water, but may be used as an aquatic herbicide for the control of free floating and 
submerged aquatic weeds in ponds, lakes and irrigation ditches. 

dd. Applies to the free acid. 

ee. Volume of water consumed and intake from other sources should be considered when setting national 
standards. 

ff. Not of health concern at levels found in drinking water. 

gg. Available data inadequate to permit derivation of health based guideline value, and lifetime exposure to 
iodine through water disinfection is unlikely 

hh. Not of health concern at concentrations normally observed in drinking water, and taste and appearance 
of water are affected below the health based value. 

ii. 25 µg/l from 25/12/03 till 25/12/13, then 10 µg/l after this date in December 2013. 

jj. For inorganic mercury. 

kk. For total microcystin-LR (free plus cell bound). 
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ll. Occurs in drinking water at concentrations well below those at which toxic effects may occur, and health 
based value would far exceed lowest reported taste and odour threshold. 

mm. Has been withdrawn from use in many countries and is unlikely to occur in drinking water. 

nn. No formal health-based guideline value derived, as any health0based guideline value derived would be 
significantly higher than concentrations at which MTBE would be detected by odour (which is 
approximately 15 µg/l). 

oo. Short term exposure. 

pp. Long term exposure. 

qq. The English and Welsh Drinking Water Inspectorate (DWI) issued guidance for PFOS based on a 4 tier 
system with values ranging from 0.3 to 9.0 µg/l with requirements for increased monitoring through to 
actions to decrease concentrations. 

rr. The English and Welsh Drinking Water Inspectorate (DWI) issued guidance for PFOA based on a 4 tiered 
system with values ranging from 0.3 to 45.0 µg/l, with requirements for increased monitoring through to 
actions to decrease concentrations. 

ss. Only when used as a larvicide for public health purposes. 

tt. Pesticides total means the sum of the concentrations of the individual pesticides detected and quantified 
in the monitoring procedure. 

uu. Taste and odour will in most cases be detectable at concentrations below those concentrations of 
concern for health, particularly with short-term exposure. 

vv. An important operational water quality parameter. 

ww.  Not recommended for direct application to drinking water unless no other effective and safe treatments 
are available. 

xx. The specified compounds are benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[g,h,i]perylene, 
indeno[1,2,3-cd]pyrene. The parametric value applies to the sum of the concentrations of the individual 
compounds detected and quantified in the monitoring process. 

yy. Readily transformed into metabolites that are more toxic; a guideline value for the parent compound is 
considered inappropriate, and there are inadequate data to enable the derivation of guideline values for 
the metabolites. 

zz. Not persistent and only rarely found in drinking water. 

aaa. A guideline value for pyriproxyfen used for agricultural purposes is 0.3 mg/l. This is not to be used as a 
guideline value where pyriproxyfen is added to water for public health purposes. 

bbb. Guideline value is 50 mg/l as sodium dichloroisocyanurate and 40 mg/l as cyanuric acid. 

ccc.  The parametric value applies to the sum of tetrachloroethene and trichloroethene concentrations 
detected and quantified in the monitoring process. 
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ddd. Excluding tritium, potassium 40, radon and radon decay products. 

eee. The specified compounds are chloroform, bromoform, dibromochloromethane, bromodichloromethane. 
The parametric value applies to the sum of the concentrations of the individual compounds detected and 
quantified in the monitoring process. 

fff. The sum of the ratio of the concentration of each to its respective guideline value should not exceed 1. 

ggg. Only chemical aspects of uranium addressed. 

 

 


