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LEGISLATIVE AND REGULATORY FRAMEWORK

Safety and health in Western Australian workplaces is 
regulated by the Occupational Safety and Health Act 
1984 (the OSH Act) and the Occupational Safety and Health 
Regulations 1996 (the OSH regulations) supported by codes 
of practice and guidance notes. Mine safety is regulated by 
the Mines Safety and Inspection Act 1994 (the MSI Act) and 
the Mines Safety and Inspection Regulations 1995.

There are specifi c relevant sections of the Occupational 
Health and Safety Act and Regulations relating to Legionnaires’ 
disease. Section 2.3 requires notifi cation if an employee is 
affected by a notifi able disease, as does regulation 2.5 and 
form 2 in Schedule 2 of the regulations, whilst regulations 
3.38 and 3.39 cover assessment of atmospheric hazards such 
as contaminated airborne aerosols. There are also relevant 
sections of the MSI Act and Regulations, including sections 
9–15 of the Act, regarding ‘duty of care’ and regulations 
6.2–6.25 regarding general duties, relating to items of plant. 
MSI Regulation 3.39 refers to notifi cation of an occupational 
disease. There is also an obligation to notify in section 276 of 
the Health Act 1911.

 What does the legislative and 

regulatory framework mean?
An employer shall, where it is not practicable to avoid the 
presence of hazardous materials at the workplace, provide 
the employees with such adequate personal protective 
clothing and equipment as is practicable to protect them 
against those hazards and ensure that the use, cleaning and 
maintenance of that equipment at the workplace is carried 
out in a manner such that the employees are not exposed 
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ABSTRACT

Eyewash safety showers located in remote hot environments may be unsafe to use due to excess 
water temperature and high risk levels of water borne bacteria such as Legionella. Australian 
Standard AS 4775 specifi es that dispensed water shall be bacteria free and have a maximum 
temperature of 37.8°C. Legionnaires disease is contracted when water aerosols containing 
Legionella bacteria are inhaled.

Laboratory tests show 30 to 70 times more aerosols are generated by showers operating at 38°C 
than with showers operating at 25°C. Furthermore, excess temperature in fl ushing water can cause 
burn injuries leading to hospitalisation, skin grafts and/or permanent scarring. Excess temperature 
also increases the rate of reaction to corrosive substances, opens pores in the skin to allow greater 
dermal penetration and can cause dizziness and fainting by dilating blood vessels and reducing 
blood pressure.

INTRODUCTION

Working environments may involve the risk of accidental 
exposure to harmful substances and a generally accepted 
safety precaution is to use potable water as a fl ushing fl uid 
and to install eyewash safety showers to limit the effects of 
such accidental exposure should it occur. Dispensing the 
fl ushing fl uid from eyewash safety showers aims to serve two 
purposes, ie to stop further damage to the exposed person 
by neutralising and or removing the harmful substance and 
to limit the degree of any ongoing trauma until emergency 
response help arrives at the scene. The Australian Standard 
AS 4775 sets out the recommended design criteria to assure 
eyewash safety showers will achieve these goals. In doing 
so, the eyewash safety shower standard relies on three vital 
underlying premises.

AS 4775 clause 4.4 states that the fl ushing fl uid dispensed 
from the eyewash safety shower shall be suitable for human 
consumption and clause 4.19 states that the dispensed fl ushing 
fl uid shall be tepid and within the recommended temperature 
range of 15.6°C to 37.8°C. Clauses 6.2, 7.1 and 8.1 state that the 
eyewash safety shower equipment shall deliver the fl ushing 
fl uid for a minimum of 15 minutes. Temperature, bacteria 
levels and the delivery duration of the fl ushing fl uid play an 
important part in achieving the safety aims of the eyewash 
safety shower equipment.

The design of eyewash safety showers and the installation 
of the piped water supply poses signifi cant health issues in 
both warm and hot environments. The operating procedures 
adopted at some sites to overcome these issues will only 
provide short-term inadequate relief.
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to hazards. Under the Occupational Safety and Health Act 
1984 (the OSH Act), there are two types of instruments to help 
companies meet their workplace health and safety obligations, 
ie Regulations and Codes of Practice as follows:
 • where there is a Regulation about a risk, the company is 

required to comply with the Regulation
 • where there is a Code of Practice about a risk, the company 

must either follow what the code says or adopt and follow 
another way that gives at least the same level of protection 
against the risk

 • where there is no Regulation or Code of Practice about 
the risk, the company must choose an appropriate way to 
protect against the risk and take reasonable precautions 
and exercise proper diligence to ensure the company 
meets its obligations

 • where an employer relies on dispensing potable water 
from eyewash safety showers as a means of emergency 
fi rst aid, then the employer has an obligation to ensure 
that employees are not exposed to a hazard when using 
the eyewash safety shower equipment.

 It could be argued that if the temperature of the potable 
water at eyewash safety showers is >37.8°C or if the Legionella 
bacteria counts are >1000 CFU/mL, then the site may be 
unsafe and workers may be at additional and avoidable risk. 
If this is the case, then management can be held accountable if 
a person is further injured as a result.

Current practices in common use 

on mine sites in Australia
Mining companies in Australia universally choose potable 
water as the fl ushing agent and select from a variety of 
eyewash safety showers to dispense it, from hand-held bottles 
to combination deluge shower and face wash units. The means 
of delivering the fl ushing fl uid to the dispenser varies with 
location. In compact processing areas, recirculating ring mains 
are effective and economical. More isolated areas generally 
involve uncirculated spur or branch pipeline connections 
and remote unreticulated areas rely on transportable water 
storage tanks.

The most effective current method of managing excess 
temperature in potable water supplies for eyewash safety 
showers is to supply them with chilled water from a 
recirculated ring main connected to an in-line chilled water 
plant. The uncirculated deadleg portion of the supply piping 
between the recirculated chilled water and the connection 
to the eyewash safety shower can be protected from excess 
temperature by an anti-scald valve which opens and vents 
water when the temperature in the deadleg exceeds the 
opening temperature of the valve, allowing fresh chilled water 
to replace the vented hot water. There are smaller deadlegs 
remaining within the internal pipework of the eyewash 
safety shower which can become heated, but the volume in 
these delivery pipes is small and quickly dispensed when 
the eyewash safety shower is turned on. Many companies 
rely on anti-scald valves to manage excess temperature in 
potable water supplies to eyewash safety showers but these 
can become ineffective when the temperature in the potable 
water main servicing the shower exceeds the maximum 
recommended temperature.

The following list of practices has been compiled from mine 
site observations and discussions with mining operators in 
Australia:
 • all the installed eyewash safety showers inspected have 

uncirculated deadlegs downstream of the connection to 
the potable water supply

 • there is a common practice of installing low volume 
hot water storage tanks upstream of the eyewash safety 
showers to reduce potable water losses from anti-scald 
valves

 • there are instances where bacteria CFU counts are reported 
immediately downstream of the water treatment plant, 
but not from sampling for bacteria at eyewash safety 
showers located at the end of supply deadlegs

 • companies are not monitoring or recording water 
temperatures at eyewash safety showers even when the 
anti-scald valves are constantly releasing water due to 
over temperature

 • some mining companies don’t keep accurate records of 
the number and location of eyewash safety showers on 
their sites and consequently don’t have up to date records 
of their operating status

 • it is a common practice for companies to restrict operational 
activity in an area when there is no water supply to an 
eyewash safety shower, but not when the temperature of 
the dispensed water is known to be excessive or when the 
bacteria CPU/mL count is well above the safe risk level.

EFFECTS OF EXPOSURE TO 

HOT FLUSHING FLUID

Excess temperature in water dispensed from eyewash safety 
showers can have a catastrophic impact on individuals who 
have suffered unintentional contact with corrosive substances. 
Chemical reaction rates accelerate with increased temperature, 
doubling for every 10° temperature rise. Irreparable full skin 
thickness burns can result in minutes when exposed to water 
drench temperatures above 45°C. Heat causes blood vessels 
to dilate and blood fl ows more easily resulting in lower blood 
pressure, which can lead to dizziness or fainting. Dizziness 
can cause a loss of balance and lead to a risk of falling. A 
serious fall onto a hard concrete or metal surface can lead to 
loss of consciousness and severely restrict the affl icted person 
from seeking assistance. When there is a build-up of heat, the 
blood vessels and the pores in the skin dilate and there is a 
risk that the harmful substance the person has been exposed 
to can further penetrate the skin.

A hot water burn is a thermal injury, and direct contact 
with the eye may result in blindness if not properly managed. 
Figure 1 taken from SA Health (2013) shows the time for a full 
thickness burn from water at varying temperatures. As can 
be seen from Figure 1, only a small difference in temperature 
can mean the difference between hospitalisation, skin grafts 
or scarring for life.

There are other effects from exposure to hot fl ushing 
fl uids. The reaction of a corrosive substance on human skin 
is affected by temperature, and fl ushing with hot water can 
increase the temperature of both the corrosive substance 
and the skin and in doing so affect the rate of reaction 
between the corrosive substance and the skin. Cohen 
(1912) referenced Arrehenius who postulated that the rate 
of reaction is proportional to temperature and a common 
though not entirely accurate example is that a ten degree rise 
in temperature can double the rate of reaction.

There is another important dynamic which is directly 
related to water temperature and this involves the generation 
of aerosols in hot water showers. Figure 2 shows the amount 
of water dispensed from a deluge shower which has a fl ow 
rate 8–10 times the fl ow rate of a normal shower. Zhou et al 
(2007) conducted a series of experiments to determine the 
variation in the amount of water inhaled when showering in 
water with different fl ow rates and different temperatures. 
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They found that the deposited water dose from inhalation 
increased with increasing fl ow rate and temperature, and 
that the deposited water dose inhaled from showering with 
water at 37°C was 50–100 times higher than when showering 
with water at 25°C.

Zhou et al (2007) also found the predominance of respirable 
sized aerosols increased with humidity and showering in 
hot water increased the humidity in the air surrounding 
the patient. They reasoned that hot water showering also 
increased the likelihood of contaminated aerosols penetrating 
deeper within the lungs.

In summary, showering in water with a temperature above 
37.8°C can have the following effects:
 • dilation of blood vessels leading to lower blood pressure 

and danger of dizziness and fainting making remedial 
behaviour by the patient more diffi cult

 • opening of the pores allowing greater dermal penetration 
of corrosive substances

 • thermal injury requiring hospitalisation, skin grafts and 
possible scarring for life

 • increased reactivity of the corrosive substance, thereby 
increasing the likelihood and severity of injury

 • increased formation of water aerosols by one or two orders 
of magnitude leading to a signifi cant increase in the risk of 
contracting Legionnaires’ disease.

EFFECT OF EXPOSURE TO SHOWER 

WATER CONTAMINATED WITH HIGH RISK 

LEVELS OF LEGIONELLA BACTERIA

Persons accidentally exposed to a hazardous substance 
are likely to have a damaged respiratory system and/
or a weakened immune system and are at an increased 
risk of contracting Legionnaires’ disease if they shower 
for an extended period in a deluge of water contaminated 
with the bacteria. Legionnaires’ disease (also known as 
legionellosis) is a severe form of pneumonia, and is caused 
by Legionella bacteria which are found in damp or wet 
environments and environments that generate water aerosols 
such as eyewash safety showers. Legionnaires’ disease is 
contracted by breathing in water droplets or airborne liquid 
droplets (aerosols) that are contaminated by the Legionella 
bacteria. Paszko-Kolva et al (1990) reported that some species 
of Legionella Pseudomonas, eg Pseudomonas aeruginosa and 
Pseudomonas cepacia, are recognised as human pathogens. 
Pseudomonas aeruginosa is highly invasive and is a causative 
agent of eye infections that are resistant to antibiotic therapy. 
Almost all patients diagnosed with a Legionella infection need 
to be admitted to hospital for treatment, and Legionnaires’› 
disease can result in death if not treated in time.

Any water source with the potential to create water aerosols 
has the potential to transmit the disease when the water 
is contaminated with Legionella. These sources include 
emergency deluge systems as shown in Figure 3 (both nose 
and mouth are totally inundated by the water), above and 
below ground storage tanks which feed aerosol generating 
equipment, and any water system that generates an aerosol 
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FIG 1 – Time for a full thickness burn from water at varying temperatures.

FIG 2 – Illustration of the amount of water dispensed from a deluge 

shower which has a fl ow rate 8–10 times the fl ow of a normal shower.

FIG 3 – Illustration of the amount of water dispensed by a face wash 

unit and how both nose and mouth are totally inundated by water.
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and the water temperature ranges between 20°C and 45°C. 
According to Wadonski et al (1988) the proliferation of 
Legionella bacteria is known to be promoted by:
 • a wet, warm environment (temperature range of 20°C – 

45°C)
 • stagnation or low water turnover
 • high microbial concentration, including algae, amoebae, 

slime and other bacteria
 • presence of biofi lm, scale, sediment, sludge, corrosion 

products or other organic matter
 • degraded plumbing materials, such as rubber fi ttings, 

which may provide nutrients to enhance bacterial growth, 
and shower head aerators and screens which can limit 
fl ow and harbour the bacteria.

As already indicated above, the risk of contracting 
Legionnaires’ disease is related to the status of the exposed 
person’s immune system, the duration of the exposure, the 
amount of bacterial concentration in the water and the density 
of the aerosolised water (respirable droplets) in the air being 
inhaled. Emergency eyewash safety showers can’t infl uence 
the fi rst two points above, but can have a direct infl uence on 
the last two.

 IMPORTANCE OF SHOWER DURATION

The Australian Standard AS 4775 clauses 6.2, 7.1 and 8.1 
specify a minimum supply duration of 15 minutes. The 
duration under the shower serves three purposes, ie suffi cient 
time to remove contaminated clothing, suffi cient time to 
neutralise, dilute and/or remove hazardous materials from 
the body, and to remain in a neutralising environment long 
enough for emergency response personnel to arrive at the 
scene.

Some mine sites insist on a minimum shower duration of 20 
minutes to allow suffi cient time for attendance of emergency 
response personnel.

The Australian Department of Defence Emergency Eyewash 
and Shower Policy advises the fl ushing or rinsing time can be 
modifi ed if the identity and properties of the chemicals are 
known. For example:
 • a minimum fi ve minute fl ushing time is recommended for 

mildly irritating chemicals
 • at least 20 minutes for moderate to severe irritants
 • 20 minutes for non-penetrating corrosives
 • at least 60 minutes for penetrating corrosives.
The company should advise by way of prominent signage 

if it is determined that the fi fteen-minute dwell duration is 
insuffi cient.

Special attention is required to ensure there is a suffi cient 
supply of tepid temperature water available for the required 
shower duration. For a deluge shower this is a minimum 
of 1150 L, and for a combination eyewash safety shower a 
minimum of 1500 L is required. Sites using 50 L and 80 L in-
line storage tanks must ensure the water supply to these small 
tanks is at a safe temperature.

 FACTORS AFFECTING TEMPERATURE 

OF FLUSHING FLUID DISPENSED FROM 

EYEWASH SAFETY SHOWERS

The source of the fl ushing fl uid is either from the facility’s local 
potable water treatment plant or the municipal water supply. 
The fl ushing fl uid is conveyed to the eyewash safety showers 
via pipework, and the factors affecting the temperature of 
the fl ushing fl uid at the eyewash safety shower start with 

the temperature of the potable water entering the potable 
water distribution system and the heat exchange that follows 
between the pipe and its surroundings. Stagnant water in 
buried pipework will equilibrate to the temperature of the 
surrounding earth and can provide cooling in dynamic fl ow 
conditions depending on the volume of water contained in 
the buried pipe. On the other hand, water in exposed above 
ground piping can absorb heat from the surrounding air, from 
exposure to direct sunlight, and by radiation from nearby 
warm/hot surfaces.

 On a 40°C day it takes approximately 20 minutes for the 
sun to heat stagnant water in an exposed 50NB pipe in a pipe 
rack from 25°C to 40°C, and the water in the pipe will reach a 
maximum equilibrium temperature of 52.6°C when the wind 
speed is 1 m/sec (3.6 km/hr). In contrast, stagnant water in 
an uninsulated steel pipe laid on concrete and exposed to 
direct sunlight on a 40°C day can reach up to 88°C in still air 
conditions.

The map from the Australian Government Bureau of 
Meteorology shown in Figure 4 indicates that large areas of 
Australia are subject to maximum temperatures exceeding 
40°C during the summer. Hence, if the water in the potable 
main is above 37.8°C during the hotter times of the year, 
it is necessary to introduce cooling systems to reduce the 
temperature of the water.

FACTORS AFFECTING BACTERIA 

CONTAMINATION IN FLUSHING 

FLUID DISPENSED FROM 

EYEWASH SAFETY SHOWERS

In most processing plants the potable water plumbing system 
is complex, and complicated piping systems can include 
extensive portions of uncirculated pipework which provide 
the ideal conditions for unrestrained growth of Legionella 
bacteria. The following points have been adapted from 
enHealth (2015) Guidelines for Legionella Control in the 
operation and maintenance of water distribution systems in 
health and aged care facilities.

Pipework that allows heat gain
Legionella bacteria grows in water temperature in the range 
of 20–45°C and the growth is most prolifi c between 37–43°C. 
Any pipework system which is exposed to a hot environment 
and is poorly insulated or exposed to solar radiation can 
result in the water temperature being in a range conducive to 
Legionella bacteria growth.

Stagnant water in uncirculated pipework
Sections of uncirculated pipe within a piping distribution 
system can result in the water being stagnant. Stagnant or 
slow moving water provides ideal conditions for growth of 
the water borne Legionella bacteria. The pipe immediately 
upstream of the eyewash safety shower invariably contains a 
section which is uncirculated and not routinely or adequately 
fl ushed. The control valves on eyewash safety showers are 
designed for rapid opening and the biofi lm which can grow 
extensively in stagnant water is loosely bound to the surface 
of the pipe and is easily sloughed away from the pipe wall 
when exposed to the hydraulic shock when the shower is 
activated, potentially delivering a high dose of bacteria to the 
exposed person.

Age or condition of pipes
The presence of biofi lms, scale, sediment, sludge, corrosion 
products or organic matter in pipes can provide environments 
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for Legionella to grow. Certain plumbing materials (eg fi ttings 
made of rubber or some plastics) can provide attachment 
surfaces for biofi lms and nutrients to support proliferation 
of Legionella. They can also affect the fl ow of water, again 
producing conditions that may contribute to Legionella growth.

Defi ciencies in commissioning new pipework
Following the installation of pipework, commissioning is 
undertaken to identify leaks and confi rm that the system 
performs to requirements before normal operation begins. 
Legionella contamination and colonisation of pipework and 
other water infrastructure may occur during manufacture, 
transit, storage or construction. Precommissioning disinfection 
(eg chlorination) should be undertaken for all new plumbing 
installed and it is important that facilities ensure that this has 
taken place before handover of infrastructure.

Incorrect selection of pipework material
Some pipework materials have been shown to increase 
the growth of Legionella by enhancing the formation of 
biofi lms or the supply of nutrients that encourage bacterial 
growth. These materials include rubber, acrylonitrile 
butadiene styrene (ABS), styrene butadiene rubber (SBR) and 
polyvinyl chloride (PVC), as well as corrosion products of 
iron and steel. Mekkour et al (2013) noted that the presence 
of these materials does not necessarily require their removal; 
however, their presence does increase the risk of Legionella 
and other microbial growth, and may require additional risk 
management. System materials should also be compatible 
with disinfection chemicals at the concentrations that they are 
likely to be used.

In-line water storages
Some facilities store water in tanks to ensure consistency of 
supply or to manage heat gain. Storage tanks may provide 
environments where residual disinfectant diminishes over 
time, or sludge or biofi lm builds up, creating an environment 

conducive to Legionella growth. Storage tanks located 
outdoors can also be subject to increased temperatures. Tanks 
should be monitored and cleaned periodically. In the ‘cold 
potable water’ supplies in tropical or subtropical climates in 
Australia, the temperature of water supplied to facilities can 
be well above 20°C. This limits opportunities for temperature 
control within the facility and can be expected to make other 
controls signifi cantly more important in limiting Legionella 
growth.

Care should be taken in design to avoid or minimise these 
risks by undertaking a risk assessment of any proposed 
plumbing design. For example:
 • deadlegs and areas of low fl ow should be avoided
 • pipework should be designed and installed in a way that 

ensures that temperature transfer between hot and cold 
pipes does not occur

 • where possible, the use of materials known to support the 
growth of biofi lm should be avoided and the materials 
selected should also be compatible with the concentrations 
of disinfection chemicals that may be used in the system 
(eg high concentrations of chlorine for short periods of 
time)

 • water storage should be designed to prevent local 
contamination and heating above 20°C during periods of 
extended hot weather

 • potable water pipework should, as far as reasonably 
practical, be protected from the environmental heating of 
contained water above 20°C

 • only install self-draining eyewash safety showers which 
are without deadlegs upstream or downstream of the 
operating valves.

Although water and plumbing controls are important to 
avoid or reduce the growth of Legionella, exposure controls 
are also needed to ensure that exposed persons are not at risk 
from aerosols that potentially contain Legionella.

FIG 4 – Australian Government Bureau of Meteorology data on maximum summer temperatures.
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CURRENT METHODS EMPLOYED TO MANAGE 

EXCESS TEMPERATURE AND HIGH RISK 

BACTERIA IN EYEWASH SAFETY SHOWERS

There have been many attempts to manage excess temperature 
and high risk bacteria in eyewash safety showers and most 
have not been successful. These attempts include regular 
fl ushing, buried supply pipework, insulated and shaded 
piping, buried in-line tanks, above ground in-line tanks, in-
line sterilisers, anti-scald valves, evaporative cooling sleeves, 
self-draining piping to deluge showers and eyebaths, and 
recirculating ringmains. The pros and cons of the various 
methods employed to manage excess temperature and high 
risk levels of bacteria are set out in Table 1.

MANAGING EXCESS TEMPERATURE 

IN EYEWASH SAFETY SHOWERS

Excess temperature in water supplied to eyewash safety 
showers can occur when the temperature of the incoming 
potable water main is above the recommended upper 
temperature limit of 37.8°C and the potable water distribution 
system is uninsulated and exposed to direct sunlight and 
or ambient temperatures above 37.8°C. The design and 
installation of the potable water distribution system is the key 
to managing excess temperatures.

In process areas where the eyewash safety showers are 
near each other, the water supply should be in the form of 
a circulating ringmain installed without any deadlegs. If the 
temperature of the water in the incoming potable main is 
too hot, the water must be cooled in a chiller unit before it 
enters the ringmain and the ringmain should be insulated and 
shaded to limit heat gain from solar radiation. However, there 
will be some minor heat gain from ambient surroundings 
when the ambient temperature exceeds the temperature of the 
water in the ringmain. This can be managed by recirculating 
the water back through the chiller downstream of the water 
treatment plant.

Where it is impractical to supply potable water to an 
eyewash safety shower through a potable water ringmain, 
the water supply to the eyewash safety shower needs to be 
recirculated through a small chiller placed in-line close to 
the eyewash safety shower. The water is then recirculated 
in the deadleg between the eyewash safety shower and the 
in-line chiller where it is cooled. The recirculated water can 
also be sterilised by in-line UV radiation and the uncirculated 
deadleg piping upstream of the chiller can be automatically 
fl ushed on a regular basis. A sample small chiller is shown in 
Figure 5.

MANAGING HIGH RISK LEGIONELLA 

IN EYEWASH SAFETY SHOWERS

Rogers et al (1994) advises that Legionella persists in the 
water and in the biofi lm on the inside wall of the pipe and 
can proliferate in temperatures between 20°C and 50°C. 
Turbulent recirculation is the most important means of 
managing Legionella in potable water supplies, because it 
limits the development of the biofi lm through the combined 
means of the scouring and sloughing action of the moving 
water and the continuous distribution of residual chlorine 
disinfectant throughout the piping system. To achieve 
effective recirculation, all deadlegs in the piping distribution 
must be eliminated. The World Health Organisation describes 
a deadleg as an uncirculated section of pipe which is more 
than one and a half times the diameter of the pipe, and an 
explanatory sketch shown in Figure 6 was prepared by 

Choudary (2008). Similarly, there should be no storage tanks 
or any other device anywhere in the piping system which 
slows the movement of the water.

Managing temperature is another vital component for 
managing Legionella bacteria. Increased temperature 
increases the reactivity of chlorine disinfectant and reduces 
its effective life. According to Konishi (2006), Legionella 
bacteria propagation is most active in the temperature range 
37°C to 43°C) and increasing the temperature of the water 
up to within this range will promote more vigorous bacteria 
growth. Recirculation provides the opportunity to remove 
heat gained by the potable water distribution system from 
insolation and surrounding air if the water is recirculated 
through an active cooling system such as an in-line chiller. In 
a recirculation system, the potable water can also be passed 
through an in-line water treatment facility where the residual 
chlorine levels for the whole distribution system can be 
maintained. If the potable water is not recirculated and lies 
stagnant in deadlegs, it is necessary to place an in-line chiller 
and UV steriliser in the deadleg and recirculate the water 
deadleg between the eyewash safety shower and the chiller 
and UV steriliser.

Many facilities test for Legionella bacteria downstream of 
the water treatment plant. However, a low or zero reading 
can be misleading especially if there are uncirculated 
deadlegs in the water supply to the eyewash safety showers. 
Residual chlorine remains reactive for between 7–10 days, 
and if the deadlegs are not fl ushed suffi ciently and regularly 
the resident Legionella bacteria can multiply in the deadlegs. 
Testing for Legionella bacteria should always be conducted at 
the eyewash safety shower.

The Code of Practice for Prevention and Control of 
Legionnaires’ Disease recommends immediate online 
decontamination if a potable water distribution system 
becomes contaminated with Legionella bacteria and test 
results are above 10 CFU/ml using Australian Standard AS 
3666.3 Morris and Sheldon (1994) characterised contamination 
levels of 10–99 CFU/ml as a moderately high level of concern, 
which is approaching levels that may cause an outbreak, and 
they characterised a contamination level >99 CFU/ml as a 
high level of concern and which has the potential for causing 
an outbreak.

The enHealth publication Guidelines for Legionella control 
in the operation and maintenance of water distribution 
systems in health and aged care facilities provides details 

FIG 5 – Small chiller for cooling the water supply to an eyewash safety shower.
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Management practice Pros Cons

Regular fl ushing 

/ Managing 

temperature

Regular fl ushing is eff ective in managing the temperature in 

water dispensed from eyewash safety showers immediately 

after the fl ushing ceases, but only if the incoming water from the 

potable main is tepid and the duration of the fl ushing is suffi  cient 

to fl ush the whole of the line to the shower unit.

Regular fl ushing can waste a signifi cant amount of valuable potable water and can give 

rise to additional safety hazards in the workplace. Maintaining an accurate fl ushing 

record for all eyewash safety showers can be a challenge and the cost of labour to carry 

out the routine weekly fl ushing can be excessive.

Regular fl ushing / 

Managing bacteria

Regular weekly fl ushing can be eff ective in managing water 

borne bacteria contamination in the potable water supply 

pipework.

Regular fl ushing can limit biofi lm growth through erosion and 

sloughing action in the pipework, especially if the fl ow in the 

pipe is turbulent.

EnHealth advises residual chlorine only survives a maximum of seven to ten days 

depending on temperature, and irregular fl ushing with longer intervals between fl ushes 

will not be eff ective. Similarly, fl ushing with a low fl ow rate which doesn’t produce 

turbulent fl ow in the pipe will not be as eff ective in managing biofi lm growth, and not 

fl ushing long enough to clear all the water in the supply pipe will also be ineff ective. 

Long fl ushing periods can waste a signifi cant amount of valuable potable water and 

introduce additional safety hazards into the workplace.

Buried supply 

piping / Managing 

temperature

The buried portion of the potable supply pipe is shielded from 

direct sunlight and gets no heat gain from sunlight. 

Burying the supply pipe also provides a means of cooling 

incoming potable water if the temperature of the earth around 

the pipe is less than the temperature of the incoming water.

Burying potable supply piping is expensive in most mining locations. Maintenance of 

buried pipework can be expensive, and modifi cation to buried pipework to suit modifi ed 

plant layouts is restrictive. 

Burying of pipework is only eff ective in managing temperature if the buried portion of 

piping contains a suffi  cient volume of water to last for the full 15 minute supply to the 

shower.

Managing bacteria Reducing the temperature and or restricting heat gain from solar 

radiation can restrict the growth of water borne bacteria.

Is not totally eff ective in managing high risk bacteria. 

Cleaning of buried pipework can be expensive .

Insulating and 

shading supply 

pipes / Managing 

temperature

Solar radiation in Australia is around 280 W/m2 considering 

refl ected heat, and a length of pipe exposed to full sunlight for a 

twelve-hour day can quickly increase to over 50°C and if stagnant 

and in close contact with the ground can reach as high as 80°C. 

Shading avoids the heat gain from solar radiation and limits 

the heat gain from the surrounding air. Insulating the supply 

piping helps maintain the water temperature at the temperature 

it enters the system by restricting the heat gain from the 

surrounding air.

Insulated pipe is slow to heat up and is also slow to cool down. If the water in an 

insulated pipe gets above the maximum recommended tepid temperature, the 

insulation will restrict it cooling down overnight when ambient temperatures fall and 

potable water losses from anti-scald valves can persist longer than for uninsulated pipes.

Managing bacteria Insulated and /or shaded piping can moderate pipe temperatures 

and in some cases will keep the water at a temperature at the 

lower end of the bacteria activity range.

Insulated and /or shaded piping does not actively manage water borne bacteria. 

Insulation on piping may maintain the water in the pipe at a more virulent temperature 

for bacteria growth for longer periods of time.

Buried in-line 

tanks / Managing 

temperature

The water in a buried tank assumes the temperature of the 

surrounding earth and will prevent scalding until the volume of 

the tank is used up.

Burying in-line tanks is expensive in most mining locations. 

The amount of water an underground tank can cool is limited by the volume of the 

tank, which is generally signifi cantly less than the 1500 litres required by a combination 

eyewash safety shower dispensing 100 L/min for a minimum of 15 minutes.

Buried in-line tanks 

/ Managing bacteria

The buried tank may keep water in the tank at the lower end of 

the bacteria activity scale.

It is generally not possible to drain a buried tank to remove water once it is 

contaminated. In addition, it is very diffi  cult to remove the biofi lm which forms on the 

inside surface of the tank without the fl ushing velocity required to create the turbulence 

needed to scour the biofi lm.

Above ground storage 

tanks / Managing 

temperature

An above ground tank may keep water temperature at the lower 

end of the bacteria activity scale within the tank. These tanks are 

generally installed to limit water losses from anti-scald valves.

Insulated above ground storage tanks will still slowly heat the stored water when the 

ambient temperature is higher than the temperature of the stored water. Furthermore, 

the insulation keeps the water in the tank hot for longer even after the ambient 

temperature cools.

Above ground 

storage tanks / 

Managing bacteria

An above ground tank may keep water in the tank at the lower 

end of the bacteria activity scale.

It is very diffi  cult to remove the biofi lm which forms on the inside surface of the tank 

without suffi  cient fl ushing velocity to create the turbulence required to scour the biofi lm.

In-line UV sterilisers 

/ Managing bacteria

An in-line UV steriliser neutralises bacteria with UV light 

by making the bacteria sterile and unable to reproduce. UV 

sterilisers are relatively inexpensive and simple to install.

UV sterilisers do not provide any residual disinfectant in water they treat. Foreign 

particles in the water can shield bacteria from the UV light and high quality fi lters are 

required for reliable UV sterilisation in one-off  passes.

Anti-scald valves 

/ Managing 

temperature

The purpose of the anti-scald valve is to bleed hot water from 

the supply pipe if the temperature of the water in the pipe 

exceeds the opening temperature of the valve. This allows cooler 

water to fl ow into the deadleg leading to the shower, and this 

is a relatively simple device for managing water temperature in 

supply lines to eyewash safety showers when the temperature of 

the incoming potable water is below the opening temperature of 

the anti-scald valve.

The anti-scald valve relies on incoming potable water being at a temperature below the 

opening temperature of the valve. If the temperature of the incoming water is above 

the opening temperature of the valve the valve will continue to pass water until the 

temperature of the incoming water drops below the opening temperature of the valve. 

Continuous or lengthy periods when the valves are open can waste signifi cant amounts 

of potable water, especially if multiple eyewash safety showers are aff ected. Water 

dispensed from anti-scald valves is generally not piped to drains and can cause other 

hazards within the operating environment, especially if the eyewash safety shower is 

within a multilevel structure.

TABLE 1

Current methods employed to manage excess temperature and high risk bacteria in eyewash safety showers.
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for decontamination procedures as follows. If Legionella is 
detected in a facility’s water distribution system, or a case 
of Legionnaires’ disease is shown or suspected to be linked 
to colonisation of a facility water distribution system, one 
or more of the following control measures or an alternative 
suitable decontamination procedure should be undertaken as 
a matter of priority:
 • heat disinfection
 • chlorination and hyperchlorination
 • hydraulically cleaning water distribution systems
 • mechanically cleaning water distribution systems
 • cleaning of fi ttings or replacement with new or cleaned 
fi ttings

 • implementation of appropriate exposure controls.
Further decontamination details are available in the 

enHealth guidelines.

REVIEW OF AUSTRALIAN 

STANDARD AS 4775:2007

Australian Standard AS 4775 is based on the American 
National Standard for Emergency Eyewash and Shower 
Equipment ANSI/ISEA Z358.1–2004, but has less detail 

regarding water temperature and water quality. AS 4775 
assumes all plumbed eyewash safety showers will have clean 
and tepid drinking water at all specifi ed fl ows for at least 15 
minutes and does not contemplate that this may not be the 
case. There are three other areas where the specifi cation can 
be improved to reduce the risk of exposure to high risk levels 
of Legionella bacteria, and these relate to eliminating internal 
deadlegs in the eyewash and shower pipework, reducing 
the potential for hydraulic shock from fast action valves and 
prohibiting the use of aerators in the dispensing nozzles.

All commercially available eyewash safety showers have 
uncirculated deadlegs in the internal shower pipework 
between the connection to the potable water supply and 
the stay open shut off valves. Deadlegs are also prevalent 
in most appliances downstream of the valves, particularly 
in eyebath and facewash dispensing units. These deadlegs 
provide ideal breeding grounds for Legionella bacteria if they 
are not suffi ciently fl ushed on a routine and regular basis. 
Improving the pipework and valve design for the eyewash 
safety showers can eliminate the deadlegs downstream of the 
valves and can also eliminate deadlegs upstream of the valves 
in cases where the eyewash safety showers are connected to 
recirculated ringmain potable water supplies.

Evaporative cooling 

sleeves / Managing 

temperature

The evaporative cooling sleeve consists of a water absorbent 

cover fi tted over the deadleg pipe supplying water to the shower 

head. The idea is that a small pin-hole in the supply line beneath 

the sleeve will release water into the sleeve, which will evaporate 

and cool the water in the pipe.

To reduce unnecessary water loss, the pin-holes are kept to a minimum diameter and are 

prone to being blocked by mineral deposits left behind by the evaporating water. 

The amount of water in the deadleg pipe which can be cooled in this manner is minimal, 

far short of the amount of water required by the shower unit for 15 minute continuous 

service.

Managing bacteria The sleeves provide some movement in the water in the deadleg 

and reduce the activity of the bacteria in the portion of pipe the 

sleeve covers when functioning fully.

The movement of water in the deadleg will be minimal and not suffi  cient to cause the 

turbulent fl ow required to clean the biofi lm from the sidewall of the pipe. 

The slow movement of water in the pipe serves to bring new nutrients to the biofi lm and 

can accelerate the growth of bacteria in the deadleg compared to growth without the 

new nutrients being brought into the portion of the deadleg covered by the sleeve. 

Self-draining deadleg 

to the deluge shower 

head / Managing 

temperature

Stagnant water in the deadleg between the shower operating 

valve and the shower head is exposed to direct sunlight and can 

be heated to temperatures well above 37.8°C. Draining this water 

through a small vent hole directly upstream of the operating 

valve can alleviate this problem.

The real benefi t in temperature reduction through draining the water in this deadleg is 

questionable. The volume of water contained in the 25 mm diameter deadleg between 

the operating valve and the shower head is less than half a litre. The fl ow to the shower 

head is a minimum of 75 L/min and the time taken to dispense the water in this deadleg 

is roughly one-third of a second. Exposure to 400 ml of hot water for less than half a 

second is unlikely to cause scalding even when the operator is directly under the shower 

if the following drench water is below 37.8°C.

Managing bacteria The self-draining deadleg downstream of the operating valve 

will reduce the opportunity for bacteria to grow in the pipe 

between the operating valve and the shower head, and this 

preventative measure is recommended for that reason.

There are currently no eyewash safety showers available which are without any 

uncirculated deadlegs in the internal piping between the operating valve and the 

connection to the incoming potable water.

Ringmains 

/ Managing 

temperature

A ringmain system is very eff ective in providing the means to 

overcome excess heat gain in potable water supplies to eyewash 

safety showers. By circulating the water, the heat collected in 

the water can be transported to an in-line cooling station where 

the heat can be removed and the recirculated water can be 

maintained at a safe tepid temperature. Shading and insulating 

the ringmain is recommended to reduce the heat gain in the 

circulated water, and the temperature of the water exiting the 

cooling unit and the fl ow in the ringmain should be maintained 

at such a rate which brings fl ushing fl uid to the furthermost 

eyewash safety shower at a tepid temperature safe to use.

Ringmains are only considered for process areas where multiple eyewash safety showers 

are located within close proximity to each other. Installing ringmain piping to remote 

eyewash safety showers can be prohibitively expensive. The ringmain does not cool the 

water, but is an integral component of excess temperature management in eyewash 

safety shower fl ushing fl uid. 

Ringmains do not recirculate the water downstream of the connection to the incoming 

potable water supply and cannot moderate the temperature of the water within the 

eyewash safety shower pipework.

Managing bacteria The ringmain provides the means to recirculate the water 

through a water treatment unit to sterilise waterborne bacteria 

either chemically of by UV sterilisation. The ringmain can also 

help reduce the growth of the biofi lm on the inside of the piping 

through erosion and sloughing.

Irregular fl ushing can allow the biofi lm to grow and be loosely bound to the pipe wall. 

Similarly, insuffi  cient fl ow or fl ushing duration will not remove all the water borne 

bacteria and will not provide the hydraulic conditions for scouring the pipe wall to slough 

off  and erode the biofi lm on the pipe wall. 

Ringmains do not recirculate the water downstream of the connection to the incoming 

potable water supply and cannot manage growth of waterborne bacteria within the 

eyewash safety shower pipework.

TABLE 1 CONT ...
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The AS 4775 specifi cation requires the stay open valve 
mechanism to be simple and to go from closed to fully open 
in one second or less. However, fast opening of these valves 
can give rise to hydraulic shock of suffi cient magnitude to 
dislodge and slough off portions of biofi lm from the inside 
surface of the pipe and hence dispense abnormally high 
doses of bacteria in the vitally important fi rst few minutes 
of operation. Because Legionella is contracted by inhaling 
aerosols which contain the Legionella bacteria, Hindmarsh 
(2016) advises reducing the amount of aerosols generated 
by the dispensing units is a priority and employing means 
of softening water fl ows other than aerators for eyebath 
dispensing nozzles should be encouraged.

A CODE OF PRACTICE FOR THE DESIGN, 

INSTALLATION AND MAINTENANCE 

OF WATER SUPPLY PIPING FOR 

EYEWASH SAFETY SHOWERS

In summary, as a recommended Code of Practice, the 
following criteria shall be included in the design of the supply 
piping for eyewash safety showers:
 • pipework shall be designed to provide the specifi ed 

dynamic pressure and fl ow of fl ushing fl uid at the shower 
unit

 • pipework shall incorporate suffi cient hammer arrest 
components to manage the pressure spikes from the rapid 
closing action of shower control valves

 • pipework shall be insulated and shaded to eliminate heat 
gain from sunlight

 • pipework shall be constructed such that the water supply 
to the shower unit is continuously circulated without any 
deadlegs

 • pipework shall not include any in-line storage tanks
 • pipework shall include suffi cient fi ttings to allow turbulent 

water fl ushing and air scouring to clean the biofi lm from 
the inside of pipes as and when required

 • in environments where the ambient temperature can 
exceed 38°C, the piping system shall have provision for 
cooling the circulated water to maintain a maximum 
temperature of 38°C at every shower

 • the piping system shall include such means as necessary 
to maintain a level of residual disinfectant suffi cient to 
prevent water borne bacteria counts exceeding 100 CFU/
ml.

CONCLUSIONS

Many mining companies operating in remote and hot climatic 
environments have experienced diffi culties in managing 
excess temperature and high risk levels of Legionella bacteria 
in eyewash safety showers, and often the root cause of the 
diffi culty lies in the initial design and installation of the 
potable water supply distribution system and deadlegs in the 
internal piping of the eyewash safety shower equipment. Key 
requirements for success in managing both excess temperature 
and high risk levels of Legionella bacteria are as follows:
 • continuous recirculation of the potable water supply to 

eyewash shower dispending elements without deadlegs 
or fl ow impeding in-line devices such as storage tanks

 • managing heat gain by insulating and shading the potable 
water distribution piping network

 • using in-line cooling to manage the temperature of 
the potable water to within the recommended tepid 
temperature range and preferably below the range for 
virulent growth of Legionella bacteria

 • using in-line water treatment of the potable water 
distribution system to maintain the desired level of 
residual disinfectant.

Opportunities are now available for retro-fi tting in-line 
chillers which store and inject chilled water to cool the stream 
going to the eyewash safety shower whilst continuously 
recirculating the deadleg between the chiller and the shower 
through a cooling coil and a UV steriliser. The chillers also 
automatically dump on a regular weekly basis the water in 
the deadleg between the chiller and the shower and replace 
the stagnant water with freshwater which contains residual 
disinfectant.

 Chillers such as the one shown in Figure 5 eliminate 
potable water losses from anti-scald valves and if used 
with recirculated self-draining eyewash safety showers 
can eliminate the need for regular weekly fl ushing which 
signifi cantly reduces labour and potable water costs, and 
provide management with assurance that employees are safe 
to use the eyewash safety shower at any time of the year.
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