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ANNEX A
GUIDANCE NOTES ON THE USE OF CONTAMINATED GROUNDWATER FOR PLANTS AND ANIMALS IN MULWALA AREA

1. EXECUTIVE SUMMARY

These notes are intended to provide a general guide as to the characteristics and possible uses of the contaminated groundwater in the area southwest of the ADI facility down to the Murray River.  The groundwater in this area has high but very variable concentrations of sulfates and nitrates and total electrical conductivity (EC, or salinity).
The concentration of nitrates often exceed the Australian Drinking Water Guidelines for infants under 3 months of age and so the use of the groundwater for drinking purposes is not recommended.  
Use of the groundwater for the domestic watering of plants and animals is impacted by the electrical conductivity of the water.  Different species of plants vary widely in their sensitivity to the electrical conductivity of the water as well as how it is applied.  Residents are encouraged to determine the conductivity of the groundwater from their own bore and then to use the tables in this document as a guide  when selecting plants for their gardens and in the design and operation of their watering systems. 
In general, watering systems that minimize the amount of groundwater that gets onto the plant foliage is recommended.

If used at an excessive rate the groundwater may cause stunted growth, yellowing of leaves or even death of plants. The salts in the groundwater derive from both natural and industrial sources and may accumulate in the soil after extended use.  Even when using this groundwater according to the general guidelines be sure to monitor the plants and seek specialist professional advice if adverse affects are seen. 
Animals are not very sensitive to the EC of their drinking water in the range of concentrations found in the Mulwala region.  Horses, cattle, pigs and sheep are not likely to be impacted even by the groundwater with the highest EC in the area, however poultry are more sensitive and care should be taken with watering them with only groundwater. However all animals drinking the groundwater with nitrate concentrations above 100 mg/l should be carefully monitored for adverse effects.
2. SCOPE AND LIMITATIONS

.This report was prepared by John Sykes of John Sykes Rural Consulting, from Albury. It is based on published data and should not be relied on as a substitute for specific professional advice relevant to any particular situation or intended groundwater use. 
The report is about the use of the groundwater on the typically sandy soils of the area, for the non-commercial watering of plants and livestock. The use of these guidance notes for use of the groundwater on clay soils is not recommended, without seeking further advice, as clay soil  reacts differently to applications of the groundwater.
The groundwater referred to in the report is that found below the area to the southwest of the ADI Mulwala facility at Bayly Street Mulwala NSW, down to the Murray River.  It does not necessarily apply to groundwater in other areas. 
The groundwater is not recommended for human consumption because of high nitrate concentrations, which are above the recommended levels for human consumption.  Studies have shown that baby formula made with drinking water containing nitrate nitrogen levels over 10 mg/l can result in methemoglobinemia which is a type of blood disorder commonly known as Blue Baby Disorder.  Infants less than 2 months of age are particularly sensitive. Prolonged exposure of adults to those concentrations of nitrate in drinking water may produce the vasodilatory effects observed in epidemiological studies. 
Landholders are reminded that this report is advisory only and that they use the groundwater at their own risk.  Use of the groundwater on plants may burn leaves and stunt growth or even kill some plants.  Prolonged use may result in the accumulation of salts in the soil to levels that negatively impact plant growth. Use of the groundwater in infant drinking formulas may cause methemoglobinemia.
To the extent permitted by law, John Sykes Rural Consulting and the Commonwealth Department of Defence assume no responsibility, and will not be liable for, any loss or damage arising out of or in connection with the contents of this report.  
The report is current to the date of the report specified above.  The report does not take into account the possibility of events occurring, or circumstances emerging, after the date of the report which may alter the condition of the groundwater.   For example, subsurface conditions including contaminant concentrations can change over a short period of time due to factors such as human intervention or natural causes.  

3.
CHARACTERISTICS OF THE GROUNDWATER 

Table 1 shows a typical analysis of the groundwater.  This table is based on samples of bore water ADI obtains from private bores within the affected area where the landowner has requested the service.  The results of the analyses are reported back to the landowner in confidence.  Landowners should then use the information from their reports to evaluate the data in the later tables.

Table 1.  Typical Analysis of the contaminated groundwater in the Mulwala area

	Test
	Units
	Peak

	Commonly in Bores

	Electrical Conductivity
	Microsiemens per centimetre, (S/cm
	10,000
	500-2500

	Nitrate
	Milligrams of nitrate per litre, mg/L
	200
	15-90

	Sulfates
	Milligrams of sulfate per litre, mg/L
	450
	300-450

	Manganese
	Milligrams of manganese per litre mg/l
	10
	1

	Chlorides
	Milligrams of chlorides per litre, mg/L
	800
	0-500


Source – D Wilson, ADI, from samples taken between 2000 and 2003

The groundwater in the Mulwala plume has the following properties:

· Low to high levels of salt as measured using electrical conductivity  (EC). This is the major disadvantage of the contaminated groundwater and determines the potential uses of the water.  

· Low to medium levels of nitrate. This concentration of nitrates will provide essential nutrients to most plants.  However, nitrates can also encourage microbial activity which can cause clogging of irrigation pipes and may also cause burning of plant leaves. It is believed that a nitrate concentration of less than 625 mg/L will not cause long term issues with irrigation systems. As the peak nitrate level recorded to date in the groundwater is 250 mg/L, nitrate levels are not expected be an issue to land owners for watering plants. 

· Moderate levels of sulfates. Based on the current state of research, the sulphate content of the groundwater will not cause any known problems but may potentially cause the groundwater to have an odour or a strange taste. Generally stock are observed to like this type of groundwater. Also, at least some sulphates are in the form of calcium sulphate or gypsum. Gypsum has commonly been used as a soil ameliorant to help make clay soils easier to work and less prone to waterlogging.  
· Elevated levels of manganese.  Manganese is an essential mineral for plants but under cold and wet or hot and dry conditions it can become toxic to seedling plants.  However, it will not affect adult annual plants or perennial plants once they are established.  Soil manganese levels can already be high in clay and loam soils in the area but are generally not high in sandy soils.

· Medium to high levels of chlorides. Groundwater with chlorides over 175 mg/L may effect and burn plants if applied to the leaves of susceptible plants. 

4.
POTENTIAL USES

 Table 2 shows the major potential uses for the groundwater based on the EC. Human consumption of the groundwater is not recommended due to the nitrate concentration.

Table 2.  Potential Uses for the Material for ADI Mulwala 

	EC Level ((S/cm )
	Irrigation
	Stock Water
	Domestic Animals
	Comment

	0-500
	Suitable
	Suitable
	Suitable
	

	500-1000
	Suitable
	Suitable
	Not Recommended
	

	1000-1500
	Suitable for salt tolerant species
	Suitable
	Not recommended
	

	1500-2500
	Suitable for salt tolerant species
	Suitable for domestic animals provided other  nutrient levels are low. Unsuitable for poultry.
	Not recommended
	

	2500-5000
	Suitable for highly  salt tolerant species or for salt tolerant species  if diluted 50% with fresh water
	Suitable for domestic animals (not poultry) provided other nutrient levels are low
	Unsuitable
	


Source – SOILpaks, Salt Bag, Intrepreting Water Quality Test Results, Australian Water Guidelines Website, Salinity Tolerance of Irrigated Crops, Irrigated Salinity Facts.

5.
SALT TOLERANCE OF VARIOUS PLANTS

Plants vary in their tolerance to the EC. Table 3 shows available research indications of the salt tolerance of a number of common species that may be grown in the area. These EC values are from published data for plants.  

Table 3.  Salt Tolerance (EC in (S/cm for the water) of a Number of Common Plants that May be Grown in the Mulwala Area 

	Species
	Water EC for no impact on plant growth
	
	Water EC for no impact on plant growth

	Pasture Species
	
	Common Vegetables
	

	Lucerne
	1300
	Potatoes
	1100

	Pasture Grasses 
	
	Tomatoes
	1700

	Ryegrass
	3700
	Lettuce
	900

	Fescue
	2600
	Rockmelons
	1500

	Crops
	
	Broccoli
	1900

	Wheat
	4000
	Cucumbers
	1700

	Barley
	4000
	Sweet Corn
	1100

	Oats
	4300
	Sweet Potato
	1000

	Lawn Species
	
	Spinach
	1300

	Ryegrass
	3700
	Watermelon
	1300

	Couch
	4600
	Beets
	2700

	Garden Species
	
	Onion 
	800

	Eucalypt Trees*
	2600
	Carrot
	700

	Common Fruit Crops
	
	Beans
	700

	Oranges
	1100
	Radish
	800

	Lemons
	1100
	
	

	Apples
	1000
	
	

	Grapes (some)
	1000
	
	

	Peach
	1100
	
	

	Apricot
	1100
	
	

	Almond
	1000
	
	

	Figs
	1800
	
	


*- May vary with individual species. Source – SOILpaks, salinity Tolerance of Irrigated Crops

To use this table, landowners should determine the EC level of their groundwater using a conductivity meter themselves, having the water tested by a commercial organisation or from the reports provided by ADI Limited.  Then for any plant species they should note the corresponding EC values from Table 3. If their groundwater EC is greater than the EC value from Table 3, then the growth of that plant species will be negatively impacted with the use of the groundwater and the planting of that species should be reconsidered.
Ornamental Species

Table 4 gives an indication of the species sensitivity of a number of ornamental species. 

There is little specific data on the sensitivity of most ornamental species or varieties to salt. When in doubt please inquire about the salt tolerance of the species you intend to purchase from your nursery.  Table 4, below, describes the relative sensitivity of some popular ornamental species and the recommended maximum EC of the water to be used on them. 
Table 4.  Salt Tolerance Level of a Number of Common Ornamental Species. 

	Species
	Indicative Tolerance & maximum EC water to be used

	Roses
	Sensitive( max. 500 (S/cm) 

	Mables
	Sensitive

	Daffodils
	Sensitive

	Most Annual Species
	Moderately Sensitive (max. 1000 (S/cm)

	Robinias
	Sensitive

	Willows
	Tolerant (max. 2000 (S/cm)

	Other European Species
	Sensitive

	Other American Species
	Sensitive

	Most Australian Native Species
	Tolerant

	Melaleuca sp
	Mostly Highly tolerant(max. 10,000 (S/cm)

	Couch Grass
	Moderately Sensitive

	Kikuyu
	Moderately Sensitive

	Strawberry clover
	Moderately Sensitive


Source – Pers Comm
Other plants known to be salt tolerant include Pigface, Kirkii, Climbing Guinea Flower, Lippia, Spiny saltbush, many other saltbush varieties, many geranium species, many Banksia species, Honey Myrtle, Bottlebush, Flinders Ranges Wattle, Golden Wattle, Oleander, Boree, Silk Tree, many She-Oaks, many Mallee species, Butterbush, Belah, Kurrajong, Grey Buloke, many Casuarina species, Yellow Gum and River Red Gums. Further information on salt tolerant species can be obtained from your local nursery. Another good source of data is the Wagga Wagga City website www.wagga.nsw.gov.au/home.garden/. 

6.
 WATERING SYSTEMS AND TIME OF WATERING


Overhead watering systems such as sprinklers, centre-pivots, or hoses are not recommended for the high EC groundwater as shown in Table 5.   The suggested types of watering system are drip irrigation and flood irrigation systems because these systems minimise the contact of leaves with the salts in the water.

Table 5.  Recommended maximum Limits of Chlorides (mg/l) for Differing Irrigation Methods. 

	Plant Type
	Overhead Irrigation
	Drip Irrigation

	Citrus
	175
	350

	Fruit
	175
	350

	Ornamentals
	175
	350

	Vegetables
	350
	350

	Field Crops
	700
	700

	Pasture Species
	700
	700


Source – Guidelines for Water Testing, Interpreting Water Quality Test Results.

This table is used in a similar fashion to table 3, except that in this instance, Landowners need to compare the concentration of chlorides in their bore water with the limits in table 3 for the types of plants that they wish to grow and the type of watering system that they use.    

In addition, it is preferable to water during the cooler hours of the day or at night to ensure that any potential for burning is minimised. 

Watering to prevent manganese impact on plants
If your groundwater contains elevated concentrations of manganese (at or above 10 mg/) then it is recommended to:

· Use fresh water to establish any seedlings. 

· Minimise the use of groundwater on young annual plants or perennial plants for the first six months.

· Keep the soil moist, but not water logged, to avoid the development of toxic manganese in the soil.

7.
DANGER SIGNS THAT THE GROUNDWATER MAY BE CAUSING HARM

While all care has been taken in assembling this data, people using this material should carefully watch for any adverse reactions and report or seek expert advice if any issues occur. The most likely symptoms of a problem will be burning of leaves or the yellowing of the new growth of plants, particularly late in the summer or autumn prior to the starting of the winter rains. 

Long term use of the groundwater is expected to result in an increased level of EC in the soil (salinity) due to the accumulation of chlorides. Any elevated EC due to the nitrates and sulfates is expected to decline quickly as the nitrates and sulfates break down once the application of groundwater is stopped.

Landholders on clay soils should be particularly attentive to the symptoms of soil salinity because of the greater ability of clay to accumulate salts. 

Plant and Soil Symptoms if Salinity

Plants and soils affected by salinity may have the following problems:

· Poor growth

· Yellowing and purpling of leaves (necrosis);
· Death of leaf tips;
· Replacement of salt sensitive species with salt tolerant ones;
· Prolonged waterlogging and/or unusually friable soil structure.

 What to do if the Projected Soil Salinity Exceeds the Salinity Tolerance of the Plants

If the ECe (real soil EC as it varies with soil texture) of the soil is likely to exceed 4000 (S/cm or the salinity tolerance of the plants you may wish to grow [refer to tables 3 and 4], there are a number of actions that can be taken to ensure that the soil ECe does not exceed the desirable level. These include:  

· Not  apply the groundwater;
· Apply the groundwater as a fertilizer only at rates of 0.5-1.0 ML/ha/yr (see above);
· Dilute the groundwater so that the ECe will not exceed 4000 (S/cm or the salinity tolerance of the species being grown.

However, if a soil ECe approaching 4000 (S/cm is found, then specialist advice should be obtained before any changes are made to the current watering system .
Monitoring of soil ECe  
If using the groundwater for irrigation for an extended period, it is recommended that the soil ECe be checked every 1-2 years. This can be measured as part of a standard agricultural soil test (cost $65-90), using a small meter that can be purchased (value between $100-250) or a proper salinity meter in the local area. Most Landcare  coordinators and CMA facilitators have a suitable salinity meter that can measure soil EC. These advisors can be contacted via the NSW Department of Primary Industries.  If the texture of the soil is known, this EC reading can be used to calculate the soil ECe.

8.
 SENSITIVITY OF ANIMALS

Current research  indicates that domestic animals, except for poultry, can drink water with a relatively high salt content without adverse effect. However, if nitrate or nitrite is present at over 100 mg/L it is recommended that the material should not be used for watering any poultry or domestic animals. It should be suitable for sheep and cattle but care should be taken to monitor flock health and remove the stock if any health issues related to nitrate or nitrite poisoning occur. Otherwise the major constraint to use is the EC. Table 6 shows the tolerance of various types of domestic animals to differing EC levels.

Table 6.  Tolerance of Livestock to salinity (EC in (S/cm) Level 

	Livestock
	No Adverse Effects on animal Expected
	Animals may have initial reluctance to drink or there may be some scouring, but stock should adapt without loss of production
	Loss of Production and decline in animal condition and health would be expected. Stock may tolerate these levels for short periods if introduced gradually.

	Beef Cattle
	0-6000
	6000-8000
	8000-15000

	Dairy Cattle
	0-4000
	4000-6000
	6000-11000

	Sheep
	0-6000
	6000-15000
	15000-20000

	Horses
	0-4000
	4000-9000
	9000-11000

	Pigs
	0-6000
	6000-9000
	9000-12000

	Poultry
	0-3000
	3000-4500
	4500-6000


Source – Salt Bag

This shows that 

· Sheep are the most tolerant animals to high levels of EC. 

· Poultry are relatively sensitive to salinity.

9.
SUMMARY

Landowners in the affected area should be aware of the quality of the groundwater from their bore. 

If the concentration of nitrates is greater than 10 mg/l as N, then the groundwater should not be used for human consumption.

If the soils are sandy, then Tables 3 & 4 can be used to provide guidance on the species of plants to be grown, or not grown using their bore water.  If the soils are clay, then more detailed specialist advice is recommended.

The method and timing of the application of the bore water has a bearing on the sensitivity of different plants.  In general, watering in the cool of the day using drip systems that avoid direct contact with leaves is recommended.

When using the groundwater, the soil conductivity (EC) should be checked on a regular basis to determine if there is an accumulation of salts in the soil.

Landowners using this groundwater should be aware of the symptoms of excess or inappropriate use of the water and seek professional advice if any symptoms are noticed.

Cattle, horses, sheep and pigs should suffer from no ill effects if acclimatized to drinking the groundwater, but, poultry are more sensitive to saline water and should be monitored closely if the groundwater has an EC above 2500(S/cm.

Landholders are reminded that this report is advisory only and that they use the groundwater at their own risk.  Use of the groundwater on plants may burn leaves and stunt growth or even kill some plants.  Prolonged use may result in the accumulation of salts in the soil to levels that negatively impact plant growth. Use of the groundwater in infant drinking formulas may cause methemoglobinemia.

John Sykes,

John Sykes Rural Consulting

29th September 2004.

CONTACTS

Doug Wilson at ADI concerning the monitoring of groundwater in private bores,      03-5742 2479

NSW Department of Primary Industries for specialist advice on soil and agricultural issues, 02 6938 1989
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