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Abstract
Environmentally and economically sustainable management of winery waste and wastewater
is a high priority for the industry. Each winery generates wastewater with a unique quality,
quantity and seasonal variation pattern. Winery wastewater is often of high strength and is
highly variable in quantity and quality making it a difficult effluent to manage.
This project was undertaken in order to better understand the best practices available to
minimize wastewater volume and reduce the production of poor quality effluent. The ways in
which wastewater can be treated and disposed of were investigated and appraised against
their environmental impact. Key outputs from the project were a comprehensive review of
winery wastewater management across the industry and a detailed breakdown of wastewater
quality and volumes from different winery processes. This information has been summarized
into reports and has been communicated to the industry via popular press articles, reports
and workshops. The information has also been packaged into software tools that identify the
contribution of components of the waste stream arising from various processes in the winery,
quantify the environmental footprint and provide a costing of the wastewater treatment.
This information has been packaged into reports and software tools to help wineries assess
and manage their wastewater management.
Operators need rapid and reliable quantitative indicators to tell them if their effluent falls
within the allowable thresholds and if not, to diagnose, optimise and troubleshoot the plant
processes. The suggested suite of key indicators includes pH, electrical conductivity (EC),
dissolved oxygen (DO), turbidity and chemical oxygen demand, COD. Biological oxygen
demand, BOD, while a useful indicator, is both expensive and has too large a lag time to
assist with day-to-day management, so COD is suggested as a surrogate. The sodium
adsorption ratio (SAR) of irrigation water is a good indicator of the potential damage that will
occur to soil structure through repeated application of the wastewater.
Wastewater monitoring is complex and expensive. This project has explored the toxicity of
wastewater, developed bioassays using wetland plant species and onion bulbs, explored online ‘real time’ monitoring of wastewater and developed useful BOD to COD and other
measures of organic matter concentration relationships. These developments can help
managers better understand the wastewater and manage it more effectively.
The end use of winery wastewater is the most important factor to consider when deciding on
treatment options. Various treatment options and their strengths and limitations were
highlighted in this project based on the comprehensive assessment of various treatment
methods currently being employed by Australian wineries. The key drivers in choosing a
wastewater treatment system are minimising capital costs, minimising operating costs and
making the system as automated and ‘robust’ as possible, thereby minimising management
requirements. The treatment must be ‘fit for purpose’.
Most winery wastewater ends up being irrigated on various crops or woodlots. The long term
impacts of this are of major concern to industry and regulators. Sodium ions present in
winery wastewater can accumulate in soil and with time, the sodicity can cause dispersion of
clay particles leading to surface crusting, reductions in water infiltration, water logging,
erosion and poor soil fertility. This project undertook monitoring over a wide variety of
wastewater irrigation sites demonstrating changes in soil composition such as SAR ranging
between 7-9. Sodium and potassium levels have also been reported at some sites receiving
winery wastewater for 15-20 years. In an effort to prevent the development of sodic soils at
land based application sites, some wineries have substituted all sodium based cleaning
products for potassium based sanitizers. However, being a monovalent cation, like sodium,
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the potential for this element to compromise soil sustainability has become an industry
concern. This project has started to develop thresholds for one particular soil type at which
hydraulic conductivity is reduced when irrigated with wastewater containing known levels of
sodium and potassium. It has shown that potassium, although a crop nutrient, has potential
to degrade soil structure. Irrigation with wastewater and soils must be carefully managed,
taking into account the balance of all the major cations (Na+, K+, Mg++, Ca++) in irrigation
water and soil type and status. The project has identified this as a future area where further
scientific research can underpin knowledge required by the industry.
Land application of winery wastewater, rich in organic matter concentration, may have
beneficial effects on soils such as increasing water holding capacity, reducing strength and
improving drainage. Although generally low in nutrients, winery wastewater has high
concentrations of easily biodegradeable organic constituents such as sugars and ethanol.
These labile components increase soil microbial activity which, through a priming effect, can
assist in increasing the amount of nutrients available to crops that would otherwise remain
locked up in more recalcitrant soil organic matter or bound to clay surfaces.. During this
study, we documented cases where winery wastewater with minimal treatment was being
used for beneficial irrigation of fodder crops. There is leaching of Na from the system and
although there is more K applied than removed by the crop, the additional K was retained in
the soil profile. The addition of winery wastewater improved soil fertility in terms of available
K and P and improved the organic content of the soil.
Off site impacts in terms of nutrient movement to groundwater were found to be of low risk in
this study. Relatively small peaks of nitrate-N (maximum 3.6 mg/L) were detected directly
beneath the crop in shallow groundwaters around the time of winery wastewater irrigation,
values that were much lower than those detected after typical applications of urea to a barley
crop (~20 mg/L). However, further monitoring is required to determine the consistency of this
effect. Furthermore, these levels are well below the 10 mg/L NO3-N, that are considered
acceptable for potable water use.
In conclusion, it is observed that salt is the most persistent problem in the management of
winery wastewater. The best way of addressing this problem is the careful control of
practices within the winery. Attention should also be paid to reducing the BOD/COD in the
wastewater stream both to simplify management of the wastewater and to reduce product
loss. There is the potential for the rapid irrigation of winery wastewater following minimal
treatment – this is a very cost-effect option and should be further explored.
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EXECUTIVE SUMMARY
Background
Environmentally and economically sustainable management of winery waste and wastewater
is a high priority for the industry. Winery wastewater is highly variable, and its characteristics
are known to fluctuate markedly with size of winery, treatment processes, storm water
additions as well as the season (pre-vintage, vintage and post vintage), with peak discharge
(more than 70%) occurring during the vintage periods.
Winery wastewater is of “high strength” with high organic loading, (4000-7000 mg/L BOD; up
to 10000 mg/L COD), high salinity (3-4 dS/m) and sodicity (SAR = 8-9).
These features of high strength and highly variable quantity and quality make winery
wastewater particularly difficult to manage. This project was undertaken in order to better
understand the best practices available to minimize wastewater volume and maximize
quality, and how wastewater can be disposed of so that environmental impacts are
minimised. The project was undertaken in collaboration with via workshops at the beginning
of the project that involved over 20 wineries, and then throughout the project through the
‘Research to Practice’ project that ran in parallel. The project also involved collaboration with
the Provisor and JJC (consultants to the wine industry) and individual wineries where
measurements were taken.
A review of past research and current practices revealed that there are a large number of
approaches to the treatment and management of winery wastewater (Quayle et al.). No
single answer is available to suit all wineries however a broad conceptual approach as
shown in the figure below was helpful.
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Research undertaken
Industry survey and process auditing
A review of wastewater in the wine industry was undertaken using data from 45 wineries of a
range of sizes and spread across Australia. The data from the survey indicated that many
wineries have adopted practices to minimise water use and to change to chemicals that are
perceived to have less environmental impact. There was a great diversity of practices and
outcomes. For example recorded water usage per tonne of crush ranged from 0.4 – 8.0
L/750 mL bottle and averaged 2.0 L/750 mL bottle. There were similar wide ranges of values
for diatomaceous earth usage (0 – 8.2 kg/tonne of crush) and caustic cleaner (NaOH) usage
(0 – 2.2 kg/tonne).
The impact of product loss through spillage and other sources together with the effect of
different winemaking processes on both water use and effluent quality require further
investigation and application to the industry. For example, the analysis of the bottling process
indicated that this operation used 0.9 kL of water/tonne of grapes whereas only 1% of
wineries perceived this operation as being a major contributor to wastewater volume. At
present there are minimal data available regarding wastewater production in separate unit
operations that could be used by wineries for improving performance through benchmarking
their operations.
Wastewater treatment ranged from no treatment at all through to tertiary treatment and the
use of processes such as bioreactors. Average cost estimates of water treatment (including
both discounted capital and running costs) ranged from $6.8/tonne for large wineries up to
$37/tonne for wineries with less than 2500 tonne crush per annum but there was a large
range within each winery size class; furthermore the cost may not have included a labour
component.
Waste minimisation is slowly being adopted in the wine industry, owing to a combination of
powerful drivers, which are either internally or externally motivated. However, these waste
minimisation practices in the wine industry are still carried out in an ad hoc fashion and have
proven to be inefficient in many cases. The lack of a systematic methodology of synthesising
and targeting specific waste streams by the industry has been identified as a major cause of
failure in realising the full potential of waste minimisation in the wine industry. To meet this
need, a Stage Two audit was conducted for an evaluation of the major wine-making
processes for water use and wastewater production characteristics in small and large
wineries by collecting 750 samples during two vintages. Schematic diagrams of the inputs
and consequent outputs from a given unit operation or process have also been developed.
These diagrams trace organic load and water usage at each stage of the winery process.
Best practices used for minimisation of winery wastewater based on reduce, reuse and
recycle principles at wineries have also been highlighted through this audit process. The two
models will be available to be downloaded from the CSIRO/GWRDC website.

Assessment tools
From the industry survey and process auditing we developed several software tools to assist
winery managers. Full details and the spreadsheet tools will be available to be downloaded
from the CSIRO/GWRDC website.
1. Two models have been developed so that wineries can compare the components of
the winery wastewater quality in terms of COD (chemical oxygen demand), EC
(electrical conductivity, pH, salt loads (Na and K loads ) and volumes of the winery
wastewater generated by each unit operation.
2. A tool to give an assessment of the environmental impact of a winery. The general
approach is to produce an index that indicates the environmental efficiency of a
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winery based on winery wastewater management. It is assumed that the crush size is
known, so the amount of environmental impact can be expressed on a per tonne
basis. It is based on a range of key performance indicators (KPIs) within the winery.
3. A tool to assess costs of current wastewater treatment options. This tool can be used
by winery managers to estimate the cost of treating winery wastewater. The analysis
covers power costs, maintenance, depreciation, labour and capital cots.

Winery wastewater key indicators
The variability of the influent quantity and quality of winery wastewater coupled with the
intrinsic complexity of biological systems may prove challenging for operators that want to
achieve cost-effective compliance. Operators need rapid and reliable quantitative indicators
to tell them if their effluent falls within the allowable thresholds and if not, to diagnose,
optimise and troubleshoot the plant processes. The suggested suite of key indicators
includes pH, conductivity, dissolved oxygen (DO), turbidity and COD. BOD, while a useful
indicator, is both expensive and has too large a lag time to assist with day-to-day
management, so COD is suggested as a surrogate.
For proper management good monitoring is required and an understanding of wastewater
toxicity. The project has been able to assist in better monitoring by the development of
conversion factors for COD:BOD, thus allowing the use of the easier and quicker COD
method, . Rule of thumb inter-conversion factors for winery effluent at any stage of
production and treatment are: BOD5 = 0.65COD, BOD5 = 2.9TOC, BOD5 = 2.9DOC.
Wastewater monitoring is generally undertaken by grab samples followed by limited
analytical analysis. This provides very little opportunity for any real time adjustment to winery
practices or wastewater management. We undertook analysis to test the S::CAN UV-Vis
spectrometer probe (http://www.s-can.at/) for use with winery wastewater. This can
potentially be used for on-line analysis and hence give real time results and the ability to
differentiate the different components of wastewater and so aid management decisions.

Winery wastewater toxicity
Winery wastewater quality assessment has in the past relied upon chemical analysis.
However, there has not been sufficient research to fully determine the causes of toxicity in
winery wastewater. As such chemical analysis, although useful, does not provide targeted
information on the impact of winery wastewater to plants. An onion and a cress bioassay
have been tested and found useful in distinguishing between the toxicity of different
concentrations of winery wastewater that would be useful in determining the toxicity of
wastewater to plants. Polymers used in wineries have been identified as a possible source of
toxicity. Laboratory tests showed that current polymers used in the wineries can be classified
as being moderately to highly toxic to aquatic organisms such as waterfleas, tadpoles and
midges. In this study, duckweed exhibited low toxicity to no toxicity to the selected winery
polymers.

Winery wastewater treatment
Each winery generates wastewater with a unique quality, quantity and seasonal variation
pattern. Various treatment options and their strengths and limitations were highlighted in this
project based on the comprehensive assessment of various treatment methods currently
being by the Australian wineries. The key drivers in choosing a wastewater treatment system
are minimising capital costs, minimise operating costs and making the system as automated
and ‘robust’ as possible, thereby minimising management requirements. The choice of
treatment options should be determined by the end use of the winery wastewater. The
treatment must be ‘fit for purpose’.
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Low cost land based treatment for small scale wineries
The treatment system developed targets smaller scale wineries, with a crushing capacity of a
few hundred to a few thousand tonnes. Key constraints in the design process were to
minimise capital costs, minimise operating costs and make the system as automated and
‘robust’ as possible, thereby minimising management requirements.
A prototype system combining sedimentation/anaerobic digestion, low level aeration and a
soil based wastewater bioremediation cell (WBC) was tested. The overall preliminary results
indicate that this winery wastewater treatment system has the potential to be used for the
treatment of the wastewater from small wineries in rural areas The wastewater bioremediation cell (WBC) performed well in reducing organic loads by an order of magnitude,
however heavy loading can lead to clogging of the filter medium and so sizing is important. A
further prototype was tested using a horizontal flow wetland and sand as a replacement for
soil in the WBC. This was effective in preventing blockage and providing treatment. More
research is needed to optimise the operation of the different treatment segments. In
particular it was found that the sedimentation segment needed to have carefully managed
constant flow rates. Similarly, the aerobic segment displayed potential to remove the organic
load, but a redesign is required to increase the water/air interface. As part of the
development the use of anhydrous ammonia was tested for pH neutralisation and it was
found that this is a simple and low cost approach.

Odour management
Odour from wastewater was identified as a major issue for industry. Most of the activities in
the project work indirectly to addressing this problem by minimising wastewater and
improving its management. However, a need for industry information on the basic causes
and management of odour was identified. This was addressed by developing an industry
briefing document.

Wastewater reuse for irrigation
Wastewater reuse at a number of sites across South Australia and the Riverina was
monitored. Measurements were taken of the soil and plant conditions, which combined with
the wastewater input data was used to understand the impact of the wastewater and the
potential sustainability of the practice. The monitoring covered a cross section of locations,
soils, crops, wastewater qualities and application methods. Some of the monitoring was a
continuation of long term monitoring allowing an understanding of the long term effects on
soils. The pattern of wastewater disposal over last four years showed that in most wine grape
blocks the monthly volume of irrigation applied per unit area (kL or mm/ha) was much smaller
than in the case of woodlot and pastures. Salinity, sodicity and available potassium in soils
were elevated in pastures and woodlots irrigated with the wastewater in comparison with the
control plots. The inherent variation in soil properties made it difficult to make a proper
comparison of winery wastewater irrigated sites. It is important to use the current wastewater
end use (i.e. irrigation) as the starting point when developing the winery wastewater plan,
and to determine whether the current irrigation practice is beneficial or detrimental to the
particular soil and crop.

Potassium in winery wastewater
High potassium levels in winery wastewater were identified by industry as an area of concern
when reusing/disposing of wastewater by irrigation. Application of wastewaters with high
potassium levels was found to increase the overall level of soil fertility, but long-term
application of such wastewater may cause the build-up of soil potassium and decrease the
hydraulic conductivity of the receiving soils. These potential impacts are uncertain and have
been inadequately researched. Our laboratory studies showed that at SAR/PAR values of
around 5 the effects of sodium and potassium were similar both having minimal effect on soil
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hydraulic conductivity however at higher values of SAR/PAR, around 20, then both
potassium and sodium significantly decreased soil hydraulic conductivity. The effect of
potassium is about half that of sodium but is still significant. This means long term application
of potassium to soils needs to be carefully managed to avoid soil structural degradation.

Beneficial use of winery wastewater
Wastewater contains nutrients and, with the right treatment, can be a safe, affordable and
sustainable source of irrigation water. Many wineries are considering the use of treated
wastewater or wastewater that has only undergone primary treatment to produce a
commercial benefit that does not lead to deterioration of soil or crop health. Grasses, root
crops and cereals have been trialled by some wineries. During this project, we were involved
in a field study with a winery in Riverland to have experimented with a variety of irrigated
crops using treated wastewater. The aim of this study was to examine the ability of selected
crops to utilise the winery wastewater applications and assess the soil quality in relation to
this process. Crops trialled included sorghum and millet for summer crops and oats, triticale,
vetch and ryecorn for winter rotations. Measurements were made on soil and plant
parameters at regular intervals over a one year study of the operation. The trial has shown
that minimally treated wastewater can be used beneficially for the production of fodder crops.
The one problem highlighted in these data is the apparent leaching of Na through the profile.
While this is a problem with untreated wastewater, it remains a problem even with treated
wastewater. This stresses the need for reduction of Na in the waste stream through cleaner
production initiatives.
Further work is required on the selection of a suitable crop to receive the wastewater
irrigation. Ideally the crop should be able to utilise both the water application and the
nutrients in the wastewater. Limited work has been undertaken by the industry on the
irrigation of perennial crops with wastewater. Some wastewater is used on vines, but this
practice is not accepted by many winemakers. An interesting innovation has been the
irrigation of date palms with the wastewater. The benefits of such a practice would require a
long-term study.
More and more wineries are considering irrigating pastures and vines for environmental,
social and cost benefits. However, the irrigation methods and systems that are adopted are
usually a ‘suck it and see’ approach by wine makers and winery site managers who do not
have expertise in irrigated cropping systems or soil ecosystem health. Understanding within
the industry, of the best management of wastewater (timing, rate, application, yield, crop
quality) and what the impacts (phytotoxic shock, salinity, pH) of using irrigation water
augmented with wastewater remains unclear.

Recommendations
As such further research is required to evaluate the effects of winery wastewater on vines,
pasture species and other crops through field assessment on a regional basis.
This project has generated much new knowledge; this knowledge must now be considered in
terms of:
1. A concerted effort to extend the technical knowledge and tools to industry so that
adoption can occur.
2. Adaptation of industry policy towards a reduce and reuse approach to winery
wastewater that seeks to improve the environment.
This research was co-funded by GWRDC and CSIRO and was conducted in collaboration
with Provisor. The project team acknowledges the support of all the wineries who contributed
significantly by sharing their data and participating in the auditing process during this project.
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1.

BACKGROUND

Wine making often results in the production of “high strength” wastewater with high organic
loading, (4000-7000 mg/L BOD; up to 10000 mg/L COD), high salinity (EC = 3000-4000
µS/cm) and sodicity (SAR = 8-9). A wide variety of wineries exist, ranging from small
boutique wineries to those that process a large tonnage of grapes. License requirements are
based on size of winery (e.g. >500 tonnes of grapes per year in SA). For example, in South
Australia, there are 67 wineries that are processing greater than 500 tonnes of grapes
annually. In recent years, water use efficiencies in wineries have increased and production is
in the range of 1-2KL of wastewater per tonne of grapes with a treatment cost of
approximately $4 per KL.
Winery wastewater is highly variable, and its characteristics are known to fluctuate markedly
with size of winery, treatment processes, storm water additions as well as the season (previntage, vintage and post vintage), with peak discharge (more than 70%) occurring during the
vintage periods. Environmentally and economically sustainable management of winery waste
and wastewater is a high priority for the industry. Indeed, the Wine industry Waste
Management Forum, through a workshop in 2003 (Wightwick, 2003), identified the following
types of wastes, listed here in the decreasing order of importance- grape marc; wastewater
(including segregation of it); product waste; caustic cleaners; wastewater sludge; and
filtration wastes (i.e. centrifuge sludge and diatomaceous earth). The wine industry has
increasingly recognised the resource potential of the wastewater, particularly as an irrigation
source.
Winery wastewater managers have to work within varying reuse and disposal regulations in
different states. A national project adopting a holistic approach to wastewater management
will be helpful in stimulating development of more uniform inter-state regulations, which
encourages adoption of the holistic approaches. Codes of Practices by Regulatory agencies
(e.g. developed by SA EPA) for discharging winery wastewater into the environment are
coming into effect and hence the current project is well timed to influence the regulators.
A major difficulty with most current land based wastewater disposal systems is that they do
not handle the salts in the wastewater well. As mentioned in the Winery wastewater
Handbook (Chapman et al 2001), “a little sodium goes a long way” in terms of deleterious
effects on soil structure and “most winery wastewater is moderately saline requiring
adequate leaching”. However, “this leaching is most likely to lead to contamination of
groundwater by nutrients (and salts), thus limiting the longevity of land application sites”. As
also stated in the book, irrigation sites that have restricted drainage due to heavy soils or
high watertables are not sustainable.
Development of sustainable and productive land-based wastewater management strategies
as part of an integrated suite of options is important for the Australian industry as it has the
potential to reduce the costs of wine production, and it will demonstrate leadership in
environmental responsibility that is very important in international markets.
Since the nature and different stages of wine processing determines the characteristics of
the wastewater, it is the processing operations that dictate what treatment is necessary. In
turn, the treatment controls the waste water quality, what the environmental impact may be
and hence how the wastewater should be ultimately managed (released/dispersed/re-used).
Therefore, there was an identified need for a single project to consider all the steps in the
production, treatment, disposal or dispersal of winery wastewater in the environment. For this
holistic treatment of the problem we have identified four stages in the waste/wastewater
chain; 1) water consumed 2) wastewater production, 3) Wastewater treatment and 4)
wastewater reuse or dispersal in the environment. In each of these four stages there are key
issues and opportunities for improvement as outlined in Figure 1. 1.
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Figure 1.1 Current issues and future opportunities for improving winery wastewater
management.

1.1. Aims
The overall aim of this project was to provide an integrated “systems approach” to
sustainable winery wastewater management that combines a comprehensive account of
wastewater characteristics, the most cost-effective treatment and recovery/reuse strategies
for nutrients, organic and chemical loads, and the best salt management options to meet
desired environmental specifications.

1.2. Project aims and performance targets
These are revised timelines and performance targets on the review process as outlined in
Table 1.1.
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Table 1.1 Output and performance targets of the project
Outputs and Performance Targets 2006-2007
Outputs
1. Identification of current “Best
practices and options in the wine
making process” for winery
wastewater management

2. Assessment and rating of current
treatment technologies leading to
better engineered, economical and
environmentally friendly options
for winery wastewater treatment

Performance Targets
1.1 Complete literature reviews and stage 1
audit in representative wineries.
1.2 Characterise and quantify liquid wastes
within selected wineries by completing
Stage 2 audit.
2.1 Assess efficiency of current treatment
technologies based on the winery wastewater
physico-chemical characteristics.
2.2 Conduct first tier environmental rating of
wastewater treatment based on the audit
information.
2.3 Develop a spread sheet for cost analyses on
current wastewater treatment options.

3. A set of key indicators of winery
wastewater for the major reuse and
discharge options

3.1 Development of winery wastewater key
indicators in the form of flow charts
appropriate for decision-making.
4.1 Assessment of polymer toxicity and
recommendations on alternative flocculants.

4. Development of novel and
environmentally benign
technologies for winery wastewater
treatment.

4.2

Field trials on FILTER systems - Low cost, low
energy land treatment.

4.3 Environmental impact of cleaning agents
used by wineries.
4.4 Cost-benefit analyses on novel treatment
options.

5. Communication of research
findings 2006-2007.

5.1 Annual report submitted to GWRDC.
5.2 Suitable material fed to “Research to
Practice” project via workshops.
5.3 Newsletters and Journal articles on
research findings.

Outputs and Performance Targets 2007-2008
Outputs

Performance Targets

6. Analysis of pond odour and control
options

6.1 A flyer produced for Odour control options.

7. Guidelines for environmentally
acceptable effluent quality

7.1 Determine guideline values for key indicators
of winery wastewater quality for on site and
off-site disposal.

8. Decision support framework.

8.1 Documentation of decision support systems
in appropriate forms.

9. Customised solutions and
sustainable aquatic and land
systems for winery wastewater
management.

9.1 Test integrated treatment systems appropriate
for site-specific solutions.

10. Communication of research
findings 2007-2008

10.1 Annual report submitted to GWRDC.
10.2 Suitable material fed to “Research to
Practice” project via workshops.
10.3 Newsletters and Journal articles on research
findings.
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Outputs and Performance Targets 2008-2009
Outputs

Performance Targets

11. Customised solutions and
sustainable aquatic and land
systems for winery wastewater
management.

11.1 Conduct field trials using customised FILTER
systems for managing salt issue

12. Assessment of re-use potential of
treated wastewater

12.1 Conduct small-scale trials to explore
beneficial reuse of treated wastewater

13. Communication of research
findings 2008-2009

13.1 Final report submitted to GWRDC
13.2 Suitable material fed to “Research to
Practice” project via workshops.
13.3 Newsletters and Journal articles on research
findings
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2.

METHODS

A summary of the research activities and the outcomes/outputs targeted through these
activities is shown in Figure 2.1. This listing relates to the analysis of issues and
opportunities shown in Figure 1.1, associated with the three intervention steps; i.e.
production, treatment and reuse/dispersal of wastewater in the environment. These listings
are shown in the top three sequential research component boxes of Figure 2.1. The fourth
component box of Figure 2.1 shows the activities and outcomes/outputs relating to the
communication and adoption strategies of this project.

Figure 2.1 Relationship of activities to outcomes/outputs.
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The activities and outcomes shown in Figure 2.1 are described in the following sections. A
precursor to this work was a detailed literature review.

2.1. Sources of wastewater
This research component focused on the processing steps involved inside the winery that
determine the volumes of production of waste and wastewater, and their pollutant
concentrations.

2.2. Process audit/survey
A series of strategic audits of wineries were undertaken to characterise and quantify the
wastewater generated within the winery, with a view to reporting on the current state of
winery wastewater management, current options for treatment, costs and key knowledge
gaps. Wineries selected for auditing represented small-scale, moderate and large-scale,
across the geographic and climatic spread of wineries in Australia. The audit gathered data
on the wastewater volumes, polymer and cleaning agents/practices used, water quality used
in processing, contamination of wine through spillage, and stormwater handling. Analysis of
this data provided for benchmarking, model development and the formulation of Best Bet
Management practices/Options and Guidelines for Australian wineries in different wine
growing areas. Communication of this information to the industry was undertaken through the
“Research to Practice” project.
The process audit/survey was carried out in two stages. In stage one, a questionnaire
approach covering the whole size and geographic spread of the wine industry was used to
collect existing information from wineries. The analysis assessed commonality trends, as
well as effects of other factors such as regions, winery sizes, production/treatment
technology etc. The information from the stage 1 audit was used in planning stage 2. In
stage 2, detailed audits were conducted in a few selected wineries to understand the effects
of wine making processes and treatment on wastewater quality, costs etc.
The audits were undertaken in collaboration with Provisor as they had significant experience
in providing a wide range of commercialisation and process evaluation/implementation
services to the wine industry and as a test of the potential for Provisor collaboration with
GWRDC research projects.
The information from the audit was shared with the broader wine industry in various regions
across Australia through the workshops undertaken by the parallel “Research to Practice”
project.

2.3. Literature review
Information from Australia and overseas relating wastewater quality to wine production, types
and costs of treatments were collected and analysed. The literature review also included
other wastewater systems.
A detailed review of Potassium in agricultural industry wastewaters was undertaken. This
covered the concentrations of Potassium in various wastewaters and the impacts of the
Potassium on soil and plant health.

2.4. Evaluation and modelling of data:
A critical review of chemical usage in wineries and wastewater composition was carried out
to determine possible improvements in the wine making process that can lead to more
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effective and sustainable subsequent wastewater treatment and disposal. The data from the
audits was analysed to identify ‘best industry practice’ in terms of increasing water use
efficiency and minimising chemical concentrations and loads. The relationship between
factors such as regions, winery size and age with the volume and loads generated by the
waste stream were quantified. Particular attention was paid to outliers that would indicate
exceptionally clean (best practice) wineries. Other data from the audit was used to identify
‘Best engineering practice’ in wineries. The analysis was directed at identifying the potential
for decreasing the pollutant loads from current loads to current industry best practice, taking
into account winery size.

2.5. Treatment processes and technologies
This research component focused on the wastewater treatment processes and technologies
involved to make the wastewater suitable for reuse by irrigation. The following activities were
undertaken:

2.5.1.

Existing wastewater treatment technology

Current winery wastewater treatment technologies were surveyed along with the wine
processing steps in the selected wineries. The results of the survey were used to assess the
efficacy of current treatment processes such as use of settling ponds, aeration ponds, use of
chemicals to remove solids, anaerobic and aerobic digestion, lagoons and wetlands. From
these results ‘best practices’ and key performance indicators were evaluated.
Odour from wastewater was identified as a major issue in our workshops. Most of the
activities in the project work indirectly to addressing this problem by minimising wastewater
and improving its management. However, a need for industry information on the basic
causes and management of odour was identified. This was addressed by developing an
industry briefing document.

2.5.2.

Development and testing of novel treatment technologies

The industry survey and workshops indicated that low cost treatment approaches for small
scale wineries were required in particular. In order to address this a low cost, low energy land
based wastewater treatment system was developed and tested. This was undertaken for a
1500 tonne crush winery in the Riverina region.
As part of the review and coming to light in the development of a low cost small scale
treatment approach was the need for a low cost ($’s and labour) approach to pH
management. As such, an approach using anhydrous ammonia as the neutralising agent
was tested.

2.6. Wastewater monitoring
For proper management good monitoring is required. Also an understanding of wastewater
toxicity was identified in order to assist in assessing current treatment technologies,
improving management and providing information for new wastewater treatment systems. As
such the following activities were undertaken:
Use of COD (chemical oxygen demand) v BOD (biological oxygen demand) – BOD is the
standard measure used for estimating organic load and determining compliance with
regulations and guidelines. However, the BOD test is very time consuming, requires
specialised apparatus and results can be variable. COD is more straightforward and
repeatable test but is untested in winery wastewater. We conducted trials of BOD V COD
tests across a range of winery wastewaters to determine their applicability and correlation
between the methods.
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Polymers used in wineries were identified as a possible source of toxicity and so were also
tested in laboratory trials to establish their toxicity and threshold levels.
Winery wastewater quality assessment has in the past relied upon chemical analysis.
However, there has not been sufficient research to fully determine what are the causes of
toxicity in winery wastewater. As such the chemical analysis although useful does not
provide information on the impact of winery wastewater to plants. Also due to the large
number of compounds in winery wastewater full analytical testing is expensive. As such we
undertook laboratory studies to test bioassays that would be useful in determining the toxicity
of wastewater to plants.
Wastewater monitoring is generally undertaken by grab samples followed by limited
analytical analysis. This provides very little opportunity for any real time adjustment to winery
practices or wastewater management. We undertook analysis to test the S::CAN UVvis
spectrometer probe (http://www.s-can.at/) for use with winery wastewater. This can
potentially be used for on-line analysis and hence give real time results and the ability to
differentiate the different components of wastewater and so aid management decisions.

2.7. Wastewater reuse for irrigation
This research component focused on winery wastewater reuse for irrigation. The overall aim
being to understand the impacts of winery wastewater on soils and plants and to develop
guidelines for the sustainable reuse of wastewater for irrigation. Broadly our investigations
involved monitoring existing sites where winery wastewater is applied to assess the impacts
and to undertake laboratory assessments of the impacts on soils of wastewater application.
Monitoring of reuse sites – we undertook monitoring of wastewater reuse at a number of
sites across South Australia and the Riverina. Measurements were taken of the soil and plant
conditions, which combined with the wastewater input data was used to understand the
impact of the wastewater and the potential sustainability of the practice. The monitoring
covered a cross section of locations, soils, crops, wastewater qualities and application
methods. Some of the monitoring was a continuation of long term monitoring allowing an
understanding of the long term effects on soils. The monitoring in the Riverina included
detailed short term monitoring of the fluxes in the rootzone.
Impacts on soils – we undertook laboratory studies on small soil columns to understand the
relative contribution of potassium and sodium to soil structural degradation. We also
undertook larger column studies with winery wastewater on a range of soils to assess the
effects of combined organic load and salts on soil hydraulic conductivity.

2.8. Communication and adoption activities
The project was integrated with the parallel “Research to Practice” project, to provide direct
feedback to and from the industry. The “Research to Practice” project provided feedback on
the outputs from this project, such as novel treatment solutions, guidelines etc. It was also
used to confirm and highlight those problems considered by winery operators to be most
pressing and intractable.
Stakeholder workshops were held in four regions – South Australia, Riverland, Riverina and
Yarra at the start of the project.
Our findings have been disseminated by a series of workshops and publications in the Wine
and Grapegrower, refereed journals, technical reports, seminars and industry information
sheets.
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Several tools were developed to assist wineries:
1. Assess their environmental performance
2. Assess wastewater treatment practices
3. Assess wastewater treatment costs.

2.9. Results/Discussion
This section has been summarized in the following chapters. This series of short chapters
provides brief methods followed by the results and conclusion for each research activity. At
the end of each chapter indicated, the outputs associated with each activity to which the
reader is directed for further detail.
Table 2.1 Summary of activities
Chapter

Activity

3

Identification of current “Best practices and options in the wine making
process” for winery wastewater management

4

Assessment and rating of current treatment technologies leading to better
engineered, economical and environmentally friendly options for winery
wastewater treatment.

5

A set of key indicators of winery wastewater for the major reuse and
discharge options

7

Development of novel and environmentally benign technologies for winery
wastewater treatment
Analysis of pond odour and control options

8

Guidelines for environmentally acceptable effluent quality

9

Decision support system

6

11

Customised solutions and sustainable aquatic and land systems for winery
wastewater management
Assessment of re-use potential of treat wastewater

12

Outcomes/Conclusions

10
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3.

IDENTIFICATION OF CURRENT “BEST PRACTICES AND
OPTIONS IN THE WINE MAKING PROCESS” FOR WINERY
WASTEWATER MANAGEMENT

3.1. A desktop review of current wastewater management and
research in the Australian Wine Industry
Since the mid-1980’s the Australian wine industry has expanded rapidly with the production
increasing by more than threefold since the early 1990’s (ABS, 2005). In 2004, a record 1401
million litres of beverage wines was produced, of which 584 million litres was exported at a
value of $2.5 billion. Wastewater is commonly cited as the most pressing issue facing
wineries (Thomas, 2004), and this problem has consequently become even more important.
The volume and chemistry of winery wastewater is highly variable, depending on season, the
type of wine produced and winery practises. Production variables affecting wastewater
quantity and quality include washing down protocols (e.g. floor washing frequency), methods
of tank disinfection (steam sterilization vs chemical), type of disinfectant used and filtering
method (diatomaceous earth vs mechanical methods).
Chapman et al. (2001) estimated that wineries generate between 1-5 kL of wastewater per
tonne of grapes crushed. At certain periods in winery operations wastewater can contain
extremely high levels of organic matter (e.g. as much as 120,000 mg chemical oxygen
demand [COD]/L) Shepherd et al. (2001)), nutrients (e.g. TN 5-70 mg/L; (ANZECC and
ARMCANZ, 1998) and salts 1.5-3.5 dS/m; (Chapman et al., 2001) which far exceed
regulatory agency guidelines for the environmental protection of waterways (ANZECC and
ARMCANZ, 2000a).
Wineries have traditionally disposed of wastewater through storage and treatment in aerated
ponds, some form of land disposal or alternatively through the sewage treatment system.
Disposal of winery wastewater in municipal sewerage systems is often impractical in large
scale operations owing to charges levied by local authorities and inadequate infrastructure
capacity (peak waste production from a moderate-sized winery (60,000-140,000 hL/a wine),
in the period after vintage is comparable to that from a town of 20,000 people (Racault and
Lanoir, 1994)). On-site wastewater treatment is therefore preferable. With increased wine
production larger wineries are increasingly finding removal of wastewater through
evaporation and irrigation also has limitations. For example, peak wastewater production and
peak vineyard water demand are asynchronous and over application of wastewater can
generate deleterious effects on drainage water quality (Chapman et al., 2001).
The volume of water that can be sustainably recycled to vineyards in the immediate vicinity
of the winery is dependent on local climatic conditions and soils. In some situations, large
wineries take in grapes from growers across a vast geographical region, generating much
larger volumes of wastewater than can be recycled to local vines. Consequently larger
wineries often dispose of their wastewater to woodlots rather than vineyards while small
wineries that crush only their own grapes are more likely to be able to recycle wastewater to
their vines.
Chemicals used in the wine making process such as flocculants, caustic and acidic cleaning
agents and the grape derived organic components of winery wastewater have the potential
to pollute surface and groundwaters, degrade soil and damage vegetation. Furthermore, the
management of wastewater, solids and semi-solid by-products from the winemaking
processes can generate malodorous air emissions which impact on environmental aesthetics
(EPA SA, 2004).
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The increasing problem of winery wastewater due to current legislation could limit the
expansion of the industry (Farrelly, 2001). A number of technological innovations are being
developed to address this problem and to preserve the Australian wine industry’s ‘Clean and
Green’ image overseas, as an international marketing advantage.

3.1.1.

Environment and the Australian Wine Industry

The environmental responsibility of the Australian wine industry was first formalised in the
Environmental Protection Act (SA) in 1993. Legislation now exists in all states (e.g. Lyster,
2003a, b). In South Australia wineries that crush more than 500 tonnes of grapes annually
must be licensed and a waste management plan is required. The plan is based on two key
principals outlined by the National Effluent Management Guidelines for Wineries and
Distilleries (ANZECC and ARMCANZ, 1998): waste minimisation and effective recycling and
re-use (Chapman et al., 2001; Brooker and Smyl, 2003). Winery wastewater may contain
materials such as sugars, ethanol, flavourings, acids, cleaning chemicals, soaps, nutrients
and storm water. Treating and purifying wastewater expensive and involves the use of
energy and chemicals and produces atmospheric emissions and solid waste. Therefore,
waste minimisation is a primary focus for most operations rather than looking for better ways
to treat waste (Fosters Group Ltd., 2004). Table 3.1 outlines the main aspects, constituents
and sources of winery wastewater and their possible impacts on the environment (EPA SA,
2004).
The issues identified in a review of the waste management for the Australian wine industry
(Wightwick and Smith, 2003), included:
•
•
•
•

Lack of willingness/appreciation of the responsibility in wastewater management;
Lack of understanding of volume and composition (BOD, N, P, K);
No cohesion within the wine industry;
Other issues included the cost of treatment systems especially at the smaller scale,
cleaning and caustic agents as a source of added salt/sodium, water wastage,
variability in water quality and the segregation of stormwater.

Final Report: Systematic Approach to Winery Wastewater Management

Page 16 of 131

Table 3.1 Types of contaminants in winery waste water, their origins and likely
environmental effects
Contaminant
Class

Examples

Sources

Effects

Organics

Phenols, tannins,
catechins, proteins,
fructose, glucose,
glycerol, ethanol,
flavourings, citric acid,
ethyl carbamate

Loss of juice, wine
and lees, residues
in cleaning waters
and filters, solids
reaching drains

Organism deaths, ecological
function disruption, Odours
generated by anaerobic
decomposition, solubilisation of
sorbed nutrients and heavy
metals. Soil clogging

pH effects

Organic, sulphuric and
phosphoric acids,
sodium, magnesium
and potassium
hydroxides

Loss of juice, wine
and lees, cleaning
agents, wine
stabilisation

Toxicity to macro and micro
organisms, effect on solubility of
heavy metals

Nutrients

N, P, K

Loss of juice, wine
and lees, protein
removal to prevent
haze, washings and
ion exchange

Salinity

Sodium chloride,
Potassium chloride

Juice and wine,
cleaning agents

Affects water taste, toxic to
plants and animals

Sodicity

Sodium, potassium

Washing water

Degrades soil structure, toxicity
to plants

Heavy metals

Al, Cd, Cr, Co, Cu, Ni,
Pb, Zn, Hg

Al, Cu, piping and
tanks, Pb soldering,
brass fittings

Toxic to plants and animals

Disinfectants

Sodium chloride,
Sodium hypochlorite,
Sulphur dioxide

Sterilization of
tanks, bottles,
transfer lines

Formation of carcinogens (e.g.
THM)

Soil Cloggers

Microbial cells and
grape residues,
flocculating or
coagulating agents,
bentonite,
diatomaceous earth

loss of lees and
marc, floor
cleaning, filtering,
wastewater sludge

Algal blooms, excess nitrate in
water, high SAR

Reduction in porosity, light
transmission, odour generation

Advances in treatment processes have to a large extent been able to provide control
solutions for organic matter. Currently, one of the more pressing concerns of winery
wastewater in Australia is the management of salts, particularly sodium and potassium, as
these are conservative elements that can seriously affect sustainability of land based reuse
of wastewater (Smiles and Smith, 2004).
In the National Pollutant Inventory (2004) there are 18 substance emissions listed for wine
manufacturing that include a number of hydrocarbons including benzene, toluene, xylene,
formaldehyde as well as carbon monoxide, hydrogen sulfide and sulfuric acid.

3.1.2.

Winery wastewater treatment requirements and available technologies

The objectives of wastewater management are to be protective of the receiving environment
and enhance water reuse opportunities. Reduction of organic strength, measured as
biochemical oxygen demand (BOD), is considered to be the single most important process
wastewater treatment objective necessary to support vineyard and landscape irrigation
(Dombeck, 2005) and it is the limiting parameter defined in Australian environmental
protection guidelines for the utilisation of treated effluent by irrigation (ANZECC and
ARMCANZ, 1998). The organic content of winery wastewater consists of highly soluble
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sugars, alcohols, acids and recalcitrant high-molecular-weight compounds (e.g., polyphenols,
tannins and lignins) which are not easily removable by physical or chemical means alone
(Dombeck 2005).
In addition to the organic pollutants several other pollutant classes are present in winery
wastewater (Tables 3.1 and 3.2), which need to be reduced to acceptable limits prior to their
discharge to surface water bodies or applied to land.
Biological remediation has been the preferred method of handling organic-strength wastes
for several decades. Ponds are among the simplest of biological treatment systems in that
they rely on low, native concentrations of bacteria to accomplish treatment. The pond is
simply a reactor in which the organic fraction of the wastewater is converted through
bacterial oxidation and synthesis into bacterial solids, and benign end products of carbon
dioxide and water. Dombeck (2005) provides a detailed review of the factors that need to be
considered in efficiently managing winery wastewater treatment ponds. These include
management of pond microbiology, hydraulic detention time, aeration and environmental
controls.
The other treatment options include various types of land treatment and reuse of winery
wastewater, which could also be used in combination with well managed treatment ponds.
Combining the above technologies with cleaner production systems in the winery could
increase the combined treatment efficiencies and provide ecologically-sustainable and
economically-viable integrated systems.
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Table 3.2 The range of pollutants in winery wastewater and the requirement for their
reduction for discharge to surface water bodies or applied to land
Range in
wastewater

a

Guideline limits for
aquatic ecosystems

Irrigation Water Guidelines
limits

pH

b

6.5 - 9

c

EC (dS/m)

b

2.2

b

TKN (mg/L)

d

0.5

e

TP (mg/L)

d

0.05

e

BOD (mg/L)

d

15

g

Pollutant

4-10
1.5-3.5
5-70
1-20
1000 – 8000

5-8.5
1.1-3.3
0.05
1500 (kg/ha/month)

i

Gross solids should be
removed

TSS (mg/L)

dh

50

TDS (mg/L)

d

<1000

SAR

d

k

Sodium (mg/L)

b

p

100-1500

<550 -2200

f

5 ( <500KgN/ha /year)

4-9
250-328

j

704 – 2112
l

3 6
<115

f

Chloride (mg/L)

m

<100 for spray
<350 for all irrigation water

Trace- 426

Chlorine (µg/L)

n

0.4

Potassium (mg/L)

d

Ca (mg/L)

d

Mg (mg/L)

d

40-340
13-45
6-50

Aluminium (mg./L)

e

Arsenic

50 (ug/L)

e

4 (ug/L)

e

90 ug/L

e

0.2-2 (ug/L)

ep

10 (ug/L)

e

5

Beryllium
Boron
Cadmium

o

Chromium

o

Cobalt

o

Copper

o

60 (ug/L)
150 (ug/L)

Iron
Lead

o

12 (ug/L)
1090 (ug/L)

0.1
0.01

0.1

0.05

c

0.2

c

1

1000 (ug/L)

c

0.2

1.0-5.0 (ug/L)

c

2.0

2-5 (ug/L)

Fluoride
o

0.1

e

170 (ug/L)
790 (ug/L)

0.1

c

2.5 (0.075 for citrus)

c

0.2

c

0.002

c

0.01

15.0-150 (ug/L)

c

0.2

5 (ug/L)

c

0.02

Uranium

c

0.01

Vanadium

c

0.1

c

2

Lithium
Manganese

o

310 ug/L

Mercury

0.1 (ug/L)

Molybdenum
Nickel

o

120 (ug/L)

Selenium

Zinc

o

580 ug/L

5-50 (ug/L)

a

ANZECC and ARMCANZ (2000a). bChapman et al. (2001) cDepartment of Environment and Conservation (NSW)
Australia, 2004a. dANZECC and ARMCANZ (1998) eLong term trigger values (up to 100 years) in irrigation water.
(ANZECC and ARMCANZ, 2000b). fEPA Victoria, Australia (1991). gMaximum organic loading rate for most soils.
Department of Environment and Conservation (NSW) Australia, 2004b. hChapman (2003). iEPA Victoria, Australia (1991).
j
Based on empircial factor of 640 multiplied by the threshold EC values for irrigation water applied to grapes (ANZECC and
ARMCANZ, 2000a). kThreshold value for EC of irrigation water applied to grapes (ANZECC and ARMCANZ, 2000a).
Range of values covers different soil types. lSoil permeability and aeration problems can occur when it is irrigated with
water that has SAR above 6. (Department of Environment and Conservation, NSW, 2004c). mChapman (1999).
n
McLaughlin et al. (1999) oBustamante et al. (2005). pANZECC and ARMCANZ, (2000c).
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3.1.3.

Current approaches and technologies in Australia

The most prevalent form of winery wastewater treatment in Australia is biological treatment
followed by irrigating woodlots, vines or pasture. About 10% is being used to irrigate vines.
Many Australian wineries have embraced the benefits of environmental sustainability and
some are employing environmental consultants to undertake assessments of effluent
management at their facilities (examples include Tamburlaine Vineyards, 2005 Chapel Hill
Winery & The Environment, 2005; Foster’s Group, 2005; De Bortoli, 2005). Common
recommendations involve pH control, solids removal followed by anaerobic and/or aerobic
wastewater systems followed by application to tree plantations or vineyards (Smith, 2002;
Land Energy, 2005, Olden, 2002; Fosters Group, 2005; Australian Government Department
of Environment and Heritage, 2005; Baldwin, 2000; Deans, 2003; Johansen, 2004).
An evaluation of a number of discharge and treatment options, which was specific to
wineries’ located in Australia, was reported by Swain and Thomson, (2000). The options
included: cleaner production, tankering waste off-site to a wastewater treatment plant,
irrigation, catchment discharge, discharge to a sewer, re-use in the winery and evaporation.

3.1.4.

Cleaner production

One approach to management options for wastewater in Australian wineries has been via a
coordinated Cleaner Production approach including wash down techniques, recirculation,
pigging transfer lines, alternative filtering (Laffer, 1996; Chapman et al., 2001) and
alternative tank cleaning methods (Astley, 2000).
Improved washdown techniques include reducing the volumes of wastewater produced
through the attachment of shutoff valves to hoses that prevent unnecessary over-use. Raking
floors prior to washdown is another practise that can reduce use of water (Chapman et al.,
2001).
“Pigging ‘ transfer lines, involving the emplacement of plastic inserts has been used with
limited success to reduce mixing of different batches of wines and rinsing solutions during
transfer operations which can produce excess amounts of wastewater (Chapman et al.,
2001).
Studies into the use of alternative winery cleaning practises such as hot water treatments,
high pressure water cleaners, purchasing easy to clean winery equipment and using dry
cake discharge filters are being carried out in some wineries (Tamburlaine Vineyard, 2005;
De Bortoli Wines, 2005).
Training workers in pH monitoring to reduce the risk of overusing caustic solutions has also
been identified as an important aspect of optimising cleaning operations.
Wine Federation of Australia (2003) identified the use of sodium hydroxide as the major
cleaning agent for the removal of tartrate deposits and brown scums which accumulate on
the inside of tanks and transfer lines. This treatment raises the pH of wash waters up to 13.5,
which is highly corrosive and can be deleterious to the next batch of wine. The water is
treated with citric acid to lower pH to acceptable levels. Both the sodium hydroxide and citric
acid are cheap and readily available. However the sodium hydroxide leads to an increase in
the salinity of the effluent, which in turn can cause reductions in crop yields and soil
degradation in situations where wastewaters are being used to irrigate vineyards or are being
treated through application to land or aquatic ecosystems (Chapman, 1999, Chapman et al.,
2001; Astley, 2000; Hydrosmart.com.au, 2005). Alternative cleaning agents for wineries
include formulation of reduced levels of sodium hydroxide with stable surfactants,
dispersants and sequestrants to improve efficacy. Such formulations have provided a
significant reduction in effluent salinity for equal cleaning capacity compared with
conventional caustic solutions (Astley, 2000). However, there has been little reduction in
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water waste from these alternative products which often have a higher organic load resulting
in the basic problem remaining the same (Brooker and Smyl, 2003).
Products based on potassium hydroxide, and magnesium hydroxide although more
expensive, have been found to be just as effective at tartrate removal as sodium hydroxide
(Astley, 2000). Vines and other crops (such as lucernes and oats) can take up significant
quantities of potassium during growth and it is usually applied as a fertilizer. This would
suggest that in some cases irrigating with effluent with elevated concentrations of potassium
would not be damaging to the vegetation. However, excessive amounts have been known to
cause magnesium deficiency in vines. It has been previously noted that the criteria used to
determine the effects on soil structural stability of sodium, apply equally well to potassium
when these cations are looked at in isolation. However, uncertainty occurs in predicting soil
coagulation when monovalent cation interactions occur (Smiles and Smith, 2004).
There are opportunities within the wine industry to develop new technologies in cleaning
processes through progress in biotechnology based on microbial processes (Brooker and
Smyl, 2003). Although the degradation of single aromatic compounds by pure strains of
bacteria in the laboratory has been well documented bioremediation processes in the
environment where mixtures of compounds are degraded through the activity of microbial
communities are not well understood. Furthermore, microbes are also the source of a range
of enzymes used for industrial and domestic cleaning procedures that include proteases,
lipases, amylases, pectinases, glycosidases and cellulases. New research and development
efforts in Australia are now isolating micro-organisms from soil of winery waste dumps which
are then being inoculated into high strength wastewater with successful results of
decolouration and reduction of suspended solids. The research remains in its infancy with
consortia characterisation and component and degradation product identification still to be
carried out (e.g. SA Water Centre for Water Science and Systems, 2005).

3.1.5.

Wastewater treatment

Aerobic systems
Current wastewater systems in Australia have tended towards aerobic systems (Anon, 2003;
Australian Government Department of Environment and Heritage, 2005), involving a series of
lagoons in which are installed large pumps that circulate air through the water to support the
natural aerobic bacteria. The downside of such systems is their very high energy
requirements and therefore high costs. Aerated systems, such as a flat panel airlift
bioreactor, bubble column bioreactors and membrane aeration technology all offer new
advances in aeration wastewater treatment systems. Some systems comprise algae and
bacteria either free or adsorbed onto an inert carrier such as polyethylene beads that treat
the water (Grismer et al., 2003; Saleh et al., 2005). Many photobioreactors, aerobic and
anaerobic have been used to treat winery wastewater with greater than 90% removal rate of
COD (Petroccioli et al., 2000).
Anaerobic systems
Anaerobic systems, namely Upflow Anaerobic Sludge Blanket (UASB) systems have
frequently been used to treat wastewater (Seghezzo et al., 1998) and can offer an
inexpensive and simple solution to winery wastewater management with 80-98 % removal of
COD load (Moletta, 2005). Many of the disadvantages of anaerobic systems such as the
slow start up time to the process, involving the development of the methanogenic microbial
community, the efficiency of the treatment which can be limited due to the variable nature of
the composition of the effluent and the generation of malodours, can be overcome through
inoculation techniques (Keyser et al., 2003).
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Sequence batch reactors, combined anaerobic/aerobic systems and artificial wetlands
Sequence Batch Reactor (SBR) systems are currently being adopted as state of the art
winery wastewater systems (Johansen, 2004). In the SBR system the effluent is mixed with
the biomass and aerated on a cyclic basis using a fine bubble membrane diffuser system
which minimises power consumption. At the end of a six hour aeration cycle the contents of
the basin are allowed to settle and the clear effluent is removed for storage or irrigation.
Excess sludge is wasted to a sludge digester where it undergoes further aeration, is
dewatered and used as a slow release fertilizer on vines (Tenix, 2004). SBR systems have
shown good performance with >98% BOD removal (Johansen, 2004).
Other wineries are installing a combination of anaerobic/aerobic lagoons where the first
lagoon facilitates anaerobic digestion through the exclusion of oxygen which occurs naturally
during the decomposition of high strength wastewaters; secondly an oxygen enriched
aeration lagoon system and finally an oxidative lagoon usually incorporating nutrient
absorbing reeds and other aquatic plants or irrigation to vineyards. Wineries in South
Australia’s Barossa Valley, McClaren Vale and other wine growing regions of the country
are using artificial wetland systems as a secondary treatment for wastewater prior to
irrigation or re-use. Wastewater supplied to the wetland plants needs to be of a non-variable
composition and significant amounts of BOD must be removed by aerobic or anaerobic
systems prior to application in order for the plants to be able to thrive. There have been a
number of scientific studies carried out on constructed wetlands overseas (Shepherd et al.,
2001; Grismer et al., 2003; which show BOD removal as high as 92-98%, COD removal 8798%, TSS removed with up to 70-90% efficiency, pH neutralisation, TN removal from 50-90%
and TP removal between 20-60%. However, the availability of data from Australia proving
the success or otherwise of these systems for winery wastewater treatment is sparse and the
long term use and reliability of wetlands for effluent treatment by large wineries, under rapid
expansion, is questionable.
Land application as wastewater irrigation
Ultimately all treated winery wastewater is disposed of to land, evaporation basins or
municipal sewage (Swain and Thomson, 2000). Environmental Protection Agencies (EPA) in
many countries have promoted land treatment and reuse of wastewaters to reduce pollution
of natural water bodies. When soil conditions are suitable, land treatment of wastewater for
irrigated cropping or forestry systems can be successfully practiced, with adoption of good
management practices to ensure adequate pollutant breakdown and prevention of excessive
accumulation of pollutants in the soil (Pescod, 1992; Department of Environment and
Conservation, 2003a,b,c). With saline wastewaters, an adequate leaching fraction needs to
be adopted to prevent salt accumulation. However the leached salts could affect the
groundwater quality.
Several Australian studies have demonstrated the feasibility of the land application option as
part of the waste treatment process, as well as issues associated with sustainable cropping
and ensuring natural habitats are not degraded. In Australia Chapman (1998) monitored the
application of winery wastewater to a vineyard and found increases in TOC were <1% during
an irrigation season. Chapman et al., (1995) reported that newly exposed soils (brown earth)
that were exposed to winery effluent had lower organic removal efficiency than non-exposed
soils. Recommendations on the frequency of applications of wastewater were made to
ensure sufficient microbial activity was maintained for the removal of organic matter.
Woodlots
Berri Estates produces around 200 megaliters per annum of low level wastewater with BOD
of around 2500 mg/L. Primary treatment involves screening and settling the larger solids in a
pond followed by application to a 40 ha woodlot plantation by flood irrigation. The trees in the
woodlot are primarily Eucalyptus camaldulensis with some Casuarina species ranging in age
from 2-40 years old (Olden, 2002).
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Land FILTER Technology
When soil conditions are suitable, land treatment of wastewater for irrigated cropping or
forestry systems can be successfully practiced, especially with low saline wastewater.
However, on poorly drained soils, effluent irrigation can lead to water-logging, as well as
salinisation and sodification due to inadequate salt leaching. This reduces crop yields and
nutrient removal, and hence long-term sustainability of such sites. In addition, where the
wastewater needs to be stored on expensive semi-urban lands during wet weather and
winter periods when the evapotranspiration needs for irrigated cropping falls, the costs
escalate.
The land FILTER (Filtration and Irrigated cropping for Land Treatment and Effluent Reuse)
technique was proposed to overcome these problems and provide a sustainable and costeffective land treatment system, on the limited available areas of high-value land around
urban centres, (Jayawardane 1995, Jayawardane et al. 1997, Jayawardane et al. 1999). The
FILTER technique combines using the nutrients in effluent to grow crops, with filtration
through the soil to a sub-surface drainage system during periods of low cropping activity and
heavy rainfall, and thus provides wastewater treatment throughout-the-year on the smaller
areas of available land in urban areas.
In the FILTER system, the rate of wastewater application and subsurface drainage are
designed to ensure adequate pollutant removal, thereby producing low-pollutant drainage
water that meets EPA criteria for discharge to surface water bodies or for reuse. This
filtration phase can be combined or followed, if and when necessary, by a cropping phase to
remove any nutrients stored in the soil, thereby maintaining a sustainable system. The
preliminary experiments at the Griffith FILTER trial site showed that adequate crop growth
and nutrient removal could be achieved by crops grown during the filtration phase, which
eliminated the need for a separate cropping phase.
The Land FILTER concept was tested in a preliminary study at a winery near Griffith, in the
Riverina Region of NSW, Australia. The objectives of the field trial were to quantify the
removal of pollutants from winery wastewater during flow through the FILTER plots to the
subsurface drainage system and to measure the changes in the soil physical properties at
the FILTER site.
The system was found to provide pH neutralisation and excellent nutrient removal (95% of
phosphorus, 78% of nitrogen and 67% of potassium), Marcoux (2002). Removal efficiencies
were maintained to meet regulatory drainage guideline levels of nutrients even when effluent
loads had seasonal and operational variability. Removal of up to 85% of organic matter was
achieved, but initial BOD concentrations were so high that enhanced primary treatment of
effluent would be required for BOD levels in FILTER drainage waters to meet discharge
compliance levels. The BOD levels observed in the drainage waters may also be partly
associated with the very high levels of soluble sugars in winery wastewater, which were not
adequately removed during flow through the soil in the FILTER plots. There was little
increase in drainage water salinity. The SAR was decreased by increase of magnesium and
calcium concentrations. This may pose some concern for long-term soil sustainability of the
system, as potassium is stored in the soil while calcium and magnesium are leached. The
high SAR of the irrigation water may also cause soil structural breakdown, when the salt
concentration falls below the threshold concentration required to maintain soil structural
stability. Other problems for the system were the very high organic loadings of the irrigation
water which caused water-logging, possibly through reductions in soil hydraulic conductivity.
Further studies are needed to address some of the specific problems posed in the winery
wastewater renovation through land FILTER systems.
Other novel technologies
Future winery wastewater technology is generally focussing on the development of cleaning
and treatment processes which do not rely on chemicals. Novel micro-organisms, solar
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energy, and salt tolerant plants are all being explored as ways of reducing the environmental
footprint of the wine industry.
More recently there has been a shift of thinking towards harvesting useful products from
waste streams. Micro-algal technology, involving growing and harvesting species of algae
which contain high lipid content in secondary treated wastewater for bio-fuel production is a
new area of research (Tsukahara and Sawayama, 2005).
Research is continuing into the use of novel microrganisms and their enzymes for new
cleaning products and waste minimisation. Enzyme extracts that can degrade tannin
complexes would be valuable to the wine industry (Brooker and Smyl, 2003).
There have been some developments by Temple Bruer (an organic Australian winery;
Temple Bruer, 2005) to convert winery wastewater use a solar still to recover winery
wastewater.
Research is ongoing at the University of South Australia involving the removal of chemical
and biological contaminants from treated sewage wastewater using a solar nanophotocatalytic process. Energy from the photocatalytic reaction decontaminates wastewaters
producing clean water that can be dispersed with no risk to the environment (Jin, 2005). In
the same laboratory, a project is being carried out, investigating the potential for winery
wastewater being turned into protein rich animal food. ‘Researchers are developing an
integrated biotechnological treatment and production process that enables organic waste
material to be removed from winery waste water streams cheaply. This involves the use of
super micro-organisms that convert the waste into a fungal biomass protein feed for farm
animals including pigs, poultry and fish, as well as aquaculture industries. The researchers
have identified two super micro-organisms that would be suitable for this conversion process.

3.1.6.

Discussion

Smith (2002) concluded that there is no single best solution to dealing with winery
wastewater. There are advantages and disadvantages to many different treatments and that
all the issues within the wine making process, options for disposal/reuse of wastewater and
costs need to be considered prior to determining the triple bottom line of a number of
different options and their integration into optimal site-specific solutions.
Development of sustainable and productive land-based wastewater management strategies
as part of an integrated suite of options is important for the Australian industry as it has the
potential to reduce the costs of wine production, and it will demonstrate leadership in
environmental responsibility that is very important in international markets.
Since the nature and different stages of wine processing determines the characteristics of
the wastewater, it is the processing operations that dictate what treatment is necessary. In
turn, the treatment controls the waste water quality, what the environmental impact may be
and hence how the wastewater should be ultimately managed (released/dispersed/re-used).

3.1.7.
•

Publications arising from this research
Quayle, W.C., Christen, E., Jayawardane, N., Blackwell, J., Corell, R., and Fattore, A.
(2006). Innovation in management of wastewater in the Australian wine industry. The
Australian and New Zealand Grapegrower and Winemaker, 34th Annual Technical
Issue (no. 509a): 41-49.
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3.2. Current practices for winery wastewater management and its
reuse: An Australian industry survey
3.2.1.

Audit Methodology

A survey was conducted of the Australian wine industry to determine best practice and
current attitudes in the areas of winemaking, water use, wastewater treatment, wastewater
disposal and dispersion. The survey was sent to 64 wineries which were chosen based on a
number of factors including having an environmental focus, the use of unique or advanced
wastewater treatment methods, known as adopters of new technology and the use of new
processes. Additional wineries were then selected to ensure the audit covered wineries with
a range of sizes and from different regions. To ensure an integrated approach, the
questionnaire covered the following areas:
1.
2.
3.
4.

winemaking processes that impact on wastewater production;
water consumption in the winery;
wastewater treatment methods; and
wastewater reuse or dispersion in the environment.

The response to the survey was very positive with 45 wineries returning information
(approximately 70% response, Tables 3.3 and 3.4). The survey accurately reflected the
demographics of wineries in terms of size and location (Tables 3.4 and 3.5).
Table 3.3 Number of wineries in the sample classified by winery size, together with
weights used in subsequent analyses
Equivalent crush
(tonne per annum)

Number of wineries in
sample

Proportion of industry
represented

Weight

<1000

11

0.09

0.368

1000-2500

9

0.05

0.250

2500-5000

4

0.04

0.450

5000-10000

6

0.08

0.600

10000-50000

11

0.35

1.432

>50000

4

0.39

4.388

TOTAL

45

Table 3.4 Distribution of responses compared to distribution of the wine industry by
State
State

Number of
wineries

South Australia

Distribution compared to industry
% of total
1
sample

% of industry
2
2006

% of industry
3
2007

23

48%

50%

46%

Victoria

10

7%

18%

15%

New South Wales

5

43%

29%

34%

Western Australia

6

3%

2%

5%

Queensland

1

0.1%

0.01%

0.04%

Tasmania

0

0%

NA

0.2%

1

Distribution for survey based on summation of crush of the sampled wineries in each state over total crush of the sampled

wineries in the study. 2Distribution for industry based on total production which is estimated by crush (average in range) x
number of wineries in sample. Industry data sourced from Wine Industry Directory 2006 (Winetitles). 3Data from ABS for 2007.
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Table 3.5 Distribution of responses by State, region and crush size
State

Regions in survey

Number of
wineries

Equivalent
crush range
(tonne/annum)

South Australia

Adelaide Hills, Barossa, Clare Valley,
Coonawarra, Eden Valley, Langhorne
Creek, Limestone Coast, McLaren
Vale, Riverland

23

200 – 80,000

Victoria

Perricoota, Goulburn Valley, Great
Western, King Valley, Rutherglen,
Yarra Valley

10

200 – 17,000

New South Wales

Riverina, Hunter Valley

5

1,000 – 160,000

Western Australia

Margaret River, Swan Valley

6

200 – 10,000

Queensland

Queensland

1

400

3.2.2.

Survey Results

Water Use
As would be expected, the volume of water used in wineries correlated strongly with the size
of the winery. However, there was large variation in the volume of water used when the data
were expressed as a kL/tonne effective crush (Table 3.6 and Figure 3.1). There was no trend
in water usage on a per tonne basis with winery size, but there was much more variability in
the small wineries. This may be in part a reflection of less accurate records being kept by
small wineries.
The (weighted) average water use per unit production (kL per tonne equivalent crush) was
1.94 (± 0.21) kL per tonne crush. This is equal to approximately 2.6 kL water per kL wine or
1.94 L of water used in the manufacture of each 750 mL bottle of wine.
Bulk processing of wine appeared to have minimal impact on the amount of water used with
no significant differences when compared to wineries in the same size range. However, the
definition of bulk wine and its interaction with whether a winery bottles or not is unclear and
was not further pursued.
Table 3.6 Volume of water used in wineries by winery size class
Equivalent Crush
(tonne / annum)
1

< 1,000
1,000 – 2,500
2,500 – 5,000
5,000 – 10,000
10,000 – 50,000
> 50,000
OVERALL

Water use
(kL/annum)

Water use
(kL/tonne crush )

Average

Range

Average

Range

1000
5,600
10,000
14,000
41,000
160,000
-

300 – 2,500
850 – 19,000
5,000 – 20,000
4,400 – 30,000
17,000 - 60,000
45,000 – 290,000
-

2.4
3.7
2.4
2.3
2.0
1.5
1.94 ± 0.21

0.4 – 8.0
0.6 – 11.6
1.1 – 5.1
0.5 – 4.9
0.9 – 3.6
0.6 – 1.8
0.4 – 11.6

1

One winery provided no estimate of water usage or wastewater volume
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Figure 3.1 Effect of winery size on water usage per tonne effective crush.
Bottling has a significant impact on overall water use at the winery (Figure 3.1). The average
water use for wineries that did not bottle onsite is 1.39 (± 0.31) kL/tonne (1.4 L/bottle of wine)
and the average water use for wineries that bottle onsite is 2.33 (± 0.26) kL/tonne (2.3
L/bottle of wine). Therefore it appears that bottling added about 1 kL/tonne or 1 L/bottle.
Water Minimisation Practices
Water use minimisation practices are an essential part of reducing wastewater volume. Only
one winery indicated that water minimisation was not encouraged at the winery. That winery
had the highest water use out of all wineries surveyed (> 10 kL per tonne crush).Five
techniques for reducing water use were considered and these are listed in Table 3.7. The
most common methods used by wineries to minimise water onsite were the use of high
pressure cleaning equipment (100% of wineries) and dry sweeping (84%).
Case studies have shown that pigging and inert push throughs have had significant impacts
on water use and product losses, but the current data set indicated no consistent trend with
the wineries overall water use per unit production. This was despite the result that the winery
with the lowest water use uses nearly 100% inert push throughs onsite. Further investigation
is required to determine the effectiveness of the various water saving techniques.
Table 3.7 Water minimisation strategies used in survey wineries
Method
High pressure cleaning equipment
Dry sweep
Automatic hose nozzles
Inert gas push throughs
Pigging

Number of wineries
45
38
26
18
9

Proportion of wineries (%)
100%
84%
58%
40%
20%
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Chemical Use

The results from the survey confirmed that the main cleaning chemicals in use in the wine
industry are caustic (sodium hydroxide) and citric acid and highlighted that the rate of use of
these chemicals (kg per tonne crush) decreased as the winery size increased, Figure 3.2.
Alternative cleaning agents to caustic in particular are being introduced to the industry to
minimise the addition of sodium to the wastewater and to reduce the exposure of workers to
this highly corrosive chemical. In practice 38% of wineries were using caustic alternatives
including potassium hydroxide and non-caustic sodium-based cleaning agents including
sodium silicate and sodium carbonate (including Cleanskin®). Only 5 wineries used
potassium hydroxide with 3 wineries solely using the chemical; all 5 wineries used their
wastewater for irrigation. The non-caustic sodium-based cleaning agents were in use in 12
wineries; these were mainly smaller wineries (< 4,000 tonnes per annum) with no wineries
larger than 25,000 tonnes using these chemicals. However, these alternative chemicals tend
to be more expensive than sodium hydroxide and problems have been encountered in their
effectiveness, particularly the extent to which they are able to remove tartrate build up from
stabilisation tanks. Chlorine-based chemicals were in use in 11 wineries Peroxyacteic acid, a
sanitiser used as a chlorine alternative, was also in use in 11 wineries, mainly those that
bottled onsite. This compound has the advantage of no chlorine or vapour issues but
increases the BOD and decreases pH of the wastewater. In addition, some wineries used
warm or hot water to clean tanks and sanitizing bottles but a significantly larger volume is
required compared to when using caustic.

Figure 3.2 Effect of winery size on the use of caustic and citric.
Wastewater Treatment
The use of different methods of wastewater treatment in the industry is shown in Table 3.8.
The most popular method for treating wastewater onsite at wineries is the use of aerobic
lagoons. The use of different methods varied with the winery size and region and the final
disposal method for the wastewater. In general wineries under 10,000 tonnes crush used
lower levels of treatment; however, these smaller wineries were more likely to use alternative
treatment methods such as bioreactors and reed beds.
The survey respondents were also asked to identify the decision basis for use of their current
wastewater system and rate them in order from most important (1) to least important (6). The
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overall rating for the decisions are shown in Table 3.9, highlighting that regulatory
requirements and cost are by far the most popular reasons for deciding on the method of
wastewater treatment onsite. Space was by the least important reason for deciding to use
the treatment systems and this is most likely due to the rural position of most wineries.
Table 3.8 Wastewater treatment methods
Treatment
class

Pre-treatment

Primary
treatment

Secondary
treatment

Tertiary /
Advanced
treatment

Treatment method

Objective

Screening
Holding tank

Coarse solids removal
Flow and loading equalisation
Increase pH to levels suitable
for aerobic / anaerobic
digestion
Improve fine solids removal
Physical treatment for fine
solids removal

pH adjustment
Flocculent addition
Sedimentation
Flotation
Aerobic /facultative
lagoon
Anaerobic lagoon
Activated sludge
process
Bioreactor
1
Final filtration
2
Reed bed system
Ozone

Biological treatment for BOD
removal

Additional nutrient, organics
and suspended solids
removal

Number of
wineries
39
33

Percent of
wineries
87%
73%

16

36%

5
21
1

11%
47%
2%

25

56%

5

11%

4

9%

4
9
5
2

9%
20%
11%
4%

1

Final filtration is strictly speaking not a tertiary treatment in wineries, but it is used following secondary treatment to prevent
blockages in the irrigation system.
2
Two wineries use their reed bed systems for secondary treatment, following screening and primary treatment

Table 3.9 Decision basis for current wastewater treatment
1

Decision basis for
wastewater system

Overall rating
(1 = rated as most important)

Regulatory requirements
Cost
Environment
Treatment Quality
Re-use
Space constraints

1
2
3
4
5
6

Percentage of
wineries rating reason
as #1
30%
23%
12%
10%
18%
7%

Note: The overall rating was determined by allocating each rating a score, multiplying the score by the
number of wineries and then adding this value for each rating. This method enabled ratings less than ‘1’ to
be included in the overall rating for the decision. This isn’t clear to me. How would you end up with a rating
of <1 if the lowest rating you can give is 1? Maybe you could step through it with an example?

The survey also asked wineries to identify problems with their current wastewater treatment
systems. Approximately 1/3 of wineries indicated no problems with their current system while
similar numbers had odour problems and overloading at vintage leading to reduced
treatment quality.
Wastewater Disposal
Wineries use a range of methods to dispose of wastewater. Dispersion of this waste refers
to onsite disposal of the wastewater and includes activities such as irrigation and
evaporation, whereas disposal refers to offsite disposal of the wastewater and includes
disposal to the sewer and moving waste offsite to be treated. The range of methods used at
the wineries is shown in Figure 3.3. There was a large variation in the dispersion and
disposal methods used for winery wastewater, with more than half of wineries using a
combination of methods. The most frequently used methods were the irrigation of vines and
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woodlots followed by pasture irrigation with over 90% using the treated wastewater for some
form of irrigation.

Figure 3.3 Use of different disposal/dispersion methods by wineries of varying size
Cost of wastewater treatment
Obtaining a cost estimate for wastewater treatment involves both the operating cost and the
capital cost. The annual operating costs can be directly expressed on a per kL or per tonne
basis, but some additional assumptions are required to annualise the capital cost. These
assumptions involve interest rates and depreciation costs. Obtaining an accurate estimate for
such a conversion is outside the scope of this report. To enable some comparison, a
provisional combined figure of 15% has been used. The combined provisional cost is then
the sum of the operating cost plus 15% of the capital cost.
As can be seen in Table 3.10, the average combined cost of treatment is $14/tonne of crush,
but it ranges from $40 /tonne for small wineries down to $6.8/tonne for large wineries.
Table 3.10 Combined operating and capital cost for wastewater treatment (assuming
an overall conversion of capital to yearly cost of 15%)
Equivalent
Crush
(tonne / annum)
<1,000
1000-2500
2,500- 5,000
5,000-10,000
10,000-50,000
>50,000
OVERALL

Number of
wineries(Capital
cost/Operating cost)
4–5
6–6
6–3
3–3
7–7
2–2
26 – 29/45

Combined cost
($/kL)
Average
Range
36
8.8–55
19
8.3-35
7.2
5.7– 10
6.1
1.8-8.8
5.6
0.7– 11
7.1
4.6-9.5
8.8 ± 1.9
-
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Combined cost
($/tonne)
Average
Range
33
8.6 – 56
40
14 – 66
18
12 – 29
23
3.9 – 44
11
1.7– 21
6.8
5.2 – 8.4
14 ± 3
-
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From the survey data a set of best practice performance indicators were developed for
winery wastewater management, Table 3.11.
Table 3.11 Typical and Best Practice for aspects of winery wastewater management
Aspect of Wastewater
management

Typical current practice

Diatomaceous earth

1.2 kg/tonne crush

Diatomaceous earth
disposal

Mainly disposed by composting,
offsite disposal or recovery
Mainly disposed to wastewater
system or offsite recovery
White – 11.5 steps
Red – 10.2 steps
0.7 kg sodium hydroxide/t crush
0.5 kg citric /tonne crush
Re-use in ~ 1/3 of wineries

0.6 kg/tonne crush or less
depending on processes
involved
Minimisation of use and recovery
if facilities are available
Offsite recovery, but depends on
availability of facility.
6.0 steps
7.3 steps
0.4 kg/tonne crush
0.2 kg/tonne crush
Re-use

(1.4 L/ 750 mL bottle)

(0.5 L/ 750 mL bottle)

Minimal segregation

Segregation of different strength
streams to minimise treatment
requirement and recovery where
possible

Lees disposal
Process Complexity
Sodium hydroxide and
citric acid
Cleaning chemical re-use
Process water (without
bottling)
Stream segregation

Water minimisation
practices
Contaminated
Stormwater re-use
Clean Stormwater re-use

Wastewater treatment
method
Wastewater monitoring
Soil, groundwater and
surface water monitoring
Parameters monitored

Monitoring frequency

1

Variable use of: sweeping, high
pressure cleaning, automatic
nozzles. Lower use of inert gas
push-throughs and pigging
Stormwater combined with
wastewater
Stormwater combined with treated
wastewater with some re-use as
winery process water or for
irrigation
Range from pre-treatment only
through to tertiary treatment; main
method is aerobic lagoons
Untreated: 45% of wineries
Treated: 84% of wineries
Soil: 69% of wineries that irrigate
Groundwater: 49% of wineries
Surface water: 24% of wineries
pH, EC, SS, COD / BOD, some
monitoring of metal ions

Weekly to quarterly

Best practice

Use all practices
Used in winery or for irrigation
with some treatment
Used in winery
Treatment designed and
managed specifically for the final
disposal method
Monitor treated and untreated
wastewater
Appropriate monitoring of soil,
groundwater, surface water with
a risk management plan
pH, EC, SS, COD / BOD plus
Na, K, Ca, Mg
As required to provide
information to facilitate disposal;
monitoring may be required to
facilitate treatment, especially in
the vintage season.

1

Crush is the equivalent crush including bulk juice received at the winery.

3.2.3.

KPIs (water usage, caustic (NaOH use)

Two of the key performance indicators for wineries are the amount of water and caustic used
on a per tonne of crush basis. The average water use for wineries that did not bottle onsite
was 1.39 kL/tonne (1.4 L/bottle of wine) and the average water use for wineries that bottle
onsite is 2.33 kL/tonne ( 2.3 L/bottle of wine). These values are somewhat less than The
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Winemakers Federation of Australia (WFA) Australian Wine Industry Public Environment
Reports (2003 – 2005), which indicated values of 2.4 – 2.5 L water per L wine (1.8-1.9
L/bottle) and 2.5 kL per tonne of grapes. This may indicate an improvement across the
industry in the intervening period, or maybe due to different data collection methods.
The (weighted) average amount of caustic used was 0.56 kg/tonne (0.60 kg/tonne excluding
those that did not use caustic). This is less than the Winemakers Federation of Australia
(WFA) Australian Wine Industry Public Environment Report (2003) which indicated a value of
812 g (0.812 kg) caustic per tonne of grapes.
Caution should be used in interpreting these data as the sampling system was one of
convenience and may have been biased toward wineries with good practice.

3.2.4.

Water saving measures

The survey examined several water saving measures, none of which showed a significant
beneficial effect. Some of the measures like pigging have the potential for saving both water
and product, whereas others like dry sweeping save water and also remove potential BOD
load from the liquid waste and place it into the solid waste stream. High pressure washing
and nozzles on hoses would only reduce water loss.
There was little effect of barrel usage on water usage in this survey; this may be real or
perhaps the true effect was lost in the variation among the wineries.
The benefits of only saving water may be less than those that reduce both water loss and
BOD load if some form of shandying is subsequently used. The reduction in water use does
reduce the pressure on storage space for the wastewater.

3.2.5.

Wastewater treatment

Currently there are a variety of methods of treating wastewater. Some treatment plants have
full time managers and many others have been designed by engineers. By contrast there has
been much less emphasis placed on winery wastewater disposal. The emphasis is
apparently primarily on treating waste, and secondarily on its disposal.
An alternative approach to winery wastewater management would be to carefully consider
the ultimate fate of the wastewater and to then design a fit for purpose treatment scheme.
The two most common problems noted were limitations to the capacity of the scheme to
handle peak load and to control odour. Further restrictions are capital and running costs.

3.2.6.

Cost

The estimated average cost of treating winery wastewater was $14/tonne of crush
equivalent. The cost was more expensive ($37/tonne) for wineries with an equivalent crush
less than 2,500 tonnes. The largest component was in the capital cost with an average of $9
per tonne but $26 per tonne for wineries less than 2,500 tonnes (assuming 15% of the capital
per year).
In view of the high capital cost for small wineries, it may be more economic for small wineries
to truck their waste to some other facility or perhaps for small wineries to have a collective
facility to handle their wastewater.

3.2.7.

Knowledge gaps

There is a lack of quantitative data on the water usage and wastewater characteristics of
various components of the wine making process. In particular bottling was not considered to
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be a major component yet the data from this study indicated that bottling used approximately
0.9 kL/tonne of crush. The perceptions within the wine industry did not match the actual
situation. There is a need for case studies to obtain detailed data on individual processes
within a winery to give reliable data on the water usage for each step.
It was found that 60% of wineries did not have a measure of the amount of wastewater that
they are producing.
Some wineries have changed their practices to be more environmentally friendly. An
example is the replacement of sodium hydroxide with potassium hydroxide. Currently there
are limited reliable data on the effect of this change and whether it is environmentally
beneficial. Further investigation is required in this area.
The high cost of treating wastewater means that the process must be seen as a wastewater
disposal system rather than a re-use option. It may be that the organic component of the
waste stream may in fact also have significant value.
The monitoring of wastewater quality is essential for determining the load on the wastewater
treatment system and subsequently how well the system is operating. For those wineries that
irrigate with their treated wastewater, knowing the quality of this stream is essential for
planning irrigation rates and the use of techniques such as shandying to reduce the metal ion
concentrations in the water.
Regulations for environmental discharges and for recycling/reuse schemes are becoming
increasingly stringent. Waste management associated with wine processing is a critical
subject due to issues such as the potential contamination of soil, groundwater or surface
water. In order to protect ecosystem health, regulatory authorities no longer permit discharge
to waterways and consequently, wastewater application on land is becoming more
widespread. However, currently land application of winery wastewater for irrigation is often
governed by a “disposal” mentality without adequate attention to hydraulics, salt and organic
carbon loading of the soil. To be sustainable, wastewater reuse on land needs very careful
management. There is a need to establish best practice for different soil types and cropping
situations from soil chemical, physical and biological perspectives. Wastewater treatment
processes have historically been driven by the assumption that an aquatic ecosystem will be
the receiving environment. Aquatic disposal is no longer tolerated by EPA’s hence industry
has changed practice to using wastewater as an irrigation resource for vineyards or other
crops. Thus quality criteria need to be reassessed; in particular BOD may be of lesser
importance than salt loading for irrigation. There is a need to tailor the treatment methods to
the chosen disposal/dispersion mechanism.
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3.2.8.
•

•

3.2.9.

Publications arising from this research
Frost, P., Kumar, A., Correll, R.L., Quayle, W., Kookana, R.S., Christen, E., and
Oemcke, D. (2007). Current practices for winery wastewater management and its
reuse: an Australian industry survey. The Australian and New Zealand Wine Industry
Journal, 22 (no. 1): 40-48.
Kumar, A., Frost, P., Correll, R., and Oemcke, D. (2009) Winery wastewater
generation, treatment and disposal: A survey of Australian practice. CSIRO Science
Report.
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3.3. Characterise and quantify liquid wastes within selected
wineries by completing Stage 2 audit.
Waste minimisation is slowly being adopted in the wine industry, owing to a combination of
powerful drivers, which are either internally or externally motivated. However, these waste
minimisation practices in the wine industry are still carried out in an ad hoc fashion and have
proven to be inefficient in many cases. The lack of a systematic methodology of synthesising
and targeting specific waste streams by the industry has been identified as a major cause of
failure in realising the full potential of waste minimisation in the wine industry. The Stage Two
audit has been conducted for an evaluation of the major wine-making processes for water
use and wastewater production characteristics in small and large wineries by collecting 750
samples during two vintages. Schematic diagrams of the inputs and consequent outputs from
a given unit operation or process have also been developed in order to trace organic load
and water usage at each stage of the winery process. Two models have been developed so
that wineries can compare the winery wastewater quality in terms of COD (chemical oxygen
demand), EC (electrical conductivity, pH, salt loads (Na and K loads ) and volumes of winery
wastewater generated by each unit operation. Best practices used for minimisation of winery
wastewater based on reduce, reuse and recycle principles at wineries have also been
highlighted through this audit process.

3.3.1.

Model Overview & Assumptions

Model overview
Two models have been developed in collaboration with Provisor, representing a small and a
large winery. This will provide information for wineries on the makeup and quantity of the
wastewater they produce.
Two separate models were developed, one for small wineries and one for large. For each the
following functionality has been included:
1. An input sheet used to gather general winery information including tonnes crushed,
the way in which processing equipment is used and frequency of events that occur
within the winery specifically related to water use. Each process unit contains
operational activities that have been identified as contributing to water use.
2. An output sheet that calculates values of water use for specific operations (such as
cleaning, push throughs, etc), the overall water use and waste water characteristics
including pH, BOD, COD, ECC, TSS, Na and K for specific process units.
3. Output data are summarised in graphs that show the wastewater characteristics for
each process unit. The graphs allow for a direct comparison between process units in
terms of water volume and pollution load.
4. Reference data from a large and small winery. These data were obtained by
extensive auditing of winery operations by CSIRO staff.
From the input data, the model predicts the contribution of process units to the total
wastewater volume and load. Some operations might not apply to particular wineries in which
case the input data can be left blank. This does not impact on the model calculations.
The model can also be used for estimating the impact of operational changes on the overall
waste water quantity and load.
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3.3.2.

Using the Large Winery Model

Input sheet
A sample input sheet from a large winery is presented in Table 3.12. Comments clarify the
detail regarding the value to be entered.
On the input data tab, in column B, enter values as requested in the input cells. The units
are displayed in column C. In column D, example values are given for reference purposes
only. Estimates are possible where exact data are not known. It is important to fill out all data
for a process unit, as leaving some data out can result in output data not being calculated.
For example, the frequency of a cleaning operation (i.e. daily or weekly) is crucial in the
calculations. If a specific process unit is not used in a winery, the data can be left blank.
When a frequency of an operation is asked, select the frequency with the drop down box.
Similarly, use the drop down box for a Yes/No question.
The column B data of the model are the only cells that should be changed. All other cells and
sheets should not be altered. Once the input data are entered, the model calculates the
outputs.

3.3.3.

Output data

On the output tab data are calculated from the input data and reference data. The total
water use is a sum of the individual water events (wash down, cleaning and pushing) that
occur in each process. A crush operation requires cleaning, push throughs bin washes, truck
washes, red/white grapes processing, which all contribute to the total wastewater load.
For example, the table below represents the wastewater output data from activities related to
the crusher (Table 3.13). The totals of a process unit represent the average waste water
composition and total water volumes. In this example, crush operations contribute 12.3ML of
water per annum.
At the bottom of the output tab, there is a section named Chart Data set. This set represents
the annualised data which are used for graphical representation. It also provides a
summarised overview of all waste water data per Process Unit.
On the graphs tab, each graph represents a specific waste water characteristic. For
example, the pH of each operation can be compared against all other operations. This allows
the user to see the overall impact of each operation. Similarly, annual water volumes are
represented and the graphs to show the volume contribution of each process unit.
Combining annual water volumes with waste water data the annual waste water component
load is calculated. The graphs show how much a process unit contributes to the annual
COD, pH, Na, K, and EEC. Some examples are given below.
Figure 3.4 shows the relative water use from each Process Unit.
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Table 3.12 A part of Large Winery Input Sheet
Input

Value

Comment

Winery Capacity

50,00
0

Calculated field. Winery capacity is normally
determined by the total amount of fruit you intend to
crush in a vintage period

Batch Size

8

crusher typical batch size

Whites Crushed

25,00
0

Actual tonnes of white grapes crushed

Reds Crushed

25,00
0

Actual tonnes of red grapes crushed

Vintage Period

45

Length of vintage period

Number of White Batches

3,125

Calculated field

Number of Red Batches

3,125

Calculated field

How often is the small (crusher and
press) used?

5%

If 2 crushers are available the percentage will be used
to calculate the other crusher's use. In this case the
other crusher is used 95%.

Average Ferment Size

15

This value is the sum of all ferments sizes divided by
the number of ferments

Crusher Information
How often do you expect to use
push water between white batches
out of the small crusher?

30%

Push water can be used in various ways:
If push water is used every time a batch is crushed,
use 100% here.
If push water is used only at the end of several batches
you need to estimate the percentage of crush batches
that will result in a push through.
Use “0%” if you only have a large crusher.
If you have more than one small crusher, multiply the
percentage of one crusher by the number of crushers.
The model will give output data for the total number of
crushers.

How often do you expect to use
push water between white batches
out of the large crusher?

30%

Same as above

How often do you expect to use
push water between red batches
out of the small crusher?

30%

Same as above

How often do you expect to use
push water between red batches
out of the large crusher?

30%

Same as above

Daily

If daily, the model will multiply the values related to this
activity with the vintage period (in this example 45
days). Other options are hourly, weekly, and monthly. If
unsure, select daily.

How often do you expect to carry
out must line cleans?
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Table 3.13 Crusher Output
Crusher Output

pH

EC
(us/cm)

TSS
(mg/L)

COD
(UF)
(mg/L)

Na
(mg/L)

Small Crusher push water
whites

4.57

1,157

474

10,781

91

168

62,875

Large Crusher push water
whites

3.32

1,358

231

10,903

87

142

5,262,703

Small Crusher push water
reds

4.22

1,128

339

10,204

95

147

88,641

Large Crusher push water
reds

4.10

1,182

250

11,066

93

195

6,454,627

Must line cleans-large
crushers

8.83

1,333

49

643

251

18

247,605

Crusher cleans small
crushers (RY1&2)

4.69

1,008

205

5,560

98

91

477

Crusher cleans large
crushers (RY3&4)

3.79

1,198

661

10,610

91

189

69,041

Stalk conveyor spray

3.33

913

125

2,843

96

78

15,315

White Bin Wash

4.19

1,054

261

8,591

94

145

81,250

Red Bin Wash

3.96

1,766

1,235

20,384

91

397

52,286

Truck Wash

4.29

875

117

3,973

89

75

55,667

TOTAL

3.86

1,259

245

10,759

93

169

K
(mg/L)

Volume (L)

12,390,486

EC: Electrical Conductivity; TSS: Total suspended solids; COD UF: Chemical Oxygen Demand (Unfiltered)

Figure 3.4 Water Use by Process Unit.
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Figures 3.5 and 3.6 shows the COD concentration and relative COD contribution load by
Process Unit.

Figure 3.5 COD concentration by Process Unit.

Figure 3.6 Relative COD Contribution by Process Unit.

Final Report: Systematic Approach to Winery Wastewater Management

Page 44 of 131

Small winery output data can be also calculated based on the model especially built for small
wineries and the output data
The Figures 3.7 and 3.8 show examples of a small winery graphical output, the relative water
consumption and the COD load by process unit.

Figure 3.7 Water Consumption by Process Unit for a Small Winery.

Figure 3.8 COD Load by Process Unit.
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3.3.4.

Auditing

The model can be used for environmental improvement projects as outlined in the following
examples.
Example 1:
Question: The earth filtration unit has a high specific contribution to annualised COD values.
The winery wants to know whether replacing the earth filter with an RDV will lower COD, and
if so, what would be the annual reduction?
Answer: First make note of the waste water contribution of the earth filter and RDV from the
Chart Data set in the output sheet. Secondly, enter “0” on the input data field for “how many
times during the year do you use the earth filter” Then, estimate the number of runs the RDV
will be increased and enter. From the chart data set, now make note of the new RDV waste
water contribution. Compare the results from the existing scenario against the new scenario.
Conclusion: the auditing process allows a winery to evaluate the change in processing
process units on waste water characteristics.
Example 2:
Question: a winery is considering the purchase of bigger fermenters, replacing old small
fermenters. Currently the average ferment size is 15 tonnes and the winery wishes to know
the change in water volume and waste water load when the average size is increased to 20
tonnes.
Answer: First make note of the existing waste water contribution of the fermenters from the
Chart Data set in the output tab. On the input tab, change the average ferment size from 15
to 20. Also update the use-ratio’s in type of fermenters.

3.3.5.
•
•

Publications arising from this research
Forsyth, K., Kumar, A., Grocke S., Doan, H., Gonzago D., and Omecke, D. 2009. An
Audit Model for a Small Winery.
Forsyth, K., Kumar, A., Grocke S., Doan, H., Gonzago D., and Omecke, D. 2009. An
Audit Model for a Large Winery.

Two audit models have been developed so that wineries can compare the components of the
winery wastewater quality in terms of COD (chemical oxygen demand), EC (electrical
conductivity, pH, salt loads (Na and K loads ) and volumes of the winery wastewater
generated by each unit operation. (Available as Excel Spreadsheets)
•
•

Kumar, A., Grocke S., Forsyth, K., Doan, H., Gonzago D., Correll R., and Omecke, D.
2009. An audit of the winery processes at a small Australian winery. (Journal article in
preparation)
Kumar, A., Grocke S., Forsyth, K., Doan, H., Lyons G., Gonzago D., Correll R., and
Omecke, D. 2009. An audit of the winery processes at a large Australian winery
(Journal article in preparation)
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4.

ASSESSMENT AND RATING OF CURRENT TREATMENT
TECHNOLOGIES LEADING TO BETTER ENGINEERED,
ECONOMICAL AND ENVIRONMENTALLY FRIENDLY OPTIONS
FOR WINERY WASTEWATER TREATMENT

4.1. Assess efficiency of current treatment technologies based on
the winery wastewater physico-chemical characteristics.
4.1.1.

Introduction

The variability of the influent quantity and quality of winery wastewater coupled with the
intrinsic complexity of biological systems may prove challenging for operators that want to
achieve cost-effective compliance. Operators need rapid and reliable quantitative indicators
to tell them if their effluent falls within the allowable thresholds, and if not, to diagnose /
optimise / troubleshoot the plant processes. A suite of key indicators pH, temperature,
conductivity, turbidity, chemical oxygen demand and dissolved oxygen can be implemented
at a low capital cost. The project team has assessed the winery wastewater quality based on
these key indicators for different treatment processes. Such information is highly valuable in
assessing the efficiency of different methods for removing organic loads. Additional
measurements of organic load and biodegradation rates are more capital intensive, but they
provide a more comprehensive picture of the process performance / compliance. There is a
need for robust and rapid monitoring of different types of waste streams to identify possible
sources of wastewater generation such as true beverage product versus lees, white product
versus red product, grape juice versus wine and also individual components such as total
sugar, total alcohol, tannins, proteins and solids. In this study, we evaluated the applicability
in winery wastewater treatment of UV-VIS spectrometry as a rapid assessment method.
For winery wastewater, there is no single best answer for treatment and disposal. The best
choice will include consideration of the critical issues, such as:
•
•
•
•
•
•
•
•
•

4.1.2.

Nature and quality of the wastewater, i.e. COD, flow rates, pH, seasonal variations;
Federal/State regulations;
Land and location constraints, i.e. climate, topography, depth to groundwater,
adjoining land, nature and properties of soils;
Scale of winery operation/expansion plans;
Quantity of flow from the treatment plant;
Uses and existing quality of receiving waters;
Degree of mixing between plant effluents and stormwater;
Final uses of treated effluent, i.e. evaporation, sewer disposal, reuse for irrigation;
and
Lifetime cost and benefits of the treatment options

Comparison of current treatment methods

A comparison was made of the effectiveness of winery wastewater treatment at a range of
Australian wineries. The wineries differed in size and consequently on the manner in which
they handled their wastewater (Table 4.1).
Winery A (medium size) used sand filtration and liming before rapid irrigation of the
wastewater – the treatment reduced the TSS from 570 to 146 mg/L – a reduction to 31% and
the COD to 77% (Table 4.2). Winery F used sedimentation and liming which reduced TSS
from 1000 to 310 - a reduction to 31%. The process also reduced COD by approximately
200 mg/L at each winery. The high levels of lime at winery A increased Ca concentration and
consequently decreased the SAR (Table 4.3).
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The CAL at winery M on average reduced the COD to approximately 70%, and a comparable
result was obtained for another winery, but their performance varied across the year, with low
effectiveness in winter (see Figure 4.1).
Data were not available to partition the effects at Winery R but overall there was a reduction
to 6% for COD and to 23% for SS (Table 4.4). SBR at M (in conjunction with other
processes) reduced COD to 101 mg/L or to 2% of the value entering. Winery B used reed
beds as a secondary treatment, and these reduced COD to 11% and SS to 23%. There was
also an appreciable reduction in K apparently down to 75% but there was also a decrease in
Na to 84% so reed beds reduced K to about 90% after correcting for dilution. In contrast to
CAL, reed beds produced a very consistent reduction in COD throughout the year (Figure ).
None of the treatments appreciably affected salinity, whether measured by Na concentration
or by EC. Overall the treatment at winery M reduced COD to about 2% of the initial load, but
had little effect on the other ions, with a result SAR was typically over 20. Winery R overall
reduce the COD to 6% of the input and had an acceptable SAR of 5.1
Table 4.1 Description of wineries included in the study
Winery

Crush equivalent
(Tonnes/year)

Treatment process

Treatment
abbreviation

A

13,000

Sand filtration + lime addition

S+L

B

9000

Reeds

Reeds

F

20,000

Sedimentation + Lime

S+L

M

34,500

Covered anaerobic lagoon

CAL

Sequential batch reactor

SBR

Polish
Overall
R

23,000

Settling, aerated lagoon, final lagoon

S + AL

Table 4.2 Average concentrations of pH, EC, SS and COD (mg/L) taken before and after
processes. Treatment abbreviations are detailed in Table 15
Winery

Process

pH

EC

SS

COD

Before

After

Before

After

Before

After

Before

After

A

S+L

7.9

6.4

3024

2781

570

176

7539

5830

B

Reeds

5.6

7.3

1710

1559

881

133

3924

435

F

S+L

6.3

6.5

1435

1410

996

309

4686

2184

M

CAL

7.2

6.0

275

404

7998

5572

SBR

404

108

5572

101

Polish

108

182

101

175

R

Overall

7.2

8.4

3517

3232

275

182

7998

175

Overall

5.4

7.4

1367

1163

417

95

4343

272
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Table 4.3 Average concentrations of Na, K, Ca (mg/L) and SAR taken before and after
processes
Winery

Process

Na

K

Ca

SAR

Before

After

Before

After

Before

After

Before

After

A

S+L

509

440

211

205

59

291

15

8

B

Reeds

196

179

245

162

47

56

7

5

F

S+L

158

158

157

170

52

64

6

6

M

CAL

560

340

420

440

36

40

27

13

SBR

340

354

440

426

40

25

13

16

Polish

354

462

426

458

25

21

16

21

Overall

560

462

420

458

36

21

27

21

Overall

165

139

136

102

44

33

5

5

R

Treatment abbreviations are detailed in Table 4.1

Table 4.4 Change in pH and percentage following treatment for EC, TSS, Na, K, Ca and
SAR
Winery

Process

pH

EC

TSS

COD

Na

K

Ca

SAR

A

S+L

-1.5

92%

31%

77%

86%

97%

496%

55%

B

Reeds

1.7

91%

15%

11%

91%

66%

118%

79%

F

S+L

0.15

98%

31%

47%

100%

108%

123%

99%

M

CAL

-1.2

147%

70%

61%

105%

111%

48%

SBR

27%

2%

104%

97%

64%

120%

Polish

168%

174%

130%

107%

83%

131%

R

Overall

1.2

92%

66%

2%

82%

109%

59%

76%

Overall

2

85%

23%

6%

84%

75%

75%

96%

Treatment abbreviations are detailed in Table 4.1

15000

COD Reed beds

5000

10000

Before
After

0

5000

mg/L

10000

Before
After

0

mg/L

15000

COD change in CAL

0

50

150

250

350

400

500

Day
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Figure 4.1 Comparison of COD removal by CAL and reed beds. Vertical lines indicate
end of year.
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4.1.3.

Rating treatment processes

It is difficult to rate the treatment processes, as this will depend very much on winery size
and its environment. It also depends on the criteria used in assessing the rating and the
weight given to each. A simply rating system was developed for the various treatment
processes, which considered COD removal, consistency of performance, TSS removal,
nutrient stripping, effects on EC and on SAR as beneficial and capital cost, energy
requirements and running costs as negatives. A summary of the ratings and the result of an
overall scoring system is shown in Figure 4.5.
The index rated liming and sedimentation and also reed beds as the most effective
processes, with aerated much lower followed by SBR and CAL.
Table 4.5 Rating of treatment processes by various criteria together with an overall
summary score
Criterion

L+S

CAL

SBR

AL

Reeds

Capital cost

Low

High

High

Moderate

V high

Energy
requirement

Low

Moderate

High

High

Low

Running cost

Low

Moderate

High

High

Low

COD removal

Low

Moderate

High

High

Moderate

Consistency

Moderate

Low

Moderate

Moderate

High

TSS

Moderate

Low

Moderate

Moderate

High

Nutrient stripping

None

None

None

None

Low

EC

None

None

None

None

None

SAR

High

High

Low

Low

Moderate

Overall score

5

0

-1

0

5

L: Lime addition; S: sedimentation; Cal: covered anaerobic lagoon; SBR: Sequence Batch Reactor; Al: Aeration
Lagoon, COD: Chemical Oxygen Demand; EC: Electrical Conductivity; SAR: Sodium Adsorption Ratio

4.1.4.

Recommendations

Each winery generates wastewater with a unique quality, quantity and seasonal variation
pattern. Based on the audit of various treatment options currently being used by the wineries,
we make the following recommendations:
•
•

•
•
•

•

In all cases wastewater should be subject to screening typically with the addition of
lime to assist in sedimentation and decrease SAR.
Following sedimentation, where possible the wastewater should be used for irrigation
within 24 hours. Where rapid usage is not possible due to space limitation and poor
soil quality of land available for irrigation and odour is an issue and odour is an issue
with the adjacent neighbourhood, some treatment process is required.
The design and capacity of treatment facilities should be matched to the
characteristics and volumes of the wastewaters that are to be processed and the
manner of disposal. This should be done by a qualified and experienced consultant.
For small wineries, a wetland (e.g. reed beds) should be considered as an option,
especially if land is available. Some surge storage may be required in this system.
For medium to large wineries where rapid irrigation is not an option for all waste
water, some form of aerobic treatment is required – this may be a sequence batch
reactor or an aerated lagoon. A covered anaerobic lagoon may be a useful as surge
storage and for removing COD without the ongoing cost of aeration.
Waste water managers should give consideration to spending more capital on ways
to enhance rapid disposal as opposed to additional treatment to remove COD.
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•
•
•

•

4.1.5.

At all times the type of treatment must conform with the needs of the disposal method
of the wastewater.
Further research should be undertaken on land disposal as a method of carbon
sequestration and on the choice of crops that should be irrigated.
Salt management should be undertaken in a winery. Ideally salt load should be
reduced by winery management or stream segregation. Reverse osmosis can be
used to remove salts, but might require the reduction of COD before it can be used
effectively; it must be used in conjunction with an evaporation basin.
A wastewater monitoring program should be established at any wastewater treatment
facility. A typical monitoring program will check inputs, outputs and process
performance. The wastewater quality before and after treatment should be assessed
to determine the efficiency of the treatment plant. It will help in deciding if the
treatment plant is under designed or if it could be more efficiently managed.

Publications arising from this research

•

Kumar A, Doan H, Grocke S, Kookana R and Correll R. 2007. An assessment of the
efficiency of constructed wetland in treating high strength winery wastewater. Poster
presentation. Proceedings of Thirteenth Australian Wine Industry Technical
Conference 28th July – 2nd Aug 2007, Adelaide.

•

Kumar A., Doan H., Gonzago, D. Grocke, G. and Correll, R. 2009. Current winery
wastewater treatments in Australia. (CLW Draft Report available)

•

Kumar A., Doan H., Gonzago, D. Grocke, G. and Correll, R. 2009. Comparison of
effectiveness of winery wastewater treatments: an Australian perspective. (Journal
article in preparation)
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4.2. Conduct first tier environmental rating of wastewater
treatment based on the audit information.
4.2.1.

Introduction

Environmentally and economically sustainable management of winery waste and wastewater
is a high priority for the industry. Each winery generates wastewater with a unique quality,
quantity and seasonal variation pattern. Winery wastewater is often of high strength and is
highly variable in quantity and quality making it a difficult effluent to manage. The aim of this
study was to develop a methodology allowing an integrated and rapid assessment of the of
the environmental impact of a winery wastewater.
The index detailed here is designed to give an assessment of the environmental impact of a
winery. The general approach is to produce an index that indicates the environmental
efficiency of a winery based on winery wastewater management. It is assumed that the crush
size is known, so the amount of environmental impact can be expressed on a per tonne
basis. This index does not include growing vines, power consumption, or environmental
issues associated with transport. It is based on a range of key performance indicators (KPIs)
within the winery as given in Table 20. The index has been written in Excel to enable both
accessibility and transparency.

4.2.2.

Key performance indicators

The KPIs used in the index have been selected partly on theoretical grounds, partly from the
outcome of 20 workshops held around across Australia and partly from our own research
including a survey of wineries (Frost et al., 2006 and Kumar et al., 2009). The environmental
KPIs are measures about the environmental footprint of the winery. These include amongst
others water use, occupation of land site and effect on the receiving environment. Some of
these KPIs have a positive effect; an example is the increase in organic matter of soil that is
receiving waste water that is high in DOC (dissolved organic carbon). Other effects, such as
water usage and odour are negative. These KPIs are direct measures of the environmental
impact.
Parallel with the direct measures there are a series of technological measures that affect the
environmental performance indirectly. The initial KPI of batch size is an example – larger
batches should require less cleaning of vats per tonne of crush. Other KPIs in this category
include recycling of water and cleaning agents, water use reduction measures such as
pigging and inert gas pushing (Table 4.6).
In some cases a KPI indices both the direct environmental impact and technological effect.
An example is the biological oxygen demand (BOD) of the untreated effluent. High BOD
may indicate that there has been significant loss of product, which can be an interpreted as a
waste of the environmental resources that have been used to make the wine. The high BOD
then indicates that there is room for process improvement to reduce the wastage as well as
reducing the environmental impact of the winery waste.
The choice of weights can also be influenced by the processes used both inside the winery
and outside. For example, the number of transfers required for red wine differs from that of
white wine. In that case the both wine types have to be considered with weights proportional
to the amount of red and white wine. Another example is the proportion of wastewater that is
used for irrigation within 24 hours of its production. BOD is not a problem if the wastewater
is used immediately, but it needs to be removed if the wastewater is to be stored. The
weight given to BOD therefore has to change depending on the disposal method.
Although energy usage is recognised as being very important, data on the amount of energy
consumed are often not readily available. For this reason energy use has not been included
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in this index. Energy usage is considered in detail by the greenhouse gas accounting
protocol for the wine industry by Provisor.
Table 4.6 List of key performance indicators used for winery processes and treatment
in the indices
Key Performance Indicator

Environmental

Best practice

Typical batch size

Very low

Moderate

Number of barrels used (aging)

Low

Zero

Number of tranfers of wine

Very low

Moderate-High

Recycling of cleaning agents

Low

Moderate

Perlite used for filtration

Very low

Low-Moderate

NaOH/Caustic

Moderate

Very high

KOH/Cleanskin

Moderate

Moderate

Other cleaning agents

Low

Moderate

Water use

High

High

Dry sweeping

Very low

Moderate

High pressure washing

Very low

Moderate

Nozzles on hoses

Very low

Moderate

Pigging

Very low

Moderate

Inert gas pushing

Very low

Moderate

Recycling of water

Very low

Moderate

Stormwater use

Low

Moderate

Moderate

Very high

% disposed to sewer

High

High

% used with 24 hours

Very high

Very high

% anaerobically/aerobically treated

Very high

Very high

Screening

Moderate

Very high

Sedimentation/flocculation

Low

Low

pH adjustment (if only primary treatment)

Low

High

SAR adjustment prior to irrigation

Moderate

High

Segregation of sewage

Low

Moderate-High

High-Moderate

High-Moderate

Processing

Chemical usage

Water management

Wastewater treatment
COD before treatment
% each treatment method

Quality of treated/stored effluent
COD of stored effluent
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Table 4.7 List of key performance indicators used for waste disposal and monitoring in
the indices
Key Performance Indicator

Environmental

Best practice

Very high

High

SAR

High

Zero

Maximum pH

Moderate

Moderate

Minimum pH

Moderate

Moderate

EC

Moderate

Low

Overflow contingency plan

Very high

Very high

Odour control

Very high

Low

Soil monitoring of water content

Very Low

Low

Soil monitoring for EC

Very Low

Moderate

Control of leakage from lagoons/ponds

Very Low

Low

Groundwater monitoring for EC

Very Low

Low

Groundwater monitoring for nitrate

Very Low

Low

Waste disposal
Disposal of winery wastewater
Effluent characteristics for land irrigation

Monitoring

4.2.3.

Output sheet

A section of the Environmental Index is shown in Table 4.8.
Table 4.8 Sample of the Environmental Index spreadsheet
Your environmental score

6.2

out of 10

Best practice score

5.9

out of 10

Environmental
Score

Best Practice
Score

Processing

7.0

5.3

Chemical usage

4.9

4.5

Water management

2.7

2.7

Primary treatment

10.0

10.0

Wastewater treatment

6.9

3.6

Effluent characteristics for land irrigation

6.9

7.4

Overflow contingency plan

10.0

10.0

Monitoring

7.6

8.2

Scores out of 10 for subgroups

As Wehrmeyer (1993) stated, ‘Science has not yet come forward with a universally accepted
and absolute measure of how to compare and evaluate different environmental impacts’.
This is especially so for wineries which a so diverse in their size and operation and working
environment and also in the range of processes involved.
The index has included a wide range of KPIs spread over a range of operations. The indices
could be used to assess various options for reducing the environmental footprint of wineries.
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4.2.4.

Conclusions

The outcome of the study will ultimately serve as a basis for the development of a decisionsupport aid that gives assistance to the cost-effective development of winery wastewater
systems for environmental compliance.

4.2.5.
•
•

4.2.6.

Publications arising from this research
Kumar A., and Correll, R. An index for the environmental performance of wineries (A
Spreadsheet available)
Kumar A., and Correll, R. An index for the environmental performance of wineries
(A draft journal article to be submitted to Water Research)

References

Frost, P., Kumar, A., Correll, R.L., Quayle, W., Kookana, R.S., Christen, E., and Oemcke, D.
(2007). Current practices for winery wastewater management and its reuse: an Australian
industry survey. The Australian and New Zealand Wine Industry Journal, 22 (no. 1): 40-48.
Kumar, A., Frost, P., Correll, R., and Oemcke, D. (2009) Winery wastewater generation,
treatment and disposal: A survey of Australian practice. CSIRO Science Report.
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4.3. Develop a spreadsheet for cost analyses on current
wastewater treatment options
Based on the survey of wineries it was estimated that the cost of treating liquid waste from
some wineries exceeded $30/tonne equivalent crush for many small wineries. The data used
in that survey were incomplete – for example they did not include the cost of labour. It’s likely
that many wineries do not appreciate the cost of treating their wastewater.
An article has been written that describes a tool that can be used in-house to estimate the
cost of treating winery waste. The tool has been designed to be ‘fit of purpose’ and is not
exhaustive. Where possible, default values (often derived from the survey) have been
supplied, and these values will be used unless they are over-written.
A summary of the inputs are described below and listed in Table 4.9.

4.3.1.
•
•
•
•

General values
The cost of power is likely to change with time and between regions, so it is important
to enter a value in this cell. A domestic default for South Australia of $0.22 per
kilowatt/hour is used otherwise.
The life of the plant is required for the calculations – this could be the life of the plant
or the time before you expect it to be obsolete – whichever is the shorter. A default
value of 20 years has been assumed.
The interest rate should be the interest rate payable on a loan or on an overdraught –
default is 10%, but this figure is subject to change.
Cost of employment should be the actual hourly cost of employing a person – if
several people are involved supply an average value. The value should take into
account such factors as the cost of engaging the person, leave (sick leave, long
service leave, public holidays, workers compensation insurance and other on-costs).
A default value of $30 per hour has been assumed.

It is essential that the size of the winery is entered – this will be in tonnes/year crushed, but
should be increased by tonnes of juice supplied from another source. Default water usage
has been based on data obtained from an audit of wineries where it was found that wineries
that did not bottle used 1.39 kL/tonne, whereas those that bottled used 2.33 kL/tonne.
Provision has been made for variable amounts of bottling.

4.3.2.

Capital cost

The value of the land used for the treatment plant (and any associated woodlot devoted to
the treatment plant) should be included. The default area has been taken from the survey as
being 0.49 m2/kL. This land was assumed to have a value of $50,000 / ha.
•
•
•
•
•
•

Capital cost also requires the cost of the following items
Civils includes the cost of earthworks and provision of power to the treatment site;
Dam liners and covers;
Mechanical includes the cost of pumps, aerators, holding tanks and pipe work
(including pipes dedicated to move wastewater to a disposal site);
Sludge dewatering equipment; and
Cost of design and permits.

A default value for the capital cost was taken from data obtained from the survey $173/tonne for wineries less than 2,500 tonne, $82 per tonne for wineries 2,500 – 10,000
tonne and $38/tonne for large wineries.
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Table 4.9 Input sheet for cost analyses on current wastewater treatment options

Winery name: XXXX

Data input

General
Cost of power ($/kwh)
Depeciation/obselescence time (years)
Interest rate
Employment cost per hour

General Description
Total annual crush (tonnes)
Bottling in -house facilities
How much was bottled on-site (kL)

Capital costs
Land value
Civils/power/control
Dam liners/covers
Mechanical
Sludge de-watering
Design and construction

Operating costs
Electricity
Cost of power in winery for year
Total power consumed in winery

Power required at full load (vintage)
Based on the total number of Surface Aerators used
Based on the total number of Blowers used
Based on the total number of Compressed Air Aerators used

Power required at part load (post vintage)
Power required at part load (post vintage surge volume OK)
Total power consumed in winery (kwh)

Chemicals
Lime
Polymers
Other chemicals

Labour Costs
Hours for operator over year
Contractors
Consultancy

Miscellaneous
Removal of sludge, Carting of liquid waste
Sample collection, other plant maintenance
EPA licence fee, Local Government Charges
Internal chemistry checks (consumables) and External
Chemistry lab (5 per annum)
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4.3.3.

Operating costs

The cost of electricity if known can be entered, If that cell is completed, no other data will be
required, and the cells will turn green.
If the total power consumption is known, that can be entered and no further data will be
required. If the data are not available, estimates can be obtained by considering the size of
the equipment and the operating time.
There is provision for entering the cost of chemicals used in the wastewater treatment.
These may include lime for pH or SAR (Sodium Adsorption Ratio) adjustment, polymers to
assist in sludge removal and other chemicals. It does not include the cost of chemicals used
in the winery.
Labour costs include not only time operating the wastewater plant but also time spent in
sampling woodlots or other disposal areas.
A default operating cost is available from the survey, namely $9.1 per tonne for wineries less
than 2,500 tonne crush, $7.0 per tonne for 2,500 – 10,000 tonne and $4.7 per tonne for
larger wineries.

4.3.4.

Miscellaneous costs

Miscellaneous items include removal of sludge offsite, removal of liquid waste offsite,
collection of samples both from the waste stream and from the disposal site, EPA license
fee, any local government charges, cost of running any laboratory onsite, charges for
analyses by offsite laboratories, and any plant maintenance.

4.3.5.

Output

The capital cost component for the land occupied by the treatment plant is calculated as its
value multiplied by the interest rate. The capital cost component of the treatment plant is also
expressed as the interest on the capital but an allowance is also included made for
depreciation of the system. These two components are added to give the capital cost
component shown in the summary.
A summary of the running costs and miscellaneous costs are calculated as the sum of the
components. Finally a total cost is given. The costs are expressed as the total, on a per
tonne basis and on a per bottle basis (assuming 750 bottles of wine per tonne of crush). An
example is given below in Table 4.10.
Table 4.10 Output sheet as an example for cost analyses on current wastewater
treatment options
Summary

Amount

per Tonne

per bottle

Capital cost component per year

$26,521

$26.52

$0.04

Running cost

$18,700

$18.70

$0.02

Miscellaneous

$19,000.00

$19.00

$0.03

Total

$64,221

$64.22

$0.09

4.3.6.
•

Publications arising from this research
Kumar A., and Correll, R. 2009. An index for the environmental performance of
wineries (An Excel Spreadsheet available)
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5.

A SET OF KEY INDICATORS OF WINERY WASTEWATER FOR
THE MAJOR REUSE AND DISCHARGE OPTIONS

5.1. Winery wastewater quality differences across small, medium
and large scale wineries in South Australia
Winery process wastewaters are among the most challenging to degrade biologically due to
their extreme variability in quantity and composition over the year.. Little information exists on
the identities and relative concentrations of the dominant organic and inorganic components
of the wastewaters. Winemaking is a multi-step process divided into two periods, vintage and
non-vintage. Vintage is the 12-20 week period in which the harvesting of and crushing of
wine grapes and the fermentation of grape juice to wine takes place. The remainder of the
year is the non-vintage period. During this time the cellar operations of stabilisation,
maturation and blending of wine are conducted to produce the final product for bottling. The
main aim of this project was to characterise the winery wastewater for different wineries by
assessing wastewater quality in terms of (1) seasons (pre-vintage, vintage and post-vintage);
(2) size (small, moderate and large wineries) and, (3) wastewater treatment processes used
(no treatment versus combination of treatment processes such as pH adjustment, polymer
treatment, settling ponds, aeration and sand filtration). The main aim of this project was to
characterise the winery wastewater quality for different wineries by assessing wastewater
quality in terms of:
•
•
•

Seasons (pre-vintage, vintage and post-vintage)
Size (small, moderate and large wineries) and
Wastewater treatment processes used (no treatment versus combination of treatment
processes such as pH adjustment, polymer treatment, settling ponds, aeration and
sand filtration).

It is important to understand the characteristics of the wastewater to determine the proportion
of the total organic carbon content of wastewaters present as readily degradable substances
and identify other components that will affect the management of sites irrigated with
wastewaters.

5.1.1.

Methods

Winery wastewater characterisation was carried out on samples from representative small,
medium and large sized wineries in the Barossa Valley and the McLaren Vale regions, South
Australia. Samples were collected from the selected five wineries on a weekly basis during
the vintage seasons, and fortnightly in the non-vintage seasons. A range of physicochemical
characteristics of wastewater such as pH, BOD (Biological Oxygen Demand), COD
(Chemical Oxygen Demand), TOC (Total Organic Carbon), salinity, electrical conductivity
(EC), nutrients, heavy metal contaminants and total suspended solids were analysed
following standard wastewater analyses methods (APHA/AWWA, 1992).
Physico-chemical data were compiled into spreadsheets to further assess the spatial and
temporal variation in the winery wastewater based on statistical analyses. Collected winery
wastewater samples were divided into three groups representing three seasons of varying
duration for each winery. Months of January and February were designated as the previntage season, from early March to late May were classified as the vintage season And the
months from June – December were designated as the post-vintage season. Boxplots
(using a logarithmic scale) were constructed tp display the data. This technique indicated the
median and interquartile range of the data, as well as showing the range of the data.

Final Report: Systematic Approach to Winery Wastewater Management

Page 59 of 131

5.1.2.

Results

Small and medium sized wineries showed highly variable data and at times poorer
wastewater quality than the larger wineries sampled under this study (Figure 5.1) There were
major differences in pH, EC, total organic carbon loading, SAR and BOD/COD among
wineries, due to the differences in wine processing and in treatment processes employed in
these wineries.
pH varied significantly among wineries as shown in Figure 5.1. Winery wastewater of the
smallest winery (400 t) showed the most variation in pH with values ranging from 3.2 – 9.5.
pH at the large winery Y was quite stable with mean value of 6.4 and 6.3 in the vintage and
post-vintage season (24,000 t), respectively. Winery wastewater EC varied from 900 – 3000
µS/cm (Figure 5.1). Winery with 400 t annual crush had the lowest EC during vintage, but
this was less clear during the non-vintage season. Total organic carbon (TOC) content of
winery wastewater varied significantly among the wineries. Large wineries >10,000 t
exhibited winery wastewater with stable TOC during pre-vintage, vintage and post-vintage
seasons. The concentrations of sodium, calcium and magnesium ions in winery wastewater
were used to calculate SAR. Winery with annual crush of 30,000 t had higher SAR than the
other four wineries. Moderate-scale winery (<10,000 t) and the small winery (400 t) had the
least SAR values.
Winery wastewater was sampled before and after treatment at a medium sized winery
(Figures 5.2 and 5.3). Wastewater produced during vintage had higher COD than in
comparison to the pre-vintage and post-vintage seasons (Figure 5.2). In general, COD of
winery wastewater decreased with treatment. Current methods for removal of suspended
solids and organic matter do not have little impact on treated water salt concentrations
(Figure 5.3).

5.1.3.

Simple measurement such as pH and EC can tell us a lot about what is
happening inside a winery

Inflow data logged at moderate size winery is included in Figure 5.4. Three basic waste
streams can be identified simply from this information.
1. Product Waste (low pH, high EC).
2. Cleaning Waste (high pH, high EC).
3. Water Rinsing (high pH, low EC).
By using logging times and the type of waste can be identified to target responsible
operations.

5.1.4.

Conclusions

There was a wide variation in composition of winery wastewater, both spatially and
temporally. Winery wastewater produced during vintage always had higher biological oxygen
demand, total nutrients and electrical conductivity. Winery wastewater was more acidic in the
vintage than in comparison to the winery wastewater produced during the non-vintage
season. Winery wastewater was generally alkaline and saline during non-vintage seasons. In
Australia, a sodium adsorption (SAR) of 6 is considered the benchmark of sodicity. Winery
wastewater was highly sodic in the vintage season with values ranging from 10-35 during the
vintage season. Although various parameters may be used to evaluate winery wastewater,
pH, EC, COD, SAR and TOC are of particular importance
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Figure 5.1 Seasonal variation of winery wastewater pH and Electrical Conductivity
(EC) Total Organic Carbon (TOC) and Sodium Adsorption Ratio (SAR) at five selected
wineries.
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Figure 5.2 Trends in time and boxplot representations of chemical oxygen demand,
(COD, unfiltered) and total suspended solids (SS) and dissolved organic carbon
(NPDOC) at a medium size winery.
Red lines and symbols represent untreated wastewater and green lines and symbols represent treated
wastewater. Dotted line represents the end of a year.
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Figure 5.3 Trends in time and boxplot representations of Na, K, Mg and Ca at a
moderate size winery.
Red lines and symbols represent untreated wastewater and green lines and symbols represent treated
wastewater. Dotted line represents the end of a year.
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Figure 5.4 Inflow PH and EC at a winery during the vintage season.

5.1.5.

Publications arising from this research

Kumar A, Grocke S, Correll R, Doan H, Kookana R and. 20007. Winery wastewater quality
differences across small, medium and large scale wineries. Poster presentation. Proceedings
of Thirteenth Australian Wine Industry Technical Conference 28th July – 2nd Aug 2007,
Adelaide.
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5.2. Characterization of organic matter and evaluation of organic
load measurement techniques in winery wastewater
The 5-day biological oxygen demand (BOD5) remains a key indicator for proof of compliance
with environmental regulators in the monitoring and management of winery effluent.
However, there are limitations associated with the application of the test, including: A 5 day
duration before a result is acquired, labour intensive and inaccuracies generated through the
dilution process involved. Therefore, it is becoming more common, for wastewater managers
to use alternative tests to BOD5 to assess water quality, that are simpler, more reliable and
rapid, allowing for better management of effluents.
However, relationships between many of the parameters is complicated and often empirical.
Precise values depend on test conditions employed, molecular structure and ease of
chemical oxidation of wastewater components. Definitive relationships between BOD5 and
COD, for use with many effluents including winery wastewater is difficult as the quality and
biodegradability is so variable over an annual cycle. The only reliable way to inter-convert
BOD5, COD, TOC and theoretical oxygen demand is by testing and calculation over time.
Nevertheless, chemical oxygen demand (COD), in particular which is sold commercially as a
kit test (e.g. supplied by CHEMetrics®) and provides results after two hours is being widely
used for the assessment of organic load within effluent monitoring programmes. It is
unaffected by toxic substances and a linear relationship between BOD5 and COD can be
established in easily biodegradable domestic effluent streams.
Inter-conversion factors from alternative tests that are more rapid, accurate and simpler have
been determined that allow prediction of BOD5 in winery wastewaters.
Rule of thumb inter-conversion factors for winery effluent at any stage of production and
treatment are:
BOD5 = 0.65COD,
BOD5 = 2.9TOC
BOD5 = 2.9DOC.
Rapid, simple enzyme based test kits for the determination of ethanol, the sugars; fructose
and glucose, and citric acid (Megazyme International) perform well in winery wastewater
effluent and may be used to correlate these compounds to BOD5 in winery wastewater.
These tests were chosen as it has been previously found that ethanol and, at certain times
during wine processing, the sugars, contribute as much as 90% of the COD of winery effluent
(Colin et al., 2005). In this study ethanol + the sugars contributed between 70-85% of the
organic load in untreated effluent (Table 5.1)
Table 5.1 Concentrations of ethanol, glucose and fructose in winery wastewater and
the contribution of these components at different stage of production and treatment to
total organic carbon
Vintage
Untreated

Non-vintage
Untreated

Vintage
(facultative
lagoon)

Non-vintage
(facultative
lagoon)

1550

1840

1541

1168

897

384

2.2

1.4

1277

428

11

0.2

0.75

1.03

0.0

0.4

Ethanol-C/TOC (%)

40

56

Glucose-C/TOC (%)

24

8

Fructose-C/TOC (%)

19

8

Wastewater
Component
-1

Ethanol mgL

-1

Glucose mgL

-1

Fructose mgL

-1

Citric Acid mgL
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Citric acid is also used regularly in winery sanitation processes for tank and bottle cleaning
and a slug of a 5% solution of citric acid with a BOD5 of 17599 mgO2 L-1 (Chapman et al.,
2001) could enter the wastewater receiving system undiluted. Ethanol, sugar and citric acid
tests, may act as simple surrogates for organic pollution appraisal and would be easy to
conduct in an in-house winery laboratory where sugar and ethanol and organic acids are
routinely measured to assess wine quality. Rule of thumb ratios for easily measured organic
parameters are shown in Table 5.2.
Table 5.2 Rule of thumb ratios between BOD5 and easily measured organic
parameters in untreated winery effluent produced during vintage and non-vintage
Ratio

Equation

BOD5/COD
BOD5/TOC
BOD5/(ethanol+glucose+fructose)
BOD5/ethanol
BOD5/(glucose+fructose)
COD/ethanol
COD/(glucose +fructose)
COD/(ethanol+glucose+fructose)

BOD=0.58COD
BOD=2.5TOC
BOD=1.1(ethanol+glucose+fructose)
BOD=1.4ethanol
BOD=1.4(glucose+fructose)
COD=2.5ethanol
COD=2.2(glucose +fructose)
COD=1.9(ethanol+glucose+fructose)

There was a very strong linear relationship (1:1) between COD values determined, using a
commercially available mercury free test kit compared with using a traditional COD test kit
that contained mercury (Figure 5.5). This suggests that mercury free COD test kits could be
used by the wine industry for organic pollution assessment with associated reductions in
environmental risk and economic benefit when managing COD test waste disposal.

-1

Mercury free test kit COD(mg O2 L )

16000
14000
12000
10000
8000
6000
4000
2000
0
0

2000

4000

6000

8000

10000

12000

14000

16000

Mercury containing test kit COD (mgO2 L-1)

Figure 5.5 Relationship between COD (mg O2 L-1) in untreated winery
wastewater effluent measured using conventional mercury containing COD test
kits and kits that contain no mercury.
(y=0.9767x+52.8; R2 = 0.97; n=23; p<0.05)
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5.2.1.
•

•

5.2.2.

Rules of thumb factors for the inter-conversion of COD, TOC and DOC with BOD5
measurements of winery effluent were determined. These are: BOD5 = 0.65COD,
BOD5 = 2.9TOC and BOD5 = 2.9DOC.
Ethanol and the sugars (glucose and fructose) were dominant constituents of winery
effluent at mean proportions of 55% and 24 %, albeit with high variability. Ethanol did
not seem to be connected with vintage and non-vintage periods, which was in
contrast to the sugars which were most dominant over vintage.
Overall, the sum of ethanol, glucose, fructose and citric acid accounted for
approximately 70-85% of winery wastewater organic load.
Although not compared directly with conventional chromatography methods, the rapid
enzyme based test kits for ethanol, glucose and fructose seemed to perform well with
winery effluents, providing data that appeared reasonable compared with standards,
previous studies and in comparison with the TOC determinations.
Out of all the relationships between BOD5 vs COD, TOC, DOC, ethanol, (glucose +
fructose) and (ethanol+glucose+fructose), BOD/COD offered the linear relationship
with the highest correlation factor. In contrast to previous studies (Colin, et al. 2005),
the correlation determined here between COD and ethanol, was less significant.
Most of the organic load was in dissolved form. Mean DOC/TOC values were 84%
and dissolved COD accounted for 84% of total COD.
A highly significant linear correlation (R2 =0.97; p<0.05) was determined between
values obtained from mercury containing and mercury free commercially available
COD kits. This suggests that the mercury free COD test kit could be successfully
used for winery effluent testing with the associated environmental and economic
benefits for test waste disposal compared with traditional mercury containing COD
test kits.

Publications arising from this research
W.C. Quayle, A. Fattore, R. Zandona, E. W. Christen, M. Arienzo and R. Correll.
Evaluation of organic loading measurement techniques in winery wastewater. Poster
presentation, 13th Australian Wine Industry Technical Conference, Adelaide, 28th July
-2nd August, 2007.
Quayle, W.C., Fattore, A., Zandona, R. Christen, E.W. and Arienzo, M. (2009).
Organic matter characterisation and evaluation of organic load measurement
techniques in winery wastewater. Submitted to Water Research (submitted)
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6.

DEVELOPMENT OF NOVEL AND ENVIRONMENTALLY
BENIGN TECHNOLOGIES FOR WINERY WASTEWATER
TREATMENT.

6.1. Assessment of polymer toxicity
6.1.1.

Introduction

Flocculants are charged polymers of varying molecular weights that are used in the
treatment of wastewater to increase the efficiency of settling, filtration and clarification. They
act by forming bridges between individual particles when segments of a polymer chain
adsorb onto different particles forming aggregates which are large enough to settle out under
gravity. It is assumed that the low molecular weight polymers produce greater toxicological
and/or ecotoxicological effects than the high molecular weight members because of their
higher solubility and mobility.
Despite the common use of polymers in wastewater treatment, and the significant volume of
these chemicals used and discharged to the receiving environment, very little information
exists on their toxicity. Currently no guideline values are available to regulate their use.
Correct choice of polymer is necessary if the winery wastewater has to be re-used in a
beneficial manner. Currently, polymer use is not being regulated by EPAs. There is a need to
audit the use of polymers in the wine industry to suggest environmentally friendly polymers.
Information on the fate and persistence of polymers in the aquatic and terrestrial
environments is required for better management of their use in treating winery wastewater.
Some polymers can be moderately toxic to aquatic organisms such as waterfleas (Kumar
and Kookana, 2006). The toxicity of polymer formulations to terrestrial organisms has not yet
been assessed. It is important when land disposal of winery wastewater is a common
practice.
The main objective of this study was to assess toxicity of six polymers commonly used at the
wineries.

6.1.2.

Methodology

Six commonly used polymers samples were collected and tested using ecotoxicological
approaches.
1.
2.
3.
4.
5.
6.

CIBA SNF
CIBA Liquid polymer
Zetag 7692
Zetag 8160
Zetag 8180
Zetag 8185

Test species were selected on the basis of their ecological relevance and on the availability
of standard tests with known sensitivity and reproducibility. The use of a standardised testing
protocol means that other laboratories can carry out the bioassays in an identical manner. It
is also possible that the above indicator organisms respond differently to different type of
contaminants. Together these assays can provide a comprehensive environmental risk
assessment of toxicants such as polymers.
Test organisms selected

1. Duckweed- Lemna sp
2. Midge, Chironomus tepperi
3. Earthworm, Eisenia fetida
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The duckweed bioassay determines the inhibition of growth of duckweed, Lemna sp, after 7
days of exposure topolymers. The test protocol was based on the OECD Test Guideline 221
(2002). Test solutions were prepared by diluting the polymer stock solutions with culture
media to promote good duckweed growth. Colonies consisting of 2 to 4 visible fronds were
transferred from the inoculum culture and randomly assigned to the test vessels under
aseptic conditions A total of 12 fronds were added to each test vessel. Test vessels were
placed randomly in the incubator to minimise the influence of spatial differences in light
intensity or temperature. The test was terminated after seven days exposure and total
numbers of fronds were counted in each test vessel. Test solutions were renewed on days 3
and 5 to ensure that test conditions remained constant.
According to the OECD Guideline 207, earthworms were exposed to soil spiked with different
concentrations of polymers. Following 14 days of exposure, the number of surviving
earthworms is counted and weighted and the percent survival rates were calculated.
Compost worms, Eisenia fetida were used for testing.
The objective of toxicity testing was to determine for each polymer:
•
•
•

The No Observed Effect Concentration (NOEC), where no statistical difference (P ≤
0.05) was found between exposed and unexposed (or control) specimens.
The Lowest Observed Effect Concentration (LOEC), where the smallest statistical (P
≤ 0.05) was found between exposed and unexposed (or control) specimens.
The median effect concentration (LC50/EC50) was the concentration of the polymer
that was estimated to be effective in producing mortality (in case of waterfleas and
tadpoles), growth (for duckweed bioassay) in 50% of test organisms.

Statistical significance was determined at α = 0.05. Data were tested for normality and
homogeneity of variance using Toxstat (1994). An analysis of variance (ANOVA) with
Bonferroni (unequal replicates) or Dunnett tests (equal replicates) was used to determine
significant differences in various treatments. This information was used for the estimation of
the LOEC and NOEC.

6.1.3.

Results

Duckweed showed lesser sensitivity to polymer exposures than in comparison to the
waterfleas with EC20 values > 150 mg/l for all polymers tested (Table 6.1 and Figure 6.1).
The six polymers did not exhibit toxicity to the earthworm during 14 days exposures with 80100% survival at concentrations ≤ 100 mg/L. No earthworm showed any evidence of lesions
or distress and at the end of the test they were all alive and well and motile.
Table 6.1 Toxicity of polymers to waterflea, Ceriodahnia dubia
Polymer

48-h LC50

Zetag7692 flocculant

1.40 mg/L

Zetag 8160 flocculant

1.20 mg/L
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Figure 6.1 Comparison of EC20 values for the six polymers.

6.1.4.

Conclusions and Recommendations

1. Based on the preliminary investigation, current polymers used in the wineries can be
classified as being highly to moderately toxic to aquatic organisms.
2. Results from the present study suggest that the discharge of low concentrations of
polymers in industrial process effluents should not represent a significant direct risk to
earthworms that may inhabit the receiving environment.
3. The order of sensitivity of different organisms to polymers was:
Waterfleas > tadpoles > midges > duckweed > earthworms
4. This study only investigated six polymers in terms of their toxicity Additional
bioassays such as plant growth and germination tests should also be conducted.
5. Risk ranking of all polymers used by the wine industry is needed.
6. Information on the fate and persistence of polymers in the aquatic and terrestrial
environments is required for better management of their use in treating winery
wastewater.

6.1.5.
•

6.1.6.

Publications from this research
Kumar A, Doan H, Grocke S, Kookana R and Correll R. 2007. Polymer use for
treating winery wastewater: Environmental concerns. Poster presentation.
Proceedings of Thirteenth Australian Wine Industry Technical Conference 28th July –
2nd Aug 2007, Adelaide.
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6.2. Phytotoxicity testing of winery wastewater
6.2.1.

Introduction

The chemistry of winery effluent is complex and variable, containing numerous inorganic as
well as organic compounds whose individual contribution to plant phytotoxicity is not known.
This complexity makes it almost impossible to carry out a phytotoxicity assessment of winery
wastewater based on chemical analysis alone. Moreover, rapid and inexpensive phytotoxicity
tests for winery wastewater are important when designing wastewater treatment systems
involving wetlands and reuse for irrigation. Constructed wetlands can be used to treat these
effluents having the potential to assimilate variable and large organic loadings with low
maintenance and operational costs. After the wastewater has been treated and filtered
through a wetland, it can be reused for the irrigation of land around the winery.
Understanding phytotoxicity is fundamental for the proper design and sustainability of a
wastewater treatment system involving plants, but almost no documented information exists.
This article summarises the paper by (Arienzo et al., 2009).

6.2.2.

Methods

Wastewater
The winery wastewater (WW) was taken during the peak of the vintage season in March
2008 from a winery located near Griffith. The chemical and physical properties of the WW
were: pH 4.5; electrical conductivity (EC) 5.1 dSm−1; chemical oxygen demand
17,000mgL−1; total suspended solids (TSS) 1000mg L−1 and total phenol content of
10.6mgL−1. For the bioassay toxicity test assessment the following concentrations of WW
were used: 100%, 75%, 50%, 25%, 10%, 5%, 0.5% and 0%. Dilution being undertaken with
deionized water. Half the treatments were amended with lime to pH 6.5, the others remaining
at their original pH of about 4.5. Lime was chosen as it is widely used in the wine industry as
a neutralizing material. For the wetland plant species test, only the treatments at 100% and
25% wastewater concentration were lime amended.
Phytotoxicity tests
Garden cress test
The toxicity of winery wastewater was assessed using the bioassay described by Saadi et al.
(2007). The WW used in this test was filtered and placed on glass microfibre filters in Petri
dishes. Ten garden cress seeds were placed in each dish and germination was conducted
over 5 days under darkness, at 25 ◦C. As parameters of toxicity both root length (cm) and
seed germination rate (%) were measured. EC50 and EC30 are expressed as concentrations
of WW causing 50 and 30% root length reduction.
Onion test
In this study we used the onion test as a potential simple, rapid and low cost test for
ecotoxicological evaluation of WW (Nielsen and Rank, 1994). Commercial onion bulbs were
placed in test tubes filled with WW, Figure 6.2. The WW was recharged every day. At day 5
the experiment was terminated and the length of the root bundles measured. Growth
inhibition EC50 and EC30 were determined as for the garden cress test.
Wetland plant species test
A simulated wetland microcosm pot experiment was carried out in a greenhouse. Three
macrophyte species, common reed (Phragmites australis), bull rush (Schoenoplectus
validus), and giant rush (Juncus ingens) were tested. Approximately 12 month old plants
were planted in 20L containers containing river gravel, Figure 6.3. The wastewater was
periodically refilled to compensate for evapotranspiration. Water and plant samples from
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each box were taken 20, 40 and 60 days after planting. Shoots and roots were analysed for
nitrogen, phosphorous and potassium content.

Figure 6.2 Toxicity test of onions with different concentrations of winery wastewater.

Figure 6.3 Wetland microcosm pot experiment with Phragmites australis,
Schoenoplectus validus and Juncus ingens.

6.2.3.

Results

The results of the cress and onion tests (Tables 6.2 and 6.3) show that the effluent was
highly toxic, and dilution to at least 25% of the initial concentration and liming was
fundamental to reduce the overall toxicity.
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Table 6.2 Phytotoxicity of non limed and limed wastewater on cress
Non limited

Limited

WW Concentration

Root length (%
of Control)

Germination
%

Root length (% of
Control)

Germination %

100%

0

0

1

60

75%

0

0

9

100

50%

0

0

20

100

25%

1

57

25

100

10%

18

80

71

100

5%

34

96

71

100

0.5%

61

96

68

100

0% (control)

100

100

100

100

EC50

2.5%

EC30

0.25%

15%
0.5-10%

Table 6.3 Toxicological effects on onion roots
WW concentration
100%
75%
50%
25%
10%
5%
0.5%
0% (control)
EC50
EC30

Growth of roots as % of control
Not Limed
Limed
8
6.3
5
6.3
20
18.8
21.7
22
25
25
33
50
35
87.5
100
100
0.25%
0.1%

5%
2.5%

The wetland species trial found that one week after transplanting, the treatments with
wastewater concentrations of 50, 75 and 100% were found to be extremely toxic for all the
wetland plant species. These plants showed marked symptoms of chlorosis, necrosis and
death and were not sampled further. For the treatments with WW concentrations of 10 and
25% the plants showed significant reductions in biomass (p < 0.05), with an 80% reduction
for the 25% WW concentration (Figure 6.3). The treatments with WW concentrations of 10%
and less displayed minimal phytotoxicity, thus indicating that a 10% concentration of WW is a
threshold for plant health. This is close to the EC50 range observed for the garden cress and
onion test. Limed treatments displayed higher biomass production relative to the
corresponding non-limed sample. Only Schoenoplectus and Juncus showed biomass
production of the same order of magnitude as the control. Although Phragmites has been
reported to be a hardy plant species (Rozema and Visser, 1981) in our experimental
conditions it was found to be the most sensitive.

6.2.4.

Conclusions

The garden cress and onion bioassays provide a rapid phytotoxicity screening. These tests
provided comparable results to that of the wetland pot trial. The toxicity threshold for the
wetland plants at 10% winery wastewater concentration was of the same order of magnitude
as the EC50 observed for the garden cress test (2.5–15%) and the onion test (0.25–5%). As
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such the onion and garden cress tests could be used in the wine industry for rapid
assessment of the toxicity of wastewater at different stages of treatment.
Adjustment of pH with lime and high dilution rates were required to reduce the phytotoxicity
of the WW. However, dilution of WW is generally impractical, hence effective preliminary
aerobic/anaerobic treatment is required to reduce the overall toxicity of WW before
application to a wetland. Schenoplectus and Juncus appeared to be more tolerant to winery
wastewater and had higher K uptake than Phragmites. All the microcosm wetland treatments
for 25%wastewater concentration or less provided large improvements in water quality.
Future research needs to be conducted to get better insights into the phyto-toxic effects of
WW, to determine the exact causal elements of toxicity.

6.2.5.
•

6.2.6.

Publications arising from this research
Arienzo, M., Christen, E.W., and Quayle, W. (2009). Phytotoxicity testing of winery
wastewater for constructed wetland treatment. Journal of Hazardous Materials, 169,
94–99.
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6.3. A preliminary analysis of horizontal and vertical flow wetlands
for the treatment of winery wastewater
6.3.1.

Introduction

The Australian wine industry includes several hundred small producers set in rural
environments (ABS, 2003). For these small businesses, yearly wastewater production and
financial resources may not be sufficient to warrant advanced technological treatment. Little
research has been conducted into on-site treatment for small scale wineries.
Specific wastewater treatment processes were developed by our research group to address
this situation. These treatments were designed with the aim to keep capital and maintenance
costs low whilst providing effective treatment so that the wastewater can be used for
irrigation of gardens, cash crops or potentially recycled back to the winery.
This work was undertaken at a winery crushing approximately 1500 tonnes/annum where in
the previous vintage another experimental system had been trialled. This previous system
consisted of the Land FILTER (Filtration and Irrigated cropping for Land Treatment and
Effluent Reuse) system technique in combination with a preliminary coarse screening. The
system performed adequate pH neutralisation and nutrient removal and the treated water
met the EPA limits for discharge into waterways for these parameters (ANZECC/NHMRC,
1992). However, it was not able to cope with high organic loads (Di Stefano et al., 2008).
Thus, the system was upgraded by combining the FILTER technique with a
sedimentation/aerobic pre-treatment of the effluent. It was found that to achieve useful
removal of organic load it is critical to have a properly dimensioned storage volume, ~40 kL
in this case, to allow an adequate hydraulic retention time of up to ~11 days (Arienzo et al.
2009a). The wastewater was pH adjusted using anhydrous ammonia gas bubbled through
the first storage tank. Anhydrous ammonia is commonly used in agriculture as a fertiliser,
and thus the per unit cost is relatively low and tanks and delivery equipment easily obtained.
Anyhdrous ammonia has advantages in that it avoids adding sodium or potassium salts,
does not increase suspended solids and increases the nitrogen content, which is low in
winery wastewater and so enhances the biodegradability of the effluent.
With the objective of keeping both capital and maintenance costs low and to significantly
reduce the contaminant load we decided to add to the system a horizontal flow wetland
(HFW) and replace the FILTER cell with a vertical flow wetland (VFW).
Removal of contaminants in wetlands is based on sedimentation, filtration, adsorption,
volatilisation, chemical precipitation, adsorption, desorption and plant metabolism. Wetlands
have the potential to assimilate variable and large organic loadings and low maintenance and
operational costs. Wetlands in combination with wastewater pre-treatment, like sand
filtration, pH adjustment, have the capacity to reduce chemical oxygen demand and water
can be used for the irrigation of cash crops or gardens around the winery (Shepherd, 2001).
Horizontal flow wetlands (HFW) are appropriate for treating primary wastewater, because
there isn’t an atmosphere/water interface. The subsurface flow prevents odours and
mosquitoes and permits access in the wetland area. This kind of wetland is particularly
efficient in removal of suspended solids, carbon and pathogens, as well as for denitrification,
while, due to its prevalently anoxic conditions, nitrification is quite limited.
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Vertical flow wetlands (VFW) differ from horizontal ones in that the wastewater is applied
through a distribution system on the whole surface area and passes through the filter
medium in a more or less vertical path. This kind of wetland is particularly efficient in
nitrification, carbon and suspended solids removal. Due to its prevalently aerobic conditions
denitrification is poor.

6.3.2.

Wetlands

The horizontal flow wetland (HFW) consisted of a 10 m wide x 18 m long basin with a bed
depth of 0.7 m that contains gravel as substrate. The vertical flow wetland (VFW) was a
10x10 m basin with a depth of 1 m and filled with washed river sand, Figure 6.4.

Figure 6.4 Photograph of wastewater pH adjustment and storage tanks and the HFW
(right) and VFW (left).
The wetlands were underlain by an impermeable membrane and were fed with wastewater
coming from the primary filtration and pH adjustment phase by a simple gated pipe inlet
device. The wastewater flows the length of the horizontal wetland to a collector pipe where it
then flows under gravity to the vertical wetland. Both wetlands were planted with Juncus
Ingens, a common aquatic machrophyte which in a previous greenhouse study (Arienzo et
al. 2009b) showed high tolerance to winery wastewater. The wetlands were irrigated with
mains water when wastewater flows were inadequate in order to sustain the plants.
The pH of the effluent was adjusted using anhydrous ammonia instead of the conventional
lime addition or similar alkaline chemicals. Figure 6.5 shows the design of the pilot scale
winery wastewater system for the 2009 vintage.
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Figure 6.5 Conceptual design of the upgraded winery wastewater pilot treatment
based on the implementation of a horizontal and vertical wetland.

6.3.3.

Results

Table 6.4 reports the mean chemical data of the flows into and from the wetlands systems
over the first two months of the 2009 vintage.
Table 6.4 Chemical analysis of wastewater inflows and outflows from the wetlands
Parameter
pH
Mean
Min
Max
-1
Salinity dS m
Mean
Min
Max
-1
TSS (mg L )
Mean
Min
Max
-1
COD (mg L )
Mean
Min
Max

Inflow to HFW

Outflow from HFW

Outflow from VFW

7.1
8.1
6.2

7.1
6.8
7.3

7.1
6.7
7.4

9.4
6.8
11.3

2.6
0.6
4.6

4.0
0.6
5.1

1095
350
2900

94
20
450

87
10
140

8200
1700
12500

1100
10
3900

800
10
3800

The acidic pH of the winery effluent was effectively buffered, pH 7.1, by the anhydrous
ammonia system. The salinity of the outlet water from the HFW only slightly exceeded the
EPA (ANZECC/NHMRC, 1992) limit for discharge, 4.0 vs. 3.3 dS m-1, due mainly to the
addition of mains water due to low wastewater flows. Both wetlands showed a marked
reduction of the total suspended solids (TSS) load of about 90% with a mean value of 80 mg
L-1 which is close to the regulatory limit of 50 mgL-1. The mean chemical oxygen demand
(COD) of the outlet water from the VFW decreased by ~90%, with a mean value of 800 mgL-1
seven fold lower than that of the inlet water, mean 5,800 mg L-1. Even though the COD
values of the outlet water from both wetlands were still largely in excess of the EPA
regulatory limits of 15 mgL-1 (for disposal to surface waters) the water is suitable for reuse
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and was able to be stored without odour issues. At times the COD showed some minimum
values of 10 mg L-1. Growth of J. Ingen was variable, with plants at the inlet end of the HFW
showing symptoms of chlorosis and necrosis of the leaf. However, plants at the outlet end of
the HFW and in the VFW appear to be performing well. The healthy plants in both wetlands
displayed similar chlorophyll content (0.70 mg g-1) as well concentration of N, P and K, Table
6.5.
Table 6.5 Mean total chlorophyll and Percentages of N, P, K in Juncus Ingens in the
horizontal flow wetland (HFW) and in the vertical flow wetland (VFW)
Parameter

HFW

VFW

Chlorophyll (mg/g)

0.7

0.6

N (%)

1.02

1.0

P (%)

0.10

0.18

K (%)

1.3

1.5

6.3.4.

Conclusions

The analysis of data is at a preliminary stage and the results from the full vintage are not yet
available. It would however appear that the wetlands are capable of treating the wastewater.
The dieback of plants at the inlet end of the HFW needs to be monitored, it is hope that these
plants will start to recover after vintage and will regrow before the next vintage.

6.3.5.
•

6.3.6.

Publications arising from this research
Arienzo, M., Christen, E.W., Quayle, W. and Di Stefano, N. (2009). Development of a
low cost wastewater treatment system for small scale wineries. Water Environment
Research, Vol. 81, No.3, March 2009, pp. 233-241
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6.4. A review of the fate of potassium in the soil-plant system after
land application of wastewaters
Irrigation with wastewaters from agri-industry processes such as milk factories, piggeries,
wineries, abattoirs is commonplace, representing a source of water, organic matter, nutrients
and soil conditioning agents (Cameron et al., 1996). The availability of wastewater as well as
the nutrients it may contain makes it an attractive source for irrigation with potential fertiliser
cost savings. Beside N and P, K plays several biochemical functions in plant tissues,
improving the tolerance to various stress situations, such as drought, low temperature or
salinity (Tisdale et al., 1999). Potassium concentrations in certain agri-industry wastewater
can be very high, like olive oil and winery wastewaters, Table 6.6 (Arienzo et al., 2009).
Table 6.6 Potassium and sodium concentration in municipal and agricultural sewage
effluents
-1

-1

Water source

K concentration (mg L )

Na concentration (mg L )

Municipal

13-20

50-250

Primary effluent

13-33

50-250

Milk powder/butter factory wastewater

13

560

Cheese whey

1,680

Lactic/casein whey

1,660

Slaughterhouse

90

Fellmongery

50

Meat processing secondary effluents

20-150

50-250

Dairy shed

220

50

Piggery

500-1,000

320

Wineries

250

130

Olive oil

10,000-200,000

160-400

Palm oil

2,100

80-120

Winery wastewater composition is highly variable, and its characteristics are known to
fluctuate markedly with size of winery, treatment processes as well as the season (previntage, vintage and post vintage),. Grape juice has a potassium concentration ranging
between 2,000–3,000 mg L-1 and is the major contributor to the high potassium levels in
winery wastewater. Cleaning products such as potassium hydroxide used in the winery
processes also contribute to the potassium load. Depending on seasonal fluctuations due to
harvesting and crush operations in the vintage period, potassium contents in wastewater can
range between 315±85 mg L-1 in a small (200 tonne annual crush) winery to 150±9 mg L-1
in a large winery (25,000 tonne annual crush. However, the concentration of potassium in
winery wastewaters can go up to 1,000 mg L-1 during the vintage season. Apart from the
concentration of potassium, the total loading to soil is important.
Application of wastewaters with these high potassium levels can increase the overall level of
soil fertility, as well long-term application of such wastewater may cause the build-up of soil
potassium and decrease the hydraulic conductivity of the receiving soils. Only limited
research data exist on the effects of potassium on soil structure stability (Rengasamy and
Summer, 1998) and hence the consequent effects on soil potassium availability remain
unclear.
The literature shows a broad spectrum of possibilities for potassium's effect on infiltration,
ranging from being similar to sodium (negative effect) to being similar to calcium (positive
effect). However, it seems that the overall effects of increasing exchangeable potassium and
Na can negatively impact on soil hydraulic conductivities and infiltration rates. There is a
general presumption that Australian soils have few structural stability problems associated
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with potassium and that Na is the central concern. Thus, potassium accumulation in soils is
seen by industry and regulators as a potential problem because of the effect it might have on
salt accumulation and soil structure. Irrigation with such wastewaters may result in potassium
availability that can correspond to or be in excess to plant requirements. For this reason we
decided to write an original review on the levels of potassium in municipal and agricultural
wastewaters, the main factors affecting plant potassium availability at wastewater disposal
sites and its uptake by plants.
The results from our review show that even though the use of such effluents can have
beneficial effects onto soil aeration, water infiltration into soil and soil moisture holding
capacity, erosion potential, soil cation exchange, growth of beneficial soil organisms there
are also negative effects on soil salinity, undesirable pH values, anaerobic conditions in the
root zone and excessive leaching of nutrients and heavy metals. Some studies (Kumar and
Kookana, 2006) reported that long term application of winery wastewater with a range of
salinity of 0.09-0.3 S m-1 and concentrations of K and Na of about 400 mg L-1 in vineyards,
pastures and woodlots resulted in a build-up of available potassium levels to 1,400 mg kg-1
in woodlot.
The potential for accumulation of potassium in soil from wastewater disposal is high, since
the element has a low leachability. The literature shows that grasses and legume herbages
accumulate high levels of potassium, up to 5% dry weight, and some grasses, such as
turfgrass are particularly tolerant to high levels of potassium, even under saline conditions
(Tables 6.7 and 6.8 ). This adaptation is considered useful for increasing potassium
immobilization and effective practices of land wastewater disposal.
Potassium availability is significantly affected by the cation ratios of the wastewater, the
existing soil water solution and of soil exchange sites. Winery wastewaters normally possess
an acid pH value, sometimes close to pH 4, and hence this sustains the overall potassium
availability of the receiving soil. Normally, potassium availability is high for most plants in
neutral or slightly acidic soils.
Table 6.7 Typical K uptake (DM) and removal by some crops
Crop

Yield
-1
t ha

Uptake (K)
-1
kg ha

Lucerne (Medicago sativa)

25

554

Clover grass grass mixtures (Trifolium spp)

15

332

Coastal Bermuda grass (Cynodon dactylon)

25

443

Coffee (Coffea Arabica)

2

147

Maize (Zea mays)

18

237

Cotton (Gossypium hirsutum)

2

193

Grain Sorghum (Sorghum bicolour)

13

245

Oil Palm (Elaeis guinneis)

79

245

Peanuts (Arachis hypogea)

5

193

Soybeans (Glycine max)

3

189

Wheat (Triticum aestivum)

2

149

Banana (Musa sapientum)

77

1188

Grape (Vitis vinifera)

15

150
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Table 6.8 Potassium concentration (g kg-1 dry matter) of plant parts of annual
ryegrass, three cereals and 12 legumes [84,85,86,87,88]
Crop

Yield
-1
t ha

Removal (K)
-1
kg ha

Orange (Citrus aurantium)

40

79

Tomato (Tomato esculentum)

60

170

Banana(Musa sapientum)

50

774

Spinach (Spinacia oleracea)

25

142

Potato (Solanum tuberosum)

40

166

Wheat (Triticum aestivum)

4.0

40

Soybean (Glycine max)

3.5

43

Maize (Zea mays)

9.0

162

In preparing the review, it has become apparent that research into the fate of potassium in
the soil-plant system under wastewater application is limited. In particular, the effect of
disposing high potassium effluents on soil structure is still not clear and more research is
needed. In order to clarify this need surface and subsoil layers from a land application site for
winery wastewater were used in laboratory experiments on repacked soil cores, to evaluate
the relative effects of sodium and potassium in percolating solutions on soil hydraulic
conductivity. The results indicated a greater soil stability in the presence of potassium
relative to sodium in the surface and subsurface soils at the land application site.
However, guidelines are needed at winery wastewater disposal sites which indicate the
critical cation composition of the irrigation water and of soil solution to minimize damage of
soil structure, leaching losses and optimize plant K removal from soil colloids. Further
research needs also to focus on the effect of the K:Na ratio in the wastewaters and its effect
on potassium availability and leaching in soil and potential increased plant tolerance to
salinity.

6.4.1.
•

6.4.2.

Publications arising from this research:
Arienzo, M., Christen, E.W., Quayle, W. and Kumar, A. (2009). A review of the fate of
potassium in the soil-plant system after land application of wastewaters. Journal of
Hazardous Materials. 164, 415-422.
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7.

ANALYSIS OF POND ODOUR AND CONTROL OPTIONS

7.1. A flyer produced for Odour control options.
7.1.1.

Odour Management

Odour is an intrinsic management aspect of all activities associated with winery waste
management. The treatment and storage of wastewater and solid waste by-products from
the winemaking process must be undertaken in a manner that minimises nuisance. As such
we have reviewed the sources of odour, management steps and monitoring that can be
undertaken.
Objectionable and offensive odours can cause significant adverse effect on people’s lives
and well-being. In fact, complaints about odours are arguably one of the most frequent
environmental pollution incidents reported to regulatory authorities. Odour problems are
more frequent in the vintage season when wineries are producing high volumes of
wastewater with high organic load (COD: 5000-15,000 mg/L).

7.1.2.

Sources of Odour

Odour problems are caused by some sanitisation procedures, any wastewater management
that allows wastewater or solids/sludge to become anaerobic. Examples of this are ponding of
winery wastewater, inadequate solids removal, allowing soils where wastewater has been
applied to become anaerobic by excessive application and/or not allowing soils to dry between
applications and inadequate solids drying periods.
There are three main groups of volatile compounds in winery wastewater which have low
perception thresholds, high concentrations and unpleasant odour:
1. Sulphur compounds
The formation of very smelly sulphur compounds such as mercaptans (rotten
vegetable smell) and hydrogen sulphide (rotten egg smell) occurs from winery
wastewater when sulphur dioxide (SO2), which is used in fermentation and wine
stabilisation processes is reduced anaerobically.
2. Oxygenated compounds
Oxygenated compounds come from the anaerobic fermentation degradation of the
organic constituents of winery wastewater. The volatile fatty acids produced create a
range of odours from vinegar, rancid butter and sweat.
3. Chlorination by-products
Chlorinated compounds are formed following the chlorination of cleaning waters and
generally occur in fresh effluent rather than that which has been stored for a period of
time.
Algae, as well as some bacteria, may also produce odour-causing organic substances,
however these occur infrequently and need specialist treatment.

7.1.3.

Odour Management

Outlined below are aspects of winemaking and wastewater management that should be
considered when developing an odour management plan.
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Reduce wastewater volume and strength
The lower the strength (especially organic load) of the wastewater the less likely it is to smell.
Undertaking management steps in the winery to reduce wastewater volume and load will
reduce the overall problem. Steps that can be taken are:
•
•
•
•
•
•

Avoid spillage/leakage of product and wine juice into wastewater streams.
Use pigging to avoid cleaning water coming in contact with residue wine.
Improve the mechanical removal of
solids from surfaces and equipment before
beginning the cleaning processes.
Segregate high strength streams in order to reduce the impact of chemicals on the
wastewater quality.
Recover organic solids as much as possible using screens and sedimentation
processes.
Recycle caustic cleaning solutions until they are fully spent, e.g. pH is < 10.

Wastewater and solids Management
•
•
•

Separate solids from the waste stream to reduce organic load (BOD, COD and SS).
Wastewater stored in pits, tanks, ponds or on the soil surface in disposal area for
periods exceeding 48 hours is likely to become anaerobic and start to smell offensive.
Any storage of solids such as sludge and grape marc that allows any of it to become
anaerobic will start to smell. As such the siting and management of these wastes is
important, well away from residences, cellar buildings and anywhere the public may
venture.

Pond Management
As mentioned above wastewater that is allowed to sit and become anaerobic will start to
smell. Steps that can be taken to avoid this are:
a) Time and depth of storage
• Store wastewater for as short a time as possible and at as shallow depth as possible.
Shallow evaporative areas (<100 mm) have been used successfully.
• Use closed tanks for small volumes to minimise release of odours. However the
odours will be released when the stored water is moved to a treatment facility or
disposed onto land unless it is quickly aerated. A practice for small wineries of
storing wastewater during the day and then sprinkling onto land every night is likely
to minimise odours as it minimises storage times
• Use covered anaerobic lagoons (CAL) for large volumes. Having a CAL means that
large volumes of wastewater can be stored without odour issues. Other benefits are
that a large storage at the beginning of a wastewater treatment provides controlled
flows into the main treatment system for optimum treatment. Also settling of solids
and anaerobic digestion of some organic load will occur in the CAL which will reduce
the organic load for the treatment system/disposal area.
b) Aeration
• Keep open ponds well aerated (>3.0 mg/L dissolved oxygen) thus avoiding anaerobic
conditions. Many types of aerators are available. Their efficiency and cost of operation
are dependent on hydraulic detention time and sizing and type of aerators. Aerators
also allow aerobic digestion to occur and so reduce the organic load, so typically they
are used after a CAL or as the first step in a treatment process after solid settling.
c) pH/alkalinity control
Controlling wastewater pH (between 6 and no greater than 9) is important to control
hydrogen sulphide emissions. pH control to around 7 also assists organic load digestion and
is important when applying wastewater to land.
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7.1.4.

Land application

For odour management, and good site management, when applying wastewater to land the
aim is to apply wastewater at the right volume and interval that matches the soil’s capacity to
adsorb the wastewater and breakdown the organic load. If too much wastewater is applied at
any one time then saturation of the soil and ponding can occur. If this occurs and the soil
remains in that state for some time (>24hrs) then anaerobic conditions will develop leading to
odours from that area. If this situation occurs regularly, i.e. at every wastewater application,
then it is likely that plant growth will be affected and the soil’s capacity to breakdown the
organic matter diminished. If this occurs then soil will start to clog up with organic matter and
the situation will become worse. Some tips for maintaining a healthy wastewater application
site and so avoiding odour problems are given below:
1. Wastewater should be screened to remove coarse solids prior to land treatment.
2. The wastewater should be applied immediately to land,I - storage time minimised.
3. The timing and volume of application should be such to achieve healthy crop growth.
This requires a matching of crop water use with water applied. During periods of low
evapotranspiration (winter) or rainfall then the amount of wastewater that can safely
be applied is much reduced.
4. The rate of application should not cause soil to be saturated for prolonged periods or
wastewater to be ponded on the surface. Runoff due to wastewater irrigation must be
avoided, a sure sign of over application.
5. The organic load should be managed so as not to clog the soil or cause waterlogging
or anaerobic conditions
6. For long term application of winery wastewater without odours soil structure should
be maintained. The sodium adsorption ratio (SAR) of the wastewater applied to clay
soils should not exceed 8 unless gypsum or lime is applied routinely to the soil

7.1.5.

Odour Monitoring

Odour management is complicated by a number of factors – the range of adverse effects it
can cause, and people’s varying sensitivity to odours. Such factors cause conflicts between
neighbours and industry about the severity of the effects. These conflicts need to be resolved
by assessing the effect on neighbours and deciding what action needs to be taken to remedy
any unacceptable effects. Some methods of achieving this are outlined below:
1. Community Consultation – Community meetings for nearby residents can be held to
gauge the extent of dissatisfaction being experienced. Depending on the prevailing
circumstances these meetings may be replaced and/or complemented by a
newsletter. Either medium will serve as a tool to negotiate solutions as well as
provide direction or ongoing community input on existing odour issues.
2. Monitoring: Odour Annoyance Survey – surveys have been developed to assess the
local community’s level of annoyance with odour, taking into account the five factors
that influence odour complaints; that is frequency, intensity, duration, offensiveness
and location. The odour annoyance survey can quantify the extent to which the local
community, as well as winery employees, are adversely affected by odour emissions.
If undertaken on a regular basis, it will also track changes in attitudes and therefore
progress in mitigating the problem.
3. Monitoring: Odour Diaries – A comprehensive diary programme can collate data on
the frequency and strength of odour impacts over a given period of time. The data
can be used to calculate the percentage of time (hours/year) that residents and
workers are exposed to odours, as well as the typical strength and character of the
impacts. This information will also be useful in the assessment of operating
procedures implemented to minimise odour problems.
4. Odour Dispersion Modelling – This can be undertaken with computer modelling.
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7.1.6.
•

Publications arising from this research
A Fact Sheet: Winery wastewater odour management
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8.

GUIDELINES FOR ENVIRONMENTALLY ACCEPTABLE
EFFLUENT QUALITY

8.1. Impacts of winery wastewater discharge on soil health
8.1.1.

Introduction

Land based disposal is the main method of waste disposal currently used for many organic
wastes. This is a major agricultural research priority in order to maintain the sustenance of
soil productivity that is not only critical for production of food but also in the maintenance of
environmental quality. The organic residues in the winery waste may stimulate microbial
activities and the possible use of this kind of organic waste for irrigation may reduce the
dependence on nitrogen, potassium and phosphorus based fertilisers. However, repeated
application of winery wastewater could result in detrimental long-term effects on soil structure
and perhaps soil dwelling organisms.
The main aim of wastewater irrigation by the wine industry is to dispose of winery wastewater
(Chapman et al., 2001). Rapid disposal would reduce storage time and do prevent malodors.
In response to large amount of winery wastewater production, especially over vintage, this
pressure can lead to over-irrigation. Over-irrigation can lead to environmental impacts such
as groundwater contamination through leaching of excess salts and nutrients and perhaps
organics.
Irrigation could also cause waterlogging. This can result in filling large soil pores making the
soil anoxic, which in turn can affect the developing plant roots and soil dwelling organisms.
High BOD of wastewaters rapidly decreases the oxygen supply in the soil resulting in
anaerobic biochemical pathways leading to malodours and inefficient removal of organic
contaminants from the soil.
Accumulation of salts in soils due to winery wastewater application to land can reduce pant
growth and productivity. High SAR of winery wastewater can adversely affect the soil
structure. It is very important to maintain the diversity of soil micro-organisms as they help
vines or other crops obtain nutrients. A healthy soil microbe population is also essential for
preventing plant diseases and pests from gaining an advantage in the field.
Chapman and co-workers have extensively (1995) studied the removal of soluble carbon
from synthetic winery wastewater by repeated application to soil in the laboratory. The main
aim of this study was to assess the changes/impacts due to long--term application of winery
wastewater at selected field sites in South Australia. The soil monitoring program was
designed to ensure that the land treatment of the winery wastewater does not lead to
adverse structure loss, salinisation, waterlogging, or chemical contamination of the soil
matrix.

8.1.2.

Methodology

In order to investigate the impact of winery wastewater on soil physico-chemical
characteristics, surveys were undertaken from several sites. Site selection for field
monitoring was done in consultation with various stakeholders. Soils were sampled in 20032007 on different sites, (pastures, woodlots and vineyards), which had received different
volumes of winery wastewaters. Sampled sites included those irrigated for more than 20
years and controls (never received any waste waters).
There were some challenging sampling issues due to variability in the sites due to size, land
use, period of winery wastewater application and soil characteristics. Finding an appropriate
reference site(s) for different land uses was also considered during soil sampling. In general,
it was recommended that 5 samples be used to represent each site. Each sample was to be
chosen to be a composite of 5 cores. Typically the cores were taken on a 5 m by 5 m grid,
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and the compositing was done along the axis with the largest environmental gradient. This
scheme ensured that there was maximum variation within a composite, which guaranteed
minimum variation among the composite samples.
Soil sample preparation
Samples collected in the field were processed in the laboratory for further analyses. The first
step involved air-drying all samples at 40°C in the aluminium foil trays. This was followed by
grinding and sieving of the dried soil samples. The samples were then thoroughly mixed,
sub-sampled into containers and thereafter stored for further microbiological and physicochemical analyses.
Physico-chemical analyses of soils collected
The following physico-chemical characteristics parameters were measured:
1. TOC (%)
2. EC (dS/m; 1:5 soil to water )
3. pH (pH units; 1:5 soil to water)
4. Total available phosphorous (mg/kg ; Bicarbonate extraction method)
5. Total available potassium (mg/kg, Bicarbonate extraction method)
6. Sodium (mg/kg, 1:5 soil : water for the determination of sodicity)
7. Calcium (mg/kg; 1:5 soil : water for the determination of sodicity))
8. Magnesium (mg/kg, 1:5 soil : water for the determination of sodicity)
9. Total Kjeldahl nitrogen (mg/kg)
The sodium hazard of soil usually is expressed as the sodium adsorption ration (SAR). This
is the proportion of water soluble Na+ to Ca++ plus Mg++ in the soil. The formula used to
calculate SAR is shown below:

SAR = [Na+] / {([Ca2+] + [Mg2+]) / 2}1/2
where: [ ] = concentration in milliequivalents/liter (meq./L)
Ions in the equation are expressed in millequivalents per liter (meq/L) and are obtained from
a saturated paste soil extract. To convert ppm or mg/L Na+ to meq/L, divide by 23; for Ca++
divide by 20; and for Mg++ divide by 12.2.

8.1.3.

Results

Data on various soil parameters are summarised in Tables 8.1-8.3.
The EC data was higher in the irrigated woodlot than in the control woodland, and the
increase can be seen within the YMA site from Nov 03 to Nov 07. The EC values of over 400
µS/cm would place those soils in the moderately saline class. The increase in the EC was
associated with an increase in both soluble Na and soluble K, Generally the SAR values
were <3 so they met guidelines although two of the YMA values were >3. Parallel with the
increase in Na and K was a great increase in organic carbon from <1% to over 5%. This
represents an accumulation of about 50 t per ha of organic C. Woodlots irrigated with
wastewater typically were generally had a pH exceeding the target range of 6 – 8 (Table 8.1).
Pastures irrigated with wastewater had a lower EC than the woodlots irrigated with
wastewater. This may in part be due to a shorter application period or it may reflect
differences in soil types used for the pasture and woodlot (Table 8.2).
Vines irrigated with wastewater showed less difference from the control than did pasture or
woodlot irrigated with wastewater in EC and organic carbon but there was evidence of
accumulation of Na and K in the soils of winery wastewater irrigated vines (Table 8.3). This
may be a reflection of vineyard managers having a control of the quality of wastewater that
was used to irrigate the vines.
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Table 8.1 Comparison of soil chemistry data for woodlot receiving wastewater at selected wineries
Winery

Sampling year

EC 1:5
µS/cm

pH
1:5 H2O

Avail P
mg/kg

Avail K
mg/kg

Org C
%

Soluble Na
mEq/100g

Soluble K
mEq/100g

SAR
%

YMA

May 03

380-600

8.0-8.2

100-185

780-1400

4.4-4.7

Nov 03

410-670

8.5-8.8

369-376

1630-2020

3.9-4.8

1.7-1.9

0.82-0.85

5.5-5.9

June 04

460-1000

8.8-8.9

365-370

1570-1800

4.5 -6.0

1.4-1.7

0.54-0.55

4.7-5.9

Nov 07

423-1447

390-512

1231-1540

3.9-7.3

0.6-1.6

0.6-1.5

1.6-2.8

06

260-318

8.4-8.6

170-490

1770-2767

2.3-4.9

1.9-2.3

0.66-1.2

07

274-323

8.3-8.8

53-77

1386-1575

2.4-9.8

0.6-0.9

0.3-0.39

2.0-2.9

06

481-557

8.5-8.9

75-87

1584-1859

3.1-5.2

0.96-1.2

0.43-0.49

2.5-2.6

07

620-884

7.4-8.1

218-289

2207-2432

4-6.2

1.4-2.4

1.0-1.4

STV

07

100-180

8.2-9.4

20-120

250-920

0.5-0.7

RMT

Dec 07

79-266

6.5-7.6

30-60

175-538

1.2-2.8

0.25-0.5

0.17-0.27

1.7-2.5

TFT

Dec 07

130-251

6.6-7.6

81-130

417-678

1.1-1.3

0.17-0.31

0.29-0.47

0.3-0.8

Control site

2003- 07

134-168

7.3-7.8

8-14

260-432

0.5-1.1

0.05-0.15

0.07-0.27

0.28-0.39

Target 6-8

Def<200
Ade<1500
High>1500

Marginal<120
Adequate <250
High >250

Low<1.0
Mod<2.0

OTP
OJR

Guide

Low<300
Medium<600
Target<2000
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Table 8.2 Comparison of soil chemistry data for pasture receiving wastewater at selected wineries
Sampling
site
YMA

ONP
TGA
FNP

Control site

Sampling
year
Nov 03
June 04

EC 1:5
µS/cm
160-176
85-185

pH
1:5 H2O
7.9-8.1
7.8-8.3

Avail P
mg/kg
17-20
17-27

Avail K
mg/kg
240-470
450-550

Org C
%
2.6-3.2
2.9-3.7

Nov 07

96-165

6.7-7.0

20-58

384-478

2.8-3.7

Aug 06
Nov 07
April07
May08
Sep05
Nov06
Nov07
03-07

425-481
436-541
172-215
134-151
700-1972
1032-1500
349-667
65-486

7.7-7.8
7.7-7.9
9.3-9.5
9.3-9.4
8.8-9.5
8.7-9.2
6.9-8.4
6.3-6.8

61-129
182-238
18-40
20-35
87-263
55-250
108-1167
83-148

1.9-2.1
1.8-2.2
0.24-0.28
0.3-0.4
0.62-1.2
0.39-0.63
1.45-4.93
1.33-2.96

Low<300
Medium<60
0
Target<2000

Target 68

Def<200
Ade<1500
High>1500

974-1439
1442-1669
494-721
329-335
218-1383
923-1073
700-1917
83-1481
Marginal<12
0
Adequate
<250
High >250

Soluble Na
mEq/100g
0.09-0.10
0.10-0.11
0.16-0.23

Soluble K
mEq/100g
0.17-0.28
0.20-0.28

SAR
%
0.40-0.41
0.37-0.46

0.26-0.31

0.8-0.9

0.74-0.86
0.53-0.62
0.53-0.69
0.42-0.49
0.25-0.58
0.49-1.0
0.3-0.8
0.1-0.62

0.38-0.52
0.46-0.55
NA
NA
0.24-0.63
0.49-1.3
0.45-1.2

1.1-1.6
0.9-1.1
0.9-1.0
0.55-0.65
1.0-1.2
1.0-1.5
1.23-2.78
0.61-1.03
<3 preferred
3-8 possible sodic
soils
>8 sodic

Low<1.0
Mod<2.0

Table 8.3 Comparison of soil chemistry data for vineyards receiving wastewater at selected wineries
Sampling
site

Sampling
year

EC 1:5
µS/cm

pH
1:5 H2O

Avail P
mg/kg

Avail K
mg/kg

Org C
%

Soluble Na
mEq/100g

Soluble K
mEq/100g

SAR
%

YMA

Nov 03
June 04
Oct 06
Nov 07
03-07

254-261
215-210
1290-1460
274-585
82-104

9.2-9.3
9.0-9.1
9.0-9.1
7.9-8.2
8.0-8.2

50-54
45-47
38-39
137-206
24-27

1.02-1.07
1.0-1.1
0.78-0.85
1.39-1.97
0.93-0.94

0.84-0.86
0.74-0.75
0.82-0.85
0.93-1.5
0.25-0.27

0.92-0.97
1.1-1.2
0.67-0.85
0.37-0.51
0.32-0.36

Low<300
Medium<600
Target<2000

Target 68

Def<200
Ade<1500
High>1500

520-660
780-840
680-735
566-720
300-320
Marginal<120
Adequate
<250
High >250

1.15-1.18
0.97-1.0
1.29-1.34
3.8-5.5
0.46-0.49
<3 preferred
3-8 possible sodic
soils
>8 sodic

Control site
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Table 8.4 Soil sodicity risk at different water salinity and SAR levels
Soil type:

Well to moderate draining soils
leaching fraction ≥ 30%

Slow-draining soils
Assumed leaching fraction is 15%.
Use lower SAR figures for highly sodic
heavy clay soils (their leaching
fractions are usually from 2 to 10%).

Associated Risks for Water SAR thresholds
Water
salinity
(µS/cm)

Low

Medium

Severe

Low

Medium

Severe

1000
<3
3 – 10
> 10
<3
3–8
>8
1500
<4
4 – 13
> 13
<3
3 – 11
> 11
2000
<7
7 – 16
> 16
<6
6 – 14
> 14
2500
< 10
10 – 18
> 18
<9
9 – 16
> 16
3000
< 12
12 – 20
> 20
< 11
11 – 18
> 18
3500
< 14
14 – 22
> 22
< 13
13 – 20
> 20
4000 ^
< 16
16 – 24
> 24
< 14
14 – 22
> 22
^ Upper limit of water salinity is 4 dS/m, as few crops or pastures can cope with water more saline
than this.

Betranou et al. 1987 investigated the potential impacts of land treatment of winery
wastewater on soil using soil columns. The found that potassium (K+) accumulation was
occurring and suggested the potential for magnesium (Mg2+) deficiencies to occur due to
excess potassium (K+) or sodium (Na+). Similar findings from soil columns were found for
soils collected from South Australian wineries where treated winery wastewater is currently
being used for irrigation (Kumar et al. 2006). There was an overall build-up within in all
depths of the soil profiles of sodium, magnesium, potassium and calcium particularly within
the top layers of the soil profiles. Soil permeability of columns decreased with irrigation of
winery wastewater, with a greater reduction in permeability and soil structure degradation
observed in columns with clay soils (Kumar and Kookana, 2006). Several indicators of soil
microbiological activity were not adversely affected in three different soil types irrigated with
increasing volumes of winery wastewater.
Table 8.4 shows the relationship between water salinity and SAR, and the risk of causing soil
sodicity or worsening existing sodicity. As the SAR increases above 3, the risk of water
infiltration and soil structure problems is less if the salinity of the water also increases. Soils
can be classified based on their dispersive potential. Some soils appear to have a disposition
to dispersion, which seems to be an inherent property of some of the individual soils. But
this predisposition may be exacerbated by the application of high concentrations of Na-ions.
Knowledge of these attributes enable the identification of soils appropriate for irrigation with
winery wastewater and the development of appropriate management strategies to maintain
soil and plant health of irrigated areas (Rengasamy et al., 1984, 1991 and 1999).

8.1.4.
•
•
•

Conclusions
Higher organic carbon content of the winery wastewater resulted in increased total
organic carbon content in the soils irrigated with winery wastewater.
Salinity, sodicity and available potassium in soils, were noted to be elevated in the
wastewater treated plots, especially woodlot and pasture sites at certain wineries, in
comparison with the control plots.
Currently, very little information exists on the loads of salts that different soil types
can tolerate before ecological effects could be observed. Therefore, information on
the tolerance of different soil types to winery wastewater in terms of adverse soil
biological functions and/or soil chemistry parameters is urgently required.
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8.1.5.
•

8.1.6.

Publications arising from this research
Kumar, A., Kookana, R., Grocke, S., Doan H., Smith,.L., and Correll, R. Long-tream
impact of winery wastewater irrigation on soil structure and fuction. (Journal article in
preparation)
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8.2. Potassium and Sodium in winery wastewater – predicting the
effects on soils
Much winery wastewater is generated in Australia each year, which has potential for re-use
through land irrigation of forage, grasses, vines and other crops. However, careful
management of the chemical constituents in the wastewater is required to prevent long-term
degradation of land application sites. Substitution of potassium (K)-based cleaning agents for
sodium (Na)-based cleaning agents has been proposed as a measure to improve the
sustainability of land application sites, due to greater potential potassium uptake and removal
by crops grown on land application sites. However, winery wastewater can compromise crop
productivity, due to the elevated concentration of salts, especially of Na and K. Potassium
levels in winery wastewater can be up to 1,000 mg L-1. Like sodium, K has a high affinity for
clay minerals and being a monovalent ion it has the potential to cause clay swelling and
dispersion. This can lead to reduced infiltration of wastewater irrigation due to loss of soil
structural stability (Quirk and Schofield, 1955, Rengasamy, 2002), and hence lead to reduced
land productivity.
Clays will disperse at a given soil exchangeable K percentage (EPP) values when the salt
concentration in the soil water is below a critical flocculation concentration. The soil EPP is
closely related to the potassium absorption ratio (PAR) of the wastewater, which is a
measure of the relative potassium content in wastewater with respect to Calcium (Ca) plus
Magnesium (Mg) contents. SAR and ESP indicate the corresponding cationic ratios of Na to
the divalent cations. Appropriate guidelines are needed at winery wastewater disposal sites
which indicate the critical coagulation values at each PAR and SAR value of the irrigation
water, to minimize damage to soil structure. This will help the Australian industry to develop
sustainable land and wastewater management strategies.
Table 8.5 shows the mean chemical composition of winery wastewater released during
different months of the annual cycle at the De Bortoli winery during 2008 (Griffith, NSW).
Data indicate that the wastewater has a relatively high content of potassium compared to
sodium, hence the use of this winery wastewater will result in the soil becoming strongly
potassic at the land application site.
De Bortoli winery has already made the decision to substitute potassium based cleaning
solutions for sodium based ones, and this is reflected in the high PAR and relatively low SAR
values in the wastewater. Typically, a winery that has not made this alteration to their
cleaning processes would produce wastewater with SAR in the range 3-9. An important
consideration for the managers of the winery wastewater land application site is the relative
effects of K and Na on soil structural stability.
Therefore a detailed investigation on the relative effects of sodium and potassium on soil
hydraulic conductivity was carried out in laboratory studies (Arienzo et al. 2009), on soils
from a winery wastewater disposal site at De Bortoli, Griffith, NSW. Such information could
be used to develop appropriate wastewater management options to maintain favourable
hydraulic conductivity and hence infiltration characteristics in the land application site.
Surface and subsoil layers from the land application site were used in laboratory experiments
on repacked soil cores, to evaluate the relative effects of sodium and potassium in
percolating solutions on soil hydraulic conductivity. Results indicate that in both surface and
deep soil, solutions with PAR and SAR values of 20 and 40 caused a marked decrease in
relative hydraulic conductivity with reduction in salt concentrations (Figure 8.1).
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Table 8.5 Chemical composition of winery wastewater released during different
months of the annual cycle in 2008
Ion Concentrations
-1
(meq L )
Na

K

Ca

Mg

Sum of
Cations
-1
(meq L )

January

2.2

4.2

1.5

1.1

9.0

1.93

3.68

4.4

February

5.0

29.2

37.8

8.5

80.5

1.04

6.07

4.6

March

2.0

26.1

21.6

5.0

54.7

0.55

7.16

4.7

April

2.0

19.6

5.2

2.0

28.8

1.05

10.33

7.2

May

2.1

11.3

3.5

1.5

18.4

1.33

7.15

5.6

July

0.7

8.9

0.3

1.0

10.9

0.87

11.04

8.4

August

0.6

12.0

0.5

1.0

14.1

0.69

13.86

9.8

September

0.5

33.8

0.06

1.2

35.6

0.63

42.58

30.8

October

2.9

21.5

2.9

4.2

31.5

1.54

11.41

9.0

November

0.4

18.2

0.1

0.9

19.6

0.57

25.74

18.6

December

4.3

14.8

0.5

3.9

23.5

2.90

9.98

10.5

80

40

20

Month

SAR

PAR

CROSS

June

1.20

Relative HC

1.00
0.80
0.60
0.40
0.20
0.00
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5

2.5
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K-Mg 5

Na-Mg 20
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Figure 8.1 Changes in relative hydraulic conductivity (HC) of surface soil at specified
SAR/PAR values (40, 20 and 5) with decrease in electrolyte concentration, where the
divalent ion is magnesium.
Laboratory trial results also indicated greater soil stability in the presence of potassium
(closed symbols) relative to sodium (open symbols) in the surface and subsurface soils at
this land application site, at the higher SAR/PAR values of 20 and 40 (Figure 8.1). During the
month of September (Table 8.5), tank cleaning activities within the winery cause high
combined SAR+PAR values of around 43 and electrolyte concentrations of 36 meq L-1.
Figure 8.1 shows that hydraulic conductivity will be reduced by about 60% in this winery
wastewater. Therefore, application of this wastewater will markedly decrease infiltration
during wastewater irrigation at the land application site.
Laboratory studies showed much smaller reductions in hydraulic conductivity at SAR or PAR
values of 5 (Figure 8.1), with reductions in salt concentration. In the period from January to
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March, the combined SAR+PAR in the wastewater have values less than 8. Therefore,
according to the laboratory study data, this wastewater will not markedly reduce hydraulic
conductivity and hence infiltration rate during wastewater irrigation at the land application
site. The hydraulic conductivity reductions are less than 20%.
A holistic approach needs to be adopted in developing wastewater management techniques
to maintain high infiltration rates of the applied wastewater at the land disposal site, to
accommodate the large variation in chemical characteristics of the wastewater during
different months (Table 8.5). These measures could include blending of wastewater in
different months in appropriate wastewater storages at the land application site, combined
with chemical treatment of the blended wastewaters to reduce SAR and PAR or to increase
the electrolyte concentration (Figure 8.1). Another option is to increase soil stability at the
land application site by using suitable soil amendments such as gypsum and lime, or
increasing organic matter contents of the surface soils.
‘Cations Ratio Of Structural Stability’ (CROSS) has been suggested as an alternative index
of soil structural stability in wastewaters with different cation combinations of Ca, Mg, Na and
K. This index was previously developed using the flocculating power of the different cations
(Rengasamy 2002), to quantify the relative flocculating effect of calcium and magnesium,
and the relative dispersive effect of sodium and potassium. Due to the high content of K in
the winery wastewater at the De Bortoli site, the values of CROSS (Table 8.5) are much
smaller than the combined SAR+PAR value. The laboratory hydraulic conductivity study
results also indicated that the commonly used indices of SAR and PAR are not good
predictors of changes in soil hydraulic properties in the presence of different cation
combinations of Ca, Mg, Na and K, in both surface and subsurface soil layers from De Bortoli
winery wastewater application site. CROSS provided a better index of hydraulic conductivity
changes, for most of the cation combinations tested.

8.2.1.

Conclusions

Thus, the results of the laboratory studies can be used to relate the water quality at the
irrigation inlet of each land application plot to the field observations on whole plot infiltration
rates, surface sealing problems, water logging, crop water extraction, crop growth and yields.
The long-term effects of high PAR waters on potential K build up in the soil, and its
consequent effect on soil stability, crop K uptake and crop quality are important sustainability
factors. The management of high salinity (Table 8.5) and other toxic constituent in winery
wastewater and their potential effects on soil salinity and toxicity build up at the land
application site are also important site sustainability considerations.
The laboratory studies need to be complemented with field studies addressing the broader
question of the sustainability of the land application site in relation to different wastewater
management options in the wineries, such as changing cleaning agents.
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8.2.2.
•
•

8.2.3.

Publications arising from this research
Arienzo, M., Jayawardane, N. S., Christen, E.W., and Quayle, W. (2009). Relative
effects of sodium and potassium on soil hydraulic conductivity at a winery wastewater
site. Australian Journal of Soil Research (In preparation)
Jayawardane, N. S., Christen, E.W., Arienzo, M., and Quayle, W. (2009). Evaluation
of the effects of cation combinations on soil hydraulic conductivity. Australian Journal
of Soil Research (submitted)
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8.3. Impacts of winery wastewater irrigation on soil and
groundwater: Soil and water chemistry and fluxes
The aim of this work was to assess the sustainability of a winery wastewater land based
disposal system by determining impacts on soil and groundwater, caused by the irrigation of
the effluent. The dynamics of nutrients, salt, and dissolved organic matter in soils, soil
solution samples and ground waters were monitored intensively over an annual cycle and
integrated with subsidiary longer term data, collected by CSIRO and the winery over a 3
years period.

8.3.1.

Site Description

The study was carried out at a large winery (~80,000 tonne crush), EPA approved, land
based wastewater disposal site in the Murrumbidgee Irrigation Area (MIA) near Griffith, New
South Wales, SE Australia. The total land area consisted of approximately 100 acres of land,
divided into 2 portions of about 50 acres. Each of these portions were further divided into
irrigation bays of 6-7 acres each. Water was applied by a border check type flood irrigation
system traditionally used on rice farms in the area. Introduction of wastewater to the field was
via a pipeline from the winery located approximately 2 km away, into an open irrigation
channel. Irrigation control structures (‘stops’), at the head of each irrigation bay could be
opened to allow each bay to be flood irrigated individually. River water, the usual irrigation
water of the MIA, could also be supplied to the channel, as well as field surface run off (storm
and irrigation water) reticulated from a tail water collection system via an on-site storage
dam. Further details of the site are described in an environmental assessment (De Bortoli
Environmental Assessment Report, 2005). Over the period of our study (May 2006 – March,
2007, the land was cropped with Fescue and barley.

8.3.2.

Methods

Monitoring equipment specifically for this study was limited to three bays in the more
northerly portion of land. The monitoring sites consisted of an area of approximately 2 m x
2m, distant from field edge effects, in which were installed the following equipment: an
automatically logged test well and piezometer, two Full Stop Wetting Front Detectors™ (30
cm and 60 cm depth) and a multi level ground water sampler (Northey et al., 2006. In the
middle bay Enviroscan Soil Moisture Monitoring Equipment was an additional installation
(Figures 8.2, 8.3 and 8.4).

Figure 8.2 Soil moisture, soil solution and groundwater monitoring equipment
installed in flood irrigation bays of a winery wastewater disposal site planted with
fescue.
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Figure 8.3 Soil moisture, soil solution and groundwater monitoring equipment
installed in three separate irrigation bays at a winery wastewater disposal site. North
towards top left of schematic. Each bay is approximately 100m wide x 250 m long.

Figure 8.4 Cross section of soil moisture, soil solution and groundwater monitoring
equipment installed in three separate irrigation bays at the winery wastewater
disposal site.
Soil cores were collected in 2006/2007, before, during and post wastewater irrigation in the
disposal site, prior to which, the area had never received any wastewater irrigation.
Therefore, the observations were recorded in a pristine site (relative to winery effluent) and
Final Report: Systematic Approach to Winery Wastewater Management

Page 97 of 131

after 1 years worth of effluent disposal. Soil cores to 90 cm depth were taken and divided into
four depth intervals: 0-10cm, 10-30cm, 30-60cm, 60-90cm. Longer term soil data collected
by the winery prior to any wastewater irrigation (2005), year 1 wastewater irrigation (2007)
and year 2 wastewater irrigation (2008) were also analysed to determine any obvious trends
from a slightly longer and different dataset.
Soils Description

Dominant soils are calcarosols or kandosols (red gradational soils being respectively
calcareous throughout the solum or having a weakly structured or massive, clayey, B horizon
(De Bortoli Environmental Assessment, 2005).

8.3.3.

Results

Preliminary analysis of a large dataset including the major cations in soils and soil solution
samples revealed that the start of the season samples reflect a soil that was relatively saline.
Subsequent irrigation with channel water prior to the onset of irrigation with shandied effluent
or raw effluent has caused salt to be moved down the profile. The mid and end season
surface samples are similar and are higher than the start of the season due to application of
higher salinity wastewater irrigation water. With depth in the mid-season samples the
increase in salt seen in the profile is probably likely to be caused by the saline water table
rising due to irrigation. At about 90 cm in the multi-level samplers the solutions were up to
around 10 dS/m while approaching the surface, they were around 2-3dS/m. A distinct salinity
interface was observed, between 60-90 cm, where irrigation water in the profile met
groundwater. The end of season profile returns to the same shape as the beginning of
season. However, there are elevated salt levels throughout compared with start of season
with what appears to be salt continuing to be pushed below the levels of our sampling
(Figure 8.5).

0.0
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0.4
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0.6

0.8
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0.40
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0.80

Figure 8.5 Soil electrical conductivity vs. depth prior to irrigation, mid-way through
wastewater irrigation season.
Surface levels of potassium double over the course of the irrigation period from
approximately 2 meq/100g - 4 meq/100g, with concentrations remaining unchanged below
20 cm (Figure 8.6).
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Figure 8.6 Soil potassium vs. depth prior to irrigation, mid-way through wastewater
irrigation season.
Thus it would appear that potassium is not highly mobile through the profile. The cropping at
the site needs to be managed in such a way that potassium is taken up and prevents
accumulation to high levels that may cause soil degradation (Arienzo et al 2009)
Surface levels of sodium changed little over the course of the irrigation period, however there
were increases from approximately 4 meq/100g to 10 meq/100g, mid season, then dropping
back down to 6 meq/100g at the end of the season (Figure 8.7).
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Figure 8.7 Soil sodium vs. depth prior to irrigation, mid-way through wastewater
irrigation season.
Soil solution samples from the 30 cm depth Full Stop Wetting Front Detectors™ representing
irrigation supply water for a crop of barley (May- Dec, 2007) clearly reflected applications of
urea that were used to establish the crop. Maximum concentrations of nitrate and ammonia
were 21 mg/L and 1.1mg/L respectively. A subsequent crop of Fescue was established in
January 2007, with shandied or raw winery wastewater and almost identical results to those
observed previously in 30 cm Fullstop™ soil solution samples were obtained (Figure 8.8). A
wastewater irrigation occurred on the 29/1/07and maximum concentrations of shallow
groundwater NO3-N were detected between 29/1/07 – 1/2/07 ranging between 1.5 – 3.6
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mg/L. However, the effect was not seen for a subsequent irrigation that occurred on the
17/2/07 when high strength wastewater was applied.
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Figure 8.8 Ammonia and nitrate concentrations in the 30cm depth Full Stop Wetting
Front Detectors™.

8.3.4.

Conclusions

The long term impacts of the salinity, sodicity and potassium levels in the wastewater on soil
and hence crop production will need to be carefully monitored to ensure that the ongoing
disposal of wastewater is sustainable bu minimizing on-site impacts.
Off site impacts in terms of nutrient movement to groundwater were found to be of low risk in
this study. This preliminary data analysis suggests that the impacts of crop fertilization on
inorganic nutrients in soil solution are much more significant than irrigating with winery
wastewater. Relatively small peaks of nitrate (maximum 3.6 mg/L) were detected directly
beneath the crop in shallow groundwaters around the time of winery wastewater irrigation.
However, further monitoring is required to determine the consistency of this effect.
Furthermore, these levels are well below the 10 mg/L NO3-N, that are considered acceptable
for potable water use.
Further data analysis is being undertaken and will be published.

8.3.5.
•
•

Publications arising from this research:
W.C. Quayle, E.W. Christen, A. Fattore, L. Gullifer, R. Zandona, M. Arienzo.
Sustainability of land based disposal of winery wastewater. Poster presentation, 13th
Australian Wine Industry Technical Conference, Adelaide, 28th July -2nd August, 2007.
W.C. Quayle, N.S. Jayawardane, E.W. Christen, M.Arienzo. Impacts of winery
wastewater irrigation on soil and groundwater: Soil and water chemistry and fluxes.
CSIRO Land and Water Science Report (In preparation)
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9.

DECISION SUPPORT SYSTEM

9.1. Documentation of decision support system in appropriate
forms
The decision support system depends on definition of type of decision
1. Short term management decision
2. Long term investment strategy
The following guidelines cover both of the above and are illustrated in Figures 9.1 and 9.2. .

9.1.1.

Short term management decision

The short term decisions must be determined using existing infrastructure. The decisions
could be made to
•
•

Minimise cost
Maximise environmental sustainability

At least to some extent, these two criteria are similar. This is further discussed below.
The key drivers for the decision making are odour, salinity, nutrients, soil health and
groundwater quality. The choice of management strategies is driven by these criteria.
Use of evaporation basins

Once salinity (as measured by EC > X1) is excessive, the mechanism are evaporation or
reverse osmosis (RO). If no RO facility is available, any wastewater stream with EC
exceeding X1 should eventually be directed to an evaporation basin.
Another driver is odour – if the evaporation basin is deeper than 50 mm, and the BOD/COD
exceeds Y1 and malodour could affect residents or commerce, there would be a need to treat
the wastewater (T1) prior to its release to the evaporation basin such that the BOD in the
effluent is less than Y1.
Some wineries have the facility to isolate this stream and use it for pH adjustment of other
components of the wastewater stream. In that case, an option is to store this as a resource. If
there is no such facility and there is excess effluent with EC exceeding X1 and there is
inadequate evaporation facility, the system is not sustainable.
Rapid disposal

Research has indicated that application of BOD to soil is beneficial, not detrimental (Kumar
and Kookana, 2006). This is in contrast to BOD load being applied to surface water. This
finding affects the recommendations as to the best method of disposing of winery
wastewater.
The cheapest method (given infrastructure is available) to dispose of wastewater (given that
the salinity is less than X1) is to irrigate as soon as possible. Some primary treatment will be
required before the irrigation involving removal of solids of size greater than a given
diameter, pH and SAR adjustment. The size of the particles that should be retained is
determined by the sprinkler system – large sprinklers tolerate larger particles than small
under tree sprinklers.
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Figure 9.1 A decision support tool for winery wastewater management based on the
Electrical Conductivity (EC) of the wastewater stream.
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Figure 9.2 A decision support tool for winery wastewater management based on the
chemical oxygen demand (COD) of the wastewater stream.
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The treatment of the wastewater may require shandying with better quality water. Shandying
is sometimes used to reduce salinity so that the wastewater can be disposed of to an
irrigation lot – the merit of this practice as opposed to diverting the saline waste stream to an
evaporation basin need careful consideration. For example, the use of shandying may
require a larger leaching fraction than that used with fresh water – for this reason the benefits
from shandying may be of limited value to the area being irrigated.
The irrigation infrastructure (including the area irrigated) determines the maximum rate of
rapid disposal of the effluent.
Further limitations on the rate of rapid disposal are posed by soil properties. These properties
include infiltration rate and soil capacity. The infiltration rate will be much higher in a sand
than in a heavier soil; it may also vary depending on the moisture content of the soil.
Infiltration rates are also affected by soil structure – soil with a poor structure will have a
lower infiltration rate than one with good structure so it is advantageous to ensure that the
soil structure is maintained.
Soil has only a limited capacity to absorb water. If that capacity is exceeded there is likely to
be runoff and drainage. While some drainage is essential for sustainability, this must be
controlled to ensure that is no significant harm to the groundwater.
Rapid disposal of effluent by irrigation should be maximised being limited by
•
•
•

Irrigation infrastructure; or
Ability of the soil to accept water (land area
Capacity of soil to accept water (land area
content]).

infiltration rate); or
[field capacity of soil – current moisture

There is a range of potential crops available for irrigation. The choice of crops should take
into account
•
•
•
•
•

Value obtained from the crop (e.g. firewood, fodder, other produce);
Cost of maintaining that crop (e.g. pruning, fire control);
Ability of the crop to use water at the critical time;
Ability to survive between irrigations without water; and
Ability to absorb nutrients (especially potassium and sodium).

A wide range of crops are being used, ranging from woodlots (eucalypts, casuarinas and
acacias), flower gardens, beets, pasture, vines and dates. Insufficient data are available at
this stage to give useful guidance on which crops is the most efficient.
Treatment to remove BOD when rapid disposal is inadequate

When the rate of generation of wastewater exceeds the potential rate of rapid disposal, the
wastewater should be treated to prevent malodours. The treatment process (T2) should
reduce the level of BOD to an acceptable level so that here will be no odour issue.
The rate of treatment of the wastewater will be determined by its BOD level and the size of
the facility – typically in a moderate to large plant this will also be a function of the size and
effectiveness of aerators. This will not always be the case because there may be some
removal of BOD by an anaerobic process.
There are a range of treatment options available; for details of current options see Kumar et
al. (2009).
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Storage

Typically there is need for two types of storage
•
•

Storage of untreated wastewater (S1); and
Storage of treated wastewater (S2).

If the rate of wastewater production exceeds the combined capacity of the irrigation system
used for rapid disposal and the ability to treat the wastewater, the excess wastewater must
be stored. Because that water has not been treated and is therefore likely to have a high
BOD load, it presents an odour problem. The odour problem is typically managed by holding
the effluent in a covered lagoon.
Once wastewater has been treated, it can be stored in an open facility and used to give
maximum benefit. The storage facility must be empty before the next peak load is
anticipated; this may place a limitation.

9.1.2.

Long term investment strategy

Minimising load

One option for investment in wastewater management is in waste prevention. If the disposal
mechanism is rapid disposal, the key criterion would be the volume of wastewater produced.
Strategies that reduce water use are therefore important.
Reduction of BOD load via reduction in product loss will save both in terms of increased
production and decreased treatment cost.
While there are simple mechanisms available for dealing with the water and BOD
components of the waste stream, potassium and sodium loads are persistent. Reduction in
the net use of caustic is therefore important.
Evaporation basins

Evaporation basins may be a cost effective method of disposing of highly saline wastewater
streams. Such a facility requires an area of flat land where the basin can be constructed. The
installation of piezometers to monitor groundwater may be required to be included in the
cost.
Investing in rapid disposal infrastructure

Infrastructure is required for the rapid disposal of wastewater. This infrastructure would
include pumps, main pipes, EC and SAR measurement and adjustment, land on which to
spread the water, monitoring facilities (for soil moisture, infiltration rates and possibly
groundwater) and potentially a perennial crop.
The benefits of the rapid disposal facility are potentially a useful crop, and decreased
requirement on wastewater treatment and covered storage.
The exact amount of water that can be disposed of in this manner varies depending on the
site, climate, current rainfall and crop. A working figure might be 2 mm per day, but this figure
requires further consideration. Using that figure, together with the infrastructure cost, the
infrastructure cost (and hence a running cost) of rapid disposal can be estimated.
Investing in treatment plant and storage

The infrastructure and running cost of a treatment plant for a various size is known (see
Kumar et al. 2009), so the running cost of that option is known. The cost of a covered

Final Report: Systematic Approach to Winery Wastewater Management

Page 106 of 131

storage facility can also be obtained. Given the above data, it would be feasible to derive an
optimum allocation of resources to treatment, storage and rapid disposal.
Typically the rates of wastewater production, efficiency of wastewater treatment and the
maximum feasible rate of wastewater disposal will vary from season to season. This poses a
design capacity problem as it would be wasteful to build a system that would cope with the
worst possible case. Some contingency plan is therefore required for the extreme case.
Possible contingency plans may be limiting production, overloading the disposal area or
carting waste offsite.
Investment in shandying facility

In some cases an effective means of disposing of wastewater is to mix it with water of better
quality before it is used for irrigation. Shandying will require a supply of better quality water
and facilities for monitoring water quality both of the waste stream and the shandy.
Optimising offsite investment

The key points required in modelling the cost with some increased investment is outlined
above. The problem, while feasible, but would requires additional data on infrastructure
costs, long term data on treatment efficiency and winery wastewater loading and realistic
infiltration and evapotranspiration data. The optimising will require both a mixture of integer
and linear programming for the non-stochastic case, while the more realistic stochastic case
requires a further level of complexity. This is an important area that requires further research
before a useful model can be constructed.

9.1.3.
•

9.1.4.

Publications arising from this research
Kumar A., Correll, R. and Christen, E.2009. A decision support tool system for winery
wastewater management (Journal article in preparation)
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10.

CUSTOMISED SOLUTIONS AND SUSTAINABLE AQUATIC
AND LAND SYSTEMS FOR WINERY WASTEWATER
MANAGEMENT.

10.1. Test integrated treatment systems appropriate for site-specific
solutions: Adjusting the pH of winery wastewater, use of
anhydrous ammonia
Correction of the low pH of winery wastewater is fundamental to allow proper biological
treatment of such effluent and to avoid damaging plants when treated effluent is used for
irrigation. pH correction avoids toxicity to macro and micro organisms and dissolution of large
quantities of toxic heavy metals. Common pH adjustment procedures used in Australia are
based on lime addition or similar alkaline chemicals like NaOH or KOH. The suitability of
different methods with respect to application to land is given below:
1. Calcium hydroxide (Lime) – is most often used by industry, as it cheap and adds
calcium to the wastewater which is beneficial for land application
2. Magnesium hydroxide – is alsoa beneficial salt for land application
3. Sodium hydroxide – the addition of sodium salts is not recommended when applying
wastewater to land as it can affect soil structure
4. Potassium hydroxide – potassium can have similar negative effects on soil structure
as sodium. Although a plant nutrient there is usually already a lot of potassium in
wastewater from grapejuice/wine.
5. Anhydrous ammonia – has the advantages of adding some nitrogen to the
wastewater to assist in organic matter breakdown and doesn’t add any salt to the
wastewater
Lime additions are probably the most common way to adjust the pH, since it is cheap and
safe to handle. One of its major drawback is that it is required in large amounts, needs a
quite complex set up of hoppers, dosers and stirrers usually in a pit. The lime increases the
load of suspended solids and sludges in tanks, and in land disposal it can cause soil
blockage, reducing water infiltration. Lime and caustic soda have both very low price and
typically sell for $ 0.1 per kg. Magnesium oxide is similar to CaOH, and also has a very low
unit cost of about $ 0.17 per kg, Table 10.1.
Table 10.1 Cost and safety of chemicals for pH adjustment of winery wastewater
Chemical

Cost per kg ($)

Safety

NaOH

0.90

Dangerous

CaOH

0.10

Safe

MgO

0.17

Safe

K2O

0.22

Safe

NH3

1.5

Dangerous

An innovative pH adjustment approach using anhydrous ammonia was tested at the winery
site located in Griffith, NSW. Anhydrous ammonia is commonly used in agriculture as a
fertiliser, and thus the per unit cost is relatively low and tanks and delivery equipment easily
obtained. Anhydrous ammonia has advantages in that it avoids adding sodium or potassium
salts, does not increase suspended solids and increases the nitrogen content, which is low in
winery wastewater compared with other effluents, in the range of 8.0-35.0 mg L-1and so
enhances the biodegradability of the effluent.
The system developed for application of anhydrous ammonia is shown in Figure 10.1.
Gaseous ammonia was introduced into the process wastewater via a sparger set at the
Final Report: Systematic Approach to Winery Wastewater Management

Page 108 of 131

bottom of a pH adjustment tank. A submersible pump was used to mix the anhydrous
ammonia with the waste water. the outlet of the pump was made so the flow out of the pump
pointed the water in such a way that created a stirring motion in the liquid, the pump
remained on for 15 min after the anhydrous was turned off. A minimum of 1.5 m of
wastewater (water column) over the sparger was maintained so that free ammonia did not
escape to the atmosphere (prior to adsorption by the wastewater). Detention time and
hydraulic flow path are design considerations in an efficient pH adjustment box. The system
has the advantage of being compact, a 1000kg tank with controller and value easily being
housed in a 4m2 Shed. As the system is automated and is a liquid then labour and
maintenance requirements are minimal. A drawback in using anhydrous ammonia is its
toxicity. However, health and safety requirements are not particularly onerous

Figure 10.1 Detail of the design of the Ammonia pH adjustment system at the winery
site.
Our preliminary results at both laboratory and pilot level indicate that applying 1000 kg
anhydrous ammonia to 1000 tonne crush is enough for annual pH control. Thus the cost
would be approximately $1.5/t/yr.
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11.

ASSESSMENT OF RE-USE POTENTIAL OF TREATED
WASTEWATER

11.1. Conduct small-scale trials to explore beneficial reuse of
treated wastewater
Large quantities of wastewater are generated during the wine-making process, particularly
around harvest time, when grapes are crushed and the juice fermented. This water generally
has a high organic content, is acidic, and contains both suspended and dissolved solids.
Application of wastewater onto land is an increasingly popular option for the disposal of
industry and municipal wastewater. The sustainability of such a practice relies on the
effective rates of utilisation of waste water and nutrients by crops.
Regulatory authorities have set limits on the quantity and quality of wastewater that can be
used for irrigation as irrigating with high volumes of wastewater could result in soil
degradation and groundwater contamination. Winery wastewater has a high potential for
agricultural use. The gradual and rapid decrease in organic matter content in soils under
agriculture may lead to the deterioration of their chemical and physical properties. The winery
wastewater rich in organic matter may have the positive effects on soil. Treated winery
wastewater can contribute nutrients required by the crops, therefore saving fertilizers that
often represent a big portion of production costs (Mulidzi, 2006).
Thaci Wines are using winery waste water with minimal treatment to irrigate crops and
providing beneficial reuse of winery waste water by producing high quality fodder to
supplement a cattle grazing enterprise. The manager Shane Phillips has indicated the reuse
scheme is governed by the need for regulatory compliance and the agricultural production
outputs are an additional benefit. The cost of compliance was estimated at $345 per
megalitre (ML). Thaci Wines have experimented with a variety of summer irrigation crops in
combination with a traditional winter cropping regime. Thaci Wines have access to
approximately 17ha of land for this purpose. Crops trialled include sorghum and millet for
summer crops and oats, triticale, vetch and ryecorn for winter rotations. Fodder beets will
also be trialled because of their ability to produce a crop for stock feed in 8 weeks.
The aim of this study was to examine the ability of selected crops to utilise the winery
wastewater applications and assess the soil quality in relation to this process. Measurements
have been made on soil and plant parameters at regular intervals over a one year study of
the operation.

11.2. Research methods
The experimental area is situated in close proximity to Thaci Wines in Monash within the
South Australian Riverland. The study monitored irrigation plots used in a rotational basis for
summer vintage wastewater application and crop production. Minimally treated winery
wastewater was the primary source of irrigation water and this was applied using a travelling
irrigator to the selected summer irrigation plot. A range of crops used in rotation are given in
Table 11.1.
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Table 11.1 Winery wastewater quality
Sample description
Cropsite with Vetch, no summer crop

Date
Jul-08

Cropsite with Vetch, summer crop
Vetch and Ryecorn
Vetch and Ryecorn

Sep-08

Cropsite with (winter) Vetch, no summer crop
Cropsite with Vetch, summer crop
Ryecorn only

Oct-08

Vetch and Ryecorn
Cropsite with Vetch, no summer crop
Cropsite with Vetch, summer crop

11.2.1. Plant sampling and analysis
Plant material was taken, (as grab samples) at the time of each hay cut. 0.5 g plant material
(dried and ground) weighed (in duplicate) into 250 ml glass digest tubes, 5 ml 70%. HNO3
added, left to stand overnight at 40oC. Temperature ramped to 80oC (45 minutes), 120oC
(1hour), finally to 140 oC for 3-4 hours. The volume was reduced to about1 ml, made to 20 ml
with 1% HNO3, mixed, and let stand overnight. The solution filtered through 0.45 µ filters for
analysis on an ICP-OES.

11.2.2. Soil sampling and analysis
Soil samples were taken using a 25mm diameter stainless steel core and formed into 3-5
composites per plot. Sampling was focussed in the test plot receiving the irrigation water,
with additional samples taken from remaining plots and a site control from an undisturbed
area.
0.5 g soil, (dried and ground) weighed (in duplicate) into 300 ml reflux glass digest tubes. 5ml
3:1 HCl:HNO3 (aqua-regia) added, samples let stand overnight at 40oC. Temperature ramped
to 75oC(30 minutes), 100oC(30 minutes), 110oC (1 hour), 140oC 3-5 hours). Volume reduced
to about 1 ml, made to 20 ml with 1% HNO3, mixed, let stand overnight , solution filtered
through 0.45u filters prior to analysis on an ICP-OES.

11.2.3. Water Sampling
Waste water samples were collected at each soil and plant sampling interval from a storage
lagoon,(the source irrigation water used), adjacent to the field plots Samples were collected
in acid washed amber glass bottles and kept at 4oC until analysis. Analytical data was
generated by the Analytical Services Unit at CSIRO Land and Water, Urrbrae, SA.

11.3. Results
11.3.1. Wastewater quality
Winery wastewater quality represented characteristics that are commonly observed in other
wineries. COD the winery wastewater was highly variable and ranged between 4180 - 14,858
mg/L and the SAR was between 2.2 – 41 during this trial (Table 11.2). Similarly there was a
large variation in EC, Na and K content. In particular, there was a rise in Na from 208 mg/l in
March to 3610 mg/l in September and a rise in K from 284 mg/l to 2482 mg/l.

Final Report: Systematic Approach to Winery Wastewater Management

Page 111 of 131

The load for each application during the summer was calculated by multiplying the applied
amount by the concentration. The total load for the summer period was calculated adding the
loads from each irrigation. The average for the summer irrigations was taken as the load
applied divided by the volume of irrigation water (Table 11.3).
Table 11.3 Summary of concentrations of elements in wastewater
Date

Irrigation
ML/Ha

Na
mg/L

K
kg/ha

Mg

mg/L

kg/ha

mg/L

Ca
kg/ha

mg/L

kg/ha

Nov-07

2.7

59

159

367

991

15

41

29

78

Jan-08

2.4

280

672

383

919

14

34

28

67

Mar-08

3.1

286

887

234

725

12

37

47

146

Jul-08

0.6

198

119

345

207

14

8.4

35

21

Sep-08

0.6

3610

2170

2480

1490

130

80

400

240

Oct-08

0.6

3560

2140

2050

1230

131

80

360

2220

11.3.2. Plant production
During the trial there was continual plant yield that was removed both by grazing and as a
hay cut. In the particular study area (3W) the winter crop produced 12 round bales per ha,
equivalent to 4.8 t/ha of hay. The summer crop produced 6 round bales/ha, or 2.4 t/ha.

11.3.3. Soil analyses
A summary of the soil analyses for Na, K, Mg and Ca for the study period where wastewater
was applied (Section 3W) is given in Table11.4. There is a small but statistically significant
increase in Na of about 70 kg/ha, a much larger increase in K of about 1700 kg/ha, an
increase of about 900 kg/ha of Mg but there was no significant increase in Ca. Available P
increased from 17 to 60 mg/kg. This remained more or less constant across all crops in the
rotation.
Table 11.4 Soil levels of Na, K, Mg and Ca at four times where wastewater irrigation
was applied
Date

Na

K

Mg

Ca

mg/kg

kg/ha

mg/kg

kg/ha

mg/kg

kg/ha

mg/kg

kg/ha

12/11/07

118

159

1442

1947

537

725

730

986

31/01/08

173

233

1732

2338

743

1003

1073

1449

31/03/08

186

251

2818

3805

1213

1637

834

1125

1/07/08

169

229

2728

3682

1194

1612

900

1215

LSD

21

28

202

273

112

151

275

372

Control
area

29

450

271

705

(Section 3W), together with approximate least significant differences (5%)

Initially the total K was 450 mg/kg with 190 mg/kg available. Following wastewater
application there was a large increase in total K to approximately 3000 mg/kg, but an
increase in available K to approximately 700 mg/kg. Most of the increase was therefore in an
unavailable form.
Total N and total C were initially very low (0.03% and 0.3% respectively) but these values
doubled following wastewater application. The increase in C equates to approximately 5 t/ha,
with an increase of 500 kg/ha of total N.
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The soil Ca data was very variable, but overall there was little change. In contrast there was
an increase in Mg from 271 mg/kg to over 1000 mg/kg. There was an increase in Na from 29
mg/kg to about 200 mg/kg.

11.3.4. Calculation of nutrient balance
The amount of crop harvested was provided as yield of hay, which has typically has a
moisture content of 20%, although this can vary. Crop samples were received, typically with
a 75% moisture content, but the results were expressed on a dry weight basis. Consistency
was obtained by expressing both the crop yield and nutrient content on a dry matter basis.
Calculations for nutrient balance are shown graphically in Figure 11.1 and 11.2. Note that
these diagrams are on a logarithmic scale. Ca and Mg were approximately in balance for the
winter crop, but there was more Na in the applied water than was removed in the crop. K was
intermediate. There was an excess of all nutrients with the summer crop.

11.4. Discussion
11.4.1. Plant production
Results from the study indicated that the use of treated winery can be used for production of
beneficial crops. The plant production would have been increased not only by the irrigation,
but also the increased available P and K. Although winery wastewater is known to be low in
mineral N, the increase in organic N in the soil offers a potential source of N that is unlikely to
be leached.

11.4.2. Soil analyses
Application of the wastewater has apparently improved the soil quality by increasing organic
matter, total N, total K and available P. At the same time there was an increase in Na and a
small increase in EC.
The increase in EC was not correlated with the increase in Na, but it was weakly associated
with the available K.
No data were available on soil health parameters. However in other situations where the
organic matter level has been increased by the application of winery wastewater, microbial
activity in the soil has been enhanced.

Figure 11.1 Nutrient balance for Na, K, Mg and Ca for a summer crop.
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Figure 11.2 Nutrient balance for Na, K, Mg and Ca for a winter crop.

11.4.3. Nutrient balance
There was a clear imbalance between the input load from the irrigation water and the amount
removed by the crop. For Na the imbalance 1630 kg/ha for summer and 127 kg/ha for winter,
but there was only an increase of about 70 kg/ha in the 0 – 10 cm soil cores.
For K the imbalance between input and plant removal was approximately 1700 kg/ha for
summer and 725 kg/ha for winter. This was partially matched by the observed increase in the
soil K from 1947 to 3682 mg/kg in the top 10 cm. There would appear to have been some
leaching of K below 10 cm.
The large loss of Na from the system could be attributed to leaching. A study of Winkie sand
by Till (1967) indicated that the wetting front from applied irrigation was approximately ten
times the depth of water applied. More precisely
y = 1.86 + 10.31x
where the units are in inches. For an application of 0.6 ML/ha, which corresponds to 60 mm
or 2.3 inches of irrigation, the penetration depth would be approximately 650 mm. There was
therefore ample opportunity for Na to be leached out of the first 100 mm of the profile. In
contrast, there was little leaching of K and the losses of Ca were within the bounds of the
experimental error.
The data from this trial indicate that the crop does not remove a large proportion of K from
the wastewater. K has apparently accumulated in the soil in a non-available form which is
less subject to leaching. This is in contrast to the excess of Na which was leached from the
system.
The treatment of Na remains a problem for the wastewater. None of the conventional
treatment methods removes Na from the waste stream. In the current field plot the Na
presumably has accumulated in soil at depth or in the groundwater. While this is a problem
for the rapid utilisation of wastewater, it is also a problem for the disposal of treated
wastewater. In the current situation there was also leaching, so the Na has not accumulated
in the soil surface horizons. The current system has therefore been sustainable from the Na
point of view, at this stage. In contrast where amounts of wastewater are applied and there is
no drainage, the system will not be sustainable because of salinisation.
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The trial has shown that untreated wastewater can be used beneficially for the production of
fodder crops. The one problem highlighted in these data is the apparent leaching of Na
through the profile. While this is a problem with untreated wastewater, it remains a problem
even with treated wastewater. This stresses the need for reduction of Na in the waste stream
through appropriate winery practices (e.g. minimising the use of caustic).

11.5. Conclusions
Winery wastewater with minimal treatment can be used for beneficial irrigation of fodder
crops at least on sandy soils. There is leaching of Na from the system but although there is
more K applied than removed by the crop, the excess K was retained in the soil profile. The
addition of winery wastewater improved soil fertility in terms of available K and P and
improved the organic content of the soil.
There are many barriers to winery wastewater reuse
• Low costs of being able to buy water from the Irrigation Trust is a major deterrent to
buying water from wastewater schemes. Council would have to make water available
at no cost or very low cost.
• Seasonal – summer able to use what is produced for irrigation – storage issue in
winter.
• Community has to accept the costs of disposal of wastewater. There is a need for
education on the rationale for increased costs.
• Lack of technical knowledge, eg in maintaining treatment systems, design and
management of wetlands, etc.
• Cost is also a barrier for industries as they would need to improve quality of water for
land based disposal.
• Location close to town and in flood plain may also limit disposal options.

11.6. Recommendations
11.6.1. Groundwater
Further work on leaching with lysimeters is required to quantify leaching of Na and nitrate in
particular. K levels may present a problem. While further information could be obtained from
a similar study, a different site, reliable data on leachate should be obtained by using
lysimeters.

11.6.2. Segregation of waste streams
The rapid change of Na content in the waste stream from April to September may offer a
possibility of diverting the lowest quality water to an evaporation basin rather than handling
the salt in an irrigated disposal method.

11.6.3. Cost-benefit analysis
The relative costs (both operating and capital) for rapid irrigation as opposed to “treat and
store” needs to be compared.

11.7. Publications arising from this research:
•
•

Sonia Grocke, Lester Smith, Shane Phillips, Anu Kumar and Ray Correll. Beneficial
Use of winery wastewater. CLW Science Report (Draft report in review)
Anu Kumar, Sonia G, Lester Smith, Shane Phillips, Ray Correll and Rai Kookana.
Rapid beneficial use of winery waste as an alternative to ‘treat and store’. (Journal
manuscript to be communicated to “Environmental Pollution”)
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12.

OUTCOME/CONCLUSION

12.1. Adopting a systematic approach to winery wastewater
management: summary
The management of winery wastewater is a complex problem with no single best solution.
There are a large number of variables affecting wastewater volume, quality and appropriate
management. Some of these are; product style/mix, winery layout, winery management, land
availability, location, climate and financial situation. As such each winery needs to develop its
own unique solutions.
This section outlines a systematic approach to tackling wastewater issues. The approach is
based on two important concepts:
1) The ‘Reduce- Reuse- Recycle’ model. This approach will assist wineries to achieve
four fundamentals:
a.
b.
c.
d.

reduce the volume of wastewater,
improve the quality of wastewater leaving the winery
reduce treatment costs
extract value from wastewater

This approach will reduce production costs in the winery (water, chemicals,
energy) whilst reducing treatment costs and if possible extracting value (income)
from the wastewater. Apart from these obvious financial attractions it also will
assist wineries to meet environmental objectives, especially with respect to
greenhouse gas emissions. An example of ‘Reduce- Reuse- Recycle’ which has
been effective in the wine industry is with respect to cleaning chemicals. By
implementing the reduce/reuse approach best practice wineries are using as little
as 0.4kg/tonne crush of caustic soda compared to an industry average of 0.7
kg/tonne. Further, caustic that is captured and reused can ultimately be sent
offsite for recycling.
2) ‘Fit for purpose wastewater’. We want to ensure that the wastewater is ‘fit for purpose’
with respect to its final disposal or reuse objective. Thus wastewater should be
treated and managed in such a way that it is capable of meeting its final disposal or
reuse objective. There are many options for the final disposal or reuse of winery
wastewater,
such
as:
application
to woodlots,
irrigation of
grape
vines/pastures/annual crops, application to lawns around the winery, used in wetlands
for aesthetic and treatment purposes, municipal sewers or even shared treatment and
disposal facilities. This list does not include disposal to surface waters as this is no
longer accepted by regulatory authorities.
The various disposal/reuse options have very different fitness-for-purpose (quality and
quantity) requirements. Thus water disposed onto tree lots would have different fitness-forpurpose than that disposed on to grapevines to that disposed into a municipal sewer.
However, the fitness-for-purpose of wastewater for each disposal method will also vary
depending upon the local conditions – soils, climate, proximity of neighbours etc.
What is to be avoided is to have wastewater that is not fit-for-purpose, this can mean that the
wastewater quality is too poor, OR, it can mean that the quality is too good. For instance
there is little logic in treating wastewater to a very high standard if it is then to be disposed to
a woodlot. This will increase costs such as energy usage and may actually reduce the quality
of the water, by for instance by removing all the nutrients.
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Determining fitness-for-purpose is predicated by knowing what the disposal/reuse option will
be. In some cases this will be an iterative problem, as the quality/quantity of wastewater after
a particular treatment approach will constrain the final reuse/disposal option.

12.1.1. A framework for analysing wastewater management
In applying the reduce-reuse-recycle and fit-for-purpose concepts it is important to
acknowledge that practices in the winery, wastewater treatment and reuse/disposal are all
linked, Figure 12.1.

Winery
practices

Wastewater
treatment
processes

Wastewater
disposal option

Figure 12.1 From winery to wastewater all practices are linked.
In Figure 12.1 the arrows between each unit go both ways, thus changes to practices in the
winery will affect the wastewater treatment and if the wastewater treatment is to be changed
then consideration of how winery practices will need change has to be considered. The same
applies between the wastewater treatment and the disposal option. The wastewater
treatment and disposal/reuse need to be considered as integral components of the
winemaking process. Any changes to part of the system must be considered for their impact
on the whole system
Since the winemaking process, wastewater treatment and disposal/reuse are so closely
linked it is often difficult to determine where to start when considering improvements to
wastewater management to the system, or what future wastewater management may need
to be. As such it is important to have a framework to understand where improvements are
required and what the options that may meet the need are.
The framework proposed here is an iterative cycle that assesses the whole winemakingwastewater treatment-disposal/reuse system. There is a tendency with such a complex
system to focus on one or two areas and ignore others, however a full analysis will show
what can be achieved for least cost at most gain, or where areas are clearly substandard and
need to be improved. The framework proposed is shown in Figure 12.2.
Audit of
winemaking
practices

Analysis of
disposal/reuse
options

Implementatio
n of changes
Analysis of
wastewater
treatment options
Figure 12.2 Framework for winey wastewater management interventions.
In this framework the first step is a full audit of the current winemaking practices and their
impact on wastewater volumes and quality. This provides information to assess current
practice against best practice and implement the reduce-reuse-recycle approach. The audit
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of winery processes first ensures that wastewater treatment and disposal costs are
minimised by tackling problems at their source.
Having undertaken the audit of the winery it is best to consider what are the current and
potential future disposal/reuse options available to the winery, rather than immediately
assessing the wastewater treatment options. Assessing the wastewater treatment options
before determining the disposal/reuse objectives is inefficient as their will be no clear criteria
to be achieved.
Having determined the preferred disposal reuse option or a set of options, then wastewater
quality and quantity criteria for disposal/reuse can be determined. Having a firm set of criteria
can then be used to a) target changes in the winery to make the wastewater fit-for-purpose
and b) determine the most appropriate treatment system to achieve the fitness- for purpose.
Having determined what changes can be made in the winery to help achieve the
disposal/reuse objective it only remains to investigate which are the best wastewater
treatment options that can be used to transform the wastewater from the winery.
Thus the choice of the winery wastewater treatment becomes a process of filling the gap
between the volume/quality of wastewater leaving the winery and the volume/quality criteria
established for the preferred disposal/reuse option. Obviously this is an iterative process for
changes to any one part of the system affect the others. Also the preferred disposal options
may not turn out to be achievable with current arrangements, thus an iterative approach is
required until a suitable solution is found.
Guidance as to how to approach the audit of winery practices, assessment of disposal/reuse
options and analysis of treatment options is outlined in the following sections.

12.1.2. Analysis of current winery practice
An analysis of a winery to understand wastewater management performance needs actually
to assess the whole of winery practices. This process can be undertaken using the
‘Environmental impact of winery wastewater’ tool. The tool provides an indication of winery
performance over a wide range of indicators that affect wastewater generation in the winery
e.g. number of barrel washes, wastewater quality e.g. amounts of chemical used, and
wastewater treatment process performance. A section of the Environmental Index is shown
in Table 4.8, Section 4.2.
Undertaking this assessment provides an understanding of the overall performance of the
winery. The results of this assessment should be considered with the ‘reduce-reuse-recycle’
concept initially. This will focus on looking at areas where savings can be made, e.g.
chemical or water usage. Then aspects of wastewater treatment and disposal/reuse can be
considered within the fit-for-use concept.
Table 3.11, Section 3.2 highlights results from the survey of Australian wineries of typical
current practice and compares that with best practice for different aspects of winery
wastewater management. The typical current practice is a summary of the most common
practices found in the survey. The best practice is a summary of the best performance and
aspects that was noted during the survey. Having undertaken the analysis of current practice
and identified areas for improvement the current wastewater quantity/quality can be
determined. This is the criteria that can be used as the input to a wastewater treatment
system. The next step outlined below is to determine what quality /volume of wastewater is
required out of the wastewater treatment system. This is determined by deciding on what the
preferred disposal/reuse options are. Approaches to this are outlined in the next section.

Final Report: Systematic Approach to Winery Wastewater Management

Page 119 of 131

12.1.3. Analysis of disposal/reuse options
Unless wastewater is going to be treated to a very high level for reuse inside the winery then
the options are generally restricted to land based systems around or near the winery:
•
•
•
•

Evaporation basins
Disposal to woodlots
Irrigation of crops – pastures, vineyards, cereals, lucerne etc
Aesthetic purposes around the winery – gardens, lawns, wetlands, lakes

The choice between these depends upon a number of factors such as land availability,
wastewater volumes, availability of water for dilution, desire to gain productive value from the
wastewater, winery location and cost.
There are three major constraints in land disposal of wastewater:
1) Odour. Ensuring that offensive odours are not created and do not affect the winery or
neighbours is important as most environmental complaints are to do with odour. The
causes and management of odour is outlined in the fact sheet (Winery Wastewater
Odour Management). The main cause of odour is wastewater with high organic load
becoming anaerobic. Thus the main options are to dispose of wastewater quickly, i.e.
not allowing it to stand and becoming anaerobic or to remove the organic content. In
which case it can be stored for extended periods.
2) Matching winery wastewater availability with adequate disposal/reuse area. Winery
wastewater volumes are not constant, with a sharp peak in vintage. This creates two
problems:
a. High volumes of wastewater in autumn when rates of evapotranspiration are
declining, so adequate land area is required and/or storage.
b. Low volumes of wastewater in spring and summer when evapotranspiration
rates are high. Thus to maintain a permanent or set cropped area other
sources of water will need to be used.
3) Salt management. Winery wastewater is relatively saline and so appropriate
management for the local soils and choice of crop/planting are important. Salt
management has an important link back to the winery where efforts can be made to
reduce salt inputs to the wastewater stream. If using permanent or set cropped areas
then alternate (non-saline) sources of water will need to be used and this can be used
to dilute the winery wastewater. Water quality criteria for use as irrigation are
provided in the Table 3.2, Section 3.1.
The research from this project on monitoring soil sustainability with land application of winery
wastewater and potassium effects on soils (see Sections 6.4 and 8.2) provides useful
insights into winery wastewater characteristics that are required to make it fit-for-purpose for
land based disposal/reuse.
Where the winery wastewater is very saline or cannot be reused then it may need to be
disposed of into evaporation basins. These need to be managed to avoid odours and
leakage that may contaminate good quality groundwater.
Having assessed what maybe the preferred disposal options and so what would be suitable
wastewater characteristics after treatment that would make it fit-for-purpose, the type of
wastewater treatment needs to be considered. However, it is important to again review the
winery practices, for example high caustic usage with careful reuse and capture will lead to
high sodium levels in wastewater which is detrimental to soil. Also if the organic load of the
wastewater can be reduced in the winery then the treatment required can be reduced, and
the land area required reduced.
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12.1.4. Analysis of wastewater treatment options
The wastewater treatment system needs to take the expected volume/quality of wastewater
from the winery and make it fit-for-purpose for the preferred disposal/resue option. Thus the
wastewater treatment option needs to match up winery wastewater with the disposal/reuse
option. Key criteria for assessing wastewater treatment options are their efficiency in treating
the water to the desired level, cost effectiveness, labour requirements, space requirements,
chemical usage and now their greenhouse gas performance (mostly linked to energy).
There are numerous wastewater treatment methods, such that it is impossible to give an
exhaustive list. Some key classes of secondary treatment pathways are shown in Figure
12.3. Rapid disposal (P2 & P3) is considered the most environmentally friendly as this uses
minimal energy and retains nutrients and organic matter which can be beneficial to both crop
and soil. An anaerobic system followed by aerobic treatment uses less energy than does a
system that is entirely aerobic, so that would be preferable.
It is difficult to rate different treatment processes, as this will depend very much on winery
size and its environment. It also depends on the criteria used in assessing the rating and the
weight given to each. A rating system is shown in Table 4.4, Section 4.1 which is based on
real data from various treatment systems. This was developed for the various treatment
processes, which considers COD removal, consistency of performance, TSS removal,
nutrient stripping, effect on salinity (EC) and on sodium conent (SAR) as beneficial and
capital cost, energy requirements and running costs as negatives.

Winery wastewater enters system
Waste water enters system
p4

p2

p1

p3

Anaerobic
treatment

p5

Aerobic treatment

Storage
Storage

pH /SAR checking and adjustment

Sewer disposal
Sewer
disposal

Land disposalLand disposal

Figure 12.3 Options for secondary treatment of winery wastewater before its
disposal/reuse (P1 to P5 are labels for the different treatment pathways).
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12.1.5. Costs
An important consideration is the cost of treatment. Based on the 2007 survey of wineries
(Section 3.2) operating costs varied from $500 per annum to in excess of $500,000 per
annum and increased with winery size. These estimates were mainly based on electricity
costs for running aerators and chemical costs. Most wineries did not include labour costs and
non-aeration electrical costs which could add significantly to the overall operating cost. The
operating cost per kL of wastewater or on an equivalent tonne crush decreased with
increasing winery size. The average value for operating cost per unit water use was $2.9/kL
or $5.1/tonne crush, Table 12.1. The capital cost of the systems varied from $10,000 to
$4,000,000 and increased with winery size. In contrast, the capital cost per unit water use
decreased with increasing winery size. The average value for the capital cost per unit water
use was $38/kL or $59/tonne of crush, Table 12.1.
Table 12.1 Wastewater system operating and capital costs
Operating cost
($/tonne)

Capital cost
($/tonne)

Average

Range

Average

Range

<2,500

9.1

0.5–21

173

25 – 360

2,500 – 10,000

7.0

1.5 – 10

82

15– 230

> 10,000

4.7

1.0– 14

38

5 – 80

AVERAGE

5.1

-

59

-

Equivalent Crush
(tonne / annum)

Based on this data a tool has been developed to estimate the cost of treating winery waste.
The tool has been designed to be ‘fit of purpose’ and is not exhaustive. Where possible,
default values (often derived from the survey) have been supplied, and these values are
used unless they are over-written. A summary of the inputs is given below.
•
•
•
•
•
•
•
•
•
•

The cost of electricity/power
The life of the plant
The interest rate
Cost of labour associated with running the wastewater treatment system
Winery size
Value of the land used for the treatment plant
Cost of earthworks and provision of power to the treatment site;
Dam liners/ covers, pumps, aerators, holding tanks and pipe work
Sludge dewatering equipment
Cost of design and permits.

These tools allows an ‘audit’ to be undertaken for an existing system and compared with the
benchmark values from the survey, and also allows comparison of different possible
approaches to wastewater treatment.

12.1.6. Implementation of changes
Having completed this assessment framework decisions can be made about implementation
of changes to improve wastewater management. The costs and benefits of different
interventions will need to be assessed. It may well be that interventions in the winery itself
such as chemical usage, automatic valves, pigging and attitudinal change will be the most
cost effective initial steps. Once these are implemented there can be reassessment to see
how the changes affect investment decisions in the wastewater treatment and disposal/reuse
arenas.
With any intervention it is important that effective monitoring is also implemented so that
changes can be adequately assessed to ensure that the various criteria and objectives are
fully met.
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12.2. Performance against planned outputs and performance
targets
Planned outputs and performance targets of the project are given below (Table 12.2). We
were able to achieve all listed performance targets.
Table 12.2 Output and performance targets of the project
Outputs and Performance Targets 2006-2007
Outputs

Performance Targets

Revised Date

1. Identification of current “Best
practices and options in the
wine making process” for
winery wastewater
management

1.1 Complete literature reviews and stage
1 audit in representative wineries.

Completed
Sections 3.1 &
3.2

1.2 Characterise and quantify liquid
wastes within selected wineries by
completing Stage 2 audit.

Completed
Section 3.3

2.1 Assess efficiency of current treatment
technologies based on the winery
wastewater physico-chemical
characteristics.

Completed
Section 4.1

2.2 Conduct first tier environmental rating
of wastewater treatment based on the
audit information.

Completed
Section 4.2

2.3 Develop a spread sheet for cost
analyses on current wastewater
treatment options.

Completed
Section 4.3

3.1 Development of winery wastewater
key indicators in the form of flow
charts appropriate for decisionmaking.

Completed
Sections 5.1 &
5.2

4.1 Assessment of polymer toxicity and
recommendations on alternative
flocculants.

Completed
Section 6.1

4.2 Field trials on FILTER systems - Low
cost, low energy land treatment.

Completed
Sections 6.2
and 6.3

4.3 Environmental impact of cleaning
agents used by wineries.

Completed
Section 6.4

4.4 Cost-benefit analyses on novel
treatment options.

Completed
Sections 4.3,
10.1

5.1 Annual report submitted to GWRDC.
5.2 Suitable material fed to “Research to
Practice” project via workshops.
5.3 Newsletters and Journal articles on
research findings.

Completed

2. Assessment and rating of
current treatment
technologies leading to better
engineered, economical and
environmentally friendly
options for winery wastewater
treatment
3. A set of key indicators of
winery wastewater for the
major reuse and discharge
options

4. Development of novel and
environmentally benign
technologies for winery
wastewater treatment.

5. Communication of research
findings 2006-2007.
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Outputs and Performance Targets 2007-2008
Outputs

Performance Targets

Revised Date

6. Analysis of pond odour and
control options

6.1 A flyer produced for Odour control
options.

Completed
Section 7.1

7. Guidelines for environmentally
acceptable effluent quality

7.1 Determine guideline values for key
indicators of winery wastewater quality
for on site and off-site disposal.

Completed
Sections 8.1,
8.2 & 8.3

8. Decision support framework.

8.1 Documentation of decision support
systems in appropriate forms.

Completed
Section 9

9. Customised solutions and
sustainable aquatic and land
systems for winery
wastewater management.

9.1 Test integrated treatment systems
appropriate for site-specific solutions.

Completed
Sections 6.3,
10.1 & 12.1

10. Communication of research
findings 2007-2008

10.1 Annual report submitted to GWRDC.
10.2 Suitable material fed to “Research to
Practice” project via workshops.
10.3 Newsletters and Journal articles on
research findings.

Completed

Outputs and Performance Targets 2008-2009
Outputs

Performance Targets

Revised Date

11. Customised solutions and
sustainable aquatic and land
systems for winery wastewater
management.

11.1 Conduct field trials using customised
FILTER systems for managing salt
issue

Completed
Sections 6.3,
10.1 & 12.1

12. Assessment of re-use potential
of treated wastewater

12.1 Conduct small-scale trials to explore
beneficial reuse of treated wastewater

Completed
Section 11

13. Communication of research
findings 2008-2009

13.1 Final report submitted to GWRDC
13.2 Suitable material fed to “Research to
Practice” project via workshops.
13.3 Newsletters and Journal articles on
research findings

Final report
submitted

Final Report: Systematic Approach to Winery Wastewater Management

In progress

Page 124 of 131

12.3. Practical implications of the research for the Australian grape
and wine industry
This project has covered a broad spectrum of research from which arise a number of
practical and useful implications for the wine industry. The practical implications can be
broken down into four areas:
1)
2)
3)
4)

Benchmarking of the wine industry wastewater management and generation;
Assessment of wastewater generation and treatment cost minimization options;
New techniques for the better management and treatment of wastewater; and
Understanding sustainability limitations to land based application of winery
wastewater.

In practical terms the wine industry is in the position to take on board the new knowledge
generated in these four areas. Tools have been developed with which wineries can
undertake assessments of current wastewater management, leading ultimately to reduced
costs and greater sustainability. Information on new techniques in wastewater management
provide the option for wineries to cut costs, adopt new treatment measures (especially small
scale wineries) and adapt current land application practices for greater sustainability.
Specific practical benefits immediately available to the industry are:
1. Benchmarking winery practices. Wineries can either do this independently by
comparing with the “Survey of Australian Practices” (Stage 1 Audit report) or using
the Environmental Index Spreadsheet.
2. “Benchmarking Winery production” project in collaboration with Provisor has resulted
in the development of two audit models that can assist wineries to compare the
components of the winery wastewater quality in terms of COD (chemical oxygen
demand), EC (electrical conductivity, pH, salt loads (Na and K loads ) and volumes of
the winery wastewater generated by each unit operation. (Available as Excel
Spreadsheets).
3. Wineries can immediately assess their wastewater treatment system using the
wastewater cost treatment calculator tool, and wastewater treatment options tool to
assess their current system and determine the costs of alternate systems.
4. Conversion factors from BOD to COD are available to simplify and reduce costs
associated with wastewater analysis
5. An alternate approach for pH correction using anhydrous ammonia has been tested
and proved practicable which can be adopted immediately.
6. Small scale wineries contemplating such the use of horizontal and vertical wetlands
can be guided on the costs, benefits and drawbacks of such an approach.
7. Information of the impacts of potassium on soils has been researched and developed
a more fundamental CROSS approach to deal with both sodium and potassium
together.
8. Analysis of long and short term wastewater disposal onto land with various
crops/management can guide managers as to the likely impacts and sustainability of
different approaches.
9. Documented cases where winery wastewater with minimal treatment was being used
for beneficial irrigation of fodder crops. We examined the ability of selected crops to
utilise the winery wastewater applications and assess the soil quality in relation to this
process.
10. A set of decision making tools have been drawn together to provide a systematic
approach to assessing wastewater management. This can help in identifying
immediate steps for cost savings and improved environmental performance.
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12.4. Project benefits
The benefits from this project are that the industry can adopt the new knowledge generated
with significant economic gains and improved environmental sustainability. Taking a median
treatment cost for wastewater of $2.9/kL and a median water use of 2.6 L/L and an industry
production of approximately 1.6 billion litres, the industry is generating approximately
4160ML of wastewater annually, and spending about $12 million per year on wastewater
treatment. The direct economic benefits of this project for wineries due to reduction in
wastewater treatment costs through reduction in wastewater generation and reduced
treatment and disposal/irrigation costs are likely to be in the order of at least 10% per annum,
thus the annual saving to the industry would be in the order of $1-2million annually. These
savings in wastewater treatment will be due to reduced quantity and strength of the
wastewater and hence reduced treatment costs e.g. electricity, land requirement etc.
Another significant impact on the industry will be associated with reducing product loss. This
is a direct financial loss to wineries, some of which can be avoided by adopting improved
management and processes. The industry gains due to a halving of product loss could easily
be in the order of 30 million litres. Even if this is just juice this could equate to around $8
million of grapes (at $200/tonne) per annum.
Environmental benefits to flow from this project will be associated with reducing the
environmental footprint of wastewater treatment in terms of energy usage and green house
gas emissions, and with improving the sustainability of land based disposal/reuse.
Controlling rates of accumulation of sodium, potassium and slats on soils and thereby
enhancing their agronomic output will benefit the environment and increase returns.
Improvements in environmental management may come from the ability to continue to
occupy specific market niches (e.g UK supermarkets and other European consumer groups)
through demonstration of environmentally sustainable, low energy wine producing practises
and waste management.
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13.

RECOMMENDATIONS

Identify any future research directions arising from this research.

The wine industry has been investigating the use of cleaning chemicals, resulting in a
reduction in caustic use or potential to do so. Significant progress has been made towards
understanding potassium in wastewater streams, including identifying that it comes in with
grapes. Recent work has shown that wineries currently send significant volumes of waste
solids, which are easily separated (containing BOD and potassium) into treatment facilities
where they are converted into dissolved forms which are hard to remove or separate. We
have observed that whilst some opportunities are relatively close to application, there is a
hurdle of acceptance that can be easily overcome with appropriate demonstration projects.
This project has been successful in highlighting the environmental aspects of the treatment
and disposal of winery wastewater, and has led to a growing appreciation that winery
wastewater application to land has advantages. The potentially unnecessary treatment of
wastewater to remove organics has been accepted as has the recalcitrant problem of salts in
the wastewater. Thus winemakers are now suggesting that minimal treatment and land
application is a desirable approach to reduce carbon and environmental footprints and costs.
This project did not directly trial the sustainability of using winery wastewater to augment
irrigation water for vines or pastures. Wineries undertaking or considering this practice are
unclear about the phyto-toxic and salt effects that wastewater irrigation might have in the
long term on soil microbiology, macro fauna, vine health, performance, berries and juice
quality. Although the timing of maximum generation of wastewater (January – April) is out of
step with maximum vine, pasture and other crop requirements wineries are considering
spreading the wastewater over wide areas, using the soil profile as a water store and use of
combinations of summer and winter active species. More and more wineries are considering
irrigating pastures and vines for environmental, social and cost benefits. However, the
irrigation methods and systems that are adopted are usually a ‘suck it and see’ approach by
wine makers and winery site managers who do not have expertise in irrigated cropping
systems or soil ecosystem health. Understanding within the industry, of the best
management of wastewater (timing, rate, application, yield, crop quality) and what the
impacts (phytotoxic shock, salinity, pH) of using irrigation water augmented with wastewater
remains vague.
As such further research is required to evaluate the effects of winery wastewater on vines,
pasture species and other crops through field assessment on a regional basis. This regional
assessment needs to be underpinned by improved fundamental understanding of the
impacts of potassium on soils and what are the phytotoxic components of winery wastewater
so that treatment can be optimised. There is a need to provide an integrated “systems
approach” to sustainable recycled winery water management that combines a
comprehensive account of wastewater characteristics, cost-effective treatment strategies for
nutrients, organic and chemical loads, and sustainable management options to meet desired
environmental and crop specifications.
Put your research outcomes into the context of broader industry practices and identify
priorities for further R&D, extension and policy.
This project has generated much new knowledge; this knowledge must now be considered in
terms of:
1. A concerted effort to extend the technical knowledge and tools to industry so that
adoption can occur.
2. Adaptation of industry policy towards a reduce and reuse approach to winery
wastewater that seeks to improve the environment.
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14.

APPENDIXES

14.1. Appendix 1: Communication
14.1.1. Journal Papers
1. Arienzo, M., Christen, E., Quayle, W., and Kumar, A. (2008). A review of the fate of
potassium in the soil-plant system after land application of wastewaters [in press].
Journal of Hazardous Materials, (doi:10.1016/j.jhazmat.2008.08.095 ).
2. Frost, P., Kumar, A., Correll, R.L., Quayle, W., Kookana, R.S., Christen, E., and
Oemcke, D. (2007). Current practices for winery wastewater management and its
reuse: an Australian industry survey. The Australian and New Zealand Wine Industry
Journal, 22 (no. 1): 40-48.
3. Quayle, W.C., Christen, E., Jayawardane, N., Blackwell, J., Corell, R., and Fattore, A.
(2006). Innovation in management of wastewater in the Australian wine industry. The
Australian and New Zealand Grapegrower and Winemaker, 34th Annual Technical
Issue (no. 509a): 41-49.
4. Arienzo, M., Christen, E.W. Quayle, W.C.(2009). Phytotoxicity testing of winery
wastewater undergoing constructed wetland treatment. J. Hazardous Mat. (In press)
5. Arienzo, M, Di Stefano. N., Christen, E.W., Quayle, W.C. (2009). A wastewater
treatment system for small scale Australian wineries. Submitted to Water Science and
Technology. (accepted)
6. Quayle, W.C., Fattore, A., Zandona, R. Christen, E.W. and Arienzo, M. (2009).
Organic matter characterisation and evaluation of organic load measurement
techniques in winery wastewater. Submitted to Water Research (submitted)
7. Arienzo, M. Christen, E.W. Quayle, W., Di Stefano, N. (2008). Development of lowcost wastewater treatment system for small-scale wineries [in press] Water
Environment Research (DOI:10.2175/106143008X274356 Water Environment
Research December 2008).
8. Jayawardane, N., Christen, E.W Arienzo, M., Quayle, W.C. (2009). Evaluation of the
effects of cation combinations on soil hydraulic conductivity. Submitted. Australian
Journal of Soil Research (submitted)
9. Ray Correll And Anu Kumar A Tool for Assessing Environmental Impact of Winery
Wastewater., In review process. To be submitted to Water Research
10. Arienzo, M., Jayawardane, N., Christen, E.W., Quayle, W.C. (2009). Relative effects
of sodium and potassium on soil hydraulic conductivity at a winery wastewater
application site. In prep
11. Christen, E.W., Quayle, W.C. Marcoux, M.A., Arienzo, M., Jayawardane, N., (2009).
Winery wastewater treatment using the land FILTER technique. J. Environmental
Management (in prep)

14.1.2. CLW Science Reports
1. Di Stefano, N., Quayle, W., Arienzo, M., Zandona, R., Blackwell, J., and Christen, E.
(2008). A low cost land based winery wastewater treatment system: development and
preliminary results. CSIRO Land and Water Science Report 43/08. Griffith: CSIRO.
2. Kumar, A., and Correll, R. (2009). Current best practices in Australian wineries for
wastewater minimisation and management. CSIRO Land and Water Report - PR/06
125. Urrbrae, CSIRO.
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14.1.3. Conferences and workshops
1. M. Arienzo, E. Christen, W. C. Quayle, R. Kookana and A. Kumar. A review of land
application of of wastewaters and fate of potassium in soil-plant systems. Poster
presentation, 13th Australian Wine Industry Technical Conference, Adelaide, 28th July
-2nd August, 2007.
2. E. Christen, W.C. Quayle, N. Di Stefano, M. Arienzo, R. Zandona Developing a low
cost wastewater treatment system for small to medium scale wineries. Poster
presentation, 13th Australian Wine Industry Technical Conference, Adelaide, 28th July
-2nd August, 2007.
3. W.C. Quayle, A. Fattore, R. Zandona, E. W. Christen, M. Arienzo and R. Correll.
Evaluation of organic loading measurement techniques in winery wastewater. Poster
presentation, 13th Australian Wine Industry Technical Conference, Adelaide, 28th July
-2nd August, 2007.
4. W.C. Quayle, E.W. Christen, A. Fattore, L. Gullifer, R. Zandona, M. Arienzo.
Sustainability of land based disposal of winery wastewater. Poster presentation, 13th
Australian Wine Industry Technical Conference, Adelaide, 28th July -2nd August, 2007
5. Anu Kumar, Evan W. Christen, Penny Frost, Wendy C. Quayle, Vincent O’Brien, Rai
Kookana, Michele Arienzo and Ray Correll. Current Practises in Australian Wineries
for Wastewater Minimisation and Treatment: their Advantages and Limitations. WEA
Conference and Exhibition. Progress through Engineering 20/21 June, 2007, Mildura,
VIC
6. Kumar A, Doan H, Grocke S, Kookana R and Correll R. 2007. An assessment of the
efficiency of constructed wetland in treating high strength winery wastewater. Poster
presentation. Proceedings of Thirteenth Australian Wine Industry Technical
Conference 28th July – 2nd Aug 2007, Adelaide
7. Kumar A, Doan H, Grocke S, Kookana R and Correll R. 2007. Polymer use for
treating winery wastewater: Environmental concerns. Poster presentation.
Proceedings of Thirteenth Australian Wine Industry Technical Conference 28th July –
2nd Aug 2007, Adelaide.
8. Kumar A, Grocke S, Correll R, Doan H, Kookana R and. 20007. Winery wastewater
quality differences across small, medium and large scale wineries. Poster
presentation. Proceedings of Thirteenth Australian Wine Industry Technical
Conference 28th July – 2nd Aug 2007, Adelaide.
9. Kookana R, Kumar A, Grocke G, Smith L, Doan H and Correll R. Impacts of winery
wastewater discharge on soil health. 2007. Poster presentation. Proceedings of
Thirteenth Australian Wine Industry Technical Conference 28th July – 2nd Aug 2007,
Adelaide
10. Quayle, W.C., Christen, E., Jayawardane, N., Blackwell, J., Corell, R., and Fattore, A.
(2006). Innovation in Management of Wastewater in the Australian Wine Industry.
WEA Conference and Exhibition. Engineering for the Competitive Edge, 21/22 June,
2006, Morphetville Racecourse, SA.
11. Winery wastewater management and its role in wine industry sustainability. An oral
presentation by Anu Kumar on invitation at the EP3 ‐ The Third Wave of
Environmental Practice organised by the Environment Institute of Australia and New
Zealand. 11th October, 2007, Adelaide.
12. The effects of potassium in soil. An oral presentation by Michele Arienzo on invitation
at the ASVO Seminar, “Towards Best Practice through Innovation in Winery
Processing”, Wednesday October 17, 2007, Tanunda
13. Current Practises in Australian Wineries for Wastewater Minimisation and Treatment.
An oral presentation by Anu Kumar on invitation at the Wastewater Treatment and
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Re-use Forum, hosted by The South Australian Murray-Darling Basin Natural
Resources Management Board, 30th October, 2007, Berri.
14. Current Practises in Australian Wineries for Wastewater Minimisation and Treatment.
An oral presentation by Anu Kumar on invitation at the Two Day Specialty Seminar
Worry Wastewaters II – ReUse, Recycle, Discharge organised by Australian Water
Association, 7-8th November, 2007, Sydney.
15. Arienzo, M., Jayawardane, N., Christen, E.W., Quayle, W.C. Relative effects of
sodium and potassium on soil hydraulic conductivity at a winery wastewater
application site. Presented at 9th European Meeting on Environmental Chemistry,
Gerona, Spain, 3rd- 6th December, 2008.
16. Arienzo, M., Di Stefano, N. Christen, E.W. and Quayle, W. (2009) A wastewater
treatment system for small scale Australian wineries. Oral presentation. Winery 2009
March 30 – April 3rd, Verona, Italy. University of Trento.
17. Mosse, K.P., Cavagnaro, T.R., Christen, E.W. and Patti, A.F. (2009). Application of a
semi-synthetic winery wastewater to crop species causes significant growth
reduction. Poster presentation. Winery 2009 March 30 – April 3rd, Verona, Italy.
University of Trento

14.1.4. Excel Spreadsheets
1. Audit model for a large winery
2. Audit model for a small winery
3. Environment rating index
4. Costing sheet to calculate treatment costs

14.1.5. News letters and factsheets
1. Study will assist those making waste treatment decisions. GWRDC R&D at work,
April, 2007 edition p. 12 – 13
2. Winery Wastewater Management Project Flier – 2006
3. Winery Wastewater Odour Management Guidelines – 2009

14.1.6. Web-page
1. For winery wastewater management workshop updates
2. Project overview

14.1.7. Radio interviews
1. ABC Regional
2. ABC National Radio

14.1.8. Workshops through complimentary project CSL05/01
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14.2. Appendix 2: Project team
List all staff that have been engaged on the project
Name

Location

Dr Anu Kumar

CLW, Adelaide

Dr Evan Christen

CLW, Griffith

Dr Michele Arienzo

CLW, Griffith

Dr Wendy Quayle

CLW, Griffith

Dr Ray Correll

CLW, Adelaide

Dr Rai Kookana

CLW, Adelaide

Ms Sonia Grocke

CLW, Adelaide

Ms Alison Fattore

CLW, Griffith

Mr Hai Doan

CLW, Adelaide

Mr Lester Smith

CLW, Adelaide

Mr Roy Zandonna

CLW, Griffith

Ms Debra Gonzago

CLW, Adelaide

Ms Kristy Bartrop

CLW, Griffith
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