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Abbreviations and definitions
ACMF

Australian Chicken Meat Federation

ADWG

Australian drinking water guideline

Acid

A substance (usually a liquid) with particular chemical properties (it can
donate a proton or accept an electron pair in reactions), including a pH of less
than 7, it contains hydrogen, and it can react with other substances to form
salts.

Alkalinity

Alkalinity is a measure of a solution's ability to neutralise acids (it is measured
as the sum of hydroxide, carbonate, and bicarbonates).

AOP

Advanced oxidation processes

BAC

Biologically activated carbon

BF

Baffling factor

Birds

Meat chickens

Biofilm

A biofilm is a collection of organic and inorganic material that collects on the
pipe surfaces of water systems. Biofilms in a drinking water distribution
system can cause many water quality and operational problems.

Blue-green algae

See Cyanobacteria

Bore water

Water contained in rocks or subsoil, also referred to as groundwater.

BPD

Butterfield’s Phosphate Diluent

Campylobacter

A group of bacteria that are a significant cause of diarrhoea.

CFU

Colony forming units

Chlorination

The use of chlorine as a means of disinfection.

Chloramination

The use of chloramines (compounds formed by the reaction of hypochlorous
acid or aqueous chlorine with ammonia) as a means of disinfection.

Chlorine demand

The difference between the amount of chlorine added to water and the amount
of residual chlorine remaining after a given contact time.

Cleaning

Cleaning reduces the number of contaminants present, and in doing so also
removes a proportion of the organisms that are present.

Coliform bacteria

A group of bacteria whose presence in drinking water can be used as an
indicator of operational monitoring.

Counterion

The ion that accompanies an ionic species in order to maintain electric
neutrality.
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Cryptosporidium

A microorganism commonly found in lakes and rivers that is highly resistant to
disinfection.

Ct

Contact time

Cyanobacteria

A bacterium containing chlorophyll and phycobilins, commonly known as
blue-green algae.

Descaler

An agent used to remove limescale from metal or pipe surfaces in contact with
hot water, such as in boilers, water heaters, and kettles or hard water in water
distribution systems.

Disinfection

Disinfection removes most pathogenic organisms, and in addition, it is the
process that destroys or inactivates most microbes in water.

Disinfecting agent

A compound or substance which, when applied as instructed to tank water or a
water holding system, kills harmful microorganisms.

Disinfectant
residual

The amount of free and/or available disinfectant remaining after a given
contact time under specified conditions.

Drinking water

Water intended primarily for meat chicken consumption.

DOC

Dissolved organic carbon

EC

Electrical conductivity

Escherichia coli

A bacterium found in the gut, which is used as an indicator of faecal
contamination of water.

Filter

A device for removing suspended particles from water.

Free chlorine

Chlorine that has not combined and is free to kill bacteria and algae and
destroy organic pollutants introduced into the water.

GAC

Granular activated carbon

Giardia lamblia

A protozoan frequently found in rivers and lakes. If water containing infectious
cysts of Giardia is ingested, the protozoan can cause a severe gastrointestinal
disease called giardiasis.

Grab sample

A single sample collected at a particular time and place that represents the
composition of the water only at that time and place.

Hardness

The sum of the multivalent metal ions in a solution.

Heterotrophic
plate count (HPC)

The number of colonies of heterotrophic bacteria grown on selected solid
media at a given temperature and incubation period, usually expressed as
‘number of bacteria per millilitre of sample.’

HU

Hazen units

Indicator

A specific contaminant, group of contaminants, or a constituent that signals the
presence of something else, e.g. Escherichia coli (E Coli), indicate the
presence of pathogenic bacteria.

Indicator
organisms

Microorganisms whose presence is indicative of pollution of other, more
harmful microorganisms.

Log removal

Used in reference to the physical–chemical treatment of water to remove, kill,
or inactivate microorganisms such as bacteria, protozoa and viruses (1-log
removal = 90 per cent reduction in density of the target organism, 2-log
removal = 99 per cent reduction, 3-log removal = 99.9 per cent reduction, etc.).

Meat chicken

A chicken (Gallus gallus domesticus) grown for meat. Also referred to as a
broiler in some Australian jurisdictions.
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MFI

Modified fouling index

Microcystin-LR

Microcystin-LR (MC-LR) is the most toxic form of microcystin and is
produced by cyanobacteria. It is used as a reference to measure the toxic load
of microcystins.

Microorganism

An organism too small to be visible to the naked eye. Bacteria, viruses,
protozoa, and some fungi and algae are all microorganisms.

NCH

Non-carbonate hardness

NTU

Nephelometric turbidity unit—a measure of turbidity.

NOM

Natural organic matter

ORP

Oxidation reduction potential

PAA

Peracetic acid

PAC

Powdered activated carbon

Pathogens

Disease causing organisms.

pH

A logarithmic scale from 0–14, where 7.0 is neutral. It measures the
concentration of hydrogen to determine how acidic (below 7.0) or alkaline
(above 7.0) a substance is.

Poultry

Domestic fowls (including chickens, turkeys, guinea fowl, ducks, geese, quails,
pigeons, pheasants, partridges, ostriches, and emus) reared or kept in captivity
for production purposes.

PP

Polypropylene

ppm

Parts per million—a unit of concentration measurement. 1 ppm = 1 mg/L.

Quality

The totality of characteristics of an entity that bear on its ability to satisfy
stated and implied needs (ISO 9000).

Radionuclide

An isotope of an element that is unstable and undergoes radioactive decay.

Raw water

Water in its natural state, before any treatment.

Representative
sample

A portion of material or water that is as nearly identical in content and
consistency as possible to that in the larger body of material or water being
sampled.

Reservoir

Any natural or artificial holding area used to store, regulate, or control water.

RO

Reverse osmosis

Sanitisation

Sanitising is the process of reducing the number of microbes in water to levels
considered safe for consumption by meat chickens.

Scale

The deposition of mineral solids on the interior surfaces of waterlines and
containers. It most often occurs when water contains carbonates or
bicarbonates of calcium and magnesium.

SDI

Silt density index

Shock
disinfection

A one-time introduction of a strong disinfectant to the whole water system.

Source water

Water in its natural state, before any treatment, to make it suitable for drinking.

Sterilisation

Sterilisation is the killing or removal of all organisms.

Surface water

All water naturally open to the atmosphere, e.g. rivers, streams, lakes, and
reservoirs.

TDS

Total dissolved solids
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TDT

Theoretical detention time.

Thermotolerant
coliforms

Those coliform bacteria which are produced at a temperature of 44 or 44.5
degrees Celsius (see Coliform bacteria).

TOC

Total organic carbon

Total coliforms

A group of related bacteria, including faecal coliforms and thermotolerant
coliforms.

Toxicology

The study of poisons, their effects, antidotes, and detection.

Turbidity

The cloudiness of water caused by the presence of fine suspended matter.

TVC

Total viable count

UV

Ultra-violet

Virus

Molecules of nucleic acid (RNA or DNA) that can enter cells and replicate in
them.
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1 Introduction
This ‘Industry best practice manual for water quality management and sterilisation on-farm’ identifies
the criteria for best practice management of water quality on meat chicken (broiler) farms and
encourages continuous improvement in farm performance. It also sets out the water quality criteria
outcomes which meat chicken farmers need to achieve for best practice.
Factors to consider when thinking about best practice water quality management include:
1. Physical characteristics, mineral content, microbial contamination, and source.
2. Cleanliness of distribution system, drinker lines, and drinkers before flock placement and
during production.
3. Drinker management during batch (drinker type, height control, pressure, drinker damage, and
blockages).
4. Flushing water lines between flocks and during production.
5. Control of biofilms and mineral build-up.
6. Water system equipment maintenance.

General tips for ensuring best practice water quality
#

Tip

Description

1

Consider water supply and
quality when designing new
sheds

Drought can affect many meat chicken growing regions in Australia.
Water supply and quality should be considered before building new
sheds.

2

Pre-treat water

Remove suspended solids and organic matter.

3

Disinfect water

Inactivation of microorganisms to ensure the safety of water for meat
chickens.

4

Regularly test water quality

Microbial, chemical, and physical water quality characteristics should be
measured regularly to identify and control water quality issues and to
determine the effectiveness of pre-treatment and disinfection.

5

Conduct regular
maintenance on the whole
water system

Stops system failures and ensures components of the water system are
operational.

6

Control scale and biofilms

Lack of control was identified as the major cause of water quality issues
and water distribution equipment breakdown.

7

Flush and/or clean water
lines regularly

System is flushed and/or cleaned between each flock and after adding
additives.

8

Aim for the optimal pH
level

Optimal pH range for disinfectant and scale reduction used.

9

Use nipple drinkers

Nipple drinker systems are much more water-efficient and hygienic than
open “bell” drinker systems.

10

Monitor and control

Monitor the whole system.
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Disinfection and sanitisation
The terms disinfection and sanitisation are often used interchangeably; however, they have slightly
different meanings. Sanitisation is used to reduce, but not necessarily eliminate, microorganisms to
levels considered safe for meat chickens. Disinfection is used to destroy or irreversibly inactivate
infectious pathogens. A description of sanitisation and disinfection and how they differ is given in
Figure 1.
The same chemicals can be used as either a sanitiser or a disinfectant, the difference being in the dose
and contact time. For example, the Cobb (2018a) manual “Level Considered Average” states that a
disinfectant residual of > 650 mV Oxygen Reduction Potential (ORP), and 0 Colony Forming Units
(CFU)/ml of bacterial coliforms, indicates water disinfection. The Cobb (2018a) “Maximum
Acceptable Level” states that a disinfectant residual of > 650 mV ORP and 50 CFU/ml of bacterial
coliforms indicates water sanitisation.
Sterilisation is a process
related to disinfection. However,
during the sterilisation process,
all present microorganisms are
killed, both harmful and
harmless microorganisms.

Lowest
microbial risk

Disinfectants are used to
destroy or irreversibly inactivate
infectious pathogens.
Sanitisers are used to reduce,
but not necessarily eliminate
microorganisms from the
environment to levels
considered safe for meat
chickens.

Highest
microbial
risk

Cleaning is the process that
physically removes debris from
the water.

Figure 1. Levels of water treatment and microbial risk
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2 Water quality criteria
The risks to bird health from microbial contamination are higher than risks from chemical
contamination. This is because the health risks caused by chemicals are chronic rather than acute and
tend to be longer-term unless a specific contamination event has occurred. On the other hand, the
health risks caused by microorganisms are generally acute, short-term, and can severely affect bird
performance. Therefore, you should typically give microbial water quality criteria a higher
priority than chemical water quality criteria when assessing water quality in meat chicken
farms. The best practice water quality criteria presented in Table 1 were determined from the
concentrations listed as levels considered average in Ross (2018), Cobb (2018), and Watkins (2008).
When the concentration limits varied between these three sources, the most conservative value was
selected.
Many chemical and microbial contaminants can affect water quality and bird health. These water
quality criteria represent major contaminants and are used as water quality indicators of other
contaminants of a similar type. It is important to refer animal health problems to your
veterinarian.
Notes:
•
•

The unit milligrams per litre (mg/L) is equivalent to parts per million (ppm).
To convert measurements of electrical conductivity (EC) to total dissolved solids (TDS), or
vice versa, use the equations below:
TDS (mg/L) = Electric Conductivity (EC) (dS/m) * 640 (where EC from 0.1 to 5 dS/m)
TDS (mg/L) = EC (dS/m) * 800 (where EC > 5 dS/m)
An online conductivity converter is available from
www.lenntech.com/calculators/conductivity/tds_engels.htm

•

Concentrations of nitrate can be expressed in either of two ways: (1) “nitrate as nitrogen”
(symbol: NO3-N) or (2) simply as nitrate (NO3). To convert NO3-N to NO3 in mg/L, multiply
NO3-N by 4.42.
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Table 1. Recommended water quality criteria for poultry – conservative best practice water
quality criteria from industry Ross (2018b), Cobb (2018) and Watkins (2008)
Unit

Best practice
level

Acceptable
range

CFU/ml

Below
detection

Below
detection

Health-based target. Levels above detection
limit indicate faecal contamination.

Electrical
conductivity (EC)

dS/m

0–1.56

0–4.69

Measures the ability of water to conduct an
electric current. It depends on the
concentration of charged ions (e.g. salts).

Total dissolved
solids (TDS)

mg/L

0–1000

0–3000

Calculated from EC or vice versa.

Colour (true) a

HU

0–15

>15

Approximate estimation of dissolved
organic matter. Changes can indicate issues
with source or treatment processes.

0–200

There are no health effects directly
attributable to hardness. However, high
concentrations will cause scale and can
interfere with the effectiveness of
disinfectants and medications. It can corrode
cool cell pads.

Criteria

Notes

Microbial
Faecal coliforms
e.g. Escherichia
coli
Physical quality

Hardness

pH

mg/L

0–100

pH

6.5–7.8

6.5–8.0

Low pH can corrode water systems and
cause metal leaching. High pH can reduce
the effectiveness of disinfectants and
encourage scale to form.

mg/L

60

0–600

There are no health effects directly
attributable to calcium. However, values
above 100 mg/L may cause scaling.

Metals
Calcium

Copper

mg/L

0–0.002

0–0.6

High levels can cause oral lesions, gizzard
erosion, and liver damage. High levels of
copper are usually caused by acidic water
conditions causing metal leaching.

Iron

mg/L

0–0.2

0–0.3

Can cause bacteria to grow and can also
cause scaling.

Lead

mg/L

0.0

0–0.01

Toxic heavy metal that can cause weak
bones and fertility problems in meat
chickens.

Magnesium

mg/L

0–14

0–125

High concentrations will cause scale and can
have a laxative effect, particularly if high
concentrations of sulphate are also present.

Manganese

mg/L

0–0.01

0–0.05

Can cause bacteria to grow and cause
scaling.

0–500

High concentrations of potassium have no
known adverse health effects. However, its
counterions (e.g. chloride) have laxative
effects.

Potassium

mg/L

0–300
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Criteria

Unit

Best practice
level

Acceptable
range

Sodium

mg/L

0–32

0–150

High concentrations can have a laxative
effect and promote Enterococcus bacteria to
grow.

Zinc

mg/L

0–1.5

0–1.5

Higher concentrations may reduce bird
growth rates.

Chloride

mg/L

0–14

0–150

Combined with high sodium levels, it can
have a laxative effect and promote
Enterococcus bacteria to grow.

Fluoride

mg/L

0–1.1

0–2

High concentrations can cause soft bones
(fluorosis).

Nitrate (as
nitrogen)

mg/L

0–10

0–25

High concentrations can cause poor growth
and feed conversions and can indicate
organic material faecal contamination.

Sulphates

mg/L

0–40

0–250

High concentrations can have a laxative
effect.

Notes

Non-metals

Compounds

a These

values are from the Australian drinking water guidelines (2011).

If there is a specific water quality issue, you can also test the additional water quality criteria in Table
2. These analyses are not regularly needed unless a water quality issue has been previously identified.
These analyses can provide extra information to help you identify and implement a targeted control
measure.
Table 2. Additional criteria that can be analysed in response to identified water quality issues
Water quality
issue

Criteria

Unit

Best
practice
range

Acceptable
range

CFU/ml

0–100

100–1000

Estimate the concentration of
microorganisms, including bacteria,
yeast, and mould spores in a water
sample.

1–50

Estimates bacteria that are found in
the soil, in water that has been
contaminated by surface water, and
also in human or animal waste.

Notes

Microbial
Positive
Escherichia
coli

Total bacteria

Positive
Escherichia
coli

Bacterial
coliforms

Birds have
had major
health issue
from a
waterborne
microbe

Species of fungi,
bacteria, virus,
protozoa and
toxin identified

CFU/ml

0–50

–

–

–

Investigative—to help identify the
issue. Common pathogens that are
investigated include: Salmonella,
Campylobacter, Giardia,
Cryptosporidium and
Orthomyxoviridae.

Chlorophyll a

μg/L

0–7

0–15

These values are from the New
Hampshire Department of
Environmental Services (2017) and
should only be used as a guide.

Microcystins a

μg/L

0–1.3

0–1.3

Expensive test to quantify one type
of toxin.

variable

–

–

Expensive test to identify species so
treatment can be targeted.

Cyanobacteria (blue-green algae)
Source water
has a major
algal bloom
Birds have
had major
health issue
from
cyanobacteria

Species and toxin
identification
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Water quality
issue

Criteria

Best
practice
range

Acceptable
range

Nephelometric
turbidity unit
(NTU)

0–1.0

0–5

Investigative—to help identify the
issue.
Investigative—to help identify the
issue.

Unit

Notes

Physical quality
Higher than
average solids
in water

Turbidity a

If there are
ongoing issues
with organic
matter in s

Total organic
carbon (TOC)

mg/L

–

–

Dissolved
organic carbon
(DOC)

mg/L

–

–

Silica scale
and reverse
osmosis (RO)
membrane
scale

Silica

mg/L

< 80

< 80

Can contribute to scale and can also
affect RO.

mg/L

0–0.003

0–0.003

These values are from the Australian
drinking water guidelines (ADWG)
and should only be used as a guide.

Metals
Possible heavy
metal
contamination

Antimony a
Arsenic

a

mg/L

0–0.01

0–0.01

Cadmium a

mg/L

0–0.002

0–0.002

Chromium as
Cr(VI) a

mg/L

0–0.05

0–0.05

Mercury a

mg/L

0–0.001

0–0.001

mg/L

0–0.08

0–0.08

mg/L

0–3

0–3

Rapidly oxidises to nitrate. Values
are from the ADWG and should only
be used as a guide.

μg/L

0–0.1

0–0.1

μg/L

0–0.5

0–0.5

These should only be used for
guidance, as they are general values
from the European Drinking Water
Directive (DWI, 2010). Specific
pesticides can have highly variable
guideline health values. For further
information on guideline health
values for specific pesticides, please
refer to the ADWG.

Compound
If cyanide
contamination
is suspected

Cyanide a

If there is an
ongoing issue
with nitrate

Nitrite a

Values are from the ADWG and
should only be used as a guide.

Pesticides
If pesticide
contamination
is suspected

Individual
pesticides

Total pesticides

Table 3 a summary of water quality criteria definitions and common treatment options you can use to
control them.
Table 3. Definitions of water quality criteria
Characteristic

Definition

Common treatment options and
comments

Total bacteria

Total viable count (TVC) is a non-specific test that
estimates the concentration of microorganisms,
including bacteria, yeast and mould spores in a
water sample. The TVC represents the number of
colony-forming units (CFU) per millilitre (mL) of
the sample. While most are not disease-causing
organisms, they are an indicator of the sanitary
condition of a water supply.

Pre-treatment
Disinfect water – continuous
system
Shock disinfection
Clean the system between flocks
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Characteristic

Definition

Bacterial
coliforms

Total coliforms can include bacteria from: soil,
surface water, and human or animal waste. While
most are not disease-causing organisms, they are an
indicator of the sanitary condition of a water supply.

Faecal coliforms
e.g. Escherichia
coli (E. coli)

E. coli is a group of bacteria whose presence
indicates a high probability of recent faecal
contamination of drinking water.

Chlorophyll a

Chlorophyll is a specific form of chlorophyll used in
oxygenic photosynthesis, and it indicates the
presence of blue-green algae (cyanobacteria).

Microcystins

Hepatotoxic peptide produced by a range of
cyanobacteria expressed as ‘Microcystin–LR’
toxicity equivalents.
Reverse osmosis
Nano-filtration (to a lesser extent)

Total dissolved
solids (TDS)

TDS consist of inorganic salts and small amounts of
organic matter that are dissolved in water,
including: sodium, potassium, calcium, magnesium,
chloride, sulphate, bicarbonate, carbonate, silica,
organic matter, fluoride, iron, manganese, nitrate,
nitrite and phosphates. Although TDS is not
generally considered a primary contaminant (i.e.
there are no health effects directly attributable to
TDS), it is used as an indication of aesthetic
characteristics of drinking water and as an aggregate
indicator of the presence of a range of chemical
contaminants. High TDS can reduce the palatability
of drinking water.

Turbidity

Turbidity is caused by the presence of fine
suspended matter such as clay, silt, small inorganic
and organic matter, plankton, dissolved coloured
organic compounds and other organisms in the
water.

Filtration
Coagulation

Colour (true)

Colour is caused by dissolved organic matter, which
originates from soils and decaying vegetation in
catchment areas. True colour is measured after
filtering the water to remove the particulate matter.

Filtration
Activated carbon
Coagulation

Hardness is associated with bicarbonate, sulphates,
and calcium carbonate. These substances release
hydroxyl ions when dissolved in water and are
principally bicarbonate ions and carbonate ions.
These compounds act as buffers in water; that is,
they buffer the water against sudden changes in pH.
Hardness causes scale, which reduces pipe volume
and makes drinkers hard to trigger or leak and it can
corrode cool cell pads. High concentrations can also
give water a bitter taste that birds don’t like.
Hardness can also reduce the effectiveness of soaps,
disinfectants and the administration of some
medications.

Reverse osmosis
Nano-filtration (to a lesser extent)
Ion exchange
Aeration can remove carbon
dioxide
Acidification can be used to
dissolve scale caused by hardness
Do not use ion-exchange if the
water is already high in sodium
unless using potassium chloride
instead of sodium chloride.

Hardness

Common treatment options and
comments

7

Pre-treatment filter
Reverse osmosis
Coagulation

Characteristic

Definition

Common treatment options and
comments

The pH is a measure of the acidic or alkaline nature
of the water. pH is controlled to minimise corrosion
and encrustation in pipes and fittings.

Increase pH with soda ash
(Na2CO3), lime Ca(OH)2 or sodium
hydroxide (NaOH).
Decrease pH with phosphoric acid,
sulphuric acid and hydrochloric
acid for strong alkalinity, citric
acid and vinegar for weak
alkalinity.
Refer to ‘hardness’ for treatment
methods.

Calcium

Calcium is a dietary requirement for meat chickens.
Calcium occurs in water naturally from the
weathering of rocks in the source waters catchment
area, and it is a major contributor to water hardness.
Calcium itself does not negatively affect poultry
health. However, it can cause scale build-up and
negatively affect water lines and fogging systems.

Reverse osmosis
Ion exchange

Copper

Copper is a dietary requirement for meat chickens.
It is widely distributed in rocks and soils as
carbonate and sulphide minerals and occurs in water
via dissolution from natural sources or plumbing
containing copper. Low pH water will cause copper
pipes to leach.

Iron

Iron is a dietary requirement for meat chickens. It
occurs naturally in water, usually at < 1 mg/L, but
up to 100 mg/L in groundwater. Iron-oxidising
bacteria can cause blockages and corrosion issues in
water with high iron concentrations. Iron
concentrations as high as 600 mg/L have been
shown not to affect bird health but will have
detrimental effects on water lines and fogging
systems (Fairchild, B. D. et al., 2006). High
concentrations can give the water a bitter taste that
may decrease consumption.

Treatment includes adding a strong
oxidant (chlorine, chlorine dioxide
or ozone then filtration removal
with proper sized mechanical
filtration after sufficient contact
time.

Lead

Lead is a highly toxic metal, and lead poisoning can
be fatal. Lead occurs in water via dissolution from
natural sources or plumbing containing lead (e.g.
pipes, solder). Low pH water will cause lead pipes
to leach.

Magnesium

Magnesium is a dietary requirement for meat
chickens. Magnesium occurs in water naturally
from the weathering of rocks in the source waters
catchment area, and it is a major contributor to
water hardness. Magnesium itself does not
negatively affect poultry health. However, it can
cause scale build-up and negatively affect water
lines and fogging systems.

pH
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Reverse osmosis
Ion exchange
Activated carbon
Treatment the same as for hardness

Characteristic

Definition

Common treatment options and
comments

Manganese

Manganese is a dietary requirement for meat
chickens. It occurs naturally in water; usually low in
surface water and higher in oxygen-depleted water
(e.g. groundwater). Manganese itself does not
negatively affect poultry health, and concentrations
as high as 20 mg/L has been reported not to affect
bird health. However, it can negatively affect water
lines and fogging systems (Batal, A. B. et al., 2005).
High concentrations can give water a bitter taste
that may decrease consumption. It has similar
properties to iron but can be more challenging to
remove due to the slower reaction time.

Reverse osmosis

Potassium

Potassium is a dietary requirement for meat
chickens. Potassium occurs in water naturally from
the weathering of rocks in the source waters
catchment area. Potassium itself does not negatively
affect poultry health. However, it can cause scale
build-up and negatively affect water lines and
fogging systems.

Reverse osmosis

Sodium

Sodium is a dietary requirement for meat chickens.
Sodium occurs in water naturally from rocks and
soils in the source waters catchment area, as well as
man-made sources. Concentrations vary greatly
depending on geological conditions. High
concentrations are more common in groundwater
and certain catchments.

Zinc

Zinc is a dietary requirement for meat chickens. It
occurs in water via dissolution from natural sources
or plumbing containing zinc (galvanised pipes and
fittings, and brasses).

Reverse osmosis
Ion exchange
Activated carbon

Arsenic

Arsenic is a natural semi-metallic toxic element that
is found all over the world in groundwater, from
both natural sources and mining, industrial and
agricultural wastes.

Reverse osmosis
Ion exchange

Cadmium

Cadmium is a toxic heavy metal. In drinking water
cadmium indicates industrial or agricultural
contamination; from impurities in galvanised (zinc)
fittings, solders and brasses.

Reverse osmosis
Ion exchange

Cyanide

Cyanide is a highly toxic compound that can be
produced from industrial waste and some plants and
bacteria.

Activated carbon
Reverse osmosis
Oxidation
Activated carbon
Reverse osmosis

Mercury

Mercury is a toxic heavy metal. It can come from
industrial emissions and spills or be naturally
occurring (very low concentrations). Organic forms
are the most toxic, but these are associated with
biota, not water.

Reverse osmosis

Chloride

Chloride is a dietary requirement for meat chickens.
Chloride naturally occurs in water from rocks and
soils in the source waters catchment area, as well as
anthropogenic sources. Concentrations vary greatly
depending on geological conditions. High
concentrations are more common in groundwater
and certain catchments.
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•
•
•
•
•

Reverse osmosis
Ion exchange
Aeration and filtration
Oxidation and filtration
Chlorination followed by
filtration (most effective at
pH of approximately 8.5,
needs extended contact time
with chlorine before
filtration).

Characteristic

Definition

Common treatment options and
comments
Reverse osmosis

Fluoride

Occurs naturally in some water from fluoridecontaining rocks. It is often added to mains water at
up to 1 mg/L to protect against dental cavities. In
levels greater than 1.5 mg/L, it can cause human
dental fluorosis. Greater than 4 mg/L can cause
human skeletal fluorosis.

Reverse osmosis
Ion exchange

Nitrates

Occurs naturally as a result of the breakdown of
organic matter. It is increasing in some water
(particularly groundwater) flowing from intensive
farming and sewage effluent. Studies observed no
differences in meat chicken performance with
nitrate levels as high as 600 mg/L (Fairchild & Ritz,
2009). High concentrations are an indicator that
water should be checked for microbial
contamination.

Sulphates

Natural component of water and may be added via
treatment chemicals. Guideline value is taste
threshold. Greater than 500 mg/L can give meat
chickens diarrhoea.

Aeration
Ion exchange
Reverse osmosis
Oxidisation

Individual
pesticides

Pesticides are substances that are used to control
pests, including herbicides, insecticides,
molluscicides, piscicides, avicides, rodenticides,
bactericides, and fungicides (Randall et al., 2008).

Reverse osmosis
Oxidation – depends on species
Activated carbon

Total pesticides

The sum of pesticides in the drinking water sample.
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3 Overview of water quality issues in
Australian meat chicken farms
Table 4 summarises the water quality issues in Australian meat chicken farms identified through
targeted industry consultation.
Table 4. Summary of water quality issues in Australian meat chicken farms and common
controls
Issue

Comments

Common controls

High mineral or
salts content causing
scale

Commonly occurs in bore water from dissolving of
naturally occurring chemicals in the aquifer. This, in
turn, causes drinker blockages and leaking.

Reverse osmosis
Additional flushing to
manage blockages
Descale between batches

Blackwater events

Commonly occurs in the lower Murray-Darling river.

Additional filtration and
disinfectant

Microbial
contamination

Commonly occurs in surface water from agricultural
runoff and animal faeces contamination. Open storage
systems (storage dams) are also a source of microbial
contamination in the water treatment process.

Clean lines and treat water
with additional
disinfectant.

High organic matter

Commonly occurs in surface water. Surface water has a
high disinfectant demand and higher microbial
contamination risk.

Filtration

Algae blooms

Occurs in water bodies with high nutrient levels and
temperatures. Common in dam water sources in
summer. Filter was not cleaned regularly, and algae was
getting into the water lines.

Filtration

Weather events
causing water
quality issues

Runoff increasing nutrient content in surface waters.

Additional filtration and
disinfectant

Supply

Many regions across Australia are currently in drought.
Water is generally scarcer, which increase costs.
Additionally, in some areas, there is competition for
water resource allocation.

High iron or
manganese
concentrations

Caused by naturally occurring chemicals in the
catchment or aquifer. High iron and manganese usually
occur from bore water sources. Manganese can cause
more severe scaling problems than iron.

Ion exchange
Reverse osmosis
Oxidation and filtration

Maintaining residual
disinfectant

Inadequate pre-treatment and disinfectant dose

Monitoring and adjusting
dose

Variable water
quality

Surface water can have more variable water quality than
bore water.

Several industry members
prefer bore water because
raw water quality is stable.

Uncertainty of
disinfection

Some industry members did not monitor the success or
efficiency of disinfection.

Equipment failure

Drinkers have an average optimal lifespan of 5 years
(i.e. they will work without major issues). Most growers
replace drinkers after 10–15 years, which results in
more broken or leaky drinkers.
Air blocking pumps.
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Issue

Comments

Common controls

Biofilms from
medications and
antibiotics

Medication and/or antibiotics can cause imbalances in
microorganisms in the water lines. That is, antibiotics
will kill all the bacteria in the water system, allowing
for algae to increase, causing blooms.

Flush out system after
medication or antibiotics

Biofilms from diet
oil additives

Breeder oil diet additive caused biofilm. Lines were not
cleaned or acidified after oil diet additive was given to
breeders, which caused a biofilm in the water lines.

Fixed problem by
acidifying water while
birds were in the shed.
Adopted a policy to flush
after additives are
administered.

Microbial failure

Disinfection incomplete, filters not working, drinker
blocked when flushing.

The ‘common controls’ identified in Table 4 are utilised at different stages of the farm water system.
Figure 2 shows the key stages of the water management process at which controls and treatment can
be employed, as well as potential sources of risk which may affect source water.

Figure 2. Sources and control of faecal contamination from source to meat chicken
consumption (adapted from Ireland EPA (2011))

12

4 Recommended monitoring frequencies
and systems
It is recommended that farm operators undertake monitoring of the water quality characteristics
throughout the whole system often enough to reveal any significant changes or treatment failures, to
trigger a response within a timeframe that is appropriate to the risk it presents to meat chicken health.
This applies to both observational monitoring (e.g. inspecting the water system) and analytical
measurements (e.g. laboratory analysis). Continuous online monitoring should be used wherever
possible and additionally at critical treatments points that have a higher risk to meat chicken health.
For water characteristics that are deemed a lower risk, grab samples or regular inspections may be
enough.
Frequency of monitoring should be increased at times of increased risk; for example, inspections of
surface waters for algal blooms may need to be more frequent during summer, or inspections of
reservoirs for increase organic matter after a severe storm event. Additionally, the frequency of
monitoring can vary for each water supply, depending on the key characteristics identified through
analysis of the water and the resulting risks to meat chicken health.
Table 5 provides the rationale behind water quality monitoring programs.
Table 5. Rationale for water quality monitoring programs
Location
General catchment

Feeder streams in the
catchment

Storage dam or raw
water reservoir

River intake and bore
head

Characteristic

Rationale

Inspection

Detect human and animal activities that could cause
contamination; confirm that fences and signs are effective.

Rainfall

Understand the impact of rainfall on water quality.

Turbidity, colour,
E. coli

Early warning of changes to raw water quality to allow timely
changes to treatment processes. Detect local contamination
and disturbances.

Cryptosporidium

Assess if treatment barriers are needed to remove or inactivate
cryptosporidium effectively.

Temperature,
water quality
profile

Information for management of water quality in storage with
existing or new management systems.

Inspection

Information for management of water quality in storage with
existing or new management systems.

Algal cell counts

Early warning to activate management actions to prevent algal
blooms in storage and forewarning of need for additional
monitoring, observational surveillance. Information for
changes to water treatment processes to maintain effective
removal of algae and algal metabolites.

Cryptosporidium

Information for changes to water treatment processes to
maintain optimal Cryptosporidium removal.

Turbidity
Colour

Information for changes to water treatment processes to
maintain optimal turbidity and colour removal.

Inspection

Detect sources of contamination and activities that could
cause contamination.

Turbidity
Colour

Inform changes to water treatment processes to maintain
optimal turbidity and colour removal.
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Location

Storage and header
tanks

Characteristic

Rationale

Iron, manganese

Inform changes to water treatment processes to maintain
optimal iron and manganese removal.

Algal cell counts

Forewarn of possible algal risk and need for additional
monitoring, observational surveillance.

Rainfall-related:
turbidity, E. coli,
Cryptosporidium,
pesticides, colour

Understand rainfall effects. Identify high challenge periods
and forewarn downstream processes; identify local point
source of contamination. Intervene in catchment before the
reservoir affected. Give feedback to industry and source of
contamination.

Integrity from
contamination

Confirm roof and hatches are effective against ingress of
contaminants.

4.1 Water quality microbial, chemical and physical analysis
monitoring
To assess water quality, you should consider:
1. Raw source water supply (river, dam, mains, bore water quality for the chicken farm).
2. Water after treatment (after pre-treatment and disinfection).
3. Water as consumed (at the end of the shed water line).
This will allow you to identify potential water quality issues from the source water and assess the
effectiveness of water treatments and disinfection.
Some water quality monitoring can be carried out regularly on-farm, while laboratory water quality
testing should be performed annually (see Table 6). If the annual guideline screening levels are
exceeded or show problems, increase monitoring frequency to quarterly. Water quality should be
assessed more regularly if source water quality has large seasonal fluctuations or there are significant
events, e.g. storms, spills, algae blooms, etc.
Table 6. Generic frequencies for monitoring drinking water quality
Frequency of sampling
Weekly

Monthly

Annually

Comments

Source water,
treatment and
distribution system
inspection

–

–

–

Frequency: risk-based
Will be dependent on source
water characteristics

Microbial

–

–

Faecal coliforms

Recommended annual
sampling

Algal cell counts

–

–

–

Frequency: risk-based

Cryptosporidium

–

–

–

Frequency: risk-based

Giardia

–

–

–

Frequency: risk-based

Salmonella

–

–

–

Frequency: risk-based

Physical

pH

Colour /
Ultraviolet
(UV) 254 /
Turbidity,
Hardness,
TDS

TDS
Hardness
pH
Colour / UV 254
Turbidity

Frequency: If reverse
osmosis is used, or there are
known salinity issues,
otherwise quarterly.
If there are known salinity
issues or water is treated for
hardness
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Frequency of sampling
Weekly

Monthly

Annually

Comments

Water treatment
related chemicals
(if used)

Disinfectant
residual

Coagulant
chemical
residuals

Any related organic
contaminants

Only if coagulant is used.

Organics toxicants

–

–

Nitrate
Ammonia

Recommended annual
sampling

Bromate,
formaldehyde

–

–

–

Frequency: risk-based
It is a by-product of ozone.

Chlorite

–

–

–

Frequency: risk-based
It is a by-product of chlorine
dioxide or liquid chlorine.

Inorganics

–

–

Calcium, copper,
iron, lead,
magnesium,
manganese,
potassium, sodium,
zinc, chloride,
fluoride, sulphates

Frequency: More frequent
monitoring when detected at
elevated concentrations;
otherwise sampling reduced to
annually, seasonally or eventrelated (e.g. storm events,
reservoir turnover events).

Pesticides toxicants

–

If detected or
potential
presence

If not detected

Frequency: Monthly or
quarterly sampling for
pesticides / organic toxicants
previously (or potentially)
detected; seasonally annually,
or event-related (e.g. storm
events, spills) for other
pesticides or organic toxicants.

Radiological

–

–

Radionuclides

Frequency: New supplies
should be assessed. Then
every 5 years.

Red: on-farm, blue: laboratory analysis
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4.2 System monitoring and maintenance
Table 7 identifies typical monitoring and maintenance activities that meat chicken growers can
implement to help keep their water supply systems operational.
Table 7. Recommended frequencies for drinking water system monitoring and maintenance
System

Monitoring and maintenance activities

Frequency

Water source: rainwater

Clean gutters

Every three months and after
storms

Clear first flush device of debris

Monthly and after storms

Check and trim overhanging branches

Annually

Inspect and repair downpipes

Annually

Check the condition of the roof

Annually

Check the bore head and any other
mechanisms installed are watertight and
protected from surface flows

Monthly

Check bore is securely protected, e.g.
fences, locks

Monthly

Check maintenance and operation of the
pump and piping

Monthly

Check the (upstream) catchment for new
developments (e.g. land-use changes) and
other possible sources of contamination

Monthly

Check maintenance and operation of the
pump and piping

Monthly

Check inlet screen on the pump for debris

Monthly

Check wild bird netting

Monthly

Check for excessive microbe growth (e.g.
algae blooms)

Monthly

Check inlet screen on the pump for debris

Monthly

Check maintenance and operation of the
pump and piping

Monthly

Check inlet and outlet screens are intact

Every three months

Check access covers and filters

Monthly

Clear strainer for debris

Monthly and after storms

Check structural condition

Annually

Check sludge level and internal
cleanliness

Every two years or as required

Replace filters

As per the manufacturer’s advice or
earlier if a decrease in water flow is
noticed

Test pH level is between 6.5 and 8.5

Monthly

Check UV light is operating - indicator
light

Weekly

Clean scum from UV light

Every three months

Replace UV lamps every 12 months

Every 12 months or as per
manufacturer’s instructions

Water source:
groundwater

Water source: surface
water

Storage dam

Storage tank

Pre-treatment system

16

System

Monitoring and maintenance activities

Frequency

Disinfection

Check disinfection chemical
Volume
Active ingredient concentration

Daily

Check dosing equipment

Monthly

Check disinfectant residual

Weekly

Check inlet and outlet screens are intact

Every three months

Check access covers and filters

Monthly

Check structural condition

Annually

Check sludge level and internal
cleanliness

Every two years or as required

Check plumbing and piping is fully
operational and well maintained
Check metal pipes for corrosion
Check for scale and biofilms

Every three months

Test disinfectant level is between 1–
2 mg/L at the end of drinker line

At least weekly or after heavy rains

Check drinkers

Daily

Flushing tubing

Drain the water

After use

Evaporative coolers and
foggers

Check plumbing and piping is fully
operational and well maintained

Follow the manufacturer’s
maintenance and cleaning
instructions

Header tank

Distribution system
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4.3 Automated systems and online monitoring system
Automated systems monitor water quality parameters continuously and can help to analyse
opportunities to save water and manage water quality. The following examples are general
recommendations for automated systems and online monitoring systems for some of the common
water treatments and disinfection techniques used in chicken sheds in Australia.
Figure 3 and Table 8 show minimum requirements, and Table 9, Table 10, Figure 4 and Figure 5 show
the best practice requirements for automated systems.
Minimum recommended automated systems and online monitoring systems:

Figure 3. Recommended minimal automated dosing systems and online monitoring
systems for an average farm that uses an oxidant disinfectant

Table 8. Minimum recommended automated systems and online monitoring systems
Location

Meter/monitoring system

Reason

Source water

pH / EC / TDS
(Commonly portable meter can
measure pH, conductivity (EC), and
TDS with a single probe.)

Measuring the source water pH / EC / TDS
will show changes in the source water
quality, so treatments and disinfection can
be modified to ensure water quality.

Storage

Flow meter

Allows you to:
• calculate disinfectant dose and contact
time,
• estimate filter life, and
• monitor total water use.

Filter

pH

Monitoring pH will ensure it is in the
optimal range for disinfectant used.

Disinfection

Auto dosing system

A continuous dosing system ensures a
consistent dose and residual.

After header tank

Oxidation reduction potential (ORP)

Identifies water supplies that have
inadequate oxidant residual.
Can be used to adjust the residual without
overusing oxidant.
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Best practice recommended automated systems and online monitoring systems:

Figure 4. Recommended best practice automated dosing systems and online monitoring
systems for an average farm that uses an oxidant disinfectant

Table 9. Best practice recommended automated systems and online monitoring systems
Location

Meter / monitoring system

Reason

Source water

pH / EC / TDS

Measuring the source water pH, EC and TDS
will show changes in the source water quality,
so treatments and disinfection can be modified
to ensure water quality.

Colour (gives a rough estimation of
dissolved organic matter)

Increases in average colour indicate increased
organic matter in source water, which will
require additional pre-treatment and
disinfectant dose.

Flow meter

Allows you to:
• calculate disinfectant dose and contact time,
• estimate the filter life, and
• monitor total water use.

Colour

Indicates the success of pre-treatment.

Filter

pH

Monitoring pH will ensure it is in the optimal
range for disinfectant used.

Disinfection

Auto dosing system

A continuous dosing system ensures a
consistent dose and residual.

After header tank

ORP

Identifies water supplies that have inadequate
oxidant residual.
Can be used for adjusting the residual without
overusing oxidant.

Disinfectant residual

Additional residual monitoring can be
compared to ORP to see if low oxidant species
are forming.

Flow meter

Allows you to measure shed water use and
identify shed leaks.

Storage

Shed
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Best practice reverse osmosis recommended automated systems and online
monitoring systems

Figure 5. Recommended best practice automated dosing systems and online monitoring
systems for an average farm that uses a RO system and oxidant disinfectant
Table 10. Best practice reverse osmosis recommended automated systems and online
monitoring systems
Location

Meter or monitoring system

Reason

Source water

pH, EC and TDS

Measuring the source water pH, EC, and TDS will
show changes in the source water quality, so
treatments and disinfection dose can be modified or
optimised to ensure water quality.

Colour (gives a rough
estimation of dissolved organic
matter)

Increases in average colour indicate increased
organic matter in source water, which will require
additional pre-treatment and disinfectant dose.

Filter

pH, EC and TDS
Colour (gives a rough
estimation of dissolved organic
matter)

Indicates the success of pre-treatment.

RO

Flow meter

Allows you to:
• calculate disinfectant dose and contact time,
• estimate filter life, and
• monitor total water use.

Colour

Indicates the success of RO.

Disinfection

Auto dosing system

A continuous dosing system ensures a consistent
dose and residual.

After header tank

Oxidation reduction potential
(ORP)

Identifies water supplies that have inadequate
oxidant residual.
Can be used to adjust the residual without overusing
oxidant.

Disinfectant residual

Additional residual monitoring can be compared to
ORP to see if low oxidant species are forming.

Flow meter

Allows you to monitor shed water use and identify
shed leaks.

Shed
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5 Source water management
Land use and activities within drinking water catchments and storage reservoirs can contaminate
source water, adversely impacting water quality (Watercorporation, 2017). The three main types of
contamination are:
1. Microbiological (protozoa, bacteria, viruses)—often related to faecal material from humans
(e.g. septic tanks), wild animals (e.g. wild birds) or domestic animals (such as cattle).
2. Chemical—often related to pesticides, fertilisers or fuel spills.
3. Physical—such as turbidity and salinity. This may be caused by erosion and runoff associated
with weather events, fires, pigs wallowing, and vehicles on source water reservoir banks.
Producing safe drinking water requires the management of the whole process of water supply from
source, through to capturing and final consumption at meat chicken sheds. Drinking water source
protection involves protecting surface water and groundwater sources from microbial, chemical and
physical contamination caused by land use and activities. Water source protection includes basic
measures and management, such as installing a fence around the source, keeping grazing animals out
of the surrounding areas or controlling nutrient and pesticide application rates in the surrounding areas
(Watercorporation, 2017). Examples of source control measures to protect the quality of drinking
water are illustrated in Table 11.
Meat chicken farms that use on-site dams and bores can manage the water quality of these water
sources by enacting drinking water, source protection measures. It is not feasible for meat chicken
farms using mains or major rivers as a source of water to manage them with protection measures. They
must, therefore, assess and manage risks in their catchment which they do have control over (e.g.
managing runoff from grazing land during heavy rainfall into dams using diversion ditches). Elements
of this ‘source to consumption’ approach to managing microbiological risk are illustrated in Figure 2.
In certain instances, drinking water source protection can improve the overall quality of source water,
which consequently lowers the treatment and disinfection doses needed in the pre-treatment and
disinfection stages of water treatment.
Table 11. Examples of control measures to protect the quality of drinking water

Part of system

Control measure

Water source

Fence area to exclude livestock
Surface water diversion ditches
Wastewater drainage

Water capture

Use safe roofing materials to capture rainwater
Install first flush diverters to lower risk of contamination

Land use

Protection zones (designated and limited uses, protective requirements)
Control nutrient and pesticide application rates
Control human activities within the drinking water catchment
Set-back distances
Minimum safe distance (latrine-source)
Animal access control
Maintain grass cover in the immediate area
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5.1 Rainwater
Performance goal: Minimise the contamination risks from rainwater.
Description: Rainwater harvested off roofs requires the same treatment and safety precautions in its
capture, storage and distribution as surface water. Opportunities for rainwater collection and use
vary with location and the treatment applied. Rainwater is usually slightly acidic and has a lower
mineral content than surface and groundwater. For additional guidance, please refer to the
Australian guidelines for water recycling: managing health and environmental risks (phase 2)—
stormwater harvesting and reuse (July 2009).
Performance criteria: Contamination risks to rainwater are controlled
Best practice range: Nitrate (as nitrogen): 0–10 mg/L
Acceptable level: Nitrate (as nitrogen): 5 mg/L
Minimum requirements
Only collect rainwater from roof types including:
• cement
• terracotta tiles
• Colorbond®
• galvanised iron
• Zincalume®
• Polycarbonate
• fibreglass sheeting
• slate.
Do NOT collect rainwater from a roof that is:
• made from preservative treated wood (copper chrome, creosote or pentachlorophenol),
• coated with bituminous products, or
• coated with lead-based paints (including any gutters).
Do NOT collect rainwater from parts of the roof with:
• a chimney from a wood burner,
• discharge pipes from roof-mounted appliances such as evaporative air conditioners or hot
water systems,
• chemically treated timbers, or
• lead-based paints or flashings.
Inspect and maintain storage tanks and mosquito covers annually.
De-sludge tanks (i.e. remove accumulated sediments) every 2–3 years.
Drain and clean tanks every 5–6 years.
Best practice options
De-sludge tanks annually.
Drain and clean tanks every 4 years.
Install rainwater ‘first flush’ water diverters on all downpipes connected to tanks.
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5.2 Bore water
Performance goal: Minimise the contamination risks to bore water.
Description: Bore water is groundwater that has been accessed by drilling a bore into underground
aquifers, and the water has then been pumped to the surface. Bore water usually has a higher
mineral content than surface or rainwater.
For additional guidance on groundwater quality protection, please refer to the Guidelines for
groundwater quality protection in Australia (2013).
For additional guidance on bore construction, please refer to the Minimum construction
requirements for water bores in Australia ( 2012).
Performance criteria: Contamination risks to bore water are controlled
Best practice range: Nitrate (as nitrogen): 0–10 mg/L
Maximum acceptable level: Nitrate (as nitrogen): 25 mg/L
Minimum requirements
Construct bores away from any likely contamination sources.
Ensure your bore is constructed by a licensed driller and follow the advice in the Minimum
construction requirements for water bores in Australia ( 2012).
At a minimum, the top of the bore needs to be sealed to ensure no contaminants go down it, and that
it is also protected from surface water runoff ingress.
Best practice options
Prevent livestock access within 5–10 metres of bores using fencing.
Prevent contaminated drainage and wastewater from soaking into the soil near bores.
Always follow product label advice when applying pesticides. Immediately clean any pesticide
spills in the vicinity of a bore.
Prevent nutrient leaching from nearby fields or potentially contaminated containment dams.
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5.3 Surface water: dams, rivers, streams
Performance goal: Minimise the contamination risks to surface water.
Description: Surface water is water that collects on the surface of the ground and includes water
from rivers, streams, dams and reservoirs. Water quality is highly variable.
Performance criteria: Contamination risks to surface water are controlled.
Best practice range: Nitrate (as nitrogen): 0–10 mg/L
Maximum acceptable level: Nitrate (as nitrogen): 5 mg/L
Minimum requirements
Water source location is chosen to minimise the risk from any likely contamination sources.
Minimise water source exposure to:
• wild birds
• other poultry
• pigs
• cattle
• sheep
• humans
• other wild animals.
Algae blooms and cyanobacteria:
• If a bloom is suspected, use an alternative supply of water for stock until the algae is
identified and/or controlled.
• If there is no alternative, use water from deeper in the river or dam, or from areas not
covered by scum, as this water may be less contaminated.
• Additional water pre-treatment and disinfection may be needed to control the risks from
blooms.
Black water (hypoxic event):
• Use extra disinfectant to achieve a disinfectant residual and manage the effects of black
water.
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Best practice options
General:
• Prevent turbidity and erosion by maintaining a high level of ground cover in the water
supply catchment.
• Prevent livestock access within 50 metres of surface water by fencing.
• Prevent contaminated drainage and wastewater flowing into the catchment.
• Apply any pesticides following the advice on product labels and immediately clean any
spills that occur near water supply catchment.
• Prevent nutrient leaching from irrigation or fertiliser application. Match application rates to
plant uptake near water supply catchment.
• During a black water event, aerate source or water storage.
Dams
• Reduce evaporation of water source, for example:
- Establish windbreaks adjacent to dams to reduce evaporation
- Place floating balls on the dam
- Install an impermeable cover if the water is pumped into a dam
- Store saline water in tanks rather than in dams
- Construct sediment traps to protect dams during high-risk periods
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5.4 Recycled water
Performance goal: Minimise the contamination risks to recycled water.
Description: Recycled water can be generated from sewage, greywater and stormwater. Ideally, it
should be used to augment primary drinking water sources. To make recycled water safe for
consumption, it will need additional treatment to that required for other water sources. Before
implementing a water recycling program, consult with your veterinarian or a water treatment expert
to ensure water will be treated to a quality considered safe for meat chickens. There is the potential
for contamination with more chemicals than what is described in Section 2: Water quality
criteria. Therefore, it is recommended that the guideline values for chemicals and log removals for
microorganisms in Australian guidelines for water recycling: managing health and environmental
risks (phase 2) is followed in addition to the recommended water quality criteria.
For additional guidance, please refer to the Australian guidelines for water recycling: managing
health and environmental risks (phase 1 and 2) (NRMMC et al., 2006, 2008). Website:
www.waterquality.gov.au/guidelines/recycled-water
Performance criteria: Contamination risks to recycled water are controlled.
Most stringent value in Australian guidelines for water recycling: managing health and
environmental risks (phase 2) or Water quality criteria (Section 2)
Minimum requirements
Advanced wastewater treatment
Primary disinfectant – directly after advanced wastewater treatment
Secondary oxidant disinfectant (booster) – if stored, use a secondary disinfectant. Ideally, always
maintain a residual.
Automated online chemical dosing, water quality and water flow meters.
Automated online disinfection residual monitoring system.
Automated TDS, turbidity and colour monitoring system on inlet source water before treatment,
directly after disinfection, and at the inlet of each shed.
ORP disinfection of 650 mV is measured at the far end of the water line (i.e. the last drinker).
2–3 mg/L oxidant disinfectant residual at end drinker.
Sufficient contact time (Ct) to inactive pathogens.
Replacement disinfectant and associated chemicals and consumable parts on standby.
Backup power and duplicate facilities required to treat water.
Best practice options
Advanced wastewater treatment – using reverse osmosis.

26

5.5 Supply and storage of drinking and cooling water
Performance goal: Adequate water storage is available on-farm in case of main supply failure.
Description: Base storage capacity on the volume of drinking water required for the number of
birds plus the volume of water required for the cooling system at peak consumption periods.
Performance criteria: Sufficient water storage is provided.
Best practice: Sufficient water storage to provide 48 hours of water at maximum consumption rate.
Acceptable: Sufficient water storage to provide 24 hours of water at maximum consumption rate.
Minimum requirements
Enough stored water to supply peak demand for 24 hours, including the water demand for:
• peak water consumption
• cooling system water
• cleaning water.
During new farm development:
• assess the supply of water in the region that is available to chicken growers
• ensure that there is a water source available that can supply a sufficient volume of water to
the new chicken farm.
Storage pump/s:
• The supply pump capacity should match the birds’ maximum water consumption and the
maximum needs of the cooling systems.
Storage tank/s:
• fully enclosed storage tanks to exclude all light
• do not use translucent fibreglass tanks
Storage dam:
• Nutrient levels from rainfall, runoff, etc. going into the dam are minimised.
• Evaporation is minimised.
• Algae blooms and cyanobacteria are controlled.
Minimise animal access to stored water.
Best practice options
Enough stored water to supply peak demand for 48 hours, including all the following:
• peak water consumption
• cooling system water
• cleaning water.
Storage tank/s:
• Water is filtered before filling storage tanks to removed large sediments and organic matter,
e.g. algae.
• Storage tanks are housed in a separate insulated building, or they are shaded and insulated.
Storage dam:
• Artificial aeration can help mix up the water and add oxygen.
• Moveable intake height, i.e. to avoid scums on the top of the water column.
• Algae bloom – algaecide treatment as per manufacturer’s recommendations.
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During new farm, developments consider the current and possible future impacts on:
• regional water allocation and competition
• licencing and water costs
• groundwater levels
• salinity impacts
• climate change and water scarcity.
Multiple sources of water – there should be a backup water supply, in case the primary source has
capacity problems. These could include: a river, bore, off the roof, on-farm dam, or irrigation
schemes.
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6 Pre-treatment and disinfection systems
6.1 Pre-treatments
Many water pre-treatments can be used to achieve best practice Water quality criteria. The goals below
have been developed to ensure that whichever you choose, you will achieve best practice.

6.1.1 Organic matter treatment
Performance goal: Treatment minimises organic matter in the water on meat chicken farms.
Description: Organic matter in drinking water increases disinfectant demand and microbial growth
which can adversely affect bird health. It can also impact water treatment processes by increasing
the required chemical doses, reducing the effectiveness of filtration and adsorption processes, and
fouling membrane systems. A range of analytical techniques offer more information on organic
matter concentrations. Colour and turbidity were selected as indicators of organic matter in water as
they are simple, fast and have cost-effective tests.
Performance criteria: Organic matter levels in water are controlled.
Best practice level: turbidity < 1.0 NTU and colour (true) 0–15 HU
Maximum acceptable level: turbidity 0–5 NTU and > 15 HU based on laboratory or on-farm
testing
Minimum requirement
All water is filtered before disinfection to remove organic matter:
• Water should be filtered down to 10-micron equivalent pore size.
• Water with high levels of iron and manganese is filtered after disinfection:
- To oxidize iron requires pH > 7 and a minimum of 20 minutes reaction time, while
manganese requires pH > 8 and at least 20 minutes reaction time.
Turbidity and colour monitoring system is installed after disinfection.
Best practice options
Use multiple filters in series, with reducing pore size. For example, use a series of polypropylene
(PP) filters which could include 50 micron, 25 micron, 10 micron and 1 micron filters.
Or
Use biological filtering after primary filtering, e.g. a biologically activated carbon filter.
Or
Activated carbon filtering.
Refer to Table 12 for a comparison of the effectiveness of different pre-treatment options.
Automated TDS, turbidity and colour monitoring system installed on inlet source water before
treatment, directly after disinfection and at the inlet of each shed.
Replacement disinfectant chemicals, filters and other associated consumable products on standby.
Backup power and duplicate facilities to treat water.
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Other information

Sediment

Particulate organic
matter

Effectiveness against organic matter contamination

Dissolved organic
matter

Table 12. Effectiveness of pre-treatments against organic matter

Pre-treatment
PP filter

H

LM

L

Ceramic filter

H

LM

L

Pleated filter

H

LM

L

Rapid sand filters

H

LM

L

Semi-rapid sand filters

H

LM

L

Slow sand filters

H

LM

LM

Centrifugal filtration

H

LM

L

Powdered activated carbon (PAC)

L

M

H

Ground activated carbon (GAC)

L

M

MH

Biologically activated carbon (BAC)

L

M

MH

Ion-exchange resins

–

–

–

Chemical coagulates

L

MH

MH

Lime softening

L

L

L

Chemical oxidation

L

H

H

Reverse osmosis

H

H

H

Nanofiltration

H

H

MH

Ultrafiltration

H

H

MH

Microfiltration

H

H

LM

Electrodialysis

L

M

M

Electrodialysis reversal

L

M

M

Capacitive deionisation

L

L

L

Membrane capacitive deionisation

L

L

L

Aeration

L

L

L

Electronic water conditioning

–

–

–

L: low, LM: low to moderate, M: moderate, MH: moderate to high, H: high, –: N/A
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6.1.1.1 Algae treatment
Performance goal: Minimise the risk from algae, blue-green algae (cyanobacteria) and their toxins.
Description: Algae are a diverse group of water-living primitive plants. Freshwater algae are divided
into four main groups: flagellates, green algae, diatoms and blue-green algae. High concentrations of
algae in drinking water can clog water system equipment, release toxins, cause corrosion, create slime
or biofilms, and deoxygenate water. Many of the Organic matter treatments will reduce algae
concentrations in water. There are many different varieties of blue-green algae that can release toxins
that can cause liver, kidney and nervous system damage and have severe health implications for meat
chickens. Toxins and other metabolites can be described as either intracellular (in a live cell) or
extracellular (external to the cell). Extracellular metabolites can be released during stress, as byproducts of intracellular reactions or realised from dead cells. It should be noted that the treatment of
Cyanobacteria with algicides or disinfectants, will initially cause an increase in the toxin levels due to
the toxins being released from dead cells.
Performance criteria: Algae risks are controlled.
If algae have been identified as a problem:
Best practice level: Chlorophyll a: 0–7 μg/L
Maximum acceptable level: Chlorophyll a: 15 μg/L
Minimum requirements
Source water is filtered before storage – intact cells (and intracellular toxins) are removed:
• Microns small enough to remove algae.
• Increased filter maintenance and replacement.
• Increased oxidant disinfection to inhibit extracellular toxins.
See Table 13 for a comparison of treatment options for intracellular and extracellular cyanotoxins.
Regularly monitor source water, storage reservoir and evaporative cooling system (if used) for algae.
Best practice options
If possible:
• Draw off uncontaminated water from beneath the bloom.
• Flush dams or streams.
• Manipulate the cycling of nutrients within the dam water - encourage diluting and flushing
during wetter months.
• Mix and aerate source water.
• Minimise sunlight exposure of stored water.
• Occasionally de-sludge dam to avoid excessive build-up of sediments and organic material.
Manage source water to control algae by:
• Fencing off the source water.
• Controlling and minimising erosion.
• Controlling and minimising nutrient runoff.
• Maintaining a vigorous cover of plants in the catchment where possible.
• Employing buffer or filter zones.
Species and toxin identification.
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If possible, after a severe bloom:
• Apply algicide to source water (as per manufacturer’s recommendations).
• Check storage tanks, the distribution system and coolers for algae growth and treat with
algicide if needed.
Note:
Algicides may have side effects such as killing aquatic life.
They will cause plants to rot, which in turn will cause a sudden decrease in oxygen levels in water
bodies which will affect aquatic life. Therefore, additional aeration and filtering may be required.
When blue-green algae die they release toxins into the water which can be poisonous to animals, birds,
humans and other aquatic life.
Other information
Table 13. Cyanotoxins treatment processes and relative effectiveness (D’Anglada, 2019)
Treatment process

Relative effectiveness

Intracellular cyanotoxins removal (intact cells)
Coagulation / Sedimentation / Filtration

Effective for removing cyanobacteria cells (intracellular
cyanotoxins).
Ensure that captured cells accumulated in sludge are removed
frequently so as not to release toxins.
Ensure that sludge supernatant is not returned to the supply
after sludge separation.

Membranes

Effective for removing cyanobacteria cells (intracellular
cyanotoxins).
Microfiltration and ultrafiltration are effective when cells are
not allowed to accumulate on membranes for long periods
(months).

Flotation

Flotation processes effectively remove intracellular
cyanotoxins since many of the toxin-forming cyanobacteria
are buoyant.

Extracellular cyanotoxins removal
Membranes

Selection depends on the type of cyanotoxin, membrane
material, membrane pore size distribution, and influent water
quality.
Nanofiltration is generally effective in removing extracellular
microcystins.
RO filtration is generally applicable for removing
microcystins and cylindrospermopsin.

Activated carbon adsorption

Powdered activated carbon (PAC): The effectiveness of PAC
adsorption varies depending on the type of carbon, pore size,
type of cyanotoxin, and other water quality parameters such
as natural organic matter (NOM) concentration.
Granular activated carbon (GAC): The effectiveness of GAC
adsorption varies depending on the type of carbon, pore size,
type of cyanotoxin, and other water quality parameters such
as NOM concentration.
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6.1.2 pH treatment
Performance goal: Water treatment achieves optimal pH for disinfection and scale minimisation.
Description: The pH of pure water is 7 and is neutral. Water with a pH lower than 7 is considered
acidic, while water with a pH greater than 7 is considered alkaline (basic). The normal pH range of
surface water is 6.5 to 8.5. Bore water pH usually ranges from 6 to 8.5. Rainwater is usually slightly
acidic. Some pathogenic microorganisms are sensitive to pH; however, this is not a sufficient
control measure. Acidification (pH reduction) is a water treatment used to promote healthy gut
flora, correct water pH and control scale. Acidification is not to be used instead of disinfection.
Acidic pH can cause metal leaching and corrosion of metal pipes, soldering, nipples and pump
components. The rate of corrosion depends on the type of metal and the pH.
Performance criteria: Optimal water pH levels are achieved and maintained.
Best practice range: pH 6.5–7.8
Maximum acceptable range: pH 6.5–8.5
Minimum requirements
•
•
•

Optimal pH range for specific disinfect used in the system is determined.
pH is monitored directly before disinfection.
pH is adjusted to the optimal range before disinfection. See Table 14 for examples of
chemicals that can be used to adjust pH.

Measured pH is used in monthly Ct calculations.
Best practice options
Automated pH monitoring system.
pH monitoring on:
• inlet source water before treatment: indictor of source water quality changes,
• before disinfection: as an indicator of disinfection efficiency, and
• the inlet of each shed: as an indicator of pH changes in distribution lines.
Medium to high hardness in water:
• reduce water pH to a range of 6.5 to 7, and
• conduct acid treatment after each batch to remove scale.
Replacement chemicals, and other associated consumable products on standby.
Backup power and duplicate facilities treat water.
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Other information
Table 14. Examples of chemicals that can be used to adjust pH
pH effect

Treatment chemical

Increases pH – basic/alkaline

Calcium hydroxide (hydrated lime)
Calcium oxide (quick lime)
Sodium bicarbonate
Sodium carbonate (soda ash)
Sodium hydroxide (caustic soda)

Decreases pH – acidic

Sulfuric acid
Hydrochloric acid
Formic acid
Lactic acid
Malic acid
Tartaric acid
Citric acid
Orthophosphoric acid
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6.1.3 Salinity treatment
Performance goal: Treatment achieves optimal water salinity for bird health and scale
minimisation.
Description: TDS consist of inorganic salts and small amounts of organic matter that are dissolved
in water, including: sodium, potassium, calcium, magnesium, chloride, sulphate, bicarbonate,
carbonate, silica, organic matter, fluoride, iron, manganese, nitrate, nitrite and phosphates. Although
TDS is not generally considered a primary contaminant (e.g. no meat chicken health effects directly
attributable to TDS), it is used as an aesthetic indication of drinking water characteristics, and as an
aggregate indicator of the presence of a broad array of chemical contaminants. High TDS can
reduce the palatability of drinking water. It can also increase the disinfectant demand of water and
contributes to biofilms.
Performance criteria: Optimal water salinity levels are maintained and scale accumulation is
minimised.
Best practice levels: TDS 0–1000 mg/L, potassium 0–300 mg/L, sodium 0–32 mg/L, chloride 0–
14 mg/L
Maximum acceptable levels: TDS 0–3000 mg/L, potassium 0–500 mg/L, sodium 0–150 mg/L,
chloride 0–150 mg/L, fluoride 0–2 mg/L
Minimum requirements
Measure TDS weekly.
Measure potassium, sodium, chloride and fluoride annually.
Best practice options
Nutritionist considers salinity concentrations in the water when formulating diets.
If concentrations are above maximum acceptable levels, a pre-treatment to lower salts is applied to
drinking water. See Table 15 for a comparison of the effectiveness of pre-treatments against
salinity.
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Fluoride

Chloride

Sodium

Effectiveness against salinity

Potassium

TDS

Table 15. Effectiveness of pre-treatments against salinity

Pre-treatment
PP filter

–

–

–

–

–

Ceramic filter

–

–

–

–

–

Pleated filter

–

–

–

–

–

Rapid sand filters

–

–

–

–

–

Semi-rapid sand filters

–

–

–

–

–

Slow sand filters

–

–

–

–

–

Centrifugal filtration

–

–

–

–

–

PAC

–

–

–

–

–

GAC

–

–

–

–

–

BAC

–

–

–

–

–

Ion-exchange resins

MH

MH

MH

MH

MH

Chemical coagulates

–

–

–

–

–

Lime softening

–

–

–

–

–

Chemical oxidation

–

–

–

–

–

Reverse osmosis

H

H

H

H

H

Nanofiltration

M

M

M

M

M

Ultrafiltration

L

L

L

L

L

Microfiltration

L

L

L

L

L

Electrodialysis

MH

MH

MH

MH

MH

Electrodialysis reversal

MH

MH

MH

MH

MH

Capacitive deionisation

MH

MH

MH

MH

MH

Membrane capacitive deionisation

MH

MH

MH

MH

MH

Aeration

–

–

–

–

–

Electronic water conditioning

–

–

–

–

–

L: low, LM: low to moderate, M: moderate, MH: moderate to high, H: high, –: N/A
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6.1.4 Hardness treatment
Performance goal: Treatment achieves an optimal water hardness for optimal bird health and scale
minimisation.
Description: Hardness is associated with bicarbonate, sulphates, and calcium carbonate. These
substances release hydroxyl ions (OH-) when dissolved in water and are principally bicarbonate
(HCO3) ions and carbonate ions (CO32-). These compounds act as buffers in water; that is, they
buffer the water against sudden changes in pH. Hardness causes scale, which reduces pipe volume
and makes drinkers hard to trigger or leak and it can corrode cool cell pads. High concentrations can
also give water a bitter taste that birds don’t like. Hardness can reduce the effectiveness of soaps,
disinfectants and the administration of some medications.
Performance criteria: Optimal water hardness is maintained, and scale accumulation is minimised.
Best practice levels: hardness 0–100 mg/L, calcium 0–60 mg/L, magnesium 0–14 mg/L, sulphates
0–40 mg/L, iron 0–0.2 mg/L, manganese 0–0.01 mg/L
Maximum acceptable levels: hardness 0–200 mg/L, calcium 0–600 mg/L, magnesium 0–
125 mg/L, sulphates 0–250 mg/L, iron 0–0.3 mg/L, manganese 0–0.05 mg/L
Minimum requirements
Measure hardness monthly.
Measure calcium, magnesium, sulphates, iron and manganese quarterly.
Best practice options
Nutritionists consider calcium, magnesium, sulphates, iron and manganese concentrations in the
water when formulating diets.
If concentrations are above maximum acceptable levels, a pre-treatment to lower salts is applied to
drinking water. See Table 16 for a comparison of the effectiveness of pre-treatments against
hardness.
Do not use ion-exchange if the water is already high in sodium unless using potassium chloride
instead of sodium chloride.
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Manganese

Iron

Sulphates

Magnesium

Calcium

Effectiveness against hardness

Hardness

Table 16. Effectiveness of pre-treatments against hardness

Pre-treatment
PP filter

–

–

–

–

–

–

Ceramic filter

–

–

–

–

–

–

Pleated filter

–

–

–

–

–

–

Rapid sand filters

–

–

–

–

–

–

Semi-rapid sand filters

–

–

–

–

–

–

Slow sand filters

–

–

–

–

–

–

Centrifugal filtration

–

–

–

–

–

–

PAC

–

–

–

–

–

–

GAC

–

–

–

–

–

–

BAC

–

–

–

–

–

–

Ion-exchange resins

MH

MH

MH

MH

MH

MH

Chemical coagulates

L

–

–

–

–

–

Lime softening

M

MH

MH

M

M

M

Chemical oxidation

L

–

–

MH

MH

MH

Reverse osmosis

H

H

H

H

H

H

Nanofiltration

LM

LM

LM

LM

LM

LM

Ultrafiltration

–

–

–

–

–

–

Microfiltration

–

–

–

–

–

–

Electrodialysis

MH

MH

MH

MH

MH

MH

Electrodialysis reversal

MH

MH

MH

MH

MH

MH

Capacitive deionisation

MH

MH

MH

MH

MH

MH

Membrane capacitive deionisation

MH

MH

MH

MH

MH

MH

Aeration

L

–

–

LM

LM

LM

Electronic water conditioning

L

L

L

L

L

L

L: low, LM: low to moderate, M: moderate, MH: moderate to high, H: high, –: N/A
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6.1.5 Other metals treatment
Goal: Minimise metal contamination in drinking water.
Description: Metals usually occur naturally in small quantities in water. High concentrations of
metals in water usually occur from contamination from industrial processes or leaching from water
distribution systems. Acidic water is corrosive and can leach metals from pipes and fixtures (e.g.
copper, lead, zinc). It can also damage metal pipes and cause other problems, such as a metallic or
sour taste (water with a low pH may contain metals in addition to copper, lead and zinc).
Performance criteria: Metal contamination is controlled.
Best practice levels: copper 0–0.002 mg/L, lead 0 mg/L, zinc 0–1.5 mg/L
Maximum acceptable levels: copper 0–0.6 mg/L, lead 0–0.01 mg/L, zinc 0–1.5 mg/L
Minimum requirements
Measure annually.
If high levels are found, expand the analysis to include: antimony, arsenic, cadmium, chromium–as
Cr (VI) and mercury.
If acidifying water:
• Take care not to corrode metal water pipes and system components, and
• Locate the acidify point after primary pumps,
• Make sure peristaltic dosing pump or pump material is resistant to acid corrosion.
Best practice options
If heavy metal contamination has been identified as an issue:
• increase measuring frequency,
• identify the source of contamination. (i.e. natural, pipes, soldering, corrosion, acid
leaching), and
• use leaching resistant materials in the water distribution systems.
If concentrations are above maximum acceptable levels, apply a pre-treatment. See Table 17 for a
comparison of the effectiveness of pre-treatments against metals.
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Zinc

Lead

Effectiveness against metals

Copper

Metal
ions

Table 17. Effectiveness of pre-treatments against metals

Pre-treatment
PP filter

–

–

–

–

Ceramic filter

–

–

–

–

Pleated filter

–

–

–

–

Rapid sand filters

–

–

–

–

Semi-rapid sand filters

–

–

–

–

Slow sand filters

–

–

–

–

Centrifugal filtration

–

–

–

–

PAC

L

L

L

L

GAC

L

L

L

L

BAC

L

L

L

L

Ion-exchange resins

L

MH

MH

MH

Chemical coagulates

L

L

L

L

Lime softening

L

L

L

L

Chemical oxidation

–

–

–

–

Reverse osmosis

H

H

H

H

Nanofiltration

–

–

–

–

Ultrafiltration

–

–

–

–

Microfiltration

–

–

–

–

Electrodialysis

LM

LM

LM

LM

Electrodialysis reversal

LM

LM

LM

LM

Capacitive deionisation

LM

LM

LM

LM

Membrane capacitive deionisation

LM

LM

LM

LM

Aeration

–

–

–

–

Electronic water conditioning

–

–

–

–

L: low, LM: low to moderate, M: moderate, MH: moderate to high, H: high, –: N/A
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6.1.6 Pesticide treatment
Performance goal: Minimise pesticide contamination in drinking water.
Description: Pesticides can be classed as either inorganic (do not contain carbon) or organic
(contain carbon). Performance criteria should only be used for guidance, as general values are from
the European Drinking Water Directive (DWI, 2010). Specific pesticides can have highly variable
guideline health values. For further information on guideline health values for specific pesticides,
please refer to the ADWG.
Performance criteria: Pesticide contamination is controlled.
If pesticide contamination is detected or suspected:
Best practice levels: individual pesticides 0–0.1 μg/L, total pesticides 0–0.5 μg/L
Maximum acceptable levels: individual pesticides 0.1 μg/L, total pesticides 0.5 μg/L
Minimum requirements
If pesticide contamination is detected or suspected:
• Test for pesticides to determine concentrations.
• Monitor them monthly until the contamination is controlled.
• If pesticide contamination not detected monitor annually.
Treatment to reduce concentrations to acceptable levels:
• Most pesticides are hydrophobic and easily removed by adsorption on activated carbon
filters.
• Organic pesticides can be broken down by disinfectants (the effectiveness depends on the
type of pesticide and the disinfectant used)
• Reverse osmosis can remove both inorganic and organic pesticides.
See Table 18 for a comparison of the effectiveness of pre-treatments against pesticides.
Pesticide use on the farm:
• Pesticide manufacturer’s recommendations should be followed for pest control and bird
treatment.
• Ensure that pesticides used on the farm cannot contaminate drinking water.
Best practice options
If pesticide contamination is detected, investigate other common inorganic compounds used in
pesticides, including: antimony, arsenic, copper, cadmium, and chromium.
Protect water sources from pesticide runoff.
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Pesticides

Table 18. Effectiveness of pre-treatments against pesticides

Effectiveness against pesticides
Pre-treatment
PP filter

–

Ceramic filter

–

Pleated filter

–

Rapid sand filters

–

Semi-rapid sand filters

–

Slow sand filters

L

Centrifugal filtration

–

PAC

LM

GAC

M

BAC

MH

Ion-exchange resins

–

Chemical coagulates

L

Lime softening

–

Chemical oxidation

LM

Reverse osmosis

H

Nanofiltration

MH

Ultrafiltration

M

Microfiltration

L

Electrodialysis

L

Electrodialysis reversal

L

Capacitive deionisation

L

Membrane capacitive deionisation

L

Aeration

L

Electronic water conditioning

–

L: low, LM: low to moderate, M: moderate, MH: moderate to high, H: high, –: N/A
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6.2 Disinfection
There are many water disinfection treatments (after pre-treatments) that can be used to achieve best
practice Water quality criteria. As such, the following performance goals have been developed to
ensure that all disinfection treatments should achieve best practice.

6.2.1 Microbial treatment
Performance goal: Water treatment avoids or minimises microbial impacts from the water on meat
chicken farms.
Description: Microbial contamination is associated with inadequate treatment of water supplies and
unsatisfactory management of drinking water distribution in meat chicken farms. There are many
infectious diseases caused by pathogenic bacteria, viruses, protozoa and helminths that can are
spread to chickens via water, including: Chronic respiratory disease (CRD), Colibacillosis, Avian
cholera, Fowl typhoid, Newcastle disease, Infectious bronchitis, Marek’s disease, Avian
encephalomyelitis, Gumboro disease, Histomoniasis and Coccidiosis. Microbial contamination can
be introduced from the source of water or elsewhere in the water distribution system and is often
caused by faecal contamination related to birds, humans (water sewage treatment plants, sewage
overflow, etc.), domesticated animals (manure spreading, pit stock overflow), or wildlife. This
disinfection performance criterion is ideally measured after all pre-treatment performance criteria
have been met and water has been disinfected.
Performance criteria: Microbial impacts are controlled.
Best practice level: 0 CFU E. coli/ml based on laboratory or on-farm testing.
Maximum acceptable level: 0 CFU E. coli/ml based on laboratory or on-farm testing.
Minimum requirements
Water is disinfected daily. See Table 19 and Table 20 for a comparison of the effectiveness of
treatments against microbial agents.
Water disinfection with one of the following oxidants: chlorine, chloramine, chlorine dioxide,
bromine, iodine, ozone, hydrogen peroxide, etc.
If ultraviolet light disinfection is being used, an oxidant disinfectant is used as a secondary
disinfectant after UV treatment to provide a residual.
ORP disinfection of 650 mV is measured at the far end of the water line (i.e. the last drinker).
A disinfectant residual of 1–2 ppm is achieved at the far end of the water line (i.e. the last drinker).
Best practice options
All water is filtered before disinfection down to a 10 micron equivalent pore size.
Water with high concentration levels of iron and manganese is filtered after disinfection.
To oxidize iron requires above pH 7 and a minimum of 20 minutes reaction time. Manganese needs
a pH of above 8 and a much longer reaction time.
Sufficient Ct to inactive pathogens of concern.
Automated disinfection dosing system.
Online disinfection residual monitoring system.
Replacement disinfectant and associated chemicals and consumable parts on standby.
Backup power and duplicate facilities treat water.
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Protozocidal

Effectiveness against

Viricidal

Bactericidal

Table 19. Effectiveness of disinfection treatments against bacteria, viruses and protozoa

Disinfection treatment
Chlorine

Good

Moderate

Poor

Chloramines

Good

Poor

Poor

Chlorine dioxide

Good

Good

Moderate

Chlorobromination and bromination

Good

Poor

Poor

Ozone

Good

Good

Good

UV

Good

Good

Good

Iodine

Good

Good

Poor

Peracetic acid

Good

Good

Moderate

Hydrogen peroxide

Good

Good

Moderate

Potassium permanganate

Good

Good

Poor

Table 20. Indicative log removals of enteric pathogens and indicator organisms (adapted from
NRMMC et al., 2008)

0–1.0

0–1.0

0.5–3.0

1.0–4.0

1.0–3.0

1.5–2.5

0–1.0

2.0–3.0

Membrane
filtration

3.5–> 6.0

3.5–> 6.0

0.5–> 6.0

3–> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

Reservoir
storage

1.0–5.0

1.0–5.0

1.0–4.0

1.0–4.0

3.0–4.0

1.0–3.5

N/A

1.5–> 3.0

Ozonation

2.0–6.0

2.0–6.0

3.0–6.0

2.0–6.0

2.0–4.0

1.0–2.0

0–0.5

N/A

Ultraviolet
light

2.0–> 4.0

2.0–> 4.0

1.0–> 3.0

3.0–6.0

> 3.0

> 3.0

N/A

N/A

High-level
ultraviolet

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

N/A

N/A

Advanced
oxidation

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

> 6.0

N/A

N/A

2.0–6.0

2.0–6.0

1.0–3.0

0–2.5

0.5–1.5

0–0.5

1.0–2.0

0–1.0

Ultrafiltration,
nanofiltration,
RO

Chlorination
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Helminths

Giardia

Dual media
filtration

Treatment

Clostridium
perfringens

Phage

Cryptosporidium

Enteric viruses

Enteric bacteria (e.g.
Campylobacter)

Escherichia coli

Indicative log reductions

6.2.2 Extracellular cyanotoxin treatment
Performance goal: Minimise risk from blue-green algae (cyanobacteria) and their toxins.
Description: There are many different varieties of blue-green algae that can release toxins that can
cause liver, kidney and nervous system damage and have severe health implications for meat chickens.
Toxins and other metabolites can be described as either intracellular (in a live cell) or extracellular
(external to the cell). Extracellular metabolites can be released during stress, as by-products of
intracellular reactions or released from dead cells. Many of the conventional treatments that remove
live algal cells are ineffective for extracellular toxin removal due to their smaller size. It should be
noted that the treatment of blue-green algae with algicides or disinfectants, will initially cause an
increase in the toxin levels due to the toxins being released from dead cells. Toxins can be inactivated
with oxidant disinfection; however, the effectiveness depends on the toxin and disinfectant type. The
ADWG only has a guideline value for microcystins. However, other toxins are produced from bluegreen algae, so this may not be the most ideal indicator for all blue-green algae. To allow for targeted
inactivation of toxins, it is recommended that blue-green algae species and toxins are identified. This
disinfection performance criterion is ideally measured after all pre-treatment performance criteria have
been meet and water has been disinfected.
Performance criteria: Risks from blue-green algae controlled.
If algae toxins have been identified as a problem:
Best practice level: microcystins: 0–1.3 μg/L, species and toxin identified
Maximum acceptable level: microcystins: 1.3 μg/L
Minimum requirements
Disinfection concentration is increased to a concentration that will inactivate toxins.
Best practice options
Species and toxin are identified.
A disinfectant is used that is effective against the species and toxin identified. See Table 21 and Table
22 for a comparison of the effectiveness of treatments against cyanotoxins.
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Table 21. Extracellular cyanotoxin disinfection treatment processes and relative effectiveness
(reproduced from D’Anglada, 2019)
Treatment process

Relative effectiveness

Potassium permanganate

Effective for oxidizing microcystins and anatoxins. Further research is needed
for cylindrospermopsin. Not effective for oxidising saxitoxin.

Ozone

Very effective for oxidizing microcystins, anatoxin-a, and cylindrospermopsin.
Not effective for oxidising saxitoxin.

Chloramines

Not effective.

Chlorine dioxide

Not effective at doses typically used in drinking water treatment.

Free Chlorine

Effective for oxidising microcystins as long as the pH is below 8. Effective for
oxidising cylindrospermopsin and saxitoxin. Not effective for oxidising
anatoxin-a.

Advanced oxidation
(UV radiation with ozone
or hydrogen peroxide)

UV radiation alone is not effective at oxidising microcystins and
cylindrospermopsin at doses typically used in drinking water treatment. When
UV radiation is coupled with ozone or hydrogen peroxide (called ‘advanced
oxidation’), the process is effective at oxidising anatoxin-a, cylindrospermopsin,
and with high UV doses, microcystins.

Table 22. Disinfection treatment effectiveness for specific extracellular microcystins,
cylindrospermopsin, anatoxin and saxitoxin toxin removal (reproduced from Greenstein, 2019)
Cyanotoxins

Microcystins

Free chlorine

Moderate

Effective

No

Effective

Monochloramine

No

No

No

unknown

Chlorine dioxide

No

No

No

unknown

Potassium
permanganate

Effective

No

Moderate

No

Ozone

Effective

Effective

Effective

No

Advanced oxidation
processes (AOP)

Effective

Effective

Effective

unknown

No

No

unknown

unknown

UV

Cylindrospermopsin
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Anatoxin

Saxitoxin

7 Water distribution system
7.1 Drinker type
Performance goal: Safe supply of drinking water is provided to meat chickens from drinkers.
Description: Closed-nipple drinker systems are much more water-efficient and hygienic than open
‘bell’ drinker systems, as bell drinkers spill and are easily contaminated. Additionally, the number
of birds competing for water per drinker needs to be taken into consideration.
Performance criteria: Drinkers provide safe drinking water supply.
Use nipple drinkers.
Minimum requirements
Use nipple drinkers.
•
•

Install nipple drinkers at the rate of 8–10 birds per nipple.
For birds:
- < 3 kg allows for 10 birds per nipple
- > 3 kg allows for 8 birds per nipple

Birds do not have to travel more than 3 m to find water.
Pressure is adjusted weekly to adjust the flow rate according to the birds’ growing requirements (as
per manufacturer’s recommendations).
Best practice options
Pressure is adjusted every second day to adjust the flow rate according to the birds’ growing
requirements (see Table 23).
Supplementary drinkers are provided at the rate of 2 per 100 chicks from day old to 7 days.
Nipple lines are flushed immediately before placement and twice daily for the first 4 days to ensure
the chicks are supplied with cool fresh water.
Other information
Table 23. Recommended flow rates at different bird ages for meat chickens (reproduced from
Ross, 2018)
Bird age

Effect on water intake

0–7 days old

20 ml/minute

7–21 days old

60-70 ml/minute

> 21 days old

70–100 ml/minute
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7.2 Drinker height
Performance goal: To adjust drinker height to bird back height to prevent water spillage.
Description: Drinkers should be adjusted as per the manufacturer’s recommendations. Incorrect
drinker height will lead to increased water spillage.
Performance criteria:
Drinker height adjustment recommendations are given in Figure 6.

Figure 6. Drinker height adjustment (adapted from Cobb, 2016)
Minimum requirements
Drinker height is adjusted every week.
Best practice options
Drinker height is adjusted every 2 days.
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7.3 Water temperature
Performance goal: To maintain the water temperature at an acceptable range that doesn’t affect
broiler performance.
Description: Meat chickens dislike hot drinking water which can affect their performance (see
Table 24). Many meat chicken sheds automatically flush water distribution lines when the water
temperature goes above > 30°C. Usually, there is additional piping to remove the flush water from
the shed, so litter is not affected. This can significantly increase water usage. Additionally, hot
water will increase chlorine demand and can increase microbe growth.
Performance criteria: Water temperature is maintained in optimal range.
Best practice temperature range: 18–21°C
Maximum acceptable temperature: < 30°C
Minimum requirements
Water lines are flushed when the water temperature is > 30°C.
There is additional piping to remove flush water from the shed.
Best practice options
Automated temperature monitoring system.
Header tanks are shaded, underground or inside sheds to reduce average water temperature and
flushing events.
If header tanks are inside sheds, their location does not negatively change airflow patterns.
Header tanks are a light colour to reflect some heat.
Other information
Table 24. Effect of water temperature on water intake (reproduced from Ross, 2018)
Water temperature

Effect on water intake

Less than 5°C

Too cold, reduced water intake

18–21°C

Ideal

Greater than 30°C

Too warm, reduced water intake

Above 44°C

Birds refuse to drink
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7.4 Scale
Performance goal: Water treatment reduces scale impacts from the water on meat chicken farms.
Description: Scale is the deposition of mineral solids on the interior surfaces of waterlines and
containers. It most often occurs when water contains the carbonates or bicarbonates of calcium and
magnesium. Scale can contribute to biofilms, cause blockages in drinkers and water lines.
Performance criteria: Water scale impacts are controlled.
Best practice levels: hardness = 0–100 mg/L, calcium = 0–60 mg/L, magnesium = 0–14 mg/L,
sulphates = 0–40 mg/L and pH 6.5–7.8 based on laboratory or on-farm testing.
Maximum acceptable levels: hardness = 101–300 mg/L, calcium = 61–600 mg/L, magnesium =
15–125 mg/L, sulphates = 41–250 mg/L and pH 6.5–8.5 based on laboratory or on-farm testing.
Minimum requirements
Hardness, pH, calcium, magnesium and sulphates are measured on a periodic basis and at least
annually.
Water lines are made from a material that is resistant to scale build-up.
Water lines and drinkers are inspected monthly for scale build-up.
Water lines are flushed regularly (after each batch). A high-pressure flush on water lines is
performed between each flock and after adding supplements through the medicator (i.e. vaccine,
medications, vitamins, electrolytes, etc.).
Best practice options
Drinking water distribution system (water lines, pumps, etc.) is resistant to scale build-up.
If scale is an ongoing moderate issue in the water distribution system:
• Descaler treatment is conducted after each batch (in addition to sanitisation).
• An acidifier is used in addition to a disinfectant water treatment.
• Be aware that some acids break scale build-up into chunks, which can clog the system and
prevent nipple drinkers from working properly.
• Consider the effect of acid on disinfectant effectiveness.
If scale is a significant ongoing issue in water distribution system, use a pre-treatment to remove
scale-forming compounds.
If scale from iron, manganese or sulphur is a significant issue, use oxidation (chemical or aeration)
with sufficient contact time, followed by filter treatment is used in addition to disinfection.

50

7.5 Biofilms
Performance goal: Water treatment reduces biofilm impacts from water on meat chicken farms.
Description: A biofilm is a collection of organic and inorganic material amassed on a water system
pipe surface. Biofilms in a drinking water distribution system can cause a wide range of water
quality and operational problems. Biofilms can cause loss of disinfectant residuals, increased
microbial concentrations, reduce dissolved oxygen, red or black water problems due to iron or
sulphate-reducing bacteria, microbial-influenced corrosion, and reduced lifespan of materials
(Characklis & Marshall, 1990). Biofilms can also influence vitamins, electrolytes, organic acids,
vaccines and stabilisers, antibiotics, probiotics, etc. Microorganisms in biofilms can include bacteria
(including coccoid round, rod-shaped, filamentous, and appendaged bacteria), fungi, nematodes,
larvae, and Crustacea. Although viruses and Cryptosporidium do not grow in a biofilm, they can
attach to biofilms after a contamination event.
Performance criteria: Biofilms controlled.
Best practice level: 0 CFU E. coli/ml based on laboratory or on-farm testing.
Maximum acceptable level: 0 CFU E. coli/ml based on laboratory or on-farm testing.
Minimum requirements
Water is disinfected with one of the following oxidants: chlorine, chloramine, chlorine dioxide,
bromine, iodine, ozone or hydrogen peroxide.
ORP disinfection of 650 mV is measured at the far end of the water line (i.e. the last drinker).
A disinfectant residual of 1–2 ppm is achieved at the far end of the water line (i.e. the last drinker).
Water lines are made from materials that are resistant to biofilm formation.
Water line flushing is conducted after each batch.
Water lines are inspected monthly for biofilms.
If biofilms are detected or suspected in the water distribution system, water lines are sanitised using
Operating procedure: Water line sanitation (page 94).
Best practice options
If biofilms are an ongoing issue in the water distribution system:
Conduct water line swabbing using Operating procedure: Biofilm swabbing (page 91).
Use a disinfectant that is effective against biofilm species to shock disinfect and sanitise water lines.
Change primary (regular) disinfectant to one that will effectively control biofilm.
Drinking water distribution system (water lines, pumps, etc.) is resistant to biofilm formation.
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7.6 Vaccination
Performance goal: Water vaccination is effective.
Description: Drinking water is commonly used for mass vaccination with live vaccines.
Performance criteria: Sufficient vaccination coverage is achieved.
Minimum requirements
Water systems (water lines and nipples) are clean and free of detergents and disinfectants.
All equipment used for vaccination is carefully cleaned.
Nipples and drinkers are checked for any blockage or leakage before vaccination.
Only clean water of drinking quality is used.
The pH is above 4.
Deprive birds of water for one to two hours before vaccination.
Vaccinate early in the morning as this is when birds will exhibit peak drinking activity.
Use skimmed milk. Once the milk is added to the water, leave it to stand for 15–20 minutes (to
neutralise the chlorine) before using it for reconstituting and administering the vaccine.
After vaccination:
• Complete the vaccination by writing the name and batch number of the vaccine used on the
shed chart or vaccination schedule.
• Flush water lines of vaccinator.
Best practice options
Use a water stabiliser with a dye.
Use an automatic dosing device.
Evaluate vaccination coverage – Conduct crop and tongue scoring to check drinking water
vaccination.
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7.7 Shed cooling system
Performance goal: Shed cooling (evaporative cooling and fogging) systems provide shed cooling
without causing a risk to meat chicken health.
Description: The rapid growth of modern meat chickens is associated with increased susceptibility
to heat stress. Modern Australian meat chicken sheds usually have fogging and/or evaporative
cooling systems to maintain optimal shed temperature. Relative humidity, location and
environmental conditions must all be considered when selecting the most suited cooling system for
a specific meat chicken farm.
Performance criteria: Adequate coolers are installed in sheds to maintain the optimal temperature
for chicken performance. See Table 25 and Table 26 for optimal temperature recommendations.
Minimum requirements
Water for cooling comes from sources that have been treated to drinking water standards.
Regular maintenance – coolers are flushed and cleaned as per the manufacturer’s recommendation.
Birds cannot access to cooling water.
Stored cooling water is protected in the supply tank or sump recovery from direct sunlight to reduce
algae growth.
Online temperature, relative humidity and ventilation are monitored.
Automatic and remote cooling system control.
Evaporative cooling pads:
• Cooling pads (compared to foggers) usually work best when temperatures need to be
lowered in high-humidity conditions.
• Monitor relative humidity carefully when in operation.
• Pad space surface area must match the fan capacity to ensure correct airflow and
evaporation.
• Pad area should always be in line with the tunnel inlet opening.
• The cool pad house should be a minimum of 0.6–1 m wide to allow for easy access for
maintenance and cleaning.
• The water recovery system must be above ground to ensure easy access for maintenance
and cleaning.
• Large evaporative pads should have booster pumps to ensure water distribution across the
pads.
• Avoid placing any structures or shading in front of cooling pads that will cause a pressure
increase.
Fogging systems:
• Foggers (compared to cooling pads) are a better option when you need to cool down drier
areas, where the air can absorb more moisture.
• Monitor relative humidity carefully when in operation.
• Install the fogging lines in a loop throughout the shed. The location of foggers depends on
the shed and ventilation system.
• High pressure = low water use, low pressure = high water use – i.e. a balance between
pressure and flow. High pressure is usually associated with higher costs for pumps, pipes
and running costs. However, it uses water more efficiently.
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•
•
•
•

Install an automatic drain valve on each line to drain the water to the outside of the shed
when the pump is off.
The pump is controlled by both temperature and humidity.
Foggers start running at 28°C.
Moisture is never directly added to the inlet opening when the air velocity is more than
3.0 m/s. The inlet area fogging nozzles are positioned where the air velocity is under
3.0 m/s to prevent floor and bird wetting.

Best practice options
Flow meter installed on cooling systems determine water used for cooling.
Foggers and their water lines are flushed and sanitised after each batch.
If water is hard, foggers and lines are treated with an additional de-scaler.
High-pressure water foggers are used.
Evaporative cooling pad:
• Pads must be allowed to dry out once each day.
• If algae growth is a problem, an algicide is used in the water supplied to the cooling pads.
• Pads are be washed monthly to remove dust and sediment.
• The entire system is flushed monthly to remove the mineral salts and dirt that accumulate in
the pipes and reservoir.
Other information
Table 25. Temperature curve based on House Relative Humidity Guidelines (reproduced from
Cobb, 2018)
Bird age or
stocking
density

Relative humidity
30%

40%

50%

60%

70%

0 days

34°C

33°C

32°C

31°C

30°C

7 days

32°C

31°C

30°C

29°C

28°C

29°C

28°C

27°C

26°C

25°C

25°C

24°C

23°C

22°C

21°C

14 days
28 kg/m

2

Table 26. Temperature guide based on stocking density (reproduced from Cobb, 2018)
Density (kg/m2)

Target temperature (°C)

28

22–24

30

21–23

32

20–22

34

19–21

36

18–20

38

17–19

40

16–18

42

15–17

42+

14–16
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8 Water system maintenance
8.1 Drinking water supply maintenance
8.1.1 Source water
Performance goal: Source water and relevant equipment is adequately managed to control factors
that can negatively impact on water quality.
Description: Maintenance of equipment used to ensure water supply and quality.
Performance criteria: See section 4.2 System monitoring and maintenance.
Minimum requirements
Monitoring and maintenance are conducted as needed and at least annually.
If source water is surface water:
• Check the (upstream) catchment for new developments (e.g. land-use changes) and other
possible sources of contamination.
• Check maintenance and operation of the pump and piping.
• Check inlet screen on the pump for debris.
If source water is groundwater:
• Check the bore head and any other mechanisms installed are watertight and protected from
surface flows.
• Check bore is securely protected, e.g. fences, locks.
If source water is rainwater:
• Clean gutters.
• Clear first flush device of debris.
• Check and trim overhanging branches.
• Inspect and repair downpipes.
• Check the condition of the roof.
• Check maintenance and operation of the pump and piping.
Best practice options
Frequency of monitoring and maintenance follows or exceeds the requirements in Section 4.2
System monitoring and maintenance. Frequency is increased in response to significant events that
impact on water quality, monitoring and maintenance.
A monitoring and maintenance schedule is developed and enacted
Monitoring frequency is developed for the individual farm based on the specific requirements of
their water treatment system.
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8.1.2 Water storage
Performance goal: Water storage is maintained and does not negatively impact on water quality.
Description: Maintenance of equipment and storage reservoir used to ensure water supply and
quality.
Performance criteria: Water storage is not negatively impacting on water quality.
Minimum requirements
Monitoring and maintenance are conducted as required and at least annually.
If storage is a dam:
• Check wild bird netting.
• Check for excessive microbe growth (e.g. algae blooms) and treat if necessary.
• Check inlet screen on the pump for debris.
• Check maintenance and operation of the pump and piping.
If storage is a tank:
• Check that inlet and outlet screens are intact.
• Check access covers and filters.
• Clear strainer for debris.
• Check structural condition.
• Check sludge level and internal cleanliness.
Best practice options
Frequency of monitoring, cleaning, and maintenance follows or exceeds the requirements in
Section 4.2 System monitoring and maintenance.
A cleaning and maintenance schedule is developed and enacted.
Frequency of monitoring and cleaning is developed for an individual farm based on the specific
requirements of their water treatment system.
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8.2 Pre-treatment
Performance goal: Pre-treatments are operating optimally.
Description: Pre-treatment is maintained in accordance with the manufacturer’s advice.
Performance criteria: Pre-treatments are functioning optimally.
Minimum requirements
The effectiveness of pre-treatment is monitored per manufacturer’s advice or earlier if there is a
change in water quality.
Conduct maintenance as per the manufacturer’s advice or earlier if there is a change in water
quality.
Change filters and any other consumables at time intervals recommended by manufacturers.
Do not use expired chemicals.
Monitor the pH to ensure it is between 6.5 and 8.5 and adjust if necessary.
Best practice options
Frequency of monitoring, cleaning, and maintenance follows or exceeds the requirements in
Section 4.2 System monitoring and maintenance.
A cleaning and maintenance schedule is developed and enacted.
Frequency of monitoring and cleaning is developed for an individual farm based on the specific
requirements of their water treatment system.
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8.3 Disinfection
Performance goal: Disinfection equipment and chemicals are operating optimally.
Description: Disinfection equipment and chemicals are maintained in accordance with the
manufacturer’s advice.
Performance criteria: Disinfection is functioning optimally.
Minimum requirements
Check disinfection chemical: volume and concentration of the active ingredient.
Check dosing equipment.
Do not use expired chemicals.
Check disinfectant residual at end drinker.
Best practice options
Frequency of monitoring, cleaning, and maintenance follows or exceeds the requirements in
Section 4.2 System monitoring and maintenance.
Check disinfectant residual:
• after disinfection
• at multiple points in the distribution system
• at the end drinker.
A disinfectant dosing and chemical register is developed and used.
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8.4 Shed drinking pipes maintenance
Performance goal: Drinking water pipes are operating optimally.
Description: Drinking water pipes are maintained in accordance with the manufacturer’s advice.
Performance criteria: Drinking water pipes are functioning optimally.
Minimum requirements
Monitoring and maintenance are conducted as required and at least annually.
Header tank:
• Check inlet and outlet screens are intact.
• Check access covers and filters.
Distribution system:
• Check plumbing and piping is fully operational and well maintained.
• Check metal pipes for corrosion.
• Check for scale and biofilms.
• Test that the disinfectant level is between 1–2 mg/L at the end of the drinker line.
• Check drinkers.
Flushing tubing:
• Drain off the water after use.
• Check flushing tube is operating correctly.
Evaporative coolers and foggers:
• Check plumbing and piping is fully operational and well maintained.
• Follow the manufacturer’s maintenance and cleaning instructions.
• Check structural condition.
• Check sludge level and internal cleanliness.
Best practice options
Frequency of monitoring, cleaning, and maintenance follows or exceeds the requirements in
Section 4.2 System monitoring and maintenance.
A cleaning and maintenance schedule is developed and enacted.
Frequency of monitoring and cleaning is developed for an individual farm based on the specific
requirements of their water treatment system.
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8.4.1 Flushing
Performance goal: Water lines remain free of scale and biofilms.
Description: All poultry drinking water distribution systems need to be flushed to reduce or remove
scale and biofilms.
Performance criteria: Water lines are regularly flushed.
Minimum requirements
High-pressure flushing requires having adequate volume and pressure.
• Usually, 100–200 kPa (1–2 bars or 14–28 psi) of water pressure will create the velocity and
turbulence in the pipework to remove biofilm and scale.
Flush water lines are flushed weekly to remove particles that may interfere with the water flow.
Water lines are flushed when the water temperature is over 30°C.
Water lines are always flushed after administering medications or supplements to prevent biofilms
from developing.
There is additional piping to remove flush water from the shed.
Best practice options
Flush water lines three times per week to remove particles that may interfere with the water flow.
Automatic flushing systems.
If scale is a significant issue water lines are treated with an acidifier before flushing.
If biofilms are a significant issue water lines are treated with a sanitiser before flushing.
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8.4.2 Drinking system cleanout between flocks
Performance goal: All drinking water treatment, storage and distribution system equipment in
sheds must be thoroughly cleaned and disinfected.
Description: For further details, please see Operating procedure: Water line sanitation (page
94).
Performance criteria: Water treatment, storage and distribution system equipment are cleaned
after each flock.
Minimum requirements
Water lines are sanitised between flocks.
If scale is an issue, a separate acid treatment is conducted.
Water lines and nipples are inspected and repaired or replaced if damaged.
Best practice options
Drinking system and header tanks are drained and cleaned before each batch.
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9 Troubleshooting water quality problems
9.1 Issue identification and possible causes
Table 27. Troubleshooting common water quality issues and their causes
Water
treatment
system

Issue

Possible cause/s

Source water
(surface water)

Algae bloom

• Increased nutrients
• Warm weather
• Stagnated water

A build-up of sediment over
intake

• Changing watercourse
• An issue with intake design

Excessive turbidity or colour
after rain

• Runoff

The bore ‘drawdown’
increasing

•
•
•
•
•

E. coli previously absent but
now present

• Contaminated water entering bore from the surface
• Contamination of aquifer
• Change of land use or waste disposal

Change in turbidity or
colour

• Surface water intrusion into the bore
• Damaged well screen or casing corroded
• Drawing in water from a different part of the aquifer

Water turbid during the first
stages of pumping

• The rising main within the bore is corroding

Sand in bore discharge
and/or excessive pump
impeller wear

• Damaged well screen or casing is corroded
• Flow drawing sand into the well
• Rapid stop/start pumping agitating the bore and not
flushing out the sand

Sudden change in flow rate

• A flow restricting valve left open
• A leaking pipe
• Damaged pump

No difference in suspended
solids between source and
filter water samples

• Suspended solids smaller than the cut-off size for pretreatment
• Damaged pre-treatment system

Lack of flow

• Blockages

Rapid increase in head loss
and short filter runs

• Incoming water is too dirty

One filter blocking much
earlier than the others

• Excessive flows to an individual filter

If the flow is decreased or
the water becomes dirty or
cloudy

• The filter needs to be checked and may need replacing

Source water
(groundwater)

Pre-treatment
(general)

Pre-treatment
(filter)

Water demand exceeding the capacity of the bore
Increased water extraction from the aquifer
Less water entering the aquifer
Plugging of bore screen
Gradual blockage of the area around the bore affecting
water recharge
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Water
treatment
system

Pre-treatment
(sand /
activated
carbon filter)

Water storage
(tank)

Disinfection
(chemical
oxidant)

Issue

Possible cause/s

Spikes in filtered water
turbidity during a filter run

• Sudden changes in flow rate to a filter or filters are
causing them to unload, particularly where high-pressure
levels are allowed to build up

Flow declining and possible
increase in treated water
turbidity

• Changing filters too late

High filtered water turbidity

• Filter pores too large
• Filter starting to unload
• Ruptured cartridge

Heterotrophic plate count
increases across the filter

• By concentrating particles in one area, cartridge filters
can contribute to the growth of non-coliform bacteria.

Initial pressure differential is
low

• Cartridge is not sitting on the seal properly

Rapid increase in head loss
and short filter runs

• Incoming water is too dirty
• Inadequate backwashing
• Air blinding in the filter

Visible mud balls or
cracking

• Backwash unable to remove mud and silt

Backwash unable to remove
mud and silt

• Troughs not level
• Troughs in the wrong places

Encrustation of media

• Build-up of scale or other fouling on media

Filter media in troughs

• Loss of media with the backwash water

Spikes in filtered water
turbidity during a filter run

• Sudden changes in flow rate to a filter or filters
• Poor coagulant dosing
• Growths in the underdrains

High turbidity at the end of a
filter run

• Initiating backwashes too late

High turbidity at the start of
a filter run

• Residual turbidity being washed out of media

Algae growing in water
storage

• Stored water containing nutrients is exposed to light

Stored raw water of poor
quality seasonally –
commonly high manganese
and sulphide levels

• In large, deep reservoirs, the upper layers can cool
enough to cause a circulation current which brings settled
material up from the bottom layer.

Poor solids removal across
the tank

• Sediment build-up in the tank
• Poor flow path across the tank
• Particles are too fine to settle out before the water leaves
the tank

Insufficient disinfectant
residual

•
•
•
•

High disinfectant demand from the water
Poorly operating or inoperative disinfection equipment
Disinfection has run out
Dosing pump malfunction due to incorrect calibration or
faulty pump controller
• Incorrectly calculated disinfectant dose
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Water
treatment
system

Disinfection
(UV)

Storage
(header tanks)

Shed

Issue

Possible cause/s

E. coli detected after
disinfection, even though the
dose and contact time seem
okay

• Short-circuiting means retention time is insufficient for
disinfection
• System has been contaminated
• pH is too high
• Particles are masking the effect of the chlorine
• High concentrations of biofilms

Free available disinfectant
declines over time even
though the dose rate is the
same

• Sodium and calcium hypochlorite solution breaks down
over time

UV intensity low

• Fouling of lamp sleeves
• Lamps are at the end of their service life
• Decrease in UV transmittance of the water – the
minimum acceptable value is usually 80%

Lamp not working

• Lamp or ballast failure

Wide fluctuations in the
residual chlorine
concentrations leaving the
tank

• Poor mixing
• Variation in water use

Deterioration in water
quality when water levels
low; possible taste and
odour issues

• Sludge and scum accumulating in the tank

Nipple blocked

• Scale
• Turbidity
• Particles getting through the filter

Pipe corroding

• Acidic water
• Aged pipes

Red water or reddish-brown
staining

• Corrosion of iron pipes or the presence of iron in the
water

Bluish stains on fixtures

• Corrosion of copper service lines

Black water

• Sulphide corrosion of iron or copper lines

Foul tastes and odours.

• By-products of microbial activity facilitated by corrosive
conditions

Loss of pressure

• Excessive scaling, tuberculation, pitting and galvanic
corrosion

Short service life of the
plumbing

• Rapid deterioration of pipes caused by corrosive
conditions

Cream scale

• Magnesium and calcium scale

Red scale

• Iron scale

Black scale

• Manganese scale

Red or black scale

• Iron and manganese scale
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9.2 Source water quality issues
Tables 28 and 29 detail common surface water, groundwater and storage issues, their probable causes
and possible corrective action that could be undertaken to control issues.
Table 28. Troubleshooting poor surface water quality
Probable causes

Preventive
measures

Checking preventive measures
What to check

Corrective action

Signs that
action is
needed

Observation: Poor surface water quality
Possible hazards: Reduced water quality
Flooding leading to
rapid changes in water
quality

Diverters
Turbidity
Water storage Organic
matter/colour
Additional
pretreatments

Severe
weather event
Increased
turbidity and
organic matter

Absence of
characterisation of the
raw water source

Monitor
source water
regularly

Water quality
criteria

Level
Conduct catchment risk
regularly
assessment and/or establish a
exceed water monitoring programme.
quality criteria

Upstream discharge with Monitor
potential to cause
source water
microbial contamination

E. coli levels
Nitrogen
Nitrate
Phosphorus

Increase in
Ensure appropriate treatment and
nutrients levels that a robust disinfection system
is in place with appropriate
or E. coli
monitors and alarms on key
equipment.

Stormwater overflow
upstream with potential
to cause microbial
contamination

Diverters
Water storage
Additional
pretreatments

Turbidity
Organic
matter/colour
E. coli levels
Nitrogen
Nitrate
Phosphorus

Severe
weather event
Increase in
nutrients levels
or E. coli

On-site systems /or
septic tanks upstream
with potential to cause
microbial contamination

Extract water
at a point that
is unlikely to
be
contaminated
Additional
pretreatments

E. coli levels
Nitrogen
Nitrate
Phosphorus

Increase in
Ensure appropriate treatment and
nutrients levels that a robust disinfection system
or E. coli
is in place with appropriate
monitors and alarms on key
equipment.

Microbial contamination Extract water
from agriculture or
at a point that
is unlikely to
wildlife
be
contaminated
Additional
pretreatments

E. coli levels
Nitrogen
Nitrate
Phosphorus

Increase in
Source water management.
nutrients levels Ensure appropriate treatment and
or E. coli
that a robust disinfection system
is in place with appropriate
monitors and alarms on key
equipment.

Intake not secured
against livestock access

Extract water E. coli levels
at a point that Nitrogen
is unlikely to
Nitrate
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Monitor raw water.
Ability to shut off intake if raw
water beyond acceptable limits.
Appropriate treatment to deal
with raw water.

Ensure appropriate treatment and
that a robust disinfection system
is in place with appropriate
monitors and alarms on key
equipment.
Monitor raw water to identify
times of higher risk.

Increase in
Install and maintain fencing in
nutrients levels the vicinity of the intake.
or E. coli

Probable causes

Preventive
measures

Checking preventive measures
What to check

Corrective action

Signs that
action is
needed

causing microbial
contamination

be
Phosphorus
contaminated
Additional
pretreatments

Direct surface water
intake causing
variability in water
quality

Ensure
effective
monitoring of
intake water.
Redesign
intake if
required.

Turbidity
Variation in
Change intake point to minimise
water
variability in raw water.
Organic
characteristics
matter/colour
Provide bankside storage.
Algae/chlorophyll
a
E. coli levels
Nitrogen
Nitrate
Phosphorus

Lake or dam source
intake point vulnerable
to variation due to
streams, stratification,
algal blooms or
increased turbidity

Monitor raw
water

Turbidity
Increase in
Change water intake point to
nutrients
levels
minimise variability in raw
Organic
or
E.
coli
water.
matter/colour
Algae/chlorophyll
a
E. coli levels
Nitrogen
Nitrate
Phosphorus

Sediment build up
causing contamination

Regular
Turbidity before
programme to pre-treatment
inspect the
intake
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Increase in
turbidity or
colour

Clean as appropriate.

Table 29. Troubleshooting poor groundwater quality
Probable causes

Preventive measures

Checking preventive
measures
What to
check

Corrective action

Signs that
action is
needed

Observation: Poor groundwater quality
Possible hazards: Reduced water quality
Geology – surface water
ingress associated with a
raw water source

Monitoring
Turbidity
Additional pre-treatment Colour

Increase in
turbidity or
colour

Appropriate pre-treatment to
deal with source water.
Consider closing intake, or
switching to other sources, if
raw water quality
deteriorates.

Bore casing incomplete
or borehole unsealed
causing intrusion of
surface water or other
contamination

Monitoring
Turbidity
Additional pre-treatment Colour

Increase in
turbidity or
colour

Secure and maintain the bore
head to prevent
contamination.

Turbidity
Colour

Increase in
turbidity or
colour

Line borehole to sufficient
depth to prevent ingress.

Borehole or spring source Monitoring
Turbidity
influenced by surface
Additional pre-treatment Colour
water, e.g. shallow
borehole or well

Increase in
turbidity or
colour

Ensure appropriate treatment
and robust disinfection
system in place with
appropriate monitors and
alarms on key equipment.
Use another source if
adequate treatment not in
place.

Well head not secured
against livestock access
causing microbial
contamination

Increase in
nutrients
levels or E.
coli

Protect bore head with
appropriate cover.

Susceptible to flooding or Consider flood defences. Turbidity
contamination
Liaise with catchment
Colour
stakeholders to minimise
the risk of contamination

Increase in
turbidity or
colour

Raw water contamination
monitoring programme.

Wildlife access to raw
water tank causing
contamination

Erect fencing or cover to Turbidity
prevent wildlife access Colour
Nitrate

Increase in Erect fencing or cover to
turbidity or prevent wildlife access.
colour
Nitrate from
manure

Sludge build up in raw
water tank causing
contamination

Erect fencing or cover to Turbidity
prevent wildlife access Colour

Increase in
turbidity or
colour

Erect fencing or cover to
prevent wildlife access.

Leaking impounding
reservoir causing ingress
of contamination

Regular inspection and Turbidity
maintenance programme Colour

Increase in
turbidity or
colour

Regular inspection and
maintenance programme.

Borehole not lined
Follow Australian
causing ingress of surface standards when
water
constructing bore

Monitoring
Follow Australian
standards when
constructing bore

E. coli
levels
Dissolved
nutrients –
nitrogen
and
phosphorus

Observation: Poor storage water quality
Possible hazards: Reduced water quality
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9.3 Pre-treatment issues
The following tables detail pre-treatment issues, their probable causes and possible corrective action
that could be undertaken to control issues. Please refer to Applicability of pre-treatments and
disinfection techniques to different situations (Table 46) for a summary of water pre-treatment
methods and their effectiveness against common water quality problems.
Table 30. Troubleshooting pre-treatment issues
Probable causes

Preventive measures

Checking preventive measures
What to check

Corrective action

Signs that action is
needed

Observation: No difference in suspended solids between source and filter water samples
Possible hazards: Reduced efficacy of pre-treatment
Suspended solids smaller Series of filters with
than the cut-off size for
lower micron cut-off
pre-treatment

Colour
Turbidity

Colour and turbidity Replace filter with a
increase
lower micron cutoff

Damaged pre-treatment
system

Regular maintenance

Colour
Turbidity

Colour and turbidity Maintain the preincrease
treatment system

Hydraulic overloading

Regular cleaning and
replacement

Check
hydraulic
loading rates

Head loss changing
rapidly
Frequent
backwashing or
replacing filters

Clean or replace

Observation: Lack of flow
Possible hazards: No water for meat chickens
Suspended solids, scale
or foreign objects in the
system

Pre-treatments
Scale control
Filters

Water flow
Blockages
Water pressure

Unblock system

Damaged system

Maintenance
conducted as soon as
issue identified

Water flow
Equipment failure
Water pressure

Fix equipment

Observation: Effluent water quality changes
Possible hazards: Reduced efficacy of disinfection
Effluent water quality
changes in turbidity and
colour

Regular monitoring

Colour
Turbidity

Source water quality
changes
Turbidity increasing
rapidly
Colour increasing

Increase the
sampling frequency
of raw water
Increase pretreatment

Effluent changes in
alkalinity, pH or
temperature

Regular monitoring

pH
Alkalinity

Scale
Lower disinfectant
effectiveness

Pre-treat to reduce
alkalinity
Adjust pH
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9.3.1 General filter
Table 31. Troubleshooting general filter issues
Probable causes

Preventive
measures

Checking preventive
measures
What to
check

Corrective action

Signs that
action is needed

Observation: Rapid increase in head loss and short filter runs
Possible hazards: Reduced efficacy of pre-treatment
Incoming water too dirty

Monitor
effectiveness of
pre-treatment

Water
pressure
Water
flow

Increase in
head loss

Install or improve pretreatment.
Consider putting a coarse
cartridge filter upstream.

Observation: One filter blocking much earlier than the others
Possible hazards: Reduced efficacy of pre-treatment
Excessive flows to an individual Monitor
filter
effectiveness of
pre-treatment

Colour
Water
flow

One filter needs The flow split may need
replacing
better control.
sooner than
others

Observation: Spikes in filtered water turbidity during a filter run
Possible hazards: Reduced efficacy of pre-treatment
Sudden changes in flow rate to a Monitor
filter or filters are causing them effectiveness of
to unload, particularly where
pre-treatment
high pressures are allowed to
build-up

Filter
Colour
Turbidity unloading, i.e.
releasing
organic matter

Look for causes of sudden
changes in the flow to the
filters.

Observation: Flow declining and possible increase in treated water turbidity
Possible hazards: Reduced efficacy of pre-treatment
Changing cartridges too late

Change cartridges
more regularly

Flow
Pressure

Pressure is high Is the pressure differential
being checked regularly
enough?

Observation: High filtered water turbidity
Possible hazards: Reduced efficacy of pre-treatment
Cartridge pores too large

Smaller cartridge
pores

Turbidity and
Investigate reducing the
Colour
Turbidity colour are high cartridge pore size or
after filter
changing from a nominal
size to an absolute size.

Cartridge starting to unload

Replace cartridge
regularly

Turbidity and
Colour
Replace cartridge.
Turbidity colour are high
after filter

Ruptured cartridge

Ensure upstream
Turbidity and
Colour
Replace cartridge
pressure is not too Turbidity colour are high
high.
after filter
Ensure cartridge is
not damaged before
installation.

Observation: Initial pressure differential is low
Possible hazards: Reduced efficacy of pre-treatment
Cartridge is not sitting on the
seal properly

Ensure the filter is
fitted properly

Water
flow
Water
pressure
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Water pressure Refit cartridge
low

9.3.2 Media filter
A media filter is a type of filter that uses a bed of sand, activated carbon, peat, crushed granite or other
material to filter water. For example: sand and activated carbon filters.
Table 32. Troubleshooting media filter issues
Probable causes

Preventive
measures

Checking preventive
measures
What to
check

Corrective action

Signs that action
is needed

Observation: Rapid increase in head loss and short filter runs
Possible hazards: Reduced efficacy of pre-treatment
Incoming water too
dirty

Pre-treatment

Colour
Turbidity

Turbidity and
colour are high
after filter

Improve pre-treatment performance.

Inadequate
backwashing

Increase
Colour
frequency of
Turbidity
backwashing to a
rate that resolves
the problem

Turbidity and
colour are high
after filter

Look at backwash rates and other
features.

Air blinding in the
filter

Optimise system

Pressure
variations

Consider revising filter control or
design.
Water depth above the filter may
need to be increased, for example.

Turbidity and
colour are high
after filter

Investigate increasing backwash and
air scour rates.
The mud balls may have to be
physically removed.

Flow
Pressure

Observation: Visible mud balls or cracking
Possible hazards: Reduced efficacy of pre-treatment
Backwash unable to Increase
remove mud and silt frequency of
backwashing /
cleaning to a rate
that resolves the
problem

Colour
Turbidity

Observation: Encrustation of media (which changes media size and shape)
Possible hazards: Reduced efficacy of pre-treatment
Build-up of scale or
other fouling on
media

Increase
frequency of
cleaning to a rate
that resolves the
problem

Alkalinity

Scale

Fouling can usually be cleaned off
using chemicals.

Visual
inspection

This problem has a range of
possible causes that will need to be
resolved as appropriate if losses are
significant.
Replace media.

Observation: Filter media in troughs
Possible hazards: Reduced efficacy of pre-treatment
Loss of media with
the backwash water

Replace media
Monitoring

Water flow
Media
outside of
the tank

Observation: Spikes in filtered water turbidity during a filter run
Possible hazards: Reduced efficacy of pre-treatment
Sudden changes in
flow rate to a filter
or filters

Monitoring

Flow
Pressure

Flow variation
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Identify and control situations
where flow rate changes suddenly.

Probable causes

Preventive
measures

Checking preventive
measures
What to
check

Corrective action

Signs that action
is needed

Observation: High turbidity at the end of a filter run
Possible hazards: Reduced efficacy of pre-treatment
Initiating
backwashes too late

Schedule regular Colour
backwashing –
Turbidity
the frequency will
depend on siteby-site factors.
Monitoring

Turbidity and
colour are high
after filter

More regular backwashing needed

Turbidity and
colour are high
after filter

Only restart a dirty filter after
backwashing it first.
Bring filters into service by ramping
up the flow very slowly.

Observation: High turbidity at the start of a filter run
Possible hazards: Reduced efficacy of pre-treatment
Residual turbidity
Increase
Colour
being washed out of frequency of
Turbidity
media
backwashing to a
rate that resolves
the problem
Monitoring
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9.3.3 Reverse osmosis
Table 33. Troubleshooting reverse osmosis (RO) issues
Probable causes Preventive measures

Checking preventive measures
What to check

Corrective action

Signs that
action is
needed

Observation: Low product water or accelerated differential pressure build-up due to turbidity
Possible hazards: Increases scale build-up
Excessive
turbidity to the
unit.

Check filters are
working optimally
Increase the efficacy
of pre-treatment
Regular membrane
cleaning (usually RO
units have an
automatic cleaning)

Turbidity and colour
of effluent from
filtration system (i.e.
going into RO unit)

High
Turbidity should be limited
turbidity and to below 1 NTU to RO unit.
colour inlet
water
Membrane
fouling
Pressure
increase

Filter media
breakthrough or
cartridge filter
failure

Monitor water quality
going to RO unit
Add additional pretreatments
Increase the efficacy
of pre-treatment

Turbidity and colour
of effluent from the
filtration system. (i.e.
going into RO unit)

High
Correct filtration problems
turbidity and
colour inlet
water
Membrane
fouling
Pressure
increase

Inadequate
cleaning of the
membrane

Increase frequency of
membrane cleaning to
a rate that resolves the
problem

Cleaning cycle
(initiated when the
flux is ± 15% of rated
value)

Membrane
fouling
Pressure
increase

Fine suspended
solids on the face
of membrane and
feed concentrate
mesh spacer

Add additional pretreatments
Increase the efficacy
of pre-treatment

Turbidity and colour
of effluent from the
filtration system. (i.e.
going into RO unit)
Perform silt density
index (SDI) and
modified fouling index
(MFI)—these should
be between 0 and 2.

High
The system will require a
turbidity and higher level of turbidity
colour inlet removal
water
Membrane
fouling
Pressure
increase

Initiate more frequent
cleaning of the membrane

Observation: Low product water or accelerated differential pressure build-up due to minerals.
Possible hazards: Increases scale build-up
Mineral scaling
from carbonates,
sulphates, silica,
ferric (Fe+++), or
H2S.

Additional pretreatments

Hardness, iron or
manganese and
hydrogen sulphide
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Membrane
fouling
Increased
pressure

Convert carbonate hardness
to CO2 by adding acid.
Remove hardness by ion
exchange.

Probable causes Preventive measures

Elemental
sulphur and iron
oxide deposits on
the membrane.

Increase frequency of
membrane cleaning to
a rate that resolves the
problem
Additional pretreatments

Checking preventive measures
What to check

Signs that
action is
needed

Perform water quality
tests for: hardness
(temporary and
permanent), iron or
manganese and
hydrogen sulphide.

Membrane
fouling
Increased
pressure

Corrective action

Add polyphosphates or
silicates to prevent scaling.
Remove iron or manganese
by greensand, chlorination
or dichlorination (note, it is
very important to remove
residual) (no aeration.)
H2S can be removed by
degasification.
Initiate more frequent
cleaning of the membrane
using citric acid.

Observation: Low product water flow rate, higher salt rejection, high operating pressure
Possible hazards: Low flow
Membrane
compaction

Monitor pressure
Ensure membrane
installation is done
correctly

Operating pressure
should be less than
500 psi

Low flow
rate

Replace membrane.

Observation: High product flow rate with lower salt rejection
Possible hazards: High salt
Membrane
hydrolysis

Identify the cause of
membrane hydrolysis
and optimise system
Add additional
monitoring points for
pH and temperature

Check pH and
High flow
temperature to
and high salt
determine if they are
within operating limits
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Injection of colloid 189 will
sometimes extend
membrane life
Replace membrane

9.4 Disinfection and sanitisation
The following tables details disinfection issues, their probable causes and possible corrective action
that could be undertaken to control issues. Please refer to Applicability of pre-treatments and
disinfection techniques to different situations (Table 47) for a summary of water disinfection
treatment methods and their effectiveness against common water quality problems.
Table 34. Troubleshooting disinfection and sanitation issues
Probable causes

Preventive measures

Checking preventive measures
What to check

Corrective action

Signs that
action is needed

Observation: Poor coliform kills
Possible hazards: Microbes not killed by disinfection
Dosing malfunction

Routine controller and • ORP disinfection of
dosing pump
650 mV
maintenance.
• Disinfectant residual
Replace controller if
of 1–3 mg/L
suspect.
• Maintenance log
Install an alarm to
indicate when the
disinfection residual has
gone outside the
intended range.

ORP less than
650 mV.
Frequent repair
needed.
Maintenance
logs not signed
off.
Problems with
disinfection
effectiveness.

Identify the cause
of the fault and
rectify.
Replace controller.

Dose rate set
incorrectly

Monitoring of organic • Colour
matter using an
• Calibration schedule
independently
• Disinfectant feed
calibrated meter
rate
Routine maintenance
and replacement of pretreatment
Monthly calculation of
contact time

ORP less than
650 mV.
Problems with
disinfection
effectiveness.

Adjust dose and/or
contact time.

Power failure

Stand-by generator or
battery bank.

Poor continuity
of power
supply.
Problems with
chlorination
effectiveness.

Refuel generator (if
necessary).

• Electrical supply
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Probable causes

Preventive measures

Checking preventive measures
What to check

Corrective action

Signs that
action is needed

Chemical supply
exhausted

Install alarms to
• Chemical stocks
indicate when dosing
solution, or gas
cylinder, is running
low.
Record chemical use to
provide a guide to the
length of time the
chemical supply is
likely to last.
Maintain a reserve
chemical supply onsite.
Consider long term
arrangement with
suppliers.
Investigate alternative
chemicals or suppliers
if critical, e.g. single
supplier.

Incorrect chemical
used, chemical of
poor quality, or
dosing solutions
prepared at the
wrong strength

Make sure chemicals
supplied are delivered
to the correct bins or
containers. Clearly
label bins, and have an
operator on-site when
chemicals delivered.
Check the strength of
solutions or purity of
chemicals, supplied.
Implement a system of
independent checks on
dosing solution
preparation.

Chemical supply
adequate, but
insufficient solution
or gas reaching the
dosing point

Check chemicals
supplied for the
presence of healthsignificant chemical
contaminants.
Conduct routine
maintenance schedule
for pumps.
Conduct routine
maintenance schedule
to ensure chemical
supply lines are not
blocked.

Poor mixing

Design system that will • Disinfectant residual Variable
Change the mixing
adequately mix.
disinfectant
rate
residual after
Move feed points
the contact time

Chemical use
record not
maintained.

Order urgent
supply of chemical.

• Chemical
concentrations
• Supplier’s certificate
of analysis
• Storage location,
condition or
exposure to sunlight
or heat

Chemical
concentrations
have degraded
Chemical bins
not labelled
Problems with
disinfection
effectiveness

Label chemical
bins.
Require supplier to
ensure that the
operator is present
when chemicals are
delivered.

• Chemical dose
system maintenance
schedule

Problems with
disinfection
effectiveness

Change supplier
Identify pump fault
and repair or
replace
Clear, or replace,
blocked chemical
feed lines
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Probable causes

Preventive measures

Checking preventive measures

Corrective action

What to check

Signs that
action is needed
Total chorine is Adjust pH
significantly
Lower nitrogen in
higher than free the system
chlorine
Adjust inadequate
dosage
Move feed points

Chlorine is in the
form of
chlororganics and
chloramine

Remove more organic
matter from the system
Adjust pH
Lower nitrogen in the
system

• Compare total
chlorine to free
chlorine.

Unit not feeding
properly

Maintain and repair
units on a regular
schedule and inspect
chemicals.

Equipment
• Check to see that
malfunction
there is a
hypochlorite
Leaks
solution.
• Check internal
mechanisms, i.e.
damaged diaphragm,
weak springs, and
gaskets.
• Check valves.

Clean mechanical
drives
Replace damaged
parts

Lack of spare parts
for key disinfection
equipment, e.g. UV
bulbs, filters

Ensure spare key pretreatment and
disinfection equipment
is in place.

• Spare consumable
equipment

Ensure there are
spares of key pretreatment and
disinfection
equipment on site.

Stocktake
shows lack of
equipment

Particles are
Use filtration system to • Colour
Turbidity and
masking the effect of reduce turbidity
colour are high
• Turbidity
the chlorine
after filtering
• Disinfectant residual
Disinfectant
residual is lower
than expected

Improve the
upstream treatment
processes to reduce
turbidity so that
microbes are not
sheltered inside
particles. Turbidity
should be less than
1 NTU.

Observation: Low disinfection residual
Possible hazards: Microbes not killed by disinfection
Disinfection system
is not reliable

Design and operate the
system appropriately.

• ORP less than
650 mV
• Disinfectant residual
of 1–3 mg/L
• Maintenance log

ORP less than
650 mV
Disinfection
residual is
highly variable

Ensure robust
disinfection system
is in place with
appropriate
monitors and
alarms on key
equipment.

Dosing malfunction

Routine controller and • ORP disinfection of
dosing pump
650 mV
maintenance.
• Disinfectant residual
Replacement of
of 1–3 mg/L
controller if suspect.
• Maintenance log
Install an alarm to
indicate when the
disinfection residual has
gone outside the
intended range.

ORP less than
650 mV
Frequent repair
needed
Maintenance
log not signed
off
Problems with
disinfection
effectiveness

Identify the cause
of the fault and
rectify.
Replace controller.
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Probable causes

Preventive measures

Checking preventive measures
What to check

Signs that
action is needed

Corrective action

Dose rate set
incorrectly

Monitor organic matter
using an independently
calibrated meter.
Routine maintenance
and replacement of pretreatment.
Monthly calculation of
contact time.
pH not optimal for
disinfectant.

• ORP disinfection of
650 mV
• Disinfectant residual
of 1–3 mg/L
• pH 6.5–7.8
• Calibration schedule

ORP less than
650 mV
Problems with
disinfection
effectiveness

Adjust dose and/or
contact time.
Increase contact
tank capacity or
reduce the flow rate
to achieve
appropriate contact
time.
Adjust pH.
Consider
alternative
treatment.

Power failure

Stand-by generator or
battery bank.

• Electrical supply

Poor continuity
of power
supply.
Problems with
chlorination
effectiveness.

Refuel generator (if
necessary).

Chemical supply
exhausted

Install an alarm to
• Chemical stocks
indicate when the
dosing solution, or gas
cylinder, is running
low.
Record chemical use to
provide a guide as to
the length of time the
chemical supply is
likely to last.
Maintain a reserve
chemical supply onsite.

Chemical use
record not
maintained.

Order urgent
supply of chemical.

Incorrect chemical
used, chemical of
poor quality, or
dosing solutions
prepared at the
wrong strength

Make sure chemicals
supplied are delivered
to the correct bins or
containers. Clearly
label bins; have an
operator on-site when
chemicals delivered.
Check the strength of
solutions supplied, or
purity of chemicals
supplied.
Implement a system of
independent checks on
dosing solution
preparation.

Chemical
concentrations
have degraded.
Chemical bins
not labelled.
Problems with
disinfection
effectiveness.

Label chemical
bins.
Require supplier to
ensure that the
operator is present
when chemicals are
delivered.

• Chemical
concentrations
• Supplier’s certificate
of analysis
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Probable causes

Preventive measures

Checking preventive measures
What to check

Signs that
action is needed

Corrective action

Chemicals used after
expiration date –
ineffective
chemicals

Use a reputable
supplier.
Check the strength of
solutions supplied, or
purity of chemicals
supplied.

• Reduction in the
concentration of
active ingredient

Lower residuals
over time
Degradation of
chemical
Old chemicals

Inspect chemicals
to ensure expiry
date has not been
exceeded.
Ensure chemical
storage is
appropriately sized.

Chemical supply
adequate, but
insufficient solution
or gas reaching the
dosing point

Check chemicals
supplied for the
presence of healthsignificant chemical
contaminants.
Routine maintenance
schedule for pumps.
Routine maintenance
schedule to ensure
chemical supply lines
are not blocked.

• Chemical dose
system maintenance
schedule

Problems with
disinfection
effectiveness.

Change supplier.
Identify the pump
fault and repair or
replace the pump.
Clear, or replace,
blocked chemical
feed lines.

Destruction of
chlorine residual by
inorganic reducing
compounds, i.e.
Fe++, Mn++, H2S
or by organic
material

Conduct water analysis. Perform water quality
checks, i.e.
temperature, pH,
turbidity, reducing
inorganic agents and
TOC increases.

Low residual
Red and black
scale
High colour
water after
disinfection

Clean deposits
from the bottom of
basins.
Flush sediments
from the system.
Organic matter pretreatment
Scale pre-treatment

High disinfectant
demand from the
water

conduct water analysis.
Cleaning and
maintenance of the
system.
Additional pretreatments.
Increase the
effectiveness of pretreatments.

Turbidity and
colour are high
after filter
Red or black
scale

Increase chlorine
dose.
Consider improving
treatment to
remove the
contaminants that
react with
disinfectant.
Ensure biofilms are
not absorbing
disinfectant.

•
•
•
•
•

Colour
Turbidity
Iron
Manganese
Sulphides
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9.5 Shed issues
The following tables detail shed and water line issues, their probable causes and possible corrective
action that could be undertaken to control issues.

9.5.1 High water consumption
Table 35. Troubleshooting high water consumption
Operational monitoring
Parameter

Target criteria

Critical limits

Monitoring method

Daily water
consumption

1.8 times their feed
intake

Chickens normally drink
between 1.6–2.0 times their
feed intake daily at 21°C.
Water consumption of more
than two times the feed can
occur in excessively high
temperatures (i.e. above
30°C).

Daily water consumption is taken
from meter readings before
feeding.

Corrective action
Any breach in critical limits or target criteria should result in any of the following operating procedures as
necessary:
System or shed problem:
• inspect shed temperature is in the optimal range – put coolers on if necessary,
• inspect water system, line and drinkers for leaks and repair,
• inspect and adjust the flow rate,
• implement unplanned maintenance procedure,
• engage backup equipment, and
• record actions to be taken and report (internally or externally as required).
Nutritional problem:
• investigate changes to diet and for errors in the feed formulation that can increase water consumption
and rectify,
• investigate high salt concentrations in feed and water that can increase water consumption and
rectify, and
• record actions to be taken and report (internally or externally as required).
Disease:
• investigate the occurrence of pathogens and water quality,
• implement emergency response to rectify, and
• record actions to be taken and report (internally or externally as required).
Verification
•
•
•
•

Calibration and maintenance of equipment.
Water consumption in an acceptable range.
Satisfactory production.
Evaluation and audit.
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9.5.2 Ineffective microbial treatment
Table 36. Troubleshooting ineffective microbial treatment
Operational monitoring
Parameter

Target criteria

Critical limits

Monitoring method

Escherichia coli

0 CFU/ml

Disinfectant residual

1–2 ppm

pH

pH 6.5–7.5

Flow rate

Set to achieve
minimum contact
time

Specific chlorine
residual set to achieve a
minimum contact time
requirement based on
maximum flow and
minimum storage times.

Chlorine dose

Set to achieve
residual at end
drinker

Turbidity

< 1 NTU

Online, continuous chlorine
residual analyser, flow and
pH.
24-hour monitored alarms on
residual monitoring, pH and
disinfectant dosing
equipment.
Regular turbidity and
temperature monitoring and
disinfectant demand
calculations.
Appropriate electronic or
hard copy monitoring
records.

Corrective action
Any breach in critical limits or target criteria should result in any of the following operating procedures as
necessary:
• inspect and calibrate equipment,
• adjust flow rate,
• adjust the disinfectant dose or feed point,
• carry out additional monitoring, increase sampling and testing,
• recalculate contact time values,
• implement unplanned maintenance procedure,
• secondary or booster disinfection,
• use alternative supply or divert water,
• engage backup equipment,
• plant automatic shutdown,
• implement emergency response, and
• record actions to be taken and report (internally or externally as required).
Verification
•
•
•
•

Calibration and maintenance of equipment.
Drinking water quality monitoring.
Satisfactory production.
Evaluation and audit.
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9.5.3 High organic matter
Table 37. Troubleshooting high organic matter
Operational monitoring
Parameter

Target criteria

Critical limits

Monitoring method

Turbidity

< 1 NTU

Water filters are set to
achieve the required organic
matter removal to achieve
colour and turbidity target.

Colour

0–15 HU

Online, continuous turbidity or
colour meter.
24-hour monitored alarms on
monitoring meters.
Appropriate electronic or hard copy
monitoring records.

Corrective action
Any breach in critical limits or target criteria should result in any of the following operating procedures as
necessary:
• inspect and calibrate equipment,
• if consumable: replace filters,
• backwash filters,
• adjust flow rate,
• change to a different filter micron,
• change filtration point,
• carry out additional monitoring, increase sampling and testing,
• implement unplanned maintenance procedure,
• add a secondary filter,
• use alternative supply with low organic matter,
• engage backup equipment,
• plant automatic shutdown,
• implement emergency response, and
• record actions to be taken and report (internally or externally as required).
Verification
•
•
•
•

Calibration and maintenance of equipment
TDS, turbidity and colour monitoring
Satisfactory production
Evaluation and audit
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9.5.4 pH
Table 38. Troubleshooting pH issues
Operational monitoring
Parameter

Target criteria

Critical limits

Monitoring method

pH

6.5–7.8

pH is adjusted as required to
achieve optimal pH for the
disinfectant used.

Online, continuous pH meter.
24-hour monitored alarms on
monitoring meters.
Appropriate electronic or hard copy
monitoring records.

Corrective action
Any breach in critical limits or target criteria should result in any of the following operating procedures as
necessary:
• inspect and calibrate equipment,
• check the concentration of the chemical (if chemicals have expired),
• adjust flow rate,
• change to a different filter micron,
• change filtration point,
• carry out additional monitoring, increase sampling and testing,
• implement unplanned maintenance procedure,
• add a secondary filter,
• use alternative supply with low organic matter,
• engage backup equipment,
• plant automatic shutdown,
• implement emergency response, and
• record actions to be taken and report (internally or externally as required).
Verification
•
•
•
•

Calibration and maintenance of equipment
pH monitoring
Satisfactory production
Evaluation and audit
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9.5.5 Scale build-up
Table 39. Troubleshooting scale build-up
Operational monitoring
Parameter

Target criteria

Critical limits

Monitoring method

Hardness

0–100 mg/L

Calcium

0–60 mg/L

Magnesium

0–14 mg/L

Scale build-up
Drinker blockages
Coolers clogged with
mineral build-up

Sulphates

0–40 mg/L

Iron

0–0.20 mg/L

Manganese

0–0.01 mg/L

Online, continuous flow and pH.
Regular monitoring with an onfarm test strip.
Laboratory analysis.
Visual inspection of water pipes
and drinkers.
Appropriate electronic or hard copy
monitoring records.

Corrective action
Breaches in critical limits or target criteria should result in any of the operating procedures below as
necessary:

•
•
•
•
•
•
•

An acid treatment should be conducted.
Water lines should be flushed more regularly.
Water could be acidified.
For iron, manganese and sulphates scale an oxidation pre-treatment should be used.
For low to moderate scale, an electronic descaler could be used.
Iron exchange could be used for moderate to high scale.
Reverse osmosis could be used for high scale.

Verification

•
•
•
•
•

Calibration and maintenance of equipment
Drinking water quality monitoring
Increase the frequency of monitoring
Satisfactory production
Evaluation and audit

83

9.5.6 Biofilm build-up
Table 40 Troubleshooting biofilm build-up
Operational monitoring
Parameter

Target criteria

Critical limits

Monitoring method

Escherichia
coli

0 CFU/ml

Disinfectant
residual

1–2 ppm

Specific chlorine
residual set to achieve a
minimum contact time
requirement based on
maximum flow and
minimum storage times.

Online, continuous chlorine residual
analyser, flow and pH.
24-hour monitored alarms on residual
monitoring, pH and disinfectant dosing
equipment.

Hardness

0–100 mg/L

Calcium

0–60 mg/L

Magnesium

0–14 mg/L

Scale build-up
Drinker blockages
Coolers clogged with
mineral build-up

Sulphates

0–40 mg/L

Iron

0–0.2 mg/L

Manganese

0–0.01 mg/L

Online, continuous flow and pH.
Regular monitoring with an on-farm test
strip.
Laboratory analysis.
Visual inspection of water pipes and
drinkers.
Appropriate electronic or hard copy
monitoring records.

Corrective action
Breaches in critical limits or target criteria should result in any of the operating procedures below as
necessary:
Related to the disinfectant residual:
• inspect and calibrate equipment
• adjust the flow rate
• adjust the disinfectant dose or feed point
• carry out additional monitoring, increase sampling and testing
• recalculate contact time values
• implement unplanned maintenance procedure
• secondary or booster disinfection
• use alternative supply or divert water
• engage backup equipment
• plant automatic shutdown
• implement emergency response
• record actions to be taken and report (internally or externally as required).
Scale/ mineral component of biofilm:
• conduct an acid treatment
• flush water lines more regularly
• water could be acidified
• for iron, manganese and sulphates scale use an oxidation and filter pre-treatment
• for low to moderate scale use an electronic descaler
• iron exchange could be used for moderate to high levels of scale build-up
• reverse osmosis could be used for high levels of scale build-up
Microbial component of biofilm:
• identify microbes
• use a disinfectant that is effective against the specific microbes identified
• sanitise water lines.
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Verification
•
•
•
•
•

Calibration and maintenance of equipment
Drinking water quality monitoring
Increase the frequency of monitoring
Satisfactory production
Evaluation and audit
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Operating procedure: Water sampling
Web resource: https://environment.des.qld.gov.au/water/monitoring/sampling-manual/
(DES, 2018)
Procedure
Samples should be collected at source, storage and at the end of a drinker line using a sterile container
and analysed at an accredited laboratory. The laboratory should be contacted for sampling and sample
transport advice.
Do

Do not
•
•
•
•
•
•
•

•
•
•

Use a clean, sterile bottle.
Collected in an approved sampling
bottle.
With a completed requisition form.
Label the bottle (not the lid) before
sampling.
Adequately flush the line.
Disinfect the tap using an approved
method.
Take microbiological samples first.

•
•

Touch the inside of the bottle.
Rinse the bottle.
Touch the inside of the bottle or allow
contact between the bottle and the tap.
Put caps on the ground while sampling.
Transport drinking water samples with
other water sample types, e.g. sewage.

Sampling points
Each farm may require samples from multiple sampling points. The sampling points should each be
labelled with the sampling position and date, as well as the farm name.
•

Raw source water: Point at which the water comes onto the farm-mains, river, dam, bore.

•

After water treatment – pre-treatment and sanitisation: This point indicates the
effectiveness of treatments and disinfection

•

Far end of the water line: This is the furthest point of the furthest spur from where the water
enters the farm chosen to indicate the quality of water after it has passed through the
maximum length of farm plumbing

General sampling procedure
1. Clearly label the sample bottle.
2. Turn the tap/drinker/etc. on to the highest flow level and allow the water to run. Thirty
seconds is generally sufficient. This flushes the interior of the nozzle and discharges stagnant
water.
3. Open the bottle ‐ retain the cap but do not touch inside it. Do not empty any preservative
from the bottle!
4. Hold the bottle near the base of the tap to get the sample.
5. Put the cap on the bottle right away. Make sure the cap is secure, but do not overtighten it.
6. Fill out the requisition and include the information below.
7. Put the sample in a cooler filled with ice packs
8. Reassemble waterline/drinker components and check water delivery at drinkers
9. Arrange transport to the laboratory
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The temperature should be controlled when transporting samples to a laboratory, in line with the
requirements of ISO 17025, the AWDG and the Monitoring and Sampling Manual Environmental
(DES 2018) as shown in Table 41.
Table 41. Temperature control requirements for water samples based on ISO 17025, NHMRC &
NRMMC (2011) and DES (2018)
Sample type

Requirement

All microbiological samples

Delivered within 6 hours of sampling or up to 24hrs
if kept below 6°C (not frozen)

Chemistry for standard chemical analysis

Delivered below 10°C (not frozen)

Environmental waters or sewage for chemical and
microbiological analysis

Delivered within 6 hours of sampling or up to 24
hours if kept below 6°C (not frozen)

For all other specific chemistry on drinking water

Please contact the laboratory for advice

These sampling guidelines help ensure the stability of sample characteristics to best represent
parameters at the point of origin and therefore give you the most accurate results.
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Operating procedure: Biofilm swabbing
Web resource: www.uaex.edu/publications/PDF/FSA-8011.pdf
Procedure
A water sample taken from the end of a water line may not accurately reflect the biofilm present in the
water distribution system. Swabbing can be used to investigate biofilms in the water distribution
system and the concentrations of associated microbes. Comparing multiple points in the distribution
system to the end of the line will give growers a better understanding of the concentrations and type of
biofilm, which will enable the development of targeted cleaning.
Sampling points
Samples should be collected at points where biofilms are likely to be an issue, using a sterile vial and
tweezers. Pre-made swab kits are usually available from laboratories conducting the analysis. Swabs
can be made by putting a 2.5 cm dry cellulose sponge into a 50 ml vial that contains 25 ml of
Butterfield’s Phosphate Diluent (BPD). The laboratory should be contacted for sampling and sample
transport advice.
General sampling procedure (see Figure 7 for visual aid)
1.
2.

3.
4.
5.
6.
7.
8.

9.
10.
11.
12.

Shut the water off to the water line being tested.
Allow excess water to drain out so the sponge will absorb biofilm rather than water. If a valve
cap is present, remove it. Do not sample through the valve cap as it will not be a representative
sample.
Wipe off the outside threads of the water line with a 99% alcohol solution.
Sterilise a pair of extra-long tweezers.
Remove the cap of the swab vial. Do not allow it to touch the edge of the vial or anything that
could contaminate it.
Grasp the swab with the sterilised tweezers and squeeze out the excess moisture into the vial.
Remove the swab from the vial and insert it at least 4 inches into the open pipe. Twist the
swab as it goes in and back out of the pipe.
Replace the sponge into the BPD or sterile water in the 50 ml vial and tighten. Vigorously
shake the vial to release an even number of bacteria from the sponge into the BPD solution.
Fill out the requisition.
Put the sample in a cooler filled with ice packs.
Reassemble waterline and drinker components and check water delivery at drinkers.
Arrange transport to the laboratory.
Interpretation of results: Desirable results are counts of 0–100 CFU/mL. Results in the range
of 1000–10,000 CFU/mL indicate that a marginal level of contamination. Results greater than
100,000 CFU/mL indicates that the water distribution system would benefit from cleaning.
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a.

b.

c.

d.

Figure 7. a. Cleaning the tweezers, b. removing the sponge, c. inserting the sponge and d.
taking a swab sample to examine waterline (Maharjan & Watkins, 2016)
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Operating procedure: How to measure
water flow
Water flow rates are best estimated when drinkers are being used at peak demand and should be tested
every week during the growing cycle to ensure that water supply is high enough to meet maximum
daily water intake demands.
Equipment list
•

Graduated plastic jug

•

Watch or stopwatch

•

Pipe wrench or monkey wrench

•

Pipe grips

•

Longnose pliers

•

Spare drinkers

•

Plumber’s tape (e.g. thread sealing tape)

Procedure
•

Collect water into the jug for 30 seconds – double this measurement for the flow rate per
minute.

•

Check flow rate of first and last drinker in the house, which checks for pressure drop along
the line.

•

If the flow rate at any particular drinker is low, remove, clean and if necessary, replace the
drinker head.

•

Refit, with plumber’s tape if required.

•

Re‐check the flow rate with a cleaned drinker and filter.
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Operating procedure: Water line sanitation
This operating procedure was developed by Dr Susan Watkins of the University of Arkansas for
Aviagen. It can be accessed from: http://en.aviagen.com/techcenter/download/26/AviaTech_WaterLineSanitation_Aug07.pdf
Step 1—Analyse water
Analyse the water for any scale-causing minerals: carbonates or bicarbonates of calcium, magnesium,
iron and manganese.
If the water contains more than 90 ppm combined calcium and magnesium, 0.3 ppm iron or 0.05 ppm
manganese, you will need to include a descaler or an acid treatment in your cleaning program. These
products will dissolve the mineral deposits in water lines and fittings.
Step 2—Select sanitiser
Choose a sanitiser that can effectively dissolve any biofilm or slime in the system. Some of the best
products for this job are concentrated hydrogen peroxide, chlorine and chlorine dioxide solutions.
Before using any strong cleaners, make sure standpipes are working properly so air pressure build-up
in the lines will be released. Consult equipment suppliers before using products to prevent unnecessary
damage.
Step 3—Prepare the distribution system for sanitising
For best results, use sanitising products at the strongest concentration recommended on the label. Most
proportioners (a device for securing proportions in a mixture or a chemical dosing device) will only
allow concentrations between 0.8 and 1.6% of the original material. If you need to use higher
concentrations, it is better to mix the stock solution in a large tank and then distribute without the use
of a proportioner. For example, if a 3% solution is required, mix three volumes of the cleaner with 97
volumes of water for the final solution.
An excellent sanitising solution can be made up by using a 35% hydrogen peroxide solution. Mix this
as described for a 3% solution.
Step 4—Clean the lines
It should take 30–38 L of water to fill and clean 30 m of 20 mm water line. If the building is 150 m
long and has two water lines, you should make up a minimum of 378 L of sanitising solution. Water
lines should be designed so that they can be opened to drain completely when the cleaning is
complete.
Follow these steps to clean the water lines:
1. Open water lines, so they drain completely.
2. Begin pumping the cleaner or sanitiser through the water lines.
3. Watch the water as it leaves the drain line for signs of the product such as foaming or suds.
4. Once water lines are filled with the cleaner, close the tap and leave the product in the lines for
as long as the manufacturer recommends (over 24 hours if possible).
5. Flush cleaner from the water lines after the holding period. Water used to flush the lines
should contain the level of sanitiser normally used in the drinking water for the birds.
6. After cleaning, sanitising and flushing the system, the water supply should be fresh and
chlorinated (3–5 ppm in the drinker furthest from the source). If using an ORP meter, the
reading should be a minimum of 650 mV.
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7.

Water lines from the water well to the poultry buildings should also be cleaned and sanitised
between flocks. It is best not to flush these outside water lines through the water lines inside
the buildings. Connect a water hose to the medicator faucet to drain the outside lines.

Step 5—Remove mineral build-up
After lines are cleaned, descaler or acid products can be used to remove the mineral build-up. Use
products according to the manufacturer’s recommendation. One product that can be used for this is
citric acid.
Follow these steps:
Make a stock solution by mixing 1–2 packs of citric acid (1 pack contains approximately
210 g in 23.8 litres of water). Proportion this stock solution at 7.5 grams per litre (0.8% or
1:128). Fill water lines and let stand for 24 hours. It is critical that the water pH is below 5 for
optimum scale removal.
2. Empty the water lines. Mix a stock solution containing 62–93 mL of 5% bleach per litre. Then
refill the lines with clean water containing this stock solution proportioned at 7.8 ml per litre
(0.8% or 1:128). Leave in the water lines for 4 hours. This concentration of chlorine will kill
any residual bacteria and further remove biofilm residue.
3. Perform a final flush of the water lines, use water with a normal drinking water level of
sanitiser (normal level of sanitiser equates to 31 mL of 5% bleach per litre, proportion this
stock solution at 7.8 ml per litre). Continue flushing until the water in the lines contains no
more than 5 ppm of chlorine when tested.
1.

Step 6—Keep the system clean
Once the system has been sanitised, it is important to keep it clean. Develop a good daily water
sanitisation program for your birds. The ideal water line sanitation program should include injecting
both a sanitiser and an acid. It is important to note that this procedure requires two proportioners or
injectors, since acids and bleach should never be mixed in the same stock solution.
If only one proportioner or injector is available, then inject bleach (concentration of 5%) at a rate of
31–46 mL per litre stock solution; proportion at 7.8 mL per litre of drinking water.
The objective is to provide a clean source of drinking water with a continuous level of chlorine at 3–
5 ppm at the end of the building furthest from the proportioner.
Water limits per ml TVC

Good

Acceptable

Unacceptable

Mains water supply

0–100

103–300

> 301

E. coli

0

1

Pseudomonas

0

1

Other sanitisers
Ozone (O3) is a very effective bactericide, virucide and chemical oxidant. Ozone will react with iron
and manganese, making both more easily removable by filtration. It also works independent of pH,
and it can inactivate chlorine if they are used simultaneously. However, ozone is a point of contact
sanitiser that dissipates rapidly providing no sanitising residual in the water system.
Chlorine dioxide (ClO2) is making its way onto the market as a poultry drinking water sanitiser, partly
because new chlorine dioxide generation methods have resolved the application of chlorine dioxide.
Chlorine dioxide is as effective as chlorine, as a bactericide and even more effective as a virucide, and
is also superior to chlorine for the removal of iron and manganese. It is not impacted by pH.
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Final notes
1. Do not use acid as the sole method of water treatment since acids alone can cause bacterial or
fungal growth in water systems.
2. Hydrogen peroxide is very aggressive, and handling requires extreme care. A test on any
components should be carried out before the implementation of such a chemical. It is
important to follow the handling and usage instructions very closely to prevent damage to
people and equipment.
3. Hydrogen peroxide is gaining popularity as a water sanitiser. pH and bicarbonate alkalinity
both play a major role in the effectiveness of hydrogen peroxide. Hydrogen peroxide can be
stored onsite, but it will deteriorate over time. It is a strong oxidant, but it does not provide
any lasting residual. A 50% hydrogen peroxide product stabilised with silver nitrate is proving
to be a very effective sanitiser and line cleaner that does not damage water lines.
4. When administering other products to your birds, it is a good idea to stop the inclusion of
chlorine (and other sanitisers) in the drinking water. Chlorine will inactivate vaccines and
reduce the effectiveness of some medications. Resume use of chlorine and/or other sanitisers
after treatment is finished.
5. Local regulations can govern water line sanitation. Please check with local authorities and
always follow the manufacturers’ instructions.
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Operating procedure: Solution dilution
Website resources
A chlorine dilution calculator can be found at www2.health.vic.gov.au/public-health/infectiousdiseases/infection-control-guidelines/chlorine-dilutions-calculator
A general solution dilution calculator can be found at:
www.physiologyweb.com/calculators/dilution_calculator_mass_per_volume.html
www.tocris.com/resources/dilution-calculator
www.publichealthontario.ca/en/health-topics/environmental-occupational-health/waterquality/chlorine-dilution-calculator
Dilution equation
𝐶1 𝑉1 = 𝐶2 𝑉2
Where:
C1: the concentration of the stock solution.
V1: the volume to be removed (i.e., aliquoted) from the concentrated stock solution.
C2: the final concentration of the diluted solution.
V2: the final volume of the diluted solution. This is the volume that results after V1 from the
stock solution has been diluted with diluent to achieve a total diluted volume of V2
Note: units must be consistent. i.e. C1 & C2 and V1 & V2 must be in the same units.
Example
To make a make 1 litre of 0.5% dilute solution of chlorine from 10% concentrated stock solution:
10% ∗ 𝑉1 = 1𝐿 ∗ 0.5%
𝑉1 =

1𝐿 ∗ 0.5%
10%

𝑉1 = 0.05 𝐿
𝑉1 = 0.05 𝐿
Thus, 0.05 L (50 mL) of the 10% concentrated stock solution is needed to make 1 L of 0.5% dilute
solution of chlorine, i.e. add 0.05 L of 10% concentrated stock solution to your mixing bucket and
then fill it to 1 L with clean water.
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Operating procedure: Estimating
appropriate contact time for disinfection
Website resources
https://wqcdcompliance.com/ct
www.epa.gov/sites/production/files/2016-10/epactcalculator_0.xls
Contact time (Ct) calculations:
Identification of suitable site-specific Ct values need to take the following into account:
•

Raw water quality, i.e. organic matter, alkalinity, pH, etc.

•

Expected variation in temperature, pH and organic matter-seasonal effects, weather events,
etc.

•

Pathogen profile in raw water

•

Extent and performance of treatment before disinfection-organic matter removal

•

Design and size of the contact tank

What is log inactivation?
Log inactivation is the number or per cent of microorganisms inactivated through the disinfection
process and is a measure of the effectiveness of the disinfection process. It is influenced by variables
including disinfectant concentrations, temperature, pH and disinfectant type. For example: a 4 log
inactivation values means that 99.99% of microorganisms in raw water have been inactivated by
disinfection.
Per cent reduction calculation

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = (𝐴 − 𝐵)

(𝐴 − 𝐵) ∗ 100
𝐴

Where:
A is the number of viable microorganisms before treatment
B is the number of viable microorganisms after treatment
Log reduction calculation

𝐿𝑜𝑔 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑙𝑜𝑔10 ) = 𝑙𝑜𝑔10

𝐴
𝐵

Where:
A is the number of viable microorganisms before treatment
B is the number of viable microorganisms after treatment
𝑃 = (1 − 10−𝐿 ) ∗ 100

Convert log reduction to per
cent reduction

Where:
P is the per cent reduction
L is the log reduction
See Table 42 for tabulated values.
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Table 42. Relationship of log reduction to percentage reduction
Log reduction

Reduction

1

90%

2

99%

3

99.9%

4

99.99%

5

99.999%

6

99.9999%

What is Ct?
Ct (minutes * mg/L) is a measure of the reaction time of the disinfection process. It is defined as the
product of: C, the residual disinfectant concentration in mg/L (at the end drinker) and T, the
disinfectant contact time in minutes. See Table 43 for a description of the data required to calculate Ct.
𝐶𝑡 = 𝑐𝑜𝑛𝑡𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 ∗ 𝑡𝑖𝑚𝑒

Contact time

Where:
Concentration is disinfection residual
Time water is in contact with the disinfectant
Table 43. Data required to calculate Ct
Parameter

Unit

Peak hourly flow, Q

litres per minute (Lpm)

Residual disinfectant concentration, C

mg/L

Disinfectant type

N/A

Temperature

ºC

pH

standard units (s.u.)
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Ct and log inactivation calculation overview
Step 1: Calculate detention time
Step 1-A—Calculate theoretical detention time (TDT)
𝑇𝐷𝑇 =

𝑉
𝑄

Where:
TDT = theoretical detention time (minutes)
V = volume, based on low water level
Q = peak hourly flow
Step 1-B—Calculate actual detention time (T)
𝑇 = 𝑇𝐷𝑇 ∗ 𝐵𝐹
Where:
T = actual detention time (minutes)
TDT = theoretical detention time (minutes)
BF = baffling factor (a measure of short-circuiting). See Table 44 for typical baffling values.
𝐵𝐹 =

𝑇10
𝑇𝐷𝑇

Where:
TDT = theoretical detention time (minutes)
T10 = the time taken for 10% of the incoming water to exit the tank
Table 44. Typical baffling conditions (The Standards and Guidelines for Municipal Water,
Wastewater and Storm Drainage Systems, AENV 1997)
Baffling condition

T10/T ratio

Baffling description

Unbaffled (mixed flow)

0.1

None, agitated basin, very low length to width
ratio, high inlet and outlet flow velocities

Poor

0.3

Single or multiple unbaffled inlets and outlets,
no intra-basin baffles

Average

0.5

Baffled inlet or outlet with some intra-basin
baffles

Superior

0.7

Perforated inlet baffle, serpentine or perforated
intra-basin baffles, outlet weir or perforated
launders

Perfect (plug flow)

1.0

Very high length to width ratio (pipeline flow),
perforated inlet, outlet, and intra-basin baffles
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Step 2—Calculate CtCALC
𝐶𝑡𝐶𝐴𝐿𝐶 = 𝐶 ∗ 𝑇
Where:
CtCALC = concentration time, calculated value (minutes * mg/L)
C = residual disinfectant concentration measured during peak flow (mg/L)
T = actual detention time (minutes)
Step 3—Calculate Ct99.9
Step 3-A—Determine Ct required for specific microbe 3 log reduction (Ct99.9) using look-up tables and
water treatment plant information.
The Ct required for 3 log inactivation of a specific microbe (designated as Ct99.9) is available in tables
for different disinfectants, as shown in Watson et al. (2019). The Ct99.9 depends on the species of
microorganisms targeted, type of disinfectant, residual disinfectant concentration (C), temperature, and
pH.
For example, using Table 45 to look up the Ct for a 3-log reduction (Ct99.9) for Giardia lamblia for
water with a 0.8 mg/L chlorine residual and a pH of 7.5 at 0.5oC would be 246.
CtCALC > Ct99.9 indicates that the water system is meeting at least 3 log microbe inactivation.
Table 45. Example of Ct table for giardia lamblia 3 log reduction (Ct99.9) for free chlorine at 0.5°C
Temperature < = 0.5°C
Disinfectant
concentration
(mg/L)

pH
≤ 6.0

6.5

7

7.5

8

8.5

9

≤ 0.4

137

163

195

237

277

329

390

0.6

141

168

200

239

286

342

407

0.8

145

172

205

246

295

354

422

1.0

148

176

210

253

304

365

437

Step 3-B—Calculate log inactivation ratio
𝐿𝑜𝑔 𝑖𝑛𝑎𝑐𝑡𝑖𝑣𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑖𝑜 =

𝐶𝑡𝐶𝐴𝐿𝐶
𝐶𝑡99.9

Where:
CtCALC = concentration time, calculated value (minutes • mg/L)
Ct99.9 = concentration time to inactivate 3-log of specific microbe (minutes • mg/L) from table
Example log inactivation calculation
Measured at peak flow:
Peak flow, Q = 250 L/min
Free chlorine residual, C = 0.8 mg/L
pH = 6 s.u.
Temperature = 0.5°C
Cylindrical basin information:
Inner tank radius, r = 6 m
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Minimum tank water level, d = 9 m
No baffling, BF = 0.1

Background – calculate basin volume, V
V = π × d × r2, cylindrical basin volume equation
V = 3.1416 × 9 m× (6 m)2 = 1017.9 m3
V = 1017.9 m3 × 1000 L/m3
V = 1,017,870 L
Step 1—Calculate detention time
Step 1-A—Calculate TDT
TDT = V ÷ Q
TDT = 1,017,870 L ÷ 250 L/min
TDT = 4,071.48 minutes
Step 1-B—Calculate actual detention time
T = TDT*BF
T = 4,071.48 minutes * 0.1
T = 407.148 minutes
Step 2—Calculate CtCALC
CtCALC = C * T
CtCALC = 0.8 mg/L * 407.148 minutes
CtCALC = 325.72 minutes•mg/L
Step 3—Calculate specific microorganism log inactivation (e.g. Giardia lamblia)
Step 3-A—Determine the Ct required for Giardia lamblia 3 log reduction
Determine Giardia lamblia Ct99.9 from Ct Table 45 at temperature = 0.5°C, pH = 6 s.u., free chlorine
residual = 0.8 mg/L.
Ct99.9 = 145 minutes•mg/L
Step 3-B—Calculate Giardia lamblia log inactivation ratio
Giardia lamblia log inactivation ratio = CtCALC ÷ t99.9
Giardia lamblia log inactivation ratio = 325.72 minutes•mg/L ÷145 minutes•mg/L
Giardia lamblia log inactivation ratio = 2.24 ratio
The Giardia lamblia log inactivation ratio is > 1. Therefore the water system is meeting at least 3 log
virus inactivation for Giardia lamblia.
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Examples of on-farm water quality testing
kits and meters
While laboratory water tests provide robust information on water quality, the time required for
analysis can delay critical decisions and issue mitigation, which could have bird health implications.
On-farm water quality testing, using basic kits and meters can provide basic and quick water quality
data (see Figure 8 for examples). They can be used instantaneously to control potential issues, while
more accurate laboratory analysis is being conducted. It should be noted that major decisions should
not be based on a single test. Two to three tests that yield similar results will provide a more solid
basis for decisions.

a.

b.

c.

d.

e.

f.

Figure 8. Examples of on-farm water testing kits: a. Chlorine residual test kit (NSW
Department of Primary Industries, 2014), b. Hand-held pH meters (NSW Department of Primary
Industries, 2014), c. Water quality strip test (Thomas Scientific, 2019), d. Multipurpose meter
for pH, conductivity, salinity, temperature and TDS analysis (Instrument Choice, 2019), and e.
Total coliform and E. coli test kit (TSO, 2019) and f. Hardness test strips (TC, 2019)

Chlorine residual test—A disinfectant residual indicates the effectiveness of the sanitisation
program. Most chlorine test kits can detect both free and total chlorine. Total chlorine does not
distinguish between the chlorine that is bound to organic matter and free chlorine (i.e. chlorine that is
available for disinfection). As only free chlorine is capable of water disinfection, this is the
measurement to use to assess the effectiveness of the sanitisation program.
pH and EC meter—pH and EC can be an indication of changing source water quality or the
effectiveness of disinfectant in the distribution system.
Strip tests—Strip test are inexpensive and straightforward to use. Some strip tests will assess multiple
parameters. They give a rough range of water quality parameter concentrations. Water quality
parameters that can be measured by strips include: free chlorine, total chlorine, total hardness, total
alkalinity, pH, nitrate, iron, copper, phosphate, peracetic acid, lead, sulphite, peroxide, etc.
Oxidation-reduction potential (ORP) meters—ORP is a measurement that indicates the degree to
which a substance is capable of oxidising another substance. The ORP meter can be a useful tool for
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identifying water supplies that have inadequate chlorine residual and for adjusting the residual without
overusing chlorine.
UV or colour meter—These meters indicate the concentration of organic matter.
TDS meter—A TDS meter indicates the TDS of a solution.
Bacteria test kits—There are several bacterial or E. coli test kits available. These tests are slightly
more complicated than the above-mentioned chemical test, and usually need 2–3 days to work.
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Example of automated doses and meters
Using automated chemical dosing systems and water meters provides real-time information on water
use, water quality and disinfection successes, enabling quick decisions and issue mitigation reducing
the potential bird health implications (see Figure 9 for examples). Most of these systems can be
monitored and controlled remotely, saving on labour requirements.

a.

b.

c.

d.

e.

f.

Figure 9. Examples of in-line water monitors: a. In-line pH / EC / TDS / temperature monitor
(HM, 2019), b. pH / EC / TDS in-line monitors (hannacan, 2019), c. ORP monitor (ATI, 2019),d.
Online water analyser based on a high-resolution UV-visible spectrograph (TETHYS, 2019), e.
Colour monitor (partech, 2019), and f. Chlorine dioxide automatic dosing system installed on
a farm in Australia (NSW Department of Primary Industries, 2014)

pH / EC / TDS meter—pH and EC can indicate changing source water quality, the effectiveness of
disinfectant in the distribution system.
Oxidation-reduction potential (ORP) meters—ORP is a measurement that indicates the degree to
which a substance is capable of oxidising another substance. The ORP meter can be a useful tool for
identifying water supplies that have inadequate chlorine residual and for adjusting the residual without
overusing chlorine. Note: this will only work on disinfectant that oxides.
UV or colour monitor—This indicates the concentration of organic matter.
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Applicability of pre-treatments and
disinfection techniques to different
situations
Refer to Table 46 for information on the applicability of pre-treatment techniques to different
situations, and Table 47 for details on the applicability of disinfection techniques to different
situations.

L

H

L

M

L

Dissolved organic matter

L

M

L–M

L

H

L–M

L–M

L

Microbes

L

L

L

L–

H

L

L

L

Blue-green algae

M

M

L

L–M

H

L

L–M

L

Pesticides

L

M–H

L–M

L–M

H

L

L

L

Alkalinity

No

No

H

L–M

H

M

L–M

N/A

Reliability

M

M

M

M

H

M

H

H

Complexity

L

M

M–H

M–H

H

H

L–M

L

Maintenance and cleaning

L

M

M–H

L–M

H

H

L–M

L–M

Operation capital

L

M–H

M–H

L

H

H

M–H

L

Running costs

L

M

M

M

H

H

L–M

L

Maintenance cost

L

M

M

M

H

H

L–M

L

L

L–M

M–H

L–M

H

H

M

M

Electronic water
conditioning

L

Aerator

L

Electrochemical
technique

*

Membrane
treatments

Activated carbon

Sediment

Ion exchange

Filters

Water quality consideration

Chemical treatment

Table 46. Applicability of pre-treatment techniques to different situations (NHMRC & NRMMC,
2011)

Effectiveness with respect to

Practicality

Costs

Adverse effects
Energy consumption

L = Low, M = Moderate, H = High, * = Depends on the type of sediment
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Potassium
permanganate

Hydrogen
peroxide

Peracetic
acid

Iodine

UV

Ozone

Chlorine
dioxide

Chlorine

Chloramines

Water quality
consideration

Bromination

Table 47. Applicability of disinfection techniques to different situations (Lenntech, 2020; NHMRC & NRMMC, 2011; WHO, 2017, 2018)

Effectiveness against
Bacteria

Good

Good

Good

Good

Good

Good

Good

Good

Good

Good

Moderate

Poor

Good

Moderate

Good

Good

Good

Good

Good

Good

Poor

Poor

Moderate

Good

Good

Good

Poor

Moderate

Moderate

Poor

Persistent
residual

Moderate

Long

Moderate

Long

None

None

Moderate

Moderate

Short

Moderate

Contact time

Moderate

Long

Moderate

Long

Short

Short

Moderate

Moderate

Moderate

Moderate

pH dependent

Yes

Yes

Slightly

Yes

Slightly

No

Yes

Yes

Yes

n.d.*

Oxidise iron,
manganese, and
sulphides

Yes

No

Yes

Yes

Yes

No

Yes

Not
determined

Yes

Yes

Process control

Well
developed

Well
developed

Developed

Developed

Developed

Well
developed

n.d.*

n.d.*

n.d.*

n.d.*

Complexity

Simple to
moderate

Simple to
moderate

Moderate

Simple to
moderate

Complex

Simple to
moderate

Simple to
moderate

Simple to
moderate

Simple to
moderate

Simple to
moderate

Maintenance
and cleaning

Low

Moderate

Moderate

Moderate

Moderate

High

Low

Low

Low

Low

Virus
Protozoa
Physical properties

Practicality
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Potassium
permanganate

Moderate

High

Moderate

High

High

High

High

Running costs

Low

Low to
moderate

Low

Low to
moderate

High

Moderate

Moderate

Moderate

Moderate

Moderate

Maintenance
cost

Low

Low to
moderate

Low to
moderate

Low to
moderate

Moderate

High

Low to
moderate

Low to moderate

Low to
moderate

Low to
moderate

Yes

Yes

Yes

Yes

Yes

Minimal

Yes

Yes

Yes

Yes

Low to
moderate

Low to
moderate

Low to
moderate

Low to
moderate

High

High

Low to
moderate

Low to moderate

Low to
moderate

Low to
moderate

Iodine

UV

Hydrogen
peroxide

Bromination

Moderate

Peracetic
acid

Chlorine
dioxide

Moderate

Ozone

Chloramines
Low

Chlorine
Operation
capital

Costs

Adverse effects
Safety concerns
Energy
consumption
*n.d.: no data
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Common conversions and calculations
From

To

Conversion factor

Equation

Gallon (G)

Litre (L)

4.54

G x 4.54 = L

Gallon

Millilitre (mL)

4546

G x 4546 = mL

Litre

1000

ml x 1000 = L

Cubic metre (m )

Litre

1000

m3 x 1000 = L

Cubic metre

Gallon

219.9

m3 x 219.1 = G

Megalitre

Litre

1,000,000

ML x 1,000,000 = L

Megalitre

Cubic metre

1000

ML x 1000 = m3

Grams (g)

Milligrams (mg)

0.001

g x 0.001 = mg

%

Parts per million (ppm)

10,000

10,000 x (%) = ppm

ppm

Milligrams per millilitre
(mg/ml)

0.001

ppm x 0.001 = mg/ml

ppm

Milligrams per litre
(mg/l)

1

ppm = mg/L

ppm

Grams per cubic Metre
(m3)

1

ppm = g/m3

microsiemens per
centimetre (µS/cm)

ppm

1.56

µS/cm ÷ 1.56 = ppm

microsiemens per
centimetre

millisiemens per
centimetre (mS/cm)

0.001

µS/cm x 0.001 = mS/cm

millisiemens per
centimetre

decisiemens per metre
(dS/m)

1

mS/cm = dS/m

millisiemens per
centimetre

Approximate – TDS in
parts per million (ppm)
for the 550 or KCl
(potassium chloride)
scale

550

mS/cm x 550 = TDS

microsiemens per
centimetre

ppm

0.55

µS/cm x 0.55 = ppm

Millilitre (mL)
3

Disinfection
•

Chlorine demand, mg/L = chlorine dosage, mg/L – chlorine residual, mg/L

•

Chlorine dosage, mg/L = chlorine demand, mg/L + chlorine residual, mg/L

•

Chlorine residual, mg/L = chlorine dosage, mg/L – chlorine demand, mg/L

•

Ct calculation, time = (Disinfectant residual concentration, mg/L) x (Time), units must be
compatible

Abbreviation
L

litre

ML

megalitre

mg

milligram
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Abbreviation
m³

cubic metre

mm

millimetre

ha

Hectare

µS/cm

microsiemens per centimetre

mS/cm

millisiemens per centimetre

dS/m

decisiemens per metre

Ct

Contact time

Shape

Volume equation

Cylindrical

π * r2 * d

Pipeline

π * r2 * l

Rectangular

l*w*d

Diagram

Nutrient conversions
•

1 mg/L of nitrate NO3-N = 4.43 mg/L NO3

•

To convert mg/L of NO3-N to mg/L of NO3 multiply result by 4.43

•

To convert mg/L of NO3 to mg/L of NO3-N divide by 4.43.

•

1 mg/L of nitrite as N (NO2-N) = 3.28 mg/L of nitrite (NO2)

•

1 mg/L of ammonia (NH3) as nitrogen (N) = 1.22 mg/L of ammonia as ammonia

•

1 mg/L of ammonium (NH4) as nitrogen (N) = 1.29 mg/L of ammonium as ammonium

•

1 mg/L of phosphate (PO4) as phosphorus (P) = 3.066 mg/L of phosphate as phosphate
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