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by Dr Tim Apps PhD

What do your water test results mean?
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Aerobic plate count

A measure of the total bacteria loading. This can include some primitive types of bacteria and moulds. See Bacteria in water.

Aeromonas

Generally E coli and coliforms are used as indicators of contamination of water supplies. But recent research has shown that Aeromonas spp are equally important as a measure of water quality because they are implicated in a range of diseases of animals and humans. 

For example Aeromonas spp are implicated in gastroenteritis and many infections in humans even though they may not in all cases be the cause of the problem. Infections in wounds caused by injury etc often result from contact with Aeromonas contaminated water. Relatively common types of conditions caused by some Aeromonas spp include gastrointestinal problems like diarrhoea, and septicaemia and cellulitis. Mostly however, gastrointestinal problems are more likely to occur in people who are more susceptible due to age and other conditions. 

They are relatively common in water but can still be used as indicators of pollution especially sewage pollution (World Health Organisation 1996). Data are now available on relative numbers likely to be found in typical situations. For example more Aeromonas spp are found in polluted water specially sewage polluted water. Generally Aeromonas seem to be indicators of general breakdown of bacteriological quality in water distribution systems. In some other countries Aeromonas are now considered better indicators of contamination than General coliforms. They can occur in numbers up to 100,000 CFU’s / 100 ml in fresh water. Normally in waters not affected by sewage pollution, Aeromonas numbers range between 1000 to 10,000 CFU’s / 100 ml. However standards have been established in Europe for numbers of Aeromonas in drinking water. Water after leaving the treatment plant should have no more than 20 CFU’s/100ml and in the distribution system up to 200 CFU’s /100 mls is acceptable (Percival, Chalmers et al. 2004). 

Alkalinity

Alkalinity is a measure the bicarbonates and sometimes hydroxides that make water alkaline. The alkalinity in water comes partly from carbon dioxide dissolving in the water to form bicarbonate and H+ ions. It then builds over time as the resulting acidity in the water slowly dissolves carbonates like calcium carbonate from the surrounding minerals. There is no good or bad level of alkalinity. If anything, alkalinity gives an indication of the resistance the water has to changes in pH or acidity. It is also used along with carbon dioxide levels to calculate a theoretical pH.

Sometimes bicarbonates and carbonates are referred to collectively as carbonates. True carbonates are not soluble in water so it is probably preferable to stick to the term ‘bicarbonates’. In water under approximately pH 10.2, alkalinity is made up mainly by bicarbonate. If the pH of your water is over 10.2 then there may be some stronger or ‘residual’ alkalinity present. 

If water that is high in bicarbonates is used for irrigation then this could have longer term effects on soil fertility. This is because the carbonates will react with calcium and magnesium and reduce their availability to plants. See Bicarbonate.

Alkalinity is determined by titration with dilute acid. The titration is performed using methyl orange indicator. This is called total alkalinity because the acid neutralizes all alkalinity made up of hydroxides or bicarbonate right down to the acid range of approximately pH 3.8. Methyl orange stays orange above approx pH 3.8 then it changes to pink. For very alkaline waters the titration with acid is started using phenolphthalein indicator. This alkalinity is called phenolphthalein alkalinity and is the alkalinity above approximately pH 8.3. Phenolphthalein is fuschia above approx pH 8.3 and colourless below approx pH 8.3.

If the alkalinity is mostly bicarbonate, it can be used to estimate temporary hardness. The amount of calcium plus magnesium (each ion has 2 +’s) required to balance out the charge on the bicarbonate ions (1 –ve each) is called temporary hardness. The concentration of calcium plus magnesium has to be half of the concentration of bicarbonate in mol/L. The milliequivalent values have to be the same. See Carbonate hardness and Hardness. 

Aluminium 

Where aluminium levels in stock drinking water exceed 5 mg/l, adequate dietry phosphorus must be ensured (Australian and New Zealand Environment and Conservation Council and Agriculture and Resource Management Council of Australia and New Zealand 2000).

Aluminium compounds are sometimes used to clear water that is cloudy due to colloids. Usually the aluminium stays out of the water because it binds with the colloids and settles. Drinking water should have no more than 0.05 mg/l aluminium however NHMRC (National Health and Medical Research Council 2000) guidelines suggest that 0.2 mg/l is a goal for water supplies with 0.1 mg/l more desirable. No health based guidelines have been set for aluminium as yet in Australia.

Ammonia / Ammonium 

Ammonia is very undesirable in water and can be toxic to fish. It usually occurs when organic matter decomposes under low oxygen conditions. In well aerated water ammonia should be less of a problem. The ammonia reacts with water to form ammonium ions. Ammonia is called the unionized form and ammonium the ionized form. Ammonia is much less desirable than ammonium. In acidic water most of the ammonia is converted to ammonium. Therefore in acidic (less than pH 7) solutions less harmful ammonium dominates but as pH rises harmful ammonia levels increase. 

At 20 deg C here is the proportion (%) that harmful ammonia makes up of the total ammonia and ammonium: pH 7, 0.4%; pH 7.5, 0.99%; pH 8, 3.83%; pH 9, approx 11% (source Lamotte Smart Colorimeter Manual). So take a pH reading when measuring ammonia then multiply by the percentage given (interpolate if necessary) to get harmful ammonia. For drinking water the limit is 0.5 mg/l (ammonia plus ammonium) based mainly on aesthetic considerations. For aquaculture no more than a trace of ammonia should be present. As far as general water quality is concerned water with more than 2 mg/l needs to be treated if it is to be used. Most uncontaminated natural waters have ammonia plus ammonium levels less than 0.2 mg/L. Levels above 10 mg/L have been recorded from waters contaminated with animal wastes. 

Arsenic

Arsenic can occur in some ground waters for example bores. It can originate from natural dissolving of surrounding minerals or it can come from industrial pollution. Based on health considerations the concentration of arsenic in drinking water should not exceed 0.007 mg/l (7 ppb) (NHMRC, 2004). 

Bacteria in water 

Many types of bacteria can occur naturally in water. For example coliform bacteria are common in soils and water. Sometimes bacteria build to numbers sufficient to cause undesirable tastes and smells. Of main concern for drinking water quality is the number of fecal coliforms present. This indicates that there is some contamination present and this can potentially be from animal droppings or from septic tanks. Fecal coliforms can come from other mammals and humans. The most common fecal coliform is E coli. See also E.coli.

Aeromonas bacteria are now being used as additional indicators of contamination, see Aeromonas. 

Because bacteria are so small they are grown on nutrient plates so they can multiply and become visible as small colonies. After about 1 – 2 days the spots on a plate are counted and called colony forming units CFU’s.

Standards for bacteria in water depend on type of bacteria and whether water is used for drinking or there is primary contact eg swimming or secondary contact eg water sports or using water in a plant nursery or on a farm. The Australian National Health and Medical Research Council has set some standards for water quality for primary and secondary contact. Usually these recommendations say something like: a minimum number of samples eg 5 should be taken less than 1 month apart and the average should be … (depends on which bacteria and use) with the maximum number in any sample being … . So the figures given here are a guide. 

For drinking water there should ideally be no E coli present. Total plate count or the total number of bacteria should be less than 50000 CFU’s per 100 ml. Total coliform count should be less than 1 CFU per 100 ml. See E.coli. In unchlorinated water total bacteria numbers can often be up to 50000 CFU’s per 100 mls. Provided levels for coliforms, E coli and any other disease organisms are within acceptable limits this water may be considered fit for human consumption. See Aerobic plate count. 

Update: Levels of bacteria under the guidelines of the Australian Drinking Water Guidelines 2011 version. These are E coli none, coliforms; no guideline value set (previously < 1 CFU / 100 mls), total aerobic bacteria (also called heterotrophic plate count HPC); no guideline value set, (previously < 50,000 CFU's / 100 mls). According to the ADWG, no thermotolerant coliforms should be present. E coli can be considered a proxy measurement for thermotolerant coliforms. Also according to the ADWG, values for coliforms and HPC should be used as indicators of cleanliness and changes should be interpreted for each situation.

For primary contact E coli should be less than 150 CFU’s per 100 ml. Little information is available on standards for acceptable levels of general coliforms in water where contact is primary.

Secondary contact includes boating and water activities in which water may contact skin but there is normally no water actually ingested. Contact with irrigation water could be classified as secondary contact. In any short series of regular samples the median (approximately average) Faecal coliforms count should not exceed 1000 CFU’s / 100 ml. Values for any sample should not exceed 4000 CFU’s / 100 ml. There has been some suggestion that because these standards have been set for human sewage contamination, if the source is from other mammals there may be less risk and these limits may be too stringent.

Reclaimed water: The EPA, Victoria has set standards for Class A reclaimed water (EPA 2003). This water can be used for non potable purposes such as watering gardens and lawns and flushing toilets. The water should contain no more than 10 CFU’s of E coli per 100 mls. The standard does not mention other groups of bacteria. 

For comparison Table 1shows numbers of Coliforms detected in a variety of waters by Apps Laboratories in CFU’s per 100 ml.

Table 1 Numbers of Coliforms detected in a range of water samples.
	Type of water
	Numbers or range (CFU’s)
	Levels

	Spring
	90 – 700
	

	Water tank
	40
	Low

	Rural creek
	1200
	

	Water tank
	5000
	Contaminated

	Overloaded septic outfall
	9500
	

	Untreated greywater
	2500
	

	Suburban lake
	70000
	


For comparison Table 2 shows numbers of Aerobic bacteria detected in a variety of waters by Apps Laboratories in CFU’s per 100 ml.

Table 2 Aerobic plate count in a range of water samples.
	Type of water
	Numbers or range (CFU’s)
	Levels

	Spring
	200 – 143,000 
	

	Dam
	3.4 million
	

	Water tank
	1700
20,000 – 80,000
490,000
	Low
Moderate, common
Contaminated

	Untreated greywater
	9.5 million
	


Bicarbonate

Bicarbonates in natural waters are formed when carbon dioxide that is usually dissolved in water, dissociates to form a weak acid which then creates bicarbonate and hydrogen ions.  The acidity eats away at carbonate minerals and creates more bicarbonate. See Alkalinity. In water where the surrounding earth and minerals contain little calcium carbonates, bicarbonate levels stay low. These waters tend to be more acidic. In alkaline areas or where there is more calcium carbonate in surrounding minerals, bicarbonate can build up to high levels. These waters tend to have higher pH. In general terms water with higher bicarbonate is able to resist changes to pH caused by factors such as rapidly changing carbon dioxide levels.

Boron

Boron is an essential plant nutrient and most plants need boron over 0.3 mg/l and tolerate it up to 1.0 mg/l. Only boron tolerant plants can cope with up to 2 mg/l.

Some boron is helpful to humans but over 1 mg/l in drinking water is more than enough. However NHMRC (National Health and Medical Research Council 2000) guidelines suggest that up to 4 mg/l boron in water should not pose a health risk.

Calcium

Around 75 mg/l calcium is permissible in drinking water with 200 mg/l considered excessive.

Carbon dioxide

Carbon dioxide has an important role in water in keeping the pH stable. Carbon dioxide dissolves then a small proportion dissociates in water to form bicarbonate and H+ ions. Some of the H+ dissolves calcium carbonate from the surrounding rocks and minerals. This reaction adds to the bicarbonate in the water and also releases calcium ions (part of water hardness). This is a dynamic reaction and can go in forward or reverse directions according to external factors but usually (in theory) it comes to an approximate equilibrium, thus maintaining a relatively stable pH. Carbon dioxide tends to be around 3 – 6 ppm in water but can drop to near zero if there are large numbers of algae using the carbon dioxide for photosynthesis. On the other hand if there are high levels of organic matter decomposing in the water this can increase the carbon dioxide to around 20 to 30 ppm. In bore water carbon dioxide levels can be very high because there is no way for it to escape to the air. Both a rise or fall in carbon dioxide can change the pH dramatically. Low carbon dioxide levels cause the pH to rise. High carbon dioxide levels cause the pH to fall, that is the water becomes more acidic. 

Carbonate hardness

Carbonate hardness is he amount of calcium and magnesium in water that originated from carbonate minerals and is sometimes called temporary hardness. In natural waters half of the bicarbonate ions come from carbon dioxide in the water than forms acidity and bicarbonate. The other half of the bicarbonate comes from carbonate minerals that are dissolved by the acidity that comes from that carbon dioxide. The result is that in most natural waters there tends to be slightly less than two bicarbonate ions for every calcium or magnesium ion. This is because some calcium and magnesium can also come from chlorides and sulphates. Most hardness kits measure all the calcium and magnesium regardless of where it came from. Therefore a clever way to estimate carbonate hardness only is to measure the amount of bicarbonate then divide by 2 to get a value that represents the amount of calcium and magnesium in the water. The figures have to be in mol/L to reflect the actual proportions of ions. Carbonate hardness is usually expressed as CaCO3 in ppm. See Hardness. Also see Alkalinity.

Chloride

Some plants in particular ferns are specially sensitive to chloride. Here are some limits for chlorides in irrigation water for varying degrees of tolerance. 

	Sensitive plants
	Moderately sensitive plants
	Moderately tolerant plants
	Only tolerant plants

	up to 175 mg/l
	175 – 350 mg/l
	350 – 700 mg/l
	above 700 mg/l


Most plants which are sensitive to chlorides are also sensitive to overall salinity.  

Chlorides should be monitored in ‘make-up’ water for hydroponics nutrient solutions. It should be below 100 mg/l.

For drinking water around 200 – 250 mg/l chloride is considered permissible and 600 mg/l chloride is considered excessive. Chloride can be tasted at around 500 to 1000 mg/l.

Chlorine and chlorination 

Chlorine gas is widely used as a cheap and effective sanitiser for water. Bacteriological contamination is unlikely to occur if free chlorine levels are kept around 0.4 – 0.5 mg/l. If used to treat drinking water then chlorine helps offset the bad effects of iron, manganese, sulphides and ammonia. Chlorine however can produce undesirable by-products and smells particularly if the water contains organic matter. A chlorine test usually gives values for free chlorine and total chlorine. Free chlorine is still active to do its work as a sanitiser. Combined chlorine is the difference between total and free chlorine. If there is a high value for total chlorine and not much free chlorine then most will have combined with other materials in the water and will have lost its disinfecting power. 

If chlorine is detected in natural water it has either come from chlorination of water supplies or is the result of pollution. Chlorine is best tested on-the-spot because samples loose chlorine quickly. 

In broad terms, regardless of the type of chlorine initially used, it will end up as either hypochlorous acid or hypochlorite ions. The relative proportion is strongly pH dependent. At around pH 7.2, approximately half is hypochlorous acid. At higher pH that proportion drops off rapidly. But hypochlorous acid is by far a better disinfectant than hypochlorite ion so more effective disinfection takes place at around pH 7.2 or lower. In addition chlorination efficiency is reduced if the water contains organic or inorganic nitrogen compounds. For example, if inorganic nitrogen is present as ammonia then this will use up the chlorine by forming chloramines. In summary, if pH and organic matter is high the result is a higher need for chlorine, less disinfection efficiency and reduced predictability of disinfection.

Chloramines are a weak disinfectant in water but their effect lasts longer. They are considered a less hazardous alternative to relying on free chlorine. Water authorities are turning more towards using chloramines. To do this they try to form inorganic chloramines by reacting chlorine with ammonia. By using inorganic chloramines the tastes and smells associated with conventional chlorination can be reduced. 

Coliforms

Coliforms are a large group of bacteria common in water and soil. They are sometimes recorded as General coliforms. Total coliforms is a measure that includes E coli. See Bacteria in water. 

Conductivity

A convenient way to estimate the total amount of dissolved salts in water is to measure its electrical conductivity. However a conductivity measurement can’t distinguish between salts. Dissolved ions like sodium and chloride tend to have high conductivities than other ions like calcium, magnesium and sulphate.  Therefore water with a higher proportion of sodium and chloride tends to have higher conductivity than water with the same amount of salt but a higher proportion of calcium, magnesium and sulphates for example. See Salinity and Health issues with low mineral water.

Copper.

Normally copper levels are around 0.03 mg/l in natural waters but may rise to 1 mg/l if copper contamination is present. Levels are commonly around 0.05 mg/l in reticulated supplies. Above 2 mg/l may cause health problems in some people and above 1 mg/l may cause staining and taste threshold is 3 mg/l (National Health and Medical Research Council 2000). At this concentration copper gives water a bitter taste. Sometimes water that is corrosive will dissolve copper from household plumbing and hence raise levels. 

Corrosive water

Corrosion hazard is related to availability of oxygen and other factors including temperature, hardness and alkalinity and presence of impurities. pH plays a role even though acidity itself is not directly implicated in corrosion. If pH is less than 5 then corrosion potential is high. Some corrosion will occur if pH is between 5 and 6. If pH is over 6 then corrosion will be limited. 

Corrosion potential is increased if total hardness given as CaCO3 is less than 60 mg/l.

Chlorides also have a role. If there is too much chloride in relation to hardness then corrosion potential will increase. For example if CaCO3 is approximately 60 mg/l then chloride higher than 6000 mg/l represents a high corrosion hazard. Corrosion potential can be estimated by the Langelier Corrosion Index, see Langelier Corrosion Index.

Dissolved organic carbon 

Dissolved Organic Carbon DOC can be estimated as approximately 0.4 times dissolved organic matter. It can be measured in water that has been filtered through a 0.45 micron filter by UV absorbance. See UVA. A UVA reading of 0.23 is approximately 14 ppm DOC. If your report shows DOC in ppm this is derived from a general relationship between UVA and DOC usually reported for a particular range of waters. 

Here are some values for UVA, and estimates for DOC from samples tested by Apps Laboratories. 

	Source
	UVA
	DOC ppm
	UVT %

	Tank water from a spring
	0.040
	2.45 
	91.2

	Rainwater tank
	0.040
	2.45
	91.2

	Underground spring water
	0.063
	3.8
	86.5 

	Creek in semi rural area West Gippsland, Vic
	0.234
	14
	58

	Spring fed dam West Gippsland
	0.221
	13.4
	60

	Poorly maintained aquarium
	0.259
	15.7
	55

	Reticulated water Eastern suburbs Melbourne
	0.037
	2.3
	92

	Creek in forested area Central Highlands Vic
	0.098
	6
	80

	Reclaimed Class A water Mornington Peninsula
	0.342
	21
	45.5

	Bore water East Gippsland
	0.012
	0.8
	97

	Household untreated grey water
	0.407
	24.6 
	39


UVT is calculated from UVA. Generally a 75% transmission is necessary so that UV disinfection can be considered efficient.

E.coli

E.coli bacteria belong to the coliform bacteria group. Many coliforms occur naturally in soil and water. However the presence of E.coli bacteria indicates possible sewage contamination of water because E.coli is found only in the mammalian intestinal tract including that of humans. Just a note: Coliforms found in mammals are called fecal coliforms. Most fecal coliforms are E coli so E coli tests are used as an indicator of fecal coliforms. Only some relatively uncommon strains of E.coli are actually harmful but its presence is an alert that other human disease organisms may be present. In general standards for drinking water suggest that < 2 E.coli per 100 ml is satisfactory and over 100 unsatisfactory. The presence of bacteria is often reported as colony forming units per 100 ml of water (CFU’s / 100 ml). 

Hardness 

Hardness is the name for the amount of calcium and magnesium in water. By convention hardness is given as amount of CaCO3 although it actually measures magnesium as well. One scheme that categorizes water according to hardness is:

	
	Soft
	Moderately
	Slightly 
	Moderately 
	Hard
	Very hard

	
	 
	soft
	hard
	hard
	 
	 

	Ca2+
	0 - 20
	20 - 40
	40 - 60
	60 - 80
	80 - 120
	>120

	CaCO3 
	0 - 50
	50 - 100
	100 - 150
	150 - 200
	200 - 300
	>300

	
	all figures mg/l / ppm
	
	
	
	


Some test kits and test strips measure all the calcium and magnesium in water. This is called total hardness. The calcium and magnesium associated with or in balance with bicarbonates in water is called temporary hardness or carbonate hardness. 

Temporary hardness is hardness that can be removed or reduced by a combination of heating / aeration and addition of calcium hydroxide. When water is warmed, carbon dioxide becomes less soluble and some is driven out of solution. This represents a loss of acidity because the carbon dioxide normally forms carbonic acid in the water. This is the acid that dissolves carbonates to create hardness. To balance this loss some of the bicarbonate ions recombine with calcium and magnesium ions in solution and form insoluble precipitates of calcium and magnesium carbonate. Permanent hardness is calcium and magnesium that originated from chlorides and sulphates. 

Stock should tolerate up to 1000 mg/l calcium in drinking water provided levels of sodium and magnesium are not too high and there is sufficient dietry phosphorus available (Australian and New Zealand Environment and Conservation Council and Agriculture and Resource Management Council of Australia and New Zealand 2000).

Hard water used for irrigation can have a beneficial effect on soils provided that sodium levels in the water are not too high. Calcium and magnesium can offset the effects of sodium in the soil. Normally magnesium levels in soils are about half that of calcium. If magnesium levels are above calcium levels this may be a problem for plants because it may induce deficiencies of potassium and calcium particularly if these are already low. High sodium levels may have a similar effect – see Sodium. Also see Sodium Adsorption Ratio
To reduce hardness in water lime (calcium hydroxide) can be added. This raises the pH which in turn causes the bicarbonate to form carbonate and react with the calcium and magnesium to form an insoluble precipitate. Other methods include softeners that hold calcium and magnesium on a cation exchange resin and release sodium instead. 

Health issues with low mineral water

The WHO has now pointed out that there are a number of possible health issues associated with drinking demineralized or reverse osmosis water. Guideline levels may be in the ranges; for calcium 40 – 80 mg/L and magnesium 20 – 30 mg/L. This is approximately 180 – 320 ppm hardness as CaCO3. (more to come)

Iron 

Iron in excess in bore water can cause fouling of pipes and fittings. In bores it is actually bacteria which cause this fouling – see the section on Oxidation  / Reduction Potential for a discussion of why this happens. When bore water or water from deeper dams is brought to the surface and mixes with air the iron becomes less soluble and settles out as reddish iron compounds. This is because usually two factors change. The water becomes more oxygenated and the pH usually rises because carbon dioxide dissipates. If water contains high levels of humic acids (usually indicated by a reddish – brown colour which can’t be filtered) then some of the iron will link with the humic acids. Because this locks up the iron temporarily it may reduce the amount available to plants. The other effect is that it becomes more difficult to get all the iron out of the water (if that’s your aim) by the easiest method - aeration. 

For drinking water Iron levels should not exceed 0.2 – 0.3 mg/l. Some guidelines suggest that 0.2 mg/l is the upper limit. These recommendations are based mostly on aesthetic considerations.

Langelier Corrosion Index

Sometimes called the Langelier Saturation Index. This index uses information on temperature, hardness, alkalinity, total dissolved salts and pH to calculate the tendency that the water has to be corrosive. Corrosive water will slowly dissolve some metals such as copper and iron so this could be a problem if your plumbing system includes copper pipe and iron tanks or pumps. 

Usually water with higher alkalinity is less corrosive. A Langelier Index which is negative means corrosive water. Positive values mean non corrosive. Satisfactory values are between minus 0.5 and + 0.5. It is better to have values between 0 and 0.5. The Langelier Index shows a tendency to corrode not the actual amount of corrosion which will take place. 

Magnesium

Drinking water can have up to 30 – 50 mg/l Magnesium. Over 50 mg/l is considered excessive.

Manganese

Manganese can affect the taste of water above 0.1 mg/l. Levels of up to 0.05 mg/l are considered permissible. Elsewhere (ADWG 1996) recommendations are that for aesthetic reasons Manganese should not exceed 0.1 mg/l in drinking water but that there may be no health issues under 0.5 mg/l. At levels over 0.1 mg/l manganese can stain laundry and result in build up of black ooze in pipes. Broadly Manganese can be removed by precipitation. 

Usually Manganese remains soluble at low pH (high acidity) or low ORP. If the pH can be raised or ORP raised by aeration then this will assist Manganese precipitation. It may be necessary to use an oxidising agent such as oxygen (in air), chlorine or potassium permanganate followed by flocculation then filtering. Filters called 'greensand' filters will remove manganese but the water has to have its pH raised to about 8.5 so they will work properly. The other way is to add polyphosphates. These bind with the manganese and stop it changing to an insoluble form which can then cause staining.

Molybdenum

Molybdenum is usually not measured in irrigation water but as a guide, for plant growth in nutrient solutions around 0.03 mg/l is considered adequate.

Nitrate

The amount of nitrate in water has become an important issue because in many parts of the world nitrates are getting into groundwater and streams through losses from agricultural fertilisers or through organic pollution. High concentrations of nitrates may be a health problem for infants. Nitrates in combination with phosphates are largely responsible for eutrophication, an excessive production in waterways sometimes involving blue-green algae. 

For drinking water 10 mg/l is considered the upper limit. 

Nitrate needs to be taken into account because it is a major plant nutrient. Levels even around 20 mg/l may be significant for plants. In unpolluted water nitrate is rarely above 1 mg/l so higher levels may indicate contamination. Nitrates are very soluble in water and adhere weakly to soils so are often quickly leached. Nitrate concentrations of over 20 mg/l have been recorded in many Australian groundwaters. If the water is to be used for stock keep in mind that ruminants are more sensitive to increased nitrates. Nitrate levels less than 400 mg/l are not harmful to stock but levels over 1500 mg/l nitrate means water is not suitable (Australian and New Zealand Environment and Conservation Council and Agriculture and Resource Management Council of Australia and New Zealand 2000).

If measurements are given as Nitrate-N this means the nitrogen contained in the nitrate compound. To convert to nitrate multiply by 4.4. So 2 mg/l Nitrate-N is the same as 8.8 mg/l nitrate. 

Nitrites

Nitrite concentrations are rarely over 0.1 mg/l in natural water. Formation of nitrites is an intermediate step in the process that converts ammonium to nitrate. Normally nitrites are oxidized to less harmful nitrates in water if there is adequate oxygen. But if there is too much nitrogenous waste to break down the process may not have enough oxygen and nitrites will accumulate. 

Organic matter

Organic matter in water can come from a variety of sources. Some are natural like decomposition products or metabolic products of plants and animals. Other man made chemicals can find their way into water supplies. In some cases organic matter from waste treatment plants, industrial processes or rural and urban runoff can cause a deterioration in water quality because subsequent decomposition can reduce oxygen, cause carbon dioxide build-up, and generally through its effect on normal chemical and biological processes, produce undesirable tastes and smells. Organic matter is measured as DOM Dissolved Organic Matter if the water is first filtered or as Total Organic Carbon if the water is unfiltered. DOC, dissolved organic carbon, is a measure of the carbon content only and is estimated as approximately 0.4 times DOM. To actually measure organic matter is challenging and each method has its own level of difficulty, convenience, limitations, application and interpretation. Total organic matter can be measured as Chemical Oxygen Demand which involves using a strong oxidant at higher temperatures. On the other hand Biochemical Oxygen Demand aims to measure the demand that the organic matter has on oxygen levels by holding a sample in a sealed bottle for 5 days (called BOD5) then calculating the organic matter oxidized using the before and after oxygen levels. Reactive or fresh organic matter can be estimated by oxidation with a moderately strong oxidant like potassium permanganate. See Reactive organic matter. The humic-like component of organic matter can also be estimated because aromatic compounds absorb ultraviolet light. See UVA.

Oxidation / Reduction Potential 

ORP gives a general indication of water quality. It is sometimes called REDOX potential. If ORP is low this might be due to organic pollution or lack of oxygen or both. It may also mean more sulphides and ammonia. Most surface waters have an ORP value of from 100 – 200 mV with cleaner oxygenated water getting up to 400 mV. If the ORP value gets below about 200 mV then this indicates reduced levels of dissolved oxygen. In most natural waters exposed to the air, oxygen is readily available dissolved in the water. Just for interest, if you put Chlorine into water to about 5 ppm then the ORP value rises to around 600 mV. What does this tell you?

So long as there is some oxygen, redox values will stay at a particular level determined by the reaction in which oxygen is used to oxidize other material such as organic matter. This is what we all prefer for example in good clean drinking water. If all the oxygen is used up then nitrates are used to further oxidize organic matter. This is most often noted in waterlogged soils where oxygen runs out and the nitrate is converted to nitrogen gas or worse, ammonia. 

The redox potential E and pH are related. High redox and high pH values mean oxidizing conditions. Low redox and low pH values mean reducing conditions. Quite a number of important reactions are controlled by redox. A lot are actually carried out by plants and microbes. These include photosynthesis and breakdown of organic matter. Some other redox reactions involve changes in sulphur compounds like sulphates and sulphides, nitrogen compounds like nitrates and ammonia, manganese compounds like oxides and iron compounds like hydroxides and carbonates. 

In Australia a lot of bore water and spring water contains iron. In the ground the iron is kept dissolved because there is often not enough oxygen. Actually the real problem is usually too much dissolved CO2. The CO2 pushes the acidity up (pH down) which means the water often enters a phase where the ORP and pH combined values favour the soluble Iron. When the water hits the air the oxygen level quickly increases and causes some of the iron to change to insoluble iron hydroxides which then settle out. The reverse sometimes happens at the bottom of a big dam. There is usually less oxygen low in a dam and this causes more iron to dissolve in the water. 

OK so what happens at the bottom of a bore? Many farmers are plagued by Iron deposits which can clog up bores and pumps. This is caused by iron bacteria. They are bacteria which derive their energy from the bonds in iron compounds. They take up the ferrous iron and quickly convert it to yellow / brown ferric compounds when there is just enough Oxygen for them but not enough to spontaneously convert the Ferrous by chemical means. 

Under laboratory conditions if some compounds of iron including ferrous Fe2+ and ferric ions Fe3+ are mixed, the solution will come to a balance between Fe2+ and Fe3+. This will give a predictable E value. If Fe2+ and Fe3+ are out of balance E will be higher or lower. In theory we can calculate E from just knowing the theoretical balanced E and the concentration of Fe2+ and Fe3+. Or, if we know E in a body of water, we should be able to calculate the balance between Fe2+ and Fe3+. Unfortunately because there are a number of other reactions involved in natural waters the rule can’t be applied with any certainty. 

There are parallels between redox and pH. However reactions that change pH are generally faster and come to a quick more stable balance or equilibrium. Redox reactions are often not balanced or in equilibrium. 

What are we measuring when we use a redox meter? We are measuring a combined redox potential. A useful way to interpret redox and pH values is with a pH-E phase diagram. It has been found through experience that particular soil and water environments from oceans to freshwater to swamps have characteristic ranges of pH and E. So take your pH and E measurements and fit them into the diagram in Figure 1. For example if you want good drinking water, your measurements should fall within the long-dashed area. 
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Figure 1 pH - REDOX phase diagram for natural waters. Adapted from (Langmuir 1997).

In Figure 1 the redox potential ORP on the vertical axis is given in milliVolts. pH is along the horizontal axis. For interest there is a line drawn approximately on the boundary for soluble and insoluble Iron. Soluble ferrous below and insoluble ferric iron hydroxides above. So for any combination of ORP and pH above the line the iron should all settle out – right? Well maybe, the natural world often doesn’t conform to this type of neat relationship.

Redox measurements are probably best used to get an overview of your water or soil specially to monitor any changes due to loss of oxygen or increased pollution. 

pH 

pH is an approximate indication of the acidity or alkalinity of water. Low pH water often indicates increased corrosion potential. For drinking water pH should ideally be between 7.0 and 8.5. Water with a pH of around 7 – 8 is better for irrigation. Sometimes bore water has a low pH because of its high carbon dioxide content. If this water is allowed to stand or is aerated the pH rises usually to a more suitable level. High pH in water is sometimes artificially caused by high density of algae in the water. They use up carbon dioxide during the day which results in a high pH. This is partly reversed during the night but overall sometimes pH stays higher than normal in water where there is a large amount of algae. This has implications for plant nutrition – some nutrients are less available at high pH, and for disinfection – chlorination is more effective for disinfection at pH lower than around 7.2. 

Phosphate

In natural waters phosphate ranges from about 0.005 – 0.02 mg/l. Algae may become a problem in water with more than 0.05 to 0.09 mg/l phosphate depending on other conditions. Around 0.27 mg/l phosphate is excessive in natural waters and may lead to over production of plants including algae. Over about 0.46 mg/l phosphate indicates a pollution problem in water. Some sources set 0.4 mg/l phosphate as acceptable in drinking water. 

For phosphate as a long term trigger 0.23 mg/l has been set for irrigation, but values in the short term between 0.8 and 12 mg/l phosphate is acceptable (National Health and Medical Research Council 2000).

If your test result is given a phosphorus, multiply by 4.58 to get phosphate.

Potassium

Up to 10 mg/l of Potassium is considered OK for drinking water but 12 mg/l is excessive.

Reactive organic matter

Reactive organic matter is fresh or short term organic matter and usually represents early decomposition products from breakdown of organic matter. 

The test for reactive organic matter is relatively quick and simple. Approximately 0.5 mls of 0.02 M potassium permanganate KPM, a moderately strong oxidizer is added to 40 mls of sample. The sample fades from the magenta colour introduced by the KPM to pale pink, to clear in proportion to the amount of organic matter oxidized. 

The same method is used to measure reactive organic matter in soils but using a stronger KPM solution. In soils KPM will oxidize reactive relatively fresh SOM. “Specifically, slightly alkaline KMnO4 is known to hydrolyze and oxidize simple carbohydrates, amino acids, amine/ amide sugars, and C-compounds containing hydroxyl, ketone, carboxyl, double-bond linkages and aliphatic compounds, to give a light pink color” (Weil, Islam et al. 2003).
The change in colour is best detected by absorbance at around 520 nm. Hanna Instruments make a series of relatively cheap single analyte photometers called the Checker series. Some eg the phosphate Checker read absorbance at 525 nm. The Checker needs to be initially calibrated and a control has to be run for each series of measurements in case the stock KPM has changed. Absorbance can then be converted to mg/L C because there is a direct relationship between KPM consumed and organic matter content. The range in mg/L C typically seen in surface waters is: 0.2 mg/L low, 0.4 mg/L moderate, 0.6 mg/L elevated, 1.0 mg/L C high. This test is especially suitable for routine monitoring of water quality.   

Salinity

Generally conductivity values of under 3500 μS/cm are acceptable for drinking water.

Salinity is really made up mostly by the concentrations of sodium calcium, magnesium, potassium, chloride, sulphate and bicarbonates. Phosphates and nitrates may also make up a small part of the salinity. Salinity is sometimes measured as parts per million or mg/l. This is usually called TDS or Total Dissolved Salts. Strictly speaking TDS is determined by carefully evapourating a sample of water and weighing the left over salts and other solids. TDS measured this way tends to underestimate the amount of salts because some of the bicarbonates are lost on evapouration. 

Sometimes just to confuse matters, conductivity is given in some textbooks in deci Siemens per meter (dS/m). The conversion is relatively easy 1 dS/m = 1000 µS/cm. Likewise if you come across milli Siemens per cm (mS/cm) just remember that 1 mS/cm = 1000 µS/cm.

If there is a relative high proportion of sodium and chloride in your water then take the conductivity value in μS/cm and multiply by 0.55 to get an approximate figure for TDS in mg/l. Otherwise use a factor of 0.67. Estimating TDS from conductivity provides an approximation only. 

Here are some suitability classes of irrigation water with different salinities measured as conductivity. Approximate conversions to mg/l (same as ppm) are given in brackets. 

	up to 270 μS/cm

(up to 181 mg/l)


	270 – 780 μS/cm (181 – 523 mg/l)
	780 – 2300 μS/cm (523 – 1541 mg/l)
	above 2300 μS/cm

(> 1541 mg.l) 

	Can be used on most soils and for most crops.
	OK for moderately tolerant crops if some leaching occurs. 
	Only for salt tolerant crops and only on light soils if some leaching occurs.
	Only very salt tolerant crops and excess leaching.


Some guides classify water differently for example some show 650 μS/cm as acceptable for most crops and 1300 μS/cm as the upper limit for moderately tolerant crops. The effect of saline water can be reduced if the soil is kept moist so as to dilute any salts. The effect is also reduced if the soil is well drained and there is ample water applied for leaching.

It is important to not only look at the overall salinity but the levels of some of the individual salts. In particular for irrigators the proportion of sodium in relation to calcium and magnesium is important.

Guidelines for salinity of stock drinking water. Figures are μS/cm: To reflect guidelines in mg/l, convert these figures back to mg/l by multiplying by 0.67. 

	
	No adverse effects up to approximately: 

μS/cm (mg/l)


	Stock can adapt to these levels without significant loss of production.



	Beef cattle
	6000 (4020)
	7500 (5025)

	Dairy cattle
	3500 (2345)
	6000 (4020)

	Sheep
	6000 (4020)
	15000 (10050)

	Horses
	6000 (4020)
	9000 (6030)

	Pigs
	6000 (4020)
	9000 (6030)

	Poultry
	3000 (2010)
	4500 (3015)


Source (Australian and New Zealand Environment and Conservation Council and Agriculture and Resource Management Council of Australia and New Zealand 2000).

Silica 

Silica can be present in water as silicic acid or silicate ions. This is known as reactive silica. It can also be present as insoluble or suspended particles in a polymeric or colloidal state. Silica as colloids can give the water a milky appearance. In fact silicon based clays are often and largely responsible for turbidity in water. This turbidity can be removed on a small scale using a flocculant such as aluminium sulphate. Drinking water in Melbourne has around 1.2 mg/l reactive silica. In general reactive silica levels can be 20 mg/l and well over specially in bore and well water. The main problems with reactive silica is that it supports greater growth of diatoms (algae) in water, interferes with boilers, and fouls reverse osmosis purifiers if levels are too high. Reactive silica can be removed by ion exchange provided the exchanger is working at maximum capacity.

Smells in water 

One source of smells in water is hydrogen sulphide which gives a musty or even a rotten egg gas smell. Sulphides often occur if water contains too much decomposing organic matter and there is not enough oxygen in the water. This may occur if sewage or industrial wastes are discharged into water. Sulphides normally occur in mud and sediments in lakes and wetlands. Sulphides are hard to measure in water tests because they don’t last long in sample water once it has been brought to the lab. Again if there is too much organic matter in the water and not enough oxygen, ammonia can cause unpleasant smells similar to wet compost or manure. To reduce sulphides and ammonia the water needs to be aerated either by standing or by having air pumped through. Sometimes disagreeable smells develop in water tanks particularly if there is not enough flow-through. This is often caused by Actinomyces, a type of bacteria. Aeration of the water will help this problem. Ozone is an effective disinfectant. Chlorination can be used but should be followed by adequate filtering using activated carbon.

Sulphate

Different sources put the acceptable levels around 200 – 250 mg/l with 400 mg/l being excessive.

There should be no adverse effects for stock drinking water where sulphate levels are below 100 mg/l (Australian and New Zealand Environment and Conservation Council and Agriculture and Resource Management Council of Australia and New Zealand 2000). 

Sulphide

Sulphides sometimes form under anaerobic conditions in water. This sometimes happens at the bottom of storage tanks or in poorly aerated dams or swamps where oxygen levels are low. Low ORP readings are an indicator of low oxygen conditions. Sulphides can come from sulphates or from organic matter in the water. Some sulphides are created by bacterial metabolism and some by chemical reactions in the water. Sulphides give water a musty or even “rotten egg” smell. The gas that produces the ‘rotten egg” smell, hydrogen sulphide, is a respiratory depressant and is toxic. If sulphides are present they form hydrogen sulphide gas when the water is acidic. A maximum level for sulphides for drinking water has been set at 0.05 mg/l. This is based mainly on taste and odour considerations because there is little definitive evidence about health effects. However sulphides in the form of hydrogen sulphide are hazardous.

Sodium

Standards for Sodium in drinking water set the acceptable range at around 150 – 200 mg/l. 

Sodium Adsorption Ratio

Sodium in irrigation water may be harmful to the soil. It may break down the crumb structure of soils resulting in poor drainage. It also replaces the nutrients calcium and magnesium from the soil. Some plants may even be sensitive to sodium. 

Strictly speaking SAR is usually measured in soils but the same calculation can be applied to irrigation water to get some idea of the potential problems for the soil if that water is used. If there are relatively high levels of calcium and magnesium in the water then this counteracts the harmful effect of sodium. A ratio called the Sodium Adsorption Ratio SAR compares the amount of sodium vs calcium + magnesium and is a useful way to describe this effect. If SAR is over 13 then the balance is too far towards sodium. Irrigators should also have their soil tested to find if sodium is out of balance in the soil solution. 

Sensitivity of some plants to Sodium as SAR. Adapted from (Dept of Human Services & EPA 1999).

	
	SAR
	

	Very sensitive
	2 – 8
	Deciduous fruits, nuts, citrus, avocado 

	Sensitive
	8 – 18
	Beans

	Moderately tolerant
	18 – 46
	Clover, oats, tall fescue, rice

	Tolerant
	46 - 102
	Wheat, Lucerne, barley, tomatoes, beets, tall wheat grass, crested grass, fairway grass.


TDS

Total dissolved salts. Sometimes estimated from conductivity measurements and given as mg/l or ppm. See Salinity.

Total count

Some bacteria kits measure “Total count”. These kits measure all aerobic bacteria so represent an aerobic plate count. Fungal colonies will also grow on kits like the Easygel Total Count kits. See Aerobic plate count.

Turbidity 

Turbidity is a measure of the way the water scatters light is also a general indicator of water quality. In one standard method infrared light is shone into the sample and a detector off to the side detects the amount of light reflected off and particles. Turbidity may be caused by very fine colloids from clays or particulate organic matter or even caused by algal growth. It may also be caused by solids which are carried or suspended in the water. It is therefore a useful way to measure quality. If turbidity changes from one reading to the next then something may be affecting water quality. Turbidity is measured in units called FTU or NTU. These units have the same starting point and step size, the only difference is that the calibration method is different for each unit. The range is from 0 to 400 FTU. For drinking water turbidity should be around 3 –5 FTU’s or lower. Around 15 FTU water looks fairly clear but is slightly cloudy. At around 70 FTU’s water looks cloudy. There is a similar measurement made on water using ultraviolet light. This is used to estimate dissolved organic matter and again is an indication of water quality. See UVA. However sometimes higher turbidity water can have lower UVA and vice versa so both measurements are necessary. 

Units used in reports

	Unit
	Meaning

	mg/l
	Milligrams of a substance per litre of liquid.

	ppm
	Parts per million usually by weight. Sometimes used in place of mg/l for concentrations in water. 

	Deg C
	Degrees Celsius.

	mV
	Milli volts. Electrical potential. -ve means reducing conditions, +ve means oxidising conditions

	µS/cm
	microSiemens per cm - measures conductivity. Some useful conversions are: 1 dS/m = 1000 µS/cm and 1 mS/cm = 1000 µS/cm.

	meq / l
	milli equivalents per litre. Used as a way to compare the contribution of individual ions to the ionic balance in water. Calculated as (ppm * charge)/atomic or molecular wt.

	meq%
	milli equivalent percent. Compensates for weight & charge - in 100 gms soil to allow a more realistic comparison of the contribution of each ion to the overall charge in the soil. Calculated as (ppm * valency)/(Atomic or mol. wt * 10)

	gm/cc
	grams per cubic cm. Measures density.

	mg/Kg
	Same as parts per million. Sometimes used to compared weight of a substance per weight of soil.

	%
	Percent.

	FTU
	Formazin Turbidity Unit, a measure of turbidity. The unit size and scale for FTU is the same as for NTU, technically the method of calibration is the difference.

	CFU's / 100ml
	Colony Forming Units per 100 ml. A standard for counting and reporting microorganisms grown on a nutrient plate from a water sample.

	M (mol/l)
	Realistic way to compare the actual numbers of ions or molecules present. Calculated as (gm / l)*(Valency)/Atomic or molecular wt.

	mS/cm
	milli Siemens per cm


Ultra Violet Absorbance UVA

Ultraviolet absorbance. Many organic compounds are commonly found in water and they can be from animal and plant detritus and organic chemicals. A large group the aromatic compounds absorb ultraviolet light strongly at 254 nm. They can originate from decomposition and can include humic compounds the yellow brown colours sometimes seen in water. A large number of chemicals that sometimes get into water supplies are also aromatic compounds. UV absorbance at 254 nm is sometimes used to estimate organic chemicals or organic matter in water. There is direct relationship between the two although the exact relationship varies between different situations because the proportion of aromatics to total organics may be different. Still, UVA can give an estimate of organic matter. We report UVA in the range 0.000 to 2.000. As a guide good clean drinking water should have a UVA around 0.04 or less. We have found UVA levels around 0.23 in dams and creeks in rural areas. A UVA as high as 2 indicates excessive organic matter. If the water to be tested is filtered though a 0.45 micron filter then the UVA reading can be used to estimate DOC or Dissolved Organic Carbon. See Dissolved organic carbon. 

UVA is a relatively sensitive measurement so can detect small changes in organic matter. It can be used to check if activated carbon filters are still working to reduce organic chemicals or if water treatment designed to reduce organic loading is working satisfactorily. 

Ultra Violet Transmission UVT

Ultraviolet Transmission. UVT is the percentage of ultraviolet light of 254 nm wavelength that can pass through a sample. Like UVA it estimates organic matter. So a UVT of 100% indicates no aromatic compounds in water. The 254 nm wavelength is the same wavelength used by many ultraviolet disinfection units to inactivate bacteria and cysts. As a guide, a UVT of 75% is necessary in a sample for UV disinfection to be effective. 
Zinc

In the natural environment zinc is often around 0.01 mg/l. Between 2 and 4 mg/l is common in households because of corrosion in tanks and pipes. At around 3 mg/l zinc can give a taste to water. Approximately 5 mg/l is the limit for drinking water. 
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