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Centre for Advanced Engineering 
 
 
 
Establishment 
The Centre for Advanced Engineering was founded in 
May 1987 to mark the centenary of the School of 
Engineering at the University of Canterbury. It was 
established by means of an appeal fund launched in 
conjunction with the centennial celebrations. To date, 
approximately $2.3 million has been raised, contributed 
by 150 corporate donors and 650 individual donors. 
The earnings from this capital sum are used to run the 
Centre and fund its activities. 
 
 

Objective 
The objective of the Centre is to enhance engineering 
knowledge within New Zealand in identified areas 
judged to be of national importance, and to engage in 
technology transfer of the latest research information 
available from overseas. The Centre is not concerned 
with basic engineering research, but more with the 
application of research findings to engineering problems. 
This objective is achieved for each major project by 
bringing together a selected group of practising and 
research engineers and experts in the particular field from 
both within New Zealand and overseas to: 
• consolidate existing knowledge 
• study advanced techniques 
• develop approaches to particular problems in  

engineering and technology 
• promote excellence in engineering 
• disseminate findings through documentation and 

public seminars. 
The Centre thus creates for each project a unique forum 
that facilitates co-operation among industry, the 
engineering profession and university research engineers. 
 

 
 
 
 
 
 
 
 

Function 
The Centre is controlled by a Board of Directors 
comprising representatives from industry, the 
engineering profession and the University of Canterbury, 
chaired by Mr Peter Menzies. 
The Board selects the title of each project undertaken by 
the Centre and approves the level of funding. A Steering 
Committee is appointed, initially to carry out detailed 
planning for the project and then to provide overall 
direction. The Steering Committee then appoints Task 
Group Leaders and a Project Manager. 
Detailed work on the project is carried out on a 
voluntary basis by the members appointed to each Task 
Group. The Centre arranges to bring to New Zealand, at 
the appropriate time, several Visiting Fellows who 
work with Task Group members and contribute to the 
project the latest available information from overseas. 
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Preface 
 

The general purpose of the Centre for Advanced Engineering's second major project is to contribute to the 
better management of wastes. Although New Zealand does not have the pressures of high population and 
the level of industrialisation of other OECD countries, there is still ample scope for improvement in the 
management of wastes in this country. 

The project considered some key technical, engineering and scientific aspects of waste management 
practices in New Zealand. This information, together with social, environmental and economic comment, 
should assist in the development of appropriate solutions to waste management issues in New Zealand. 

The Centre for Advanced Engineering established a Project Steering Committee, comprising a number of 
the leading people working in the waste management field, in August 1990.  Four topics considered to be 
of national importance in the field of waste management were selected by the Steering Committee:  

• Waste Minimisation Practices 

• Hazardous Waste: Appropriate Technologies for New Zealand 

• Landfill Engineering Guidelines 

• Waste Management in Relation to Water Supplies 

Task Groups were established to examine each of these topics and four Visiting Fellows were appointed, 
each with internationally recognised expertise relevant to a Task Group. A three-day workshop in 
November 1991 was attended by the Visiting Fellows and most of the  project participants. The Task 
Group reports were discussed, changes agreed and conclusions and recommendations formulated. The 
workshop, which was a highlight of the project, provided a forum where a very active interchange of ideas 
and opinions occurred.  The following chart illustrates the organisation of the project. 

 

 

 
 

Project Organisation Chart 
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The topics chosen address important matters within the field of waste management that in the past have 
not always received adequate attention in New Zealand. For example, considerable effort has been put into 
recycling waste materials, but there has been little guidance or visible examples of waste reduction at the 
source. Similarly, knowledge of appropriate technologies for treatment of hazardous wastes remains 
uncertain and needs to be much better understood in the New Zealand context.   

Smaller landfills, with few exceptions, remain little better than dumps and the big strides in landfill 
practices made overseas in the last five to ten years continue to be poorly understood or applied here.   

The protection of drinking water supplies has been threatened by poor understanding of diffuse, multiple 
sources of pollution and how wastes, discharged to land or air, can affect water.  

Because waste management in New Zealand is inextricably linked with Maori values, risk to the 
economy, the environment, and public aspirations, the importance of these concerns needs to be 
recognised. In order to effectively address these vital issues, which apply to all aspects of waste 
management, contributors were sought to provide appropriate insights. 

This publication, which presents the work of the project in detail, is arranged in five parts as follows: 

•  Part 1 - Common Themes in Waste Management 

 The information in Part 1 is applicable to all four of the topics chosen and has, for the most part, been 
provided by the contributing authors. The themes covered are: Maori concerns, risk assessment, 
legislative framework, and public participation, all in relation to waste management. 

•  Part 2 - Waste Minimisation Practices 

 This topic brings together case studies of waste minimisation practices from different sectors of the 
economy: the domestic, community, commercial, industrial and agricultural sectors. 

•  Part 3 - Hazardous Wastes 

 Although there are many possible ways of managing hazardous wastes, this topic assesses those 
technologies considered appropriate for New Zealand. 

•  Part 4 - Landfill Engineering Guidelines 

 There are no recognised guidelines currently available for the siting, design, operation and after-care of 
landfills in New Zealand. Such guidelines are presented in this section. 

•  Part 5 - Waste Management and Water Supplies 

 The potential in New Zealand for a link between these two subjects is examined. Waste management 
practices that minimise the risk of polluting water supplies are recommended. 

The four topics chosen for the Waste Management Project also illustrate the integrated nature of waste 
management: 

• Waste minimisation practices are concerned with raw materials, their conversion to products and 
opportunities for reducing or preventing the wastes that thereby arise.  

• Hazardous waste treatment is one of the important steps that need to be taken before wastes can be 
safely reused or sent for disposal. 

• Good landfill design and operation are the keys to waste disposal that minimise risks to present and 
future generations. 

• The study of wastes in relation to water supplies highlights how wastes returning to the environment 
may cause pollution that could threaten public health.  

 

A unique and important feature of the Waste Management Project has been the wide involvement of 
engineers, scientists and others in key positions with local authorities and services companies. The project 
team comprised some of the top people in New Zealand working in the field of waste management. 

While the project makes no pretence at providing the answers to all waste management issues in New 
Zealand, the reports produced by the four Task Groups represent the best available information relevant to 



  Our Waste : Our Responsibility 

 vii 

the topics studied.  This work has been further enhanced by the significant input from the four Visiting 
Fellows and overseas review by several other recognised authorities. 

As the Waste Management Project proceeded, an important emphasis developed which cast new light on 
the overall purpose of the project.  The centrality of waste minimisation to the whole subject of waste 
management emerged as a strong theme that underpinned work on the three other topics.  Significant new 
initiatives are outlined in Part 2, Waste Minimisation Practices, with the aim of directing the management 
of wastes away from pollution control and towards pollution prevention. 

Embracing the principles of waste minimisation is the concept of Cleaner Production. Formulated under 
the auspices of the United Nations Environmental Programme (UNEP) in May 1989, it has been defined 
as: 

"The conceptual and procedural approach to production that demands that all phases of the life-
cycle of a product or of a process should be addressed with the objective of prevention or 
minimisation of short and long-term risks to humans and to the environment." 

One of the principal recommendations of the Waste Management Project therefore is that an independent 
Cleaner Production Foundation should be established to facilitate a change in attitude and to move 
towards the implementation of solutions.  The establishment of such a Foundation should be considered 
in the wider context of the overall efficient use of resources, including raw materials and energy. 

The intended purpose of such a facility would be not to replace present sector-based initiatives in this area, 
but rather to provide an umbrella organisation that would encourage such initiatives, and promote the 
concepts and provide educational opportunities to a wider audience.  In this respect it is considered 
fundamentally important that the Foundation should be independent of any particular sector group; 
government, commercial or otherwise. 

The project raises many waste management issues that must be faced as New Zealand moves towards 
environmental sustainability — an essential goal if this country is to maintain its clean, green  image.  
The importance of this, and its increasing relevance in terms of world trade and the international 
competitiveness of export products, should not be underestimated. 

Most of the Task Group work on this project was completed by February 1992 and therefore preceded 
such events as the 1992 United Nations Conference on Environment and Development (UNCED), held in 
Rio de Janeiro in June 1992. This report however, in emphasising waste minimisation as one of the keys 
in the move towards sustainable development, is compatible with the outcomes from the UNCED 
Conference. 
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1 MAORI CULTURAL VALUES AND PRINCIPLES FOR 

WASTE MANAGEMENT 
 
 

1.1 The Place of Cultural Values 
in Waste Management  

What have cultural values got to do with waste 
management and the technological solutions to waste 
minimisation, siting and operating landfills, water 
quality, and hazardous substances? To begin to 
understand this question is fundamental. It requires the 
recognition that values, objectives and goals, and the 
basic assumptions by which these are developed, are 
located in a particular cultural world view.  

The question also involves the explicit recognition that 
a particular cultural world view is already operating in 
New Zealand waste management and that this is 
monocultural i.e western or Pakeha culture. A key first 
step is recognizing that Pakeha values and principles 
underlie the content of and the way waste management 
systems have developed.  

Values are integral to determining the criteria, options, 
objectives, outcomes and technological solutions for 
waste management systems. Values also determine and 
maintain the management structures and processes by 
which those decisions are made. The entire process is 
mono-cultural since Maori people and Maori cultural 
values are outside of, and historically have been 
excluded from, waste management.  

Maori involvement and consultation in solid waste 
management is to do with the recognition that values, 
located in a particular cultural paradigm, underlie solid 
waste management. What is required is not only a shift 
in those values but also in the cultural paradigm that 
determine those values. Implicit in this recognition is 
that values underlie technology transfer, and that those 
values are essentially cultural.  

Traditional Maori resource management practices 
embody principles that are central to sound waste 
management and sound development of natural and 
physical resources. Maori have a cultural and spiritual 
affinity with the natural and physical world. There is 
also a growing New Zealand perception of the natural 
environment as having intrinsic value. These cultural 
values are embodied in the guiding principles of the 
Resource Management Act 1991, which affects all 
activities that impact on the natural and physical 
environment.  

This ultimately affects the technological solutions we 
apply in waste management. Importantly, it also means 

that Maori people have a significant role in determining 
the issues, and the objectives and goals through which 
technological solutions to those issues are applied.  

 

 

1.2 The Treaty of Waitangi 
The Treaty of Waitangi was an agreement signed in 
1840 by Maori chiefs and the British Crown, and was 
the basis for establishing British presence in New 
Zealand. In exchange for kawanatanga (right to make 
laws in order to govern) to the Crown in Article I of the 
Treaty, Maori people as independent iwi1 and hapu2, 
were guaranteed tino rangatiratanga of natural 
resources, lands and other taonga in Article II, and the 
exercise of their tikanga in Article III. Tino 
rangatiratanga incorporates ownership, control and 
authority. Taonga3 generally includes both cultural 
values and natural and physical resources. Tikanga 
generally refers to customary practices and social 
discourse patterns.  

Maori people consider that their rights, guaranteed by 
the Treaty of Waitangi, have never been voluntarily 
extinguished. Maori have also historically maintained 
pressure to influence the way resources are used in New 
Zealand.  

Through the 1980s, a series of highly public claims to 
the Waitangi Tribunal4 highlighted environmental 
degradation in New Zealand. These include the effects of 
industrial wastes on the coastal environment (the 
Motunui claim), the effects of treated sewage effluent 
discharge into the Kaituna River (the Kaituna claim) 
and the cumulative effects of industrial waste, effluent, 

                                                             
1 Iwi refers to tribe. 
2 Hapu refers to sub-tribe. 
3 Taonga generally refers to treasures. These include 

natural and physical resources such as land, rivers, 
harbours, lakes, mountains. Taonga also include 
intangible cultural values such as te reo (Maori 
language). 

4 The Waitangi Tribunal, a type of commission of 
inquiry, was established under the Treaty of Waitangi 
Act 1975 to consider Maori claims pursued under the 
Act, and make recommendations on those claims to 
government. 
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chemical residue and sediment run-off on the Manukau 
Harbour to the point where the harbour is poisoned (the 
Manukau claim). During this period, highly successful 
legal actions questioned the Crown's right to alienate 
Maori rights to resources such as fisheries, coal, 
forestry, and land.  

The reports of the Waitangi Tribunal and legal actions 
highlight important resource management principles of 
Maori people and also promote information sharing on 
matters which have great significance to Maori.  

 

 
1.3 The Resource Management 

Act 1991 
The Resource Management Act 1991 provides a 
legitimate basis for Maori to be significantly involved 
in determining how natural and physical resources are to 
be managed. The Act sets new obligations for local 
authorities and iwi whereby it establishes the need for a 
working relationship between them. Decision-making 
under the Act must consider implications for iwi and it 
requires involving tangata whenua5 in resource 
manage-ment matters.  

Local authorities need to ensure that their new 
obligations to Maori are adequately met and this has to 
be addressed in local authority functions and 
responsibilities exercised under the Act. This will affect 
resource users since development proposals will need to 
take into account the new resource management regime 
created by the Resource Management Act 1991. 

The purpose and principles in Part II of the Resource 
Management Act 1991 state that persons carrying out 
functions under the Act shall take into account the 
principles of the Treaty of Waitangi (Te Tiriti o 
Waitangi), actively protect the relationship of Maori 
and their culture and traditions with their ancestral 
lands, water, sites, waahi tapu, and other taonga as a 
matter of national importance and shall have particular 
regard to kaitiakitanga6. 

Regional policy statements and plans, and district plans 
have to be prepared in accordance with the purpose and 
principles of the Resource Management Act. Tangata 
whenua must be consulted during their preparation. The 
district plan and regional plans cannot be inconsistent 
with a Regional Policy Statement which must state the 

                                                             
5 Tangata whenua generally means people of the land 

- the iwi or hapu (sub-tribe) or whanau (extended 
family) intimately connected with a particular 
geographical area and with mana whenua or 
customary authority over that area. 

6 Kaitiakitanga generally refers to the ethic of 
guardianship and stewardship. 

matters of regional resource management significance to 
iwi and its policies on those matters7.  

Regional policy statements and district plans also 
cannot be inconsistent with the New Zealand Coastal 
Policy Statement, which can state matters relating to 
the protection of characteristics of the coastal 
environment of special value to tangata whenua8. 
Regard must be given to any relevant planning 
document recognized by an iwi authority which have a 
bearing on resource management issues in the district 
and region9.  

Relevant resource consent applications can also be 
referred to tangata whenua. Where applic-ations are 
required to furnish an assessment of environmental 
impacts, the effects on cultural environmental values has 
to be considered. 

 

 

1.4 Fundamental Cultural Values 
Maori resource usage was structured by a pervasive 
social framework that affected activities bearing on 
natural and physical resources. Activities and the people 
involved were affected by socially determined 
constraints and considerations of reciprocal rights and 
obligations. This affected where people went, who did 
it, what they did and what was done in the process of 
using resources as well as the end result of such 
usage10. 

This entire process occurred in the context of the highly 
localised autonomy of the residential core11 of the 
whanau12 and hapu customarily associated with a 
particular geographical area13. They controlled and 
determined the use of and access to resources in that 
area. Members of other hapu and whanau who were not 
locally resident, gained access to local resources through 

                                                             
7 Cloughley, Dianna and Douglas, Hera, 1991. 

Providing for Maori and Treaty Issues in District 
Plans, for New Zealand Planning Institute Seminar, 
16 September 1991. 

8 ibid, 1991. 
9 ibid, 1991. 
10 Ropiha, Joan. 1992. Alienation of Maori Fishing in 

Mahia Peninsula 1920-1990. Draft Unpublished 
Thesis. 

11 The phrase "residential core" was developed by Ian 
Hugh Kawharu in his 1984 article, "Maori 
Sociology: A Commentary", in Journal of the 
Polynesian Society, 93:231-246. 

12 Whanau is a bilateral extended family grouping of 
three to four generations in depth. Whanau also 
refers to related bilateral extended families. 

13 Ropiha, J. op cit, 1992. 
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active kinship ties with the residential core14. Thus, 
access to resources was underscored by reciprocal 
obligations and rights implicit in whakapapa or 
descent, and whanaungatanga or kinship15.  

The local hapu and its constituent whanau collectively 
hold intimate and extensive knowledge of the natural 
environment in the geographical area they are 
customarily associated with. This is the result of a 
highly specific connection with the natural environment 
that has continued through several generations.  

The Waitangi Tribunal reports show the Maori 
claimants held encyclopaedic knowledge of the natural 
resources in the areas subject to the claims. Early 
ethnographers on Maori society, such as Best and Firth, 
record the vast extent of Maori knowledge. According to 
Firth, "The Maori of olden times was remarkably well 
versed in all matters pertaining to his natural 
surroundings"16. 

Maori traditional beliefs and practices regarding the 
natural world stems from a profound spirituality in pre-
European Maori social life. Belief and ritual permeated 
every aspect of life, and sustained the system of social 
control.  

"Every person and almost everything was under a 
supernatural protection that demanded punctilious 
observance of its prescribed ritual".17 

Natural and physical resources have an intrinsic 
integrity that transcends and commands the usage of 
those resources. This is well beyond their commodity 
value from which is derived, what Pakeha society may 
call, its material value. Instead, they are taonga that 
contain mauri  — an inherent life essence or life-force. 
Rivers, har-bours, lakes and the sea are also taonga in 
their entirety. Water is the medium of life — spiritual 
and secular — and the source of sustenance.  

The natural world is personified or deified where-by the 
links to humanity are transmitted through whakapapa 
(genealogy). The origins are the primeval parents, 
Papatuanuku (earth mother) and Ranginui (sky father). 
They had several children who are personifications of  
features of the natural world. Two of the leading 
children are Tane Mahuta (god of the forest) and 
Tangaroa (god of the sea). Maori trace their ancestry to 
the primeval parents and their children, and to the very 
land itself. 

                                                             
14 ibid, 1992.  
15 See Kawharu, Ian Hugh for discussions on 

whakapapa (descent) and whanaunga-tanga 
(kinship). Orakei: A Ngati Whatua Community. 
New Zealand Council for Educational Research, 
Wellington, 1975. 

16 Firth, Raymond, 1929. Economics of the New 
Zealand Maori. Government Printer, Wellington, 
Reprint 1973:58. 

17 Kawharu, I.H. op cit, 1975:80-81. 

According to Morrie Love of Te Atiawa:  

"The importance of whakapapa or genealogy should 
not be forgotten here and many Maori people trace 
their ancestry back to the very land itself calling 
mountains and other parts of the landscape their 
ancestors".18 

Thus all features of the natural world, including 
humans, are intimately connected, through whakapapa, 
spiritually and in practice. People — past, present and 
future generations — are part of and not dominant over 
the natural world. The local whanau and hapu as 
kaitiaki19 are the central agents to ensure the mauri of 
taonga is maintained and to ensure peoples' use of 
resources adheres to this as well as the rights and 
obligations that derive from their spiritual and 
whakapapa connections to the natural world.  

 

 

1.5 Principles and Objectives for 
Waste Management 

The explicit acknowledgement that it is particular social 
values that underlie New Zealand's waste management 
systems is a key step towards understanding how to 
recognise Maori cultural values. Social values underlie 
principles against which issues are identified, the 
priorities that are assigned to these, the types of 
solutions, and the resulting objectives and goals from 
which a management framework is developed. The 
process is specifically historical, thus it is con-testable 
and changeable.   

Traditional Maori concepts of resource usage emphasize 
the primacy of the mauri of resources — the inherent 
integrity of natural and physical resources and in the 
context of the integrity of the ecosystem as a whole20. 
Managing the disposal of waste and its environmental 
effects on localised natural resource components should 
not be isolated from, but instead, should be based on 
principles of maintaining the integrity of the broader 
ecosystem that those components constitute21.  

A necessary consequence is that the develop-ment of 
resources, and the effects of waste creation, should be 
managed in an integrated way in terms of the integrity 
of resources and the ecosystem. A key management 
                                                             
18 Love, Morrie Te Whiti, 1992. Sustainable 

Management and Kaupapa Maori:  A Study Based 
on the Traditional and Modern Aspects of Water and 
Waste Management from a Maori Perspective. 
Maruwhenua, Ministry for the Environment, June. 

19 In this context, Kaitiaki means natural resource 
guardian or steward. In practice, the meaning and 
exercise of kaitiaki varies between different hapu 
and iwi. 

20 Love, M. op cit, 1992. 
21 ibid, 1992.  
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problem in New Zealand has been the 
compartmentalising of specific types of resource uses as 
being discreet.  

For example, a river and its tributaries may have a 
number of legitimate users; taking water from the river, 
discharging effluent into the river and into ground water, 
and gravel extraction, for example. The effects of other 
uncontrolled land use activities may include sediment 
and chemical residue run-off into the river and its 
tributaries. The lack of an integrated management 
approach means that the various users and their impacts 
on the river system, and through space and time, are not 
addressed as a whole. The combined and cumulative 
effects, and the lack of proper manage-ment, could be a 
degraded river system. 

In terms of Maori perspectives, the first practical 
principles for managing waste and the use of resources 
are that no pollution is acceptable and that resource use 
should be developed in terms of ecosystem integrity — 
the mauri22. The degree and pattern of resource usage 
must be compatible with ecosystem processes and 
functions.  Ultimately, the needs of future generations 
can only be met if ecological systems sustain them-
selves.  

Ecological information bases in New Zealand do not 
have a long history, 50 years at the most and 
environmental monitoring has only occurred in the last 
5 to 10 years. As such we do not have the necessary 
information as to the degree and pattern of resource 
usage a particular ecosystem can maintain. In this 
respect, as has been outlined, the value of traditional 
Maori resource management knowledge and practices 
cannot be under-estimated. Resource users and 
significant waste generators should be responsible for 
monitoring and developing corporate knowledge of the 
environmental impacts of their activities.  

There exists a fundamental New Zealand value that 
accepts pollution and the creation of waste. These basic 
assumptions have had a pervasive influence on New 
Zealand's waste management systems which have 
developed around managing the disposal of waste, and 
more recently, managing the assimilative capacity of the 
envir-onment to receive that waste such as air and water 
quality management. The concepts under-lying waste 
minimisation are a more sophisticated way of dealing 
with the creation of waste although waste management 
systems have yet to deal with waste minimisation in a 
pervasive way.  

However, from a Maori point of view and from a 
growing New Zealand awareness, the country's waste 
management systems are far too limited. These do not 
deal with the fact of waste being created in the first 
place.  

                                                             
22 ibid, 1992. Morrie Love emphasizes that the 

maintenance of the mauri of natural resources 
should be the objective for sustainable management 
of natural resources. 

Waste is not simply materials that are disposed of 
without any further use, nor is it just to do with 
materials that have been discarded as a result of over 
consumption. From a Maori perspective, waste 
represents wasteful use of raw materials, including using 
more than is needed and over consumption. Wasteful 
use of raw materials combined with the polluting effects 
of waste results in environmental degradation.  

Prevailing New Zealand social values lack a sense of 
responsibility for maintaining environmental integrity. 
Existing waste management systems do not assign 
responsibility to resource users and waste generators to 
take into account the impact of their activities on natural 
and physical resources. Instead, it is the community 
that bears the costs and risks — environmental, health 
and fiscal — of the impacts of waste disposal, wasteful 
use of resources and the resultant environmental 
degradation. The costs and risks should instead be 
borne by resource users and waste generators.  

An example is a forestry mill that has rights to take 
water from one river and discharge effluent into another. 
Yet the two rights are unconnected and the mill is not 
responsible for its contribution to the degradation of the 
two rivers nor for restoring the quality and the quantity 
of water. However, the community bears the fiscal costs 
through the regional council, and the local hapu bear 
the environmental, health and spiritual risks of a 
degraded river system. In this example, near the mouth 
of one of the rivers are polluted mussel rocks which are 
traditional taonga to the local hapu. These costs and 
the remediation of these resources should instead be 
borne by the mill and should be integral in determining 
the continuance of those rights.  

The right to use resources should be constrained and 
conditioned by a responsibility to ensure that the 
integrity of the resource, and of its contextual 
ecosystem, is not unduly compromised with the view 
to taking into account its capacity to sustain and 
enhance itself. The onus of this responsibility should be 
placed on the resource user. This includes undertaking 
integrated environmental impact assessments and 
monitoring of materials that are manufactured, and the 
development of management programmes with the 
objective of maintaining and enhancing the integrity of 
the resource. This responsibility should also affect 
existing users who wish to continue exercising rights to 
use resources.  

A key problem is the lack of means to ensure 
environmental responsibility is placed on resource users 
and generators of waste.  

Professional associations of engineers, resource planners, 
consultants, chemical and packaging industries, for 
example, could influence constituents through 
developing codes of ethics and education programmes 
such as seminars and conferences. Industries, and 
commercial and domestic sectors, could develop 
corporate policies and objectives. The various sectors 
and professional associations could lobby and support 
local, regional and central government to implement, for 
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example, the purpose and principles of the Resource 
Management Act 1991 and environmental standards. 

Responsibility should be placed on resource users and 
waste generators to practice waste minimisation 
including reducing the amount of raw materials used, 
reuse of materials, adopting cleaner methods in 
production, and developing technology that ties into 
reducing, reusing, recycling and sound disposal of the 
new materials created by that technology. Materials that 
are not easily disposed of should be returned to the 
manufacturer or the parties responsible for its 
importation.  

An innovative example is leasing rather than selling 
equipment such as computers and photocopying 
machines whereby the manu-facturer or importer retains 
responsibility for these23. On-site buffer zones is another 
method that could be used to contain the discharge and 
treatment of contaminants and waste. For example, 
sediment run-off can be contained on site by planting 
appropriate vegetation along the banks of rivers and 
streams. In such situations, the owner retains 
responsibility for the waste created on-site.  

The early Waitangi Tribunal claims referred to above 
show a significant Maori concern over degraded 
ecosystems and that restoration of these should be an 
important objective.  

Contaminated sites in New Zealand represent a history 
of sub-standard environmental practices. Landfills, most 
of which are in poor condition, should be rehabilitated. 
The restoration of contaminated sites should be of a 
high priority. The on-site containment and treatment of 
effluent (liquid, solid and gaseous) should be a 
minimum requirement. Recreational and residential uses 
should be restricted.  

Hazardous materials and waste pose a key 
environmental and health problem. Management of 
these should have a high priority whether in solid, 
liquid or gaseous form. The use of environmentally 
sound materials should be developed  and promoted. 
The use of persistent and intractable materials should be 
avoided or reduced.  

Manufacturers or importers of hazardous materials 
should be responsible for developing technological 
solutions for the use of these through their life-cycle 
including recovery, reuse and safe disposal. If the 
materials are not tractable, this responsibility should 
include taking back unused or discarded materials 
consumers do not use.  Chemical manufacturing 
industries have a key role in developing codes of ethics 
and should consider working in conjunction with 
central government to implement codes as statutory 
standards.  

Education is important for promoting environmental 
responsibility and the central significance of ecosystem 

                                                             
23 Discussions with Margaret Bailey, Ministry for 

Environment. 

integrity in resource usage. Tertiary educationalists, 
professional associations of engineers, resource 
management planners, surveyors, economists, 
ecologists, social planners and other relevant professions 
need to address the integrity of their discreet technical 
fields. They need to educate themselves, not only to be 
competitive but to demonstrate and develop sound 
solutions to the issues such as those raised in these 
discussions. 

The development ethics of our economy requires 
expansion in which pollution, waste generation and 
expanded resource use appear to be inevitable. This 
stems from a development ethic that takes for granted 
that resources are for the taking and that these can 
assimilate waste. This ethic does not assume a 
reciprocal responsibility to ensure resource integrity.  
The economy has a short-term ethic but has long-term 
impacts, risks and costs that do not disappear but will 
be borne by future generations. These costs should 
instead be the responsibility of the current generations of 
resource users and waste generators.  

What is required is a shift in the value systems 
underlying the way we use natural and physical 
resources. Developing a sense of responsibility, and one 
that extends to society as a whole is a necessary 
condition. There exists a growing core of enviromental 
values such as the increasing community desire for 
recycling, and an increasing belief in the intrinsic value 
of ecosystems. There is a developing attitudinal 
awareness of the need for responsible resource use ethics. 
It is a question of affirming these values and the central 
location of these in the ethics by which resource usage 
and waste management systems are developed.  

 

 

1.6 Consultation 
It is the principle of partnership arising from the Treaty 
of Waitangi that is central to the need for consultation 
with tangata whenua. The Waitangi Tribunal noted in 
the Manukau claim that:  

"Consultation can cure a number of problems. A 
failure to consult may be seen as an affront to the 
standing of the indigenous tribes and lead to a 
confrontational stance. Admittedly some values and 
traditions are not negotiable but the area for 
compromise remain wide...To achieve a reasonable 
compromise it is preferable that there be consultation 
with the tribe rather than have the tribe resort to 
objection processes, or even protests and 
demonstrations. It would help if the conduct of the 
parties were related to planning procedures so that the 
Tribunal could adjourn proceedings and require 
discussion in a search for settlement."  

Justice Cooke, in summing up the findings of the Court 
of Appeal, noted that the Judges had all agreed that:  
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"...the principles (of the Treaty) require the Pakeha 
and Maori Treaty partners to act toward each other 
reasonably and with the utmost faith".  

If this requirement is kept in mind when issues of waste 
management arise, then progress in reaching mutually 
satisfactory solutions should be made.  

In terms of responding to waste management issues that 
arise, and particularly with respect to localized 
situations, the underlying principle of consultation is 
the recognition of the mana24 of the tangata whenua.  

Consultation involves devising a process to reaching 
mutually agreed solutions. The process should be 
understood as interactive and an integral part of good 
practice. It involves an agreed process to identify key 
issues and options and the first principles against which 
objectives and goals can be measured and evaluated. 
Proposals should be comprehensively discussed with 
iwi representatives. It is important to recognize that 
what this entire process means in practice, particularly 
in localized situations, can only be worked out with 
tangata whenua.  

However, consistent and effective recognition of Maori 
cultural values in waste management systems requires 
the central location of iwi as kaitiaki, or natural resource 
guardians, in the management and decision-making 
regime that determine the development of those 
systems25. Fundamental to this process is maintaining 
the integrity of the mana of iwi as kaitiaki and not be 
relegated to a cultural adage26. Resourcing iwi 
involvement and an on-going monitoring role for iwi 
are important considerations that should also be 
addressed in the process.  

 

Processes of Consultation  
Different processes have been tried as organizations and 
individuals developed their understanding of appropriate 
consultative processes. Some examples may be helpful. 
A commercial company employed a Maori consult-ant 
to consult with a number of hapu regarding a proposed 
major engineering project. The consultant was from the 
same tribe but lived in a different part of the tribal area. 
As a result of these consultations and other 
considerations, substantial changes to engineering 
design were subsequently made.  

An environmental agency asked three tangata whenua 
groups within a region whether or not they would like 
to contribute to a review of a major sewage treatment 
and disposal planning proposal. Tangata whenua 
decided that two separate consultants' reports would be 
provided to the agency.    

                                                             
24 Mana generally refers to customary authority, high 

esteem, prestige. 
25 Love, M. op cit, 1992. 
26 ibid, 1992. 

National projects, such as the CAE Waste Management 
Project that has led to this public-ation, require a 
different approach than the examples outlined. The 
process meant having to develop an understanding of 
the importance of Maori involvement in solid waste 
management and general underlying principles, which 
in practice can only be worked out in localized 
situations with tangata whenua.  

 

Consultation with Maori and the CAE 
Project 
Early in the project planning stage, the Steering 
Committee recognized the importance of a Maori 
perspective to the project.  

Initially the process by which Maori input could be 
made to the project was by working through the Task 
Groups. This process did not work well for the Task 
Groups, except the Waste Minimization Task Group 
which included a Maori person from the Ministry for the 
Environment. However, she felt that it was 
inappropriate to rely on her role in the one Task Group 
to provide a Maori perspective for the entire project.  

At a workshop organised by the Ministry for the 
Environment, an invitation was extended to the 
National Maori Congress to form a Task Group and 
provide a Maori perspective on the Task Group topics. 
However, this invitation was not taken up by the 
Congress who considered the voluntary nature of the 
project was not appropriate to them.  

As the November 1991 workshop was a key part of the 
project, the Steering Committee's planning for the 
workshop had included speakers who could place the 
project tasks into a wider context. Maori input to the 
workshop was viewed as essential by the Steering 
Committee, and the two Maori speakers' contributions 
were appreciated. One of the speakers was arranged 
through an invitation to the National Maori Congress 
and the other was from the Ministry for the 
Environment who was a member of the Waste 
Minimisation Task Group. The latter speaker has 
assisted the project by writing this chapter of the report.  

 

 

1.7 Technology Transfer  
A further important issue is how technology can take 
into account Maori values and aspirations about the 
environment.  

A significant conclusion arising out of the Waste 
Management Project is the need to link the four 
following reports to reflect the view that waste 
management be considered in an integrated way. This 
also reflects Maori principles relating to waste 
management as being located in a broader and integrated 
environmental worldview. These aspirations are 
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becoming increasingly shared by many people in 
communities and environmental groups.  

In the past, the environment has been regulated or 
managed in discrete "parcels" rather than taking into 
account the interrelationships between land, air and 
water. The lack of an integrated management approach 
has been a major factor that has hindered addressing 
environmental degradation in New Zealand.  

The integrated nature of waste mangement, as 
recognized by this project, is a way of expressing the 
linkages that Maori recognize, and other people are 
starting to recognize. The way in which all the task 
group issues are linked together also illustrates an 
interrelated view of resource management.  

The purpose of the Waste Management Project to 
provide technical information to achieve better waste 
management for the future is one expression of 
stewardship of the environment. This is in line with the 
Maori principle to enhance the environment for future 
generations, which is also an interactive objective of 
kaitiakitanga.  

The work on waste minimisation (Part 2 of this Report) 
illustrates how the practices of society can be altered to 
recognize the deleterious effects the disposal of more and 
more waste can have on the whole environment. Having 
minimised the amount of waste that cannot be reused or 
recycled, there will be some residues to be disposed of. 
In doing so, any effects on the whole environment 
should be considered: the site-specific effects, the 
relationship to ground-water and/or surface water, and 
the effects on communities. Hazardous waste should be 
treated, as outlined in Part 3 of this publication, since 
the Maori view is that no hazardous wastes should be 
placed into the environment. This is also a view that is 
increasingly becoming shared by many in the 
community at large.  

The effects of waste on water supplies, as discussed in 
Part 5, is also significant since Maori people recognize 
that in practice, land and water are interrelated. 
Activities affecting water bodies cannot be considered in 
isolation from land uses.  

Maori principles of environmental management, 
together with principles of active protection and 
partnership arising from the Treaty, are an important 
indication of how technology can be used to improve 
environmental management. This will require an active 
acknowledgement of the tino rangatiratanga of tangata 
whenua in resource management.  

 

 

 

1.8 Conclusions 
The Resource Management Act 1991 acknow-ledges the 
ability to change values and the framework of those 
values. There is a developing New Zealand core of 

environmental awareness and sense of environmental 
responsibility. This enhances the significance of Maori 
participation in resource use and waste management.  

In order for iwi to exercise their responsibilities as 
kaitiaki and for resource managers to carry out their 
responsibilities under the Resource Management Act, 
they are required to develop some type of working 
relationship with iwi. The success of undertaking the 
responsibilities relies on the nature and extent of the 
working relationship between iwi and regional and 
district councils. It requires an interface between iwi 
structures and processes on the one hand, and local 
government processes on the other, rather than iwi 
being subsumed within established local government 
processes. 
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2 RISK ASSESSMENT 
 

 

2.1 Introduction 
Risk assessment is a technique that attempts to assess 
the degree of harm that could result from activities as 
diverse as the use or storage of hazardous substances and 
natural hazards such as flooding. It is a technique based 
on probabilities and consequences that attempts to 
ascertain the degree of harm to people, property and the 
environment. 

A distinction needs to be made between hazard and risk. 
Hazard is the potential inherent in any substance or 
situation for doing harm. Risk is the level of probability 
that harm will occur in any given set of circumstances. 
Risk has both a consequence component and also a 
probability component. 

Risk assessment has two main elements: 

• Risk estimation — the identification and estimation 
of the probability and magnitude of the consequences 
of a hazardous event. 

• Risk evaluation — the determination of the 
significance or value of the estimated risks to those 
people concerned with or affected by the decision. 

Risk assessment should always be followed by risk 
management. The risk management stage consists of 
decision-making with the aim of reducing, eliminating 
or controlling the risk. The risk evaluation component 
should provide an indication of the 'acceptable' level of 
risk that people will tolerate. The actions or decisions 
taken in risk management will be scrutinised by both 
the regulatory agencies and the public. 

Qualitative approaches can also be used to rank hazards. 
This approach has been used by consultants (GCNZ and 
H.M.Tweedale,1989) in assessing the current and 
possible future level of risk posed by various industries 
in the Rosebank Road area of Auckland. 

 

 

2.2 Risk Estimation 
Risk Estimation generally comprises the following: 

• identification of the hazard 

• consequences — fate and transport 

• exposure 

• dose 

• effect (response). 

Identification of a hazard is generally straight-forward, 
but the other aspects may not be so easy. For example, 
the fate of a waste pesticide and its transport through the 
soil and through groundwater can be difficult to trace. 
Sometimes there can be a time lag between exposure 
and a response in people or the environment. Often it is 
difficult to isolate a causal relationship between dose 
and effect. 

Data for risk estimation purposes is available for certain 
industries where techniques such as HAZOP (hazard and 
operability study) and HAZAN (hazard analysis) have 
been used for many years. 

In the management of wastes the same principles of risk 
assessment apply as they do to many other judgements. 
It should be possible to make risk estimates, which, 
although they should not be regarded as equivalent to 
true risk, would provide rough estimates useful for 
setting priorities, balancing risks and benefits, and 
establishing the degree of urgency of a public health or 
environmental problem. 

In some instances it would be useful to make estimates 
of risk that are qualitative, enabling some ranking of 
risk to be made without attempting to ascribe numerical 
values. In other instances, if there are sufficient facts, the 
assessment may be detailed and quantified, giving some 
numerical value to the probability of an occurrence and a 
measure of the loss. There are ways, also, to explore 
and rank perceived risk which is often of most interest 
to the general public. 

A good example of a more qualitative approach to risk 
estimation has been developed for this project and is 
discussed in Section 2.4. 

 

 

2.3 Risk Evaluation 
Risk evaluation is concerned with the significance and 
acceptability of risks. It encompasses the concept of the 
perception of risk. Engineers and scientists are usually 
more comfortable with the probabilities and 
uncertainties of risk estimation than with the concept of 
the public perception of risk. Often society's underlying 
values will vary from one community to another. Maori 
values are also an important part of a community's 
values, as discussed in Chapter 1. 

Disasters or catastrophic accidents where the magnitude 
of loss is high are generally of most concern to people.  
In other words, there is a common aversion to acute 
risk. In the context of waste management there is 
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aversion to hazardous wastes because there have been 
acute incidents resulting from mismanagement. 

Increasingly, there is concern and improved 
understanding of chronic risk, some with delayed 
impacts such as may arise from long-term exposure to 
too much sunlight or very minute amounts of 
substances that may potentially cause or promote 
cancer. 

In order to gain an understanding of public perception of 
risk, the following factors can be explored as to their 
applicability to a particular situation. 

Voluntary nature of risk:  A voluntary risk is one an 
individual chooses to accept, whereas an involuntary 
risk is one forced on an individual. Generally, voluntary 
risk is more acceptable than involuntary risk. 

Severity of Consequences:  As the consequences of risk 
become more severe, for example, a high potential for 
many people to be affected, the risk becomes less 
acceptable to people. 

Distribution:  If the benefits and risks of an activity 
accrue to the same community, the risk is more 
acceptable than if one community has a risk and another 
community has the benefit. 

Controllability:  If people potentially affected by a risk 
are able to directly control the consequences of an 
unfavourable event, or if they know that someone else 
can, the risk is more acceptable. 

Availability of Alternatives:  A particular benefit may 
only be achieved by incurring a certain level of risk. 
This level of risk is likely to be less acceptable than a 
lower risk incurred by an alternative means of obtaining 
the benefit. 

Potential for Misuse:  If people perceive a potential for 
misuse of a product or a project with associated risk, 
that product or project is less acceptable. 

Immediacy of Effect:  Risk associated with short-term 
effects of an activity has been less acceptable than if the 
risk was associated with long-term effects. However, 
this is not always the case. Communities potentially 
exposed to long-term risk may find this risk is also not 
acceptable. 

 

 

 

2.4 Risk Mapping Example 
Let us assume you are responsible for the management 
of a Council landfill. You have to investigate whether 
the landfill could pose a hazard to a valued adjacent 
ecological reserve. You only have limited funds at your 
disposal, and lack the necessary knowledge and 
authority to consider yourself very useful. 

The nature of modern management demands that you 
communicate continually up and down the ranks in 
your own organisation, and with members of the public.  

Deciding to give risk mapping a try, you choose a 
simple map of the area surrounding the landfill, 
showing sufficient features to enable people familiar with 
the locality to orientate themselves. If leachate could get 
into the council water supply, your map would need to 
cover the whole water supply area, since all water users 
may be affected. If the landfill poses a fire risk, perhaps 
only immediate surroundings need to be shown. 

Plot the location of the test holes on the map and write 
groundwater quality concentrations beside them. Try to 
sketch a closed line somewhere around the landfill 
where concentrations might be roughly equal. If the 
landfill is located on sloping ground, even if hardly 
noticeable, this line is unlikely to be a perfect circle. In 
most cases topography and some knowledge of local 
soils and outcrops will let you guess that the line will 
stretch out in a downhill direction, hugging the landfill 
on its uphill side, and dipping away from the closed 
contour lines of the surface. 

Try to sketch a number of these lines, each representing 
a different concentration value differing by a constant 
factor with, say, each line double the concentration of 
the previous one. The underground contour lines would 
be nesting inside each other as a series of deformed 
concentric circles around the landfill, getting weaker and 
weaker the further they move away from the landfill. 
Parts of the lines, say those on the uphill side of the 
landfill, may be based on pure speculation and could be 
drawn as dotted lines. 

Concentrate on gathering information 'downstream'. An 
early discussion with someone versed in groundwater 
movements would be useful. From environmental 
literature and agricultural standards you might find that 
one of these lines has a concentration below which 
experts agree that plants will not be damaged by the 
particular chemical. Draw this line bold. Land inside 
this line would be liable to plant damage. Does this 
line lie well within the boundaries of the landfill? 

The next question is: What would occur if the amount 
of waste was doubled, and then doubled again? For the 
first doubling you could assume that the values in the 
test holes would double; the lines on your drawing 
would likewise represent lines of equal double value. 
This means that your critical bold line has shifted to the 
next line outwards. In this way you can generate waves 
of critical bold lines, each one representing a further 
increase of dumped hazardous waste, jumping from four-
fold to ten-fold and twenty-fold. Carefully mark each 
line with the quantity of waste which would cause its 
potential effect to reach that far. We would call this a 
hazard map for that particular chemical. 

The hazard map might show that the critical line 
reaches the boundary fence of the landfill at double the 
present quantity dumped. You would conclude that this 
should be the maximum quantity allowed to be 



Part 1: Common Themes in Waste Management 

 

 11 

dumped. Or would it pay to install a porous 
underground drainage system just inside of this 
maximum line, preventing, say, at least half the 
polluted water from leaching into neighbouring land? A 
variation hazard map based on this possibility can 
easily be drawn, showing a closing up between the lines 
outside the drain, possibly allowing a four-fold increase. 

A recommendation could be made to Council to 
promulgate a requirement not to allow more than 
double the present quantity of this hazardous waste 
being dumped.  

However, assuming that this proposal is accepted, can it 
be effectively enforced? What you essentially propose is 
to manage increasing risk up to a maximum of double 
the present quantity of waste, and to establish another 
management system preventing larger quantities being 
dumped, in order to avoid serious damage to 
neighbouring land. 

Normal risks you manage, unusual risks you police. 
The Resource Management Act 1991 stresses this 
difference by introducing a distinction between 
"potential effect(s) of high probability" (Section 3(e)) 
and "any potential effect of low probability which has a 
high potential impact" (Section 3(f)). The Act requires 
us to investigate both types of potential effects.  

The hazard map just completed tells you all about the 
potential magnitude of both such effects, but shows 
nothing of the significant change from normal risks to 
be dealt with as a matter of course, to unusual risks 
which must be deliberately avoided.  

Hazards maps, which provide no probability 
information and starkly outline worst-case scenarios can 
cause unnecessary concern. Assurances that the 
probabilities of occurrence are very small invariably 
raise the question: "How small?" In short, a probability 
assessment is required. 

How, then, do we measure the probability component of 
risk? The hazard map tells us about the consequence 
component in terms we are familiar with. We can 'read' 
the map; affected areas can be measured; and numbers of 
threatened species counted. 

Reporting on the 'level of risk' is a different matter, 
mainly because it can be done in so many ways that 
people are often confused. What is recommended, 
however, is to use annual probabilities, as in 'a chance 
of one in a hundred years', written as 10-2/yr. This 
manner of writing is widely established in quantitative 
risk assessment circles, in particular for risk mapping 
purposes.  

An example of using this nomenclature is that if, in a 
period of 10 years, 35 New Zealanders are killed in 
aircraft accidents, our mean annual risk to die of such an 
accident is in the order of 10-5/yr.  

Notice that this numerical example relates to human 
risk, not to ecological risk. Very little research has been 
done on ecological risk, as compared with human risk. 

The risk assessment discipline is young, and it has not 
been possible to tackle all problems at the same time. 

Starting with the line representing the extent of possible 
harm done to plant life as a result of dumping double 
the normal quantity of hazardous waste, assumptions 
have to be made regarding the likelihood of this ever 
occurring. 

If you consider that there is a 50/50 chance that in a 
year's time an existing factory will double its capacity, 
or a similar new factory will be estab-lished in your 
district, then the mean chance of plant life being affected 
up to that line next year is one out of two per year, or 5 
x 10-1/yr. Mark that line accordingly. The line on the 
inside thereof, representing the extent of harm as a result 
of the existing load, can be marked 10-0/yr.  

Now the four-times line. In the absence of drainage, you 
decided that four times the load should not be allowed. 
While it may seem impossible for the industry ever to 
expand four-fold, the factory where the waste is produced 
could malfunction, producing hazardous waste of higher 
concentration, say four times or possibly 10 times, and 
at the very most, 20 times the present quantity. 

You might reason that the likelihood of a four-fold 
increase could be in the order of 10-2/yr (once a 
lifetime), a ten-fold increase 10-3/yr (quite unlikely 
during a lifetime) and a twenty-fold increase 10-5/yr 
(barely credible during one's lifetime). Moreover, you 
assume that your supervision at the landfill would 
discover and remove such exceptional concentration of 
waste in nine of ten cases — a risk reduction of 10-1. 
You can now mark your four-fold line 10-3/yr. The lines 
for ten- and twenty-fold increases can be marked 10-4/yr. 
and 10-6/yr respectively. Now your first risk map is 
drawn!  

The beauty of risk maps is that they can be overlaid on 
top of each other, provided they relate to the same type 
of individual risk (ecological harm). For instance, you 
can overlay the risk map of another chemical hazard, not 
yet been dumped on the landfill. With knowledge and 
experience gained so far, you should be able to forecast 
its potential effect. 

Why not consider next a totally different risk, say, the 
ecological effect of an earthquake.  Draw a new plan 
showing where an existing fault line could open up, 
which would provide a short-cut drain to the ecological 
reserve. Lines of equal concentration will be drastically 
deformed, tightly squeezing along the possible chasm 
into the reserve. 

If you consider the chance of such an earthquake 
occurring to be 10-2/yr (possibly once in your lifetime), 
and the chances of a shallow crack to open up one in 
ten, high concentration risk lines would have a risk 
level of 10-3/yr. Low probability risks on overlaying 
maps can be simply added. This is done by drawing a 
square grid on each map, interpolating from the risk 
lines what the risk is in the centre of each square, and 
by simply adding the risk values per overlaid square. 
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Note, this does not apply for risks higher than 10-2/yr, 
for which a more complex calculation is required. 

Often the complaint is heard that there is no suitable 
database for risk assessment of work you happen to be 
involved in. You may never find it. If lucky, a useful set 
of data is available somewhere, but do not expect it to 
answer all your questions. Your answer lies in carefully 
building up your own personal database. This starts 
with short notes scribbled on the maps taken along 
when consulting others. After a while, however, a 
systematic personal database needs to be set up, 
allowing you to trace bits of information back to their 
source, and to document the reasons for assumptions 
made. 

Of course, your risk maps cannot be very accurate. On 
that basis you need to envisage that the lines are thick 
bands, easily overlapping each other. In your mind's eye 
you see a 'bandaged' landscape. Your risk map may be 
little else than a ranking of risks, expressed in familiar 
dimensions. 

In conclusion, risk mapping, once launched, becomes a 
useful management tool. First of all, updated 
information obtained from the literature needs to be 
regularly incorporated; for instance, in the example, 
scientific information about tolerable concentrations may 
have improved.  Also you may have revised your 
assumptions based on improved measurements or 
analysis of statistics.  

More importantly, risk maps are useful to justify and 
illustrate the effect of proposed risk reduction measures, 
such as the introduction of drainage. Therefore, risk 
mapping could become an indispensable risk 
communication tool for waste managers. 

 

 

2.5 Summary 
This approach to risk evaluation can usually identify an 
initiating incident which can be measured in terms of 
quantity and assessed in terms of annual probability of 
occurrence. By assessing the consequences of an 
initiating incident for effect and probability, broad 
conclusions can be visualised on a risk map. 

Enlarging finally on the complexities of risk perception, 
it is the controversy that makes a risk map so 
illustrative.  For example, one party is usually upset 
about the location of one or more of its risk lines, with 
the other party being convinced that their assigned risk 
levels are sufficiently low to consider such risks, while 
possible, quite improbable. 

Risk mapping, if used from the start as a 
communication tool, may help to separate the question 
of "How big are these risks?" from "Are they 
acceptable?". Experience overseas has shown that with 
early consultation, management can help to ensure that 
when the results of a risk assessment are submitted to 
local authorities for public scrutiny and final decision, 

they are usually accepted at face value. The main 
question then left over for public debate is to decide 
whether such risks are acceptable or not. The process of 
risk mapping can play an eloquent role in enhancing 
such debates. 

 

 

2.6 Conclusions 
There are many aspects of waste management that could 
benefit from a risk assessment approach of identifying 
the factors which contribute to the risk and then 
selecting the best strategies to reduce or eliminate the 
risk. 

A crucial part of risk assessment is the communi-cation 
of the information developed through the process. If a 
quantitative risk assessment has been carried out, a 
number such as 10-7/yr, may have been produced. The 
number on its own may mean very little to people and a 
comparison of different risks may be required. However, 
the comparison of different risks can sometimes be 
inappropriate and can hinder the risk communication 
process. 

For example, in the risk assessment of the proposed 
gamma irradiation plant for Auckland, the occupational 
risks associated with exposure to radiation were 
compared to other risks that workers could be subjected 
to (for example, falling off a ladder during routine 
maintenance work). This comparison was 
comprehensible. 

However, for off-site risks to the public, the risks of 
exposure to radiation were compared with risks like 
eating 40 tablespoons of peanut butter and travelling 
300 miles by car. The public found these comparisons 
somewhat mystifying, as an involuntary risk (exposure 
to radiation) was being compared to voluntary risks 
(eating so much peanut butter). Comparisons must be 
made with care in order to enhance understanding of a 
risk assessment. 

The example developed for the Waste Manage-ment 
Project has illustrated the importance of the process 
used to obtain risk management information. 

The numbers obtained in a risk assessment study may 
prove to be very useful, but so too is the appreciation of 
the nature of risks and the probability of their occurrence 
that can be gained through a relatively simple approach 
such as risk mapping. 
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3 PUBLIC PARTICIPATION 
 

 

3.1  Introduction 
Public participation is an integral part of the process for 
making decisions about waste management. Past 
decisions (or, in many cases, non-decisions) have 
resulted in growing public disillusion with decision-
makers and their advisors. The reasons for this are a 
widespread lack of understanding of the facts involved in 
reaching a decision and information not being 
communicated properly to the public by 'experts' and 
decision-makers, giving rise to a feeling of fait 
accompli. In addition, in the case of waste management, 
many decisions have resulted in adverse impacts such as 
leachate from refuse landfills contaminating natural 
water. 

This, together with a growing concern for the 
environment, means that the public must be fully 
informed of proposals early on, must be assisted to 
understand at least the basic concepts and be clear of the 
reasons for the proposal, and must  be involved in the 
decision-making process. 

Overseas experience in the siting of waste handling 
facilities, for example, indicates a low success rate in 
obtaining siting approvals. Such failures are generally 
due to a lack of concern for social acceptability by the 
project proponent or the planning agency. All the 
projects which failed have two elements in common: 
high capital investment and the lack of a public 
participation programme from the outset. 

Under the terms of the Resource Management Act 1991, 
any person may make a submission to a consent 
authority about an application for a notified resource 
consent or a change to any plan. The Act widens the 
opportunities for interest groups to have status in 
proceedings and should provide every incentive for 
consent authorities and/or proponents of a project to 
have public participation and dispute resolution 
procedures in place at an early stage in the process. 

 

 

3.2  Objectives 
There are three broad objectives of a public participation 
programme: public education, information-gathering, 
and decision-making. 

 
Public Education 
Waste management has become a high profile and, in 
many cases, highly emotive issue. A large section of the 

public has limited understanding of the many issues and 
interrelationships that constitute the broad topic of 
waste management. 

It is important that the public is informed  early on of 
the facts and issues to enable informed choices and 
decisions to be made. 

The education process should be presented in a clear 
manner that can be readily understood by the general 
public. 

 
Information Gathering 
There are many interest groups and individuals within 
the community who can provide valuable information 
and assist with investigations, including: 

• Local residents (local knowledge, history) 

• Tangata whenua 

• Environmental groups 

• Ratepayers and residents associations 

• Local interest groups 

• Experts within the community. 

These groups will assist with determining the cultural, 
social and environment issues and expectations of the 
community. Local knowledge can confirm such aspects 
as flooding, land stability and so on. 

In particular, the tangata whenua must be involved in 
the site selection process at all stages. Although the 
Historic Places Register records sites of cultural/historic 
value, many sites such as waahi tapu areas or urupa are 
not documented, and local Maori knowledge can assist. 
The tangata whenua's input is invaluable in identifying 
areas of significance, establishing an understanding of 
cultural values and the effect that a waste manage-ment 
facility may have on those values, and in gaining 
acceptance of the proposal. 

It is important that concerns/issues raised are 
thoroughly considered. Often community values and 
expectations, and not just technical issues, can 
determine the success of a proposal. 

 

Decision-making  
A good public participation programme will enable 
decision-makers to arrive at a decision in the knowledge 
that all the issues/concerns have been fully addressed, 
and that the decision will be met with a high level of 
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acceptance by the public who have provided input into 
the investigations. Again, some decisions can be 'joint 
decisions' and often these are preferred because the 
public has been actively involved in the decision-
making process. 

It is unlikely that there will be 100 percent agreement, 
but, having been involved in the process, the public at 
large will be more likely to accept the decisions made. 

 

 

3.3  Programme 
Programme Design 
The programme needs to be properly designed to be 
effective. The extent of the programme will be 
determined by the relative importance/impact of the 
proposal. 

The programme should keep to a timetable and should 
not be allowed to drift. The timetable should be 
realistic, bearing in mind the difficulty of getting people 
together at any one time, and also, the likely presence of 
a deadline to implement the proposal. 

It is imperative that the appropriate communication 
media be used to ensure the public education 
programme is effective. 

Communication tools may include: 

• Public meetings 

• Workshops 

• Advisory Committee 

• Mailing list 

• Contact person/Phone hot-line 

• Press releases to community newspapers 

• Audio-visual presentations 

• Information stands, exhibitions, etc. 

• Advertisements, posters, brochures 

• Local radio and television 

• Field trips 

• Public discussions. 

An example schedule of timing and duration of various 
communication tools appears as Figure 3.1. 

An estimate of the efficacy of various communi-cation 
tools appears as Figure 3.2. 

 

 

 

 

3.4  Effective Communication 
Certain factors should be considered when developing a 
public relations programme. Consideration of these will 
lead to more effective communication. 

 
Communication Skills 
An essential requirement of any public participation 
programme is for sound and detailed education in 
communication. 'Training the trainers' is a necessary 
first step to accurate information flow. The level of 
detail understood or required by the public is usually 
quite different from the details discussed in the 
boardroom or at a Council meeting. This is not to say 
that the public do not require technical data, but that 
they do require sufficient information and such detail as 
relates to their own lives, businesses and real estate 
interests. The backbone of a public information 
programme is the staff commitment and skill in 
disseminating all information to the public and dealing 
with the constant flow of questions and information 
requests. 

 

Time and Effort 
Proper public participation requires a good deal of time 
and effort. However, it is often deferred, given only 
token recognition or given an un-realistic timetable in 
which to be completed. 

Public participation should not be viewed as merely a 
public relations exercise; to think thus is to doom it to 
failure. A genuine effort must be made to enable the 
public to be involved in making informed choices and 
decisions. 

 

Disclosure of Information 
Whether a waste management programme is designed to 
site and build a hazardous waste treatment plant, locate 
a landfill, initiate a household recycling scheme, or 
improve local refuse collection and disposal, 
information flow to the public is crucial. Before 
programme commencement, full public disclosure is 
necessary on: 

• project need 

• approach to finding a site (both environmental and 
social criteria) 
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Figure 3.1 : Schedule of Timing and duration of Various Communication Tools 
Source: G.M. Hauber, "Waste Management - Wasted Without Public Participation", paper WMINZ Conf., 1990. 
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Figure 3.2 : Efficacy of Various Communication Tools 
Source: G.M. Hauber, "Waste Management - Wasted Without Public Participation", paper WMINZ Conf., 1990. 

 

• types of waste to be handled 

• treatment options 

• government controls (policies, regulations and 
enforcement) 

• transportation modes 

• long-term commitments of owner/operator 

• site monitoring 

• community benefits. 

 

Public Meetings 
Large public meetings can be unsatisfactory as they give 
more opportunity for opposition, and those genuinely 
interested in waste management can be intimidated when 
speaking in front of a large audience. Smaller meetings 
give everyone the opportunity to speak. 
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Informal Communication Channels 
An emphasis on informal as well as formal information 
channels will also reap results. Often forgotten are the 
high levels of interest among school children, 
homemakers, college and university staff and students, 
outdoor groups, farmers, and the general public. The 
role of a communications officer is crucial and the 
distinction must be made between 'public relations', 
which may involve slick but convincing advertising, 
and 'communications and public participation', which is 
public involvement and information flow to all 
stakeholders. 

 

Technical Language and Thinking 
Many people in the community do not have a technical 
background or training. However, non-technical 
perspectives are valid and important, and may make the 
difference between the success or failure of a project. 

Recognition of these concerns, and the taking of 
appropriate steps to accommodate (rather than avoid) 
them, may assist in achieving wider acceptance of a 
proposal. 

Advice from appropriately qualified and experienced 
social scientists or planners is likely to assist in the 
early recognition and resolution of non-technical issues. 

 

Careful Consideration of Issues 
It is important that concerns and issues raised by the 
public are thoroughly considered. In the formal and 
informal meetings, community values and expectations 
are often raised, and often it is these values and 
expectations — and not just technical issues — that 
determine the success or failure of a proposal. 

 

Re-evaluation 
Based on information received, the proponent should be 
prepared to re-evaluate and reassess the waste 
management project. The reasons for any changes could 
be given to the people or groups who suggested change, 
or whose information initiated such changes. 

 

 

3.5 Common Concerns 
A review of the elements common to waste planning 
programmes worldwide shows that the issues and 
concerns are similar. 

The following elements could also apply to any 
industrial development or land use change. 

 

Health Concerns 
Paramount among concerns is that of human health. 
Unfortunately, information programmes often neglect to 
connect the technological and environmental aspects of 
waste management with the obvious ultimate reason for 
any waste collection and disposal — the maintenance of 
environmental quality and the protection of human 
health. 

Concerns about landfill siting, incineration facilities, 
storage and transfer stations, and even inert residue 
disposal sites will always include fears about 
deformities, exposure to noxious gases, exacerbation of 
existing health problems, water pollution, and nuisance 
from attendant machinery and equipment such as noise, 
dust and traffic. 

Anxiety is also a factor in community health and well-
being. Possible sources of anxiety are: that being near a 
waste facility is a social stigma, or that property values 
will fall. 

In giving information about any potential health effects, 
it will be necessary to outline any potential risks to the 
environment together with the environmental health 
benefits. 

 
Alternative Options to a Project 
The Resource Management Act 1991 requires that before 
making a decision on any matter, the proponent should 
have regard to other means or methods that may be used 
to achieve the same objective. Reasons for and against 
adopting the proposed objectives, and principle 
alternative means available, must be provided. An 
evaluation of the likely benefits and costs of principal 
alternative means is required. 

This opens up the scope for a wider range of approaches 
to be employed. It should result in more effective public 
participation through a higher quality of information 
being made available to interested parties at an early 
stage. 

It provides a challenge to consent authorities to consider 
a range of alternative methods for resolving possible 
areas of dispute, including innovative forms of public 
participation. 

 

 

Other Waste Management Initiatives 
The need for waste management facilities will be debated 
once the public are asked to contribute. In the 1990's the 
emphasis on cleaner production, recycling and resource 
recovery is obvious and practical, but does not eliminate 
all wastes. Any agency or body that is initiating a waste 
management programme now needs to be seen to be 
exploring alternative methods of waste reduction, and 
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putting effort and funds into cutting down on the need 
for landfills and treatment. 

No facility siting programme will be logical or complete 
without integration with all other aspects of waste 
collection and handling. A comprehensive programme of 
information with opportunities for the community and 
industry to explore cleaner production concepts, and for 
the public to recycle household wastes and turn in 
hazardous wastes and medicines for appropriate 
treatment, makes eminent sense. 

 

Criteria for Decision-making 
The development of environmental siting criteria for 
landfills and other handling facilities will provide the 
project team with a basis for communication with the 
public. Established criteria lists are based on the 
technique of site suitability rather than site availability, 
and give a logical starting point for any programme. 
Public disclosure of intent to use an environmentally-
based siting technique will encourage participation and 
discussion. 

 

Past Experience 

Public fears (real or imagined) result from past 
experiences of distrust in both public and private sector 
activities. A lack of trust in governments is found in all 
countries and leads to distortions in understanding about 
any policy or rationale for projects that will in any way 
affect residents.  

The costs of waste management are generally low on a 
per person basis, but the total costs always seem 
inconsistent with what each person will gain. Concern 
about cost increases with the tech-nological complexity 
of a project, rising to fever pitch for projects involving 
public funds going towards disposal of waste materials 
that members of the public may feel were not generated 
by them, or on their behalf. The obvious information 
gap here is extremely difficult to bridge, and a concerted 
communication and participation programme is needed 
to put all aspects of waste management into perspective. 

The connection between the household bin and the 
national stockpile of wastes must be made clear very 
early on for any waste management programme to 
succeed. 

 

Regulation of a Facility 
Concern is often expressed about the regulation and 
control of a waste management facility, particularly if the 
proponent and the consent granting authority are the 
same organisation. Site and facility monitoring data 
must be in the public arena and information must be 
made available on a regular basis. 

 

3.6 Dispute Resolution 
The Resource Management Act 1991 reflects the trend 
towards including dispute resolution procedures as a part 
of the environmental planning process. 

Employing dispute resolution procedures can be an 
effective and economical alternative to costly appeals 
through the various levels of the judiciary. If successful, 
they help ensure that final decisions on resource 
management issues are made by those within the 
community likely to be affected. 

Any discussion or negotiation must acknowledge that 
two formal procedures, the Pre-hearing Meeting and the 
Planning Tribunal Conference, are available for dispute 
resolution as part of the Resource Management Act 
1991. 

 

Pre-hearing Meetings 
A consent authority may invite anyone involved in a 
resource consent to a 'pre-hearing' meeting in order to 
clarify, mediate or facilitate the resolution of issues. The 
emphasis is upon resolving as many differences as 
possible at an early stage in the process. Deliberations 
from a pre-hearing meeting can form part of the 
information that the consent authority has regard to in 
its consideration of the application. 

 

Planning Tribunal Conferences 
The Planning Tribunal may, after the lodging of 
proceedings, hold conferences of parties who intend to 
appear or be represented at the hearing. The member of 
the Tribunal presiding over the conference has the power 
to determine many procedural and organisation matters 
in advance of the actual hearing. 

 

The Process of Dispute Resolution 
Principled dispute resolution involves working with the 
other parties that have a stake in the issue to find 
agreements that will provide maximum benefit for all at 
minimum cost in resources and time. 

Preliminary steps in dispute negotiation include: 

• Establishing whether or not the dispute can be 
settled through negotiation within a reasonable time 
and at reasonable cost 

• Identifying the parties involved, their interests and 
their willingness to becoming involved 

• Identifying the issues 

• Setting the rules, structures and time-frames (jointly 
with other parties) 

• Sharing information 
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• Identifying a best alternative to a negotiated 
agreement, and when it will be appropriate to end 
attempts at negotiation. 

Principled negotiation is based on the following 
components: 

• A co-operative, non-blaming working relation-ship 
where there is room for people to express themselves 
and to be heard. 

• Negotiations should be based on interests, not 
inflexible positions. This leaves scope for designing 
solutions that suit the interests of all parties. In order 
for this to work, parties need to clearly identify their 
interests and should work hard to understand the 
underlying interests of other parties. 

• Brainstorming options — this process can be 
employed to invent options and explore ideas for 
mutual gain. 

• Negotiation should be based upon objective 
standards — for example, legislation, expert 
opinions and customs. Most waste management 
proposals involve technical details that need to be 
explained in order that all parties understand them. 

Proponents or consent authorities should make available 
all or some of the following: 

• Expert opinions to clarify areas of ignorance that may 
arise during negotiations — for example, regarding 
leachate control, land stability. 

• Avenues where people can take their concerns, such 
as an Independent Review Panel of 'experts'. People 
should have confidence that such a group is objective 
and will take their concerns seriously. 

• Documentation of issues through Environ-mental 
Impact Reports and Assessments, fact sheets and 
newsletters. 

• Resources for groups to carry out research into areas 
of concern to them. 

• At least one staff member who is clearly identified as 
a contact person. 

Proponents and/or consent authorities must be prepared 
to accept bona fide information supplied by other 
parties. 

After negotiation, the following should occur: 

• Formalisation of agreements 

• Monitoring results 

• The way should be left open for further negotiation, 
should this become necessary. 

 

 

 

 

3.7 Conclusions 
Although a public participation programme is an 
essential part of many waste management programmes, 
it is unlikely that there will be total agreement in the 
community with a proposed facility or programme. 
However, the public may have understood more fully the 
reasons for the facility or programme and may indeed 
have substantially contributed to the mitigation 
measures or programme design. 

Effective public participation requires a good deal of time 
and effort. The extra effort and commitment required to 
implement a well-designed public participation 
programme will invariably be cost-effective. The main 
areas of concern can be identified at an early stage, thus 
helping to resolve problems and allow a conclusion 
acceptable to most parties to be developed prior to 
embarking upon the statutory process. 
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4 LEGISLATIVE FRAMEWORK 
 

 

4.1 Introduction 
The statutory basis for waste management is found in a 
number of Acts, as there is no single Act that provides a 
comprehensive framework. The management of aspects 
of waste management is mainly carried out through the 
Health Act 1956, the Resource Management Act 1991 
and the Local Government Act 1974. 

Under the Health Act 1956 it is the duty of every local 
authority to promote and conserve the public health 
within its district. This includes the provision of 
waterworks, sanitary works, works for the collection of 
refuse, control of offensive trades and control of 
nuisance. 

The Resource Management Act 1991, although not 
providing for waste management planning and 
management specifically, does have a number of 
mechanisms that encourage this activity. Regional 
Councils must prepare a regional policy statement to 
provide an overview of the resource management issues 
of their region. These issues should include waste 
management. 

The role of city and district councils in waste 
management relates to the use, development or 
protection of land and associated natural and physical 
resources (Section 31). This, together with a 
requirement to have a district plan, should encourage 
district and city councils to provide for waste 
management. 

The Local Government Act 1974 has provisions that 
enable (but do not require) local authorities to establish 
and operate water supplies, sewage collection, treatment 
and disposal facilities, and to collect and dispose of 
refuse. 

There are also Acts that control hazardous substances. 
These are: the Toxic Substances Act 1979, the 
Dangerous Goods Act 1974, the Explosives Act 1957, 
the Radiation Protection Act 1965, the Pesticides Act 
1979 and the Animal Remedies Act 1967. 

The Marine Pollution Act 1974 covers a number of 
matters including the control of oil pollution. 

Another group of Acts controls specific activities that 
have waste management implications - the Crown 
Minerals Act 1991, the Factories and Commercial 
Premises Act 1981 and the Gas Act 1982. 

There are a number of other Acts that cover more minor 
aspects of waste management and some special purpose 
legislation is also relevant.  

Regulations can be issued pursuant to a particular Act 
and can specify waste management requirements in more 

detail. Regulations are promulgated by an Order-in-
Council which is agreed by the Executive Council with 
the Governor-General presiding. 

 

 

4.2 Health Act 1956 
Area health boards have been delegated functions in the 
Health Act 1956 to advise local authorities in matters 
relating to public health, and to take such steps as may 
be desirable to secure the preparation, effective carrying 
out, and co-ordination of measures conducive to public 
health. These measures include: providing advice on 
environmental aspects of health to local authorities and 
other organisations, and the promotion of health 
standards by surveillance and evaluation. (Note at the 
time of printing, health administration in New Zealand 
was undergoing restructuring.) 

Local authorities have powers and duties in respect to 
the promotion and conservation of public health within 
their district (Section 23). Regular inspection of their 
districts is required for the purpose of ascertaining if any 
nuisances, or any conditions likely to be injurious to 
health exist. Local authorities are required to take all 
proper steps to secure the abatement of any nuisance. 
Nuisances are described in Section 29 of the Act. 

To carry out these duties local authorities should 
provide for sanitary works that include: drainage works, 
sewerage works and works for the disposal of sewage, 
waterworks, and works for the collection and disposal of 
refuse and other offensive matter. The provision of such 
services does not necessarily mean that a local authority 
needs to carry out these functions itself. 

Local authorities must also control offensive trades 
(Section 54), a list of which is to be found in the Third 
Schedule of the Act. Offensive trades covers, inter alia, 
refuse collection and disposal, septic tank de-sludging 
and disposal of sludge, tanning, wool scouring, fish 
cleaning and fellmongering. 

Every local authority may make by-laws for the 
conserving of public health and preventing or abating 
nuisances in respect to waste management activities. 

The Health Act 1956 thus requires local authorities to 
act in a pro-active or preventative manner with respect 
to public health matters. By monitoring aspects of 
waste management that can impinge on public health, 
local authorities have the powers to advise on solutions. 
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4.3 Resource Management Act 
1991 

The purpose of this Act is to promote the sustainable 
management of New Zealand's natural and physical 
resources. This Act is most relevant to waste 
management in a number of ways, although waste 
management is not explicitly provided for. Sustainable 
management means managing the use, development and 
protection of natural and physical resources in a way, or 
at a rate, that enables people and communities to 
provide for their social, economic and cultural well-
being, and for their health and safety. 

 

Plans and Policies 
Regional Councils must prepare a regional policy 
statement to provide an overview of the resource 
management issues of its region. These issues could 
well include waste management. Several regional 
councils are in the process of preparing waste 
management plans. 

Local territorial councils must also prepare a District 
Plan whose objective is to control any actual or 
potential effects of the use, development or protection of 
land and associated natural and physical resources of the 
district. 

 

Matters of National Importance 
In developing such plans and policies, the Act lists 
matters of national importance which must be 
recognised and provided for (Section 6). These are: 

• the preservation of the natural character of the coastal 
environment, wetlands, and lakes and rivers and 
their margins, and the protection of them from 
inappropriate subdivision, use and development. 

• protection of outstanding natural features and 
landscapes from inappropriate subdivision, use and 
development. 

• protection of areas of significant indigenous 
vegetation and significant habitat of indigenous 
fauna. 

• maintenance and enhancement of public access to 
and along the coastal marine area, lakes and rivers. 

• the relationship of Maori and their culture and 
traditions with their ancestral lands, water, sites, 
waahi tapu (sacred sites) and other taonga 
(treasures). 

 

Other Matters of Importance 
Section 8 of the Resource Management Act 1991 lists 
other matters to which particular regard shall be applied: 

• kaitiakitanga (guardianship) 

• efficient use and development of natural and physical 
resources 

• maintenance and enhancement of amenity values 

• intrinsic values of ecosystems 

• recognition and protection of the heritage value of 
sites, buildings, places or areas 

• maintenance and enhancement of the quality of the 
environment 

• any finite characteristics of natural and physical 
resources 

• protection of the habitat of trout and salmon. 

 

Principles of the Treaty of Waitangi 
Section 9 requires that the principles of the Treaty of 
Waitangi shall also be taken into account (refer to 
Chapter 1 for a discussion of what this Section means to 
Maori people).  

A summary of Principles of the Treaty of Waitangi 
defined by the Court of Appeal in 1987 is contained in 
the report Environmental Manage-ment and the 
Principles of the Treaty of Waitangi, Parliamentary 
Commissioner for the Environment, 1988. 

Principle of Partnership 

The Treaty requires a partnership and the duty to act 
reasonably and in good faith (the responsibilities of the 
parties being analogous to fiduciary duties). 

Principle of Active Protection 

The duty of the Crown is not merely passive, but 
extends to active protection of the Maori people in the 
use of their lands, and other guarantied taonga to the 
fullest extent practicable. 

Principle of Tribal Rangitiratanga 

Maori to retain chieftainship (rangitiratanga) over their 
resources and taonga and to have all the rights and 
privileges of citizenship. 

 
Functions of Local Authorities 
These include the establishment, implementation and 
review of objectives, policies and methods to achieve 
integrated management of the effects of the use, 
development or protection of land and associated natural 
and physical resources of the district. 

Section 31 of the Act also includes as a function "the 
control of any actual or potential effects of the use, 
development or protection of land and the prevention and 
mitigation of any adverse effects of the storage, use, 
disposal or transportation of hazardous substances". A 
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very similar function is also given to regional councils 
in Section 30, creating a potential overlap in functions. 

Regional councils have primary responsibility for 
managing water and pollution through control of the 
discharge of contaminants. They are also responsible for 
the control of land use for the purpose of soil 
conservation, mitigating natural hazards and the use of 
hazardous substances, and the maintenance of water 
quality and quantity. In conjunction with the 
Department of Cons-ervation, regional councils control 
the coastal marine area. Regional councils share 
responsibility for water bodies with territorial 
authorities. District and city councils have primary 
responsibility for land use, control of noise and surface 
water in rivers and lakes, and the implementation of 
regional policies for mitigating natural hazards and the 
use of hazardous substances. 

 

Consideration of Options 
The Resource Management Act 1991 has been designed 
to allow flexibility in achieving the goal of sustainable 
management and in controlling the environmental effects 
of activities. Regulatory mechanisms such as rules in a 
District Plan are to be considered along with other 
means to achieve the purpose of the Act (Section 32). 
Not only do other means have to be considered, but the 
reasons for or against adopting a control mechanism 
must be outlined together with those for the principal 
alternative means. In addition, the likely benefits and 
costs of the principal alternative means must be given. 

The effect of this Section of the Act should mean that 
local authorities must carefully consider the most 
appropriate means of achieving their objectives in waste 
management. 

Resource Consents 
Any waste management activity may require one or more 
resource consents, for example, a land use consent, a 
coastal permit, a water permit or a discharge permit 
(Section 87), issued either by the local or regional 
council in accordance with a District or Regional Plan. 
An application for a resource consent shall include an 
assessment of any actual or potential effects that the 
activity may have on the environment and the ways in 
which any adverse effects may be mitigated. The Fourth 
Schedule to the Act gives some guidance on what 
should be included in an environmental effects statement. 
The most important features are the scale and 
significance of the predicted effects, as these features 
should give an indication of how much information is 
needed. 

 

Hazards Control Commission 
Provision is made in the Resource Management Act 
1991 for the establishment of a Hazards Control 
Commission to: 

• advise on standards and controls on hazardous 
substances 

• assist in the establishment of a national tracking 
system for hazardous substances 

• develop and maintain a national register of hazardous 
substances 

• licence, monitor and enforce controls on hazardous 
substances. 

This part of the Act has not yet come into effect. 

 

 

4.4 Local Government Act 1974 
Local Authorities may construct or purchase any 
waterworks for the supply of pure water within its 
district (s379). There is also an obligation on persons 
supplied with water to prevent water running to waste 
(s382). Regional authorities may also supply water, as is 
the case in Wellington and Auckland. 

Local Authorities may provide and maintain all drainage 
works in their district (s442) and may treat and deal with 
sewage by physical, chemical or biological means 
(s452). Similarly, regional councils may undertake 
regional drainage in any constituent district (s472). 
Drainage covers both stormwater and sewerage. 

Local Authorities may undertake the disposal of trade 
wastes in their district (Part XXVIII). Trade wastes 
means any liquid discharged from trade or industrial 
premises but does not include condensing water, surface 
water or domestic sewage. Control of the nature and 
quantity of trade wastes is achieved through the making 
of trade waste by-laws. 

The collection and disposal of refuse is another function 
that local authorities may undertake (s538). The disposal 
of refuse should be carried out so as not to be a nuisance 
or injurious to health. Opportunities exist for local 
authorities to adopt a range of waste management means 
such as composting, or converting refuse into a useful 
marketable product. A regional council may operate 
refuse collection and disposal services. 

The Local Government Amendment Act 1992 allows 
regional councils to fund, establish and manage sites for 
the regional disposal of hazardous wastes. 

 

 

4.5 Transport Act 1962 
This Act is administered by the Ministry of Transport 
and covers the transport of hazardous substances 
including waste. The Transport Act 1962 gives legal 
standing to NZS 5433: 1988, Code of Practice for the 
Transport of Hazardous Substances on Land, which 
covers all loads, including waste hazardous substances. 
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The Ministry of Transport monitors the implementation 
of New Zealand's international obligations under the 
International Maritime Dangerous Goods Code (IMDG) 
and the International Air Transport Association 
Regulations. 

 

 

4.6 Other Acts 
A description of other relevant Acts is found in the 
Final Report of the Inter-Agency Co-ordinating 
Committee, Pollution and Hazardous Substances 
Management, Ministry for the Environment, November, 
1988. 
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BOD5     Biochemical Oxygen Demand (after 5 days) 

CAE      Centre for Advanced Engineering, University of  Canterbury  
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CFCs     chlorofluorocarbons  
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CSIRO    Commonwealth Scientific and Industrial Research Organisation, Australia  

DSIR     Department of Scientific and Industrial Research, New Zealand  

fob  free on board - the current market value of  goods in the country of origin, including all costs  necessary 
to get them on board the ship or aircraft, but excluding freight, insurance and  other costs involved in 
transporting goods between countries.  

GDP Gross Domestic Product 
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ICPIC    International Cleaner Production Information Clearinghouse  
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NZFP     NZ Forest Products  
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OECD     Organisation for Economic Co-operation and Development, Paris, France  

PCP      pentachlorophenol  
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R&D      research and development  

RNZAF    Royal New Zealand Air Force  

tpd/h/y  tonnes per day/hour/year  

UNEP     United Nations Environment Programme  

US       United States of America  

USEPA    United States Environmental Protection Agency  

vfd      value for duty — this is the assessed value of  merchandise imports on which duty is based.  It is 
roughly equivalent to the current domestic value of  goods in the exporting country. 

WRONZ    Wool Research Organisation of New Zealand (Inc)  

w/w        weight for weight  
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1  INTRODUCTION  
 
 
All features of the natural world are taonga 
(treasures); none should be exploited unless a need is 
properly established and exploitation will not be 
detrimental to existing and future generations. 
(Ministry for the Environment, 1991) 

 

 

1.1 Background 
Wastes and waste management are topics that we hear 
about all the time these days - from illegally dumped 
hazardous wastes to council-run recycling schemes.  Yet 
in spite of all this, New Zealand still has a very poor 
record in managing its wastes.  It is still a "throwaway 
society" where the old maxim "waste not, want not" 
has been forgotten.  

Part of the problem is that waste management has 
traditionally been tackled at the point of discharge.  It 
has not been tackled by looking critically at the types of 
products that are available on the market and the 
methods used to manufacture them.  Products and 
processes have seldom been designed or even evaluated 
according to the wastes they generate or to the 
preventative opportunities available. 

Another part of the problem is caused by the shortage of 
information on appropriate technologies and 
management practices for dealing with wastes.  This led 
to the Centre for Advanced Engineering (CAE) 
choosing waste management as its 1991 project.  

This report reflects the diversity of the sectors 
responsible for waste generation, the opportunities 
available for minimisation and the expertise available.  
It attempts to provide a unifying framework for 
evaluating existing waste minimisation methodologies 
and identifying preventative opportunities.  It contains 
technical details for those industries that were able to be 
studied in depth because of task group members' 
detailed knowledge and experience.  There are many 
other industries and organisations that are not included, 
but can be studied using the same techniques.  As one 
of the reviewers, Dr Roger Grimshaw of England, 
stated: 

"To study every industry requires the same effort in a 
country of 3 million inhabitants as in one of 50 
million."  (pers. comm.) 

The way in which the Task Group approached their 
study, together with the mission and objectives of the 
Group, is outlined in Appendix A. 

 

 

1.2 What is Waste 
Minimisation? 

There is no definition of "waste" in current New 
Zealand legislation. From a waste minimisation 
perspective, wastes are considered to be "misplaced 
resources" — materials that are currently discarded, 
including gaseous, liquid and solid releases to the 
environment. It should be noted that this definition of 
waste is different to that used by the other task groups. 
This difference is deliberate and leads to a greater 
appreciation of the role of waste minimisation in waste 
management.   

Note that even the most innocuous waste is an extra 
load on the environment's own recycling system.  As 
the British economist David Pearce has said: 

"In all likelihood it is not the running out of material 
and energy that will matter in the foreseeable future.  
It is another type of resource that is in scarce supply 
— the resource of the natural environment as a 
repository for all waste products associated with 
materials and energy use.  It is the 'waste sink' 
characteristics of the environment that perhaps 
occasion the greatest concern.  These are natural 
resources to be cared for just like energy and 
materials.  They comprise the oceans, the atmosphere, 
the troposphere, the rivers and lakes of the world and 
the land-based waste sites.  Recycling, product re-
design, conservation and low-waste technology can 
interrupt the flow of wastes to these resources, and 
that is perhaps the major feature of a sustainable 
development path of economic progress."  (quoted by 
Robinson, 1991) 

There is an increasingly universal realisation that the 
environment cannot absorb and render harmless all of 
the contaminants that are released into it as wastes.  
Simultaneously, there has been an increasing awareness 
of the limitations of treatment and disposal methods. 

Traditionally these treatment and disposal methods — 
or "end-of-pipe" solutions as they are sometimes referred 
to — have tended to shift the problem from one 
medium to another.  They have made it increasingly 
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difficult to link causes, effects and responsibility and 
have thus enabled society to avoid the reality of 
unsustainable production and consumption patterns.  
Control at the end of production has also proven to be a 
difficult and, for many countries, an expensive process 
(Piasecki & Davis, 1987). 

These realisations have combined to force waste 
managers, legislators, and planners to begin to look to 
the source of the problem — the point of generation — 
for a sustainable solution.  As this approach has 
evolved, so too have the number of terms.  These terms 
provide a useful insight into this evolution. 

The term to emerge from this new approach was, for 
obvious reasons, source reduction.  Unfortunately, 
however, it gradually began to be co-opted by a 
disposal industry eager to maintain its grip on a 
lucrative source of revenue and those waste managers 
reluctant to look for solutions beyond the point of 
discharge and the areas of their own expertise.  "Source" 
began to be corrupted to include the point of discharge 

and, once again, society was able to avoid putting 
emphasis (and resources) into preventative solutions. 

As part of an attempt to re-emphasise preventative 
solutions, the term waste minimisation came into use.  
Working definitions for terms used in describing waste 
minimisation are given in a manual compiled by the 
World Bank, in co-operation with the World Health 
Organisation and the United Nations Environment 
Programme (Batstone et al., 1989).  The relevant 
definitions are given in Box 1.1.  

These definitions have been challenged on the basis that 
they are set in the language and time-warp of command 
and control regulatory systems.  They emphasise the 
reduction of "baddies" rather than the promotion of a 
positive movement towards waste-free production.  
However, although this concept is still open to misuse, 
it has proven to be more robust as a vehicle for 
preventative solutions.  It has come to encompass a 
number of methods ranging from in-process, in-plant 
improvements such as raw material substitution, to 
recycling and waste recovery, to treatment. 

 
 
 
Box 1.1: Working Definitions of Waste Minimisation and Related Terms 
 

 

 (Quoted from Batstone et al, with permission of the World Bank, sourced to USEPA, Oct 1986) 

 

Waste minimisation: The reduction, to the extent feasible, of hazardous waste that is generated 
or subsequently treated, stored or disposed of. It includes any source reduction or recycling 
activity undertaken by a generator that results in either (1) the reduction of the total volume or 
quantity of hazardous waste or (2) the reduction of toxicity of hazardous waste, or both, so long as 
the reduction is consistent with the goal of minimising present and future threats to human health 
and the environment. 

Reduction of total volume or quantity: The reduction in the total amount of hazardous waste 
generated, treated, stored, or disposed of, as defined by volume, weight, mass or some other 
appropriate measure. 

Reduction in toxicity: The reduction or elimination of the toxicity of a hazardous waste by (1) 
altering the toxic constituent(s) of the waste to less toxic or non-toxic form(s) or (2) lowering the 
concentration of toxic constituent(s) in the waste by means other than dilution. 

Source reduction: Any activity that reduces or eliminates the generation of a hazardous waste 
within a process. 

Source control: Any activity classifiable under source reduction with the notable exception of 
product substitution. 

Product substitution: The replacement of any product intended for an intermediate or final use 
with another product intended and suitable for the same intermediate or final use. 
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The term clean technology soon began to be used in 
reference to technologies available for preventing waste 
generation during production processes.  As such it 
represents one specific part of an entire production 
system and does not represent the full range of methods 
which can be used to clean up production systems.  
Specifically, it does not include an assessment and re-
evaluation of raw materials and energy use, nor 
products. 

Inevitably this increasing willingness and ability to 
tackle the waste issue at its source had lead to the 
examination, in their entirety, of the production 
systems which are responsible for waste generation in 
the first place.  The term clean production developed 
as a means to describe the provision of food, goods and 
services in such a way as to minimise environmental 
and waste generation throughout the entire production 
system.  Clean production involves the complete 
analysis of a production system, from the point of 
product conceptualisation, design and raw materials 
selection right through to product use and disposal.  
Clean production aims to minimise environmental 
impacts by: minimising raw materials and energy use; 
avoiding the generation of harmful wastes; and 
producing products which are not harmful during their 
use and disposal. 

There are a number of other terms that have at various 
times been used to describe preventative solutions such 
as pollution prevention, waste avoidance and low-
waste or non-waste tech-nology.  Some are 
synonymous with those mentioned above, others are 
not.  Whatever the advantages and disadvantages of 
their use, it is important to recognise that they have all 
been developed in an attempt to encapsulate and 
simplify a very complex issue — prevention of waste 
generation.  More important than becoming embroiled 
in a debate regarding the applicability or 
appropriateness of terms is a complete understanding of 
the scope of the issue, the opportunities and incentives 
for prevention and the priorities necessary in order to 
achieve sustainable solutions. 

The term precycling may be considered to represent the 
consumptive end of clean production.  The word 
"precycle" was invented by the Maureen O'Rourke 
Public Relations and Advertising company to market 
waste reduction behaviour to consumers (Chemical 
Manu-facturers Association, 1990).  Indeed, the 
company won an award from the National Recycling 
Coalition Inc in Washington, DC for its "Precycle" 
campaign for the City of Berkeley, California.  Other 
communities in the United States have implemented 
"precycling" campaigns (Anon, 1991), including New 
Castle (New York) and Suffolk County.  

"Precycling" as defined for consumer campaigns means 
making environmentally sound decisions at the point of 
purchase.  As most people buy products, this is a good 
method of changing people's behaviour to waste.  (This 
will be further explored in the case studies for the 
domestic sector in Chapter 8).  "Precycling" can be 

expanded to include other aspects thus challenging us 
to find new cleaner ways of achieving production.   

On the other hand, Mr Darrell Reeve of Victoria (pers. 
comm.) considers that "precycling" is an awkward term, 
and that "clean production" is the term to use.  This 
term is promoted by the United Nations Environment 
Programme (UNEP) and by Greenpeace.  

For the purposes of this study the term waste 
minimisation has been settled on because it reflects the 
broad range of opportunities available to New 
Zealanders to produce less waste.  Waste 
minimisation as used in this report describes practices 
which lead to less waste and includes the three Rs:  

reduce,  reuse,  recycle  

This report concentrates on the "reduce" option, 
referring as a matter of priority to techniques and 
methods consistent with clean production, as outlined 
in Figure 1.1. 

Where source reduction has been implemented to its 
fullest extent or when information on implementation 
has been unavailable, "reuse" is given priority as the 
next option.  For example, wastes arising from farming 
animals and growing plants can be composted to 
produce soil conditioners or digested to produce biogas.  
Wastes arising from forestry processing operations can 
be burnt to produce heat.  

Reuse is Nature's Law,  
This minute as of yore.  
Should Mankind live on prey,  
On loans we never will repay,  
Or shall we all, in time, before  
We squander this fair world away, Learn to 
recycle and restore?     

"Reuse is Nature's Lore." 
— Piet Heim (Gendan, 1988)  

Only if wastes cannot be reduced or reused should 
"recycle" be chosen.  This report has chosen not to 
emphasise recycling, although some information is 
given, because much effort is being put into this aspect 
of waste minimisation by others.  

Figure 1.2 shows the components of the waste issue 
and assigns priority ratings to assist in the evaluation of 
options compatible with sustainability.   
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Figure 1.1: Waste Reduction at Source 
 

 
 

 

 

 

1.3 Why Waste Prevention and 
Minimisation? 

We are all aware of the growing amount of rubbish 
produced by our society — the "rubbish mountain" 
(see sketch on p36).  We are also beginning to realise 
that these increasing quantities of so-called rubbish 
represent real waste — wasted materials, wasted 
energy, and waste disposal problems passed on to our 
children and grandchildren.  Sustainability is the 
concept of the nineties, as reflected in the key purpose 
clause of the Resource Management Act 1991. In order 
to have sustainable development, waste production and 
disposal must be reduced.  

There are many benefits from reducing, reusing or 
recycling wastes — for industry, for businesses and 
other organisations, and for people, both individually 
and in the community.  This report contains examples 
of waste minimisation practices which lead to:  

• A reduction in the requirements for raw materials 
and energy, leading to decreased costs.  

• A reduction in the amount of pollution in the 
environment, thus enhancing New Zealand's "clean, 
green" image.  

• Improved health and safety from less use of 
hazardous substances.  

• Savings in the costs and risks of storing, 
transporting and disposing of wastes.  

• Less need for new waste treatment and disposal 
facilities.  

In spite of these benefits, many businesses and 
organisations have not tried to reduce their wastes.  
Barriers to the implementation of waste prevention and 
minimisation practices include:  

• Lack of information about clean technologies that 
reduce wastes, especially in small organisations.  
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Figure 1.2: Components of the Waste Issue 
 

 
 

 

 

 

 

• Lack of confidence that techniques for reducing 
wastes will be economically and technically feasible 
in practice.  

• Fragmented approaches to the issue. 

• Little technical expertise.  

• The adverse economic situation and lack of access to 
finance for capital investment.  

• Low environmental awareness and training.  

• Lack of will.  

• Limited enforcement of regulatory and policy 
requirements for waste management and pollution 
control.  

• Other priorities.  

This report provides information to help New 
Zealanders to overcome the first three barriers in this 
list.  

 

 

1.4 Preventing and Minimising 
Waste in New Zealand 

In order to achieve sustainable development, every 
person, company and organisation must be aware of 
ways to minimise wastes.  Attempts were therefore 
made during the CAE project to obtain information 
about waste prevention and minimisation practices in 
all sectors of the New Zealand economy.  However, the 
Task Group had difficulties obtaining information about 
waste prevention and minimisation because companies 
were reluctant to divulge data about what they had 
done, or were willing only to give general, rather than 
specific, details.   

However, information was obtained about a range of 
activities in each sector, and a number of case studies 
are presented as models to show how waste prevention 
and minimisation practices have been implemented.  If 
information could not be obtained about New Zealand 
practices, references to suitable technologies and waste 
prevention and minimisation practices described in the 
literature are given.  There are a number of publications 
available which provide examples of case studies (for 
example, Department of Trade and Industry, United 
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Kingdom, Oct 1989; Higgins, 1989; Huisingh et al., 
1986; Munroe et al., 1990; Richmond, 1989; van 
Berkel et al., 1991). 

Chapter 2 gives information on a number of techniques 
that have been used to implement waste prevention and 
minimisation.  It also presents a method for auditing a 
large New Zealand organisation and information on a 
major community-based waste reduction project.  

Chapter 3 provides background information about the 
waste producing activities that have been included in 
this report.  Data on wastes generated from various 
industries are summarised from a national compilation 
of regional waste surveys.  This chapter also contains 
information on the contribution that waste prevention 
and minimisation could make to greening the New 
Zealand economy.  

The next five chapters present information about waste 
prevention and minimisation practices for a range of 
activities in each of the five sectors - primary, industry, 
commerce, community and domestic.  Each chapter 
also contains a number of case studies.  

From the information presented in Chapters 4 through 
8, conclusions about future trends in waste prevention 
and minimisation practices are presented in Chapter 9.  
The recommendations arising from the Workshop are 
presented in Chapter 10. 

Finally the report concludes with appendices giving 
information about the task group, worksheets for doing 
a waste audit, data on waste arisings, technical details 
obtained on some of the industries studied and a user-
friendly guide to waste reduction. 

 

 

 

 
 

Courtesy of Ministry for the Environment 
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2   TECHNIQUES FOR WASTE PREVENTION 
     AND MINIMISATION  
 

 

Planning for waste prevention and minimisation 
involves the following three steps (further information 
about these can be found in Bailey, 1991):  

•  Setting goals:  The ultimate goal is to prevent the 
generation of waste at its source rather than to 
control, treat or manage it afterwards. A secondary 
goal is to reuse or recycle wastes rather than dispose 
of them. Everyone should set goals for minimising 
wastes.  Every organisation should have a waste 
prevention and minimisation strategy.  

•  Collecting data:  Data are essential in order to 
identify and measure the wastes generated and to 
calculate the costs and benefits from minimising 
these wastes.  

•  Drafting an action plan:  Various techniques can 
be used to plan for achieving waste prevention and 
minimisation, including the process of waste 
auditing.  Methods that are being used worldwide 
are described in Bailey (1991).  

In implementing an action plan, the following four 
stage process promoted by Hirschhorn (1989; Nov 
1989; 1990) should be considered (see Figure 2.1).  

Stage 1.  "Attention and commonsense get results 
fast."  

There are many commonsense means of achieving 
reduction which are low-cost, low-risk 

 

Figure 2.1:  Development Stages of a Waste Reduction Programme 
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and yet visible.  They require everyone getting 
involved and being responsible, just like preventive 
health care programmes.  

Stage 2.  "[Obtain] information on wastes and 
reduction techniques."  

Detailed information is needed at this stage to assess 
reduction opportunities, both on wastes generated and 
suitable technologies.  This is the area in which this 
report is aiming to assist by distributing information 
about successes.  

Stage 3.  "[Overcome] concerns about investment 
and risks through analyses."  

This stage involves changes in technology and thus 
requires increased capital investment with the related 
outcome of greater risks.  Waste reduction is no longer 
simple at this point.   

Stage 4.  "Research and development creates new 
technology and products."  

Eventually research and development (R&D) must be 
used to find technical solutions, including new 
manufacturing processes.   

These methods consider each component of the 
production cycle, i.e., for raw materials and energy use, 
processes and products. 

This chapter looks at techniques for implementing 
waste prevention and minimisation practices that have 
been used in New Zealand.  Some of these methods 
have been borrowed from overseas and adapted for New 
Zealand conditions.  A model waste audit procedure 
used for a large organ-isation is then presented, and a 
community-based waste reduction programme is 
described.  Finally some points applicable to all the 
examples are presented. 

 

 

2.1 United States Methods 
One of the best known procedures for undertaking waste 
minimisation is the "Waste Minimisation Opportunity 
Assessment Manual" published by the United States 
Environmental Protection Agency (USEPA) in 1988 
(Hazardous Waste Engineering Research Laboratory, 
1988; Freeman, 1988).  This method is being taught at 
the solid waste management courses run by WORKS 
Consultancy (1990).  A diagram of the procedure is 
given in Figure 2.2.  The manual also contains two 
sets of worksheets for use in undertaking the procedure, 
a simple and a more detailed procedure.  

The USEPA procedure is divided into four phases:  

• Planning and organisation.  The company's 
management becomes committed to waste reduction 
and sets its overall goals.  It involves its staff, 
finds a special "cause champion" and organises a 
special group to implement the procedure.  Finally, 
any barriers are overcome through company-wide 
commitment.  

• Assessment phase.  Detailed information is 
gathered on the plant's wastes and operations.  
Priority waste streams are chosen for assessment 
by special teams, who then inspect the plant site.  
Once the data are gathered, a comprehensive set of 
waste reduction options are considered. These are 
then examined in detail and ranked, with the most 
feasible being selected for further study.  

• Feasibility analysis phase.  The selected options 
undergo technical and economic evaluation 
including capital, operating and maintenance costs 
and adjustments for potential savings.  The risks 
and liabilities associated with the proposed 
changes are also considered.  Finally, a report is 
prepared outlining the options selected for 
implementation for discussion with company staff.  

• Implementation.  Once the selected options have 
been justified, funding must be obtained.  The 
changes are then implemented.  On-going 
monitoring is undertaken to check whether the 
changes have been effective or whether further 
changes are needed.  If further options need to be 
examined, the process is repeated from the 
assessment phase.  

This assessment does not represent a full life-cycle 
approach because it takes into account only the 
production process.  A comprehensive assessment needs 
to include the impacts of raw materials and energy use 
as well as product use and disposal.  Also the 
"Assessment Phase" (see Figure 2.2) requires the 
inclusion of raw materials, energy and product data and 
the "Feasibility Analysis Phase" requires the additional 
evaluation of environmental damage and human health 
effects. 

The "Waste Minimisation Opportunity Assessment 
Manual" was used as a basis for the manual developed 
for the Dutch PRISMA Project (de Hoo et al., 1991).  
The Dutch manual was used as a tool with ten 
companies that participated in the Project (van Berkel et 
al., 1991).  PRISMA (Industrial Successes with 
Pollution Prevention Project) was set up to contribute 
towards the social and political debate and decision-
making on the development of an effective preventive 
environmental policy (Dieleman et al., 1991). 
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Figure 2.2: USEPA Waste Minimisation Assessment Procedure 
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The Chemical Manufacturers Association in the United 
States has set out a code of management practice, 
"Waste and Release Reduction and Management", 
which explains how to implement and measure a 
successful waste reduction plan (Zanetti, 1991).  This is 
part of the Association's Responsible Care Program, 
which must be complied with by all member 
companies. 

 

 

2.2 United Kingdom 
Techniques 

The United Kingdom Department of Trade and 
Industry's Business and the Environment Unit has 
published a booklet, "Cutting Your Losses" 
(Department of Trade and Industry, 1989), which helps 
companies assess the opportunities for both reducing 
the quantity of waste generated and recycling the waste 
within the same production process.  

The booklet includes details about the main stages of a 
waste minimisation audit.  This procedure was used by 
GCNZ Woodward-Clyde Ltd (1991) in its report for the 
Auckland Regional Council.  It consists of the 
following six stages:  

• Preparing the ground.  This includes getting 
management and employee commitment to the audit 
through training and motivation, collecting 
information on the true costs of waste disposal, 
and setting up an effective monitoring programme 
together with clear targets to focus the efforts of 
management and employees.  

• Selecting the audit team.  All aspects of the 
organisation's operations should be covered and 
the team should include at least one outsider.  

• Finding the facts.  Specific questions need to be 
answered by the team, including where, how, why 
and what wastes are generated (including office 
wastes) and how much they cost to handle and 
dispose of.  Various sources of information need to 
be identified, both from records and by 
observation.  

• Identifying the options.  These include good 
housekeeping, modifying processes, reusing and 
recycling either within the plant or off-site.  

• Evaluating the options.  After initial screening, 
those options which rank highest should be given 
detailed technical and economic assessment.  

• Implementation and beyond.  Some options may 
be easily introduced, others may require work, 
including research and development, to be 
implemented.  A continuing programme of audits 
should be considered at regular intervals.  

The GCNZ Woodward-Clyde Ltd (1991) report also 
provides a check-list for use during the audit (in 

Appendix B of their report).  The check-list is divided 
into sections such as site description, organisation 
policies, process information, raw materials summary, 
products summary, waste stream summary (solid, 
liquid and gaseous wastes), and waste minimisation 
option generation.  

This audit procedure comes closer to providing a 
complete life-cycle approach, but does not emphasise 
the importance of including post-consumptive waste 
generation. 

 

 

2.3 State of Victoria 
Guidelines 

The Environment Protection Authority of Victoria, 
Australia has published guidelines (1990) to assist 
industries to carry out waste audits in a systematic 
manner with minimal resources and time.  This method 
is based on the waste audit methods developed in the 
United States of America.  

The steps outlined in the guidelines are:  

• Selection of an audit team.  

• Determination of audit scope.  

• Collection of preliminary data.  

• Identification and characterisation of input 
materials, products and waste streams.  

• Comprehensive plant analysis.  

• Evaluation of data.  

• Preparation of waste audit report.  

The appendices to these Guidelines contain worksheets 
to assist in this process, information on doing a 
material balance, a check-list of frequently encountered 
problems, and a glossary of terms.  

 

 

2.4 Canadian Procedures 
The Pollution Probe Foundation has published a guide 
to waste reduction for Canada (Munroe et al., 1990) 
which suggests the following four basic steps in 
developing a waste reduction programme: 

• Planning and organisation.  A Task Force is set 
up to develop policy, set goals and establish 
priorities. 

• Assessment.  The Assessment Team is selected.  It 
undertakes a waste audit, identifies possible 
project options and produces its report.  This is 
reviewed by the Task Force, which considers 
factors for implementation, decides on priorities 
and selects projects. 
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• Implementation.  The Task Force develops 
guidelines and prepares a schedule for 
implementation.  It also develops employee 
education and participation programmes. 

• Monitoring and evaluation.  The Task Force 
evaluates specific projects based on reports from 
the Assessment Team, and monitors on-going 
progress towards programme goals.  The 
Assessment Team evaluates on-going performance 
of the new system with respect to projected data. 

Note that the management structure suggested for 
carrying out the work consists of a Waste Reduction 
Task Force and a Waste Reduction Assessment Team.  
The former oversees the programme from planning to 
implementation and evaluation.  It includes 
representatives from all parts of the organisation.  The 
latter performs the actual work of assessing the 
organisation's waste management practices and 
suggesting possible waste reduction projects, thus 
being involved mainly at steps 2 and 4.  This work 
could be undertaken by a consultant or through 
technical assistance programmes. 

The Ontario Waste Management Corporation has 
published an industrial waste audit and reduction 
manual (Richmond, 1989) which sets out a six phase 
approach, each incorporating a number of steps: 

• Understanding the processes in your plant. List 
unit processes and construct a process flow 
diagram. 

• Defining process inputs.  Determine resource use, 
investigate raw material storage and handling, 
record water usage and determine current levels of 
reuse of wastes. 

• Defining process outputs.  Quantify process 
outputs and account for wastewater flows and 
wastes stored and hauled off-site for disposal. 

• The material balance study.  Assemble unit 
process input and output information and derive a 
preliminary material balance for unit processes.  
Evaluate the material imbalance and refine the 
material balance. 

• Identifying waste reduction alternatives.  Examine 
obvious waste reduction measures, target problem 
waste streams and develop long-term waste 
reduction alternatives. 

• Cost/benefit analysis and implementing the 
action plan.  Do a cost/benefit analysis for waste 
treatment and disposal.  Implement the action plan, 
thus reducing wastes and increasing production 
efficiency. 

This manual has been used by the United Nations 
Environment Programme's Industry and Environment 
Office and the United Nations Industrial Development 
Organization (UNEP/IEO & UNIDO, 1991b) in 
preparing a technical guide to waste auditing for 
industrial emissions and wastes. 

2.5 New Zealand Actions 
A four-part procedure for reducing wastes has been 
suggested for use in New Zealand (O'Grady, 1990):  

• Changing operating practices.  Simple 
housekeeping such as preventing leaks, segregation 
of waste streams, materials handling and inventory 
procedures, and improved cost accounting for 
wastes can produce significant results.  

• Technological process changes.  These generally 
require more detailed evaluation and can range 
from operating condition modifications to plant 
layout alterations.  

• Changes to raw materials.  Hazardous materials 
or those more difficult to recycle, treat or dispose 
of are replaced by more easily-managed materials.  

• Changing products.  This often involves 
considerable research and development.  

Initial comprehensive life-cycle analyses are required.  
Targets then need to be identified and prioritised and 
options need to be evaluated according to 
environmental requirements and technical and economic 
constraints. 

The New Zealand Chemical Industry Council  (1991) 
in its Code of Practice proposed a series of actions for 
reducing wastes:  

• Review all sources of wastes.  

• Examine the processes generating the most 
significant amounts or types of wastes.  

• Review processes where actual conversion efficiency 
is much lower than it should be in theory.  

• Measure amounts of waste produced and compare 
with the normal waste/product ratio.  

• Maintain and inspect plant and equipment to limit 
failures that could generate wastes accidentally.  

• Devise plant start-up and shut-down procedures 
that minimise the amount of waste being generated 
at those times.  

• Examine product applications so that product use 
can be changed to minimise waste.  

• Change processes where possible.  

The Code also notes that waste reduction requires the 
involvement and commitment of company 
management, production and project management, 
research and development staff, and all employees.  

This Code of Practice does not include a complete life-
cycle approach either.  In order to do so it requires the 
inclusion of post-consumptive wastes.  If sustainable 
solutions to the problems of waste generation are to be 
found, all areas where improvements can be made need 
to be identified and pursued to their fullest extent.  The 
producers of products that are harmful during their use 
and disposal need to recognise their responsibility and 
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include in their actions critical analyses and 
substitution or redesign of such products. 

 

 

2.6 Model Waste Audit for an 
Organisation 

The following procedure was devised for undertaking a 
waste audit of a local authority (Wellington City 
Council) and thus looks at reducing wastes arising from 
a range of activities.  

 

Check your Waste Stream  

A waste audit involves assembling information on how 
waste materials actually enter the waste stream, and 
determining the approximate amounts of material that 
are available.  This is a two step process: the first step 
is to OBSERVE the waste generation patterns; the 
second step is to QUANTIFY the waste in each area 
that could be available for reducing, reusing or 
recycling.  

A waste audit recording sheet records what you see in 
your check.  It is helpful to have a manager present for 
the audit, so that he/she can explain why things are 
done in a particular manner and whether it is possible 
for them to be altered to make for less waste and/or 
more recycling. 

 

 

Themes for a Walk-through  

• At each area, ask what is being done.  

• What type of operation is this?  

• Does the operation generate waste?  

• If yes, what type/types and in what quantities?  

• What is being disposed of at the time of the audit?  

• Are other wastes usually generated in this area?  

• Is this a normal or abnormal, daily or periodic 
situation?  

 

What to Look for in a Waste Audit  

• Look for changes in the operations that could 
reduce the production of wastes.  

• Look for material that could be reused within the 
operation.  

• Look for any material that is generated in quantity, 
without being mixed with contaminants, which may 
have a potential for recycling.  

 

Where to Look  

Look wherever something is going on:  

• In building and maintenance operations 

• In parks and reserves operations 

• In office administration areas 

• In warehousing, receiving and distribution areas 

• In cafeteria or food preparation areas.  

 

Conducting a Waste Audit  

• The key to a successful waste audit is to see each 
operation — no matter how familiar — through the 
eyes of a waste minimiser.  

• Look at/into the waste containers.  

• Classify the materials as to how they are generated 
and why they are generated in a particular manner.  

• Are the materials already mixed when they are 
disposed of, or are they separated and only mixed 
when they are ready for disposal? 

 

Always Keep in Mind - "WHAT IF?"  

• What if production or handling procedures could 
be modified so that there was actually less waste 
generated in the area?  

• What if this material was separated from that one?  

• What if there were 3 containers in an area instead 
of one?  

• What if there were no costings available?  

 

Workplace Wastes  

• Look at workplace wastes and the reasons for their 
generation.  For example, an aluminium can in an 
office area is clearly not generated as part of the 
production operation, but the generator disposes of 
the can here because he/she is on a short break.  

• Consider whether the wastes are basic to the 
operation you are looking at, or whether the 
operation could be performed in such a way as to 
have less waste or no waste at all.  What if the 
purchaser in your premises ordered larger 
containers of a product, so that there were fewer to 
throw away?  

 

Implement the Audit  

Take plenty of worksheets (see Appendix B)  with you 
on your walkabout.  When you have completed the 
audit, analyse and transform the information to the 
following:  
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Analysis 1 - Quantification   

Analysis 2 - Volume - Weight Conversion   

Analysis 3 - Rubbish service   

 

This audit provides a useful model for tackling the 
post-consumptive stage of waste generation, but does 
not emphasise sufficiently the role of consumer choice at 
the point of sale.  The model also needs to emphasise 
the significant role which consumers can and need to 
play in inducing changes in production processes and 
products.  Also the suggestions need to take the form of 
clear directives, rather than open-ended questions. 

 

 

2.7 Model Waste Audit for a 
Community 

Kaikoura has recently become one of the fastest growing 
local economies in the nation, a major attraction being 
whale watching tours.  To service these tourists, 
Kaikoura has 31 accommodation businesses; 14 food 
retailers (restaurants and takeaways); 11 companies 
offering tourist guiding services; and 3 Department of 
Conservation camping grounds.  The existing 
rudimentary rubbish services cannot meet these changed 
demands, the most visible sign of which is the rapid 
filling of the local refuse tip.   

The Kaikoura District, like so many other New Zealand 
local authorities, is also faced with the task of 
upgrading existing disposal facilities in order to comply 
with environmental standards implicit in the new 
Resource Management Act 1991.  In order to have any 
measure of success, the flow of rubbish into the existing 
disposal sites has to be dramatically reduced.  With the 
assistance of the Nelson-Marlborough Regional Council 
(Haskell & Dicker, 1991), the Kaikoura Community in 
1991 embarked upon an ambitious goal of reducing 
waste requiring disposal by 60 percent in two years.  

In order for this goal to be achieved, the solution must 
come from all elements of the community.  A new 
waste strategy must be forged; one built on a combined 
partnership between individuals, community groups, 
public and private enterprise organisations.  
Consequently the Kaikoura District Council is 
developing the first community waste reduction plan in 
New Zealand.  This plan is using waste minimisation 
procedures and techniques similar to those outlined in 
this chapter.  

The waste reduction plan is part of the proposed 
Kaikoura District's waste management plan, which sets 
out a framework (the institutional infrastructure) 
required for the delivery of a least-cost waste service for 
the district based on the priorities of waste reduction, 
recycling and the safest possible disposal of any residual 
wastes.  

The Kaikoura Citizens' Waste Management Plan will 
define specific waste reduction procedures for each of 
Kaikoura's domestic, commercial and industrial sectors.  
The plan is dependent on public participation.  Citizens 
of Kaikoura will be putting into practice the slogan, 
"Think Globally, Act Locally". The implicit order of 
preference that must be followed starts with the 
individual, then the home, community, district, region, 
and finally the nation.  

The cumulative outcome of individuals working to this 
pattern will deliver low-cost environmentally friendly 
waste services.  Each citizen will be asked to separate 
all rubbish into four categories: recyclables, hazardous 
wastes, organics and waste for landfill.  The Council 
will ensure appropriate facilities are available in the 
district to receive, process and handle the four waste 
streams in an efficient and effective manner.  

The operational heart of the Kaikoura Waste Reduction 
Plan will be a "Community Waste Recycling Trust" 
which will provide the vehicle for the people of 
Kaikoura to tackle their waste reduction target.  Senior 
students at Kaikoura High School, through an 
innovative "Work-Link" scheme, will provide 
community businesses and households with waste 
audits, studies and a comprehensive recycling service.  
An extensive education programme will inform rural 
residents how to wisely reduce, recycle and safely 
dispose of their rubbish.  

 

Waste Reduction  
The comprehensive waste reduction programme will 
include (Haskell & Dicker, 1991):  

• A waste reduction education programme for each 
sector of the community, e.g., domestic, 
commercial and industrial.  

• Encouragement for businesses to develop a waste 
reduction plan.  

• Operational waste management plans for new 
businesses.  

• The production of local bylaws where necessary to 
ensure waste reduction techniques are put in place.  

• The promotion by the Council of the application 
and adoption of clean technologies.  For example, 
the top 20 percent of waste generators in the District 
will be identified and targeted for waste reduction 
strategies. 

In addition, the Kaikoura District Council is to carry 
out its operations and delivery of services in such a way 
as to be an example of effective waste reduction.  

 

Waste Recycling  
The amount of waste being disposed in the Kaikoura 
landfill can also be reduced by recycling materials that 
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would otherwise be wasted.  A key goal for the 
comprehensive waste recycling plan was to identify the 
optimum scale and structure for cost-effective waste 
recycling within the Kaikoura District.  Kaikoura's rural 
character, its small population, and its relative distance 
from end-use markets for recyclables could not support 
commercial recycling.  

The Kaikoura community has many clubs and 
organisations.  Although no one community group has 
the knowledge or the energy to lead a comprehensive 
recycling campaign by them-selves, they have stated 
they would be happy to play their part in order to 
contribute to a local waste recycling effort.  A 
"partnership" between the District Council and 
interested community organisations working together 
under the umbrella of a "Community Waste Recycling 
Trust" is a realistic method of achieving optimal waste 
recycling at the lowest cost.   

In rural New Zealand the critical mass of recyclable 
material is not sufficient to warrant a fully commercial 
recycling operation. In addition, the dislocation 
between industry and its post-consumer wastes does not 
lend support for direct industrial participation at local 
levels.  The two exceptions are for the packaging 
materials, glass and aluminium, which are collected 
nationally.  However, even when industries support the 
transporting of collected materials to reprocessing sites, 
the least-cost way of gathering the material at a 
community level is by using community volunteers as 
prescribed for Kaikoura.  

The partnership will rely extensively on volunteer 
labour and the goodwill provided by householders, 
business people, community associations, charity 
groups, and tourists in separating their wastes at source 
and presenting them for easy collection, or dropping 
them off at community recycling depots.  Moreover, 
this level of community activity will require careful co-
ordination, which the Kaikoura District Council is in 
an ideal position to facilitate.  

The use of senior secondary school students by the 
Trust provides opportunities for the school to integrate 
practical business experience with environmental 
education and positive community development.  
Educational campaigns to inform all people in Kaikoura 
of their waste management responsibilities will be 
spearheaded by the High School student group.  In 
addition, the students may carry out research such as 

identifying the environmental impacts of waste and 
scientific monitoring.   

Summation  
The "Community/Partnership" scheme has been chosen 
for the following reasons:  

• It is the least-cost option.  

• Extensive community participation in waste 
management is the only effective long-term 
mechanism to resolve waste problems.  

• Community groups in partnership with the District 
Council can attract financial support from a variety 
of public and private agencies.  

• The community recycling infrastructure will be an 
ideal spring board to introduce waste management 
techniques to the community.   

• The depth of community spirit and low density 
population favour a community-based approach.  

• Community networks utilising the vitality and 
enthusiasm of children are an effective and low-cost 
means of delivering educational campaigns.  

This model represents a comprehensive approach to the 
issue of waste minimisation and covers all sectors of the 
community.  However, it needs to be translated from an 
example into a set of comprehensive guidelines or steps 
which can be used in other communities.  As for 
Section 2.6, the guidelines need to include emphasis on 
aspects of consumer choice. 

 
2.8 General Model for Waste 

Audits 
It is essential for the above assessments, audits and 
guidelines to be only part of a comprehensive package 
that includes the policy, legislation and education 
necessary to achieve sustainable solutions to the 
problem of waste generation.  Box 2.1 gives the steps 
advocated by Huisingh (1991) as a means to implement 
preventative solutions. 
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Box 2.1:  Means to Implement Preventative Solutions 
 

 

1. Develop and implement a comprehensive, corporate environmental policy, based upon 
prevention and minimisation of waste and risks from all corporate activities. 

2. Develop systematic waste reduction audit procedures and use them regularly. 

3. Develop a systematic waste reduction plan that contains specific waste reduction goals 
with definite timetables for achieving those goals. 

4. Educate and involve employees, at all levels within the corporation, in identifying and 
quantifying the problems and in seeking creative solutions to those problems.  Solutions 
should be sought by seeking to eliminate or to minimise the problems at their sources. 

5. Allocate specific employee responsibility for achieving the waste reduction goals.  This 
requires management to allocate sufficient employee time and financial support to 
ensure that the work can be accomplished.  The position of cleaner production co-
ordinator should be at the level of vice-president within the company. 

6. Obtain the best management and technical information possible in order to help the 
company take advantage of the cleaner production waste reduction opportunities. 

7. Monitor and evaluate progress in achieving the waste reduction goals. 

8. Regularly inform employees, shareholders and the public of waste reduction progress 
being made.  This information should be provided to employees on a monthly or 
bimonthly basis and to the public and the shareholders on an annual basis. 

9. Establish and utilise special "waste reduction award programs," designed to foster and 
reward creative problem-solving activities on the part of all employees. 

10. Review and update waste reduction goals and timetables regularly, being fully aware 
that: Success in waste reduction is a journey not a destination. 
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3  WASTES IN NEW ZEALAND  
 
 

Before wastes can be managed, we need to know what 
wastes are being produced.  There are two sources of 
information to assist in this work — data about the 
activities producing wastes and data on the amounts of 
waste these activities produce for disposal.  This 
chapter provides background information on these data.  

These waste-producing activities take place within the 
New Zealand economy.  There is on-going debate that 
part of the problem in achieving waste prevention and 
minimisation is the way our economy operates.  This 
chapter therefore also includes a discussion on "greening 
the market economy".  

 

 

3.1 Activities Producing 
Wastes  

Wastes arise from all activities — from the largest 
industrial plant to the one-person home.  In this 
project, activities in New Zealand have been divided 
into five general sectors, using chapter headings of the 
New Zealand Official 1990 Year Book as a guide (New 
Zealand Department of Statistics, 1990):  

 

Primary  

Agriculture (pastoral agriculture, horticulture and 
cropping); forestry and fishing; and the industries that 
process their products through to finished goods.   

 

Industry  

Energy and minerals (electricity, oil and gas, coal and 
mining, and quarrying of metallic and non-metallic 
minerals);  and manufacturing (apart from the processing 
of products produced by the primary sector).  These 
activities are included in the New Zealand Standard 
Industrial Classification (NZSIC) given in the NZ 1990 
Year Book (pages 675-677).  

 

Commercial 

Housing and construction;  transport (shipping, 
aviation, railways and road transport) and 
communications (post and telecommunications);  
commerce and services (wholesale and retail trade, 
insurance);  banking and financial services;  and tourism 
(restaurants and hotels).  

 

Community  

Government administration (central, regional and 
territorial);  defence (naval and air force bases, army 
camps); health and safety services (hospitals, hospices, 
medical and dental surgeries, fire stations); education 
services (schools, universities, polytechnics);  justice 
(courts, police stations, prisons); arts, media and leisure 
services (art galleries, museums, concert halls, libraries, 
television and radio studios, sports fields, racecourses, 
parks and reserves);  and science and technology 
(laboratories).  

 

Domestic 

Houses, flats and hostels.  

 

Any such division inevitably will cause some difficulty 
with overlapping activities.  This report has not 
adhered rigidly to this breakdown where an alternative 
grouping for a particular activity was considered more 
appropriate.  

 

Primary Sector  
The primary sector is a major feature of the New 
Zealand economy, producing the largest part of our 
export earnings. For example, meat and meat 
preparations amounted to 16.3% of New Zealand 
produce exported.  The principal commodities exported 
from this sector in 1988-89 are given in Table 3.1 (NZ 
Department of Statistics, 1990).  

Traditionally, farming has centred on sheep and cattle, 
to produce a range of products including meat, wool, 
dairy produce and hides.  Pigs, poultry, horses and, 
more recently, deer, goats and fur-bearing animals are 
also significant contributors to the economy.  All these 
animals produce wastes, which must be managed to 
reduce their impact on the environment, particularly on 
our water supplies (refer to Part 5: Waste Management 
in Relation to Water Supplies).  Waste reduction is 
difficult, but utilisation of the resource can produce 
energy and products (see Section 4.1).   
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Table 3.1: Principal Commodities Exported 
Commodity Value fob  

(NZ$ million) 

meat and meat preparations 2,436 

dairy products 2,307 

wool 1,796 

wood products inc. paper   905 

fish and shellfish   790 

fruit and vegetables   824 

hides, skins and pelts   725 

casein and caseinates   339 

racehorses   146 

 

 
The processing of animals to provide products is a 
significant contributor of wastes — from freezing works, 
wool scourers, dairy factories, and tanneries.  

Horticulture, including fruits, vegetables, flowers and 
plants, is another major export earner.  Kiwifruit were 
the biggest export earner for this group in 1988-89.  
Cereal crops are grown mainly for domestic 
consumption.  Wastes arising from crop residues and 
the processing of produce often cause serious problems 
for waste management because they arise over a short 
period of time.  For example, the dumping of 
substandard kiwifruit is a matter of concern in the Bay 
of Plenty.  

Forestry products make an increasing contri-bution to 
export earnings with the production of timber, board 
products, pulp and paper, and furniture.  Wastes arise 
from forest management and logging, wood chipping, 
the production and treatment of sawn timber, the 
manufacture of board products, the manufacture of pulp 
and paper, and in using timber to make furniture and in 
construction.  

Fishing is export-oriented, both wetfish and shellfish 
being harvested. Wastes arise during harvesting and 
processing.  

 

Industry Sector  
This sector includes both domestic economy industries 
and export-oriented industries. The extraction and 
processing of fuels (coal, oil and natural gas) and the 
production of electricity (hydro, thermal and 
geothermal) provide energy which is used by all other 
sectors.  New Zealand's consumption of energy per unit 
of GDP is much higher than many other industrialised 
countries, reflecting the need to consider energy 

conservation as well as waste prevention and 
minimisation.  

The mining and quarrying industry produces metallic 
minerals (iron being an important metal) and non-
metallic minerals (aggregates used in construction and 
road building, clays, dolomite, greenstone, limestone, 
salt, and silica sand).  In the calendar year 1988 the 
production of metallic minerals was valued at $75 
million and of non-metallic minerals (excluding coal) at 
$220 million.  

Manufacturing industries include the production of 
metal-based products (aluminium and steel), chemicals, 
rubber and plastic products, food and beverages, textiles 
and footwear, electronics, engineering, motor vehicle 
assembly, and printing and publishing.  These 
industries are recorded under the New Zealand Standard 
Industrial Classification (NZSIC) (NZ Department of 
Statistics, 1990, page 506).  The industry sector in 
New Zealand includes both large industries such as the 
Glenbrook steel mill and the Motunui synthetic petrol 
plant and small industries such as car repair firms and 
printing houses.  

This sector also includes those industries which assist 
waste prevention and minimisation.  They include the 
reclamation of solvents and the re-refining of oil.  
(Those industries which recycle waste materials as part 
of their normal processes such as the glass and steel 
industries are included under the industry category.)  

Export of commodities produced in this sector is 
becoming of increasing importance.  The principal 
exports in 1988-89 are given in Table 3.2 (NZ 
Department of Statistics, 1990). 
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Table 3.2: Principal Industrial Exports and Imports 
Commodity Value (NZ$ million) 

 Exports fob Imports vfd 

non-ferrous metals 897 253 

chemicals, etc 701 1,458 

machinery 512 3,035 

misc. manufactured articles 383 1,464 

textiles, clothing 242 581 

iron and steel 217 294 

mineral fuels, etc 184 596 

manufacturing of metals 159 302 

transport equipment 146 1,542 
 

 

However, imports for this sector, also given in Table 
3.2, are greater for each category except for non-ferrous 
metals (aluminium being the main contributor to this 
category).  

A great variety of wastes are produced by this sector, 
many of which have the potential to be hazardous if not 
disposed correctly (refer to Part 3: Hazardous Waste).  
Economic incentives to reduce wastes are often greatest 
in this sector, and research and development have 
produced appropriate clean technologies.  Waste audits 
have shown there are substantial monetary savings to be 
made by minimising industrial waste.  

 
Commercial Sector  
A wide variety of activities contribute to this sector, 
e.g., transport, communications, com-merce and 
banking.  This sector  provides employment for half the 
population in New Zealand. For example, in 1989 50 
percent of those counted in a survey of employment in 
business were in the commercial sector compared to 23 
percent in the industry sector and 25 percent in the 
community sector (NZ Department of Statistics, 1990).  

Most people do not think about wastes arising from 
this sector but the commercial sector is a major 
producer of wastes.  For example, commercial waste in 
Auckland represents 60 percent of the total solid waste 
stream.  This sector should be targeted because so 
many people are involved during their paid working 
time.  Paper is a major waste from this sector, and this 
waste material has been specifically targeted in this 
report.  

Tourism, which is also included here, relies to a 
substantial extent upon New Zealand's natural assets 
and relatively clean environment.  It is a major earner, 
the value of domestic and international tourism having 

been estimated to be about $3739 million for the year 
ended 31 March 1989 (about half of this expenditure is 
from domestic tourists).  Moreover, tourism is a major 
employer of labour.  This is one area in which the 
production of wastes must  be closely managed if the 
image is to be maintained.  

 

Community Sector  
The community sector provides those services that a 
complex modern civilised country needs to maintain its 
society.  There is a great variety of services included 
here — schools, prisons, hospitals and fire stations. 

This is another sector not usually targeted for waste 
reduction.  Organisations in this sector often have 
special needs for waste disposal (pathogenic wastes from 
hospitals, litter from sports fields).  The sector is one in 
which waste prevention and minimisation provides an 
exciting challenge.  

 

Domestic Sector  
This is the sector to which everyone belongs. This is 
where we can all make an individual contribution to 
reducing wastes and this is another challenging sector 
in which our own habits and behaviour need to be 
thought through.  

 

3.2 Waste Production Data 
As noted in Chapter 2, in order to institute successful 
waste prevention and minimisation, data about waste 
production is needed.  Comprehensive national data are 
lacking in New Zealand.  However, regional waste 
surveys have been undertaken over the past few years 
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funded through the Department of Health grant scheme 
(Department of Health, 1985).  

In order to provide some data on waste production for 
this Waste Management Project, a national compilation 
of these surveys was undertaken (Royds Garden Ltd, 
Aug 1991).  The compilation brought together all of 
the original survey data and reclassified it using the 
system developed for the New Zealand Chemical 
Industry Council's Waste Management Guidelines 
(1991).  Wastes were then classified according to type 
using the Table of Activities Which May Generate 
Potentially Hazardous Wastes (OECD, 1990) 
(hereinafter called the Activities Table) which forms part 
of the OECD Classification System.  (Detailed 
information about this system is reproduced in 
Appendix II of Bailey, 1991.) 

The data from which the compilation was made were in 
many cases based on estimates by waste generators and 
as such should be treated with caution.  In addition, a 
number of assumptions were needed in order to classify 
the wastes.  Results from this classification are 
summarised in Figure 3.1 (note that the figure does not 
show the full extent of wastes produced by the mining 
and quarrying industries).  The table on which the 
figure is based is given in Appendix C. 

The data show that the largest waste arisings (all greater 
than 100,000 tonnes) were from the animal/vegetable 
food products sector (A110); extraction of metallic ores 
(A200) in the Waikato (which includes Coromandel);  
ferrous metallurgy (A210) in the Wellington region;  
mining and quarrying of non-metals (A260) in the 
Waikato region;  the primary chemical industry (A300) 
in the Wellington region; and the production of wood 
and furniture (A780) nationwide.  Agri-culture and 
forestry (A100), the production of electricity (A170), 
and the petroleum and coal industry (A451), to name 
three, produced hardly any wastes, as recorded in these 
data.  

Commonsense and knowledge of New Zealand industry 
say that these results are not accurate.  It is obvious that 
some waste producing activities were not included in 
the original surveys, or that some activities were 
included in some regional surveys but not in others.  
The need for a national classification system to be 
adopted in New Zealand so that consistent data can be 
obtained on waste arisings is discussed in Chapter 9. 

Moreover, if a holistic approach is to be taken to waste 
prevention and minimisation, waste arisings need to 
incorporate emissions to water and air including 
gaseous emissions such as carbon dioxide and nitrous 
oxides, the so-called "greenhouse gases", and fugitive 
emissions. A mass balance approach can determine 
waste arisings where detailed analysis is limited.  
Grimshaw (pers. comm.) noted that only by 
undertaking a complete mass balance detailing every 
chemical in a process can all wastes be identified.   

 

 

3.3 The Green Economy  
It is quite clear that the New Zealand economy at 
present faces several dilemmas. In its adjustments to 
increase efficiency and competitiveness, it has produced 
significant unemployment. In a number of areas, 
businesses and firms have operated in a way that 
imposes costs on the health and safety of people and the 
environment. In addition, many consumers do not 
consider the disposal costs of their purchases and so 
accept goods that may have short lifecycles with limited 
design for reuse and recycling. 

The issues of further restructuring our economic system, 
therefore, need to increase efficiency and growth to 
generate employment and avoid environmental costs. 
Two approaches are discussed here, the first presenting 
the theoretical background, the second presenting the 
steps needed for dealing with the market in wastes.  

 

Greening the Market Economy  
The Ministry for the Environment is investigating a 
strategy for "Greening the Market Economy". The 
approach is based on taxing resource use as an 
alternative or partial substitute to the present taxes on 
income. Taxing resource use also acts to internalise 
many of the costs on the environ-ment that at present 
firms and businesses ignore.  

Taxing resource use is done by employing economic 
instruments (pollution taxes etc) as alternatives to 
regulatory controls. The Minister for the Environment 
has the function of considering the use of economic 
instruments to achieve the purposes of the Resource 
Management Act 1991.  

Economic instruments, however, are not a panacea. A 
mix of economic and regulatory instruments is 
necessary to most effectively and efficiently meet both 
environmental and economic objectives. Economic 
instruments, also, need to be carefully designed if they 
are to be workable, cost-effective, and avoid perverse 
effects.   
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Figure 3.1: Waste Arisings by Activity in New Zealand  
 

 
 

 

 

The impact of economic instruments and their cost-
effectiveness can depend on factors such as whether or 
not different criteria are used for investment decisions in 
different firms or sectors.  If economic instruments use 
the tax system, their introduction has to be consistent 
with overall tax policies.  

Taking a systematic approach to the application of 
economic instruments, while correcting other 
environmentally damaging distortions in the economy, 
leads to the "Green Market Economy" or more simply a 
"Green Economy".  The "Green Economy" is an 
approach that seeks to improve the operation of markets 
rather than displace them.   The goal is to achieve the 
same levels of environmental quality, but in a more 
flexible way and at a lower cost to the economy than by 
using only regulations.  

 

Greening the Waste Market  
The existing waste market in New Zealand is highly 
imperfect. A host of hidden cost subsidies support 
disposal (what the hierarchy of principles for waste 
management describes as the "option of last resort").  It  
will be necessary to address market pricing failures 

before expecting broad adoption of waste prevention and 
minimisation practices.  

The failure of waste producers (including households) to 
pay the real cost of waste disposal is the single greatest 
barrier to waste prevention and minimisation.  For 
example, charges for the disposal of wastes to landfill 
need to include the cost of pollution monitoring, 
leachate treatment, capital costs of the replacement 
landfill, landfill gas control, and the closure costs 
associated with the landfill site.  As long as there is no 
clear market price signal which reflects the true life-cycle 
cost of disposal as compared to reduction and recycling, 
no minimisation scheme will achieve its full potential.  

In most of New Zealand the ratepayer subsidises waste 
producers. Moreover, the costs to the community and 
the environment from poor waste management practices 
are not directly accounted for.  

New Zealand's reliance to date on centralised supply-
side solutions to resource problems has damaged this 
country's economy and exacerbated natural resource 
depletion.  If positive environmental outcomes are to be 
achieved, there must be a move away from reliance on 
centralised supply-side solutions in favour of demand-
side management strategies.   End-use demand-side 
management is one of the few resource management 
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mechanisms which effectively avoids and mitigates the 
effects of waste contaminants as required by the 
Resource Management Act 1991.  Such a move is a 
fundamental paradigm shift in the way we perceive the 
solution to the "waste problem".  

New Zealand's efforts in waste management have been 
totally supply driven.  Local authorities have provided 
bigger and bigger holes to bury an ever growing 
quantity of rubbish.  The solution to the growing 
amounts of rubbish is not to provide a bigger, safer hole 
and hope the problem goes "away", because this is 
clearly unacceptable.  

New ways of managing waste need to be developed.  
Production of wastes should be avoided wherever 
possible.  All reusable and recyclable products should 
be carefully separated. Organic material should be 
returned to the earth.  Hazardous wastes should be 
minimised and, if at all possible, completely avoided.  
Whatever residual wastes are left should be carefully 
disposed so as not to harm future generations. 

Such a waste management system can only be achieved 
if all people participate.  Thus the programmes to 
promote responsible waste management, almost by 
definition, must be demand management based.  There 
are several design principles for end-use demand 
manage-ment programmes.  

• A guiding design strategy for demand management 
programmes is to directly link the programme to the 
resource consumer. The more the proposed 
programme integrates with the activities of the end-
use consumer, the more successful the project will 
be.  

• Consumers/end users must be provided with 
comprehensive information on the total life-cycle 
costs of a product and direct and indirect 
consequences of using that product.  

• Programmes must have a "human scale". Each 
individual must be able to identify directly with the 
desired outcomes of the programme and know that 
they are capable of making a positive contribution.  

• Positive consumer/end use behaviour needs to be 
effectively reinforced so that change becomes 
permanent.  This reinforcement can take many 
forms, e.g., lower rates, prizes, awards, recycling 
revenue going to community groups, etc.  

• Programmes must be internally accountable. It is 
essential to establish a statistical baseline at the 
beginning so that success or failure can be 
measured against that baseline.  

As the dominant reliance is placed on end use/consumer 
actions in demand-side prog-rammes, it is imperative 
that the "market place" is free of hidden distortions.  
Barriers to the effective operation of the market must be 
identified and redressed.  

Market dysfunctions can exist in micro- and macro-
economies alike. An example of a local microeconomic 

market failure happens when a local authority charges 
all people the same for rubbish disposal irrespective of 
use.  Small users are subsidising larger users.  

On a macroeconomic level the damage done to the 
natural environment in the full production of a product 
is not included in the price of that commodity. For 
example, the true real cost of electricity generated from 
fossil and nuclear fuels in Germany has been calculated 
as double the existing cost when all environmental 
costs are taken into account.   

If the consumer does not pay the full real cost of a 
product or service (i.e., waste disposal) then demand 
management programmes will not be as effective.  
Therefore the task of enhancing the effective operation of 
the market is the goal for all demand management 
strategies.  

Demand management programmes, whether at national 
or regional level, need to be directly linked with 
consumers. For example, the setting of performance 
standards for manufactured products (e.g., requiring the 
labelling of plastics with a recycling code) can only be 
equitably established at the national level.  However the 
monitoring of those standards is best left to local 
authorities who have a better understanding of how 
standards can be supported in their community.  

The community must therefore be empowered with the 
knowledge of how to identify materials that can be 
reduced and/or recycled in order to implement 
successful reduction and recycling programmes.  The 
information must be compre-hensive and simple.  

Existing community networks provide low-cost 
effective mechanisms for informing people of their waste 
management responsibilities.  Implicit in the use of 
community networks is the use of schools.  The 
community's children are able, ready, and willing to 
assist with the re-education of the older generation. 

If people are to source-separate their wastes they need to 
know their efforts are worthwhile.  They need to be 
rewarded.  Proposed community based recycling 
schemes would create a "positive feedback loop".  
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4  PRIMARY SECTOR  
 
 

The primary sector produces the largest part of New 
Zealand's export earnings. This chapter looks at waste 
prevention and minimisation in this sector, 
concentrating on those industries that turn our produce 
into products.  Some material has been taken from a 
study of the opportunities for waste reduction in the 
New Zealand process industries (Fricker, 1990).  A 
number of case studies of successful New Zealand 
examples of waste reduction are presented.  

 

 

4.1 Farming 
For the year ending June 1989, products derived 
from animals reared on New Zealand farms earned 
about NZ$8000 million.  In addition they made a 
substantial contribution to the domestic economy.  
In terms of numbers of animals, this represented 
64.6 million sheep, 8 million cattle, 0.4 million 
pigs, 0.6 million deer and 1.3 million goats.  
Poultry numbers are no longer available. 

Animal products can be divided into the following 
groups:  

• meat and meat products, including edible offal, 
poultry  

• hides, skins, pelts  

• tallow, casings, rendered blood and meals, 
other inedible by-products such as glands  

• pharmaceutical and biochemical products, and 
animal sera and other blood products  

• wool and hair  

• dairy products  

• casein and caseinates  

• eggs.  

Sources of animal wastes (and their disposal) have been 
summarised in a paper produced by the Ministry of 
Agriculture and Fisheries (1991) (see Figure 4.1).  

Animals on pastoral farms produce faeces and urine 
which are excreted on to pasture.  Dead animals if found 
are either buried or removed for processing; those that 
are not found decompose naturally or are scavenged.  In 
some places farm runoff causes pollution, one example 
being Lyall Creek behind the Kaikoura township.  Here 
the in-stream coliform count is high, and the creek 
presents a danger to public health.  More information 

on such non-point sources of agricultural wastes is 
found in  Part  5: Waste Management in Relation to 
Water Supplies. 

In New Zealand intensive farming is used mainly for 
pigs and poultry, although cattle and sheep feedlots are 
used occasionally.  Such feedlots require the animal 
wastes to be managed without contamination of land 
and water.  The charact-eristics of wastes arising from 
these point sources — feedlots, piggeries, dairy farms 
and silage stacks — and their management, are 
discussed in detail in Part 5: Waste Management in 
Relation to Water Supplies. 

The ultimate in recycling for pig manure was reported 
recently (Spinks, 1991).  Dutch biotech-nologists have 
used genetically-modified bacteria to convert the most 
polluting part of pig manure, ammonia, into a harmless 
protein, lysine, which can be fed back to pigs.  The use 
of lysine also reduces the amount of ammonia-
producing nitrogen, phosphate and potassium needed in 
the feed, thus further reducing pollution from the 
manure.  The process is expected to be in commercial 
operation by 1994.  

 

 

4.2 Meat Processing 
In 1989 9.7 million frozen sheep carcasses, 30.3 
million frozen lamb carcasses and 0.3 million 
tonnes of beef were produced. The industry 
employed about 30,000 people in 1988 in about 
320 works of which 50 employed more than 100 
people.  

Some meat processing works in New Zealand discharge 
wastewaters containing substantial quantities of animal 
products either to a sewer or to the sea.  Smith (1991) 
has researched the potential for upgrading the processing 
of meat wastes into value-added products, chiefly in the 
biochemical area, and estimates that the 1990 year will 
see the export earnings increase from $33 million to 
$50 million in this area. The Meat Industry Research 
Institute of New Zealand (Inc) is developing some of the 
product routes.  
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Figure 4.1: Integration of Animal Wastes into the Food Chain  
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The solids that are greater than 0.5 mm in size 
represent some 7 to 9 percent of the carcass weight and 
can be recovered by the use of modern wedgewire 
trommel screens.  For a typical meat works processing 
12,000 lambs/day and 350 beef/day, it is estimated that 
the recovery of solids by screening can yield between 20 
to 25 tonne/day of solids which can, by processing, 
become tallow and meatmeal to add to the products 
already produced from rendering of inedible wastes.  
Case Study 4.1 considers the savings that can be made 
for an export works. The extent to which each export 
works recovers by-products for manufacturing into 
edible and inedible products and for upgrading into 
pharmaceutical and biochemical products is quite 
variable.  

Further recovery of solids can be achieved through 
physico-chemical treatment of the wastewater such as 
plants in Wairoa, Mataura and Christchurch.  A 
treatment plant of this type could yield a further 10 to 
13 tonne/day of an animal feedstuff supplement 
comprising 60 percent fat and protein.  

The installation of screens for the wastewaters and the 
handling and storage of the screen solids is New 
Zealand-developed technology which has also been sold 
overseas. The processing of the recovered solids has 
placed demands on the works such as the need to plan 
for two different grades of tallow, and altering the 
rendering of hard and soft offals.  

The majority of the animal organs removed from the 
carcass are classed as inedible and are processed by heat-
rendering into animal feedstuffs and tallow.  Some 
material may be used for pet food (in addition to 
animals slaughtered expressly for pet food).  However, 
New Zealand has developed several processing plants 
that take an inedible product and upgrade it into 
biochemicals.  

One example at NZ Pharmaceuticals Ltd, Palmerston 
North is the use of bile from gall bladders to form 
cholic and deoxycholic acid.  Another example is the 
processing of blood into Bovine Serum Albumin 
utilising ion exchange resins developed in New Zealand 
at Massey University. Normally, whole blood is 
collected in a works and processed into a dried product 
for use in animal feedstuffs or fertilisers.  However, 
utilising clean collection systems, the blood can be 
kept sterile and used to manufacture highly valued 
biochemicals.  

A recent scale-up of a pharmaceutical plant to 
manufacture animal vaccines in Upper Hutt will, when 
completed, take 300 tonne/year of beef meat to produce 
a range of vaccines by anaerobic fermentation methods.  
This plant could earn some $30 million/year in exports 
which is an upgrading in value of some 100 times.  

Meat wastes can also be composted for use as a soil 
conditioner or fertiliser.  The acceptability of this 
process, as an alternative to heat rendering or burial, is 
being examined (Ministry of Agriculture and Fisheries, 
1991).  

4.3 The Dairy Industry  
Dairy products provided about 20% of New 
Zealand's export income in 1991.  The sector 
employed about 38,000 people (of whom 8000 were 
employed in producing dairy products) in 1988. 
There are 13,593 herds with an average size of 
157.2 cows, prod-ucing 22,442 kg of milkfat per 
farm per annum (305 million kg of milk fat in 
total).  

The New Zealand dairy industry is a world leader in 
low-input farming technology and in milk processing 
technology, and is highly motivated to increase yield 
by reducing waste. 

As the dairy industry is a major New Zealand employer 
and export earner, the detailed results of this study will 
be directly relevant to a large audience. The principles 
used by the dairy industry for waste management and 
minimisation, e.g., their audit processes, may well be 
applicable to other industries.  

Aspects of waste reduction in the dairy industry are:  

• A resource is being wasted if the maximum amount 
of grass is not turned into milk and then saleable 
product.  

• Wastes produced include: effluent, time (farmer, 
machinery running, and potential cow eating time), 
water, cow stress/disease assoc-iated wastes, 
cleaning chemicals, contaminated or degraded milk, 
fertiliser-leaching losses, used containers and 
dispensers, methane, CO2, energy, spilt or non-
recoverable product, off-specification product, 
packaging.  

• The  use  of  audit  processes  is  designed  to  
identify potential  wastage. This  process  is well 
defined and implemented in the manu-facturing milk 
plants (standard loss models etc).  It is less 
formalised and less effective in  the liquid 
consumption industry or on-farm.  

• Benefits to the industry are increased product usage 
and, presumably, greater profitability.  
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CASE STUDY No 4.1:  MEAT PROCESSING WORKS 
 

Summary 
This case study considers the savings that can be achieved for a 4 chain lamb and 350 beef/day export 
works in simply screening its wastewater to recover protein and fat materials for rendering into tallow and 
meatmeal and bonemeal products.  A payback of one year and enhanced environmental benefits are 
achieved. 

 

Highlights 
• installed capital cost of $0.7 million for wastewater screening and solids handling 

• payback period of 1 year 

• greater export potential of by-products 

• savings in wastewater disposal charges 

 

Aim of the Project 
The aim of the project is to economically recover useful by-products from wastewaters in order to meet 
resource consent conditions.  The techniques are established in the meat industry in New Zealand and are 
to be implemented in a manner giving the highest value by-products consistent with the ease of 
maintenance and plant operation. 

 

The Principle 
The wastewaters in a meat processing works contain meat scraps, suspended and dissolved solids from the 
various by-product departments, and these generally flow by gravity into a common discharge drain.  
Wherever possible, the solids are recovered near to their source so as to segregate the wastes and reduce 
the contamination from other wastes.  The continuous screening operations using wedgewire trommel 
screens recover wet solids that are transported to the rendering plant where they are mixed with the bone 
and meat scraps from other operations to produce tallow and meatmeal products. 

 

 
 

Wedgewire Screens on Meat Processing Wastewaters 
(Contra-Shear Ltd., Brochure) 
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Description of the Situation 
Sheep, lamb and beef animals are slaughtered and processed in custom designed facilities to remove skins 
and hides, blood and the various organs, to produce carcasses and meat for fresh, chilled and frozen 
products.  At each stage of processing, the waste products are conveyed away by water and eventually are 
collected into a common discharge from each department, and from the works. The wastewater contains 
suspended materials and dissolved solids and a first stage treatment usually involves screening to 
approximately 0.5 mm gap width in wedgewire screens. This will usually meet resource consent conditions 
for coastal discharges that do not have bathing beaches in the immediate environs.  

 

Project Details 
The selected wastewater streams are screened by wedgewire trommel screens, and the solids conveyed to 
the raw material feed hoppers ahead of the rendering department.  The rendered material comprising liquid 
tallow is refined into the desired grades and the solid material passes to the meatmeal or meat and 
bonemeal department for bagging or bulk storage. 

 

 
 

Results 
Product Additional Solids 

Recovery Rate 

Wet Solids ex Screens 60,000 kg/day 

Meal  15,400 kg/day 

Tallow  2,600 kg/day 
 

============================================================================= 
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• Benefits to the environment are:  better water 
quality, better animal health, and fewer extern-alities 
to the milk production system.  Benefits to society 
and the economy are: less cost of treating process 
externalities, and more saleable product for overseas 
exchange.  

Wastes in the dairy industry are considered from initial 
input — grass — through to the consumer-ready 
product.  The overall focus is the most effective way of 
achieving waste reduction at source for the milk stream.  
In addition, time has been included in the on-farm 
section, as an important element that can be wasted.  
Energy has been identified as an area of potential 
wastage, but has not been included because of its 
complexity.  

The overall process was considered to be:  

grass ➞cow ➞shed ➞ tanker ➞ factory ➞ store 
➞ ship  
This has been split into three production (and therefore 
waste prevention and minimisation) areas:  

• grass to shed 

• tanker to factory 

• store to ship. 

Mass balances have been carried out where possible on 
the stage by stage basis shown above to identify: 
inputs, desirable outputs, wastage and waste materials 
(shown below as a flow chart).  

 

 
 

By following a mass balance approach, areas where 
significant savings can be made will be recognised.  
The most appropriate means for continued technology 
transfer of waste prevention and minimisation practices 
can be developed as a result of the case study and mass 
balance exercise.  

 

The Dairy Industry — On Farm  
Industry average figures have been used to identify areas 
of potential resource savings.  The objective is for 
farmers to compare actual use of resources with industry 
averages.  This will enable a (somewhat primitive) 
audit to be carried out for loss monitoring purposes.  If 
this process is designed properly, the industry average 

figures can be refined over time. It could also be adapted 
to subgroups within the industry. 

Further study is required to determine more detail on 
inputs and wastage variables.  Further study would also 
be of benefit to develop loss monitoring and waste audit 
programmes for on-farm use.  These would need to 
incorporate techniques for developing the data and 
keeping it up to date.  They would also have to be 
flexible enough to allow for regional differences in 
farming practice (e.g., the need to irrigate in Wairarapa 
and Canterbury).  

Reasonably accurate information is required in a number 
of areas:  

• A systems study, showing inputs and outputs on an 
average farm  (a more sophisticated version of what 
has been attempted for this study).  

• Literature search for site-specific race design and 
cowshed siting information for farm layout.  

• A study of the problems associated with inaccurate 
application of mineral supplements compared to the 
actual requirements in terms of toxicity to animals 
and the environment.  

• Wastage of water in irrigation of dairy pasture (and 
energy wastage in pumping it).  

The process of on-farm milk production was further 
divided:  grass to cow, cow-related factors, cow to 
cowshed, cowshed-related factors.  All the milk 
production factors for each of these phases were 
identified: inputs, outputs, processes, and the factors 
that affect them.   

 

The Dairy Processing Industry  
The dairy processing industry has an advantage in that 
all components of the wholemilk can be converted into 
saleable product.  Some 92 percent of milk production 
is used as manufacturing milk with liquid consumption 
using the remaining 8 percent.  Figure 4.2 shows the 
various stages in milk processing from farm to packing.  
Note that 19 companies process manufacturing milk, 
whereas 33 companies process town milk.  

 

Manufacturing Milk Industry  
Waste prevention and minimisation in the 
manufacturing dairy industry depends on the following 
factors:  

• The desire to maximise return from components of 
the wholemilk produced on-farm.  

• Industry remaining competitive on the international 
market.  

• Realisation that all components of the wholemilk 
can be utilised rather than having to be treated as 
wastewater, i.e., a loss in yield results in increased 
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wastewater treatment costs and possible 
consequential effects on the environment.  

• 1 kg BOD5/m3 wastewater being roughly equivalent 
to a 1 percent loss of wholemilk received at the 
factory. 

• Industry realising that to increase yields, the various 
loss streams have to be monitored.  

• Extensive monitoring undertaken to minimise 
energy usage including heat recovery systems.  

• Product quality not deteriorating by using waste 
prevention and minimisation techniques.  

• Although all processing plants have unavoidable 
losses, these losses are reduced by building plants 
with higher throughput and longer processing hours 
to reduce losses from startups and shutdowns.  

Any control program must focus on product loss, water 
loss, packaged material loss and energy loss. The 
means for calculating yields incorporating losses is 
given in Appendix D of this part of the report. 

Sources where losses do occur and areas where waste 
prevention and minimisation techniques can impact are:  

• Spills and leaks;  

• Milk and product remaining in plant after use;  

• Processing losses;  

• Waste of surplus material.  

Other potential wastes include material resulting from 
overflows, and from startup and shutdown of 
pasteurisers, heat exchangers, evaporators and 
separators.  These potential wastes may be recycled in 
the manufacturing process or, if hygienic collection 
methods are not possible, used as an animal feed.  

Box 4.1 shows the steps required to minimise such 
wastes in a milk processing plant, once losses are 
known and quantified and provided the corrective 
measures are economically justified.  Note that by-
product utilisation is a major factor in reducing losses 
and effective methods of processing by-products must be 
used (Barnett, 1990). 

Correct production scheduling can help minimise waste 
by eliminating over production, as can minimising the 
number of startups and shutdowns required on waste 
generating operations.  There should be sufficient 
supply of raw material for the process to avoid 
unnecessary cleanups between production runs.   

Effective quality control will also help to minimise 
waste by reducing the quantity of returned product, 
reduce fouling on specialised equipment (membrane 
processing) and minimise the need for recycling or 
reprocessing product which is out of specification. 

Many equipment processes and systems improvements 
can be made with dairy plants for better control and 
yield improvement. The most common engineering 
improvements include automated cleaning systems, 

product recovery lines and automated process systems. 
The use of automated systems requires superior 
maintenance and well-educated plant operators to fully 
realise the system benefits.  Improper operation of 
automated recovery and control systems can actually 
increase wastes and decrease yields.  

A considerable quantity of raw material can be wasted 
during commissioning of new plants.  To minimise 
this wastage it is imperative that commissioning of new 
plants does not occur near the peak of the manufacturing 
season.  

 

By-products 

The by-products of the dairy industry are now fewer in 
number if not in volume.  Skimmed milk from the 
production of cream and butter was at one time returned 
to farms for animal feed but is now considered an 
integral product - either as a raw material for the 
manufacture of skim milk powder or casein or for a 
number of new products.  At one stage all whey 
produced was used as an animal feed, applied to land as 
a fertiliser or required disposal.   

Today's technology enables a wide range of products to 
be manufactured.  Removal of water by evaporation 
produces concentrates for use as whey cheese, recovery 
of lactose, or for  incorporation in other foods or animal 
feeds.  Dried whey powders have many uses including 
the production of non-hygroscopic powders.  Whey can 
be separated into its components, protein, lactose and 
minerals, by a number of processes.  Further 
sophisticated technology involves the modification of 
the whey constituents by chemical or microbiological 
methods to produce a bewildering array of foods and 
chemicals.   
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Box 4.1: Waste Prevention and Minimisation in a Milk Processing Plant 
 

 

Farm Gate to Manufacturing Site.  

1. Schedule tankers to ensure efficient use of transport. 

2. 24 hour use of tankers results in fewer full Cleaning In Place (CIP).  

3. Correct operation of all valves and seals to prevent spillages.  

 

Milk Reception  

1. Emptying of tankers — must prevent water entering milk and excess milk going to the 
wastewater system.  

2. Pipework and pumping should be designed to minimise damage to milk components and to 
minimise milk components lost to the wastewater during cleaning.  

3. All milk reception areas should be covered to allow stormwater to be treated separately to 
contaminated wastes.  

4. Tankering of cream has the potential to increase wastage. 

 

Milk Treatment  

1. Milk quality is important to ensure maximum yields are obtained from the wholemilk 
received on site.  This requires storage of any milk at the correct temperatures and holding 
for the minimum time before processing.  

2. Process design is important to minimise losses when cleaning pipework.  

3. Energy savings on pasteurisers and heat exchangers.  

 

Milkfat/Butter  

1. Process Design/Automation. 

2. When vacreating off cream, prevent contamination of vacreator tailwaters.  

3. Minimise losses to wastewater at cleaning.    

4. Butter/anhydrous milkfat/high milkfat containing product — extreme care needed at startup 
to get product composition correct.  All preliminary product should be able to be recycled.  
No leakages or spillages — if there are any then they can be recycled.  There should be no 
leakages during processing.  Extreme care must be taken around the product packing area 
especially when producing pats rather than bulk butter.  Moisture control of product is 
critical.  Attention paid to overweight packs.  

5. Buttermilk can be made into buttermilk powder provide there is a market for it.  
Specifications on buttermilk powder therefore must ensure that milkfat is in the butter not the 
butter milk powder.  

6. Cleaning of all product lines — should flushed to product recovery silo prior to CIP 
commencing.  This includes packaging equipment.  
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Box 4.1 (Cont.) 

 

Casein  

1. Pasteurisation temperature critical to maximise protein content of the skimmilk.  

2. Precipitation at correct pH results in optimising the yield.  

3. Curd washing system critical to amount of water used.  

4. Losses to the whey and washwater can be controlled by processing variables.  

5. Some but not all the whey is processed.  Some whey processing operations can result in 
difficult-to-treat wastes.  Whey processing involves high capital and operating costs.  If 
product returns are low it is difficult to justify a whey processing plant.  

6. Washwater is currently disposed.  With work being undertaken to reuse washwater it 
maybe possible to recover the protein and reuse it.  Problems may occur with the 
microbiological condition of the recovered protein.  

 

Whey Processing  

1. Attention must be paid to the raw material, both quality and value.  

2. Design and maintenance of process plant vital in minimising losses.  

3. Losses during cleaning can be minimised.  

4. Losses of powder occur to the atmosphere, and blending and packing systems.  

 
At present in New Zealand 55.1 percent of the whey is 
fully processed and 3.7 percent of the whey is partially 
processed.  There is also a ready market for some of the 
non-processed whey or partially processed whey, as a 
fertiliser replacement and as a liquid animal food.  
However, current whey processing technology is very 
capital and energy intensive.  Consequently, the market 
returns must be able to finance the operation before a 
whey processing facility is built. 

Once the whey on a site is fully processed the next loss 
stream to be considered is the casein washwaters.  
Considerable effort has been expended to reduce the 
quantity of water required to wash the curd.  At one 
stage, the washwater ratio in a casein plant was 0.6 to 
1.  With current equipment this can be reduced to 0.3-
0.4 to 1.  Projects are proposed which look at reusing 
the casein washwater. This not only reduces the water 
input to the plant but may also allow for the recovery of 
casein protein.  

 

Cleaning Chemicals 

The chemical usage for cleaning of the plant is also a 
very important factor in waste prevention and 
minimisation and economics.  The two major 
chemicals used in the New Zealand dairy industry are 
sodium hydroxide and nitric acid.  Extensive work is 
carried out on all plants to ensure only as much 
chemical as required is used in each cleaning cycle.  To 

this extent, strengths of cleaning solutions, timing of 
rinses together with microbiological testing of the first 
product through the plant not only helps to minimise 
chemical usage but also ensures the plant is 
hygienically clean.   

Some plants have a reuse Cleaning In Place (CIP) 
system.  In these systems the cleaning agent, usually 
caustic, is used for one to two weeks prior to being 
discarded to the wastewater system.  The caustic 
strength and microbiological quality are monitored 
regularly and at present the systems are only used once 
the processing plant has been initially well-rinsed with 
water.  Computer systems have been developed to 
ensure only the minimum quantity of chemicals is 
used.  

 

Loss Monitoring 

Most companies have their own loss monitoring 
systems to monitor yield on a daily basis.  These are 
incorporated in a daily reporting system, which as well 
as taking into account the liquid losses, looks at pack 
weights and product composition.  These losses are all 
related back to the quantity of material contained in the 
raw product, whether it be milkfat, protein or lactose.  
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Figure 4.2: Stages Involved in Milk Processing 
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In recent years the New Zealand Dairy Board has 
introduced a system of standard costing whereby the 
manufacturing companies are paid for the product they 
make assuming a standard yield and standard losses.  
The manufacturing cost takes into account efficient 
energy usage.  The standard losses are set by the 
Effluent Technology Section of the New Zealand Dairy 
Research Institute for a well-run plant using the current 
appropriate technology.  The process equipment must 
have been used for a minimum of three years before it 
can enter the model.   

This procedure has seen the larger companies installing 
new equipment and looking at the operation of their 
current processes to obtain lower losses than those set 
in the model and hence gain a commercial advantage.  
Again the cost of the equipment or modifications must 
be weighed against the yield improvement obtained.  
When this system was first introduced, many 
companies believed that the losses set were 
unachievable.  There are now many sites which are 
consistently achieving yields better than those in the 
models.  These losses are constantly reviewed to ensure 
the competitiveness of the New Zealand dairy industry.  
For example, a 1 percent increase in yield on a standard 
wholemilk plant results in increased revenue (1990/91 
returns) of $300,000 per year.  

Case Study 4.2 shows one example of waste and 
pollution reduction from the fuel used at the Te 
Awamutu dairy plant.  

 

Liquid Milk Industry  
The liquid milk market constitutes 8 percent of the 
wholemilk production in New Zealand and, prior to the 
deregulation of the liquid milk industry, consisted of a 
number of small independent plants located throughout 
New Zealand.  Since deregulation the liquid milk 
industry has become closely aligned with the 
manufacturing dairy industry.  This, and the decrease in 
the number of plants and consequential increase in size 
of the processing plants, has seen an increased 
awareness towards the minimisation of waste.  

The liquid milk industry in New Zealand in the past 
has not installed monitoring equipment to determine 
losses.  This can be attributed to a lack of awareness, 
the short production runs and variety of products being 
manufactured, and, as most plants are situated in an 
urban area, wastewaters being discharged to the district 
sewerage scheme.  The situation is changing with 
monitoring equipment being installed in the larger 
plants.  

 

 
 
CASE STUDY No 4.2: SULPHUR DIOXIDE EMISSIONS FROM A COAL FIRED 
BOILER AT ANCHOR  PRODUCTS LTD, TE AWAMUTU DAIRY FACTORY 
 

Summary 
A dairy factory reduced sulphur dioxide emissions due to the combustion of Pirongia coal which contains 
approximately 3 percent w/w of sulphur. 

 

Description of the Situation 
In 1985, a new boiler was installed to supply steam to the expanded Anchor Products Ltd dairy factory at Te 
Awamutu.  A decision was made to minimise sulphur dioxide emissions from the new boiler because the 
available fuel, Pirongia coal, has a relatively high sulphur content of 3 percent w/w. 

A fluidised bed boiler was selected.  The high sulphur coal is burnt in a bed of limestone (CaCO3), which 
calcines to calcium oxide (CaO) and then reacts with the sulphur dioxide (SO2) to form calcium sulphate 
(CaSO4).  The limestone prevents the emission of approximately 75 percent of the sulphur in the coal.   

Sulphur dioxide emissions are therefore comparable with, or less than, emissions from conventional boilers. 
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Operating Parameters 
Item Conventional 

Boiler 

Fluidised Bed 

Boiler 

Steam (tph)   45 45 

Coal (tph)    8  8 

Sulphur Dioxide Emissions 

- Flow (kg/h) 

- Concentration  (mg/Nm3) 

 

 230 

4600 

 

  60 

1200 

Limestone  Addition (tph) - 1.7 

Ash and Spent Bed Material  
(tp
h) 

0.4 2.1 

 

Project Details 
The fluidised bed boiler generates approximately 2.1 tph ash and spent bed material,  which was originally 
disposed to landfill. 

Following a subsequent development, the solids are now mixed with a small amount of water to 
agglomerate the waste and sold to a company which markets the material as a low-cost fertilizer for sulphur 
deficient soils in the central North Island. 

 
============================================================================= 
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Getting the Product to Market  
Most loss reduction techniques used by the New 
Zealand Dairy Board for product storage and handling 
revolve around ensuring specifications are right, and 
avoiding handling error.  There are standard dry and 
cool storage protocols and monitoring systems.  
Training is also considered important.  

Product stored at dairy company stores is ordered out 
by a computer-generated order related to the sales order 
which clearly defines the product specifications that the 
buyer has asked for. 

The Board has container specifications that the shipping 
companies have agreed to supply to, and these are 
maintained by a check-list system which the Board 
operates.  Any unsuitable containers are rejected by the 
dairy company staff.  The most common causes for 
rejection are odours, leaks, faulty door seals and 
residues from previous cargoes.  

Conventional vessels are checked for suitability by the 
Board's Quality Surveyors prior to loading.  The 
surveyors also monitor the loading of vessels to ensure 
damage is kept to a minimum and that the correct 
product is being loaded.  

The Board operates a complaints system where all 
customer complaints are recorded, their causes traced 
and follow-up procedures implemented, to ensure there 
will not be a recurrence.  

 

 

4.4 Wool 
New  Zealand is the largest  producer  of  strong  
wools, contributing between 25 and 30 percent of 
the world total, and is also a major producer of 
slipe wools (wool produced from pelts during 
fellmongering).  Although the New Zealand sheep 
flock is  the fourth  largest in the world, its raw 
wool production is second on a clean-mass basis.   
This is due to high clip yields and lower quantities 
of grease and other contaminants in the wool.  
Total wool production was 0.3 million tonnes in 
1989.  

Effluents from the wool scouring industry present 
considerable treatment and control problems, and the 
chemicals used can impact on the environment if they 
are discharged to waterways.  Lanolin is a by-product 
recovered from wool scours.  At one stage an ion-
exchange process was investigated for recovery of 
potassium salts, but the process has not been 
implemented.  Sludges from the treatment of woolscour 
effluent can be burnt and the ash used as fertiliser.  

The Wool Research Organisation of New Zealand (Inc) 
(WRONZ) has identified three waste streams for 
minimisation:  

• Liquid wastes from wool scouring and wet 
processing.  The most severe problem in this 
category is the pollutant load from wool scouring.  
WRONZ developed a rationalised system for wool 
scouring (the WRONZ Comprehensive Scouring 
System) which, among other things, aimed to 
minimise the volume of high-solids effluent and 
maximise the grease recovery (Stewart et al., 1974).  
This system has been refined over the years, and 
recently WRONZ patented a WRONZ System 
Mark II, which substantially improves the liquor-
handling loop.  An aim of current research is the 
further improvement of grease recovery by modified 
centrifuge operation (Jamison & Whall, 1986; 
1988). WRONZ has also done  work in the 
reduction of pollution from carpet yarn scouring 
using improved liquor-handling systems.  

• Waste wool reuse.  The textile industry produces a 
sizeable amount of waste wool - perhaps up to 5 
percent of the wool input.  A considerable body of 
WRONZ work is aimed at processing efficiency to 
minimise the quantity of waste created in the 
mainstream processing operations (carding, 
spinning, tufting, etc.).  There are established ways 
of recycling much of this waste, but WRONZ has 
looked at improving the systems for recovery, and 
reusing it so as to retain more of the value of the 
waste stream.  The WRONZ Brass I system for 
waste recovery typifies efforts in this area (Carnaby 
& McFarlane, 1989).  Products such as neps for 
yarn effects are also high-value products which may 
consume waste wools (McFarlane & Hamilton, 
1990). Reeve (pers. comm.) suggested that one 
possible use for waste wool is in insulation.  

• Solid wastes from dirty and daggy wools. These 
seem to be in quite high demand as a fertiliser.  
Research in this area usually relates more to the 
quality of the recovered wool, but some scourers 
and merchants appear to have developed this 
fertiliser market in a relatively sophisticated manner 
making a pelletised product.  

 

 

4.5 The Forestry Industry 
Wood flows are currently about 12 million cubic 
metres and expected to double in 10-15 years 
(Anon, July 1991a).  Raw logs return $100 per 
cubic metre, mdf (medium density fibre) board 
about $380 per cubic metre and wood pulp about 
$600 per cubic metre.  Production of roundwood in 
1989 comprised 0.36 million cubic metres from 
natural (native) forests and 10.2 million cubic 
metres from plantation (exotic) forests.  This led to 
the production of some 1.9 million cubic metres of 
rough-sawn timber, 0.66 million tonnes of chemical 
wood pulp, 0.60 million tonnes of mechanical 
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wood pulp, and 0.74 million tonnes of paper and 
paperboard.  

The wood processing and products industry 
employs about 22,000 people in some 3000 plants, 
most of which employ five or less people.  Only 20 
plants employ more than 100 people.  There are six 
pulp and paper mills in New Zealand.  

 
Production and Milling  
Substantial quantities of bark, chips, sawdust and 
shavings are wasted.  A recent survey (van Wyk, 1990) 
indicates that around 10 percent of wood waste is burnt, 
and 5-13 percent is dumped.  These figures exclude 
what is left on the forest floor and contrast with those in 
Appendix C, showing that forestry wastes were not 
accounted for in previous waste surveys (refer Section 
3.2). 

Even though there are many uses for the wastes, such as 
burning for energy production, composting and using as 
mulch, the economics are unattractive.   

 

Timber Treatment  
Most (89 percent) plantation forest in New Zealand is 
radiata pine (pinus radiata), which must be treated with 
preservatives before use as timber.  About 1.4 million 
cubic metres of timber are treated each year.  The 
traditional treatment chemical, creosote, was replaced 
by PCP (pentachlorophenol) in the 1940s (Fricker, 
1990);  this has now been phased out as the imported 
product was found to be contaminated with dioxin.  
CCA (copper chrome arsenate) and boron formulations 
were introduced in the 1970s.  These chemicals are, of 
necessity, toxic not only to the life-forms that rot 
timber but also to other life-forms.  

In New Zealand around 7000 tonnes annually of CCA 
salts are used in 150 plants to preserve just over a 
million cubic metres of timber (Department of Health, 
1986).  About 7 tonnes of this ends up as a sludge 
which is usually, but not always, disposed , after 
treatment, in landfills.  

The use and disposal of treated wood has become a 
serious issue overseas, particularly in Canada (Henry, 
1990).  The overseas concerns are primarily focused on 
the disposal of PCP-treated timber that is now coming 
out of service.  In New Zealand the major problem is 
PCP-contamination at timber treatment plants (Shaw, 
1990).  This problem is currently being addressed 
through a national task force.  Perhaps there is also a 
need to examine the disposal of PCP-treated timber 
now coming out of service, and the disposal of CCA-
treated timber that will come out of service from the 
year 2000.  

To minimise such wastes in the future, Cooper (1990) 
and Ruddick (1990) believe that consideration should 
be given to:  

• Replacing treated wood with other materials such as 
concrete, metal or plastic.  Reeve (pers. comm.) 
noted that care must be taken that these materials do 
not have greater environmental impact through the 
use of more energy or resources in their production.  

• Extending the service life of structures containing 
treated wood  

• Reducing the amount of chemicals being used in 
treatment processes  

• Recovering the chemicals after use  

• Finding more specific chemicals.  

The issue of CCA-treated wood wastes has only 
recently been addressed in New Zealand (Gifford, 1989).  
There appear to be no major concerns, but an 
environmental survey of the fate of these chemicals 
seems warranted, along the lines proposed in Shaw 
(1990).  There appear to be opportunities for reducing 
waste and contamination, such as in the separation of 
waste streams, reducing the amount of waste generated 
at the mill and in sealing treatment sites.  

 

Pulp and Paper Manufacture  
The pulp and paper industry in New Zealand is based 
on wood residue use.  The industry uses the top logs 
from mature trees (which are not exportable as sawlogs), 
forest thinnings (young trees culled from the growing 
forests) and slabwood from sawmills.  Such residues 
have a relatively low value and by processing them in 
New Zealand, considerable value is added to a resource 
which would otherwise be wasted or exported in chip 
form.  

The Tasman Pulp and Paper Company at Kawerau uses 
100 percent forest residuals to make newsprint 
(Patterson, 1991).  Although waste paper could also be 
used, the processes currently available for using recycled 
fibre to make newsprint cannot compete economically, 
and possibly environmentally. 

Wood material is also used to raise steam, particularly 
for kraft pulping.  For example, the Tasman Pulp and 
Paper mill burns all of the bark and sawdust from logs 
which come into the mill to raise steam for use in the 
paper making process.  Energy efficiency has improved 
over the past four years to the point where one of the 
three boilers burning wood wastes is no longer used. 

This industry has achieved much in waste reduction, 
from both economic and environ-mental motives.  For 
example, the NZ Forest Products (NZFP) Kinleith mill 
replaced its mercury chlorine cells with membrane cells 
in 1982.  More recently NZFP has substantially 
modernised its Kinleith kraft mill (see Photo 4.1) to 
incorporate pollution prevention technology (Campin, 
1989).  The major upgrade included the replacement of 
two black liquor evaporator sets with a larger more 
flexible unit, a new low-odour recovery furnace, and the 
construction of much larger chemical storage tanks.  
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The effluent system was designed to segregate various 
process effluents.  Control of chemical spills was 
integrated into the process.   

Chemical savings amounting to 20 kg/tonne of pulp 
have been achieved.  Effluent discharge quality has 
significantly improved. Chemical losses have been 
reduced by about 7 tonnes/ day (as saltcake).  The 
annual saving in make-up chemicals amounts to about 
12,000 tonnes of saltcake.  The company claims that 
the revamped mill leads the world in process 
technology (Anon, May 1991a).  

The Tasman Pulp and Paper Company has also 
modernised its pulp mill in the last two years.  This 
has resulted in significant cost reduction, improved 
material utilisation and an improved bleaching 
sequence.  This sequence includes the use of oxygen 
delignification which has resulted in decreased effluent 
loading. The company has also invested heavily in the 
past five years in air emission and effluent reduction 
projects, leading to significant improvements.  

Case Study 4.3 illustrates the use of waste material 
formerly sent for disposal from the Carter Oji Kokusaku 
Pan Pacific pulp mill site at Whirinaki. 

 

 

 
 

 

Photo 4.1: The modern Kraft mill at Kinleith 
(NZFP Pulp and Paper Ltd - photo) 
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CASE STUDY No 4.3: REFIRING CHAR FROM A BARK-FIRED BOILER AT CARTER 
OJI KOKUSAKU PAN PACIFIC 
 

Summary 
The Whirinaki pulpmill reduced the volume of waste materials disposed to landfill at its site by using waste 
bark in its boiler. 

 

Description of the Situation 
The Whirinaki pulpmill produces slab timber and pulp for export, resulting in waste bark.  A bark fired boiler 
for 25 tph steam burns approximately 14 tph wet bark which would otherwise be disposed to landfill. 

Light char and ash from the air preheater and the cyclones in the boiler plant are disposed to landfill by 
truck.  However, in a proposed plant modification the char and ash from the air preheater will be pulverised, 
conveyed in flue gas and refired by reinjection into the boiler.   
 

Project Details 
 

 
 

The volume of the ash and char disposed to landfill will be reduced by refiring of air preheater char and 
densification of residual ash and char owing to the removal of large char particles. 

 

Project Benefits  
The combustion of the 14 tph wet bark currently avoids landfill disposal of approximately 200,000 m3/yr of 
wood waste materials.  
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With char refiring, the volume of waste to landfill will be further reduced.  The maximum output from the 
boiler will be increased by an estimated 2 percent because the refiring system will allow operation of the 
boiler at high superficial gas velocities. 

The modifications will also result in a small reduction in flue gas emissions owing to improved boiler 
efficiency when dry char replaces some of the wet bark fuel. 
 

Operating Parameters 
The estimated operating parameters for the proposed char refiring modifications are as follows : 

 
Item 

 
Original Plant 

 
Modified Plant 

Steam (tph) 25.0 25.5 

Wet Bark (tph) 14.0 13.2 

Refired Char (tph) -  0.2 

Ash and Char to Landfill   

- Density (kg/m3) 

- Mass flow (tpd) 

- Volume (m3/y) 

   155 

    16 

35,000 

   190 

    11 

20,000 

 

 

Economic Benefits 
Nominal Cost of Proposed Refiring Modifications — $150,000 

Approximate Value of Refired Char Fuel and Reduced Disposal Costs — $100,000/y 

Approximate Payback Period — 1.5 y 
 

=============================================================================== 

 

4.6 Fishing  
New Zealand has one of the world's largest 
Exclusive Economic Zones with an area of about 
1.2 million square nautical miles.  About 100 of 
the 1000 species of marine fish are commercially 
significant.  However, the fishery resource is not 
rich by world standards.  In the 1990 season the 
total allowable catch was set at 0.5 million tonnes 
of finfish and 0.16 tonnes of squid.  The domestic 
fleet landed about 0.5 million tonnes of fish and 
shellfish in 1989.  

 

Harvesting  
There are problems with fishing vessels dumping 
unwanted fish such as by-catches and less popular fish 
species at sea.  More effort should be made in finding 
uses for these fish.  

 

Fish and Shellfish Processing  
Waste material from fish processors is usually converted 
to fishmeal (Ministry of Agriculture and Fisheries, 
1991).  The majority of fish wastes in Kaikoura are 
composted.  Fish wastes  are also given to local pig 
farmers for animal feed.  

Parapine Horticultural Products Ltd in Upper Hutt is 
using a mixture of wood wastes from its timber mill 
and fish wastes to make compost.  Two years ago 
Parapine started seeking a solution to its last waste 
product, sawdust.  It decided to investigate the 
composting of this material with other wastes, but 
needed to make sure that the end product was 
marketable to the public.  Initially, treated sewage 
sludge was mixed with sawdust and composted using 
blowers to push air through the pile to maintain a 
constant temperature.  However, the sewage sludge 
came from some distance, and the marketing of the 
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product also looked to be a problem, so the experiment 
was stopped.  

Subsequently the company found out that considerable 
amounts of fish waste were being dumped.  A test pile 
using sawdust and fish waste produced good compost.  
Parapine now has contracts with four fishing companies 
in Wellington who used to dump their waste at local 
landfills.  Instead it is being turned into fish compost.  

Parapine won a 1991 Wellington Regional Council 
Environmental Award for preventing an estimated 6000 
- 7000 tonnes of fish waste and some 10,000 m3 of 
sawdust going to landfill in a year.  The company sells 
the fish compost for $12 for a 50-litre bag. Some 
240,000 bags are sold annually (about 12,000 m3 of 
compost).  The company is now looking at the 
viability of exporting its product.  

Shell wastes could also be reused.  They could be 
crushed and included with other materials for making 
compost, as they are rich in the trace minerals so 
essential for good plant growth.    

 

 

4.7 Horticulture and Cropping  
Major crops for the export market are kiwifruit, 
pipfruit (largely apples), summerfruit (stonefruit), 
and berryfruit. Kiwifruit were the biggest export 
earner for this group in 1988-89, amounting to 
55.2% of total fruit and vegetable exports.  Grapes 
are mainly grown for the domestic market and for 
wine making.  Major domestic crops are wheat, 
oats, barley, potatoes and peas.  

Besides residues from the crops themselves, other 
wastes of concern are those from the use of fertilisers and 
pesticides.  The impact of these agricultural  chemicals  
on water supplies is con-sidered in Part 5: Management 
of Wastes in Relation to Water Supplies. 

 
Fruit and Vegetable Growing and 
Packing  
Residues from growing and packing fruits and 
vegetables are an increasing problem.  For example, in 
1990 massive volumes of kiwifruit were dumped in an 
indiscriminate manner in the Bay of Plenty, resulting in 
significant pollution incidents (Anon, May 1991b). 

Kiwifruit continue to be New Zealand's largest 
horticultural export earner realising about NZ$600 
million in 1991.  The destination of fruit sent to the 
packhouse is given in Table 4.1 (New Zealand 
Kiwifruit Marketing Board). 

Some 22,000 tonnes of fruit sent to the pack-house is 
returned to the farming community as fertiliser, 
stockfood or waste.  Additional waste derives from on-
orchard culling.  Packhouses have a penalty system 
related to the level of reject kiwifruit sent.  On-orchard 
culling of such fruit before the main pick is now 
common practice.  The culled fruit is dropped to the 
ground below the vines and so is not likely to cause 
waterway pollution (Bicknell, 1991).  Further reject 
fruit results from the checking of the condition of the 
kiwifruit in the coolstores from the end of July through 
to October. This waste stream is estimated at 5000 
tonnes (Bicknell, 1991).  

 
 

Table 4.1:  Usage of New Zealand Kiwifruit Crop 
 Units : Tonnes x 103 

 1990 1991 

Crop submitted to packhouse 290 279 

Class 1 fresh fruit 260  216* 

Crop available for Australian fresh fruit 
market, processing & waste 

 30  54 

Class II plus ungraded fresh fruit  18  22 

Processing - juice, canned, dried 
other 

  4  10 

Fertiliser, stock food plus waste   8  22 

* function of grade standard and particular growing season 
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Table 4.2: Kiwifruit Processing 
Type Value NZ $ (fob) Percent 

Change 

 1989 1990 1991 1990-91 

Kiwifruit wines 1,386,868 819,476 1,214,031 +47 

Frozen kiwifruit 2,211,820 1,956,761 1,214,977 -38 

Canned kiwifruit 3,561,059 4,021,938 7,221,784 +80 

 

 
Kiwifruit processing is increasing rapidly with the 
Kiwifruit Marketing Board recently investigating a joint 
venture which could have used this season's entire 
waste stream.  Table 4.2 shows exports of processed 
kiwifruit products (NZ Department of Statistics). No 
separate figures were available for dried fruit or juices.  
However, recently a juicing plant capable of processing 
130-150 tonnes per day opened in Helensville.  

To reduce the impact of the 22,000 tonnes of fruit 
returned to farmers on landfill capacity, the Bay of 
Plenty Regional Council (1991) published "Guidelines 
for the Disposal of Reject Kiwifruit". The Guidelines 
were sent to all packhouses in the area in the 1991 
season.  The Guidelines highlight the nature of the 
problem and advise on appropriate dumping technique, 
noting that bulk-dumped fruit rots quickly, producing a 
syrupy liquid which can have a BOD5 as high as 
15,000 g/m3.  Advice is given concerning disposal 
choices, namely:  

• Stockfood:  kiwifruit can be successfully fed to stock 
although reference to the Ministry of Agriculture and 
Fisheries or a veterinarian is advised.  Fruit should 
be spread at least 20 m away from any water course.  
Bicknell (1991) indicated that in 1991 large volumes 
were fed to stock, mainly dairy cows.  

• Land spreading - fertiliser:  spreading over land 
reduces the potential for contamination of the 
waterways.  In one instance, 1000 tonnes were 
stockpiled and subsequently spread onto maize 
stubble.  

• Localised dumping sites:  this is the least preferred 
method.  In 1991 all sites had to be inspected and 
approved by the Regional Council before use.  By 
28 May 1991, requests for approval of only 6 
proposed sites had been received.  In 1992, the 
Regional Council will require a resource consent for 
any bulk dumps.  

The efforts of the Regional Council are making those 
involved in the industry aware of both the pollution 
potential and alternative disposal methods. However, 
continued investigation is needed to ensure that this 
valuable resource is better utilised.  

The waste stream of greater concern to numerous people 
in the Bay of Plenty is that of drifting toxic sprays. 
Instances frequently occur of people who believe that 
they have been poisoned.  Although some research has 
been carried out showing little risk, an analysis 
following HAZAN techniques extended to include an 
assessment of perceived risk could be warranted.  

 

Cereal Growing  
Much of the cereal grown in New Zealand is used for 
stock feed, in many cases grown where it is to be 
consumed.  Some straw is burnt, but not to the extent 
that it is in, for example, the United Kingdom.  
Alternative uses of residues are as (treated) animal feed, 
or for biogas production.   

 

Food Processing  
The food processing industry is diverse, ranging from 
fruit through to vegetables and cereals.  There is a 
continual need to utilise waste products, most of which 
go into animal feeds.   

The experience of the potato industry in the United 
Kingdom could be relevant (Fallows & Wheelock, 
1982a).  The quantity of outgrades (small, misshapen 
or damaged) and surplus potatoes is equivalent to the 
quantity processed.  There is a 20 percent potato loss 
on storage because of rotting.  Another 10 percent is 
lost from peeling and trimming, and slicing and 
washing leads to a further 2 percent loss, including 
much soluble protein.  The overall recovery is only 35 
percent.  Solid wastes are used for animal feedstuffs, and 
the water-borne wastes are usually treated.  Not only 
could some of these wastes be reduced, but they could 
be put to higher grade uses, e.g., the recovery of starch, 
and bulk and single cell protein.  

There is an approximate 30 percent "loss" when making 
white flour versus wholemeal flour, which usually finds 
other uses, including human consumption (Fallows & 
Wheelock, 1982b).  Spent grains from brewing and 
waste bread (between 2 and 5 percent of production) are 
also used as animal feed.  
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Fairly sophisticated food products from food wastes 
suitable for human consumption are beginning to 
emerge in populated industrialised countries.  The large 
quantity of food wastes available in New Zealand to 
make animal feedstuffs must depress the local market 
price to a degree where similar sophisticated products 
for human consumption and export may be viable.   

 
 
4.8 Hides, Skins and Pelts  

Hides, skins and leathers are New Zealand's 
seventh largest export earner.  One of the inherent 
strengths of the industry is the production of ovine 
(sheep) pelts (Anon, Jul 1991b).  The industry's 
profitability is being affected by deficiencies in the 
quality of the raw materials.  

Research into the reduction of tannery wastes has been 
undertaken in Australia by CSIRO (1989; Creagh, 
1991).  The Sirolime process for removing hair from 
cattle hides results in the ability to recover the hair as a 
valuable by-product for further use (fertiliser pellets and 
plant pots are two suggestions) and decreases the 
amount of waste produced compared with conventional 
hair-destroying processes.  The process also leads to a 
reduction in the time taken for tannery processing and 
hence an increase in capacity for existing facilities.  

Traditional tanning technologies discharge up to 40 
percent of the chromium consumption in wastes;  in 
New Zealand it is currently about 25 percent. Danish 
research indicates that chromium discharges can be 
reduced to 0.5 percent of the consumption, which itself 
is halved (Christiansen & Kryger, 1989).  

The non-hazardous status of chromium-containing 
wastes from the tanning industry is under review in the 
light of evidence showing a degree of conversion of 
Cr(3) to Cr(6) (Mason, 1990), although this is the 
subject of some discussion.  Substitutes for chromium 
currently under investigation include aluminium, 
titanium and polyphenols.  For example, a major 
European chemical producer has developed an 
alternative tanning agent based on titanium sulphate 
(UNEP/IEO & UNIDO, 1991a). Reeve (pers. comm.) 
noted that these are still only in limited use in Europe 
and do not improve the aesthetic properties of leather.  
Ultimately chromium in leather products has to be 
disposed, so replace-ment chemicals are needed.  
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5 INDUSTRIAL SECTOR  
 
 

The Industrial Sector is defined in Chapter 3 as 
excluding our primary processing industries, but 
including mining and mineral processing and the 
energy industries.  It includes most, but not all, of the 
activities numbered from A150 to A812 plus A940 to 
A950 in the Activities Table (refer Section 3.2). These 
industries are also included in the Department of 
Statistics New Zealand Standard Industrial 
Classification (NZSIC).  

Waste generation within these industries is generally 
very site-specific, unlike in the commercial sector.  The 
concept of waste prevention and minimisation is more 
readily grasped and the conventional economic model is 
generally appropriate. 

The opportunities for waste prevention and 
minimisation within the New Zealand process 
industries have been partially explored by Fricker 
(1990).  The concept of waste prevention and 
minimisation and many of the economic benefits to 
industry are presented, as are the procedures for 
conducting waste audits.   

Waste audits conducted on a cross-section of industries 
in the Auckland region (GCNZ Woodward-Clyde, 
1991) showed there were substantial monetary savings 
to be made by minimising waste, recycling and reuse, 
or by substituting less expensive or more effective 
materials.  

There is a big difference between the waste prevention 
and minimisation costs in rural and metropolitan areas.  
In most metropolitan areas it costs money to purchase 
water, and then more to dispose of it as waste water.  In 
rural areas a company usually has to provide its own 
water and waste services.  

There can also be a difference in approach between large, 
well-resourced companies and small companies who 
often lack innovative skills and linkages to other 
companies to undertake waste minimisation 
investigations. These companies need assistance to 
overcome their waste problems.  

This chapter provides details on a wide range of 
different industries, and includes several case studies.  
The order in which they are described is that of the 
Activities Table.  

 

 

 

5.1 Energy 
The energy industry group includes the extraction 
of coal, petroleum and natural gas, their 
processing and storage, and the production of 
electricity (Activities A150 through A174, NZSIC 
353 and 354).   

Energy is a major input into all sectors, but in the 
industry sector it is used to extract raw materials, 
within the process, and to transport goods to market.  
Conserving energy leads directly to waste reduction 
through less need for extracting raw materials, and less 
waste produced in converting them to usable forms.  In 
any "cradle to grave" approach to waste prevention and 
minimisation, energy conservation must be an integral 
part.  

 
Energy Sources and Uses in New 
Zealand 
New Zealand has renewable energy resources derived 
from the sun (solar and biomass energy), rain (water for 
hydroelectricity) and wind.   Indeed, it has been 
suggested that wood is the fuel of the future (Sims, 
1991), with tree plots of short rotation coppice trees 
yielding 20 oven dry tonnes/hectare/year.  Other 
indigenous sources of energy are coal, oil, natural gas 
and geothermal fluids.  In New Zealand about 80 
percent of electricity is generated by hydro stations, 
with 4 percent from geothermal stations and the rest 
from thermal stations fuelled by natural gas, coal or oil. 

In 1988, 176 petajoules of crude oil and 174 petajoules 
of gas were produced in New Zealand, of which 14 
petajoules of oil were exported.  Locally-produced crude 
oils make up about one third of the only refinery's 
feedstock, the rest being imported.  New Zealand has a 
unique feature in that some petroleum fuel is obtained 
from a synthetic petrol plant using natural gas as its 
feedstock.  However, the conversion of natural gas to 
synthetic petrol is only about 50 percent efficient.  

Natural gas is distributed by pipeline in the North 
Island, mainly for use by industrial and commercial 
users (25 percent of the gas produced) and domestic 
users (2 percent).  The remaining gas is used for 
electricity production and in the synthetic petrol plant 
(about a third each).  Methanol production uses about 
12 percent.  
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Energy Generation  
A study recently obtained from the Swedish 
Environmental Research Institute (Wirsenius & 
Frostell, c1990) examines the petroleum sector from 
extraction to end-use in terms of sustainability.  Mass 
and energy balances were deduced from statistical 
information for material flows and energy use from raw 
material through to product end-use.  From these data, 
per capita resource need and environmental load were 
established.  However, although emissions to air were 
included, the study did not show carbon dioxide, which 
as noted previously is now of some concern.  

The Swedish report concludes that the petroleum sector 
in its present form is non-sustainable and needs urgent 
change.  The only solution was a drastic decrease in the 
use of petroleum-based fuels.  

The report suggested that material and energy flow 
analyses would be a valuable tool in moves towards 
sustainable industrial development (which necessarily 
includes waste reduction).  All organisations should 
keep material and energy "books" in addition to their 
economic book-keeping, employing both resource and 
monetary economists.  An environmental auditor would 
audit the methods used and the results obtained.  From 
these balances, regional and national balances could 
then be obtained.  However, if the full potential of this 
method is to be exploited, improved statistical 
information is needed.  

Such a study should be repeated in New Zealand, not 
only for the petroleum sector, but also for the other 
components that make up the energy sectors.  

New Zealand has two geothermal power stations, 
Wairakei and Ohaaki, the latter being commissioned in 

1989, although  a number of other fields have been 
investigated for possible use.  

Geothermal fluids contain many elements, some of 
which are toxic.  At Wairakei the water which is 
discarded is discharged to the Waikato River.  
Nowadays the practice is for water to be reinjected into 
the geothermal field, returning the waste material back 
to where it was extracted.  More than $24 million is to 
be spent over the next three years to establish a water 
reinjection system at Wairakei (Anon, Sep 1991).  This 
follows a large-scale trial in 1989/90 during which 
about 15 percent of the separated water was reinjected 
into the borefield.  Such a trial is needed to ensure that 
the water does not cool and damage the steam field.  

The synthetic petrol plant wastes are similar to those 
produced by other petroleum fuel plants and include 
catalyst wastes.  These can often be returned to the 
manufacturer for remaking.  

 

Energy Management  
Energy management has been prominent in New 
Zealand in recent years, from both the viewpoint of 
conservation and efficient use.  Table 5.1 describes 
examples of energy management projects conducted 
under the Energy Management Demonstration 
Programme, Ministry of Commerce (Mar 1990, Oct 
1990, May 1989, Feb 1990, Apr 1991 and Feb 1990).  

One of these examples, for a vegetable steam blanching 
plant (Energy Management Demonstration Programme, 
Ministry of Commerce, 1989),  showed that energy 
saving can also lead to waste reduction.  

 

 
Table 5.1: Case Histories of Energy Management 

  Capital Cost  

($) 

Savings 

($) 

Payback 

(y) 

Tariff change Police College Nil  70,000 - 

Insulation blanket Dairy farm 200 - 0.7 

Integrated refrigeration and 
space heating 

Supermarket 61,100  59,300 1 

Computer controlled fan Freezing works 27,000  13,000 2.1 

Steam blancher Frozen food factory 386,000 300,000 1.3 

Energy efficient design Nelson library -40,000   2,000 - 
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Air and Fugitive Emissions  
Air emissions are a major environmental impact from 
the petroleum sector; Grimshaw (pers. comm.) stated 
that there can be up to 50 percent of total solvent 
losses.  These are often overlooked when a waste 
prevention and minimisation programme is conducted.  
The emissions result during the manufacture, storage 
and distribution of fuel (and chemicals). The reduction 
of air emissions follows the same format as other waste 
prevention and minimisation programmes, the first 
requirement being the development of complete and 
consistent data.  

The sources of significant air emissions must be 
identified as should the method by which the emission 
level is estimated for each of these sources.  It is 
important the emission data are collected consistently 
for every identified source and that any changes in 
procedures are documented.  Data collected in a 
consistent manner will allow valid, periodic 
comparisons so that areas of improvement can be 
recognised.  

Air emissions also include fugitive emissions (i.e., 
from points rather than stacks and/or vents).  Fugitive 
emissions have been defined as equipment leaks from:  
pumps, compressors, pressure relief devices, sample 
collection systems, open-ended lines, valves, and 
flanges.   

The three common causes that result in fugitive 
emissions from equipment are:  installation error, 
component defects, and deterioration, perhaps due to 
inadequate maintenance.  In many instances, a fugitive 
emission from a leaking valve may not be visually 
obvious — for example, a source with an emission 
corresponding to 200 ppm equates to an approximate 
emission rate of 0.5 g/h.  

There are five methods that can be used to estimate a 
plant's fugitive emissions (US Environmental 
Protection Agency, 1980; 1982). Grimshaw (pers. 
comm.) noted that the USEPA fugitive emissions 
factors were for refineries and can lead to large errors for 
other types of processes.  He also noted that it is not 
enough to assume that all losses not accounted for are 
fugitives.  Often several of the other numbers are in error 
and so the difference will also be in error.  This is 
important when one is trying to define and justify 
remediation and waste prevention and minimisation 
projects.  

Leakage from installation error and deterioration can be 
addressed by developing maintenance programmes and 
setting a goal or value above which fugitive emission 
leakage from the equipment would not be acceptable.  
Obviously a large leak once discovered will be 
promptly repaired.  However, there needs to be a 
guideline on what action will be taken for those leaks 
that are just below or just above the goal.  For those 
below, it may only be necessary to highlight them for 
further attention in the future, e.g., after an operation 

change.  A leak just above the goal may be able to be 
left until the next maintenance shutdown.  

Guidelines should be developed for the  interpretation of 
monitoring results in order to achieve continuous 
improvement.  Keeping adeq-uate records of the fugitive 
emission programme will help in identifying those 
components or installation procedures that are 
continuing problem areas.  

Elimination of fugitive emissions can be achieved by 
considering the following (see Figure 5.1):  

• Select suppliers of quality, proven equipment.  

• Select low-leakage equipment, and test equip-ment 
such as valves before installation.  

• Learn from the experience of other industries.  

• Develop a preventative maintenance prog-ramme 
and consider guidelines to avoid erosion, corrosion, 
mechanical failure and excessive stress during 
installation.  

• Training for those inspecting, installing and 
monitoring equipment.  

• Maintain records on equipment performance 
including details of what gaskets should be used 
and ensure that correct replacements are purchased.  

The goal of an air emission inventory is an accurate 
measurement or estimate of the emissions.  Manpower, 
equipment, time and money will always limit accuracy 
with the availability of each of these resources.  It may 
be necessary to use a combination of methods for 
different sections or types of services.  

Once the source of losses is identified, prioritising 
corrective action, and implementing actions to reduce or 
eliminate emissions can take place.  Fugitive emissions 
can be controlled through regular maintenance of 
equipment, process planning and by selecting 
equipment that is appropriate for the intended service.  

However, Grimshaw (pers. comm.) considered that 
these measures for "elimination" of fugitives in fact only 
maintain the status quo.  He felt that more emphasis 
should be placed on revising and upgrading piping 
system specifications.  All-welded piping should be 
used much more.  Also canned pumps can play a 
significant part in reducing losses.  
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Figure 5.1: Fugitive Emissions  

 

 
 

5.2 Metallic Minerals  
This group includes the mining and processing of 
metallic ores, both ferrous and non-ferrous metals 
(Activities A200  through A227, NZSIC 37), 
foundry and metal-working operations (Activities 
A230 through A233, NZSIC 381), and mechanical, 
electrical and electronic construction (Activities 
A240 through A248, NZSIC 382 and 383). 

New Zealand's mineral resources are diverse, but 
mining is generally on a small scale. Ironsand, 
gold and silver are the main metallic minerals 
mined.  Alumina for the aluminium smelter is 
imported, and the majority of the metal produced is 
exported.  

 

Mining and Mineral Processing  
The mining industry probably still does not see itself 
as the greatest solid waste producer of all industries, 
and figures for wastes from mining are often not 
included in waste surveys.  Only two regions reported 
wastes in this category in the national waste survey 

(refer Section 3.2).  It is difficult to conceive of mining 
without waste, particularly in the case of open-cast 
mining.  Whereas in-situ gasification and leaching have 
the ability to leave the surface undisturbed, there are 
grave concerns about the effect on groundwater.  Society 
will have to rethink its thirst for minerals if the vast 
surface disruption caused by large-scale open-cast 
mining is unwanted.  Developments in underground 
mining are still not as cost effective as open-cast 
mining.  

Provided the industry restores disturbed land to at least 
its former value the waste label need not apply.  
Increasingly, the industry is required to restore land, 
and to control the generation and discharge of minor 
toxic pollutants.  The extraction of coal aggregate, 
ironsand, and gold are the main mining activities, and 
all are developing good land restoration (waste 
prevention and minimisation) practices.  A world first 
in minimisation is in operation at Cyprus Gold NZ Ltd 
(Fricker, 1989).  This company is now recovering 
residual cyanide from their barren pulp at the Golden 
Cross mine on the Coromandel peninsula (as detailed 
in Case Study 5.1). 
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CASE STUDY No. 5.1: CYPRUS GOLD NZ LTD GOLD MINE 
 

Summary 
Cyanide is used to extract gold from its ores.  Cyprus Gold NZ Ltd recover and reuse cyanide from their 
tailings at the Golden Cross mine on the Coromandel peninsula.  The technology is new and has been 
developed by the company.  Cyanide recovery enables downstream savings in final effluent treatment costs.  
 

Highlights 
•  Installed capital cost of $4 million for the cyanide recovery circuit 

• Payback period of 2 years 

• Greater use of a resource through recycling 

•  Environmental benefits 

 

Aim of the Project 
The economic recovery and reuse of cyanide is the primary objective.  By conducting these operations 
within the confines of the plant, the cyanide is contained within a much smaller area. The environmental 
risks, which are already very low, and acceptably so with conventional operations, will be further reduced. 
 

The Principle 
Residual cyanide is removed from the barren pulp (the slurry of finely ground ore) by reducing its protective 
alkalinity and contacting it with a much larger volume of air.  This transfers the cyanide to the air phase as 
hydrogen cyanide.  The air is contacted again with a caustic soda solution which adsorbs the cyanide, for 
reuse to leach more gold. 
 

Description of the Situation 
Gold is freed from its ores by fine grinding and 
dissolved in a weak alkaline sodium cyanide 
solution.  The leached slurry (pregnant pulp) is 
contacted with coarse activated carbon.  The 
carbon adsorbs the gold and silver, which when 
loaded, is screened from the now barren pulp.  
The gold and silver are dissolved from the carbon 
by a strong hot caustic cyanide solution, from 
which they are recovered by electrowinning and 
smelting.  The carbon is reused.  The barren pulp 
is disposed in tailings ponds where it is securely 
contained.  Clear supernatent surface water is 
returned to the process and any excess treated to 
approved and strict standards before discharge to 
receiving waters.  
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Project Details 
The pH of the barren pulp will be reduced at the 
plant and pumped to the top of a packed column, 
where it will trickle slowly through and over the 
packing to the bottom.  As it does so, it will contact a 
large flow of rising air, which will strip the slurry of its 
hydrogen cyanide.  The cyanide-laden air will pass 
onto another packed column where it will be 
transferred to a caustic soda solution in the same 
manner.  This solution will be used for fresh ore.  
The stripped barren tailings will pass onto the 
tailings ponds.  The process of stripping will reduce 
the amount of cyanide and its degradation products, 
and zinc and some other heavy metals that would 
otherwise be dissolved in the tailings. 

 

 

=============================================================================== 

 

 

Foundry Industry  
The foundry industry has many small operators that 
collectively can be significant generators of waste — 1.3 
tonnes of waste sand to 1 tonne of cast iron, in the 
absence of a regeneration plant (Bernardes, 1989).  The 
main pollutants are iron, chlorides, carbon and phenols.  
The groundwater pollution potential of the sand is 
considerable, particularly if phenolic resins are used as 
binders.  Many large foundries already reclaim their 
sands, because the disposal charge exceeds the cost of 
reclamation.  Reeve (pers. comm.) noted that one 
Melbourne company intends recovering 86 percent of its 
sand.  Even where disposal costs are negligible, 
reclamation may be viable if the cost of new sand is 
high (Bernardes, 1989).  Moreover, slags, dusts and 
sludges derived from particulate emissions can be 
reduced (Oman, 1988).  

The Japanese have developed a steel making process 
that uses electric arc furnaces instead of blast furnaces for 
smelting, and pseudo-plastic metalworking processes, 
giving energy savings of 25 percent (Uemura, 1989).  

 

Steel Industry  
Pacific Steel is a major contributor to waste prevention 
and minimisation in New Zealand.  The company 
processes the scrap steel collected from a comprehensive 
recycling programme spanning the whole country.  The 
quantity of steel processed has fallen from the 200,000 
tonnes of a few years ago, as the company has had to 
compete on the international market.  As a result, there 
has been great pressure to minimise costs.  Minimising 
costs means minimising waste and the company's novel 

method of involving the staff at all levels through a 
suggestion box scheme has been very successful.  

In the 24 months to 31 March 1989, at an average rate 
of 70 suggestions per 100 employees, 1011 suggestions 
were received and the company had realised savings of 
$220,000 for the year.   $26,000 was paid out to staff in 
awards and a regular newsletter was circulated showing 
photographs of staff and details of the most outstanding 
awards (Pacific Steel Ltd, 1989).  The system is still in 
operation, but in spite of a reduction in the number of 
new ideas and awards, it is still a very cost effective 
waste minimising scheme for the company.  

Liquid waste prevention and minimisation within 
Fletcher Steel and the Fletcher Challenge comp-anies 
has been an important issue.  In one company, savings 
of $100,000 were identified in water conservation.  
Concentration of liquid wastes gives better 
opportunities for reclamation and recycling.  One 
company has been able to transport its acid waste to 
another which is able to use the acid in its process.  

A study of the steel industry (Wirsenius & Frostell, 
c1990), using the same techniques reported in Section 
5.1 for the petroleum sector, showed that, although the 
industry uses non-renewable resources, the large 
reserves of iron and alloying metals together with 
increased recycling could make the industry sustainable.  

Steel works are also sources of air emissions.  For 
example, Grimshaw (pers. comm.) reported that two 
steelworks, Llanwern in South Wales and Dunkerque in 
France, have severe air pollution problems.  Once at 
Dunkerque the sky was so black he thought that a 
thunderstorm was approaching although in reality there 
was a clear blue sky. 
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Tin Can Industry  
Tin cans collected from recycling programmes are a 
source of high grade steel.  Tin cans were collected, 
detinned and recycled by Pacific Steel until 1988 when 
the quantities received declined and the operation 
became uneconomic.  

BHP Trading NZ Ltd, who are the major importer of 
tin-plate into New Zealand, are looking at all the 
environmental aspects of tin cans and inviting the New 
Zealand can manufacturers to participate in conducting 
an environmental audit which will promote recycling.  
They hope to be able to increase the quantities of cans 
and manufacturers' scrap collected to at least 15,000 
tonnes/annum.  This would once again provide the 
quantities of tin-plate needed to make Pacific Steel's 
detinning operation economic.  

 

Electroplating Industry  
The electroplating industry in New Zealand comprises 
many, usually small, operators.  They are generators of 
waste metal solutions and cyanides, which need to be 
treated and managed to meet trade waste by-laws.  
Chemical methods are usually employed, sludges from 
which are disposed of in landfills.   

Whereas there are many opportunities for waste 
prevention and minimisation in the electroplating 
industry, the resources may be limited and the 
constraints prohibitive.  A single small company that 
uses chemicals may not be able to tackle all their waste 
and pollution problems on their own.  They may need 
help, not only from the local authority, but also, and 
most importantly, from large corporations which have 
the expertise (Longhurst & Turner, 1987).  Japan, for 
instance, encourages small industries to locate around 
central waste treatment plants.  Case Study 5.2 gives 
information about one electroplating company.  

Cadmium, hexavalent chromium and cyanide are the 
most toxic pollutants, substitutes for which are being 
developed overseas.  Reeve (pers. comm.) reported that 
investigations are being undertaken to partially replace 
cadmium by zinc alloys such as zinc/nickel, zinc/cobalt 
and zinc/iron or by metal rich dip spin paints.  
Aluminium has also been suggested as a substitute 
(Beecher et al., 1988).  The use of multi-stage rinsing, 
chillers and reverse osmosis have made substantial 
contributions (Nunno & Freeman, 1987; Hunt, 1988), 
although the latter is expensive at present.  Electrolysis 
using a fluidised bed is another contender, as is bulk 
collection of wastes and remediation for metal 
extraction.  

 

Machinery Repair  
The techniques for repair of worn machine parts by 
welding have advanced to the stage where very complex 
repairs and refurbishments can be achieved, often at a 
fraction of the cost of a replacement part.  If machine 
parts are repaired in this way the stocking of spare parts 
can be minimised and the downtime of machinery 
reduced.  The otherwise wasted material and value of 
worn parts is minimised by their refurbishment.  

As an example (NZ Industrial Gases Ltd, 1990a), 
damaged engine valves from a cargo vessel which 
operates between New Zealand and the Pacific Islands 
were repaired at a cost of about $500 per valve.  The 
replacement part cost would have been about $2500.  
The repair of internal diameters is also carried out with 
precision welding equipment (NZ Industrial Gases Ltd,  
1990b).  

The Eutectic Division of NZ Industrial Gases, through 
their overseas associations, have pioneered the 
techniques in New Zealand.  There are a number of 
companies who have specialised in this sort of repair 
work and have the skills and equipment to provide the 
service.  

 

 

5.3 Non-metallic Minerals 
This group includes the mining and quarrying of 
nonmetallic minerals (gravel, limestone) and their 
use in the manufacture of products such as cement, 
ceramics and glass (Activities A260 through A275, 
NZSIC 36).  

More than 20 million tonnes of aggregates, worth 
around $200 million, are extracted annually.  
Other important minerals are limestones (worth 
about $19.9 million in 1988) and clays (worth 
about $1.7 million). Some 1.7 tonnes of greenstone 
which is of cultural importance to the Maori were 
also extracted.  

 

Cement Production  
Cement plays a major role in construction in the 
domestic economy.  Some 1.2 million tonnes of 
limestone were used for cement in 1988, although that 
figure is likely to be less now with the decline in the 
construction industry.  
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CASE STUDY NO 5.2: PRINTED CIRCUIT BOARD ELECTROPLATING 
 

Summary 
By replacing stainless steel jigs with plastic coated copper jigs, an electroplater projects a calculated saving 
of nearly $21,000.  The cost of the new jigs will be recovered in three months. 
 

Description of the Situation 
Stainless steel jigs were being used to hold panels of laminates while they were passing through copper and 
tin/lead electroplating tanks. 

As well as the stainless steel jigs being a poor conductor resulting in uneven plating on the laminate, they 
got plated in copper and tin/lead as well. This made the jig clamps tight, so the electroplated coatings had to 
be stripped off in nitric acid after each pass through the process. This took time, wasted copper and tin/lead, 
and the acid was expensive. 
 

Project Details 
The jigs were replaced with new plastic coated copper jigs. 

The following daily savings were calculated, at full production: 

Wasted copper plated on steel jigs ......................................... $ 2.00 per day 

Wasted Tin/lead plated on steel jigs ........................................ $ 1.00 per day 

Labour to strip copper & tin lead from jigs @ $40.00 per time 
.... 

$60.00 per day 

Rework in Screen room due to uneven plating ........................ $25.00 per day 

Nitric Acid for stripping jigs ..................................................... $ 1.00 per day 

TOTAL $89.00 per day 

  

Project Benefits  

Potential Annual Savings ....................................................... $20,750.00 

Payback period for 18 jigs at $300 each .................................. Approx 3 months 

 

==================================================================== 

 
Grimshaw (pers. comm.) pointed out that kilns are 
major users of fuels and emit carbon monoxide and 
dioxide, nitrogen oxides and possibly sulphur dioxide 
as well as dust. Reeve (pers. comm.) noted that many 
residues are now used in making cement in Australia.  

Case Study 5.3 shows how waste reduction was 
achieved at one New Zealand cement kiln.  

 

 

Glass Production  
ACI New Zealand Glass Manufacturers is the only 
commercial producer of glass packaging in New 
Zealand.  The plant is situated at Penrose and currently 
employs approximately 270 people.  

Production is comparable with that produced ten years 
ago in terms of tonnage, although there are many more 
units produced as a result of containers now being very 
much lighter than they were over the previous years.  
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CASE STUDY No 5.3: DUST LOSSES FROM A CEMENT KILN AT MILBURN NEW 
ZEALAND LTD 

 

Summary 
A cement kiln reduced the quantity of dust for land disposal. 
 

Description of the Situation 
In the cement works at Cape Foulwind the dust losses from a long wet kiln manufacturing 350 tpd cement 
equate to approximately 15 percent of the feed solid flow-rate.  The dust is trucked to landfill. 

Three approaches have therefore been adopted for waste minimisation: 

• Dust losses are minimised by optimisation of the kiln conditions including the chain system at the feed 
end of the kiln. 

• Part of the dust will be recycled by modifying the kiln firing system and reinjecting the dust into the firing 
zone of the kiln. 

• Part of the residual dust is sold to a local company which nodulises the dust in a granulator for sale as a 
low cost fertilizer for soils deficient in potassium. 

 

Project Details 
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Operating Parameters 
  

Original Plant 
 

Modified Plant 

Dust losses  (%) 13.8 9.6 

Raw Mix Factor (t/kg clinker) 1.74 1.68 

Production (tpy) 120,000 123,000 

Dust Disposal 

To Landfill (tpy) 

As Fertiliser (tpy) 

 

16,000 

 - 

   

  8,800 

  3,000 

Specific Energy 

Consumption (kJ/kg clinker) 

 

 7,000 

   

  6,820 
 

Project Benefits 
• Reduced dust to land disposal 

• Reduced raw material mining and grinding costs 

• Reduced coal energy costs 

• Credit for dust sold as fertiliser 

• Increased production 

• Nominal payback period on capital expenditure is 5 years 

• Environmental benefits due to reduced landfill disposal. 
 

============================================================================= 

 

An on-going programme of capital expenditure has 
ensured that the plant is comparable with any in the 
world of its size which manufactures a similar range of 
products.  Indeed advanced mechanisation has resulted 
in very dramatic productivity increases.  Staff numbers 
are now less than half what they were six years ago 
while  tonnage output at approximately 61,000 tonnes 
is similar.  

All in-house waste returns to the raw material inventory 
in the form of cullet, and this is then fed to the furnace 
along with virgin raw material when appropriate.  There 
is no secondary processing other than crushing required 
to utilise waste glass.  Moreover there is no degradation 
in the product whatsoever from the remelting and 
reforming processes.  As a result, all waste glass 
collected from within the plant and from within the 
community at large is utilised. The benefits of energy 
saving make the exercise environmentally most 
worthwhile.  

Public collection rates are running at approximately 34 
percent by weight of that which is sold into the 
community.  This compares most favourably with other 
nations having similar collection programmes available 

to them.  This is particularly so when one considers the 
geo-graphy of New Zealand.  The collecting of waste 
glass from Invercargill for utilisation in Auckland 
would be similar to collecting glass in Venice for 
utilisation in Brussels, illustrating the very significant 
efforts made to provide a nationwide collection 
programme.  

There are currently approximately 800 collection points 
(bottle banks — see Photo 5.1) throughout the country 
at which waste glass can be left for subsequent 
collection and delivery to Auckland.  The company's 
efforts to collect waste glass throughout New Zealand 
and provide an opportunity for the communities to 
participate have been such as to be recognised by two 
major Government environmental awards as well as 
numerous other commendations.  

Glass collection is one of the few totally national 
collection programmes allowing for participation by any 
persons or groups interested in the reclamation of waste 
glass.  These activities are supported by a major 
educational and public relations programme in an 
endeavour to optimise 
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Photo 5.1: Glass recycling through the Bottle Bank System 
(ACI NZ Glass Manufacturers photo) 

 
the returns.  Through these programmes approximately 
$40,000 goes back each year into the community over 
and above the commercial rates paid for glass and its 
collection.   

 

 
5.4 Primary Chemical Industry  

The primary chemical industry (Activities A300 
through A669, NZSIC 351) includes the production 
of chemical feedstocks, chlorine, fertilisers, 
agricultural chemicals, pharmaceuticals and basic 
ingredients for detergents. Fertilisers and 
agricultural chemicals are important inputs into 
New Zealand's primary sector.  

 

Petrochemicals and feedstocks  
New Zealand's petrochemical industry is based on 
natural gas with the production of methanol being the 
major industry.  

As in the petroleum industry, fugitive emissions are of 
particular importance.  During extensive fugitive 
emission studies by the USEPA of four chemical 

production industries (acrolein, 1,3-butadiene, ethylene 
oxide and phosgene), over 92,000 components were 
screened (US Environmental Protection Agency, 1982).  
Included in these studies were all valves, pumps and 
compressors, safety valves and a statistical sampling of 
flanges and other connectors.  An important observation 
made was that a significant proportion of the overall 
leaks in the ethylene oxide and butadiene industries 
came from flanges.  

Some industries have very low emissions.  These 
industries had over a number of years developed 
programmes to achieve the low leakage levels. 
Grimshaw (pers. comm.) noted that Monsanto had 
carried out some comparison studies and showed that 
fugitive emission factors for chemical plants can be 
greatly different to those for refineries.  

 

Fertiliser Manufacture  
Topdressing of farms with artificial fertilisers has 
increased the productivity of New Zealand's grassland 
farming.  Some 1.1 million tonnes of superphosphate 
fertilisers and 0.6 million tonnes of lime were used in 
1988.  Indeed, super-phosphate has been produced in 
New Zealand since the 1880s.  
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Fertiliser plants in the past have not been particularly 
environmentally friendly, discharging pollutants such as 
fluorine emissions.  This is now removed from gaseous 
emissions and, at some plants, is incorporated in solid 
form back into the fertiliser.  One contaminated fertiliser 
plant site in Auckland has required a massive clean-up 
(Kortegast, 1989). 

The NZ Farmers' Fertilizer Company, which is now 
part of Fernz Corp, implemented a programme in 
Auckland in the early 1980s to reduce its waste and 
pollutants (Cunningham, 1984).  Dry dusts and acid 
mists from the fertiliser works that used to be sent 
through the stacks were recycled back into the product.  
Industrial chemical manufacturing units were designed 
to produce zero effluent discharge during normal 
operations.  Good housekeeping reduced the volume of 
washdown and spillage.  Any wastewaters were 
recycled, allowing valuable materials to be reused.  
However, wastes from abnormal events were still a 
problem as they could not always be recycled within 
the plant.  

Cunningham suggested that one solution to this 
problem would be the setting up of a central agency to 
act as a confidential broker, as some other company 
might be able to use these wastes in their process.  

Concerns have been expressed about the accumulation 
of toxic metals in soils from repeated fertiliser 
applications.  The Dutch government was determined 
to reduce the cadmium levels, which industry was 
reluctant to do.  Government funded research has 
developed a new process which meets the objective and 
could be less expensive (Calis, 1987).  

 

 

5.5 Secondary Chemical 
Industry  

This group contains products based on chemical 
feedstocks and includes: inks, varnishes, paints, 
glues, photographic products, soaps and 
detergents, perfumes and cosmetics, rubber and 
plastics products, and powders and explosives 
(Activities A700 through A750, NZSIC 351, 352, 
355, and 356).  

The NZ Chemical Industry Council has produced a 
comprehensive code of practice "Guidelines for Waste 
Management Practice in New Zealand" (NZ Chemical 
Industry Council, 1991).  The intention of this Code is 
for generators of chemical waste to establish their own 
waste management plans.  The Code recommends "that 
responsibility for waste must be accepted by the 
generator and that all economically and technically 
justifiable measures must be taken to minimise the 
generation of waste by the use of waste reduction and 
recycling, and to ensure wastes produced are treated in 
order to represent the least practicable hazard".  

There is a great need for a register of waste products to 
be circulated.  The "Data Chem" register (Data Chem 
Services, monthly) makes an excellent contribution in 
this regard, but its services are not widely known and 
the scope could be expanded considerably.  

 

Chemical Manufacturing  
A waste audit conducted on a large Auckland chemical 
manufacturing company (GCNZ Woodward-Clyde, 
1991) showed that the company was saving over 
$400,000 per annum by waste prevention and 
minimisation, recycling and reuse initiatives.  The 
audit identified further savings of approximately 
$58,000 which could be achieved.  The company had a 
stated policy:  "...that all economically and technically 
justifiable measures should be taken to minimise 
generation of waste by the use of waste reduction and 
recycling programmes".  

 

Surface Coating Industry  
This industry comprises mainly the paint industry, but 
also the manufacture of varnishes, lacquers, enamels and 
the peripheral activities, such as putty, pigments and 
paint removers.  The demise of leaded paints and the 
switch to water-based paint have been major advances. 

A paper outlining waste minimisation in the paint 
industry has recently been produced (Nelson, 1991).  
This paper also includes information on solvent 
recovery and the treatment of hazardous wastes. 

Lorton (1988) has noted that waste prevention and 
minimisation opportunities within the industry relate 
mainly to minimising equipment cleaning wastes, 
substituting the cleaning material, and better operating 
practices.  A company in North Carolina reduced its 
waste solvent by over 95 percent by scheduling 
compatible paint batches, and segregating and reusing 
cleaning solvents from different colour batches.  Another 
company tried the practice but found it too complicated 
for their particular circumstances.  

Grimshaw (pers. comm.) noted that the paint industry 
has high fugitive losses.  An overall mass balance based 
on raw material purchases and product despatched 
would shock many managers.  For Monsanto he 
estimated that only 50 percent of raw materials 
purchased (materials and fuels) were sold to the 
customer.  The other 50 percent represented hundreds or 
thousands of tonnes of emissions or releases.  

Alternative technology for stripping paint from aircraft 
has been introduced into New Zealand and this can give 
a 30-fold decrease in the quantity of waste produced, 
eliminating the need for hazardous solvent wastes, 
contaminated water, and noxious fumes.  The plastic 
media for this process is used with modified 
conventional sand blasting equipment.  The media can 
be recycled 10 times before it has to be discarded.  This 
technology is being used by the New Zealand Air Force 
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for paint removal from some of their planes (see Chapter 
7). 

Powder coating technology offers significant waste 
reduction opportunities.  The economics of powder-
coated systems versus solvent-based systems are 
comparable.  

Electrospraying is an important breakthrough in waste 
prevention and minimisation for industrial painting.  
Plasma spray painting is being developed to coat heat 
sensitive items and items too large to be cured in 
conventional ovens.  

 

Solvent-using Industries  
Solvents are used in many industries including the 
surface coating industry.  On-site solvent recovery is 
not widely practised within New Zealand, largely 
because of the scale of operations.  Small batch 
distillation units for the recovery of solvents are, 
however, being installed.  They are relatively 
inexpensive ($5,000 - $10,000), but even this can be 
prohibitive to a small business.  

Healing Industries has benefited from a solvent-recovery 
programme (Spargo, 1984).  In early 1981 a Brighton 
Solvent Reclaiming System was installed in its Paint 
Division to process around 100,000 litres of solvents 
used for washdown.   Costs of setting up the unit were 
NZ$64,500, and operation costs including repairs, 
maintenance and depreciation, were between NZ$23 and 
NZ$31 per hour, depending on the volume of solvent 
processed.  In the first year of operation, 80,000 litres of 
solvent were recovered, saving the company around 
NZ$40,000 in solvent purchases.  The company was 
presented with the 1981 Mobil Energy Conservation 
and Utilisation Award for the Auckland area in 
recognition of its achievements in waste and energy 
reduction. 

Reeve (pers. comm.) noted that ICI make a closed loop 
system with distillation recovery for vapour degreasing.  
These are tailor-made units.  

Recently there has been concern in New Zealand about 
the toxic effect of solvents used in many industries, 
including the printing and shoe manufacturing and 
repair industries. In Sweden, the same concern has been 
expressed in terms of permitted volatile organic carbon 
emissions.  On renewal of a permit, the limit was 
reduced so dramatically that a company switched to 
water-based inks.  Not only did this enable it to 
continue to operate, but the welfare of the operators was 
enhanced and the conversion has led to savings 
(Huisingh et al., 1989).  

There are many industries in New Zealand that use 
organic solvents, which could be replaced by aqueous 
solvents to the benefit of the operators, the environment 
and the balance sheet.  

 

5.6 Textiles 
This group includes the textile and clothing 
industry (Activities A760 through A764, NZSIC 
321). It includes the leather and hide industry and 
the wood and furniture industry, which have been 
discussed in Chapter 4 as part of the primary 
processing sector. It also includes the processes of 
bleaching, scouring, dyeing, finishing and 
mercerising, some of which have been mentioned 
briefly for the wool industry.  

Most textiles can be recycled.  Clothing bins supported 
by various charities are now a regular feature in 
locations ranging from schools, through shopping areas 
to railway station car parks.  Clothes left in these bins 
go to second-hand shops, to needy families, or, if no 
longer wearable, to rag collectors.  Some of the rag-
industry collection is recycled through a non-woven 
process.  However, there is only a small amount of 
recovered fibre utilisation in New Zealand; most textile 
waste is exported, mainly to India.  

 

 

5.7 Printing  
This group includes printing and publishing and 
photographic laboratories (Activities A810 through 
A812, NZSIC 342). The pulp, paper and 
paperboard industries are included in Chapter 4 
and the minimisation of paper in offices is included 
in Chapter 6.  

An audit of an Auckland printer (GCNZ Woodward-
Clyde, 1991) showed that the major waste was mainly 
A4 ledger paper.  By instituting a paper recycling 
programme, the company is saving some $3000 
annually.  Other wastes were aluminium plates, which 
are now recycled, and a range of miscellaneous items 
such as steel drums, soiled solvent rags and empty ink 
cans.  Investigation into the use of water-based inks 
proved to be not viable as the output was of poorer 
quality and the machines were four to five times slower.  

An Auckland company, National Can (NZ) Ltd, 
installed new curing ovens for drying printed cans 
(Orsman, 1991).  These not only reduced the plant's 
energy use by 85 percent, but also eliminated solvent 
fumes and cut noise levels.  For its achievements the 
company won one of two national energy efficiency 
awards in 1991.  

Overseas examples include a company in Ontario which 
reduced its waste ink by 98 percent, saving 
CAN$160,000 in the cost of new ink and CAN$15,000 
in waste disposal fees (Ontario Waste Management 
Corporation, 1990).  For this achievement it was 
awarded the 1990 Outstanding Waste Reduction 
Performance Award from the Ontario Waste 
Management Corporation. 
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Cleo Wrap (a gift-wrap paper producer in the United 
States) changed from organic to water-based inks over a 
period of six years.  The emission of solvent vapours 
and the disposal of hazardous wastes have been 
eliminated, with annual savings of $35,000 (Oldenburg 
& Hirschhorn, 1987).  

Printing inks made from soybean oil rather than 
petroleum were first used commercially in 1987, and are 
now used by three-quarters of daily newspapers in the 
United States (Anon, Oct 1991).  Pure soybean oil 
releases no volatile organic compounds. 

Moves away from solvent-based inks are in progress in 
New Zealand.  For instance, Independent Newspapers 
Ltd are replacing their letter-set newsprint presses with 
off-set presses, which will enable the use of water-based 
inks.  

 

 

5.8 Dry-cleaning  
Dry-cleaning comes under Activity 820. The 
industry consumes solvents, electric energy, steam 
produced by electrical energy or gas, and water.  
The waste products are sludge containing the dirt 
removed from the clothing, lint, spent filtration 
medium and waste water.  These wastes are often 
high in solvent residue. 

Most of the dry-cleaning industry uses perchlorethylene 
solvent for cleansing clothing and fabric items. 
Perchlorethylene, along with other chlorinated solvents, 
has a number of environmental and health drawbacks 
(see also Section 5.5).  European countries have 
recognised these dangers and imposed strict limits on 
perchlorethylene emissions to the biosphere.  New 
Zealand Occupational Health and Safety regulations 
require that the concentration of perchlorethylene should 
not exceed 50 ppm in the work place.  Trade Waste 
By-laws recently approved by Auckland Regional 
Council require discharges to the sewer containing 
perchlorethylene to be registered.  A trade waste 
discharge fee will be levied.  Sludge containing 
significant levels of perchlorethylene will not be 
accepted at Auckland landfills, and must be disposed of 
through a recognised chemical treatment company.  In 
terms of waste prevention and minimisation, large 
quantities of this solvent which are lost to the 
atmosphere from old equipment could be saved and 
reused.  

Dry-cleaning machines have been classified in the 
Auckland region as follows (the figures were supplied 
by equipment suppliers and are based on well 
maintained machines operated correctly):  

• Class 1: Fully-enclosed solvent cycle, refrig-erated 
solvent recovery, hermetically-sealed system with 
Consorba/Polysorba recovery device.  This class of 
machine consumes per 22.7 kg load: 0.0227 litres of 

solvent, 175 litres of water and 12.26 kg of steam 
(two machines of this type).  

• Class 2:  Fully-enclosed, refrigerated recovery, 
hermetically-sealed machines.  This class of 
machine consumes per 22.7 kg load: 0.1136 litres of 
solvent, 155 litres of water and 13.6 kg of steam (10 
machines of this type).  

• Class 3:  Fully-enclosed, refrigerated recovery, or 
atmospherically-vented machines fitted with a 
carbon recovery.  This class of machine consumes 
per 22.7 kg load: 0.568 litres of solvent, 780 litres 
of water and 81 kg of steam (27 of these machines).  

• Class 4:  Atmospherically-vented machines with no 
second-stage recovery.  This class of machine 
consumes per 22.7 kg load: 1.59 litres of solvent, 
1200 litres of water and 114 kg of steam (62 
machines of this type).  

• Class 5:  Machines using white spirits as the 
solvent.  Machines of this type use approximately 
3.5 litres of solvent per 22.7 kg load (one machine 
of this type).  

Case Study 5.4 shows the savings in waste and money 
achieved by one dry-cleaning company. 

Emission standards in New Zealand are likely to follow 
the world-wide trend towards reducing permissible 
concentrations of perchlorethylene in the workplace, 
atmosphere, sewer and landfill.   

The New Zealand dry-cleaning industry should be 
encouraged to install equipment which meets the latest 
European standards.  There is great scope in this 
industry for solvent waste prevention and minimisation, 
water and energy savings. 

 

 

5.9 Regeneration and Recovery 
Industry 

This group includes the regeneration of oils, 
solvents, ion-exchange resins and recovery activities 
(A940 to A950). Solvent recovery is not widely 
practised in New Zealand and is usually done in-
house.  

The re-refining of oils is undertaken although the 
number of re-refiners has decreased in recent years.  The 
biggest re-refining plant is operated by Dominion Oil 
Refining Co Ltd in Auckland, and there are two much 
smaller operations at Thames and Dunedin.  The 
industry currently processes about 10 million litres 
(Little, 1990); however, the total available for potential 
recycling is 40 million litres.  The loss of this oil 
represents a waste of a valuable non-renewable resource 
and a potential threat to the environment.  

Waste oil is collected at some recycling depots and 
some service stations.  However, more needs to be done 
to encourage motorists to both use re-refined oil 
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(otherwise there is no justification for re-refining it) and 
to return used oil for recycling.  

The refining process uses fractional distillation, which 
separates the oil from contamination such as carbon, 

dust water and engine metals.  These wastes in turn 
must be minimised.  However, the level of 
contamination in used oil is much lower than in crude 
oil.  

 
 
CASE STUDY No 5.4: DRY-CLEANING  
 

Summary 
A dry-cleaning company achieved a significant reduction in the use of the dry-cleaning solvent, 
perchlorethylene, by installing new equipment.  
 

Description of the Situation 
At Balmoral Dry-cleaners in Auckland during 1989 the average use of its dry-cleaning solvent, 
perchlorethylene, was 295 kg per month.   

 

Project Details  
Two 5th generation fully-automated Boewe Consorba/Polysorba textile cleaning machines, produced in 
Germany, were recently installed. 

These machine systems are hermetically sealed, thus allowing the total enclosure of the perchlorethylene 
process.  Extensive recycling of the solvent ensures only minute quantities can escape to the atmosphere, 
either in the fabrics which have been cleansed or in the sludge waste.  A "Good Morning Programme" 
automatically prevents solvent emissions at the start of work and during longer machine downtimes.  
Connection for emission-free filling guarantees that refilling the machine with solvent does not results in any 
additional air pollution.  The new equipment also includes heat recovery and cooling water reuse. 

 

Project Benefits 
Balmoral Dry-cleaners now uses 44.4 kg of perchlorethylene per month and has also increased its 
throughput.  In terms of solvent use per dollar of revenue there has been a tenfold decrease from 0.004 
litres per dollar in 1989 to 0.0004 litres per dollar in 1991. 

Further reduction of perchlorethylene in the sludge waste could be achieved by a cooking process used 
overseas. 
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Boewe textile cleaning machine  
(Photo from Boewe brochure) 

 
 

============================================================================= 
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6 COMMERCIAL SECTOR  
 
 

The commercial sector includes those industries that 
interface directly with the public, such as housing and 
construction, transport, commun-ications, commerce 
and services, banking and financial services, and 
tourism. This sector does not produce the range of 
hazardous wastes that the industry sector does, and 
therefore does not feature as prominently in the 
Activities Table, being included mainly in one 
grouping (A820 through A850).  There is much overlap 
and many are diffuse, i.e., not site-specific.  The 
concept of waste prevention and minimisation within 
these diffuse industries, such as tourism, is difficult to 
grasp and apply as a whole to the industry.  

The proportion of solid waste being disposed to 
landfills is probably increasing much faster in this and 
the industrial sector than in the other sectors.  In 
Sydney, for instance, the increase over the last five years 
has been 18 percent per annum (van den Broek, 1990). 
The waste from commercial activities comprises 
approximately 60 percent of the total solid waste created 
in Auckland.   

Paper and paperboard wastes are prominent wastes for 
this sector.  It is estimated that 70 percent of waste in 
the commercial sector in Kaikoura is cardboard — 
Kaikoura businesses are awash in cardboard as 
everything that is shipped in is packaged in cardboard.  
One local supermarket can generate up to two trailer 
loads of cardboard in a day during the peak of the 
summer season!      

Most newspapers are source separated in the domestic 
sector.  However in the commercial sector where no one 
"owns" the newspaper, they are often thrown out with 
the rubbish bag because it is easy.  The "office" 
newspaper is often tossed in the waste basket.  A little 
education and a reasonable collection service would 
solve this problem.  

Computers may save time but they do produce 
substantial extra paper wastes.  Most computers which 
use the rolling sprocket-driven sheets automatically use 
one extra sheet every time they print.  It is estimated 
that only 20 percent of paper used in an office is retained 
for "permanent" files.  

Consequently, the final section of this chapter is 
devoted to the minimisation of paper waste.  

 

6.1 Building  
This activity (A280) produces wastes arising from 
both construction and demolition.  

Demolition materials comprise a substantial proportion 
of waste to landfills.  In Sydney they comprise about 25 
percent (van den Broek, 1990).  In the past few years 
demolition wastes were also a major contributor to 
wastes discarded at the Wellington landfill owing to the 
recent replacement of many buildings considered at risk 
in an earthquake. 

Much of this material derives from structures which we 
tend to regard as permanent.  In fact the design life of 
buildings appears to be diminishing.  This is due, in 
part, to being overtaken by changes in building 
standards, technology and fashion.  The main reasons, 
however, appear to be economic influences.  The 
increasing value of urban land makes old and low 
structures unviable.  New buildings are deprec-iated as 
quickly as possible within the economic models used 
to evaluate commercial projects, even though their 
future value could be as great as today's value.  This 
economic system does not engender the concepts of 
permanence in buildings and of the wise use of 
resources.  

The basic structures of many buildings in America are 
built to have a 50 year (i.e., permanent) life, but are 
fabricated in a manner that allows them to be 
refurbished (dramatically if necessary) several times 
during their lifetime.  A similar practice is developing 
in New Zealand.  

The National Building Code is concerned only with 
wastes generated within buildings or in the immediate 
vicinity and not specifically with the wise use of 
resources.  Reeve (pers. comm.) noted that over-
ordering of new materials can be a problem. Energy 
efficiency will in due course be included as a building 
objective.  

The concept of waste prevention and mini-misation 
within the construction industry is not well developed 
within New Zealand.  As a start, it would be prudent to 
include, in the economic models that are used to 
evaluate construction projects, the replacement cost for 
such a building in 50 or 100 years hence, bearing in 
mind the future availability and projected cost of the 
materials.  

 

6.2 Transport  
Transport (Activity A842) is a major sector in New 
Zealand.  Not only do we have a long country 
(2000 km) with scattered populations, but we are 
isolated in the South Pacific, thousands of 
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kilometres away from most of our markets.  New 
Zealanders are well-known as travellers.  Isolation 
has been overcome by air travel and 
telecommunications.  

In terms of transport wastes, the Ministry of Transport, 
the government agency with responsibility for transport 
matters, has focused on the containment and 
management of wastes, such as a major oil spill at sea, 
rather than on any philosophical aspects of transport.  
The wisdom of providing the framework for the ever-
increasing transport of people and goods around the 
country has not been addressed.  The task of achieving 
a 20 percent reduction in carbon dioxide emissions still 
confronts them. 

 

Airline Industry  
Recently there has been a move towards waste reduction 
and recycling in this industry.  Auckland Airport 
generates 7 to 8 tonnes of waste in an average day from 
flight catering, garbage, and contaminated food from 
aircraft.  Much of this waste is controlled by Ministry of 
Agriculture and Fisheries regulations, which require 
incineration.  Cardboard packaging is collected and sent 
for recycling and the Airport Authority also uses 
cardboard to start the incineration process.  

On the engineering side of the company's operation, 
both liquid and solid wastes are produced.  Waste oils 
and acid are separated for recycling and cooking oils are 
purified for reuse.  Cleaning fluids and other liquid 
wastes are collected in underground tanks for removal at 
intervals by waste tanker.  

 

Road Transport  
New Zealand has the second highest level of vehicle 
ownership in the world.  New Zealanders undertake a 
lot of inter-urban travel, using large quantities of fuels, 
on a roading network which features winding two-lane 
roads.  The resulting high road accident toll per 
population represents a huge waste of human and 
material resources.  Attempts are being made to reduce 
this toll through measures to target drivers responsible 
for inappropriate driving (Bailey & Carpinter, 1991).  
Moves to reduce the use of private vehicles would not 
only reduce the road toll but would also remove their 
impact on the environment.  

A reduction of lead waste from the use of leaded fuels 
has been achieved through increasing the use of "lead-
free" petrol.  

The design-life of roads has not been seriously 
addressed in terms of wise use of resources.  Bitumen 
capped roads have limited design lives and, like 
buildings, can be overtaken by change.  Concrete roads, 
on the other hand, have more permanence and are not 
overtaken by change to the same extent.  Both types 
can be recycled on-site, but are not yet in New Zealand.  

 

Car Repair/Service Industry  
Although the car repair industry accounts for less than 
0.25 percent of the hazardous waste produced in the 
United States, the sheer number of generators poses a 
disproportionate risk to human health and the 
environment (Toy, 1988).  Typical wastes are solvent 
and aqueous wastes, sludges, oil and grease and spent 
fluids.  Yet the small quantities at any one source 
would not appear to present opportunities for economic 
waste prevention and minimisation.   

A similar problem exists in New Zealand.  The 
industry associations are acutely aware of the virtual 
absence of waste prevention and minimisation within 
their industry.  The one exception is oil.  

The consumption of engine oil is around 50,000 tonnes 
annually, of which 20,000 tonnes is physically 
recoverable as used engine oil (see Section 5.9).  Only 
about 25 percent of available oil is recycled.  In 
Germany 90 percent is recycled (Beecher et al., 1988).  

A recycling service for used solvents has recently 
developed in Auckland and some garages re-distil their 
own used solvents.  There is no known recovery of 
hydraulic fluids, anti-freeze or other wastes.  The 
recovery of many of these is becoming commonplace 
overseas, through constraints on disposal and 
incentives.  

On-site evaporation of aqueous wastes is also viable to 
reduce volume, where the disposal charge is high (Toy, 
1988). There appear to be opportunities for recovering 
lead and copper from radiator-repair cleaning solutions, 
where the disposal costs are greater than $2 per litre 
(Bridges et al., 1989).  A French company has 
developed a kit for use in garages that reduces the 
consumption of solvents for degreasing by 75%, thereby 
reducing both waste and air pollution (Secretariat d'Etat 
aupres du Premier Ministre, charge de l'Environnement, 
1988). 

 

 

6.3 Communications  
The communications industry can be considered, 
somewhat simplistically, as the process that is 
transforming our society from an industrial base to an 
information base.  The fundamental aspect of this 
transformation is the greater reliance on 
telecommunications, with the potential for a 
concomitant lesser dependence on transport.  In that 
sense, communications have the capacity to help reduce 
the greenhouse problem and the dominance of the 
private car, the roading network and associated 
undesirable consequences, e.g. urban congestion, 
accidents, and policing.   

Although a relatively benign technology, 
communications itself has the potential for a massive 
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blowout for wastage, in the sense that technological 
developments are so fast that obsolescence occurs 
within a few years.  Society however will probably 
want to have access to new products and discard older 
but still functioning products, so the worst aspects of 
the old and the new may be with us for a while.  
Certainly the communications industry has not yet led 
to the promised paperless office.  

 

Telecommunications  
Telecommunications is already bringing about, in a 
small way, tele-conferencing and tele-working (i.e. 
working from home), which reduce transport waste.  On 
the other hand it could dramatically increase tourism, 
even though virtual-reality systems are being 
developed, inclusive of the fragrant perfume of a tropical 
paradise, without having to go there.  These 
developments are technology driven, but there is no 
overall plan or preferred direction.  There is an urgent 
need to research their implications on societal needs and 
the green perspective (Tiffen, 1990). 

 

Post  
One form of communication that is leading to 
increasing waste is the amount of advertising material 
that comes into everyone's letter box, whether through 
the postal system or through direct delivery.  Most of 
this material is paper and could go directly from the 
letter box into the recycling bin.  

A doctor has recently reported on the large amount of 
advertising mail that he received over a six-month 
period (Clearwater, 1991; Fountain, 1991).  There were 
244 separate postage items weighing a total of 6.8 kg of 
paper, not including non-paper items like two video 
cassettes.  Most of the material (some 80 percent) was 
solely promotional, with more than half promoting 
established drugs.  

Over a 12-month period Dr Clearwater estimated that it 
would cost more than $590,000 in postage and use 
30,000 kg of high-quality paper to mail this material to 
2300 general practitioners.  Most of this material would 
be unread and rapidly discarded.  This is obviously an 
area ripe for waste prevention and minimisation, by 
reducing the amount of material and providing recycling 
boxes for the paper.  

 

 

6.4 Wholesaling and Retailing  
The industry is conscious of the need to minimise 
waste, and is currently formulating a plan through its 
Association. 

McDonald's Restaurants has approached its suppliers of 
materials with the objective of reducing the amount of 

disposed waste by 20 percent.  Woolworths and 
Foodtown, two national food retailers, have 
characterised their waste streams and are instituting 
measures to maximise reuse and recycling.  

An audit of an Auckland supermarket was undertaken 
(GCNZ Woodward-Clyde, 1991).  Wastes comprised 
mainly product waste from produce (40 percent), 
plastics (20 percent) and 10 percent each of paper, kraft 
and meat wastes.  This waste stream could be reduced 
by more careful segregation of the waste.  For example, 
produce waste could go to a pig farm and plastics waste 
could be added to the existing recycling scheme for 
check-out bags.  Kraft arising mainly from cardboard 
boxes generated 28 bales of 100 kg each per week.  The 
supermarket received $40 per tonne from the reclaimer, 
this extra income providing compensation for the rest of 
the waste prevention and minimisation programme.  
Meat wastes were sold for processing into tallow or 
blood and bone fertiliser.  Total potential savings from 
the audit were $53,440 per year.  

 

 

6.5 Banking 
Computers, PCs in particular, and telephone 
transactions are beginning to impact on the amount of 
waste paper generated.   For example, the Public 
Service Investment Society offers its clients a telephone 
bill payment service.  If several people phone with 
payments to one organisation on any day, only one 
cheque is written to make those multiple payments.  
The next step would be to have direct credits to that 
organisation's account, but it seems that this is not yet 
acceptable.  

Some banks collect their waste paper according to type 
and recycle where possible.  Whereas individual banks 
may have a record of arisings, there is little collective 
information.  

 

 

6.6 Tourism 
The tourism industry includes hotels, motels, cafes 
and restaurants (Activity A850) and tour operators 
(which are also part of the transport industry). 

Waste prevention and minimisation has not been a 
feature of the tourist industry.  Indeed, an image of 
extravagance has been cultivated as part of the image.  
This development has progressed to an extreme degree, 
as in resorts where only the very wealthy can stay.  
Such developments are rare in New Zealand and are 
being super-seded by the more moderate form of eco-
tourism.  

Nevertheless waste prevention and minimisation is a 
concept difficult to apply to, and therefore difficult to 
grasp by, the industry.  There are encouraging signs 
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however.  In order to reduce the amount of laundering, 
saving on water and washing powder, guests in some 
European hotels are being asked to indicate which 
towels should be replaced, rather than having all towels 
washed everyday automatically (Anon, May 1991c).   

 

Hotels  
Restaurants and hotels produce glass waste in the form 
of bottles. The reuse market for spirit bottles and wine 
bottles is robust. For example, in Kaikoura the Blue 
Hotel sells 50 percent of the spirit bottles to 
Christchurch-based Southern Cross Glass.  Vacationers 
and tourists also generate significant amounts of waste 
in the form  of glass beverage containers.  

Every motel and hotel owner has newspaper waste.  
Every room gets a paper every day, most of which are 
thrown out straight away.  

The practice of providing a new piece of soap every day 
in hotels and motels also leads to waste soap.  

Obviously the industry can be responsive.  In earlier 
days of electricity shortages, conservation was effected 
by modifying the door lock of the guest room to act as 
a switch.  

 

 

 

6.7 Minimisation of Commercial 
Paper Waste 

Paper is a major component of the waste stream in New 
Zealand and reductions in the use of paper in 
conjunction with recycling could have major impacts in 
reducing our waste.  Savings in energy and trees could 
be made by reducing paper waste.  Small changes to 
some products would make them recyclable.   

Paper recycling in Auckland is well established and 
commercial collection of office paper is increasing. 

Much of this goes to the NZ Forest Products (NZFP) 
Mill at Te Papapa.  Recycled paper has been used in 
New Zealand since the 1870s, most going into 
packaging and cardboard. An off-white paper is now 
being produced by the Mataura Mill in Southland.  
Publicity initiatives and pressure to use recycled 
products is important (see Box 6.1).  

The key to successful recycling is that it must have a 
cost efficient accumulation and sorting system as its 
base, since recyclable paper has no real value until it 
has been accumulated into significant quantities and 
sorted into different grades.  Sorting ensures the right 
fibre is available for recycling into different products.  
Baling is essential for long distance handling and 
transport efficiency.  

In its waste survey Auckland Regional Council found 
that 121,000 tonnes of paper waste were disposed of at 
18 landfills in the region during 1988 (Royds Garden 
Ltd & Strategic Information Service, 1990).  This 
represents 19 percent (by weight) of the total waste 
stream, and the largest single contributor of any waste 
type.  

The national average of paper deposited at landfills is 
37 percent of the total waste stream (Taylor, 1991).  In 
Auckland over 70,000 tonnes of paper were collected for 
recycling in 1988 (the total is now 80,000 tonnes), 
which if added to the waste stream, would make 
Auckland's paper waste 27.6 percent of the total. 

Auckland's paper waste of 121,000 tonnes represents 
2,057,000 trees, equivalent to a forest of 68 square 
kilometres, half the total area of the Auckland Isthmus 
(Auckland City Council area).  All this just to produce 
the paper put in the Auckland landfills in one year.  
2,057,000 trees represent $123,420,000 in export 
dollars which could have been earned. 

The energy saved by not producing virgin paper, but 
instead recycling 121,000 tonnes of paper is 
approximately 496,000,000 kwh (US Environmental 
Protection Agency, 1974), enough to provide all the 
home electricity for 170,000 people — about half the 
population of Auckland City.  
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Box 6.1: Using Recycled Paper 
 

 

Commercial paper recycling has been going on in New Zealand since the mid 1870's at the 
Mataura Paper Mill in Southland, which started making paper using flax, waste paper, old rope 
and rags. But the days when recycled fibre was used to make only the most basic and lower 
grade papers have long gone. Advances in papermaking technology have provided new 
opportunities to use recycled fibre in a wider range of papers and packaging products than was 
previously possible. An increasingly environmentally-conscious society is also demanding that 
more paper be recycled for a variety of reasons. 

In 1991 NZFP Pulp and Paper Ltd recycled 120,000 tonnes of paper at its plants throughout New 
Zealand — the equivalent of 30 percent of its total papermaking fibre demand. Most was recycled 
into packaging papers and paperboards containing from 10 to 100 percent of recycled fibre. 

The Mataura Mill manufactures "Sandow", a 100 percent recycled fibre paper that is used for 
printing and envelope applications. It has an unbleached brown colour which makes it unsuitable 
for some applications. However, it is very popular with organisations who want to be seen as 
environmentally conscious. A new product called "Ecolade", an off-white paper also manufactured 
from 100 percent recycled fibre has just become available from the Mataura Mill. 

Recycled white printing paper has a slightly grey tinge which for most applications is quite 
acceptable. The problem is that New Zealand paper users have become accustomed to super 
white paper, and an off-white product will require a change in the acceptance criteria of some 
customers. If we are to encourage paper recycling we must promote the use of recycled products. 

Wiljef Stationery make use of recycled paper in some of their writing pads, notepads, exercise 
books and folders. 

The products using recycled raw material are distinguished by the familiar recycled logo. These 
products have already found wide acceptance for household, high school and University use. 
Wiljef Stationery have found the locally-made recycled Mataura paper to run very well through 
their manufacturing plant, better than some imported papers of similar grades. One problem of 
acceptance is the cost of the recycled paper which is approximately 154 percent that of virgin 
paper. In Australia the use of recycled paper is encouraged by the Government by exempting it 
from sales tax and by Government Departments specifying its use in preference to other 
products. 

 

 

 

To improve paper and packaging uses to make 
recycling more effective, small changes to many items 
would make them more easily recycled.  For example, 
Telecom phone directories use a plastic glue on the 
backings which clogs the screens of the recycling 
process.  Clear plastic windows on envelopes make 
these envelopes non recyclable.  Those envelopes with 
"glassine" windows, which are slightly more opaque 
than plastic, are acceptable.  Beer bottle carrier packs 
made from "Carrier Board" have a wet strength additive 
to maintain their wet strength during refrigeration which 
makes them unacceptable for recycling.  

The advent of high speed copying machines has added 
to greatly increased paper use over recent years.  Instead 
of circulating reports among a number of staff, it is 
common to provide individual copies usually with 

single-sided printing.  Errors by inexperienced operators 
often create much waste at the copy machine before the 
multiple reports ever get out!  

The modern copy machine burns the print on to the 
paper, degrading its quality for recycling.  Used copy 
paper is still quite acceptable for low grade packaging 
and brown printing papers, but it is not suitable for 
higher grade white papers.  

Laser printers also burn the type image into the paper.  
If ink jet or carbon ribbon printers were used then the 
paper would have a higher value for recycling.  

Auckland is fortunate to have two favourable factors 
which contribute to paper recycling: 

• NZFP Pulp and Paper Ltd have recently modernised 
and expanded their paper re-cycling mill at Te 
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Papapa where there is now capacity to process 
120,000 tonnes of recycled paper per annum.  This 
is important to Auckland as the cost of transporting 
paper for recycling is significant.  However the mill 
also collects baled paper from Whangarei, Tauranga, 
Hamilton, Napier, Rotorua, Palmerston North, 
Wanganui, New Plymouth, Wellington, 
Christchurch, Nelson and Invercargill.  

• Because of environmental factors, Auckland landfill 
fees are higher than other areas of the country — a 
factor which improves the viability of recycling (see 

Section 3.3).  Often the money saved by not having 
to dispose of material in a landfill is omitted in the 
equation for calculating costs of recycling.  In 
Auckland bulk rubbish disposal by compactor costs 
$78 per tonne.  This is the main monetary saving in 
recycling.  

A well-established network of paper collection 
companies has contributed significantly to the recycling 
of paper in Auckland. 

Case Studies 6.1 and 6.2 demonstrate that the quantity 
of paper recycled is growing steadily.  

 
 
 
 
CASE STUDY No 6.1:  CENTRAL PARK OFFICE COMPLEX  
 

Summary  
Central Park, an office complex in Auckland, faced rising costs for waste disposal.  A system for collecting 
waste paper and cardboard was instituted by Paper Reclaim Ltd.  Over twelve months 56 tonnes of paper 
has been collected and Central Park has reduced its waste costs by 34 percent.  
 

Description of the Situation 
Central Park is an office complex in Auckland's industrial suburb of Penrose.  It is a complex of 8 buildings 
constructed in 1988, housing approximately 1200 people.  The site is managed by Holdsworth Group Ltd 
who are responsible for the organisation and removal of all waste produced by the complex.  
 

Project Details 
In August 1990, faced with rising costs of waste produced on site and the impending purchase of a new 
compactor, the Central Park Management approached Paper Reclaim Ltd, an Auckland company 
specialising in the collection of paper waste.  Analysis of the waste stream revealed that there was a 
significant quantity of corrugated cardboard and office paper suitable for recycling.  

Paper Reclaim instituted their "Officycle" scheme by supplying appropriately labelled wheelie bins for the 
collection of the paper waste, and a 3 cubic metre wire mesh bin for the collection of cardboard.  One 
wheelie bin was provided to each 15-20 people with a "Monitor" to look after it and call Paper Reclaim when 
it needed emptying.  

Each person in the office was provided with a folder for their waste paper — designed to keep the paper flat 
and discourage the practice of screwing up paper!  
 

Project Benefits  
Over twelve months 56 tonnes of paper has been collected and Central Park has reduced its waste costs by 
34 percent.  The system has gained momentum and is being used by more people.  
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Central Park Complex  
(Holdsworth Group Ltd photo) 

 

 

 

 
CASE STUDY No 6.2: AUCKLAND REGIONAL COUNCIL  
 

Summary  
A study of paper use at the Auckland Regional Council's headquarters building showed that a 25 percent 
saving in paper use could save ratepayer's $226,000 per year (La Roche, 1991).   However, other priorities 
have meant that reduction of paper use has low priority.  In contrast, paper recycling has been successfully 
implemented, which should save approximately $4000 per year in reduced disposal costs.  

 

Description of the Situation  
Figure 6.1 shows the paper flow at the Auckland Regional Council.  This would be typical of many offices.  
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Figure 6.1: Typical Paper Flow at Auckland Regional Council 
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Auckland Regional Council's Headquarters  
(New Zealand Herald photo) 

 

Project Details  
Enthusiastic staff at Auckland Regional Council's head office have collected paper since 1989.  Originally a 
system of paper clean sacks was used and volunteers collected these twice weekly for removal by Council 
truck to the NZFP Paper Mill at Te Papapa.  The Council saved $56 per tonne by not having to pay disposal 
costs and the staff gained valuable funds to support a charity raising money for small village water supply 
and sanitation projects in developing countries.  

A shift to a new building proved a bonanza for paper collection and over a 12 month period 56 tonnes was 
recycled.  However, the shift had its drawbacks as the new building is provided with a waste compactor, and 
the council truck was no longer required.  Paper collection fell dramatically as it was all too easy to place 
waste into the compactor which gobbled it out of sight.  

After many discussions and reports (producing yet more paper for recycling!) a wheelie bin system using the 
Paper Reclaim system was instituted.  

 
Project Benefits  
Recycled paper quantities have increased since the implementation of the Paper Reclaim system, and much 
greater staff awareness has been generated.  Experience at Auckland Regional Council found that for 
success of the paper recycling scheme, easy collection is essential, and a network of volunteers who each 
have a wheelie bin to collect paper from each desk is easy and efficient.  It is important to check the paper 
collected at each desk to ensure no non-recyclable material is collected. Computer paper is a higher grade 
paper for which recycling companies will make a payment.  It is very worthwhile to have a separate 
collection for used computer paper.  

Although paper recycling has been successfully implemented, there has been little sign of the 25 percent 
reduction in paper use.  Preoccupation of management in restructuring the organisation has meant that the 
reduction of paper use has low priority.  
============================================================================= 
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7 COMMUNITY SECTOR  
 
 

The community sector contains organisations that 
interface directly with the public and represent the 
essential services of society.  This sector is another that 
does not produce the range of hazardous wastes that the 
industry sector does.  It is represented by two 
groupings in the Activities Table (A860 to A880, and 
A900 to A936), the latter grouping including waste 
management services.  This activity is not covered in 
this report as matters relevant to the waste industry are 
included in Part 3: Hazardous Waste, and Part 4: 
Landfill Engineering Guidelines. 

Very few people approached for case studies in this 
sector had heard of a waste audit. They were not 
looking at how their waste could be reused or recycled, 
and what they could do with the remainder waste.  
Educational programmes designed specifically for the 
activities in this sector are needed. 

 

 

7.1 Government Administration  
Government administration in New Zealand consists of 
central government (state sector) and local government 
(regional and territorial).  The wastes from the wide 
variety of functions undertaken by government will 
include most of the sectors considered to date.  In this 
section, waste reduction in two typical government 
administration units (a central government department 
and a city council) is presented.  A case study for 
reducing paper waste in a regional government building 
is presented in Section 6.7 (see Case Study 6.2).  

 

Government Department  
The Ministry for the Environment undertook an audit of 
its own head office.  The audit was undertaken by 
Royds Garden Ltd, and comprised interviews with six 
randomly-selected members of staff and a walk-through 
survey.  

The Ministry's main products are ideas, which are 
generally set down on paper.  Significant volumes of 
paper leave the premises in the form of reports and 
letters as a medium- to long-life product.  However, 
large volumes of paper have a short life.  This happens 
even though the Ministry has an electronic mail system 
and electronic filing system to which all staff have 
access.  The temptation to print items, in case they are 
needed in future, is too great for many people. 

Since its audit the Ministry has implemented an official 
paper recycling system, in place of the rather ad hoc 
system that was used previously.  Recycled paper 
envelopes and internal reusable envelopes have been 
introduced.  The extra sheets of paper from the draft 
printers are reused.  Non-confidential paper is also used 
by children of staff for artwork.  To reduce paper use, 
staff are reminded regularly that they should think twice 
before printing items that arrive through the electronic 
mail.  Staff are encouraged to photocopy using both 
sides of the page, and sophisticated photocopiers which 
can perform the operation are available.  

Recycling depots for plastics and aluminium cans have 
been set up by staff.  A second-hand market for 
unwanted items is run via the electronic mail.  

Unleaded petrol is used in Ministry cars.  Staff are 
encouraged to use public transport by the supplying of 
ten-trip bus tickets.  It is often quicker for staff to walk 
to meetings in the central city area.  

Energy efficiency is rather harder to implement, as the 
Ministry is a tenant and the energy efficiency of the 
heating and air conditioning is controlled by the 
landlord.  Turning off lights and equipment when 
offices are vacated was identified as one area of potential 
saving.  

The Ministry has now published a booklet and a 
poster, "Going Green: Your Easy Guide to an 
Environmentally Friendly Office" (Ministry for the 
Environment, 1992), to help other similar organisations 
to reduce production of waste and minimise energy use. 

 

City Council  
The Wellington City Council decided that it should 
undertake a waste audit of its own operations.  The area 
investigated initially was the amount of paper produced 
in one Council building, although in the course of the 
work other wastes were considered.  Results from that 
audit have led to the preparation of a programme for 
reducing all wastes, not just paper.  A more 
comprehensive audit is underway looking at all 
supplies to the council, e.g., paper, oil, electricity, 
plastics, etc. This audit is expected to be completed by 
December 1992. 

Approximately 2 tonnes of paper is already being 
recycled in different sections of Council on a weekly 
basis at present.  However, there is a lot of paper, 
including valuable high-grade paper, still going from 
the Council to the landfill. 
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Recycling programmes can build good relations among 
employees, and instil a sense of pride in doing 
something for the environment.  A co-ordinator who 
acts as the liaison between senior management and the 
buyers is essential.  Responsibilities include the 
following:  

• Planning the programme  

• Developing the implementation schedule  

• Monitoring the programme.  

Information on the quality, quantity and market 
specifications of paper and cardboard which could be 
recyled is being obtained. 

A collection and storage process has been designed and 
implemented.  By integrating the recycling collection 
with the Council's normal rubbish collection system, 
there is no need for extra storage space.  (Storage is 
available in the Council's Administration Building's 
basement.) 

The following steps are required to develop the resource 
recovery system:  

• Identify where the recyclables are generated and the 
quantity at each location 

• Obtain the necessary storage space 

• Determine the location of collection containers, how 
many of each type are required 

• Purchase the necessary containers 

• Finalise the in-house collection.  

An employee education programme is being designed 
and implemented.  The education package will outline 
the programme's purpose and guidelines.  This will 
also emphasise senior management's commitment to in-
house recycling and stress that the employees are vital 
to making the programmes successful.   

Any programme must be monitored.  Unacceptable 
materials will appear in the recycling containers during 
the first several weeks of the programme.  It will be 
during this time that the co-ordinator should make an 
extra effort to minimise employee confusion by 
enthusiastically reminding them of the materials that are 
acceptable and what is not acceptable.  

 

 

7.2 Defence 
The New Zealand Defence Force comprises the New 
Zealand Naval Forces, the New Zealand Army and the 
Royal New Zealand Air Force, together with civilian 
employees.  Some aspects of the role of defence forces 
produces special wastes, e.g., exercises involving use of 
weapons.  Other wastes are similar to those produced 
by industry, e.g., electroplating and engineering wastes.   

The United States government has a special programme 
in place called Waste Reduction Evaluations at Federal 
Sites (WREAFS), which consists of demonstration 
projects at a number of Federal facilities (Freeman, 
1988).  These have included navy, army and air force 
facilities.  Results from this programme could be 
adapted for use in New Zealand.  

 

Navy  
The Philadelphia Naval Shipyard was chosen for 
investigation under the WREAFS programme (Bridges, 
1990).  This Federal facility specialises in revitalising 
and repairing operational naval equipment.  The project 
focused on the processes and wastes related to 
aluminium cleaning, spray painting and bilge cleaning. 
The best options were:  changes to the aluminium 
cleaning line to reduce dragout and hence the frequency 
of discharge of wastewaters; an awareness and training 
programme for paint waste reduction; and a recovery 
system for the chemicals used in bilge cleaning.  Net 
savings of US$158,680 could be achieved from these 
combined options.  

Such a programme should be relevant to the operations 
of the Devonport naval base which is used for refits for 
all units of the navy.  

 

Army  
A project was carried out at one of the United States 
Army Forces Command facilities at Fort Riley, Kansas 
which generated battery acid and metal-contaminated 
alkaline wastewaters (Bridges, 1990).  Battery acid 
could be cleaned and reused, saving the cost of new acid 
procurement.  Automotive parts cleaning wastewaters 
could be cleaned and reused.  An alternative would be 
to monitor parts to prevent breaking, thus reducing the 
need for cleaning prior to repair.  Net savings of 
US$149,400 could be achieved from these actions. 
They also have the potential for application in at least 
ten other US Army facilities.  

 

 

Air Force  
Since 1987, the Royal New Zealand Air Force 
(RNZAF) has installed Plastic Media Blasting (PMB) 
paint stripping facilities at its bases at Ohakea, 
Woodbourne and Wigram, which are used to strip 
components and aircraft up to and including the 
Skyhawk planes and Iroquois helicopters.  This 
eliminates the use of chemicals, and hence a hazardous 
waste, as the new method uses reusable plastic pellets, 
which generate only a small volume of dry paint, spent 
media and heavy-metal waste.  Larger aircraft still have 
to be stripped chemically.  
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This technique was developed and tested at the Hill Air 
Force Base in the United States in the early 1980s.  
Full details of the method and a case study of its 
development are given in Higgins (1989).  For 215 F-4 
fighter aircraft, annual cost savings were estimated to be 
about US$5.6 million.  The time required to strip an 
F-4 fighter has been reduced from 340 to 40 hours and 
the amount of hazardous waste produced from 10,000 
pounds of wet sludge to 320 pounds of dry paint chips 
and decomposed plastic media (Dougherty, 1990).  

As a result of the Ozone Layer Protection Act 1990, the 
RNZAF's use of chlorofluorocarbons (CFCs) and 
trichloroethane has been reduced.  The RNZAF is 
currently starting a major project to investigate its 
wastes including the consideration of waste prevention 
and minimisation practices.  

Electroplating wastes are another source of concern for 
air force bases.  RNZAF Base Woodbourne has about 
60,000 litres of hazardous wastes mainly arising from 
metal-finishing facilities (Nelson-Marlborough Regional 
Council, 1991).  At present these wastes are being 
stored.  

In the United States selective ion-exchange resins have 
been used to remove contaminants from electroplating 
baths at two air force bases (Dougherty, 1990).  For a 
1,700 gallon nickel strike tank, the savings for 
treatment as opposed to disposal were US$3.77 per 
gallon.  In a "electroless" nickel tank the cost savings 
were US$6.44 per gallon.  The new plants had a 
payback period of less than one year.  

 

 

7.3 Social Framework  
This group includes a range of facilities used by the 
community — churches, halls and marae (meeting 
place).   Before European settlement the Maori practised 
sustainability (and waste reduction).   As the Maori 
tradition is unique to New Zealand, an appropriate 
study is that of the marae.  

 

Marae: Huihui  and the Hakari  
Huihui (Maori social gatherings such as marriages, 
birthday celebrations, tangihanga, and political and 
religious meetings) are a key feature of Maori social life.  
A hui (a social gathering) may last part of a day, a 
whole day or over several days, and may range from a 
small family gathering to major meetings involving 
several iwi.  The provision of copious amounts of food 
for the hui is a necessary part of the hospitable treatment 
of guests and this is undertaken by the host family or a 
marae in the area of the host iwi in the latter case.  

Ordinary meals such as breakfast, lunch, dinner and 
morning and afternoon teas are provided for at a hui.  
The koha (a gift presented by parties of guests to the 
host and which in former times was usually prized food, 
but today is usually money) and the hakari (major feast 
presented by the hosts) are important features of Maori 
huihui today.  For half-day or day-long hui, significant 
amounts of food of a lesser degree are usually provided.  

In former times, according to anthropologist, Raymond 
Firth, the koha and the hakari were important cultural 
mechanisms of economic exchange during huihui 
(Firth, 1973).  Firth refers to early ethnographic 
accounts that describe momentous quantities of food, 
and particularly prized and specially prepared foodstuffs, 
in hakari at some major iwi  meetings and hapu hui.  

Today, the guests and hosts take part in the hakari 
which is usually part of the main function, in the last 
evening or day of the hui. If held on a marae, it usually 
takes place in the dining hall.  Tables are laden with 
foods such as breads, meats, vegetables, sweets, pastries 
and puddings.  The bulk of the vegetables and meat is 
cooked in a hangi (earth-oven).  The "relish" 
(delicacies) are important in the hakari and this usually 
includes prized natural food sources particular to the 
area where the hui is being held, e.g., karengo (sea-
weed), crayfish, paua, mussel, kina (sea-egg) from a 
rocky coastline; pipi, cockle and oyster from an estuary; 
eel (fresh and preserved) from a lake or river; pikopiko 
(young fern fronds) from inland bush. 

There is a common belief among Maori people that 
food at huihui should not be "wasted", although food 
scraps are the main waste produced at huihui.  Food 
scraps including scrapings from plates after meals and 
vegetable peelings are generally not considered to be 
waste.  There are always "leftovers" at hui and these 
should be used and not "wasted". Wasted food is 
"good" food that could have been used, given away or 
stored for later use but is "thrown away" by being 
discarded, left to rot, ruined, or prepared but not put to 
use.   

Catering should be organised so that leftovers result in 
more than food scraps;  these should be utilised, such 
as given away as gifts or stored for future use.  This 
results in fewer food scraps and less waste of good food.  
In rural communities with households that have pigs or 
dogs, food scraps from meals and during the preparation 
of food would usually be sorted into a "pig bucket" for 
pig feed, and meat and bones for dog feed.  In other 
cases, this may not occur and the amount of food scraps 
is usually considerably higher.  

Case Study 7.1 shows how the food for one hui was 
managed.  
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CASE STUDY No 7.1: MARAE 
 
Summary  
A brother and sister of a family in Tokoroa celebrated their respective 21st birthday parties at a Tokoroa 
marae in 1987 and 1989.  This was with 150 - 170 friends and relatives at each one.  The preparations were 
similar for both functions.  

The amount of food scraps that eventually ended up in the rubbish container from the first 21st party was 
considered wasteful by the family.  The family did not have a contact to use food scraps for pig or dog feed.  
At the second family 21st party, two years later, the amount of food scraps was cut down by ensuring that 
there were more leftovers that could be given away or stored for future use.  
 

Description of the Background Situation 
Although the main function was held on a Saturday evening, the celebration occupied guests and relatives 
from out-of-town who stayed at the marae, the family and the "workers" (family, friends and relatives who 
helped) for the entire weekend.   

Preparations started on Friday afternoon with the family shifting to the marae, and the work continued to 
Sunday evening when the family returned to the house after the marae complex was cleaned and closed.  
Most guests arrived at the main function prior to the start of the hakari and left the marae complex at the end 
of the evening function.  

Meals were provided for all those at the marae for dinner and late supper on Friday, and for breakfast on 
Saturday and Sunday morning.  The rest of Saturday was devoted to preparing the hakari for the main 
function in the evening.  

Preparations started about a year before to stock up on food well in advance, most of which was bought in 
bulk.  Although the family live in Tokoroa (central North Island), they are traditionally from a coastal area and 
seafoods were an important "relish" for both birthday celebrations.  Reasonable notice was given to relatives 
living on the sea coast to organise diving trips for paua and kina, and to set pots for crayfish.  (Note that 
Fisheries amateur regulations restrict considerably the quantities and sizes for taking paua, kina and rock 
lobster.)  A family member living in the South Island also organised Bluff oysters and preserved mutton-
birds.  
 

Project Details  
After the hakari and the main function the tables were cleared.  The leftovers were from serving platters, 
bowls and dishes that were wholly or largely untouched.  There were significant quantities and these were 
sorted into larger dishes and stored in one of the marae chillers.  These were used for a late supper on 
Saturday night, breakfast the next morning and a meal at the family home in the evening.   

The bulk of the remaining leftovers in the marae chiller were divided into parcels and given away to visitors 
and "workers".  The remainder were taken by the family, some of which was frozen for household use.  
Ordinary foods such as bread, butter, jam, sugar, salt, pepper, tea and milk were taken by the family and 
stored for household use.  

The food scraps, from the preparation of the food, and the plate and dish scrapings after each meal and 
from cleared tables were placed in a rubbish container and were later disposed of in the local landfill.   
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Project Benefits 
The intention for reducing the amount of food scraps was not to do with changing environmental attitudes or 
reducing costs for the family.  The reason was culturally economic — hospitable treatment of guests and 
"workers" with fine foods, both in the hakari and in parcel gifts.  Reduction of food scraps was through 
ensuring more food could be retrieved from the tables at the end of the hakari as "good" food for leftovers, 
much of it given away.  This was achieved by reorganising the timing and the way food was presented in 
dishes, platters and bowls, and placed on the tables.  
 

 
 

 

Hakari: Joint 21st and 14th Birthday Celebrations for Two Sisters in 1989  
( Photo courtesy of Joan Ropiha)  

 

=============================================================================== 

 

7.4 Health and Safety  
The health and safety sector provide essential services, 
often leading to the production of unusual wastes — 
amputated limbs, pathogenic material, contaminated 
clothing.  Such wastes are often difficult to minimise 
because of the way in which they arise — often at short 
notice and in emergency circumstances.  Yet standard 
operations within this sector can look to means for 
minimising wastes.  

 

Hospital  
An audit was performed at Thoerak Hospital in 
Chicago, USA, a hospital with 218 beds, each 
producing approximately 5kg of waste per day.  The 
results were:  

• Rubbish reduced by 30 percent in the first year.  

• Infectious waste reduced by 35 percent.  

• Waste haulage reduced from two containers per week 
to one container per week.  The approximate 
savings over the first year equalled $15,000.  
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• An intense round-the-clock education prog-ramme 
was begun, from top management down to staff, 
over a three-month period and three months after the 
audit was completed.  

• Buying habits in the hospital changed within two 
months.  

• The dietary section has a weekly programme for 
ordering food which has reduced the amount of 
waste being generated.  Moreover any unwanted 
foods are sent for composting.  

• A materials management team was set up to look at 
the handling and sale of materials.  

Such a programme could be adapted for use in New 
Zealand hospitals.  

In addition to their special wastes, hospitals generate 
wastes similar to those from commercial organisations.  
In 1990, North Shore Hospital set up a comprehensive 
recycling scheme including paper, aluminium, plastic 
and glass.  Collections of cardboard and office paper 
more than doubled in the six months to May 1991, and 
the saving in waste disposal fees over 12 months 
exceeded $2000.  

 

Water management  
Public health measures include the provision of water 
for drinking, washing and for removal of human wastes.  
However, the unmetered supply of water to domestic 
households has led to excessive use, often through 
leaking taps.  Whereas the installation of meters may 
cost around $2000 per unit, consumption may be 
reduced by a third, by encouraging people to change 
washers to reduce leaks and reduce the watering of 
gardens.  Also, increased use of water results in 
increased demands on sewerage systems and wastewater 
treatment and disposal.  

The evidence of contaminated groundwater overseas is 
growing. The same is happening here in New Zealand, 
notably to the Hutt Valley and Christchurch aquifers.  
Rather than solve the problem when it arrives, if indeed 
the problem can be solved,  steps should be taken to 
reduce or preferably eliminate sources of groundwater 
contamination.  

 

Wastewater Industry  
The wastewater industry is a major industry in all 
countries, and has contributed to improved public 
health over the last century.  However, it is the epitome 
of an "end-of-pipe" solution by an industry which is 
itself a waste management industry.  The industry is 
edging its way towards influencing or controlling the 
inputs.  There appears to be a sound case in many 
instances for separating domestic and industrial wastes, 
for controlling the permitted wastes, and for designing 
less wasteful systems.  Separate domestic and industrial 

sewerage systems have been suggested for Mt 
Maunganui, Wanganui and Hastings. 

The aerobic treatment of sewage and many other organic 
wastes is the antithesis of waste reduction, especially 
when the processes do not even have high efficiency.  
The opportunities for biogas, oil and fertiliser 
production are clear, although the state of knowledge for 
the former two still does not allow a net gain in 
resources.  Biological treatment is traditionally a slow 
rate process requiring a large surface area, which can be 
at a premium in some urban situations.  However, the 
technology transfer from the more advanced and efficient 
materials processing, e.g., fermentation, has 
commenced.  The opportunities for high-rate intensive 
treatment of sewage where useful products are obtained 
may be philo-sophically more sound and in future be 
economic. 

 

 

7.5 Education  
Education is crucial in making people aware that they 
should practise waste prevention and minimisation.  
Formal education processes have a pivotal role to play 
— this takes place through the education system by 
injecting environmental education into the national 
curriculum at all levels, from primary schools to tertiary 
institutions.   

 

Schools  
States such as California, Ohio, Rhode Island, 
Washington and Oregon have developed solid waste 
curricula (Grogan & Schwartz, 1991).  The goal of 
these educational programmes is to encourage children 
to participate in waste reduction (and recycling).  
Children will then encourage other family members to 
participate in such activities.  This informal education 
role of using students to change community practices is 
reflected in the Kaikoura Citizens' Waste Management 
Plan presented in Section 2.7.  

In New Zealand, schools are being encouraged to 
participate in recycling schemes.  Many schools now 
have recycling facilities on their premises.  Children or 
members of the community can deposit materials such 
as aluminium cans, plastic milk bottles, or paper in 
receptacles provided by the recycling industry.  Income 
from the material is used for school projects.  

For example, Paremata School in Porirua has done 
away with its incinerator and has set up an in-house 
recycling scheme.  The children are separating their 
paper, plastics and food waste into different bins in each 
classroom.  These bins are then emptied into containers 
in "Conservation Corner", the school's recycling depot.  
There are also clothing bins at the school.  Members of 
the public can deposit their recyclables at the depot too. 
The plastics are going to a plastics recycling plant at 
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Otaki, and the paper is collected by WasteCare.  A use 
for the food scraps is presently being sought.  

The school's headmaster has noticed a great 
improvement in the school grounds since the recycling 
scheme started, with children less likely to throw their 
rubbish around.  Moreover, children are telling their 

parents and grandparents that they should be sorting 
their rubbish.  

An innovative pilot for the development of educational 
programmes for primary schools is being tested at 
present by the Ashhurst Primary School (Buchanan, 
1991).  Case Study 7.2 gives details of the proposed 
Eco-school programme.  

 
 
 
CASE STUDY No 7.2: ASHHURST PRIMARY SCHOOL (THE ECO-SCHOOL)  
 

Summary 
A pilot programme to involve environmental issues within a primary school is being successfully tested at 
Ashhurst School.  Part of this programme is waste prevention and minimisation.  
 

Description of the Situation 
Ashhurst School is a large full primary school with a current roll of over 480 pupils.  The school is situated in 
a small rural township 14km from Palmerston North.  It is unique in that it combines country and urban 
flavours.  The community is rapidly growing and covers a wide range of occupational backgrounds.  

Early in 1991 the Natural Heritage Foundation proposed to Ashhurst School that it implement a pilot 
programme for becoming an Eco-school.  This would mean the school working closely with the Foundation 
to develop environmentally conscious curricula, attitudes and practices that could then be applied in other 
schools.   
 

Project Details  
A steering committee was established to ensure the programme's initial promotion and implementation.  The 
Eco-committee of interested parents and teachers met regularly to:  

•   Set aims and objectives;  

•   Prepare and disseminate relevant curriculum material;  

•   Liaise with the Natural Heritage Foundation;  

•   Set up communication channels among staff, Board of Trustees and the community;  

•   Develop a long term plan for the project;  

•   Act as motivating factors for staff and students.  

In addition a student council was formed to represent the pupils and have input into the planning and 
decision-making.  

The project ran over twelve months spanning three academic terms, two in 1991 and the first term in 1992.   
The first phase centred around building appropriate attitudes, practices and teaching programmes based 
within the school environment.  Existing programmes and resource management practices are being 
evaluated and modified to better reflect environmental concerns.  

The second phase involved extending the programme into the wider community.  The pupils included their 
families in activities to increase their awareness of environmentally-sound practices.  Establishing the school 
as a central community vehicle for recycling is a high priority.  
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The third phase is an enacting and evaluating stage with the ultimate aim of producing usable guides and 
resources for other schools that wish to adopt similar programmes.  
 

Project Benefits  
The staff, pupils and Board of Trustees have enthusiastically embraced the project.  A number of high 
impact activities were developed to motivate the pupils.   All areas of the curriculum were developed to 
reflect the environmental message of REDUCE, REUSE, RECYCLE AND RESPECT for the environment.  

The first phase of the project was completed by holding an Eco-week, which resulted in unprecedented 
community interest.  This included students collecting rubbish from home and school and using it to create 
monsters for display.  All monsters were recycled at the end of Eco-week.  

At the end of the first term, an initial evaluation was completed.  Solving the problems that have arisen has 
motivated the school towards the next phase.  One of these has been the lack of a co-ordinated regional 
recycling programme. The school is establishing a community recycling centre within its grounds.  
 

=============================================================================== 

 

7.6 Justice  
Courthouses produce the same types of wastes as other 
offices.  Prison wastes are more similar to domestic 
wastes, and can be managed in a similar way.  

 

Prisons  
An audit was undertaken at the Wellington Prison to 
determine what waste could be reused or recycled.  The 
major components of the waste stream were paper and 
food scraps.  The prison runs a printing operation and 
throws away two large sacks of paper waste each day.  
This paper is good quality and could be recycled.  The 
kitchen waste is being taken to the waste haulage area 
instead of being composted.   

There were other areas of concern with products being 
used, e.g., plastic coated cardboard boxes for milk.  As 
the prisoners are not allowed glass objects in their 
possession, milk cartons containing 1 litre of milk 
would have to be purchased in this way.  If milk could 
be placed in a recyclable plastic container, then this 
could be recycled into a new product.  The prison has a 
garden for growing their own vegetables but no 
compost heap for food scraps.  

An education programme about waste reduction was 
being prepared, including the setting up of a compost 
heap to accommodate the food scraps.  A recycling 
programme was to be established where possible, 
hopefully returning some savings to the prison budget.  

 

 

 

 

7.7 Recreation 
Recreational facilities are often places where litter is 
found.  Certainly, littering tends to happen when 
crowds attend outdoor functions such as cricket matches 
and rugby games.  Means to reduce litter and waste are 
needed.  

 

Sports ground  
People organising matches are well aware of the dangers 
of littering by allowing incorrect packaging and/or 
dangerous packing into the grounds.  The major waste 
is aluminium cans that are often collected as a source of 
income by children attending the match with parents.  
The cups being used for soup, tea and coffee are 
polystyrene and plastics.  A Propak plastic cup marked 
with a 6 in the recycled logo placed on the bottom of 
the container is recyclable and a system for collecting 
them and having them made into a new product could 
be established.   

People administering sports grounds require an 
education programme to advise them on what 
environmentally sound products they should be 
encouraging for use in the grounds.  
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8 DOMESTIC SECTOR  
 
 

We all produce rubbish.  Since the middle of this 
century, we have been producing more and more.  In 
1991 each New Zealander, on average, produced 
approximately 1.1 tonnes of rubbish. 

Why?  The answer lies to a great extent in our 
changing lifestyles.  We live in a society that values 
convenience, time and consumption.  The media are 
full of advertisements encouraging us to buy products, 
especially those that are convenient to use, which often 
translates into "disposable".  We use something once, 
throw it in the rubbish, then never have to be bothered 
by it again — right?  

Wrong — our consumption habits and dispos-able 
lifestyles are now haunting us in the form of 
environmental problems such as rapidly dimin-ishing 
natural resources and overflowing disposal sites.  This 
is to say nothing of the continually growing costs 
associated with safe waste disposal.  

The most significant gains come from reducing wastes. 
This is not the whole answer, but it is the easiest and 
least expensive action we can take.  Recycling the 
amount of waste we generate also contributes to solving 
our solid waste problems.  When you wonder what to 
do with an item, you should first see if it can be 
reduced, next reused, then recycled before disposal.  To 
assist householders in reducing, reusing and recycling 
materials that may otherwise be discarded, a user-
friendly guide is provided in Appendix E. These are 
actions that each New Zealander can do.  

The case studies in this chapter shows what can be 
done to change actions so that our impact on Planet 
Earth is less.  

 

 

8.1 Flats  
Three sets of flats were used for the case studies:  

• A flat containing a female and a male (Case Study 
8.1).  

• A flat containing three females (Case Study 8.2).  

• A flat containing five males ranging from 
unemployed to professional (Case Study 8.3).  

Case study leaders were asked initially to study the 
style of living and waste production in their own flat for 
about three weeks (about half way through the study 
time).  Other members in the flat were then told about 
the study.  The case study leader then monitored what 

changes happened and whether practices remained the 
same or a new lifestyle was set up.  

The types of questions asked by the case study leaders 
were:  

• Is it New Zealand made?  

• Can the product or package be reduced, reused or 
recycled?  

• What percentage of recycled material is in it?  

• Can savings be made by buying in bulk?  

• How much energy is used in making the product?   

• Have recycling code numbers been placed on plastic 
containers?  

• When is the manufacturer going to be made 
responsible?  

• Should I write to the manufacturer?  

• What about the media who provide incorrect 
information?  

• What can I do about helping with the purchasing of 
goods?  

• Where do I get better information?  

• How can I reduce my waste production?  

• Could I do better?  

Overall, the following conclusions were drawn from the 
case studies of flats:  

• Manufacturers were not conforming to standards;  

• Better advertising of product/package is required;  

• Cost savings of up to $30 per week were achieved.  

In all three case studies it was found that the majority of 
people were not interested, or cared little about the 
environment or the issue of reducing wastes initially, 
but taking part in the case studies had a beneficial effect 
on their attitudes.  

A similar experiment has been reported for a flat in New 
Haven, Connecticut which contained five adult graduate 
students (Coppock, 1991).  With effort the occupants 
could reduce their waste by 10 percent, but this would 
require changes in the living patterns for all occupants 
including bulk-buying.  Finding time for major changes 
in household behaviour is difficult, even for 
environmentally committed people. 

The Wellington City Council provides accommodation 
through flats in apartment buildings. A recycling 
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programme for one apartment building containing 283 
flats began on Wednesday 23 October 1991. A mini 

recycling depot has been established in the building.  

 
 

 
CASE STUDY No 8.1: TWO-PERSON FLAT 
 

Summary  
A two-person flat achieved a reduction in rubbish being sent for disposal and saved money on their food bill 
by examining their food consumption habits and devising an appropriate solution to match their needs.  
Being part of this project has raised their awareness of environmental issues and taught them about their 
lifestyle.  
 

Description of the Situation 
The occupants of this flat were a partnership consisting of a middle-aged, professional couple.  In this case, 
the female of the partnership was slowly changing to a "green" attitude.  She was not sure where to start 
and wanted better advice than that given through the media.  She had been to the shops, but such advice 
was not readily available.  

 
Project Details  
The female partner started with bulk-buying.  However, the costs were greater and more wastes were 
produced because not all the goods purchased were being consumed by the couple.  A better solution was 
needed.  Both these people worked and could purchase main meals during lunchtime at work at a cheaper 
cost than purchasing goods for eating in the evening.  They agreed that the main meal would be at the place 
of work, therefore cutting the food bill and intake of packaging into the house by half.  The night-time meal 
would consist of healthy eating.  By educating themselves through consulting cookery books on meals for 
two people, they were able to purchase bulk food in quantities appropriate for them to consume, and were 
able to buy reasonable quantities of other goods to fit into their weekly meal plan.  
 

Project Benefits  
Prior to implementing the solution, the couple spent about $123 per week on food.  The new system of 
eating and consuming other goods led to a decrease in the food bill to about $65.  The waste from the food 
was composted.  The male partner had read about this method in the material used for implementing the 
Tawa kerbside recycling programme.  Consequently, the amount of refuse for disposal dropped to half a bag 
per fortnight.  

This couple have become so conscious of what could be done for a better environment that they also looked 
at energy savings and water control.  They are obtaining information through media advertising and 
literature from the appropriate departments or ministries.   

This couple were pleased they were chosen to be part of the programme because they learnt something 
about their lifestyle of which they had been previously unaware.  
 

 

=============================================================================== 
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CASE STUDY No 8.2: THREE-PERSON FLAT 
 

Summary 
A flat with three females noted no changes in behavioural patterns to environmental issues or waste 
reduction.  The most environmentally-aware member of the flat had noticed very small changes in the 
weekly shopping bill.  This person found that bulk-buying led to more time being spent throwing out goods 
that had not been used, and an increase in the amount of waste.  
 

Description of the Situation 
This flat contained three females.  The female who seemed to be the main purchaser of goods for this flat 
was environmentally aware, but was not able to persuade the other two females to change their thinking or 
attitudes.  The two females were quite happy with their lifestyle and the products that were being purchased 
for the flat.  The purchaser was also aware of the claims about consumer goods that were being portrayed 
to the consumer though the mass media.  
 

Project Details 
Bulk-buying was being done where possible, but the flat occupiers were well aware that sometimes bulk-
buying was not the total answer because food was being thrown out.  The patterns of food consumption had 
to be looked at, and more careful planning of meals each week was necessary.  

 

Project Benefits  
There were no noticeable changes in attitudes of all three females. 

 

 
CASE STUDY No 8.3: FIVE-PERSON FLAT 

 
Summary  
A five-person flat changed their buying habits and noted a reduction in their food bill as well as reducing 
wastes.  People who initially were not interested in environmental issues changed their attitudes while 
participating in the case study, and this change was passed on to other people.  
 

Description of the Situation 
This flat contained five males ranging in age from 18 to 50-ish.  The occupiers, because of limited financial 
resources for house-keeping, had to seriously consider what they were buying from the shops each week.  
They tried to purchase mainly fresh vegetables, but sometimes this proved to be expensive so they changed 
to frozen vegetables, knowing that the packaging was not recyclable.  The more professional men were less 
interested in environmental issues and could not see why they should change their attitudes.   
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Project Details  
After four weeks of changing their purchasing of consumer goods, the men noted that their food bill was 
dropping.  For example, tomato sauce was being bought in larger rather than smaller containers.  The price 
was better and they obtained more product for their money.  The larger plastic container was recyclable and 
reusable whereas the smaller tin cans were not. 
 

Project Benefits 
Savings were made through changed attitudes to consumer buying. Moreover, those who were not the least 
bit interested when the programme started, were now taking more interest in the environment around them.  
They were asking questions about manufacturers' claims, particularly concerning matters such as 
biodegradability.  The professional people also talked about this case study with the people with whom they 
worked.  This reflected a change in attitude and this change was passed on to other people.  
=============================================================================== 

 

8.2 Homes 
Two homes were used for case studies of waste 
prevention and minimisation practices in the home 
environment.  

• A home with six adults (Case Study 8.4).  

• A home with two adults and two children (Case 
Study 8.5).  

The case studies in the home environment found that  

convenience buying or cheap prices took precedence.  
Advertising did not always provide suitable information 
about the environmental impacts of products and 
packaging.  Education and communication on waste 
prevention and minimisation practices were lacking in 
New Zealand for the domestic person.  

Members of a typical New Zealand family were slowly 
changing their attitudes towards purchasing, although a 
fine line had to be made when purchasing in today's 
economic climate. 

 
 
CASE STUDY No 8.4: HOME WITH ADULT CHILDREN 

 
Summary 
People in a home consisting of six adults were aware of environmental issues but found that they were not 
good at putting them into practice within the home.  Their food bill did not increase or decrease by much 
during the study period.  
 

Description of the Situation 
This home comprised an environmental manager, a wife sensitive to environmental issues, and four adult 
children who did not care about environmental matters. The wife often did the shopping and purchased 
whatever were the best buys for the day, in spite of her values about the environment.   

Cheap goods were bought as she considered the economic downturn to be of greater concern than 
environmental considerations.  Often bulk-buying a certain product was not feasible in this house. 

 
Project Details 
This home bought the same type of goods over four weeks, but tried to buy environmentally-friendly 
products.  One product purchased did not clean the clothes at all well, yet advertising for this item suggested 
that she was purchasing something good, user-friendly and biodegradable. 
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Project Benefits 
This home did not notice big savings in the amount they spent.  They even went back to their original 
shopping list of goods.  The changing attitudes were there, but this family felt that what was needed was an 
educational programme about what to look for when purchasing consumer goods.  This family indicated that 
they would be prepared to spend up to 30c more on an environmentally-friendly product.  

 

CASE STUDY No 8.5: HOME WITH YOUNG CHILDREN 

 
Summary  
An environmentally-conscious family proved that savings can be maintained if consistent attention is given 
to details of purchases.  
 

Description of the Situation 
This home comprised two professional adults with two young children, who were all aware of environmental 
issues.  
 

Project Details 
This home shops weekly, purchasing New Zealand made products in reusable or recyclable packaging.  
Where possible, products are reused or recycled, and vegetable scraps are composted.  
 

 
 

Weekly Shopping  
(Viv Auty photo) 

Project Benefits 
This environmentally-minded New Zealand family usually:  
•   Uses Grandma's old recipes, e.g., soap grated to make washing powder;  
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•   Buys fresh vegetables in bulk where possible, therefore avoiding tinned vegetables or frozen vegetables 
from companies using non-recyclable packaging;  

•   Chooses goods that do not have excessive packaging, e.g., shirts/blouses;  

•   Refuses to accept plastic shopping bags, etc.; 

•   Composts all vegetable matter. 

Cost savings were increasing all the time.  By reusing and recycling products and composting vegetable 
scraps, this family was reducing the amount of waste to landfill by one bag per month.  

 

==================================================================== 

 
8.3 Good Housekeeping and 

Waste Minimisation 
The case studies of different domestic situations show 
that putting waste minimisation into practice does 
require a conscious effort, and often a trade-off must be 
made with economics as reflected in supermarket prices. 

To ensure that we make choices in our daily lives that 
will help rather than harm the earth, we need to be 
better informed. Information is needed on the 
environmental consequences of our purchas-ing 
decisions and on effective substitutes for products that 
may have adverse environmental effects. 

 

 

8.4 Garden 
A large amount of domestic wastes in New Zealand 
arises from the garden.  In landfill-user surveys and from 
visual inspection it can be estimated that green organic 
waste makes up approximately 40 to 50 percent of all 
wastes disposed of in landfills on a day to day basis.  In 
Kaikoura, it was estimated that the total amount of 
green organic wastes tipped at the district landfill was 
approximately two tonnes annually.  None of these 
wastes should go to landfill — they can be used for 
producing compost or mulch.  

The most obvious least-cost solution is for everyone to 
keep their garden material at home.  Weeds and small 
clippings can be composted, and medium-sized 
prunings can be shredded through a garden mulcher and 
spread immed-iately on the garden.  However, larger 
prunings from trees and shrubs are often a nuisance in a 
small garden.  Case Study 8.6 shows how one gardener 
handled the problem of reusing large prunings.   

If it is inconvenient to compost garden wastes, a 
neighbour may be a keen gardener who would be 
delighted to take the unwanted organic material.  

An alternative method for handling garden waste is that 
each community provides a "Garden Waste Site" in 
order that garden material does not go to landfill.  A 
reduced fee for depositing such material could be 

charged.  This material would then need to be 
processed in such a way to ensure it does not become a 
fire hazard or present any noxious smells.  The 
resulting material can then be formed into a windrow 
in-situ or else taken to a central location for further 
processing.  

Garden waste together with other organic material can 
be made into a very simple soil conditioner.  Another 
option is to further process the material to make higher 
quality compost fertiliser.  This would require 
obtaining "non-waste" material, like seaweed, 
superphosphate, dolomite lime or animal manures for 
example, to enrich the final product.  

The best-known local authority composting scheme in 
New Zealand operates at Devonport Tip in Auckland, 
which has been successfully composting garden waste 
for the past 10 years.  About 50 percent is sold in bags 
at $5.00 each, and the rest is sold in bulk at 
approximately $48 per cubic metre. 

Whangarei also has a successful composting facility that 
has been in operation for five years at its landfill site.  
Several other local authorities are in the process of 
establishing their own composting facilities.  

All of the above operations are limited to garden waste 
as their feedstock.  The exclusion of other general 
organic refuse from composting eliminates the chance of 
heavy metal contamination and odour problems.  This 
is important as increasing numbers of farmers and home 
gardeners are moving away from chemically-intensive 
agricultural practices towards a more organic approach.  
There is great demand for organic fertilisers.  

Composting is an environmentally-sound approach to 
dealing with organic wastes. Furthermore the removal 
of organic material from the landfill environment 
reduces the organic load  of leachate from landfills.  
There are also significant reductions in the production 
of greenhouse gases with composting when compared to 
landfilling because products of aerobic composting are 
CO2 and H2O as opposed to methane produced in the 
anaerobic conditions of a landfill site.  
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CASE STUDY No 8.6: GARDEN 
 

Summary 
A keen gardener managed to reuse her unwanted garden material by employing a contractor to shred the 
material into mulch, which was then placed on the garden.  This also was a cheaper option than sending the 
material to the tip.  
 

Description of the Situation  
A gardener decided in March 1991 that some of her shrubs and trees had grown too big for their locations 
and would shade the lawn and house too much in winter.  Although she had a small garden mulcher, this 
was not robust enough to take more than small prunings and clippings and turn them into mulching material.  

The trees and shrubs (including cotoneaster, taupata and yellow jasmine) were cut back and formed a pile 
roughly 4 by 2 metres in area and 1 metre high on the front lawn (about 8 cubic metres).  A quick solution 
was needed before the lawn died off!  
 

 
 

Shredder in Action  
(John Bailey photo) 



Our Waste: Our Responsibility 

 114 

Project Details  
There were two alternatives:  

• Hire a skip with sufficient volume to take the material to the local landfill.  The price for a skip of 7 cubic 
metres is $120 for a weekend.  She would have needed to have cut up some branches to compact them 
sufficiently to fit in the skip.  

• Hire a shredder to cut up the material so that it could be applied to the garden as a mulch.  

 

Project Benefits  
The second option was decided upon.  The contractor took two hours to shred the material at a cost of $70 
(cheaper than the skip).  Some energy in the form of diesel to power the shredder was consumed.  
However, the material provided rather more than a cubic metre of mulch for spreading on the garden.  This 
suppressed weeds (leading to less time for hand weeding and removing the need to use weedkillers) and 
conserved water in the soil (saving on water use and time required for hosing).   

The gardener was pleased that not only had she saved money but that she had reused her wastes by 
returning the material to the garden, thus completing the natural cycle of growth and decay. In addition, by 
not using a skip she had saved space in the local landfill, and had solved her waste problem on-site.  

In January 1992 the gardener again removed some shrubs which had grown too large and pruned others.  
The result was another large pile of material and the shredder was hired to process the pile.  The cost was 
$95.00 for just over two hours work.  The shredder produced about 1.5 cubic metres of mulch which would 
have cost $150 to buy.  There was sufficient mulch to cover most of the flat area of the garden. 
 

=============================================================================== 
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9 CONCLUSIONS 
 
 

Relevance 
The timeliness of the CAE Waste Management Project 
was underscored during its conduct, by the quite 
separate announcement that each man, woman and child 
in New Zealand disposes of over 1 tonne of solid waste 
each year.  That puts New Zealanders near the top of the 
league in terms of wastefulness, and reinforces waste 
prevention and minimisation as a very desirable social 
objective. 

 

Definitions 
Suitable definitions and terminology for "waste 
minimisation" that are meaningful to everyone are 
needed in New Zealand. 

 

Information 
Attempts were made to obtain information about waste 
prevention and minimisation practices in all sectors of 
the New Zealand economy.  However, difficulties were 
experienced for several reasons.  In some cases, 
companies were reluctant to divulge information about 
what they had done, or were willing only to give 
general information. 

 

Data on Waste Arisings 
The compilation of regional waste surveys showed that 
the data available in New Zealand on waste arisings are 
inadequate.  They are based on estimates made by 
waste generators and as such should be treated with 
caution.  In addition, the classification process involved 
a number of assumptions. 

This work clearly points to the need for a classification 
system to be adopted in New Zealand so that consistent 
data can be obtained on waste arisings. 

 

Attitudes and Change 
The responsibility to reduce waste rests with individual 
actions, which are determined by attitudes.  Once 
formed, attitudes can be hard to change, perhaps for 
good historical reasons, such as survival and stability.  
Recognition of the nature and dynamics of attitude, and 
how attitudinal change can be brought about, will assist 
in working towards reducing waste, not only at the 

individual level, but also at the organisational and 
societal levels. 

 

The Root Cause of Waste 
There is some acknowledgement within society of our 
wastefulness, and a desire for change.  However, there 
is, understandably, a tendency to believe the problem 
— and the solution — is someone else's.  Clearly it is 
our problem and the solutions lie in recognising our 
real needs, rather than merely indulging our wants, and 
in defining how those needs should be "packaged". 

 

Mechanisms to Reduce Waste 
Waste prevention and minimisation is the process and 
practice of producing less waste and embraces the three 
Rs of Reduce, Reuse and Recycle.  Where possible 
emphasis should be placed on Reduce to the point of 
contemplating Eliminate as a desirable, even though 
seemingly unattainable, objective.  Thereby the concept 
of waste reduction becomes incorporated right from the 
outset in a critical examination of the real need for, and 
the design, use and reuse of a product.  

 

Separation of Cause and Effect 
Waste reduction has been practised in an elementary 
way, usually at the individual level, for centuries.  As 
societies and organisations have become more complex, 
the separation of cause and effect has widened, to an 
extent whereby we have lost sight of the impact of our 
wastefulness. 

 

Constraints to Effect Minimisation 
Whereas some individuals, social groups, companies 
and organisations are beginning to institute waste 
reduction measures, there is clearly a long way to go.  
The incentive to industry is economic, with pay back 
periods of often less than a year.  The economic 
incentive will increase as the constraints on 
wastefulness increase.  These constraints will come 
about through the Resource Management Act 1991, 
where the disposal of certain wastes may be prohibited 
or severely restricted, and charges for the disposal of 
"innocuous" wastes will increase as they begin to reflect 
the real cost of protecting the environment. 
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Major Industrial Wastes 
New Zealand's wastes are largely organic and degrade 
readily, usually with only transient or local effects on 
biota and usually without cumulative effect in food 
chains.  Because New Zealand has had a low level of 
industrialisation compared with other Western 
countries, we have generally assumed that our industrial 
wastes can also be assimilated into the environment. 
The option of reducing waste at source has only 
recently been evident in the major industry sector. 

 

Lesser Industrial Wastes 
From an environmental point of view, New Zealand is 
fortunate that it has not had an extensive mining and 
industrial base, where, because of its isolation and 
small population, the environmental impacts of these 
industries would have been great.  Much of New 
Zealand industry is small, and generates small 
quantities of toxic and hazardous wastes that have not 
always been disposed of adequately in the past and now 
present immediate problems in their collection and 
storage. 

 

Commercial and Domestic Wastes 
In terms of solid waste, the commercial and domestic 
sectors are the most wasteful.  These wastes present the 
most challenge to reduce, in that they are diffuse both in 
terms of origin and end-use.  Recycling is clearly a 
desirable, but short-term, solution to these wastes.  The 
market for recycled products can be both limited and 
fickle. 

 

Water Supply and Disposal 
Fresh water has been in ample supply in New Zealand 
but it has engendered wasteful habits.  Some 
metropolitan areas, notably Auckland, are encouraging 
(through pricing)  the more economic use of water and 
thereby its disposal.  Water supply and disposal 
authorities, through the Resource Management Act 
1991, are becoming more proactive in the management 
of water.  In time we may see domestic sewage treated 
as a resource, provided toxic and hazardous materials 
can be kept out of it or contained to acceptable levels.   

Incentives to Minimise 
The incentives to effect waste prevention and 
minimisation are economic, convenience and social.  
There are some areas where the economic incentives are 
either now evident or will become so. Convenience 
should be a component in our desire to be less wasteful.  
The social incentive will be the most difficult to 
grapple with.  The current trend away from a co-
operative towards a more competitive society is 

undermining the sense of community necessary for us to 
identify with, or be motivated by, a social incentive. 

 

Inertia 
Although the problem is recognised and steps are being 
taken, there is significant and entrenched social and 
bureaucratic inertia to overcome in order to make 
substantial progress in waste prevention and 
minimisation.  The solution is organisational where 
incentives are necessary to change our attitudes.  The 
real gains will come when those in authority develop 
the will and commitment to create logical workable 
systems, which in addition to appealing to our 
sensibilities also appeals to our fallibilities (e.g. 
convenience). 

 

Future Directions 
The breadth of this project has not allowed it to focus 
on specific opportunities.  However, there is clearly a 
need to make progress in waste reduction through, for 
example, quantitative surveys, information 
dissemination and educational actions, as well as 
through indirect and direct assistance.  The increasing 
charges for waste disposal are of indirect assistance, but 
may not of themselves be sufficient to make substantial 
progress, particularly in the domestic sector. 
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10 RECOMMENDATIONS  
 
 

Waste prevention and minimisation are essential 
components for New Zealand if we are to achieve 
sustainability as required by the Resource Management 
Act 1991.  

These concepts warrant promotion and encouragement 
because they contain elements of the wise use of 
resources, environmental protection and economic 
benefit. 

Legislation alone will not be sufficient to promote 
waste prevention and minimisation. The provision of 
information on ways in which all sectors of the New 
Zealand economy can implement waste minimisation 
was  one of the major objectives of this work. But 
information alone will also not be sufficient to promote 
and gain acceptability of these concepts. Members of the 
Waste Minimisation Practices Task Group came to the 
conclusion that changes in society's attitudes to waste 
prevention are also needed. 

Such fundamental change should be the subject of 
debate and discussion within the New Zealand 
community. The examples of waste minimisation have 
shown that it can be done and is being done. The ideas 
and concepts of tangata whenua on environmental 
responsibility should be incorporated into this 
important debate. 

Incentives for change in attitudes are needed to give an 
impetus to waste prevention and minimisation. 

The economic incentive will in part be implemented as 
waste disposal restrictions and charges begin to reflect 
the true cost to the environment.  There could be further 
economic incentives to encourage action where the 
environmental risks appear greater. 

The convenience incentive needs to be emphasised in 
an age where time is perceived in economic terms.  The 
minimisation of waste needs to be made convenient — 
for example, the domestic separation of recyclable 
wastes and their collection should not involve much 
effort by the householder.  Similarly, waste prevention 
and minimisation must be convenient in the workplace, 
even if there are economic incentives as well. 

The social incentive is more difficult as many aspects 
of community life are changing from a co-operative 
society to a competitive society. The social 
consequences of individual behaviour can have adverse 
environmental impacts — the "tragedy of the 
commons" revisited.  Systems therefore need to be 

promoted to remind people that we need to work 
together. 

 
10.1 Resources 
These need to be made available to: 

• Quantify and characterise the waste streams 
adequately in order that sound judgements can be 
made on how to minimise them.  

• Disseminate information to and educate the public at 
large about the impacts of waste (both 
environmental and resource depletion). 

• Engender conviction and commitment at the highest 
level within structures on the merits of waste 
prevention and minimisation. 

• Provide assistance and services to industry and the 
community in order to assist in workable and 
effective waste prevention and minimisation 
practices. 

• Develop workable systems to provide the incentives 
to individuals, industry and organisations to 
minimise wastes. 

Given the growing awareness of the need for societies to 
develop sustainable living patterns, the Waste 
Minimisation Practices Task Group believes that New 
Zealand citizens should: 

• make a total societal commitment to the 
development of the goals of a sustainable society; 

• develop guiding cultural and ethical principles 
incorporating the philosophies and values of the 
tangata whenua of this country. 

In the present situation there is a focus on control, often 
as a result of environmental and health problems.  A 
new attitude is required to focus on opportunities for 
environmental improvement (some of these attitudinal 
changes are detailed in Box 10.1). 

Cleaner Production has been identified as one of the 
most effective means of finding and implementing 
solutions which will lead to sustainability. 
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Box 10.1: A Comparison of Old and New Attitudes for Achieving Environmental 

Quality 

 

OLD NEW 

Pollutants are controlled by  waste 
treatment methods. 

Pollutants are prevented at their sources 
through integrated measures. 

Pollution control is evaluated when 
processes and products have been 
developed and when problems arise.  

Pollution prevention is an integrated part 
of product and process development. 

Pollution controls and environmental 
improvements are considered to be 
negative cost factors for the company. 

Pollution and waste are considered to be 
potential resources and may be 
transformed into useful products and by-
products. 

Environmental challenges are to be 
addressed by environmental experts. 

Environmental improvement challenges 
should be the responsibility of people 
throughout the company. 

Environmental improvements are to be 
accomplished with techniques and 
technology. 

Environmental improvements include 
technical and non-technical approaches. 

Environmental improvement measures 
should fulfil standards set by the 
authorities. 

Environmental improvement measures 
should be a process of working 
continuously to achieve higher standards. 

Quality is defined as meeting the 
customer's requirements. 

Total quality means the manufacturing of 
products that meet customers' needs and 
which also have minimal impacts upon 
human health and the environment. 

 

 

10.2 Cleaner Production 
Cleaner production was  defined by UNEP in May 1989 
as: 

"The conceptual and procedural approach to 
production that demands that all phases of the life-
cycle of a product or of a process should be 
addressed with the objectives of prevention or 
minimisation of the use of materials and energy 
and short and long-term risks to humans and to the 
environment." 

A total societal commitment is required for effecting 
this comprehensive approach to achieving the goal of 
sustainable societies. 

The course of action outlined on the following pages is 
recommended in order to facilitate this change in 
attitude and to move towards the implementation of 
solutions. 

 

Cleaner Production Foundation  
At present, no organisation co-ordinates Cleaner 
Production activities in New Zealand.  Furthermore, 
under the requirements set out in the Resource 
Management Act 1991, all private and public 
organisations are obligated to identify efficient and 
effective mechanisms to achieve the sustainability 
objectives of the Act. 
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Therefore, it is recommended that a non-profit national 
Cleaner Production Foundation be established to 
provide New Zealanders from all sectors with the tools 
to achieve simultaneously the goals of economic and 
environmental sustainability. 

The establishment of such a facility to promote waste 
minimisation through Cleaner Production should be 
considered in the wider context of the overall more 
efficient management of resources, including raw 
materials and energy. 

The purpose would be, not to replace any sector based 
initiatives in this area, but rather to provide an umbrella 
organisation that would encourage such initiatives, and 
promote the concepts and provide educational 
opportunities to a wider audience. 

Recommended objectives for the Foundation would 
include: 

Cultural and Social 

• To promote a clean production ethic appropriate to 
New Zealand society which recognises the cultural 
and ethical principles of resource stewardship held 
by the tangata whenua and applies this in its 
implementation. 

Information 

• To initiate the gathering, collation, inter-pretation 
and transfer of information on Cleaner Production, 
waste management concepts and natural resource 
management. 

• To provide information and advice to all levels of 
government. 

• To promote information flow between all sectors 
with the assistance of other organisations with an 
interest in Cleaner Production. 

• To collect information from existing international 
and national networks (for example, United Nations 
Environment Programme International Cleaner 
Production Information Clearinghouse on-line 
database). 

• To actively disseminate information on philosophy 
and implementation of Cleaner Production by 
producing and distributing target-specific 
educational material to all sectors. 

Technology Transfer 

• To establish demonstration projects to show to all 
sectors of society the applicability of Cleaner 
Production in terms of: 

— raw materials, water and energy minimisation; 

— production processes including hazard-free 
production; 

—  products. 

• To collate comparative performance data on energy 
and material usage for similar organisations. 

• To promote the development of a robust industrial 
base for Cleaner Production which provides 
consumers with a choice. 

• To assist organisations to move towards sustainable 
practices. 

Technical Assistance 

• To develop comprehensive technical assistance 
services that are both generic and industry specific 
(for example, training, audit format, monitoring, 
management plans). 

• To establish Cleaner Production consultation 
groups for sectoral interests. 

Research and Development 

• To identify research priorities for efficient material 
and energy use. 

• To assist energy and material intensive 
organisations to research and develop Cleaner 
Production processes, products and services 
including renewable energy resources. 

• To encourage Universities, Polytechnics, Crown 
Research Institutes and other research organisations 
to carry out research on Cleaner Production and 
monitoring. 

Education 

• To encourage Universities and Polytechnics to: 

— include Cleaner Production degree and/or 
certificate work within their curricula; 

— to incorporate Cleaner Production concepts into  
existing courses; 

— to support the establishment of a Cleaner 
Production profession. 

Motivation and Accountability 

• To encourage all trade/professional associates to 
adopt the "Valdez Principles" (see Box 10.2) for 
corporate environmental responsibility. 

• To establish an award system to evaluate and reward 
Cleaner Production processes and products. 

• To evaluate the success of initiatives and feed 
information on performance back into the 
programme. 

• To establish on-going funding for the Found-ation 
by applying for grants, sponsorships, and so on, and 
solicit financial support from target groups. 

Government 
• To require industries to develop and implement 

Cleaner Production/Waste Prevention and 
Minimisation Programmes which include waste 
reduction audits and timelines for implementation. 

• To foster the effective operation of markets to ensure 
adoption of Cleaner Production. 



Our Waste: Our Responsibility 

 120 

• To develop appropriate mechanisms to encourage 
the utilisation of Cleaner Production concepts and 

procedures. 

 
 
Box 10.2: The Valdez Principles 

 

The Valdez Principles, developed by the Coalition for Environmentally Responsible Economics 
(CERES), set standards for corporate environmental responsibility. 

1. Protection of the Biosphere:  We will minimise the release of any pollutant that may cause 
environmental damage to the air, water or earth.  We will safeguard habitats in rivers, lakes, 
wetlands, coastal zones and oceans and will avoid contributing to the greenhouse effect, 
depletion of the ozone layer, acid rain, or smog. 

2. Sustainable use of Natural Resources:  We will make sustainable use of renewable natural 
resources such as water, soils and forests.  We will conserve non-renewable natural resources 
through efficient use and careful planning.  We will protect wildlife, habitat, open spaces and 
wilderness, while preserving biodiversity. 

3. Reduction and Disposal of Waste:  We will minimise waste, especially hazardous waste, and 
whenever possible, recycle materials.  We will dispose of all waste through safe and 
responsible methods. 

4. Wise Use of Energy:  We will use environmentally safe and sustainable energy sources to 
meet our needs.  We will invest in improved energy efficiency and conservation in our 
operations.  We will maximise the energy efficiency of products we use or sell. 

5. Risk Reduction:  We will minimise the environmental, health and safety risks to our employees 
and the communities in which we operate by employing safe technologies and operating 
procedures and by being constantly prepared for emergencies. 

6. Marketing of Safe Products and Services:  We will sell products that minimise environmental 
impacts and are safe as consumers commonly use them.  We will inform consumers of the 
environmental impacts of our products or services. 

7. Damage Compensation:  We will take responsibility for any harm we cause to the environment 
by making every effort to restore the environment and to compensate those persons who are 
adversely affected. 

8. Disclosure:  We will disclose to our employees and to the public, incidents relating to our 
operations that cause environmental harm or pose health or safety hazards.  We will disclose 
potential environmental health or safety hazards posed by our operations. 

9. Environmental Directors and Managers:  At least one seat on our Board of Directors will be 
designated for an environmental advocate.  We will commit management resources to 
implement these Principles, including the funding of an office of vice president for 
environmental affairs or an equivalent executive position to monitor and report on our 
implementation efforts. 

10. Assessment and Annual Audit:  We will conduct and make public an annual self-evaluation of 
our progress in implementing these principles and in complying with all applicable laws and 
regulations.  We will work towards the timely creation of independent environmental audit 
procedures to which we will adhere. 
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APPENDIX A  
 

WASTE MINIMISATION PRACTICES TASK GROUP ORGANISATION 
 

Mission  
To identify and describe management practices and technologies that will minimise the production of wastes in New 
Zealand and to suggest means for their implementation.  

 

Objectives  
1 To identify existing waste minimisation practices in New Zealand industries, businesses and elsewhere.  

2 To identify where the best returns will come from by implementing waste minimisation practices in New 
Zealand, i.e., prioritise the waste streams (including trade wastes) to be reduced.  

3 To identify and investigate a range of management practices and technologies already developed overseas that are 
suitable for adaptation for New Zealand.  

4 To prepare case studies for a variety of New Zealand situations to demonstrate the application of the identified 
waste minimisation practices.  

5 From experience with the case studies, to prepare model guidelines on waste auditing and implementing waste 
minimisation practices.  

6 To determine the most appropriate means for continued technology transfer of waste minimisation practices.  

7 To promote the findings from this work through workshops, seminars and publications.  

8 To suggest methods of implementating waste minimisation practices after this work has finished.  

 

Work Plan 
The group was led by Margaret L Bailey of the Ministry for the Environment, with Alan Fricker of DSIR Industrial 
Development as its deputy leader.  Members for the group were obtained mainly from the central part of New Zealand 
(lower North Island and Upper South Island), although members from other areas were obtained to undertake specific 
tasks. The full list of people who contributed to the work of the group is included in this appendix. 

Subgroups were established to undertake the work, with each group being given specific sectors or wastes to 
investigate.  These subgroups covered the major sectors of the economy (primary, industry, commerce, community and 
domestic sectors), and for nearly all regions within the task group's area.  Subgroups were also set up in other places to 
cover specific sectors.  For example, Auckland subgroups investigated practices to minimise paper wastes, and 
industries such as steel production and surface coatings. 

Each subgroup was asked to use objectives 1 through 4 to guide their work.  In particular, subgroups were to identify 
both existing waste prevention and minimisation practices in New Zealand and opportunities for the implementation of 
such practices, including clean production and good management methods. 

Reports from subgroups and case studies (objectives 1 through 4) were completed in August 1991.  The chapter on 
techniques for waste prevention and minimisation (objective 5) was compiled from material taken from an information 
paper (Bailey, 1991) plus draft material supplied by two of the group's members.  Some gaps in the first draft were then 
filled by assigning specific tasks to members or seeking information from appropriate people. 

The draft report was sent to four overseas reviewers, including the group's Visiting Fellow Professor Donald Huisingh.  
While the group was awaiting their comments, a second draft report was prepared which included new material.  
Finally, after discussion by the group of the comments received from the reviewers, the final draft, the Workshop 
Report was prepared, including suggestions from the reviewers and some initial conclusions and recommendations 
arising from the work. 

As expected the Workshop sessions provided the basis for addressing on-going issues (objectives 6, 7 and 8) which 
have arisen from the work.  In particular, the Workshop participants agreed on a course of action which would allow for 
the completion of the recommendations.  These are presented in the last chapter. 
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TASK GROUP MEMBERS  
(as of January 1992) 
Leader - Margaret L Bailey  
Deputy Leader - Alan Fricker  
 

Subject Subgroups 

Primary 

Bill Wakelin, Morrison Cooper Ltd  
 

Industry 

Alan Fricker, DSIR Industrial Development (subgroup co-ordinator)  
Mike Farrier, M & M Protection Consultants  
Blake Fieldes, Process Developments Ltd  
Lloyd Gibbs, Alcatel STC New Zealand  
Peter Isherwood, Unilever  
John Olsen, NZ Motor Trade Association  
Sergio Petrello, Colgate Palmolive  
Beverley Ruddick, Research Institute Textile Services  
 

Commercial 

Alan Fricker, DSIR Industrial Development (subgroup co-ordinator)  
Alison Barrett, Energy and Resources Division, Ministry of Commerce 
Geoffrey Bertram, Department of Economics, Victoria University of Wellington  
Albert Derbyshire, Independent Newspapers Ltd  
David Haskell, Mountain Valley Resources  
John Hunt, Building Industry Association  
David Lonsdale, Retailer and Wholesaler Merchants Association  
Dave Munroe, Downer and Co Ltd  
Tom Steiner, Ministry of Transport  
John Tiffen, Department of Communications, Victoria University of Wellington   
Murray Woodhouse, Bank of New Zealand  
 

Community 

Viv Auty, Wellington City Council (subgroup co-ordinator)  
Margaret Bailey, Whitby 
Robin Darling, Wellington City Council  
Dean McLaren, Wellington City Council  
R Philpott, Wellington Prison  
Joan Ropiha, Ministry for the Environment, Central Regions Office  
C Smith, Wellington Prison  
 

Domestic 

Viv Auty, Wellington City Council (subgroup co-ordinator)  
Margaret Bailey, Whitby 
Hilary Capper, Wellington 
Mike Charles, Upper Hutt 
Glen Crowther, Action Link 
Councillor Merrin Downing, Wellington 
Fiona Wilson, Wellington 
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Regional Subgroups 
Auckland l (Commecial) 

John La Roche, Auckland Regional Council (subgroup co-ordinator)  
Jan Cotterall, Auckland Regional Council  
Clive Couldwell, Woodward-Clyde (NZ) Ltd 
Ian Lockie, NZFP Pulp and Paper Ltd  
John Merritt, Air New Zealand  
Graeme Relf, Paper Chase Ltd  
Peter Thorne, Paper Reclaim Ltd  
 

Auckland ll (Industry) 

John La Roche, Auckland Regional Council (subgroup co-ordinator)  
Alistair Atherton, Pacific Steel Ltd  
Rocke Bryers, Rockweld Engineering  
Rob Burden, Woodward-Clyde (NZ) Ltd 
Judith Collins, Fletcher Challenge Ltd  
Jan Cotterall, Auckland Regional Council  
Mike Cuers, Boewe Passat New Zealand Ltd 
Tracy Drum, ACI New Zealand Glass Manufacturers Ltd  
Tom Fahey, NZ Industrial Gases  
Peter Nelson, DSIR NECAL Laboratory  
Max Pellow, Balmoral Drycleaners  
John Prince, Consulting Engineer  
John Rainbow, BHP Trading Ltd  
 

Palmerston North 

Bridget Robson, Manawatu-Wanganui Regional Council (subgroup co-ordinator)  
Jim Barnett, New Zealand Dairy Research Institute  
Aidan Bichan, Livestock Improvement Corporation Ltd  
Martin Boyle, John Read Agricultural Consultancy Ltd  
David J Bridges, Worley Consultants Ltd  
Colin Holmes, Animal Science Department, Massey University of Manawatu  
Ian Mason, Agricultural Engineering Department, Massey University of Manawatu  
Ian Rowden, Royds Garden Ltd  
Yurgen Shaffer, Tui Milk Products Ltd  
W Cowper Smith, New Zealand Dairy Board  
 

Nelson 

David Haskell, Mountain Valley Resources (subgroup co-ordinator)  
Michael Dicker, Nelson-Marlborough Regional Council  
Brian Shaw, Worseldine & Wells Ltd  
 

New Plymouth 

Colin Mercer, DowElanco (NZ) Ltd (subgroup co-ordinator)  
Gary Bedford, Taranaki Regional Council  
 

 

Individual Contributors 
Richard Armishaw, DSIR Industrial Development 
David Bewick, Ministry for the Environment  
Brian Buchanan, Ashhurst Primary School  
Chris Livesey, Ministry for the Environment  
A J McKinnon, Wool Research Organisation of New Zealand (Inc) 
Alix Newman, New Zealand Defence Force  
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Peter Sligh, Tasman Pulp and Paper Ltd  
Therese Thorn, Tauranga  
Peter van Gosliga, Parapine Horticultural Products Ltd  
 

Post-Workshop 

Teri McClelland, c/- Southland Regional Council 
Lesley Stone, Greenpeace New Zealand 
Nicholas Walmsley, Beca Carter Hollings & Ferner Ltd 
 

 

Visiting Fellow 
Professor Donald Huisingh  
Professor of Environmental Sciences, Erasmus University, Rotterdam. 
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APPENDIX B 
 

 AUDITING YOUR WASTE STREAM 
 

The Waste Audit forms included in this Appendix have been kindly provided by the Wellington City Council and are 
reproduced with their permission. 
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APPENDIX  C 
 

WASTE ARISINGS TABLE 
 

TOTAL WASTE IDENTIFIED NATIONALLY IN WASTE SURVEYS: 
 

Production by Industry Group per year 
 
  Total 
  (tonnes) 
 

A100 Agriculture, forest management 1,569 
A110 Animal / Vegetable food products sector 525,960 
A120 Drink Industry 4,062 
A130 Manufacture of animal feed 444 
A150 Coal industry 53,624 
A160 Petroleum industry 4,110 
A170 Production of electricity 346 
A180 Production of water 0 
A200 Extraction of metallic ores 2,600,026 
A210 Ferrous metallurgy 477,525 
A220 Non-ferrous metallurgy 10,983 
A230 Foundry and metalworking operations 10,088 
A240 Mechanical, electrical and electronic construction 26,432 
A243 Surface treatment (metals) 307 
A260 Mining and quarrying of non-metals 8,002,996 
A270 Construction materials, ceramics, glass 79,836 
A280 Building, building sites, landscaping 13,908 
A300 Chemical industry 241,866 
A301 Chlorine industry 154 
A351 Fertilizer fabrication 190 
A401 Other manufacturing generators of primary inorganic 
 industrial chemicals 108 
A451 Petroleum and coal industry 20 
A501 Manufacture of basic plastic materials 2,249 
A551 Other primary organic chemical manufacture 9 
A601 Chemical treatment of fats; fabrication of basic 
 substances for detergents 20 
A651 Fabrication of pharmaceuticals, pesticides, biocides, 
 weed killers 2,310 
A669 Other manufacture of finished chemicals 468 
A700 Production of inks, varnish, paints, glues 5,246 
A710 Fabrication of photographic products 373 
A720 Perfume industry and fabrication of soap and detergent 
 products 6,674 
A730 Finished rubber and plastic materials 15,854 
A740 Fabrication of products based upon asbestos 0 
A750 Production of powders and explosives 0 
A760 Textile and clothing industry 23,367 
A770 Leather and hide industry 4,144 
A780 Wood and furniture industry 318,886 
A790 Various related industries 243 
A800 Paper and cardboard industry 32,250 
A810 Printing, publishing, photographic laboratories 13,546 
A820 Laundries, bleaching services, dyers 2,563 
A830 Business enterprise 8,170 
A840 Transport, automobile dealers and repair facilities 23,194 
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A850 Hotels, cafes, restaurants 7,062 
A860 Health 25,369 
A870 Research 6,546 
A880 Administrative activities, offices 20,942 
A900 Cleaning and maintenance of public areas 1,186 
A910 Urban water treatment facilities 395 
A920 Urban waste treatment 54,350 
A930 Treatment of industrial effluents and wastes 18,713 
A940 Regeneration activities 551 
A950 Recovery activities 4,278 
Miscellaneous (undefined) 63,325 

 
 

Note: 
 
1. These totals are the quantities identified and represent a portion of the total waste stream. 
 
2. Totals for some categories are overestimated due to the grouping of data under main headings.  For 

example, totals for A110 will include material from A120 which could not be separately identified.  
Where information has been grouped the total appears under the first number of that group.  This 
factor applies to a large number of the entries in this table. 
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APPENDIX  D 
 

CALCULATING YIELDS AND LOSSES FOR THE 
MANUFACTURING MILK INDUSTRY 

 
 
In the past yields have been calculated as: 
 

 =  
milkfat in product
milkfat processed   

 
 
This was changed to incorporate the losses determined by the loss monitoring technique.  Because of increasing 
attention to pollution control, equipment to accurately measure and sample liquid wastewater streams has been 
developed.  Consequently, measurement of wastewater is widely established in the dairy industry.  From these 
measurements it is possible to estimate the losses of product to the wastewater.  Similarly methods are available to 
measure all other losses, i.e., in packing areas, product composition, etc.  A mass balance equation leads to: 
 

Quantity of product packed = Potential product in raw material  -  Losses 
 
or Po =  Pi - L  ............................. (1) 
 
Equation (1) can be rearranged to: 
 

 Yield  =  



1- 

L
Pi

 100    or, 

 
 

 Yield  =  



1 - 

L
Po + L  100 

 
Direct measurement of the losses, even with quite a low degree of accuracy, leads to an order of magnitude increase in 
the degree of the estimation of yield. 
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APPENDIX  E 
 

DOMESTIC WASTE REDUCTION 
A USER-FRIENDLY GUIDE 

 
The following guide is adapted from material produced by the Solid Waste Action Team (SWAT) (Oct 1990), Waste 
Reduction Handbook, Sundy  Region of Southern New Brunswick, Canada. 
 
 
AEROSOL SPRAYS 
These are a major cause of air pollution in the home. Some may contain CFCs, which have been linked with the 
destruction of the ozone layer. Some aerosols contain organic solvents, and when sprayed they produce a fine mist that 
easily enters the lungs and bloodstream. Make it a habit to check labels for information about the type of aerosol spray 
you are considering. 
 
Reduce  
• Buy non-aerosol products — they are better for the environment and are usually cheaper than an aerosol version. 
 
Air Fresheners 
These may contain formaldehyde, which actually deadens one's sense of smell. The following alternatives are preferable: 
• Ventilate — open a window, use a fan. 
• Place an open box of baking soda or a dish of vinegar in the room. 
• Use potpourri. 
• Boil 5 ml cloves, 250 mls water and one orange peel and simmer on stove. 
 
Health and Beauty Products 
• Use  roll-ons and sticks instead of aerosol deodorants. 
• Use gel, mousse or pump spray instead of aerosol hairspray. 
 
 
APPLIANCES 
 
Reduce  
• Buy good quality appliances that are built to last. 
• Whenever possible, repair appliances rather than throwing them out and buying new ones. 
 
Reuse  
• Sell or donate appliances that are in working condition or are repairable. Many charitable organisations will accept 

appliances in working condition for sale. 
 
 
BATTERIES 
 
Car Batteries 
These contain lead, which is poisonous, and sulphuric acid, which is extremely corrosive.  Because of this, they are a 
hazardous addition to a disposal facility. No good alternative has been found for replacement of batteries, but they can 
be recycled. Batteries should not be put out with regular household waste.  
Recycle 
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• Take the battery to a battery recycling depot. 
 
Household Batteries 
Most dry cell batteries contain heavy metals (mercury, zinc, silver, lithium, cadmium) that contribute to leachate 
toxicity in landfills. 
 
Reduce  
• Use solar-powered devices. 
• Avoid products that require batteries. 
• Where possible, use an AC/DC adaptor instead of batteries. 
• Choose batteries that have a reduced heavy metal content. 
 
Reuse  
• Use rechargeable batteries (preferably not those containing cadmium). 
 
Recycle 
• Collection systems may facilitate recycling. 
 
 
BEDDING, BLANKETS, CURTAINS, SHEETS 
 
Reuse 
• Most charitable organisations accept clean linen, mattresses, etc. 
• Cut up old sheets for rags. 
• Use old sheets or blankets as 'drop cloths' when painting the house. 
 
 
BOOKS 
 
Reuse  
• Buy used books or borrow books from a library. 
• If you want to dispose of books, give them to a local school, hospital or retirement home. 
 
Recycle 
• Check with your local paper recycler to see what material is being accepted for the market. 
 
 
CANS 
 
Recycle 
• Aluminum cans can be recycled through buy-back systems where they exist, school programmes, or drop-off 

recycling depots. 
 
 
CHRISTMAS TREES 
 
Reduce  
• Don't buy a tree — save trees. 
 
Reuse  
• Buy an artificial tree that can be used indefinitely with no mess or fuss. 
Recycle 
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• Decorate a small potted tree that can be planted in spring. 
 
 
CLEANING PRODUCTS 
Many common household cleaning products are poisonous and/or corrosive. Such products, if poured down the drain, 
also kill the micro-organisms used in sewage treatment. 
 
Reduce  
• Use all of a product so that none remains for disposal. 
• Containers should be rinsed well with water. 
• Use environmentally-friendly alternatives, such as the following: 

All-purpose cleaner 
- Mix 125 ml white vinegar and 60 ml baking soda with 2 litres water. For tough grease, also add 125 ml 

ammonia. 
Brass polish 
- Use Worchester Sauce as a polish 
- Mix salt and flour in equal parts with a bit of vinegar and rub. 
Carpet cleaner 
- Use soap-based, non-aerosol rug shampoo 
- Sprinkle with baking soda and dry cloth. 
Drain cleaners 
- Use a plunger or mechanical snake to undo clogs 
- Mix 125 ml baking soda with 125 ml  warm white vinegar and pour down drain. Wait 15 minutes, then flush 

with boiling water. 
Furniture polish 
- For finished wood use 1 part vinegar and 3 parts olive oil, or use a soft cloth to buff 
- For unfinished wood use mineral oil 
- Toothpaste removes water marks on wood 
- Remove scratch marks by rubbing with a walnut (removed from shell, of course). 
Glass Cleaners 
- Mix 125 ml vinegar in 1 litre warm water. Use newspaper to dry glass. 
Mothballs 
- Place satchets of dried lavender in wardrobes and drawers. 
Oven cleaner 
Aerosol oven cleaners are among the worst causes of indoor air pollution. People with asthma, bronchitis or other 
respiratory problems are very susceptible to the fumes. 
- Use an oven tray to catch spills 
- Remove baked-on grease by scrubbing with a paste made from baking soda, salt and water. 
Silver polish 
- Use a soft cloth and rub silver with ammonia 
- Toothpaste or a baking soda and water paste are also effective silver polishes. 
Toilet cleaner 
- Clean toilet regularly with a solution of 45 ml baking soda in 1 litre warm water 
- Mix 5 ml ammonia, 250 ml hydrogen peroxide and 2 litres water and pour into toilet. Leave for 30 minutes, 

then brush and flush. 
 
 
CLOTHING 
 
Reduce  
• Be a conscious consumer and purchase good quality clothing that is designed to last. 
 
Reuse  
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• Sell or donate clean clothes in good condition. 
 
Recycle 
• Old clothes can be made into rags. 
 
 
COMPOST 
Compost is the breakdown of organic material into humus, a soil-like product rich in nutrients. Not only does it cut 
down on the solid waste going to our waste disposal sites, it also produces a valuable soil conditioner which is great 
for use on gardens, in potted plants or on lawns. There is nothing complicated about backyard composting. 
• Kitchen wastes 
 Use fruit and vegetable peels and leaves, egg shells, coffee grinds, teabags. Avoid meat scraps and fat as these 

attract animals and may cause odour problems. 
• Yard wastes 
 Use grass clippings, leaves, sawdust, wood ashes (from fireplace or stove), woodchips, manure. 
Avoid weeds in seed, diseased plants, grass clippings directly after weedkiller has been applied, charcoal or coal ashes, 
dog and cat faeces (these may contain organisms that cause disease in humans), chips or dust from pressure-treated or 
tanalised wood, cedar chips. 
 
 
DISPOSABLE PRODUCTS 
Many of the products we buy have a useful life of only a few minutes before contributing to our solid waste problems. 
 
Reduce  
• Be an environmentally-conscious consumer. 
• Buy long-lasting products of good quality. 
• Choose alternatives to throw-away items (e.g., a safety razor and blades or an electric razor instead of disposables, 

pens designed to accommodate refills, rechargeable batteries, travel mugs, etc). 
• Buy items in bulk as this reduces the amount of packaging needing disposal. 
• Select products that are reuseable, recyclable or have recyclable packaging, or contain some percentage of recycled 

content in their manufacture. 
 
 
EYEGLASSES 
 
Reuse  
• Your old eyeglasses can be put to good use in various regions throughout the world. Ask your local optician or 

optometrist if they collect old glasses to send to developing countries. 
 
 
FABRIC SCRAPS 
 
Reuse  
• Many daycare and community centres can use clean fabric scraps and other items for children's crafts. 
 
 
FOOD 
Up to 35 percent of our municipal solid waste stream is made up of organic matter. A major portion of that comes from 
food wastes — peelings, table scraps, spoiled food and food that never even reaches our plates. 
Reduce  
• Buy only what you can use and consume it while it is fresh. 
• Excess food from restaurants, bakeries, food processors and stores is welcomed by soup kitchens and food banks. 
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Reuse  
• Use leftovers. Plan meals to allow leftovers to be incorporated into tomorrow's lunch or dinner. 
 
 
Recycle 
• Many food wastes can be composted. 
 
 
FURNITURE 
 
Reuse  
• Furniture in reasonably good condition can be used by many charitable organisations. 
 
 
GLASS 
 
Reduce  
• Buy items in bulk. Twice as much volume of product does not necessarily mean twice as much glass in the 

bottle. 
 
Reuse  
• When there is a choice, purchase items in returnable bottles. 
• Be sure to return all 'returnable' glass bottles instead of throwing them out. As an alternative, save them for 

bottles drives sponsored by local community groups. 
• Glass bottles and jars can be reused over and over again. For example, they are great for home-made jams and 

preserves, or as spice bottles. 
 
Recycle 
• Glass jars and bottles are recyclable, but they must be rinsed well with lids removed. Note: mirrors, light bulbs, 

windows, ceramics, clay and china (e.g. plates, bowls, figurines) cannot be recycled. 
• Glass can be delivered to bottle depots in your town/city for recycling when not otherwise collected by Councils. 
 
 
GRASS CLIPPINGS 
Grass clippings should not be bagged and put out with your regular rubbish. They contain valuable nitrogen which can 
be used on your lawn, and they take up space in our solid waste disposal facilities. 
 
Reduce  
• Keep your lawn regularly trimmed. Clippings shorter than 2-3cm will fall through the grass and act as a natural 

fertiliser. 
• Cut your grass only when it is dry to prevent the clippings forming clumps which will not decompose easily and 

therefore require disposal. 
• When purchasing a new lawnmower consider choosing one that mulches the grass. 
• Keep your mower blade sharp to produce fine clippings. 
 
Recycle 
• Use your grass clippings in making compost. 
HOUSEHOLD HAZARDOUS WASTE 
Many products we use in and around our homes contain chemicals and toxins that are potentially harmful to the 
environment. The average home produces 20-40 litres of household hazardous wastes (HHW) every year — that 
amounts to as much as 2 million litres of HHW each year for every 50,000 households. Proper disposal of these items 
is necessary to protect our land, water and air. 
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Practices to avoid:  
• HHW should not be poured down the drain. Sewage treatment plants use bacteria to treat biological wastes and 

are not designed to treat chemical wastes. Chemicals remaining in the water kill the bacteria that perform sewage 
treatment. Toxic chemicals in sewage sludge are eventually either burned or buried at a landfill site. 

• HHW should not be poured down a stormwater drain. Wastes disposed of in this way receive no treatment and 
directly pollute our rivers and beaches. 

• HHW should not, as a rule, be put out for ordinary rubbish collection. In landfills that are not equipped with 
sophisticated collection, monitoring and treatment facilities, toxins and chemicals can mix with rainwater to 
produce a liquid called 'leachate' which may contaminate underground streams and wells. 

 
Practices to follow:  
• When purchasing products, look for the words 'non-toxic' on the label. 
• Try environmentally-friendly alternatives. 
• Buy only products that you really need, and in amounts you will be able to use. 
• Use all of a product so there is nothing left for disposal. 
• When using hazardous products, do not exceed the measured amounts recommended by the manufacturers — 

twice as much may be twice as toxic. 
 
Reuse  
• Check elsewhere for specific tips on what to do with: 

- aerosol sprays 
- cleaning products 
- oil 
- paints and solvents 
- pesticides and herbicides 
- thermometers. 

 
Recycle 
• Take advantage of any special hazardous waste collection programmes. 
 
 
HOUSEHOLD ITEMS 
 
Reuse  
• Household items like cutlery, dishes, glasses, mugs, pots, pans, lamps and ornaments are often useful to charity 

organisations. These items should be in reasonable condition. 
 
 
JUNK MAIL 
 
Reduce  
• Send junk mail back to companies with a request that you be taken off their mailing lists. 
• Specify on your magazine subscriptions that you do not want your name and mailing address sold or given to 

other companies. 
• If you receive junk mail in newspapers and magazines, write and tell the publisher that you like receiving their 

product but not the junk mail that comes with it. 
KITCHEN AND GARDEN WASTE 
Up to 35 percent of our solid waste is made up of kitchen and garden wastes. Fortunately, leaves, grass clippings and 
the majority of food wastes that most of us send to landfills are recyclable — that's nature's way! 
 
Reuse  
• Avoid disposal units designed for your sink; they put an unnecessary extra load on sewage treatment systems. 



Part 2: Waste Minimisation Practices 

 149 

 
Recycle  
• Watch for special composting projects. 
• Start a backyard composter. 
 
 
LEAVES 
 
Reuse  
• Leaves can be used in flower or vegetable gardens and around tree trunks as mulch. They retain moisture, smother 

weeds and eventually decompose releasing nutrients into the soil. 
 
Recycle 
• Leaves are compostable. 
 
 
MAGAZINES 
Most magazines covers are coated with a layer of clay to give them a glossy finish, and because of this they are not 
readily recyclable.  
 
Reuse  
• Look for opportunities to donate your magazines when you have finished with them. Check with organisations 

like nursing homes, hospitals and schools to see if they accept old magazines. 
 
Recycle  
• Magazines that do not have a plastic-coated cover can be recycled. 
 
 
METALS 
 
Recycle  
• Metals such as aluminium, tin, brass, copper, lead and steel are recyclable. Look under 'scrap metal' in the Yellow 

Pages of your telephone directory for dealers who will purchase items such as: 
- aluminium cans 
- aluminium doors and windows 
- brass taps and valves 
- cast iron radiators. 
 
 

NAPPIES 
There seems to be more debate about this topic than any other. It has been estimated that one baby will use 10,000 
disposable nappies before it is toilet trained. Multiply that figure by the number of babies and we are talking about a 
significant amount needlessly filling our waste disposal facilities. 
On the other hand, washing six nappies per day for two years (over 4000 nappies) has been calculated to use 2 MJ 
energy and 10 kg soap. 
Reduce  
• Stop buying and using disposable nappies. 
 
Reuse  
• Buy cloth nappies and wash them yourself. 
• Hire a nappy service. 
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OIL 
Oil is a non-renewable natural resource. Because oil contains toxic substances such as lead, arsenic, cadmium and 
chromium, it should not be poured on the ground or into sewers. Used oil, if improperly disposed of, can find its way 
into our drinking water. One litre of used oil can contaminate millions of litres of fresh water. 
 
Reuse  
• When purchasing oil, buy a product that contains a percentage of recycled or re-refined oil. 
 
Recycle  
• When having your car's oil changed, be sure to select a service station that will recycle the used oil. 
• If you are a do-it-yourself oil changer, take your used oil to an oil disposal depot. (Caution: do not mix other 

liquids such as solvents, petrol or other hazardous wastes with used oil.) 
 
 
PAINTS AND SOLVENTS 
 
Reduce  
•  Paint 
 Oil-based paints contain volatile hydrocarbons which evaporate quickly, entering your lungs when you breathe. 

These chemicals are also highly flammable. Many oil-based paints contain cadmium or other heavy metals, and 
older paints contain lead. When inhaled, the fumes given off by these paints produce flu-like symptoms. 
- Use latex or water-based paints. Latex paints can be air-dried and disposed of with household waste. 
- Use up all paint or give leftover paint to someone who can use it (e.g. family, friends, volunteer organisation, 

theatre groups, etc.). 
•  Paint strippers 
 Chemical paint strippers are flammable and toxic. Fumes can cause drowsiness, impaired vision and chemical 

intoxication. 
- Scrape and use 'elbow grease' — it's good exercise. 
- Use a heat gun or sandpaper. 

•  Wood preservatives 
 Most are very toxic and require gloves and careful attention when handling. 

- Use water-based wood preservatives. 
•  Stains and finishes 
 These products are flammable and toxic. 

- Use latex paints or natural earth pigment finishes. 
•  Thinners and solvents 
 These products are volatile, flammable and poisonous. 

- Use latex paints which require only water as thinners and solvents. 
- Use hot vinegar to soften paintbrushes. 

 
Reuse  
• Paint particles will settle out of solvents left to sit in a tightly closed jar. Solvents can then be reused after 

straining through a fine mesh. 
PAPER 
Approximately one third by weight of our municipal solid waste is made up of paper in one form or another. It is the 
single most abundant item in the waste stream. 
 
Reduce 
• Avoid over-packaged consumer items. 
• Buy paper that contains a percentage of recycled fibres. 
 
Reuse  
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• Write and photocopy on both sides of a page. 
 
Recycle  
• Make an effort to recycle all the paper you have used at home and in the workplace. 
• A commercial collection service is available. 
 
 
PESTICIDES AND HERBICIDES 
Most pesticides and herbicides are toxic. Not only do they pose a threat to the weeds and pests they are intended for, 
they pose a threat to animals, humans and other elements of our environment. Proper use and disposal of any chemical 
pesticides and herbicides is essential so that they do not end up in our soil or water. Always read the directions and 
follow them precisely. 
 
Reduce  
Use environmentally friendly alternatives such as the following: 
•  All-purpose plant spray 

- To make all-purpose plant spray, take 5 ml ground black peppers, 1 garlic bulb, 1 small onion, 15 ml 
cayennne pepper, 1 litre water, 15 ml liquid soap or detergent. Chop the garlic and onion. Add pepper and 
cayenne pepper and mix with water. Keep this mixture for at least one hour or up to three days before using. 
Add soap, cover and store in a fridge. Lasts for one week. 

•  Ant killer 
- Place a line of cream of tartar or sprinkle red chilli, paprika or dried peppermint at a point where ants are 

entering the house. 
•  Earwig traps 

- Lay an empty bottle or piece of hose among your plants at night. The next morning, empty the bottle and 
drown them. 

•  Flea and tick repellant 
- Scatter pine needles, fennel, rue or rosemary on your pet's bed. 
- Boil herbs like eucalyptus or rosemary and spray cooled solution on pet after bathing. 

•  Fly killer 
- Make use of fly strips and swatters. 
- Remove dead flies from window sills as these attract more pests. 

•  Snail and slug killer 
- Fill a shallow pan with stale beer.  Place it level with soil in infested area. 
- Lay boards between vegetable rows.  Snails will attach themselves to the bottoms of the boards. 

 
 
PLASTICS 
Plastics have been perceived as an environmental 'bad guy'. Made from petroleum, a non-renewable natural resource, 
plastics contribute greatly to the volume of wastes we generate. However, used responsibly and with the three R's in 
mind, plastics may not deserve their bad reputation. 
 
 
 
 
Reduce 
• When shopping, avoid products that are excessively packaged in plastic, or any other material. If it is a product 

you must have, send the packaging back to the manufacturer with a letter outlining your concerns. 
• Decline a bag if you do not need one. (Some shops now offer calico bags for shoppers to reuse rather than plastic, 

and even offer special deals if reused.) 
• Buy good quality plastic products that will not break or wear easily. 
 
Reuse  
• Plastic containers and bags can be used repeatedly; use them until they wear out. 
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Recycle  
• Plastic grocery bags can be recycled. 
• Check with your Council to see if a plastic re-cycling programme exists. 
 
 
SPORTS EQUIPMENT 
 
Reuse  
• Sports equipment such as skates and skis that are in good condition can be sold through exchanges. Community 

Sporting groups and Clubs often sponsor ski/skate exchanges. 
• In addition, check with local charity organisations to see if they accept donated sporting equipment. 
 
 
STAMPS 
 
Reuse  
• Save your used stamps. Some organisations raise money by selling used stamps to dealers. Be sure to leave a 

border (5 mm) around each stamp. 
 
 
STYROFOAM 
Styrofoam cups, plates and other disposable items pose solid waste management and other environmental problems. 
There needs to be community pressure against disposable convenience products. 
 
Reduce 
• Avoid using disposable products of any kind. 
• Use alternatives like travel mugs, reusable containers, etc. 
 
 
THERMOMETERS 
Thermometers containing mercury may be of some concern if broken or discarded. 
 
Reduce 
• When purchasing a new thermometer, consider alternatives to those containing mercury (e.g. alcohol-based). 
 
 
TYRES 
Car and truck tyres pose a significant problem in waste disposal. On average, people throw away one tyre a year. Tyres 
do not decompose readily and, when ignited, they are difficult to extinguish and release harmful gases into the air, as 
well as toxic liquids into the ground. 
Tyres are also difficult to recycle because, in addition to rubber, they are made of steel or fabric belts and metal beads 
which must be separated.  
Note that whole tyres will be banned from going to landfills in Victoria, Australia, in 1993 — they must be shredded 
or reused. 
 
Reduce 
• Keep tyres properly inflated, keep your vehicle's wheels aligned, and rotate tyres regularly to prevent uneven wear, 

thereby increasing the life of the tyres. 
 
Recycle  
• When purchasing new tyres ask the dealer if they will accept your old ones for recycling or retreading. 
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TOYS AND GAMES 
 
Reduce 
• Purchase quality toys that are built to last. 
• Talk to your children about waste reduction. Teach them about the resources that go into making toys, and why 

they should take care of their toys. 
 
Reuse  
• Make toys out of household items. 
• Give toys no longer used to organisations that will accept them such as kindergartens, daycare centres, hospitals 

and children's recreation centres. 
 Note:  Always ensure that toys are safe before giving them away. 
 
 
WOOD 
 
Reduce 
• Use wood scraps as kindling for fireplaces. 
 Note:  Pressure-treated wood (especially CCA pine), painted wood or wood with Creosote should not be burned, 

since it may emit toxic gases. 
 
Recycle  
• Sawdust and wood shavings (in small amounts) can be used in making compost. 
 Note:  Avoid using pressure-treated, painted or Creosoted wood. 
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GLOSSARY 
 

 
Anoxic   Without oxygen 

BOD5   Biochemical oxygen demand (after 5 days) 

Carcinogenicity  Tendency to cause cancer 

COD   Chemical oxygen demand 

E. coli   Escherichia coli, a bacteria found in the gut of warm-blooded animals 

Enterovirus  Virus from the gut of warm-blooded animals 

Faecal coliform  Coliform bacteria of faecal origin 

Giardia   Flagellate protozoan shed in faeces of man and animals 

Helminths  Small invertebrate animals (e.g., nematodes) common in waste treatment systems 

LD50   The lowest amount of a pharmacological or toxic substance that causes death in  50% of a 
group of experimental animals. For each LD50 the species and weight of  the animal and the 
route of administration of the substance is specified. 

LFG    Landfill gas 

LW    Liveweight 

NTU   Nephelometric turbidity units 

Pathogenic organisms Any disease-causing  micro-organisms. Pathogens include viruses, many bacteria,  
fungi and protozoans 

Protozoa  A phylum comprising unicellular or acellular, usually microscopic, organisms. They are 
widely distributed in marine, freshwater or terrestrial habitats 

SAS   Soil absorption systems 

TKN   Total Kjeldahl nitrogen 

TOC   Total organic carbon 

TS     Total solids 

USEPA   United States Environmental Protection Agency 

VFA   Volatile fatty acids 





Part 5: Waste Management in Relation to Water Supplies 
 

 361  

 
1 INTRODUCTION 
 
 
1.1 Scope of the Report 
This report examines the impacts of various waste 
management practices on water supplies. The focus is 
therefore restricted to examining the impacts on water 
only in so far as it affects the potential of that water to 
be used at a future time for human consumption.  

A study of the impacts of waste management practices 
on the environment as a whole is not the purpose of this 
study. It is not the intention to detract from the 
importance of considering the impacts of waste 
management practices on the environment as a whole. 
This study has only been delineated in this way to 
limit the task to one of manageable proportions. 

The aim of this report is to identify and describe waste 
management practices and technologies that will protect 
and enhance the quality of New Zealand's water supply 
sources. The objectives are: 

• To identify those potential and existing waste 
management practices that represent the greatest 
threat to water supply sources. 

• To identify, evaluate and select the waste 
management practices and technologies related to the 
selected issues that reduce the threat to water supply 
sources. 

• To prepare case studies which demonstrate the 
advantages of the application of selected waste 
management practices or technologies. 

• To communicate clearly and effectively the issues, 
findings and recommendations to the community at 
large; in particular, industry groups, environmental 
groups, consultants, territorial authorities and central 
government. 

 

 

1.2 Water Supply Sources 
It is necessary to define what is a water supply source 
for the purposes of this report. 

This has been defined as any water body that is or may 
be used as a source of potable water or industrial 
supplies of similar quality. This includes water supplies 
for human consumption and industrial use where the 
required water quality for the industry is essentially the 
same as that required for human consumption. It 
excludes water that is to be used for irrigation or rural 
stock water supplies, even though these water sources 

can also be under threat from waste management 
practices. 

 

 

1.3 Water Quality Standards 
The existing standards of water quality for human 
consumption used in New Zealand are the "Drinking 
Water Standards for New Zealand 1984" which were 
prepared for the Board of Health by the Department of 
Health. These standards are based on the "Guidelines for 
Drinking Water Quality 1984" published by the World 
Health Organisation, as adapted to local conditions. 

The numerical guideline values should be considered as 
only one specialised aspect of the range of requirements 
that should be satisfied in order to ensure a safe, 
satisfactory and aesthetically pleasing water supply. It is 
essential to appreciate that the standards assume a raw 
water source that is, at worst, not heavily polluted by 
wastes, and should preferably be as unpolluted as 
practically attainable. The guidelines refer only to a 
limited number of a wide range of potential hazards that 
might arise in heavily polluted water. 

The guidelines for chemical contaminants have been 
developed to safeguard health on the basis of life-long 
consumption. Short-term exposures of higher levels of 
chemical constituents may be tolerated. The amount by 
which, and the duration for which, any guideline value 
can be exceeded without affecting the health of the 
public depends on the specific substance involved. 

The primary aim of the guidelines is the protection of 
public health, and thus the elimination or reduction to a 
minimum of those constituents in water known to be 
hazardous to the health and well-being of the 
community.  

They are not intended to be a set of standards to which 
the quality of water may be degraded. Every effort 
should be made to maintain a drinking water quality at 
the highest level attainable. 
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1.4 Water Contaminants 
Microbiological Contaminants 
Microbiological contamination of a water supply has a 
great potential for causing sickness and even death 
within a community. Rather than monitoring the water 
supply for specific pathogenic organisms, an approach is 
adopted where indicator organisms, for example, faecal 
coliform or E. coli, are used instead. The assumption is 
that where these indicator organisms are present, it is 
nearly certain that faecal contamination exists. They are 
also a general indicator of water quality. It cannot be 
said that their absence implies an absence of pathogenic 
organisms. A discussion of the role and selection of 
appropriate indicator organisms is presented in 
Appendix A. 

The guidelines use faecal coliforms and coliform 
organisms as the indicators. The guideline values for 
faecal coliforms are nil/100ml for all categories of water 
entering a distribution system. The number of total 
coliform organisms may vary between nil and 10/100ml 
depending on the frequency of occurrence and the source 
of the water. The highest level applies only to unpiped 
water supplies and should not occur repeatedly. 

Enteroviruses, Protozoa, and Helminths should all be 
nil/100ml. No guideline is given for free-living 
organisms such as algae. 

Conventional sewage treatment processes reduce the 
presence of indicator organisms to some extent.  For 
significant reduction, disinfection or ultra-filtration is 
required. 

On-site sewage treatment systems that operate 
aerobically and are well-separated from groundwater 
achieve indicator organism and pathogen removal with 
little risk of groundwater contamination. Anaerobic 
conditions and high groundwater, however, enhance the 
survival of such organisms and increase the potential 
risk of water supply contamination. 

 

Chemical Contaminants 
Chemical contaminants are not normally associated 
with acute health effects at low levels of exposure. It is 
the long-term effects which are of primary concern. The 
guideline values relate to average exposures and 
occasional small excursions over the levels may be 
tolerated. The values should be regarded as desirable 
levels which should not, on average, be grossly 
exceeded. 

The inorganic constituents identified in the guidelines 
are all known to produce toxic or unwanted effects in 
people. The standards have been selected to allow for 
the combined intake of these constituents from all 
sources as well as water. The water guideline is set at 
some fraction of the total acceptable daily intake.  

Of the constituents listed, the one of major significance 
in terms of waste management in New Zealand is nitrate 
nitrogen, which has a guideline value of 10 gN/m3.  
This is because high levels of nitrate in drinking water 
can lead to methaemo-globinaemia, a condition which 
prevents the normal uptake of oxygen by the blood in 
bottle-fed infants below six months old. 

Nutrients, such as nitrogen and phosphorus, are not 
removed to any significant extent by conventional 
primary and secondary sewage treatment processes. 
Disposal of effluents containing nutrients to receiving 
waters can have an impact on water supply sources if, 
for example, blue-green algae occur. However, where 
effluent is disposed to land, phosphorus is normally 
removed by being bound in the soil. Tertiary treatment 
processes are usually required to remove nutrients from 
sewage effluents. 

Organic constituents covered in the guidelines include 
pesticides, herbicides and hydrocarbons. Unlike the 
inorganic constituents, there is incomplete human 
toxicity data which can be used to establish limits. 
There has been a reliance on animal toxicity data and 
the use of large safety factors to define the limits. 

The guideline values relate to an additional risk of 
cancer of 1 in 100,000 per lifetime, or in other terms, 
one additional cancer contracted in New Zealand every 
two years if two litres of water containing one of the 
specified organic chemicals is consumed daily. 

However, there can be no definitive proof that the risks 
would result in excess cancers even at rates of 
consumption greater than this. 

 

Aesthetic Quality 
This includes the water quality factors that are likely to 
affect the consumers' appreciation of the water, and 
reflects the integrity of the distribution system. Unlike 
many of the chemical constituent levels which were 
related to average values, the peak concentrations and 
the frequency of occurrence of these factors are important 
in avoiding consumer complaints. If water is not 
aesthetically pleasing, consumers may be tempted to 
use other, less safe supplies. Other water quality aspects 
are addressed in this report such as the colour, taste and 
odour of the water. 

 
1.5 Water Quality Trends 
Drinking water quality standards are likely to change. 
The World Health Organisation is currently reviewing 
its guidelines and a review of the New Zealand 
standards is likely to follow. New Zealand standards 
will take cognizance of national and local factors. 

Consumers of water in New Zealand and overseas are 
becoming more concerned about quality. Of particular 
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concern is the presence of chemicals, pesticides, micro-
organisms and, to a lesser extent, radioactivity. The 
chemical list in the water quality guidelines is likely to 
extend and the limits to become lower. The number of 
organic constituents, including pesticides, will expand 
and limits reduced, possibly to nil detectable. Micro-
organisms of faecal origin (warm blooded, that is, man 
and animals) are not acceptable in water supplies and 
this explains the high degree of public interest in the 
presence of Giardia in some water supplies. 

At present the technology available to monitor water 
supplies is deficient in terms of response time and 
limits of accuracy and cost. As technology provides new 
means of testing for contaminants in water, there may 
also be an increase in the list of contaminants required 
to be monitored. In the field of microbiology this may 
correspond to a move away from indicator organisms to 
species-specific testing. Trends in these directions 
would demand sophisticated chemical and 
microbiological sampling and analysis. 

An alternative trend to centralised monitoring could be 
the voluntary testing of rural individual water supplies 
for simple indicators of water quality. This would have 
the effect of increasing individuals awareness of water 
quality concerns as well as checking for unsafe water 
supplies. 

There is also a trend in the United States to move away 
from a system which specifies "Maximum Contaminant 
Levels" (MCL) to a system which favours the licensing 
of processes rather than the output water-quality 
standards. 

This is illustrated by the following two examples: 

• Giardia in New Zealand is governed by the nil 
requirement. The United States now requires surface 
water to be coagulated and filtered to consistently 
achieve 0.1 NTU in order to ensure Giardia would 
be removed if present. The old United States 
method of sampling with a nil result meaning 
compliance is overturned. Treatment is the method 
of compliance. 

• In both the United States and New Zealand, copper 
and lead levels were enumerated in the standards. 
The USEPA has announced (May 1991) that 
corrosion parameters reaching a certain level will 
require corrective treatment to avoid lead and copper 
dissolving. This is a process rule again and not a 
MCL approach. 

The European Community standards for potable water 
are based on contaminant concentrations, not on 
prescribed treatment technology. Indeed, conventional 
treatment is sometimes incapable of guaranteeing 
compliance with standards. There is, for example, 
increasing use of granular activated carbon (GAC) to 
mitigate taste and odour problems, but GAC alone does 
not effectively remove all pesticides. Pre-ozonisation 
increases the biodegradability of many pesticides and 
improves removal efficiencies, but the technology is 
complex and difficult to apply to small groundwater 

sources, which are sometimes contaminated with 
pesticides. 

 

 

1.6 Regulatory Factors 
The present drinking water standards are framed as 
guidelines rather than as a regulatory requirement. The 
Department of Health uses the drinking water standards 
for New Zealand as the basis for surveillance of the 
design, construction and operation of waterworks by 
water supply authorities, for the purpose of supplying 
pure water under the provisions of the Local 
Government Act 1974, and for the purpose of ensuring 
the delivery of wholesome water to consumers under the 
provisions of the Water Supplies Protection 
Regulations 1961. The Health Act 1956 makes it an 
offence for any person to pollute the water supply of a 
local authority. It is doubtful that this, in fact, offers any 
protection of the water supplies from the treatment and 
disposal of wastes as considered in this report. The Act 
also empowers the Medical Officer of Health to require 
cessation of the supply of water from a polluted source. 

The Health Act 1956 further establishes that the 
Department of Health is the surveillance agency for 
water supplies. Surveillance is carried out for the 
Department on a contractual basis by Area Health 
Boards. The Department of Health functions are now 
delegated to the Area Health Boards, and the 
Government proposes further changes, placing public 
health responsibilities under a Public Health 
Commission. 

It is the Resource Management Act 1991 that offers the 
greatest potential for the protection of water supply 
sources. The purpose of the Act is to promote the 
sustainable management of natural and physical 
resources. 

The concept of sustainable management encompasses 
three types of management of resources: management of 
the use, development or protection of resources or 
combinations of these. A discussion of the Resource 
Management Act 1991 is given in Part I: Common 
Themes. 

Under the new legislation, the Resource Management 
Act 1991, there is a general restriction on discharging 
contaminants into the environment unless the discharge 
is expressly allowed by a plan, rule or resource consent. 
This restriction applies, inter alia, to the discharge of 
waste on to land and into water. 

It seems likely that the local authorities will create rules 
in plans as necessary to allow the discharge of wastes in 
circumstances of minimal environmental effect.  The Act 
also has a general requirement that all applications for 
resource consents are to be accompanied by an 
environmental impact assessment "in such detail as 
corresponds with the scale and significance of the 
actual and potential effects" (s88). 
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1.7 Approach to the Study  
Although many of the Task Group members are actively 
involved in waste management throughout New 
Zealand, an initial scoping exercise to identify those 
areas of waste management that either were, or had the 
potential to impact significantly on water supplies, was 
undertaken as a valuable starting point for this project. 

A scoping questionnaire was prepared and circulated to 
22 people throughout the country. This enabled the 
views of a wide cross-section of people active in the 
areas of public health, resource management and waste 
management to be canvassed.  

The questionnaire considered four sectors of waste 
producers, each of which was broken down into the 

individually targeted waste streams. Table 1.1 contains 
a summary of these sectors and the targeted waste 
streams. 

The waste streams were divided into four categories: 
solid wastes, sludge, leachate and liquid wastes. The 
receiving waters were separated into either surface water 
or groundwater. The waste discharge was divided into 
either a point source or a non-point source. The 
responders were then asked to rank each of the targeted 
waste producers on a number of factors as follows. 

 

Impacts 
The impacts related to any constituent in the waste 
stream that had the largest potential impact on a water 

 
 

Table 1.1:  Management of Waste in Relation to Water Supplies 
 

Waste 

Production 

 

Agricultural 

Wastes 

 

Industrial 

Wastes 

 

Community 

Wastes 

 

Natural 

Wastes 

Sector Piggery 

Dairy 

Beef 

Runoff 

Silage 

Pasture Management 

Fertilizers 

Farm Refuse Pits 

Pesticides 

Irrigation 

Forestry 

 

Meat 

Wool 

Dairy 

Food 

Timber 

Pulp & Paper 

Pelt Processing 

Metal 

Mining 

Solid 

Liquid 

Sewage 

Urban Runoff 

Geothermal 

Wildlife 

Erosion 

Lake Processes 

Microbiological 
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supply. This enabled each responder to state the actual 
constituent of concern in any of the categories 
mentioned above and to make a subjective assessment 
of the impact. 

 
Scale 
This related to the size of the problem. Small-scale 
localised problems were assessed and compared with the 
large scale and widespread problems. 

 

Risk 

Some of the waste streams had a very high potential to 
create a health hazard even though the size of the 
problem was small. This provided the opportunity for 
any significant wastes to be identified and possibly 
included in the study. 

 

Limits 
Where there were statutory limits available for use in 
the protection of the water supply, responders were 
asked to assess the adequacy of these limits. 

 

Management Technology 
This provided the opportunity to identify any major 
gaps in the available technologies as they relate to the 
management of wastes and the protection of water 
supplies. 

 

Relative Importance 
Each respondent was asked to assess the relative 
importance of each of the above factors. This provided a 
'weighting' to each of the responses given. It enabled a 
weighted answer to be calculated for each of the factors 
in each targeted area. 

 

 

1.8 Questionnaire Results 
Completed questionnaires were received from only 13 
respondents.  As the survey involved the subjective 
views of many people, it  was not possible to interpret 
these in an objective manner and be able to establish a 
categorical statement as to which waste streams were of 
major concern in relation to water supplies in New 
Zealand.   

The results were interpreted by the Task Group 
members who were able to use their own expertise to 
add to the information contained in the responses. This 
proved to be a very valuable exercise in that seven waste 

streams and the associated management technologies 
were identifiable as being worthy of further study.  An 
outline of the questionnaire format appears in Appendix 
B. 

 

 

1.9 Selected Topics 
Domestic Sewage 
There is a wealth of information on the treatment and 
disposal of domestic sewage in general. For Chapter 2 
not to become yet another treatise on sewage treatment 
and disposal, it was decided to focus on small 
communities and on-site disposal scenarios. This was 
particularly relevant in New Zealand as the majority of 
the large population centres are on the coast and, 
inevitably, the treated sewage is discharged into coastal 
waters. However, there are many small inland towns 
and localised residences that are located within water 
supply catchments for other communities. 

 

Landfills 
Ideally, landfills should not be located within a water 
supply catchment. There are, however, many examples 
within New Zealand where landfills have been 
established either within city boundaries or adjacent to 
population centres where the potential exists to affect the 
quality of groundwater in particular. Chapter 3, in 
which landfill leachate is discussed, has links to Part 4: 
Landfill Engineering Guidelines. 

 

Point Source Agricultural Wastes 
As New Zealand has an economy largely dependant on 
the primary sector, it is not surprising that much of the 
country is utilised for intensive agricultural production.   
Chapter 4 deals with the waste streams from agricultural 
practices such as feedlots, piggeries, dairy sheds and 
silage pits. 

 
Non-point Source Agricultural Wastes 
There has been very little work done on non-point 
source wastes within New Zealand. This is somewhat 
surprising in that such a large proportion of the country 
is farmed and much of that is within the water 
catchment of communities. However, the major centres 
of population, Auckland and Wellington, have  well-
protected catchments. Chapter 5 examines the impacts 
of many diverse practices on the quality of our water 
supplies. 
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Meat Industry Wastes 
New Zealand exports approximately 700,000 tonnes of 
meat products annually. There are approximately 50 
major meat processing plants in the country (each 
employing over 100 people) and there are approximately 
another 270 smaller plants. Because of the intensive 
nature of the production processes in the plants, they are 
renowned as one of the major waste producers in the 
country. The impacts that a meat processing plant has 
on receiving waters is examined in Chapter 6. 

 

Dairy Industry Wastes 
The dairy industry, like the meat industry, is a major 
export earner. In the 1989/90 season there was 305 
million kg of milkfat produced in New Zealand. There 
are many different ways in which the dairy products are 
processed and the nature of the wastes varies 
accordingly. Chapter 7 examines the different wastes 
from some of the main processes and the impacts on 
water supplies. 

 

Hazardous Wastes and Pesticides 
Waste from these sources poses a very high risk to 
human health. It is easy to say that these must be kept 
out of water supplies. It is unfortunate, however, that 
there are already cases in New Zealand where hazardous 
wastes have entered water supplies, rendering them 
unsuitable for human consumption or even resulting in 
illness. Chapter 8 considers a number of different 
hazardous wastes and pesticides and discusses their 
impacts on water supply and human health. There are 
links to Part 3: Hazardous Waste: Appropriate 
Technologies for New Zealand. 
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2 DOMESTIC SEWAGE:  SMALL COMMUNITY AND 

ON-SITE DISPOSAL 
 

 

2.1 Introduction 
Potential impacts of sewage treatment and disposal 
practices should always be a consideration with respect 
to the basic public health needs of a wholesome water 
supply and safe and appropriate sanitation. 

Small community and individual household sewage 
treatment and disposal practices which can and do 
impact potable water supplies are the focus of this 
chapter. The information targets subjects from the 
perspective of water supply practices, contamination, 
impacts and domestic sewage treatment and disposal 
processes that lead to these. It is therefore not a treatise 
on sewage treatment and disposal itself. 

A number of senior environmental health personnel in 
Regional Councils and Area Health Boards were 
canvassed about their experience. Their responses and 
views are gratefully acknowledged and have been 
included in relevant parts of this Chapter. Similarly the 
input of the Department of Health is gratefully 
acknowledged. 

Considering only small community and on-site 
domestic sewage treatment in this study does not imply 
that larger community schemes do not have actual or 
potential impacts on potable water supplies. However, 
with larger schemes more is usually known about the 
nature and fate of the treated effluent and disposal means 
used. 

 
 

2.2 Sewage Treatment and 
Disposal Systems 

Cocks & Patrick (1991) state that approximately 85 
percent of communities in New Zealand (with 
populations over 1,000) are now served by sewerage and 
sewage treatment (primary or higher) and disposal. Once 
the proposed Wellington treatment plant and outfall is 
constructed, this figure will rise to 95%. 

In the smaller communities throughout the country the 
use of septic tanks (either on-site or communal) has 
been declining since the 1950s as the communities have 
been changing to mostly oxidation ponds. 

Aspects of sewage treatment and disposal for at least 
seven of the thirty largest urban areas, including 
Auckland, Wellington, Hutt Valley and Dunedin, are 
being reviewed or modified. 

A recent survey in Terra Nova (1991) of sewage 
treatment and disposal systems used in New Zealand 
found that most local authorities are working to upgrade 
their systems. This conclusion was based on replies 
received from 42 of the 46 local authorities surveyed. 
Only local authorities with populations greater than 
20,000 were surveyed. The 42 local authorities reported 
the use of 74 sewage treatment and disposal systems. 
Some of the results of the survey are presented in Tables 
2.1 and 2.2. 

 

Table 2.1: Level of Treatment 

Level of Treatment 

 

Number of Systems 

Primary 

 

Secondary 

 

Tertiary 

30 

 

37 

 

 7 

Total 74 
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Table 2.2: Effluent Disposal 

Disposal Location Degree of Treatment 

 

Number of Systems 

On to Land Primary 

Secondary 

Tertiary 

2 

4 

4 

Rivers Primary 

Secondary 

Tertiary 

10 

15 

 1 

Lake Secondary  1 

Estuaries Primary 

Secondary 

Tertiary 

 1 

 5 

 1 

Harbours Secondary 

Tertiary 

 2 

 1 

Sea Primary 

Secondary 

 8 

10 

Unspecified  11 

 

 

For the unsewered smaller communities and many 
individual rural households, the use of septic tanks and 
other types of on-site treatment and disposal continues 
to be the only means available for safe, economic 
sewage management. Sinton (1986) has indicated that 
approximately 20 percent of the population of New 
Zealand use such systems. The growth in rural  
lifestyle/hobby farming lots is adding to the number of 
individual dwellings relying on on-site disposal 
systems. 

 

 

2.3 Contaminants of Concern to 
Potable Water Supplies 

A general guide to the characteristics of domestic 
sewage is provided in Table 2.3. 

Although contamination from septic tank effluent is 
generally expressed in terms of pathogens and nutrients, 
chemical contaminants are often a concern in specific 
instances. Inadvertent disposal of some of those 
chemicals in close proximity to water supplies has been 

known to cause problems throughout the country, often 
however, undetected by the consumer. 

Disposal of domestic sludges, whether from septic tanks 
(individually or at a collective site) or small sewage 
treatment plants, poses the same range of potential 
threats as discussed above (Eikum and Paulsrud 1986). 
The Department of Health Circular Memorandum 
1984/93 covers the disposal of sewage sludge on to 
land, and prescribes certain limits and constraints based 
on proposed land use and the loading rate of trace 
metals and micro-organisms. In the latter instance, land 
use constraints are based on the degree of treatment the 
sludge has undergone prior to disposal.  

The guidelines within the Circular Memorandum are 
generally consistent with overseas criteria, but are 
specifically aimed at the protection of land users and 
crop consumers from harmful micro-organisms and the 
build-up in soil/groundwater or crops of toxic metals. 
They are not directly concerned with the protection of 
water supplies, although surface runoff from disposal 
sites during heavy rain still has a potential to 
detrimentally  affect water  supplies, whether  or  not the 
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Table 2.3: Characteristics of Household Sewage 
Characteristic Toilet Sullage Garbage 

Grinder 

Totals 

Flow Rate 

Litres/person/day 

60 120 5 185 

BOD5 

grams/person/day 

16 30 18 64 

Suspended Solids 

grams/person/day 

30 20 30 80 

Nitrogen 

grams/person/day 

1 9 2 12 

Phosphorus 

grams/person/day 

1 3 <1 4 

Faecal Coliforms 

Number/100 ml 

107 to 109 103 to 106  107 to 109 

 

 
guidelines are adhered to. The guidelines are currently 
under review. 

 

 

2.4 The Statutory Framework 
The primary legislation that is relevant to the 
consideration of this subject is the Health Act 1956.  
Regulations made pursuant to this Act include: 

• the Drainage and Plumbing Regulations 1978; 

• the Water Supplies Protection Regulations 1961. 

The Health Act 1956 places a duty on local authorities 
to provide for the safe removal, treatment and disposal 
of sewage and waste in order to protect public health. 
This may involve drainage and sewerage systems, 
treatment and disposal. Discharges from such systems 
were generally licensed by Regional Councils through 
the granting of water rights (Water and Soil 
Conservation Act 1967). However, this changed on 1 
October 1991 and discharge consents will now be 
required under the Resource Management Act 1991. 

For small on-site systems, many Regional Councils 
licensed disposal via the General Authorisation 
provisions of the Water and Soil Conservation Act 
1967. These authorisations generally contain siting and 
performance criteria specifically designed to ensure 
public health and environmental protection. Under the 
Resource Management Act 1991, General 
Authorisations will be replaced by Management Plans 

and, more particularly, rules developed under those 
plans. 

Many local authorities have by-laws that regulate the 
size, siting and installation of septic tanks for individual 
houses, although the Plumbing and Drainage 
Regulations 1978 are used as the basic tool in most 
instances. The NZS 4610: 1982, Household Septic 
Tank Systems, is also widely used for the 
standardisation of septic tanks and disposal fields, often 
however, with minimal specific on-site testing, and 
'blind' adoption of the previous NZS (CP44: 1961) 
giving buffer distances to waterways and wells (refer to 
Section 2.8). 

The Water Supply Protection Regulations 1961 
prohibit the drawing of any water which is 'not 
wholesome' into a supply. This generally applies to 
reticulated supplies for communities. At the individual 
household scale, the Health Act 1956 requires that 
dwellings are to be provided with adequate systems for 
the drainage and disposal of wastes and the supply of 
wholesome water. 
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2.5 The Potential Of Treatment 
and Disposal Practices to 
Impact Water Supply Sources 

Present day practices in small New Zealand 
communities have the potential to impact on potable 
water supply from river, lake or groundwater sources. 
Alongside each practice is listed the most likely cause 
or kind of impact. 

•  Septic tank or closet disposal: too close to water 
supply well, or poor soakage, leads to overland flow 
to stream or river; failed soakage system is bypassed 
direct to nearest watercourse or drain; old/damaged 
tanks leaking to ground-water and polluting water 
supply wells. 

• Pit privies: poorly-located relative to water supply 
wells causing direct contamination; if too close to 
natural watercourses, contaminated ground-water can 
pollute streams. 

• Oxidation ponds: unsealed or inadequately sealed 
ponds can leak to groundwater causing 
contamination of adjacent wells or watercourses; 
over-topping of ponds at times of heavy rainfall 
causing sewage to discharge to streams and rivers; 
organic overloading of ponds resulting in poorly 
treated effluent entering receiving waters which may 
be potable water sources. 

• Package treatment plants: poorly-maintained or 
operated plants result in above-specification effluent 
entering receiving waters which may be potable 
water sources; high suspended solids in effluent from 
overloaded clarifiers create taste and turbidity 
problems for water supply or water treatment plants 
downstream. 

• Land disposal of effluent: poor design or 
overloading leads to overland flow (rather than 
infiltration or plant uptake) to water courses 
downslope; application to highly permeable soils 
may result in too rapid seepage to groundwater 
without time for adequate treatment in soil horizon 
and subsequent pollution of wells; poor location of 
effluent spraying systems can result in direct 
discharge into watercourses. 

• Land disposal of sludges: sludge disposal into pits 
or onto the ground surface can have similar 
problems to pit privies; mobile or soluble material 
in surface-spread sludge may be carried by rainwater 
to adjacent watercourses or washed through highly 
permeable soils to wells or groundwater. 

• Substandard and malfunctioning sewerage 
systems: poor jointing leads to subsurface pipes 
leaking directly to groundwater (hence to wells); or 
in above-ground pipes leaking directly into 
watercourses or supply impoundments (for example, 
pipe bridges); water supply pipes and sewers laid 
close together may lead to a potential hazard; 

overflows from surcharged sewers and 
malfunctioning pumping stations. 

• Operational failures: many of the above examples 
are concerned with failed systems; burst or damaged 
pipes create the same problems as 'substandard 
piping systems'; bypass of sewage to the nearest 
watercourse in the event of plant or power failure can 
lead to severe stream, lake or river contamination 
and overload of water treatment plants. 

The examples of greatest concern for public health 
involve the proximity of water supply sources to effluent 
disposal systems. The most common examples of this 
are shallow water supply bores with inadequate 
separation from communal sewage facilities such as 
septic tanks and privies. This applies equally to an 
isolated dwelling as it does to a non-sewered 
community.  

On a slightly larger scale, where oxidation ponds are 
used or land disposal of effluent by spraying or flood 
irrigation is practised, the adequate separation of these 
facilities from the community's source of water supply is 
a critical element in the continued maintenance of 
community public health. Treatment of water for 
potable use is a recommended safeguard, but prevention 
of source pollution through sensible siting of sewage 
treatment and disposal facilities should be the priority. 

 

 

2.6 Sewage from Transient and 
Wilderness Areas  

The potential exists for waste from transient and 
wilderness area users to impact on water supply sources. 

Three main situations are: 

• Freedom camping or day trippers in areas not 
designated for that purpose, and usually with no 
financial cost imposed on the camper; 

• Wilderness users (for example, track users) in 
National Parks and recreational areas; 

• Boat operators on lakes. 

 

Freedom Campers 
The areas affected by freedom camping and campervan 
pollution are: roadside rest areas, scenic reserves, 
national parks, beaches and lakeside areas. The problem 
is most acute in summer. 

The pollution effects of freedom camping relate to the 
disposal of human waste causing both environmental 
and human health problems and, in particular, the direct 
contamination of water supplies. Freedom camping 
often involves the taking of water for human 
consumption from adjacent rivers or lakes. The 
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contamination of this water resulting from poor waste 
disposal  methods is a possibility. 

The major environmental impacts of freedom camping 
and campervans are related to: 

• insufficient toilet facilities in those areas frequented 
by freedom campers; 

• an increasing number of recreational vehicles 
equipped with toilets. The impact is compounded 
by an inadequate supply of sewage disposal points 
and a lack of available information about existing 
facilities. 

• increased numbers of freedom campers; 

• poor availability of educational material for campers; 

• inconsistent application and enforcement of by-laws 
and regulations by agencies administering affected 
land; 

• the remoteness of many of the areas affected. 

Actions that would reduce the environmental and health 
impacts include: 

• identification of areas for freedom camping; 

• provision of more toilet facilities at campsites and 
rest areas; 

• provision of more waste disposal points with 
appropriate disposal facilities. 

Recently, a New Zealand standard, (NZS 5465: 1990) 
"Self Containment of Caravans, Motor Caravans and 
Boats", has been produced to encourage the self-
containment of recreational vehicles and boats in respect 
for the discharge of waste. 

The standard publicises 'dump points' for the receipt of 
the contents of sewage tanks and portable toilets. 
Increasing numbers of these marked facilities are being 
established, usually in townships, connecting to 
community sewerage schemes. This still leaves the 
campers with the responsibility to seek out these 
facilities and to empty the holding tanks or toilets as 
necessary. 

 

Disposal of Waste in Wilderness Areas 
In high usage areas of National Parks, Forest Parks and 
other wilderness areas, the risk of contamination of 
water supply exists. The environmental and health risk 
is similar to that caused by freedom campers at 
roadsides. In high rainfall areas the risk is reduced when 
drinking water supplies are from collected rainwater. 

Care is needed in the siting of sewage disposal facilities 
(often in the form of a pit privy) well away from water 
bodies, and especially remote from surface water supply 
sources. 

In areas away from huts and established camping sites 
there is a risk of infection from casual drinking from 

surface water. The Department of Conservation has been 
concerned with the contamination of surface water in 
conservation areas such as National Parks, especially 
regarding the protozoan Giardia. A strategy developed 
in February 1991 "recognises that no natural waterway 
should now be considered Giardia free". 

The Department released the Environmental Care Code 
in February 1991. This code included advice on 
keeping streams and lakes clean by advocating: 

• where there is a toilet, use it; 

• in areas without toilet facilities, bury toilet waste. 
Choose a place at least 50m from tracks, huts, 
camping sites, popular areas and water supplies; 

• when using water for washing, drain used water into 
the soil so that it is filtered before re-entering the 
lake or stream; 

• Solutions of soaps and detergents are harmful to 
aquatic life and they should be drained into the soil. 

This raises the issue of whether or not trampers should 
use sterilising tablets, portable filters, etc., and if so, 
whether or not they will work satisfactorily.  This is 
currently the subject of investigation. 

 

Boat Operators 
Some townships on the shores of freshwater lakes have 
water supplies drawn directly from the lake, for 
example, Wanaka and Queenstown.  The degree of 
water treatment will vary from place to place. 

Boat operations on these lakes pose a special risk to the 
water supplies of these townships. The discharge of 
sewage to such lakes is an unacceptable risk to water 
supplies regardless of the degree of water treatment. The 
boats that may be the cause for the greatest concern are 
those with onboard toilets without holding tanks used 
for overnight trips, large yachts, larger ferries and day 
cruisers. 

To remedy this situation there may be a need for jetty 
dump connections linked into community sewage 
schemes as has been proposed for Lake Manapouri. 
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2.7 Water Supply Abstraction 
Practices Most Likely to be 
Impacted by Domestic 
Sewage 

The following local abstraction techniques are those 
most likely to be impacted by domestic sewage. 

• direct surface water draw off, for example, lake or 
river sources with or without screening; 

• shallow bore/well pumping; 

• shallow springs; and 

• river infiltration galleries. 

In Section 2.8  some case histories of water supply 
contamination are presented. 

Water supply abstraction points must be segregated 
from sewage and effluent disposal points. The setting of 
minimum separation distances has not been developed 
sufficiently to give guidance on this issue. A suitable 
distance is site specific as it depends on the absorptive 
capacity of the soil, groundwater movement at the site 
and the number of septic tanks discharging within a 
given area. 

In the Vincent County area of the Central Otago District 
Council, for example, domestic water supplies are taken 
mostly from deep bores (in excess of 10 m) with the 
remainder being from spring supplies or water races. 
Effluent disposal systems are shallow (less than 2 m) 
and remote from bore sites, and therefore risk of 
contamination is negligible. Likewise the immediate 
area around a spring is protected and physically 
separated from the effluent disposal site. The taking of 
water from irrigation water races for domestic use is now 
specifically prohibited. However, building permits for 
new dwellings are withheld until a satisfactory supply is 
available. 

In many cases of single or isolated rural properties, the 
water supply for domestic use relies on rainwater, where 
source contamination by sewage and septic tank effluent 
is difficult to imagine. Public health problems in this 
instance normally arise from accidental contamination of 
storage tanks by dirt, dead animals (rodents, birds etc.) 
or rust. 

Over recent years, a large number of such rural 
residences have been connected to a reticulated water 
supply through the Rural Water Supply Schemes. 
While these schemes have improved the security of 
water supply to consumers, the protection of the prime 
source becomes even more important as contamination 
by sewage (or effluent) or, indeed, animal wastes has the 
potential to affect a much greater number of persons. 

Many such rural water supply schemes recognise this 
risk and most sources or intakes are remote from 
inhabited areas or sources of pollution. The 
communities which the scheme serves should not, 
however, become complacent and must be vigilant in 

their review of developments within rural scheme 
supply catchments. 

 

Guidelines for Siting 
The previous New Zealand Code of Practice CP44: 
1961 "Disposal of Effluent from Household Septic 
Tanks" gave guidelines for the siting of dwellings and 
septic disposal systems, namely: 

"A subsurface disposal field, or seepage pit, 
should not be located within 100 feet (30m) of 
any water well or within 50 feet (15 m) of a 
stream or within an area where a watercourse 
or any other source of water supply may be 
polluted or contaminated." 

This clause did not appear in NZS: 4610 1982 
"Household Septic Tank Systems", which states on the 
siting of septic tanks and effluent disposal systems: 

"The disposal field should not be installed in 
any location where any well or water course 
used as a source of water supply may become 
polluted or contaminated unless special 
precautions to the approval of the Engineer and 
the Regional Water Board are taken to prevent 
such pollution or contamination."  

The commentary on this clause states: 

"Specific clearances of wells, watercourses and 
other sources of water supply are to be set 
according to local circumstances and in 
conjunction with local regulatory authorities. 
The adoption of arbitrary limits (for example 
30m to any water well, 15m to any stream as in 
the superseded Standard CP 44: 1961) is not 
considered appropriate as design methods are 
available to enable local decisions in respect of 
such clearances based upon local site 
conditions. 

Before approving an area for subdivision where 
septic tank or other on-site systems of household 
wastewater disposal are proposed, the local 
authority should require the determination of 
groundwater and surface water movements, and 
the influence such movements may have on the 
siting and design of on-site wastewater disposal 
installations, and the effect such installations 
may have on subsequent use of both ground and 
surface waters for water supply or other 
purposes." 

Present thinking, as expressed by the current standard, 
differs to past recommended practices on which many 
hundreds of septic tank disposal systems have been 
based, in that site-specific conditions should be 
evaluated. 

In addition, some Regional Councils are now proposing 
regional rules (formerly known as General 
Authorisations) for sewage tank effluent disposal which 
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seek to regulate the siting of effluent disposal systems in 
relation to water supply sources and groundwater. Some 
clauses from the Canterbury Regional Council General 
Authorization are given in Appendix C, which 
illustrates a more site-specific approach. 

 

 

2.8 Some Case Histories of 
Potable Water Supply 
Contamination 

The following is a random collection of case histories 
and examples that illustrate the wide range of types and 
scale of potable water supply contamination. 

 

Queenstown 
Sewage overflowed from a manhole into a small stream 
that discharges into Lake Wakatipu near the public 
water supply intake. An outbreak of gastro-enteritis 
resulted, affecting some 3500 people. 

This case is summarised in Appendix D. The case, 
while serious, could have been far worse, particularly 
with the high potential for infection of international 
travellers. It remains one of New Zealand's more graphic 
examples and a timely reminder of the importance of 
close attention to systems operation, and how totally 
unexpected situations can arise. 

The case highlights that: 

• there is a continuous potential hazard to a water 
catchment containing a sewerage system; (a sewer 
blocked and overflowed in an "out of the way 
place".) 

• maintenance of multiple health protection barriers in 
a water supply at all times is essential. (In this case 
disinfection was the only barrier and it had been 
stopped!) 

• sampling and inspections alone are not sufficient. 

 

Te Hauke 
An investigation was made of a history of gastro-
enteritis in a rural family south of Hastings in the 
limestone area (Te Hauke). 

The disposal system was a standard septic tank with a 
soak hole down 'about 12-15 feet and filled with 
boulders'. It was sited on the downhill side of a house 
and the water supply was from a spring above the house 
approximately 1,000 metres away. Water samples were 
taken on three different occasions from the house and no 
coliforms where found to be present in any of the 
samples. A 'brilliant green' dye was deposited into the 
drainage system as a farewell gesture.  Six weeks later, 

an irate housewife complained that the clothes that were 
laundered were green in appearance. A water sample 
taken later that day indicated excessive E. coli present. 

This case is an excellent example of the weakness of 
relying on a minimal sampling regime. 

 

 

Camp — Banks Peninsula 
An outbreak of Campylobacter at a camp on Banks 
Peninsula was reported  to be attributed to a 
contaminated water supply (Prendergast, 1991). The 
water supply was from springs and was neither filtered 
nor disinfected. There was no regular bacteriological 
testing of the supply. The camp had about 15,000 
residents per annum.   

 

Kakanui 
Surface flow from a septic tank was found running down 
a hill into a water course, which 100 metres away drains 
into the Kakanui river. The river has some six public 
water supply sources downstream. 

 

Deborah Bay — Otago Harbour 
The residents of Deborah Bay drew their water supply 
from a local creek. An incident of Salmonella in the 
community led to water supply testing and confirmation 
of contamination. A subsequent sanitary survey revealed 
that most properties utilised septic tanks and the 
majority of these discharged to surface waters. The 
community has now been connected to a public water 
supply and sewerage is being installed. 

 

Otautau 
This large Southland township relies on septic tanks 
and on-site soakage for sewage disposal. Some of these 
systems are known to be unsatisfactory, leading to entry 
of effluent into the Aparima River from stormwater 
drains and tributary waterways passing through the 
town. The river is the source of water for Riverton 
downstream. 

 

Governors Bay — Lyttelton Harbour 
Spring-fed individual household drinking water supplies 
have been contaminated by septic tank effluent 
(Prendergast, 1991). A community water and sewerage 
system has since been installed. 
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Yaldhurst Area near Christchurch 
A groundwater survey of household wells (Sinton, 
1982)  revealed that approximately 33 percent contained 
coliform bacteria, faecal coliform bacteria or faecal 
streptococci. Monitoring of wells for nitrate levels 
revealed an increase in nitrate concentration correlating 
with winter groundwater rise.  Between 20-30 percent of 
the increase was attributed to septic tank systems. 

 

Individual Household Systems 
Construction errors are relatively common. In one 
example, the household foul sewage drains were 
wrongly connected during initial construction to the 
water bore pipe, as they were mistaken for the septic 
tank. 

 

Education and Community Awareness 
The public awareness of on-site waste disposal issues 
varies widely. Some communities have made decisions 
to retain on-site disposal facilities; for example, 
Waiheke Island. 

Some local authorities have strict rules on siting of on-
site disposal facilities, but these restrictions are not 
generally based on local information and therefore appear 
rather arbitrary to the community. 

Little attention has been paid to the monitoring of the 
operation of on-site disposal installations (for example, 
septic tanks) by the territorial authorities (who approve 
the installations as part of building permits) or Regional 
Councils (who have responsibility for pollution 
control). 

There is a case to be made for territorial authorities to 
allocate resources to the monitoring of on-site disposal 
systems just as other local authorities allocate resources 
to a reticulated system. Only when problems arise at 
particular sites are remedies sought (see comments on 
national perspective on small communities in Section 
2.10). 

With the widespread occurrence of septic tanks and 
other on-site disposal facilities in this country it is 
important for owners (and occupiers) to be aware of the 
need to maintain their installations. Whether this is 
achieved by provision of, or by maintenance of, registers 
of installations needs to be considered by the 
appropriate authorities. 

An example of a community and property owner 
education tool is the pamphlet produced by the Otago 
Health Communities committee of the Otago Area 
Health Board (refer to Appendix E). 

 

 

 

2.9 Sanitary Surveys 
The importance of appropriate 'sanitary surveys' in 
assessing the potential impacts of waste disposal and 
other threats to water supplies cannot be over-estimated.  
Reference is made to Part 1.8.2, and particularly 
1.8.2.2, of the Drinking Water Standards for New 
Zealand 1984, where this importance is stressed. This 
Standard records that: 

"No bacteriological or chemical analysis of 
samples, however carefully it is made, is a 
substitute for a complete knowledge of 
conditions at the source and within the 
distribution system, of the adequacy of treatment 
and of the performance of the operators. 
Samples are a minute fraction of the whole, 
represent a single point in time, and are 
reported after the event. Contamination is often 
random and intermittent and may not be 
revealed by occasional sampling. 

Sanitary surveys should be undertaken on a 
regular basis by the personnel of the water 
supply authority as well as by personnel of the 
Department of Health. In addition, sanitary 
surveys should be conducted:  

a) when new sources of water are being 
developed; 

b) when laboratory analyses indicate a 
potential hazard to health; 

c) when an outbreak of disease, which could 
be waterborne, occurs in or near the area 
served by the water supply system; 

d) when any significant change or event occurs 
that could affect water quality (e.g., 
drought, changes in land use, agricultural 
patterns, new industrial construction on the 
watershed). 

Sanitary surveys should be conducted with 
sufficient frequency to be useful in interpreting 
trends or sudden significant changes in the 
quality of drinking water as determined by 
physical, micro-biological and chemical 
monitoring. 

Although smaller systems often present 
proportionately greater hazards, the larger 
systems should be inspected more frequently 
because of the larger population at risk and 
greater cost-effectiveness of surveillance. The 
smaller systems should also be surveyed, but 
with realistic frequency depending on the quality 
of the source water." 

In reviewing both the duties and needs of resource 
management and the protection of public health, it is 
important that personnel from health authorities are 
consulted and involved as appropriate to each case. 
Resource management personnel are not trained in 
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public health protection and may not adequately 
appreciate the public health aspects. 

Townships that have been subject to these surveys 
include: 

• Governors Bay (Lyttelton Harbour), where some 47 
percent of all properties were assessed as having 
inadequate on-site disposal. This township then had 
no reticulated water supply but instead relied on 
roof, spring and, in some cases, surface water. A 
piped water supply and reticulated sewerage scheme 
have now been installed. This followed a requisition 
under the Health Act 1956. 

• Oban, Stewart Island, where recent surveys have 
shown that approximately 36 percent of properties 
within the commercial and residential centre of the 
township have been assessed as having inadequate 
on-site disposal. The township has no reticulated 
water supply and relies on roof, bore and surface 
water supplies. 

 Plans for a comprehensive reticulated sewer-age 
scheme for the whole of the township, whilst 
attracting Government subsidy, failed to raise 
sufficient community support. However a limited 
scheme is being further investigated. 

• Warrington (a seaside township 25 km north of 
Dunedin). A 60 percent plus failure rate was 
assessed for on-site systems with cases of household 
plumbing being found in contact with effluent 
soakage areas. 

• Lawrence (Otago), where some 84 percent of the 
properties were assessed as having unsatisfactory on-
site disposal. A sewerage scheme has now been 
implemented. 

• In the North Island, Russell, Kohukohu, Ruatoria, 
Tokomaru Bay and Tolaga Bay. 

 

 

2.10 A National Perspective  on 
Small Community Systems 
and On-site Disposal 

The Government has phased out the sewerage subsidy 
for initial sewage reticulation, trunk sewerage and 
sewerage treatment. The method of phasing out, with an 
instant cut-off for trunk and treatment (as announced by 
the Minister for the Environment in May 1987), was 
programmed over a number of years, thereby giving 
many small unsewered com-munities the opportunity to 
decide if they wished to take advantage of the subsidy 
(up to 40%).  

Many communities considered their individual needs 
and discussed and debated the issues at length.  A 
number did accept that a reticulation scheme was needed 
and proceeded with scheme installation to meet the 
subsidy cut-off date. As part of these deliberations, on-

site 'house-by-house' sanitary surveys were undertaken 
to determine how adequate or inadequate on-site 
treatment and disposal systems were.   

In mid-1990 the Government announced it was 
considering the reintroduction of some form of technical 
assistance for new or upgraded sewerage facilities, which 
could qualify under the "needed for public health 
reasons" test. 

These considerations have continued under the present 
Government, although as yet no policies have been set 
in place. A preliminary listing of small communities 
has been reported by Area Health Boards to the 
Department of Health as needing improved sewage 
collection, treatment and disposal facilities on public 
health grounds. The following draft priorities were used: 

Priority 1: Communities with potentially serious 
public health problems. 

a) Human contact with over-flowing sewage or septic 
tank effluent. 

b) Contamination of water supplies (for example, septic 
tank effluent). 

c) Contamination of shell-fishing areas. 

d) Contamination of bathing waters. 

Priority 2: Communities where discharge of sewage 
causes national environmental concerns. 

Priority 3: Communities where there are less serious 
public health concerns (for example, communities 
served by septic tanks, but which do not fall into 
priority 1). 

Priority 4: Communities where discharge of sewage 
causes regional environmental concerns. 

This listing is incomplete, but in 1991, of 197 
communities listed, some 35 fitted into priority 1(b).  
There are no nationally accepted guidelines to assist 
communities in deciding whether to improve their on-
site systems or whether to change to a reticulated 
community system. This priority list, together with 
criteria in Appendix F, could be used by local 
authorities and communities. 

 

 

2.11  Conclusions 
In New Zealand a significant proportion (an estimated 
20 percent) of the population uses on-site domestic 
sewage treatment and disposal systems. The 
rural/agricultural nature of New Zealand means that 
small to medium-sized communities generally have 
their own sewage treatment and disposal systems. 

With such a large number of on-site systems and small 
community sewerage schemes, the potential for 
contamination of potable water supplies is considerable. 
This has been significantly reduced over recent decades 



Our Waste: Our Responsibility 
 

 376  

by the installation of many community sewerage 
schemes. 

There is some renewed interest and development work 
taking place, both to better understand on-site treatment 
and disposal systems, and to devise more appropriate 
systems. 

Public education, particularly of property owners, is 
needed to highlight the requirements and the care of on-
site disposal systems. 

There is significant potential for contamination of public 
water supplies from community sewerage schemes, 
whether by accident, emergency discharge, poor design 
or poor operation. Case histories and results of sanitary 
surveys in small communities highlight the ways in 
which contamination can occur. 

With increasing recreational demands on National Parks 
and wilderness areas of this country, a significant 
potential has arisen for contamination, caused by 
inappropriate methods of sewage disposal, of rivers and 
streams used for water supply by trampers and campers. 
The risks are high because there is little opportunity for 
reliable barriers such as water treatment, including 
disinfection. 

More knowledge is needed about the contaminants, 
particularly micro-organisms, in domestic sewage 
effluents and their effects on, and fate in, the receiving 
environment. 

The control of waste management in relation to effects 
on the environment is found in a number of pieces of 
legislation. There is a legislative gap, however, between 
public health requirements and environmental 
management. This gap is only bridged through the co-
operation of the various agencies. 

It is clear also that more effort is needed in quality 
assessment and consumer involvement for on-site 
sewage treatment. 

 

 

2.12 Recommendations for 
Appropriate Procedures 
and Technology 

Concepts for on-site systems 
• A 'total system' approach (Bradley & Cocks, 1991) 

is required encompassing: 

-  an integrated design of a total system, not just a 
septic tank part; 

-  operation and maintenance as a proactive 
requirement, not a remedy for a malfunctioning 
system; 

-  monitoring and control as a routine exercise with 
data-logging and performance evaluation. 

• Thorough site investigations and evaluations, 
including drawing upon and developing knowledge 
of local factors. 

• The selection of on-site systems that are appropriate 
to the actual site specific conditions. 

• The selection of on-site systems that have operation 
and maintenance requirements that are realistically 
appropriate for the circumstances; a general axiom is 
to keep the operational requirements of the system 
simple and reliable. 

• The setting of appropriate, manageable and 
enforceable bylaws and regional rules. 

• Discharge permits as required under the Resource 
Management Act 1991 and other statutory consents, 
except where exempted by a regional rule.  

• Performance standards for on-site systems; 
standardised systems may be deemed to meet 
performance standards under specified circumstances. 

• Planning for sewage management; land use planning 
(for example, District Plans) should recognise areas 
where on-site systems will be used; give guidance 
on when individual on-site systems should be used 
and when community systems should be evaluated. 

 

Concepts for Community Schemes 
• Attention should be given to meeting the Water 

Supply Protection Regulations with 'backflow' 
protection. Local knowledge of activities that could 
lead to backflow occurrence is required. 

• Regular inspection and maintenance of sewers and 
other facilities is required, particularly where they 
are near and/or could impact water supply sources. 

• Effluent monitoring and regular review of any 
possible impacts of the discharge on potable water 
supply contamination is needed. Compliance and 
surveillance (refer Section 1.8.2 of Drinking Water 
Standards for N.Z. 1984). 

• The disposal of sludge and septage should ensure 
that these residuals, or products emitted after 
disposal of these residuals, do not impact or 
contaminate natural water. 

• A listing and evaluation of appropriate treatment and 
disposal systems. 

• The importance of sanitary surveys in the 
assessment of on-site systems should be 
acknowledged. 

 

On-site Systems Technology 
In New Zealand, septic tank effluent is most commonly 
further treated and disposed of by a soil absorption 
system (SAS). Effluent is usually introduced to the sub-
soil by means of gravel-filled trenches and field tiles as 
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specified in NZS 4610: 1982. When a site is considered 
unsuitable for a septic tank, or a septic tank system 
fails, the real problem is not so much to do with the 
septic tank as it is to do with this type of soil 
absorption system.  

A number of local authorities, including the Dunedin 
City Council and the Waitaki District Council, are in 
the process of researching and running on-site trials on 
new and modified types of systems. These include dual 
septic tanks for foul sewage (WC's) and sullage wastes 
and on-site soakage and evapo-transpiration systems, 
with the objective of formulating better systems for their 
particular districts. 

When effluent loading to a trench is gravity-fed and 
driven by water supply use, distribution of the effluent 
to the whole infiltration area of the trench is usually not 
even. Overloaded sections are subject to development of 
a clogging mat and severe restriction of infiltration. 
This increases the load to other areas, and severe 
clogging can progressively affect the whole trench until 
it fails to infiltrate the design load of effluent.  

Conservative sizing of trench systems goes some way to 
obviating this problem. However, the problem is better 
addressed by implementing simple technical changes in 
trench-SAS design that have been developed and 
recommended. 

 

Recommended changes to trench design  

• Even distribution of wastewater to the entire trench. 

• Dosing of the effluent — as an aid to even 
distribution; to keep the infiltration surface aerobic 
(anaerobic conditions promote severe clogging); and 
to increase the hydraulic retention time of the 
wastewater in the unsaturated percolation zone, 
thereby increasing renovation efficiency. Dosing of 
effluent may be provided by dosing siphons, tipping 
buckets or pumps. 

• Even effluent distribution is provided by perforated 
pipes, with hole size and spacing site-specifically 
designed. 

The consensus of on-site sewage specialists in America 
now is that these design principles are absolutely 
fundamental and should be a basic requirement of all 
soil absorption systems. 

An additional fundamental requirement might be the use 
of two-chamber septic tanks to reduce the risk and 
occurrence of clogging by solids carry-through from the 
septic tank. 

The successful use of the conventional trench system 
requires that certain conditions including soil type, 
depth to a limiting soil horizon or groundwater, section 
area, section slope, etc., be met. Where there are site 
limitations to the use of a conventional soil absorption 
system, there is alternative technology available to 
overcome site constraints and thereby allow on-site 
treatment and disposal.  

Recommendations for overcoming land area 
limitations  

• Water conservation to reduce land area requirements 
for SAS's: 

- Achieved principally by reduced-flush toilets, 
shower-head and tap aerators. 

- Composting toilets of modern design. These, 
however, require user commitment and effort, are 
expensive, and have significant electricity 
running costs. They may eliminate perhaps 40 
percent of household wastewater generation. 
Greywater may contain high concentrations of 
pathogens, and requires treatment (septic tank) 
and subsurface disposal. 

• More accurate soil permeability assessment for 
accurate sizing of SAS's: 

- The standard percolation test should be used 
with discretion; soil morphological description 
(for example, texture analysis) gives more 
accurate estimates of permeability and probable 
long-term infiltration rate. Greater accuracy in 
permeability assessment, if required, should 
come from soil hydraulic methods other than the 
percolation test. 

• Further treatment prior to application to SAS to 
enable reduction in SAS area: 

- Because a clogging layer can develop, the long-
term infiltration rate of septic tank effluent is 
typically 0.05 to 0.02 of the saturated soil 
permeability. Trench systems are normally sized 
on the predicted long-term infiltration rate. A 
reduction in organic load results in less clogging 
layer development, greater long-term infiltration 
rate, and reduced requirement for infiltration 
surface area. 

- Septic tank effluent treated by an intermittent 
sand filter does not cause clogging layer 
development, and infiltrates at the percolation 
rate of the soils. The difference between saturated 
and un-saturated percolation rates needs to be 
kept in mind. Higher infiltration and percolation 
rates require greater percolation distances to 
achieve pathogen reduction. 

- Mound and fill systems may be considered as 
ways of achieving further treatment prior to 
effluent passing into undisturbed soil. These 
systems also benefit from varying amounts of 
evapotranspiration, which assist in reducing 
effluent volumes and thereby reduce the hydraulic 
load for ground disposal. 

 

Recommendation for overcoming soil depth 
limitations  

• Elevate the infiltrative surface:  
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- Shallow trenches give greater clearance to a soil-
limiting horizon or to a high water table. 
Perforated pipe distribution facilitates the use of 
shallow trenches. Infiltration into topsoil allows 
for some amount of evapotranspiration to assist 
in effluent disposal. 

- Mound systems (see above). 

- Surface irrigation of effluent after treatment to a 
high quality, possibly including disinfection, is 
an option requiring good and thorough design 
and management. 

• For shallow, permeable soils over tight subsoil or 
bedrock on sloping sections, advantage can be taken 
of shallow trench infiltration and lateral percolation 
through topsoil for effluent renovation. 

• Package plant systems for treatment of sewage to 
standards, ranging from those for discharge to surface 
water and those for water supply, may allow 
disposal of effluent to surface water. There are a 
number of proprietary package plants on the market. 
Generally they have relatively high operational and 
mainten-ance demands. 

• Wetland systems may have application in some 
circumstances. 

 

Community Systems Technology 
Community systems may be divided into sewerage 
systems, and treatment and disposal systems. 

Sewerage Systems 

The principal conventional and alternative sewerage 
systems are: 

• sewerage using concrete pipes with either gravity or 
pumped flow; 

• modified sewerage, which includes the use of plastic 
pipes that enhance the applicability and affordability 
of a system but do not com-promise the 
performance; 

• vacuum sewerage, which has applications under 
certain circumstances; 

• effluent disposal systems (EDS) where pretreated 
sewage (usually from septic tanks) is conveyed by 
sewerage to a community sewage treatment plant; 
small diameter sewers or pressure mains and reverse 
grades can be accommodated; 

• pressure systems where individual house-holds or 
groups of households are served by grinder pumps 
which discharge into a pressurised sewerage system; 
again small diameter pressure mains can be used. 

Treatment and Disposal Systems 

Selection from the range will be based on such factors 
as: 

• performance standards required  

• local site conditions (for example, land availability, 
aesthetic considerations) 

• sewage characteristics 

• climate 

• population changes, either short-term such as 
holiday peaks, and long-term such as community 
growth 

• discharge location (for example, requirements of the 
proposed Coastal Policy, which is being formulated 
under the Resource Management Act 1991). 

Treatment options include: 

• oxidation ponds 

• aerated lagoons 

• wetlands 

• biological filtration 

- trickling filters 

- rotating biological contactors (RBC) 

• activated sludge processes 

• land treatment such as overland flow, soil 
absorption 

• filtration such as in sand filters and other media 
beds. 

Advanced treatment options may also be necessary, 
particularly for removal of nutrients and indicator 
organisms and pathogens. 

Disposal options are largely dictated by the nature of the 
receiving environment and community preference. They 
include disposal to land, inland surface waters and 
coastal waters. Alternatively, the treated wastewater can 
be used as a resource, particularly for irrigation 
purposes. 

 

Residuals Management 
Every sewage treatment system creates residuals which 
have to be disposed of. Residuals include screenings, 
skimmings and sludges. For example, individual on-
site systems which use septic tanks have septage to 
dispose of every 3 to 5 years. Community systems, for 
example, may have screenings and sludge to dispose of 
on a weekly or more frequent basis. 

Residuals usually require further treatment before they 
can be safely disposed to the environment. Whether 
evaluating individual on-site systems or community 
systems, residuals management must be addressed. 
Factors to evaluate include: 

• disposal options that are available 
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• treatment requirements associated with the disposal 
options 

• performance standards and regulations that apply 

• treatment options available 

• the residuals disposal requirements associated with 
different sewage and wastewater treatment options. 

Septic tank sludge (septage) disposal requires more 
attention than it usually gets. The most common 
practices in New Zealand are direct land application and 
co-treatment with domestic sewage. In areas with a high 
density of on-site systems (increasingly practical with 
recent technological and administrative developments), 
other options to be considered are: 

• Septage stabilization ponds followed by a variety of 
supernatant treatment and disposal options  

• De-watering and sludge composting 

• Mobile dewatering (Eikum and Paulsrud, 1986). 
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3 THE ORIGIN AND TREATMENT OF LANDFILL 

LEACHATE 
 

 

3.1 Introduction 
Older landfills, as the name suggests, are usually large 
depressions in the ground into which unsorted domestic 
and industrial refuse is dumped and covered with 
available fill.  Such landfills are usually not lined with 
waterproof material, and the covering material is also 
not waterproof.   

Accordingly, rain or surface water, or even water in 
underground aquifers, can enter the refuse bed and 
combine with chemicals or the products of 
decomposition of the refuse to form a leachate. The 
leachate can soak into the surrounding soil and may 
enter and contaminate underground aquifers or nearby 
waterways. 

Landfills pose a major threat to groundwater quality in 
areas where groundwater is a source of water supply.  

The main concern is the risk of chemical contamination 
from industrial wastes, agricultural chemical wastes and 
waste oil. While special provision can be made for the 
disposal of toxic wastes it will never be possible to 
ensure that these wastes are excluded from disposal with 
general wastes. Once in a landfill, toxic wastes pose a 
threat not only to existing water supply uses but also to 
uses by future generations. 

Landfills can also result in a similar risk to surface water 
supply sources if sited in riverbed areas. For this, and 
other surface water quality considerations, landfills 
should be excluded from riverbed areas. 

Modern landfills are usually lined with low 
permeability clay or a waterproof membrane to prevent 
the escape of leachate and covered with material that 
minimises the ingress of rain or surface water. A 
collection system is also provided to collect any 
leachate that is formed and pipe it to a disposal or 
treatment point.  

Guidelines for the engineering and operation of landfills 
are the subject of Part 4 of this document. 

 
 
 

3.2 Characteristics of Landfill 
Leachate 

Decomposition of Organic Matter 
Within the Landfill 
Refuse in a landfill first undergoes aerobic 
decomposition. However, oxygen is soon consumed by 
the bacteria carrying out the aerobic decomposition 
processes and the interior of the landfill becomes 
anaerobic (airless). Anaerobic bacteria then develop and 
begin to decompose the organic matter, forming organic 
acids such as acetic, propionic and butyric acids (called 
Volatile Fatty Acids or VFA) and releasing moisture.  

This solution of VFA dissolved in the moisture 
released from the organic matter and water from other 
sources (rain, seepage) makes up the leachate, which can 
contain high concentrations of VFA in the first few years 
after the refuse has been landfilled (see Table 3.1). 

As the age of the landfill increases, another type of 
anaerobic bacteria develops, one that can consume the 
VFAs and convert them into a mixture of methane and 
carbon dioxide gases, called biogas or landfill gas 
(LFG). This natural process can therefore remove VFAs 
from the leachate as LFG. The concentrations of VFAs 
in the leachate are greatly reduced with a corresponding 
reduction in the biochemical oxygen demand (BOD5) 
and the chemical oxygen demand (COD).  The pH will 
correspondingly increase. This trend is illustrated in 
Table 3.1. Figure 3.1 illustrates concentrations of 
leachate components as a function of landfill age. 

The leachate from an active landfill will be a mixture of 
leachate from refuse that has been recently landfilled 
with that from refuse deposited over the period from 
when the landfill opened. The composition of the 
leachate will, therefore, be somewhere between the 
extremes given in Table 3.1, and for a long-term landfill 
will be closer to that given for three years onwards. 

Few landfills have yet been constructed in New Zealand 
that approach the standards recom-mended in Part 4: 
Landfill Engineering Guidelines, but some provide 
good containment of leachate and good cover through 
location in sites with favourable contours and suitable 
soil types. Examples are the landfills in Wellington, 
Hutt Valley and Porirua, which are sited in valleys 
enclosed by low permeability, weathered greywacke 
soils, and covered with the same material. Analyses of 
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leachate collected from these  landfills are summarised 
in Table 3.2. It should be noted, however, that some 
leachate flows are high in relation to the landfill area, 
indicating that dilution of the leachate has occurred, 

perhaps through springs discharging into the landfill or 
through rainfall collected by the valley walls entering 
the leachate stream. 

 
Table 3.1: Concentration of VFA in Leachate from a Modern Landfill 

as a Function of Landfill Age 
(all concentrations in mg/l) 

  

1 - 3 years 

 

3 years onwards 

 

Total VFA 
BOD5 

COD 

pH 

 

9,000 - 13,000 

13,000 - 20,000 

22,000 - 35,000 

4.5 - 7.5 

 

150 - 500 

200 - 600 

400 - 800 

6.5 - 8 

 

 

Figure 3.1: Changes in Concentration of Leachate Components 
with the Age of a Landfill  

(from Hartmann and Hoffman, 1990)  
 

 
 



Part 5: Waste Management in Relation to Water Supplies 
 

 383 

Table 3.2: Typical Volumes and Compositions of Leachates 
 from Wellington Area Landfills  

(Wellington Regional Council Landfills Survey, 1988) 

Landfill Area 

(ha) 

Flow 

(m3/d) 

COD 

(g/m3) 

pH Chloride 

(g/m3) 

Silverstream 

Happy Valley (II) 

Horokiwi 

Wainuiomata (new) 

Spicers Gully 

7.0   

10.0   

5.0*  

4.0*  

6.7   

470   

200   

202   

58   

66   

240   

155   

40   

127   

190   

7.1   

6.4   

7.9   

6.5   

7.1   

320      

255      

85      

95      

218      

  * Estimated 

 

Heavy Metals in Leachate 
A very wide range of metals is likely to be present in 
any landfill, especially in landfills that accept industrial 
wastes or items such as car bodies and home appliances. 
Lead and cadmium arrive as batteries and may also 
come with iron and zinc in electrochemical slags. The 
acetates of most metals are very soluble, so that the 
VFA-containing leachate can be very effective at 
leaching out heavy metals by dissolving them as 
acetates. Table 3.3 gives typical concentrations of heavy 
metals and other chemicals. 

 

Toxic Chemicals in Leachate 
A very wide range of toxic chemicals can occur in 
landfill leachate, usually in small quantities. Many 
chemicals will, fortunately, be only slightly soluble in 
the leachate or will be absorbed onto material within the 
landfill. Chlorinated hydrocarbons are commonly found 
in small concentrations in leachate, and polychlorinated 
biphenyls (PCBs) may also occur. However, there is 
very wide variation between landfills. 

 

Volume of Leachate 
Most areas of New Zealand receive about 1,000 mm of 
rain each year, or an average of 3 mm/day. Rain falling 
on an older type of landfill could, therefore, produce on 
average 30 m3 of leachate per hectare per day if all the 
precipitation filtered through the landfill. Some of this 
leachate would pass into the subsoil below the landfill, 
so that at most about 20 m3/ha/d might be collected by 
piping or wells within or at the periphery of a landfill. 
At peak rainfall times a much higher leachate flow could 
be expected. 

Modern, lined landfills are much less affected by rainfall, 
so that the volume of leachate depends more on the 
moisture released from the decomposing organic matter. 
The leachate volume is likely to average 1 to 6 % of the 
average rainfall. 

 

Case Study 3.1: Leachate from the 
Christchurch Metropolitan Landfill 

The potential for leachate from a solid waste landfill 
to contaminate groundwater is supported by 
groundwater samples from the Christchurch 
Metropolitan Landfill. The landfill site was chosen in 
an area where public water supply wells and surface 
waters would be in little danger of contamination even 
if a leachate plume from the landfill developed. In the 
area of the landfill the groundwater moves seaward 
and no public supply wells are seaward of the landfill. 
Also, an upward vertical hydraulic gradient exists 
beneath the landfill preventing migration of 
contaminants below the water table aquifer. The 
landfill site consists of old beach sands interbedded 
with organic debris and peat. The landfill is unlined. 
Groundwater varies between approximately 2.5 and 3.5 
metres above sea level.  A condition of the dispensation 
is that the landfill base be above the highest recorded 
water table level. The base is within 5 metres of the 
water table at present. The lack of a low-permeability 
liner and a shallow water table probably contribute to 
the early detection of leachate contamination in 
groundwater (Refer also to Part 4: Landfill Engin-
eering Guidelines). 
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Table 3.3: Typical Long-term Compositions of Leachate from Different Types of 
Landfill 

(all concentrations in mg/l) 

 Leachate from a 
modern landfill* 

Leachate from an 
older landfill 

Leachate from a modern landfill 
with pre-separation of batteries 

etc. and recirculation of leachate 

pH 
BOD 
COD 
VFA 
  acetic 
  propionic 
  butyric 
  total 
Sulphide 
Nitrate 
Ammonia 
Iron 
Zinc 
Lead 
Cadmium 
Chloride 

6.0 
800 

1,000 
 

200 
100 
50 

600 
6 
4 

300 
30 
18 
2 
1 

400 

6.3 
500 
650 

 
100 
40 
30 
250 

2 
2 

50 
12 
6 
1 

0.5 
200 

6.8 
200 
250 

 
35 
20 
10 

120 
1 

0-5 
150 

2 
0.5 
0.05 

0.005 
50 

 
* Note that concentrations of chemicals within the leachate will be higher because of the smaller 
volume of leachate from modern, lined landfills. 

 

 
Baseline (background) groundwater quality data were 
gathered in 1984 prior to the commencement of landfill 
operations in the same year. In August 1985 a 
groundwater monitoring programme was begun. The 
landfill has been operated in two stages. Stage one 
operated between 1984 and 1988. Stage two began 
operation in 1988 and is ongoing.  

Groundwater quality data from wells down-gradient of 
stage one have been indicating leachate plume 
development since 1986. Elevated levels of acidity, 
alkalinity, conductivity, chemical oxygen demand, 
ammonia and major cations such as sodium, 
potassium, calcium, magnesium, iron and manganese 
have been detected. 

Also one well, down-gradient of stage two, has 
indicated leachate contamination. Elevated levels of 
polycyclic aromatic hydrocarbons, boron, acidity, 
alkalinity and conductivity were detected in 1988. In 
1990 an elevated level of arsenic in the same well was 
detected whereas the previously detected elevated 

analyte levels had decreased or were not detected. This 
suggests that the well was contaminated from a spill 
or one-time discharge.  Arsenic contamination could 
have resulted from the same source as the constituents 
detected in 1988 with the late arrival due to 
retardation (Close, 1991). 

Even though Christchurch drinking water could not be 
contaminated by leachate from the landfill in the 
present hydrogeological setting, continued monitoring 
of the landfill will provide information on the rate and 
direction of contaminant flow and any changes in 
concentrations or constituents. Certain factors still 
need consideration: 

• Possible effects of leachate on coastal waters 

• Effect of increased pumping of the Christchurch 
aquifers which could cause localised changes in 
groundwater flow directions and rate of flow 

• Fate and transport of dense non-aqueous phase 
liquids in the vadose and saturated zones 
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Monitoring of the entire aquifer thickness, soil vapours 
and moisture within the landfill are recommended to 
understand leachate development and transport of 
contaminants. 

 

 

3.3 Treatment of Leachate 
Treatment Options 
Leachate usually has a strength and composition close 
to that of sewage, especially if the sewage includes 
industrial or trade wastes. At worst, leachate may have 
similar volume and strength to wastewaters from 
industries such as meat processing or fruit and vegetable 
processing. Concentrations of heavy metals will usually 
be no more than those in wastewaters from 
electroplating or similar industries. 

The many processes commonly used to treat sewage or 
trade wastes are therefore applicable to the treatment of 
leachate. The choice of process will probably depend on 
whether disposal of the leachate will be to a river or 
stream. 

In some cases, it will be acceptable to discharge leachate 
to the municipal sewer system, as a trade waste with 
treatment being provided by the municipal sewage 
treatment plant. 

 

Recycling Leachate to the Landfill 
Leachate from a new part of a landfill can often be 
recycled to an older part of the landfill. The anaerobic 
bacteria established in the older part of the landfill can 
then provide a substantial degree of treatment of the 
leachate by converting VFA to LFG, thus reducing the 
BOD and COD to levels found in leachate from older 
landfills (see Table 3.1). 

Recycling of leachate to the landfill is the most effective 
and economic method of reducing the VFA 
concentration in leachate. However, final polishing 
treatment can be achieved by standard methods such as 
rotating biological contactors, trickling filters, or 
oxidation ponds. 

Reducing the VFA concentrations will also reduce the 
concentration of heavy metals solubilised as acetates in 
the leachate, often depositing the heavy metals (within 
the landfill) as sulphides, or allowing them to be 
absorbed into other material in the landfill. 

 

Removal of Heavy Metals 
Where the content of heavy metals in the leachate may 
be a problem, methods proven to remove them include 
adjustment of the leachate pH to about 11 and dosing 
with ferric chloride, and aeration to coagulate metal 
hydroxides, if necessary with the addition of flocculating 

agents. A high degree of removal can then be achieved 
by settlement and sludge removal. The sludge should 
be sufficiently stable for return to an older part of a 
landfill where acetate solubilisation is less likely. To 
achieve a high suspended solids removal, sand filtration 
may also be needed. 

 

 

3.4 Recommendations For 
Appropriate Technology and 
Practices 

The following factors should be addressed where 
leachate from landfills could affect the use of 
groundwater as a source of potable water supply. 

 

Siting Restrictions 
New landfills should not be sited in areas where 
groundwater is used, or has potential for potable water 
supply use, unless the total confinement of that 
groundwater within a designated separation distance can 
be established, or unless the land area over the 
designated separation distance is zoned as a landfill 
buffer reserve. 

 

Containment of Landfills 
Containment of landfills to reduce the risk of leachate 
reaching groundwater is a sound management practice 
for new landfill operations. However, because of the risk 
of future fractures, it should not be relied on as a 
groundwater protection measure unless accompanied by 
an adequate separation distance between the landfill and 
existing or potential sources of groundwater. 

 

Separation Distances Between 
Landfills and Public Water Supply 
Bores 
In Canterbury, a minimum separation distance of two 
kilometres should be provided between an existing 
landfill site over unconfined groundwater and down-
gradient potable water supply bores. This distance is 
based on overseas studies in England and The 
Netherlands, which both came up with a minimum of 
two kilometres protection for the most transmissive 
aquifer (Southern Water Authority, 1985, Van 
Waegeninh, 1981).  

Where preferred channels (zones within the aquifer that 
have higher hydraulic conductivities and higher 
groundwater velocities than the surrounding aquifer 
material — in Canterbury, buried river channels act as 



Our Waste: Our Responsibility 
 

 386  

preferred channels) are likely to exist, then additional 
protection measures may be required. 

The designation of protection areas should also take 
into account the potential for peripheral movement of 
leachate as a result of any mound effect.  

In some instances separation distances may be able to 
be reduced down to one kilometre, for example, for low-
level use landfill sites in remote rural areas strictly 
controlled for domestic refuse disposal; for contained 
landfills with double liners and provision for total 
leachate recovery above and below the primary liner and 
in areas where groundwater velocity is low. 

 

Existing Landfill Sites Not Having an 
Adequate Separation Distance 
This category is for existing landfill sites (whether in 
use or closed) over unconfined groundwater and without 
adequate separation distances between groundwater used 
or with potential for use for potable water supply 
purposes. Provision should be made for potable water 
supply reticulation for the area within which 
groundwater is determined, by the groundwater 
management authority, to be at risk from the waste 
disposal site.  

Alternatively for closed sites in remote areas with an 
acceptable history of management, the groundwater 
management authority could, at its discretion, dispense 
with the above requirement for the time being, subject 
to a groundwater monitoring programme being 
established to the satisfaction of the management 
authority to monitor specified leachate indicators. 

 

Hazardous Wastes 
Hazardous wastes defined as 'high risk' haz-ardous 
wastes should not be disposed in either new or existing 
landfills unless the site has been specifically approved 
for that purpose through the consent procedures of the 
Resource Management Act 1991. In granting such 
consents the authority should take the following into 
account: 

• availability of alternative hazardous waste 
management or disposal methods; 

• physical groundwater protection and leachate control 
measures in place at the site; 

• whether the site is to be used as a co-disposal or 
dedicated disposal site; 

• screening and recording procedures in place for 
verification of the description of wastes received for 
disposal; 

• adequacy of on-site management provisions to 
ensure the safe containment of hazardous wastes 
within the landfill site; and, 

• monitoring provisions. 

Where a landfill is to be used for the co-disposal of 
hazardous wastes these should be restricted to, and 
treated and disposed of in accordance with, the 
requirements contained in Part 3: Hazardous Waste: 
Appropriate Technologies for New Zealand. 

 

Resource Consents 
All landfills should be subject to the resource consent 
procedures of the Resource Management Act 1991. In 
considering applications for resource consents, the 
consent granting authority should ensure that the 
following considerations are taken into account: 

• a depth of not less than one metre to be maintained 
between the base of the landfill and maximum 
ground-water level; 

• provision for site drainage and diversion of any 
surface water flow from the site; 

• control of liquid waste disposal within the site; 

• regular covering of all faces of the landfill to reduce 
rainfall infiltration; 

• the final sealing of the completed landfill to control 
rainfall infiltration; and, 

• provision for the control of leachate during the 
operation of and after completion of the landfill. 

(Refer Part 4: Landfill Engineering Guidelines.) 
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4 POINT SOURCE AGRICULTURAL WASTES 
 
 
4.1 Introduction 
As agricultural practices are intensified, there is an 
increase in the pressure placed on the environment due 
to waste discharges. This comes about through the 
congregation of animals in a small area which is not 
capable either of providing sustenance for the animals or 
of assimilation of the wastes produced. This chapter 
considers the intensive agricultural practices which are 
capable of impacting on the environment and may 
impact on potential water supply sources. 

These include feedlots where animals are either fattened 
or held prior to export, piggeries that are currently 
becoming larger, dairy farms where there are wastes from 
the milking sheds, loafing barns and holding pads, and 
finally from silage pits. 

 

 

4.2 Feedlot Waste Management 
As feedlots are concentrated into smaller areas the 
problem of disposing of their waste is magnified. 
Wastes generated by the feedlot operations include: 
faeces, urine, waste feed and contaminated runoff from 
the feedlot and other surfaces. All wastes generated are 
classified as either liquid wastes or solid wastes and are 
considered separately in the following sections. 

 

Liquid Wastes 
The liquid wastes generated from a feedlot primarily 
consist of runoff generated during wet weather. The 
runoff can originate from the pen areas, leachate from 
silage areas, holding and drafting pens, washdown areas, 
and runoff from other contaminated sources such as the 
manure stockpiling areas. The feedlot runoff process is 
complex and is controlled by a variety of physical, 
climatological and environmental factors. 

Although considerable data has been collected, there is 
no accurate predictive model for runoff quality. At best 
there is sufficient information to begin to predict feedlot 
runoff quality with sufficient accuracy to make broad 
decisions. 

The runoff, as it leaves the feedlot surface, is an 
extremely high strength waste. It is standard practice to 
incorporate solids and liquid retention facilities prior to 
disposal of the runoff. For this reason, it is the 

characteristics of the runoff once it has passed through 
these retention facilities that is of primary interest in 
assessing the impacts upon water quality.  

Data detailing the characteristics of feedlot runoff from 
numerous studies in the U.S.A. and Australia have been 
summarised in Table 4.1. This table contains values for 
the determinants of both the non-settled runoff direct 
from the feedlot surface and settled runoff once it has 
passed through the retention facilities. 

Table 4.1 has been compiled from an extensive range of 
data obtained from the following references. Overcash et 
al., 1983; Walker et al., 1980; Thomas, 1974; Kreis et 
al., 1972; Schram, 1977; Sweeten, 1989; N.S.W. 
Agriculture and Fishery, 1990; Manges et al., 1975; 
Texas Tech., 1971. 

Infiltration of runoff can occur where the feedlot is 
located on gravel soils. In this situation, the potential 
to affect groundwater is higher than is the case with a 
feedlot located on poorly draining soils. 

 

Solid Waste Characteristics 
Solid wastes are collectively referred to as manure, 
which is a mixture of animal excrements consisting of 
undigested feed plus certain body wastes. Beef cattle 
during a 180 day confinement will discharge at least 2 
dry tonnes of manure. The quantity and nature of the 
raw manure may vary depending on the feed ration, 
availability of water, climate and animal size. 

The manure may be removed from the feedlot surface on 
a near-continuous basis. This is usually practised in 
areas where the climate is such that housing the animals 
on an open feedlot is not desirable. In New Zealand's 
temperate climate, the common practice would be to 
house the animals in open feedlots and remove the 
accumulated manure at intervals typically between 3 and 
12 months. In open feedlots, the 
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Table 4.1: Feedlot Runoff Characteristics 
 

Settled Unsettled 
 

 
Biochemical Oxygen Demand 
Chemical Oxygen Demand 
Total Nitrogen 
Ammoniacal Nitrogen 
Total Phosphorus 
Total Potassium 
Total Solids 
Total Suspended Solids 
Volatile Solids 
Sodium 
Magnesium 
Calcium 
Chloride 
Sodium Absorption Ratio 
pH 

 
BOD 
COD 
TN 

NH4-N 

TP 
TK 
TS 

TSS 
VS 
Na 
Mg 
Ca 
Cl 

SAR 
 

 
500 g/m3 
2200 g/m3 
150 g/m3 
30 g/m3 
40 g/m3 
500 g/m3 

2500 g/m3 
500 g/m3 

55% 
300 g/m3 
80 g/m3 
100 g/m3 
500 g/m3 

4.1 
7.5 

 
1400 g/m3 
4600 g/m3 
350 g/m3 
100 g/m3 
100 g/m3 
800 g/m3 

10000 g/m3 
3000 g/m3 

60% 
400 g/m3 
90 g/m3 
290 g/m3 
550 g/m3 

 
5.3 

 

 

'as defecated' weight and volume of manure is of lesser 
importance than the 'as removed from the pens' nature of 
the manure. As the manure accumulates in the pens over 
time the processes of biodegradation, compaction and 
drying substantially reduce the quantity of manure to be 
disposed of. 

Figure 4.1 depicts the effects of these processes on the 
quantity to be removed. 

Table 4.2 contains typical values for each determinant of 
raw manure and manure as it is removed from the 
feedlot surface. 

 

 

Table 4.2: Feedlot Manure Characteristics 
 

Raw Manure Feedlot Manure 
 

 
Dry solids kg/day/1000 kg LW 
Moisture content (%) 
Nitrogen % TS 
Phosphorus % TS 
Potassium % TS 
Calcium % TS 
Magnesium % TS 
Sodium % TS 

 
9.0 
85 
3.5 
1.0 
2.0 
1.4 
0.5 
- 

 
8.0 
30 
1.5 
0.5 
1.5 
0.9 
0.5 
0.4 
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Figure 4.1: Effect of Time on Feedlot Manure Quantities 
 

 
 

This data is based on studies over many years and 
shows how variable manure can be. (Ref. Manges et al., 
1975; Texas Tech., 1971; Hansen et al., 1976; 
Sweeten, 1989; Thompson and O'Mary, 1983; 
Ensminger, 1987; Overcash et al., 1983; ASAE Data, 
1987; ASAE Engineering Practice, 1987). 

 

Liquid Wastes Quantities 
The quantity of runoff generated from a feedlot is related 
to climatic events. For this reason, design quantities are 
based upon statistical analysis of previous rainfall 
records. 

When rain falls on a natural surface, the water striking 
the surface may flow through it, be stored on it, or run 
over its surface. As the feedlot surface will be practically 
sealed by the manure, only the runoff and storage 
mechanisms are involved. Prediction equations are 
generally empirical and relate the runoff as a near linear 
function of the rainfall. A common feature of these 
equations is a storage term that indicates how much rain 

must fall before any runoff is generated. The equation is 
therefore typically in the form: 

R = C (P - S) 

where R is the surface runoff (mm) 

 C is a runoff coefficient  

 P is the incident rainfall (mm) 

 S is a storage factor (mm) 

The runoff coefficient C is reported as varying from as 
low as 0.35 to as high as 0.86 (Kreis et al., 1972; 
Texas Tech, 1971; Gilbertson et al., 1972; Overcash et 
al., 1983). The storage factor S is the depth of incident 
rainfall which does not contribute to the runoff. This 
water is stored in depressions and/or taken up as 
moisture by the manure in the pens. The literature 
suggests values between 6 to 12 mm (Kreis et al., 
1972; Walker et al., 1980; Sweeten, 1989; Gilbertson 
et al., 1972, 1979). 

Literature from the United States would indicate that a 
suitable runoff equation would be: 

R = 0.6 (P - 8) 
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This equation is somewhat less conservative than that 
adopted for design in the Australian feedlots (N.S.W. 
Agriculture and Fisheries, 1990). The runoff equation 
used in this reference is: 

R = 0.8 (P - 12) 

A major consideration in establishing the quantity of 
runoff to be used for the design of the disposal system is 
the chosen rainfall event. This is such that runoff should 
only reach a receiving water course when rainfall exceeds 
this event. This rainfall event is usually defined at the 
25 year 24 hour rainfall event (Sweeten, 1989; Overcash 
et al., 1983). At other times, the 10 year 24 hour event 
is used (Kreis and Shuyler, 1972; Schram, 1977; 
Overcash et al., 1983). The selection of the appropriate 
criteria is dependent upon the degree of protection 
required for the downstream waterways. 

In establishing a design rainfall such as the 25 year, 24 
hour rainfall event, provision must also be made for 
rainfall events in excess of this, which will cause the 
retention facilities to fill and overflow. It should be 
recognised that a larger flow will dilute the waste 
strength and may present a lower risk to the 
environment. Design for larger flows is not necessary 
but contingency planning is needed. 

The annual quantities of runoff generated from a feedlot 
typically vary from 12 percent to 43 percent of the 
annual rainfall depending upon both rainfall quantity 
and pattern. Gilbertson et al., (1979) and N.S.W. 
Agriculture and Fisheries, (1990)  both report that on 
average 30 percent of the annual rainfall runs off unpaved 
feedlots. It seems reasonable that this figure be used for 
design purposes. 

 

Case Study 4.1: Runoff Quantity for a Beef 
Feedlot 

Five Star Beef Ltd. is presently constructing a feedlot 
to handle a standing population of 15,000 head of beef 
cattle. The feedlot is situated at Wakanui, which is 
east of Ashburton and adjacent to the coast on the 
Canterbury Plains. Rainfall data for the site has been 
analysed over a 29 year period.  Mean annual rainfall 
is 582 mm, the highest annual rainfall during this 
period was 870 mm and the lowest 327 mm.  On the 
basis of monthly averages it is only in the months of 
May, June, July and August that rainfall exceeds 
potential evapotranspiration. 

Statistical analysis of the rainfall data provided the 24 
hour rainfall frequency data required to design the 
runoff retention facilities. The 20 year 24 hour rainfall 
event was 93 mm and the 30 year 24 hour rainfall 
event was 100mm. Because of the sensitive nature of 
this development a 30 year design standard was 
selected in favour of the more commonly recommended 
25 year design standard. 

The runoff retention facilities have been designed to 
provide storage for all the contaminated runoff. The 
contributory area for this feedlot is 53ha at a 

production level of 15,000 standing head. Using the 
conservative runoff equation (N.S.W. Agriculture and 
Fisheries, 1990) and the 30 year design standard a 
total quantity of runoff of 37,500 m3 has been 
calculated. Retention facilities have been provided such 
that no overflow will occur for rainfall events up to 
this standard. 

On an average annual basis, the total quantity of 
runoff to be disposed of, given a mean annual rainfall 
of 582 mm and a contributory catchment area of 53 ha, 
is a volume of approximately 95,000 m3. 

 

Current Technologies for Runoff 
Control 
Runoff control facilities typically include four main 
components. 

• Clean water diversion system: A system of dykes, 
ditches and berms are constructed to divert any 
runoff which falls outside the feedlot from flowing 
onto it. This minimises the quantity of 
contaminated runoff. 

• Runoff collection system: A series of channels, 
ditches and flow ways are provided to collect the 
runoff from individual pens in an orderly fashion. 
These are designed to keep the animals dry and to 
protect traffic ways for ease of servicing. 

• Solids retention facilities: In order to avoid the rapid 
filling of the runoff retention lagoon with water-
carried solids, some method of solid entrapment is 
desirable. The most typical means of solid 
separation is short-term settling. This may be 
achieved in settling basins or any other technique 
which slows the flow sufficiently for the solids to be 
deposited. 

• Runoff retention lagoon: This provides storage for 
feedlot runoff from the time it leaves the lot until it 
is ultimately disposed of. It should be located so 
that all feedlot runoff can enter it. 

 

Runoff Disposal 
It is assumed that any future feedlot development will 
be located in rural localities where land disposal of the 
liquid wastes will be the preferred option. 

Because of the high strength of feedlot runoff it is 
unlikely that it will be acceptable to discharge the runoff 
to a surface waterway. For this reason land disposal is 
the only option. 

The management of the runoff retention facilities is an 
important part of ensuring satisfactory disposal. The 
operators must have a plan of how and when to empty 
the stored runoff to allow capacity for additional runoff 
events. This should be included in a waste management 
plan. 
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Successful application of runoff to land is dependent 
upon many factors. These include the soil type, waste 
constituent loadings, hydraulic loadings and climatic 
conditions. As the runoff is the result of rainfall, it is 
often the situation that runoff needs to be applied to 
land, which as a result of the previous rainfall, is at field 
capacity. This means that deficit irrigation scheduling is 
not always possible in disposing of the runoff, 
especially through the winter period. 

Application rates of runoff must be kept below the 
infiltration capacity of the soil. This is to prevent 
surface flow of the runoff after application. In situations 
where there is a high water table or low infiltration 
capacity it may be necessary to store the runoff over the 
winter period so that deficit irrigation can be practised 
through the summer months. Some soils may pose 
problems in terms of disposal of the water. Application 
rates of runoff are usually limited by the nitrogen, 
salinity or sodium content. 

 

Waste Constituent Application Rates 
The objective for the utilisation of the organic matter in 
the runoff is to apply the runoff at rates that obtain 
maximum essential nutrient usage while also 
maintaining the minimum acceptable impact on the 
environment. This is achieved by applying the nutrients 
at rates which match the uptake rate of the plant-soil 
system. In situations where the runoff is applied to land 
which also receives manure from the feedlot, then the 
accumulative effects of the nutrients from the manure and 
the runoff must be taken into account. 

The philosophy of balancing nutrient application rates 
with the plant nutrient utilisation rates on an annual 
basis is the universally accepted practice in the United 
States, Australia and New Zealand.   

Plants have different rates of nutrient uptake depending 
on their growth cycle throughout the year.  Plants take 
up the least quantity of nitrogen on a daily basis during 
the winter months. This also coincides with periods 
when runoff would be applied to the land when the soil 
has only limited ability to store the nutrients for 
prolonged periods.  

The potential therefore exists for nutrients to be flushed 
through the soil profile during the winter months. This 
can be offset in part by applying the runoff to land 
growing pasture types that exhibit a rapid growth phase 
through the winter. There is limited research on the 
actual fate of nutrients in wastes that are applied to the 
land at different times through the year. 

 

Solid Waste Disposal 
The most practical option for the disposal of the manure 
from the feedlots is land application. The objective for 
the utilisation of manure in a plant-soil system is to 
apply the manure at rates that obtain maximum 

essential nutrient usage while maintaining the 
minimum acceptable impact on the environment. 

Manure has been applied to land at vastly differing 
application rates varying from 10 tonnes/ha/year to 700 
tonnes/ha/year. High loadings such as 700 
tonnes/ha/year are by no means sustainable and would 
definitely result in toxicity effects, reduced plant yields 
and environmental damage. Manure application rates are 
generally within the range 20 to 50 tonnes/ha/year. As 
there is no universally accepted rate of application for 
manure, each case must be evaluated on its own merits. 

 

Plant-soil Assimilative Capacity 
Soil and vegetation dictate the assimilative capacity of 
the land for satisfactorily treating and utilising manure. 
Properties such as pH, organic matter content, cationic 
exchange capacity and hydraulic permeability are all 
factors which alter the soil's assimilative capacity. Plant 
type and management also have a large bearing on 
overall system performance. The following sections 
discuss the individual or constituent pathways by which 
the assimilation occurs. 

 

Nitrogen 
Nitrogen is a major crop nutrient. In addition to plant 
uptake, other processes such as ammonia volatilization, 
mineralization, denitrification and leaching must be 
accounted for in a total nitrogen mass balance. There are 
many references which provide the nitrogen uptake rates 
from various cropping management options (Sweeten, 
1989; N.S.W. Agriculture and Fisheries, 1990; 
Vanderholm, 1984). If manure is being applied to the 
land to balance the anticipated uptake of the crop it will 
be necessary to supply an excess of total nitrogen in the 
initial manure applications.  

This is because of the slow release rate of organic 
nitrogen in the manure. Sweeten (1989) reports that 
approximately 23.2 tonnes of manure containing 388 kg 
of total nitrogen needs to be applied to release 100 kg of 
plant available nitrogen in year 1. This compares to 8.4 
tonnes of manure in year 15 to supply the same level of 
plant available nitrogen. Table 4.3 has been adapted 
from Sweeten and shows the slow release rate of 
nitrogen from the manure. Each year there is nitrogen 
available from past manure applications and less can be 
applied in succeeding years. 

When applying manure to the land at the rates 
recommended in Table 4.3, allowance should be made 
for nitrogen which has been applied to the land from 
other sources. This would include other wastes, 
fertilizers, or runoff on the feedlot farm. 

An alternative method of establishing acceptable manure 
application rates is given in the guidelines developed by 
Moore and Gamroth (1989). These are used to evaluate 
the proportions of nitrogen not taken up by the plants. 
Moore and Gamroth estimate losses through the 
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processes of volatilization, denitrification and 
immobilization. The combined loss of nitrogen through 
all these processes is between 20-60 percent of the total 
nitrogen, thus only between 40-80 percent of the total 
nitrogen is potentially available to the plants. 

 

Case Study 4.2: Manure Application for a Beef 
Feedlot 

Five Star Beef Ltd. propose a rotational cropping 
regime consisting of maize, oats and grass pasture. 
This regime has the potential to remove between 540-
690 kg of nitrogen/ha/year. A conservative value of 350 
kg of nitrogen removed per ha/year was used for design 
purposes. A combination of the principles suggested by 
Sweeten (1989) and Moore and Gamroth (1989) was 
used to estimate annual application rates of manure. 
Moore's guidelines suggest an average application rate 
of 540 kg of nitrogen/ha/year to provide an annual 
supply of plant available nitrogen of 350 kg 
nitrogen/ha/year. This was combined with the time 
related release of nitrogen as detailed by Sweeten. 
Loading rates were adjusted so that over the first 15 
years an annual average application of 540 kg of total 
nitrogen/ha was provided. This established the 

recommended application rates of manure on an 
annual basis.  

Table 4.4 contains the maximum total amount of 
nitrogen which could be applied to the feedlot land. 
Areas which were receiving runoff as well as manure 
would receive less manure than other areas. The 
application rate for manure will be adjusted annually 
depending upon how much runoff was applied during 
the previous 12 months. 

The manure, once it is removed from the feedlot pens, 
will be stored in a designated area adjacent to the 
feedlot prior to application to the land. The 
application of the manure will occur following harvest 
of crops prior to sowing the following crop. Controls 
have been put in place such that manure application 
will only occur when conditions are suitable. These 
depend upon the moisture status of the soil, the level of 
dry matter in the paddocks, the harvesting 
requirements, the previous amounts of runoff and 
manure that have been applied and areas that pose 
problems through soil compaction. The most probable 
times for manure application will be 
October/November or April/May. 

 
Table 4.3: Manure Application Required for  

100 kg/ha Plant Available Nitrogen 

Year of Application 
 

1 2 3 4 5 10 15 

Dry tonnes manure 
applied 
 

23.2 18.0 15.4 13.8 12.5 9.7 8.4 

Total nitrogen applied 
(kg) 
 

348 270 231 207 188 146 126 
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Table 4.4: Recommended Rates of Manure Application 

Year of Application 
 

1 2 3 4 5 10 15 

Dry tonnes manure 
applied 
 

62 49 42 37 34 26 22 

Total nitrogen applied 
(kg/ha) 
 

930 735 630 555 510 390 330 

 

 

Phosphorus 
The assimilative capacity for phosphorus is based on 
crop uptake and the soil's capacity to retain or fix 
phosphates. In general the soil's ability to fix phosphate 
is much greater than the crop uptake. Soils with clay 
content have a much higher fixation capacity than other 
soils. The mechanisms associated with losses of phos-
phorus from agricultural systems are largely through 
soil erosion. A well-managed site with minimal 
overland flow is likely to have negligible effects on 
water quality.  

In areas where long-term high levels of waste spreading 
on crop land have been practiced, phosphorus 
accumulations have become significant to the point of 
interfering with normal crop production. This can be 
detected by periodic soil testing and prevented by 
proper management. In addition, there are situations in 
the United States where surface runoff from land 
application sites have proven to be a significant 
contributor of phosphorus to surface water reservoirs. 
This was recognised many years ago, but little attention 
has been given to this source until fairly recently. 
Recent concerns about surface water quality have 
renewed interest in reducing phosphorus contributions 
by better management of land application rates. 

 

Potassium 
Potassium is assimilated primarily by plant uptake and 
leaching. Potassium is a mobile element and readily 
leached. However, the allowable drinking water 
concentrations are quite high: 1,000 to 2,000g/m3 
(Overcash et al., 1983). Potassium application rates in 
feedlot manure are generally of negligible concern in 
relation to the quality of groundwater. 

 

Calcium, Magnesium and Sodium 
The presence of sodium in large quantities can cause a 
reduction of soil pore size through deflocculation. This 
results in a reduction in the permeability and increases 

the potential for surface runoff. To avoid this condition, 
sufficient calcium and magnesium needs to be present to 
avoid sodium building up on the soil exchange 
complex. In modern feedlots the use of sodium as a feed 
additive is more stringently controlled than in the older 
style feedlots where salt blocks were readily available to 
the cattle. The sodium absorption ratio (SAR) is a 
measure of the balance of sodium to other cations.  

It is anticipated that the SAR from the combined wastes 
is approximately 4, which is much less than the levels 
of 12 to 15 which can potentially cause problems 
(Overcash et al., 1983). The combined effect of all the 
inorganic ions applied to the land, referred to as 
salinity, can lead to problems with specific crop types.  
Management measures can be put in place to limit the 
salinity application to the land such that adverse effects 
do not occur. The application of the excess salts does 
not in itself pose a problem in terms of groundwater 
quality. 

 

Case Study 4.3: Sheep Feedlot at Maraekakaho 

At Maraekakaho in the Hawkes Bay, a sheep feedlot 
was established to hold sheep prior to their live export. 
The feedlot has a capacity to handle 70,000 
sheep/month, for a 7 to 10 day stay. Only two borelogs 
were available and these both indicate predominantly 
gravels interbedded with clay strata to depths of 17.1 
m and 26.0 m. 

The Hawkes Bay Regional Council has taken samples 
of well water for analyses from several wells within 
and around the feedlot to check on ground water 
pollution. Samples were also taken from the 
Maraekakaho Stream and the Ngararoro River 
upstream and downstream of the feedlot. 

A comparison of nitrate nitrogen levels at five wells is 
contained in Table 4.5 (Hooper, 1989). Nitrate 
nitrogen is frequently used as a pollution indicator 
because it moves freely through many soils and aquifer 
materials and the New Zealand Drinking Water 
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Table 4.5: Nitrate levels in wells adjacent to sheep feedlot 

Nitrate Nitrogen (g/m-3) 
Bore Owner June-August 1986 

 

Since August 1986 

 Range (3 samples) 

 

Range Median 

Dean 

Urban 

Hunt Club 

Simmonds 

Barley 

3.7 - 4.2 

1.8 - 2.0 

<0.5 

<0.5 

11.4 - 13.4 

2.6 - 10.2 

1.7 - 34 

<0.5 - 1.1 

<0.5 - 1.1 

10.3 - 27 

5.2 

4.2 

0.7 

0.5 

20.0 
 

 

Standards set a guideline value not exceeding 10 gm-3 

as N. 

It is stated that the results from the June-August 1986 
period may be used as a baseline, even though the 
feedlot was starting operation, because it was a very 
dry period and infiltration into the aquifer would be 
minimal. 

The Hunt Club and Simmonds wells are said to be 
beyond the zone of possible pollution from the feedlot, 
and this is supported by the constancy of their data. 

For the other wells, Dean, Urban and Barley, the 
minima of the range are unchanged but the maxima 
have increased considerably since August 1986. The 
report states that: "In all cases the high nitrate 
nitrogen concentrations occurred after very wet 
periods".  It goes on to say: "With the exception of 
Barley's and Urban's bores, the nitrate concentrations 
are what would be expected from typical rural land 
use. The high nitrate nitrogen concentrations at 
Barley's and Urban's bores are undesirable and 
indicate that there is probably a point source of 
contamination.  Whether or not this source is the 
feedlot has not as yet been determined but inspections 
should be made to eliminate other possibilities." 

Similarly, the microbiological quality of Barley's bore 
after heavy rain was checked and high coliform 
numbers were detected. "Subsequent analyses on 
Barley's bore showed that the contamination decreased 
as the time interval from the rainfall event increased. 
This indicates that the contamination is in or on the 
ground above the aquifer and is washed down into the 
aquifer with infiltration." 

The Regional Council staff sampled both the 
Maraekakaho Stream and the Ngaruroro River 
upstream and downstream of the existing feedlot. No 
significant effect on surface water quality from the 
feedlot was detected. 
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4.3 Piggeries 
Characterisation of Waste 
Pig effluent is an organic waste containing a high 
concentration of nutrients per unit volume. Most pigs 
are reared in buildings from a young age and are fed a 

high-protein diet to obtain greater growth rates. The 
effluent produced reflects this, but because of different 
management practices used in collecting the effluent, 
effluent cannot be described in terms of fixed 
concentrations of nutrients and other constituents.  

Effluent from housed pigs is generally gravity fed to 
some form of storage, but in some sheds it may be 
washed out of pens. In other sheds, pigs will defecate 
over a slotted floor, allowing effluent to be removed 
from pens without the addition of washdown water. 
However, effluent removed via slotted floors to below-
ground channels may be sluiced out with water or water 
may be added from leakages and pig drinkers, so that 
any two piggeries with a similar number of pigs may 
produce vastly different volumes of effluent. 

For this reason, pig numbers and type are normally 
used to characterise pig waste. There are two main 
methods used. The traditional method is to calculate 
the total liveweight on hand and convert this total to 
'pig units', usually based on the 50 kg liveweight pig 
being one unit. Effluent production is then calculated as 
a multiple of what a 50 kg pig produces. 

The other method is to relate effluent production to diet 
and feed intake. A growing pig can consume more feed 
than a mature pig weighing twice as much, and the 
protein content is usually also higher, such that the 
total nitrogen produced on a daily basis can be much 
higher for a growing pig. Table 4.6 sets out pig type 
and for each type, the expected undiluted volume of 
dung and urine as well as macro-nutrients. 

In addition to the above constituents, undiluted pig 
effluent contains 30 kg of BOD5 per cubic metre; a 
variety of micro-nutrients, including copper which is 
added to feed as a growth promotant; micro-organisms, 
protozoa and worms. The total volume produced at the 
piggery is greater than the figures quoted in Table 4.6 
due to the addition of water from leakages, wastage 
during drinking and washdown or flushing of collection 
channels.  

The volume of effluent produced in a piggery where 
pens are hosed out or effluent is flushed from channels is 
about six times the volume of undiluted effluent as set 
out in Table 4.6. Where washdown or flushing is not 
carried out, the total volume produced is about three 
times the undiluted volume. 

 

Pig Numbers 
Pig numbers in New Zealand fluctuate from year to year 
in line with supply and demand, but on average about 
780,000 pigs are slaughtered each year from a breeding 
herd of 46,000 sows and gilts.  

Annual production is about 46,000 tonnes of pigmeat, 
with a range of 43,000 to 47,000 tonnes per year in the 
10 years to 1990. Although more pigmeat is sold in the 
North Island than the South Island, production on both 
islands is about the same, after a recent southward drift 
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Table 4.6: Raw Effluent Characteristics - Typical Daily Values 
Pig Type Volume 

(l/day) 

Nitrogen 

(kg/day) 

Phosphorus 

(kg/day) 

Potassium 

(kg/day) 

Dry sows and gilts 

Milking sows 

Boars 

Weaners (5-10 weeks) 

Growers to Pork (10-17 weeks) 

Growers to Bacon (17-24 weeks) 

4.2     

6.0     

5.3     

1.0     

2.4     

3.3     

0.031     

0.090     

0.037     

0.008     

0.020     

0.025     

0.010 

0.028 

0.010 

0.0024 

0.006 

0.0075 

0.018 

0.050 

0.023 

0.0045 

0.012 

0.015 

 
Source of data: Vanderholm (1984), Moore and Gamroth (1989), Dakers and Kidd (1984). 

 
to bring production closer to main grain-growing areas. 
There are just over 900 registered piggeries in New 
Zealand; a third have fewer than 100 pigs, a third have 
between 100 and 500, and the top third, producing 80 
percent of total production, have more than 500 pigs per 
property (Rowe, pers. comm.). 

 

Quantities of Waste 

In terms of BOD5 production, New Zealand's standing 
pig population produces as much waste as half a million 
people. The following quantities of the major 
constituents are produced on an annual basis: 

Total Undiluted Volume 450,000 cubic metres 

BOD5 13,725 tonnes 

Nitrogen 3,570 tonnes 

Phosphorus 1,080 tonnes 

Potassium 2,110 tonnes 

 

Impacts on Water Supply Sources 
Groundwater 

Nitrogen is usually of most concern with respect to 
drinking water quality, because phosphorus is generally 
immobilised as it passes through soils, and potassium 
presents a low hazard to health even at relatively high 
concentrations. Nitrogen, however, is relatively stable 
in the oxidised nitrate form, and is repelled by the 
negatively charged soil particles and hence is able to 
move freely with percolating water. 

The other constituents of potential risk to drinking 
water supplies are pathogenic micro-organisms. 
Although on the whole soil is a good filter, bacteria and 
viruses can pass through into groundwater under certain 
conditions (Bitton and Gerba, 1984). Micro-organisms 
can also enter directly into groundwater via unsealed 

sumps and channels, soak pits or groundwater recharge 
areas. The following two case studies show how pig 
effluent may contaminate drinking water supplies. Both 
occurred on the unconfined groundwater area of the 
Canterbury Plains. 

 

Case Study 4.4: Nitrate Contamination of 
Groundwater 

A large piggery (3,000 fatteners) set up on a small 
area of land irrigated most of its effluent onto the 20 
hectares of land immediately surrounding the piggery. 
The amount applied was considerably in excess of 
plant uptake, with the result that surplus nitrogen 
percolated down to groundwater, causing an increase 
in nitrate nitrogen concentration of several shallow 
drinking-water supply bores immediately down-
gradient of the property.  

Down-gradient concentrations exceeded the 
recommended drinking-water standard by a factor of 
up to three. After more land was used to spread 
effluent, down-gradient nitrogen concentrations began 
to decline, and are still declining. It will probably take 
several years, due mainly to the nitrogen still present 
in the 10 - 12 metre unsaturated zone, before down-
gradient nitrogen concentrations decline to background 
concentrations. 

 
Case Study 4.5: Bacterial Contamination of 
Groundwater 

A pig farmer, also on the outskirts of Christchurch, 
dug a large trench 1-2 metres deep above which he 
placed a number of portable pig pens, such that the 
grating attached to each pen extended over the trench. 
After about three months, drinking water abstracted 
from a shallow bore 150 metres down-gradient became 
odorous, and testing indicated gross contamination 
with faecal coliform bacteria and nitrogen compounds. 
Another bore 200 metres down-gradient did not 
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experience odour but testing also indicated gross 
contamination with faecal coliform bacteria. It took 18 
months after the source of contamination was removed 
for the bacteria and nitrogen concentrations to return 
to ambient levels. 

 

Surface Water 

The main concern with respect to surface water 
contamination of drinking water supplies with pig 
effluent is the transfer of disease. Although survival of 
most enteric pathogens outside the host is limited, 
rapid transfer through water and the fact that an 
infectious dose is usually small compared with the large 
numbers present in pig effluent means that even small 
amounts of effluent can be a potential risk to human 
health. Of secondary concern is the promotion of 
macrophyte growth in response to higher nutrient 
concentrations which may result in the blockage of 
water supply intakes and filters. The fine organic 
material present in pig effluent can also block filters, 
although it is probable that the other constituents of the 
effluent result in closure of the intake before physical 
blockage with fine organics becomes a problem. 

 
Case Study 4.6: Bacterial Contamination of 
Surface Water 

A small piggery built on sloping ground experienced 
difficulty in disposing of effluent due both to the slope 
and limited infiltration capacity of the soil. As a result 
some of the effluent flowed into a stream draining the 
valley in which the piggery was situated. A school 
further down the valley abstracts drinking water from 
the same stream via a shallow gallery intake. The 
school complained that the children were experiencing 
frequent stomach upsets, and testing showed the 
presence of faecal coliform bacteria in the drinking 
water. The water was not tested for specific host-
specific pathogens, hence it is not possible to positively 
identify the source of the bacteria.  

Most of the valley is developed for pastoral farming, 
hence there are many potential sources of faecal 
contamination. Nevertheless due to the volumes of 
effluent produced at the piggery and evidence of 
effluent runoff entering the stream, this was an obvious 
source and caused considerable anxiety to the school 
community. Even after the effluent disposal system was 
upgraded, the potential for contamination remained a 
source of unease and tension. 

Current Waste Management 
Technologies 
As a general trend, the dominant method of effluent 
disposal from piggeries in the North Island is treatment 
via ponds and discharge to surface waterways. In the 
South Island the dominant method is irrigation on to 
land (Canterbury Regional Council, 1991). 

Ponds rely on biological treatment to essentially reduce 
the BOD5 and suspended solids content of the effluent 
to low concentrations. Associated with this process is a 
reduction in nutrients, most notably phosphorus (which 
settles in the bottom sludge, to be removed at a later 
date) and nitrogen. There is normally about a ten-fold 
reduction in the faecal coliform content. 

Land application relies on the natural ability of soils to 
break down and recycle nutrients and organic material in 
the effluent. This method is similar to the technique 
described in Section 4.1, Feedlot Waste Management. 

There are a large number of other technologies used to 
treat pig effluent, albeit to a very limited extent in terms 
of the total amount of effluent produced. A brief 
description of systems brought to the attention of the 
authorities over the years follows: 

 

Anaerobic Digestors — normally associated with 
biogas production. These operate on the same 
biological principles as anaerobic ponds but the 
mechanical configuration can result in much higher 
reductions in the organic content of the effluent on a per 
volume basis. 

 

Pigs on Litter — pigs are kept on a carbon medium 
such as sawdust or straw and effluent is deposited 
naturally on top. It is mixed in both by the pigs and 
mechanically, and thermophilic decomposition takes 
place. This has the benefit of providing warmth for the 
animals and apparent recycling of feed as the pigs 
consume fungi and bacteria growing in the medium. 
Odorous compounds are reduced and the end product is 
a valuable soil conditioner with a ready demand. 
Because of the entrapment of odour and immobilisation 
of nutrients such as nitrogen, this system has 
considerable environmental advantages over a system 
that collects and treats liquid effluent. 

 

Wetland Treatment — wetlands have the potential to 
treat effluent to a very high standard in terms of the 
contaminants that cause concern — nutrients, organic 
load and micro-organisms. Unconstructed (and often 
unplanned) wetlands have been used on a number of 
properties in the past, mainly as a result of sump 
overflows or land runoff. However two constructed 
wetlands are currently undergoing trial in the Auckland 
area, and these should yield valuable information for the 
future. 

 

Recycling Effluent — a number of properties reduce 
effluent volume by using treated or partially treated 
effluent to hose out pens or flush collection gutters. 

 

Vermiculture — effluent is spread onto beds of worms 
and converted to valuable, reasonably inert plant food. It 
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is currently practised only by enthusiasts on a small 
scale, but overseas studies have shown this to be a 
realistic option for larger scale enterprises (Hartenstein 
and Bisesi, 1988). 

 

Soil Injection — this is practiced to reduce runoff, 
nitrogen losses and for odour control. The technology 
employed is similar to that used in the direct drilling 
industry (Bhamidimarri, 1977). 

 

Current Overseas Technologies 
Processing into Fertiliser — the Dutch, with their pig 
effluent  problems, have developed several processes for 
converting pig effluent into products that are inert and 
easily handled, suitable for home gardens and 
horticultural use. Some of these processes have recently 
progressed from pilot plants to full scale industrial 
plants.  

Among the successful processes is one called 'Promest' 
which begins with anaerobic digestion and collection of 
biogas and ammonia, followed by drying and pressing 
of sludge into pellets which are sold as organic fertiliser. 
The remaining liquid is currently discharged to a 
municipal sewer but it is envisaged that with further 
refinements this will be clean enough to discharge into a 
surface waterway. The pellets are sold to market 
gardeners and grape-growers in France, Germany and the 
South of Europe (Jordaan, 1989). 

Another process used by the Dutch is an ammonia 
stripping technique to reduce the nitrogen content of the 
effluent. The ammonia is mixed with sulphur and nitric 
acid to produce a synthetic fertiliser, which is sold to 
consumers who would not normally use the untreated 
effluent. In another process, expected to be in 
commercial operation by 1994, the ammonia is 
converted to lysine by genetically-modified bacteria 
(Spinks, 1991). Synthetic lysine is often added to pig 
rations to achieve a better balance of essential amino 
acids, which means that the total protein content can be 
reduced. Less protein means less nitrogen in the feed, 
which in turn reduces nitrogen output. 

 

Gamma Irradiation — research carried out at The 
West of Scotland Agricultural College in the United 
Kingdom has demonstrated that gamma irradiation can 
be an effective way of reducing numbers of viable 
bacteria in pig slurry (Deans and Evans, 1987). 

 

Challenges for the Future 
The biggest challenge facing pig farmers and their 
technical advisers in the years ahead is to develop 
systems or processes that produce an effluent whose 
quality approaches the existing quality of the receiving 
waterway. For land discharges, the challenge is to 
devise systems or processes that remove all offensive 

odours. The pressure to reduce and eliminate discharges 
of treated effluent to waterways is forcing farmers to look 
at land disposal, but there can be as much pressure from 
the immediate community concerned about odours as 
there is concern about surface discharges from the wider 
community. 

There is also a need for more data for assessing the 
environmental impacts of disposal. More information is 
needed, for example, on gaseous nitrogen losses under 
New Zealand climatic conditions, particularly from 
buildings, collection sumps, storage, treatment systems 
and both during and following land application. This is 
particularly important when assessing the impacts of 
land application where the amount of nitrogen, or any 
other contaminant which percolates down and enters 
groundwater, cannot be sampled as readily as 
contaminants discharged to surface water. Without 
accurate and applicable data, assumptions must be made 
based on best available information. 

Regional councils throughout New Zealand differ in the 
standards they require for land application of pig 
effluent. This is partly a reflection of the concerns for 
different receiving waters, partly a reflection of different 
soil and hydrogeological conditions, and partly a 
reflection of lack of adequate data. 

In Canterbury, the approach taken by the regional 
council in assessing the impact of land application of 
effluent is to match pig effluent application rates, 
calculated in terms of nitrogen content, with plant 
uptake. Where plants are grazed in situ by stock and 
nutrients are recycled, the approach is to match nitrogen 
application rate with the decline in clover fixation so 
that the total amount of nitrogen entering the soil 
ecosystem remains essentially static. To achieve the 
desired balance requires estimates of losses described 
above, as well as knowledge of plant uptake rates, both 
seasonally and annually. 

Often the result of an assessment is a recommendation 
that more land should be used for spreading. However, 
there is now resistance to this because of the resulting 
extra odour. The solution to odour in many instances 
will be to reduce the area of land utilised for spreading, 
which means applying more effluent per unit area.   

As an extreme example, odour problems would be 
eliminated if effluent could be discharged direct to 
groundwater via soakage pits. In support of applications 
for discharge consents to discharge more effluent per unit 
area than is currently permitted, the pig industry would 
need to show that other users of groundwater are not 
adversely affected. To do this it would need some 
accurate predictions of nitrogen movement through the 
soil and subsoil, timing, impact on background nitrate 
concentrations and distance needed for mixing to occur.  

Other contaminants, such as micro-organisms, would 
also need to be addressed to show that these did not 
present a risk to groundwater quality, which in most 
parts of Canterbury is a source of potable supply. 
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With New Zealand's large land mass compared to 
countries like Holland, and dependence on imported 
fertilisers, it is in some ways a retrograde step not to 
fully recycle the nutrients potentially available from pig 
effluent. The ex-factory value of the three macro-
nutrients nitrogen, phosphorus and potassium, is $6.2 
million. It would be a shame if these nutrients had to be 
discharged into water, either above or below the ground, 
and not used for their fertiliser value. 
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4.4 Farm Dairy Wastes 
The dairy industry has been and continues to be a 
significant export industry earning, in 1990, about $2.4 
billion, or 14 percent of New Zealand's total export 
income. The industry produced nearly 7.3 million cubic 
metres of milk in 1988/89. 

There are about 16,670 dairy farms in New Zealand and 
one would expect there to be a similar number of 
cowsheds. The total number of dairy cows in New 
Zealand is 3.2 million. 

 

Waste Characteristics 
Relative to other intensive farming systems, farm dairy 
wastes are generally low strength, primarily because of 
the dilution from large volumes of washdown water. 
There can be a variety of waste point sources on a dairy 
farm, including silage pits, wintering barns and feedlots. 
However the most common source is the milking shed. 
The cows are milked twice each day and the urine and 
faeces deposited on the milking yard are usually washed 
off using one or more high pressure water hoses. The 
waste stream discharging from the farm dairy not only 
contains the voided waste, but also other material 
deposited on the yard. This may include silt, soil, 
gravel, spilt milk, detergent, drench, straw and other 
contaminants. 

Most dairy cattle in New Zealand are pasture fed as 
compared to the overseas practice of feeding harvested 
rations such as maize, silage and hay. The 
characteristics of the voided waste is dependent on feed 
type. Table 4.7 lists the 'typical' characteristics for 
freshly-voided dairy cow manure as reported by 
Vanderholm (1984). 

There is a wide variation in the reported characteristics 
of wastes, and farm dairy waste is no exception. This is 
demonstrated in Table 4.8 which lists the characteristics 
from three sources. Drysdale and Painter (1983), 
measured the characteristics of the raw waste from the 
Lincoln University (near Christchurch) dairy farm 
cowshed, while the Warburton (1983) data measured 
characteristics of the effluent from the cowshed on a 
Massey University dairy cow farm. The Vanderholm 
figures are average figures from a variety of sources. 

In comparing values in Table 4.7 with those in Table 
4.8 it should be realised that Table 4.7 values refer to 
the waste voided over a 24 hour period, while the 
quantity of voided waste deposited on the cowshed yard 
is usually in the range of 3 to 10 percent of the daily 
amount. Cowshed management, weather conditions and 
milking time all influence the amount of manure 
deposited on the holding yard, and this can vary 
considerably with respect to time and location. 

The variations in characteristics in Table 4.8 do not 
seem quite so bad when comparing the values per unit 
of total solids, as shown in Table 4.9. 
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Table 4.7: Freshly Voided Dairy Cow Waste Characteristics 
  

Harvested Ration 

 

Pasture Fed 

 

Animal Mass (kg) 

Raw Manure (RM) kg/day 

Faeces as % RM 

Total Solids kg/day 

Volatile Residual Solids kg/day 

Biochemical Oxygen Demand kg/day 

Chemical oxygen demand kg/day 

Total Nitrogen kg/day 

Total Phosphorous kg/day 

Total Potassium kg/day 

 

500 

40 

60 

4.2 

3.4 

0.68 

3.6 

0.164 

0.029 

0.108 

 

500 

54 

54 

4.4 

3.2 

0.98 

4.3 

0.240 

0.025 

0.310 
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Table 4.8: Dairy Shed Waste Characteristics 
 

Parameter 

Warburton (1983) Drysdale (1983) Vanderholm 

 gm/m3 kg/cow/day gm/m3 kg/cow/day kg/cow/day 

Total Solids 

Volatile Solids 

Biochemical Oxygen Demand 

Chemical Oxygen Demand 

Total Nitrogen 

Total Phosphorus 

Total Potassium 

16700 

9520 

2000 

11000 

387 

121 

208 

 1.35 

 0.77 

 0.16 

 0.89 

 0.0313 

 0.0098 

 0.0168 

6300 

4170 

1380 

6860 

314 

36 

318 

 0.59 

 0.39 

 0.13 

 0.65 

 0.0297 

 0.0034 

 0.0301 

 0.360 

 0.250 

 0.080 

 0.33 

 0.0104 

 0.0019 

 0.0080 

Total Volume [l/day/cow] 80.98  94.55  50 
 

 

 

Table 4.9: Dairy Shed Waste Characteristics  
 

Parameter 

 

Values as kg per kg TS 

 Drysdale1 Warburton2 Vanderholm3 Vanderholm4 

Volatile Solids 

Biochemical Oxygen Demand 

Chemical Oxygen Demand 

Total Nitrogen 

Total Phosphorus 

Total Potassium 

0.57   

0.12   

0.66   

0.023   

0.0073   

0.01   

0.66   

0.22   

1.088   

0.050   

0.0057   

0.050   

0.69   

0.22   

0.92   

0.030   

0.0049   

0.022   

0.72   

0.22   

0.98   

0.055   

0.0057   

0.070   

 

(1) Using data from Drysdale (1983). 

(2) Using data from Warburton (1983). 

(3) Using cowshed waste characteristics from Vanderholm (1984). 

(4) Using voided waste characteristics from Vanderholm (1984). 
 

 

Waste Quantities 
The daily quantities produced nationally, assuming that 
on average 8 percent of the daily voided wastes is 
deposited on the cowshed yard, and using Table 4.7 
characteristics, are shown in Table 4.10. 

The total strength of cowshed waste produced nationally 
is equivalent to a human population of 3.2 million 
people (based on BOD5). 

The average nutrient loading rates, using a total daily 
production from the cow (Table 4.7), given that the 
total area of dairy farms in New Zealand is 1,504,576 
ha, are shown in Table 4.11. 
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Table 4.10: Dairy Shed Waste Quantities Produced Nationally 
 

Parameter 

 

Tonne/day 

 

kg/day/farm 

BOD5 

Total Solids 

Total Nitrogen 

Total Phosphorous 

Total Potassium 

248.0   

1113.0   

60.8   

6.3   

75.8   

14.88   

66.77   

3.64   

0.38   

4.55   

 

 

 

Table 4.11: National Average Nutrient Loadings 
Nutrient Annual Loading Rate 

kg/ha 

Nitrogen 

Phosphorus 

Potassium 

184           

19           

238           
 

 

Waste Management Technologies and 
Practices 
Regional Councils throughout New Zealand were 
surveyed, as part of this project, to obtain information 
on the types of systems used for managing dairy shed 
wastes. Ten Regional Councils responded with some 
useful, but varied, information and data. It is not 
possible to accurately determine the number of different 
systems used. The most common types of system 
included pond systems, long or barrier ditch systems 
and irrigation systems. A summary of the results is 
shown in Table 4.12. 

 
Pond Systems 
• Two-stage anaerobic/aerobic ponds in series. 

• Single pond for storage and/or treatment. 

There are various practices for the management of the 
effluent from the pond systems — these include: 

• Direct discharge into a watercourse. 

• Discharge to a soak pit. 

• Discharge to a long drain or natural wetland. 

• Land application by a sprinkler or flood irrig-ation 
system. 

A most useful paper reviewing the performance and 
impact of dairy shed oxidation ponds was written by 
Hickey, et al., (1989). The performance of 11 pond 
systems designed to Ministry of Agriculture and 
Fisheries requirements (1983) were studied. Six ponds 
were located in the Manawatu and five in Southland. 
They found significant variations in the performance of 
the ponds which could not be attributed to external 
factors such as average temperatures or pond loading 
rates. They concluded that relative to domestic sewage 
oxidation ponds, performance was poor, and that the 
"general design criteria applied to dairy shed ponds may 
be inadequate" and required some revision. 

 

Long or Barrier Ditch Systems 
A number of dairy farms have long surface drains that 
were sometimes used to transport the drainage from the 
dairy shed to a watercourse. This farm drain provided 
varying degrees of waste treatment. The United 
Kingdom system of 'barrier ditch' treatment (MAFF, 
1975) was introduced into New Zealand. McGee (1981) 
monitored the performance of some of these systems in 
the Manawatu, concluding that they were suitable for 
the treatment of dairy shed wastes. 
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Table  4.12: Survey of Management of Dairy Shed Wastes June 1991 

Region Methods Survey Results 

Northland Regional Council 

 

Registered Dairy Farms 

Pond systems 

Barrier ditch 

Sacrifice areas 

Spray irrigation 

Slurry tanker 

1,700 

50% 

24% 

24% 

0.5% 

1% 

Hawkes Bay Regional Council 

 

Registered Dairy Farms 

Pond system 

Barrier ditch 

Land disposal 

39 

41% 

10% 

49% 

Wellington Regional Council - Sub-
Region (ex Wairarapa Catchment 
Board area) 

Registered Dairy Farms 

Ponds to watercourse 

Ponds to soakage 

Ponds to spray irrigation 

Long ditches 

Spray irrigation 

220 

24% 

10% 

4% 

11% 

51% 

Canterbury Regional Council Registered Dairy Farms 

Two-stage ponds discharge to 
watercourse 

Storage ponds to irrigation 

Long ditch to watercourse 

Long ditch as storage for irrigation 

Land disposal 

380 

 
16% 

2.6% 

6.6% 

4% 

70.8% 

 

    
There are, however, varying standards of design and 
operation and there has been no comprehensive research 
done in New Zealand on their performance. Vanderholm 
(1984) points out that there are four main types: the 
internal farm drain, the blind ditch, the solids retention 
ditch and the retention and treatment ditch. If properly 
designed, installed and maintained, the long ditch 
system can be a viable alternative to the pond system. 

 

Irrigation Systems 
At the time when Regional Water Boards required dairy 
farmers to treat their cowshed wastes in response to the 
Water and Soil Conservation Act, 1967, there was a 
strong move towards installing a small sump with an 
effluent cellar pump to pump the dairy shed washdown 

water through a pipeline to a single sprinkler positioned 
in a nearby paddock. Thus, after every milking, 
untreated waste was irrigated directly on to the land.  

It was argued that it was good practice to return the 
nutrients to the land. In time, some of the practical 
problems with this approach were realised. Pumps 
blocked or wore out, sprinklers blocked, paddocks 
became very wet, especially for town supply farms who 
had to irrigate during the winter, and farmers tired of 
having to shift the sprinkler daily. The two-stage pond 
system became popular and, by comparison, was a 
much easier system to manage.  

However, irrigation still continues, with improved 
pump designs and travelling irrigators, but a number of 
farmers pre-treat the waste in a pond system prior to 
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irrigation. This has several advantages. The ponds can 
be managed to provide storage during the wet season so 
that irrigation is not necessary. The effluent from the 
ponds will be substantially free of solids, thus reducing 
wear and tear on pumps and sprinklers and minimising 
the blockage problems. 

There are some dairy farmers who use a towed effluent 
tanker to distribute the waste onto land. This has the 
advantage of flexibility, but the disadvantage of high 
labour input and sometimes access difficulty when the 
paddock is wet and muddy. 

On a number of large Canterbury dairy farms with 
border-strip irrigation, the waste is flood-irrigated onto 
land, either with or without some storage facility. 

Most farmers require systems that are low cost. Thus, 
low labour low maintenance systems are preferred. The 
Regional Councils require systems that minimise the 
impact on natural waters. These two requirements often 
conflict. In terms of the quality of the effluent, there are 
deficiencies with pond systems. In terms of 
management, there are deficiencies with irrigation 
(particularly pumped irrigated systems).   

Two organisations (Ruakura Agricultural Centre and 
Department of Natural Resources Engineering, Lincoln 
University) are presently researching artificial wetlands 
for the treatment of dairy shed wastes. These may be 
used in conjunction with other waste treatment 
components. Preliminary work done at the Ruakura 
Agricultural Research Centre (Tanner, 1991) suggests 
that further treatment by a constructed wetland system of 
dairy shed oxidation pond effluent, could achieve 70-90 
percent reduction in BOD5, 85-90 percent reduction in 
SS, 50-70 percent reduction in NH4N and 97-99 percent 
reduction in faecal coliforms. 

 

Impacts on Water Supply Systems 
There is no accurate national data on the number of 
dairy farms with 'satisfactory' or 'unsatisfactory' waste 
management systems. Some Regional Councils may 
have current data or are in the process of collecting it. 

The impact of treated and untreated dairy wastes may be 
on both subsurface waters, through infiltration and 
surface waters from runoff or direct discharge. 

Hickey et al. (1989) state that: 

"Oxidation pond discharges have the potential to 
significantly impact receiving waters by: affecting 
the natural biota; degrading aesthetic quality; 
and restricting human uses." 

Their review estimated the dilutions of pond discharges 
necessary to achieve 'desirable' receiving water 
concentrations and, in some situations, these dilutions 
were very high; more than 1,000 times. Oxygen 
depletion due to BOD5 and ammonia was considered a 
primary impact on receiving waters. 

Hickey and Rutherford (1986) reported changes in 
benthic invertebrates below waste discharge points in 
different river types. The changes were most significant 
for stony swift rivers as compared with slow, silty or 
muddy rivers. Sewage fungus was observed by the same 
authors, but it was not directly attributable to point 
discharges of dairy shed systems. 

Little is known about the impact on groundwater of 
farm dairy waste applied to the land. Work done by 
Burden (1984) estimated that piggeries contributed 
about 4 percent to the nitrate nitrogen contamination of 
the unconfined aquifers in Canterbury, while the 
remaining 96 percent was attributed to dryland and 
irrigated cropping and pasture farming. It is unlikely 
then, that, relative to other sources, dairy shed wastes 
irrigated onto land are a significant source of 
groundwater contaminants. 

 

Conclusions 
New Zealand is somewhat unique in terms of the 
methods and technologies used for the management of 
farm dairy wastes. Most other countries confine and 
house their dairy stock, feeding them on harvested 
rations. 

The intensive pasture farming of dairy cattle with twice-
a-day milking means that most of the waste produced is 
disposed of onto land during grazing, while 3 to 10 
percent can be deposited on the farm dairy yard, 
requiring management. Because of the traditional hosing 
down method of the yard, the nature of the waste to be 
handled is high volume, but relatively low strength. 

Disillusionment with spray irrigation systems by 
farmers has led to widespread use of pond systems and 
long ditches. However, there is evidence (Hickey, et al., 
1989) that some of these systems are not meeting the 
expectations of producing an effluent suitable for point 
discharge into natural watercourses. Low cost systems, 
such as artificial wetlands, need to be researched and 
monitored in order to offer alternative viable methods to 
the farmers. 
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4.5 Silage Stacks 
Introduction 
In New Zealand, silage stacks have generally been 
ignored as a significant source of water pollution from 
agricultural operations. However, recent investigations 

have identified serious pollution problems arising from 
silage stack leachates. The leachate draining from silage 
stacks is one of the strongest in terms of pollutant 
potential (see Table 4.13) being on average some 200 
times stronger than raw domestic sewage, forty times 
stronger than dairyshed wastewaters and eight times 
stronger than fresh-flushed piggery waste, in terms of 
Biochemical Oxygen Demand (Vanderholm, 1984). 

Entry of these high strength leachates into natural water 
courses is likely to cause severe deoxygenation, 
resulting in major effects on water quality, fish, plants 
and other stream organisms. The leachate is also very 
acidic, contains high levels of nutrients likely to cause 
algal proliferation and levels of ammonia toxic to fish. 
Usually, effluent starts to flow from silage stacks within 
24 hours of construction and will continue for about 8 
weeks. However, the period and volume of flow can be 
greatly increased if pre-wilting is not carried out or if 
water is able to drain through the stack. 

The general lack of awareness and absence of specific 
requirements to deal with silage leachates in New 
Zealand contrasts with the situation in the United 
Kingdom. Here silage leachates are estimated to cause 
40 percent of the serious rural pollution events despite 
specific silage clamp design requirements, leachate 
collection and disposal/treatment systems (MAFF, 
1983; Scottish Agricultural Colleges, 1976), and annual 
industry awards made to farmers for efficient and 
environmentally safe silage production (Dairy Farmer, 
1991). The potential to impact on water sources which 
could be used as a water supply is high. 

 

Table 4.13: Silage Leachate Characteristics 

  Typical 
Value 

Range 

Biochemical Oxygen Demand 

Total Solids 

Total Nitrogen 

Total Phosphorus 

BOD5 

TS 

TN 

TP 

60,000 

60,000 

23,000 

1,000 

20 - 70,000 

40 - 140,000 

 
The major causes of silage pollution problems include: 

• Inadequate pre-wilting of herbage before ensilage. 
This greatly increases the volume of liquid leaching 
from the silage stack. 

• Siting of silage stacks too close to waterways, where 
leachates may enter via surface runoff or soil seepage. 

• Allowing silage leachate to directly or indirectly 
enter surface or subsurface draining systems. 

• Construction of silage pits in such a way that 
ground or surface water may enter and drain through 
the silage. This is most likely to occur where pits 
are cut into hillsides or sited in wet depressions. 

• Poor coverage and sealing of silage stacks allowing 
entry of rain and air. This may occur initially during 
building and ensilage of the stack, later when the 
stack is opened for feeding out, or when the final 
remnants of the stack are left behind to rot. 
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• Allowing silage leachate to enter and overload 
oxidation pond treatment systems designed only for 
dairyshed effluents. 

 

Waste Management Practices 
There are as yet no practicable methods for adequately 
treating silage leachates to enable safe discharge into a 
watercourse. However, with relatively simple 
precautions in the production, siting and management of 
silage stacks this potentially serious source of water 
pollution can be significantly reduced. The following 
are suggested guidelines from the Ministry of 
Agriculture and Fisheries to minimise the quantity and 
impact of leachates from silage stacks (Tanner, 1990). 

Awareness: 

Education of farmers and silage contractors is necessary 
to alert them to the dangers and encourage them to take 
appropriate precautions. Rural waste officers need to be 
aware of the potential impacts of silage leachates, to 
include silage stacks in their on-farm inspections, and 
to be able to provide practical advice to farmers. 

Wilting of herbage: 

As well as increasing feed quality and reducing feed 
losses during storage, the now widely practised method 
of wilting cut grass before ensiling considerably reduces 
the quantity of effluent produced. For example, leafy 
grass cut and ensiled without wilting will produce 
around 500 litres of effluent per tonne of grass, reducing 
to 50-120 l/tonne after wilting to 20 percent dry matter 
(DM) and 0-30 l/tonne at 25 percent DM (MAFF, 
1983). 

It is important, as far as possible, to only make silage 
during fine weather. A minimum of six hours drying in 
the field after cutting is required in fine weather, with 
around 24 hours recom-mended. However, even wilting 
for three to four hours can be beneficial. Mechanical 
conditioning can assist by increasing the speed and 
eveness of wilting. 

Suitable weather conditions for proper wilting are not 
always practically achievable, resulting in incidences of 
greatly increased effluent prod-uction. Precautionary 
measures should therefore always be in place to deal 
with such cases when high levels of effluent production 
are unavoidable. 

Siting and construction: 

Silage stacks should be sited well away from water 
courses and the catchment areas of bores, wells, and 
ponds. At least 50-100m is required on relatively flat 
land, with greater distances necessary where the land is 
steep, soils are coarse textured or skeletal, or 
groundwater may enter sensitive waterbodies (for 
example, lakes). Care is also required when 
constructing silage pits to avoid underground field tile 

systems, springs or areas with high water tables. As 
well as causing decay within the stack, such inflows 
leach valuable nutrients from the silage, and greatly 
extend the period of effluent production from the stack. 

Properly constructed lined pits or bunkers allow 
improved compression and sealing of the silage stack, 
significantly improving quality and reducing wastage. 
The floor should slope towards the drainage channel. 
Expansion joints in concrete lined pits should be sealed 
with a flexible compound to stop entry of groundwater. 
A trench at least 0.6 m deep and 1 m wide should be 
constructed around free-standing stacks and field clamps 
to collect leachates. 

Drainage and land application: 

Effluent from stacks should not be directed into normal 
drainage systems. Instead stacks should either drain 
into blind ditches used as soakage pits (only where 
stacks are sited well away from waterways), or 
preferably be spray irrigated or spread onto pasture after 
1:1 dilution at a rate of 25 m3/ha. This will supply 25-
75 kg/ha of nitrogen, 25 kg/ha of phosphate, and 
100 kg/ha of potassium, making it a potentially useful 
fertiliser. Irrigation of undiluted effluent is possible 
(10 m3/ha), but may cause scorching of pasture, 
particularly during hot weather. Land application of 
effluent requires facilities for its collection and storage. 
A corrosion resistant effluent tank of at least 3 m3/100 
tonnes of grass ensiled is suggested, initially requiring 
emptying every two to three days. 

Silage effluents should not be directed into normal dairy 
shed oxidation pond systems unless they are 
specifically designed to handle them. The effluent likely 
from a medium sized silage pit (about 300 tonnes) 
would be equivalent to between 60 to 150 days input 
from a 100-cow dairyshed and is likely to seriously 
overload such treatment systems. 

Covering: 

Careful covering and sealing of the stack with plastic 
film during and immediately after filling is important 
both for creating conditions conducive to high quality 
silage production and for minimising rainwater entry 
into the stack. The edges of the cover must be firmly 
sealed around the base so as to direct rainfall out and 
away from the stack and the cover well weighted down. 
The stack should be well fenced to ensure that stock do 
not stray on to it and puncture the cover. 

Effluent feeding: 

Silage effluents may be collected and fed to stock. 
Feeding trials have shown that fresh silage effluent 
contains high concentrations of protein, lactic acid and 
soluble carbohydrates. It is readily consumed by cattle 
and pigs and is of high nutritive value (Steen 1986, 
Patterson 1983). 
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Case Study 4.7: Draining of Silage 
Leachate 

Auckland Regional Council rural waste officers became 
alerted to the threat of silage leachate after recording 
BOD5 in excess of 400 g/m3) in a South Auckland rural 
stream. The source was found to be silage leachate 
(BOD5 37,500 g/m3) entering the stream via a trench 
dug by the farmer to drain the stack. Other problem 
sites were identified where groundwater seepage 
occurred from silage stacks sited close to water 
courses. A telltale sign of leachate entry to small 
streams was blackened swathes of dead aquatic plants 
downstream of the discharge. 

 

Conclusions 
The extent and magnitude of silage leachate pollution 
problems are largely unknown in New Zealand. This 
has been due both to a general lack of awareness and to 
the highly seasonal nature of silage production and 
subsequent discharges. Suggested interim guidelines 
(Tanner, 1990) have been developed and circulated to 
regional councils and farm consultants to foster 
awareness, and to minimise leachate production and the 
potential for its entry into waterways. However, the 
high strength of silage leachates and recent evidence of 
serious leachate impacts in small streams suggest that 
further investigations are necessary to determine the 
need for specific leachate collection and 
treatment/disposal requirements in New Zealand. 
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5 NON-POINT SOURCE AGRICULTURAL WASTES 
 

 
In New Zealand the management of non-point source 
wastes has not received the same attention as point 
source wastes although their potential to contaminate 
water supplies is high. Simply because the range of 
non-point source wastes is very wide and the control of 
these wastes is difficult, it should not be forgotten that 
the potential for contamination of water supplies is real. 

While point sources of pollution may be easy to locate 
and control, non-point, or diffuse, sources of pollution 
from agriculture can be difficult to locate, evaluate and 
control. Because of this, there are no design methods to 
treat non-point source agricultural wastes as were 
described for point source wastes in Chapter 4. Instead, 
the problem is solved by avoiding the production of 
pollution, by exploiting nature's treatment methods or 
by accepting the pollution and trying to treat the water 
supplies, which is beyond the scope of this report. The 
reader is referred to Water Quality Treatment: A 
Handbook for Community Water Supplies by the 
Amercian Water Works Association (1990) for detailed 
information on water treatment options. The focus of 
this report is on ways to protect water supplies from 
becoming contaminated. 

It should be clear that the protection of water supplies is 
only one reason to minimise non-point source 
agricultural wastes. Their effects on eutrophication and 
bio-accumulation and surface water aesthetics are real, 
but they are not the subject of this report. Any 
economic or political decision to implement methods 
for decreasing non-point source pollution should 
consider all of the potential benefits. 

 

 

5.1 Waste Description 
Chemical Inputs 
A wide variety of chemicals are used in agriculture 
today. Modern agriculture makes use of pesticides, 
petroleum products, solvents, cleansers, timber 
treatment products and fertilizers. The variety of 
chemicals reflects the fact that modern agriculture is an 
industrial process, therefore, it is not surprising that the 
over-use, spillage, improper handling, or improper 
storage of these chemicals can cause pollution in 
agriculture as in industry. 

Pollution may take the form of percolation into the 
groundwater beneath agricultural land or flow into lakes, 
rivers and seas. Each chemical can be expected to 

behave in a different way in groundwater or surface water 
systems, but it might be useful to note a few of the 
more relevant paths by which chemical inputs could 
degrade water supplies. 

Petroleum products are generally biodegradable and can 
adsorb to soils leading to slow travel times to a water 
supply. Thus, small, occasional leaks of petroleum 
products are unlikely to contaminate a water supply. 
Leakage from underground storage tanks is dealt with in 
more detail in Chapter 8, but it should be mentioned 
here that systemic leakage, even from small storage 
tanks, can affect water supplies in sparsely populated 
rural areas. 

The proper use of agricultural pesticides is unlikely to 
contaminate water supplies. However, leaks, spills, 
overapplication or misapplication of pesticides can lead 
to contamination of groundwater or surface water. 
Although most pesticides are selected for their 
biodegrability, the rapid biological decay is commonly 
found only in aerobic, well-oxygenated environments. If 
pesticides reach a deep layer of soil where oxygen is not 
present, further biological decay is unlikely and 
migration into groundwater is likely.  

The example that follows demonstrates how the misuse 
of pesticides in the United States has resulted in water 
supply contamination. 

Due to concern over water quality in rural areas, 
planning for a comprehensive survey of community 
water supplies (CWS) and rural domestic wells began 
in 1984. Analyses were performed for 101 pesticides, 25 
pesticide transformation products and nitrate. Samples 
from 1292 wells were taken from February 1988 until 
February 1990. These wells were sampled according to 
stratified sampling techniques with areas considered 
more prone to contamination subjected to more 
intensive monitoring. Random sampling within various 
agricultural and geologic settings assured that the 
results would have more precise estimates of 
uncertainties than any previous water quality survey. 
The results are shown in the Table 5.1. 
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Table 5.1: United States Survey of Pesticides and Nitrates in  
 Rural Water Supplies 

(Cohen, 1991b) 
 Estimated Number 

of Wells 
Estimated Percent 95% Conf. Interval 

for Percentage 

Pesticides    

CWS wells with at least 
one detectable pesticide 

9,850 10.4 6.8 - 14.1 

CWS wells with at least 
one pesticide above MCL 

0 0 0 - 0.8 

Rural wells with at least 
one detectable pesticide 

446,000 4.2 2.3 - 6.2 

Rural wells with at least 
one pesticide above MCL 

60,900 0.6 0.1 - 1.9 

Nitrates    

CWS wells above MCL 
 

1,130 1.2 0.4 - 2.7 

Rural wells above MCL 
 

254,000 2.4 1.2 - 4.4 

 

CWS - Community Water System 

MCL - The United States Environmental Protection Agency has set the Maximum Contaminant 
Level as the maximum permissible level of a contaminant in water that is delivered to any user of 
a public water system. MCL's are enforceable standards. Although the MCL is not legally 
applicable to rural domestic wells, it is used here as a standard of quality for drinking water in 
those wells. 

 
The results of this exercise show that far more wells of 
both types exceed the maximum concentration limit 
(MCL) for nitrates than for pesticides. With one to four 
percent of rural wells in the United States having nitrate 
concentrations exceeding the MCL, non-point source 
release of nitrogen is a serious health issue in the United 
States. 

Fertilizers can impact on water supplies by causing 
excessive algal growth in surface waters that, in turn, 
causes taste and odour problems for water supplies. 
More important is the increasing danger of high nitrate 
concentrations in drinking water supplies. The World 
Health Organisation recommends a limit of 10 mg of 
nitrate per litre of drinking water. Many countries that 
have relied heavily on chemical nitrogen fertilizers for 
the past forty years are now finding they are approaching 
or exceeding this recommended limit.  

Figure 5.1 shows nitrate concentrations in four United 
Kingdom rivers over the past sixty years. These rivers 
show steady increases in nitrate concentrations that 
approach the recommended limit (World Resources, 
1990).  

Holland has a serious problem of high nitrate 
concentrations in groundwater and nitrates from 
fertilizers and animal manure are to blame (Painton, 
1991). In the United States of America there is also 
great concern over rising nitrate concentrations, and as 
highlighted in Table 5.1, some rural water supplies in 
that country exceed accepted health limits. 

 
Agricultural Residues 
Dung, urine and vegetable matter can also cause water 
supply contamination. These residues are biodegradable 
and relatively dispersed sources of pollution, but they 
can still cause water supply contamination, as can the 
point sources of these residues. 

Vegetable matter can be a particular concern for water 
supplies since it can cause odour or taste problems, but 
more importantly because of the concern over the 
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Figure 5.1: Nitrate Concentration Trends in Four United Kingdom Rivers 

 

 
 

 

 

formation of trihalomethanes (THM). These result from 
the chlorination of some dissolved or colloidal organic 
matter. Since chlorination is a common and inexpensive 
method for disinfection of water, it is ironic that 
chlorination can in certain circumstances create another 
water supply problem. 

The issue of nitrate and the non-point source 
agricultural waste problem is mentioned in regards to 
chemical fertilizers above, but the same problems arise 
from agricultural residues with excessive nitrogen. 
Under intensive grazing, high localised applications of 
nitrogen result from dung and urine. The more intensive 
the grazing, the more likely it is that the nitrogen will 
not be biologically degraded prior to entering a water 
supply. 

Water flowing through agricultural land can present a 
microbiological risk. Non-point sources of micro-
organisms include run-off from livestock grazing areas, 
and from land where animal wastes, municipal sewage 
sludge, or septic tank sludge, have been spread. The 
degree of risk depends upon the prevalence of disease 
amongst the animal population and also the quantity of 
waste.  

A number of waterborne diseases can be transmitted 
through animals. The micro-organisms of concern are: 
Camplyobacter jejuni, Aeromonas hydrophila, 
Salmonella, Staphylodoccus aureus, Yersinia 
enterocolitica, Tersinia pseudo-tuberculosis, 

Cryptosporidium, Leptospira, Mycobacterium 
tuberculosis, and a number of the coliform group of 
bacteria.  

One important recent problem in the United Kingdom 
(Warren, 1991) is the organism Cryptosporidium, the 
principal source of which seems to be animal farming. 
Extensive monitoring has shown that the oocysts of this 
organism are rarely found in groundwater but can occur 
sporadically in varying numbers in surface waters. The 
oocysts appear to be extremely resistant to chlorine, 
even at levels far above those normally used in water 
treatment, but there is some recent evidence that fresh 
oocysts are more resistant to chlorine than those which 
have aged in the environment.  

Normal treatment processes reduce the numbers of 
oocysts, but there have been one or two outbreaks of 
illness associated with infected water supplies, for 
example, on one occasion when slow sand filters had 
been temporarily by-passed.  

Outbreaks of cryptosporidiosis are erratic. There was a 
high incidence in 1989, which resulted in an 
investigatory committee being set up in the United 
Kingdom under Sir John Badenoch. However, few 
outbreaks were detected in 1990 when monitoring was 
more intensive. There seem to have been more 
outbreaks in 1991, although they are not necessarily 
connected with each other. 
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5.2 Waste Control Practices 
Non-point source agricultural waste pollution cannot be 
controlled by a treatment process at the site of the 
pollution. Instead, waste control must emphasise 
education, evaluation and modified agricultural 
management. 

A number of management practices can be implemented 
in order to decrease the risk of contamination of water 
supplies. Riparian strips (land set aside along river 
banks) are an effective mechanism for reducing surface 
water pollution from livestock residues or fertilizers. 
Catchment managers in the United States consider 
riparian strips reasonably effective, but less effective than 
land ownership, access restrictions or landholder 
agreements. These concepts are described in McKenzie 
and Rodmell (1990) and McColl (1982).  

Riparian strips are the exception rather than the rule in 
New Zealand, and only now are the first evaluations of 
their effectiveness available. A recent report by the 
Water Quality Centre for the Bay of Plenty Regional 
Council highlights aspects of this recent evaluation 
(Cooper et al., 1990). 

The report by Cooper et al. (1990) also focuses on the 
development of mathematical models to help evaluate 
where efforts to reduce non-point source pollution 
should be focused. Wide variations in the contributions 
to non-point source pollution have been found, and it is 
in the interest of society to find ways of focusing control 
efforts on those activities and land areas that contribute 
most to the problem.  

In the United States, the focus has been on evaluating 
the regions of various states where groundwater is under 
the greatest threat from non-point source pollution. The 
DRASTIC evaluation method (Aller et al., 1987) has 
been applied along with GIS to help regulators in the 
states of Nebraska and North Carolina to focus their 
efforts in the control of non-point source pollution 
(Cohen, 1991a; Cohen, 1992). 

Education can also be thought of as improving 
awareness of non-point source pollution. Agricultural 
producers who are aware of the risk to water supplies 
resulting from improper use of chemicals or improper 
management, are less likely to spill fertilizers, forget 
about rusting drums of pesticides or leave unmended 
fences along riparian strips.  

It is clearly in the interest of society to have agricultural 
producers who are aware of the risks that some of their 
actions can pose on water supplies. Importantly, 
education should be considered a two-way street.  When 
agricultural producers are aware of the effects of their 
actions on water supplies, they are better able to educate 
regulators on the most effective methods of protecting 
water supplies. 

 

 

5.3 Conclusions 
The control of non-point source pollution is generally a 
matter of increased awareness and the adoption of 
modified management practices. Both require the co-
operation of agricultural producers.  

Trial projects of modified management practices could 
be useful as ways to convince producers that modified 
practices will protect water supplies without unduly 
affecting their output. An example would be the 
establishment of a fenced riparian grass strip to prevent 
livestock watering directly from a stream above a water 
supply intake, with water instead pumped from the 
stream to a livestock water supply. Demonstration 
projects have little value unless there are also co-
ordinated educational efforts to ensure visibility and 
awareness by potential users, as well as commitment by 
the demonstration property owner. 

Groundwaters have traditionally been a secure source of 
drinking water. They are now under threat from nitrates 
and, to a much lesser extent, from pesticides.  

In groundwater systems, it may takes decades before the 
full effects of pollution are found in water supplies, and 
after a problem arises it will take years to return the 
water supply to an acceptable quality. Even if a 
significant loss of water quality does not occur today, 
future uses may be severely impaired if efforts are not 
taken now to protect water supplies.  

Experience in North America and Europe show that 
nitrate contamination is a real threat. Areas with 
vulnerable water supplies should be identified, and strict 
limits on the use of nitrogen fertilizers and nitrogenous 
organic wastes (animal wastes or sewage sludge) should 
be considered in these areas. 
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6 WASTEWATER TREATMENT IN THE MEAT 

PROCESSING INDUSTRY 
 

 

The meat processing industry discharges large volumes 
of solid and liquid waste which, without appropriate 
treatment, would have major impacts on water sources. 

 

 

6.1 Meat Processing Waste 
Characteristics 

Meat processing effluents are characterized by the 
relatively high concentrations of organic nitrogen 
(protein) and fat they contain, together with high 
concentrations of suspended solids. Table 6.1 gives a 
range of effluent characteristics of meat processing plants 
in New Zealand after primary treatment. 

The characteristics of meat processing effluent vary with 
the type of stock processed as well as with the number 
and type of processing operations undertaken. For 
example, not all processing plants have on-site 
rendering or fellmongery operations, which can have a 
significant effect on wastewater characteristics. 

In addition, water use and hence the volume of effluent 
produced, varies widely. For example, the processing of 
a lamb produces between 150 and 500 litres of effluent, 
while processing a beef animal produces between 1000 
and 2500 litres of effluent. 

A characteristic of settled meat processing effluent is that 
many of its components are soluble as defined by 
filtration through GFC filter paper. Filtration was found 
to be equivalent to centrifuging an effluent sample for 30 
minutes at 16,000g. 

The proportion of some of the components in settled 
meat processing effluent that is soluble is shown in 
Table 6.2. It can be seen that about 60 percent of the 
COD and 80 percent of the Total Kjeldahl Nitrogen 
(TKN) are soluble, compared to only 38 percent of the 
COD and 30 to 50 percent of the nitrogen in domestic 
sewage. 

 

 

 

Table 6.1: Characteristics of Meat Processing Effluent 
after Primary Treatment (g/m3) 

Parameter Range Representative 
Value 

BOD5 

COD 

Total Kjeldahl Nitrogen 

Ammonia-Nitrogen 

Volatile Solids 

Total Suspended Solids 

FAT 

TP 

700-1800 

1000-3000 

70-180 

5-60 

800-2000 

200-1200 

100-900 

5-20 

1000 

2000 

110 

20 

1200 

500 

400 

12 
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Table 6.2: Percentage of Settled Meat Processing Effluent that is Soluble 

Component Mean Standard Deviation 

COD 

TKN 

Fat 

VS 

TP 

60  

79        

16        

66        

76        

11        

7        

10        

13        

12        
 

 

6.2 Waste Generation 
The waste generation from some of the principal 
processing operations in a meat processing plant are 
summarized below. 

 

Stockyards 
Stock are held in yards overnight before processing the 
following day. Stockyards therefore produce both solid 
and liquid waste. 

The solids are produced by stock voiding faecal material 
during the holding period, and the liquid from urine and 
stock washing operations. 

The amounts of faecal material and urine voided by 
sheep and lambs during holding are summarized in 
Table 6.3.  It is common practice to segregate stockyard 
waste streams for separate primary treatment. 

 

 

Gut Processing 
Cutting and emptying the paunches (stomachs) of 
ruminants produces large quantities of paunch content. 
The quantities produced have been estimated to be 27, 
2.7 and 1.7 kg for cattle, sheep and lambs respectively. 
The solids content of this material can vary widely 
depending on the diet and condition of the stock but is 
typically about 8%. A plant processing 500 beef 
animals would therefore produce over 1 tonne of solids 
per day from this source. 

 

Blood Processing 
Blood has a COD of approximately 250 to 300,000-
g/m3 and a TKN of 30,000 g/m3. All meat processing 
plants in New Zealand recover blood as a valuable by-
product although there are practical limits to the 
amounts that can be collected. Typical dried blood 
yields for a range of species are summarized in Table 
6.4. 

 
 

 

Table 6.3: Quantities of Faecal Material and Urine Voided by Sheep 
       and Lambs During Overnight Holding (mean ± SD) 

 Lamb Sheep 

Urine volume (ml/animal) 

Faeces (g/animal) 

Dry faecal solids (g/animal) 

TKN of faeces (g/animal) 

180 ± 64 

245  ± 100 

  80 ±  32 

3.7 ± 1.5 

645 ± 230 

655 ± 245 

187 ± 75 

6.7 ± 2.7  
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Table 6.4: Dried Blood Yields 

Animal Typical Yield 
kg/1000 

Maximum Yield 
kg/1000 

Lamb 

Sheep 

Cattle 

   155         

   255         

2290         

   200         

   290         

3280         
 

 

Losses of blood to the waste stream can also occur 
during processing, which usually comprises heat 
coagulation followed by mechanical separation prior to 
drying. Factors that influence loss of blood solids 
during processing include incorrect coagulation 
temperature. The aging of blood by holding overnight 
prior to processing is known to reduce processing losses 
and is practised by many plants. 

 

Rendering 
Rendering converts trimming, offals, bones etc., into 
the valuable by-products tallow and meat meal. There 
are two principal processes, dry rendering and low 
temperature rendering. 

Low temperature rendering plants have a greater 
influence on the characteristics of a meat processing 
plant as a consequence of the discharge of a liquid 
effluent known as stickwater. This liquid phase can 
contain fat at concentrations of up to 6000 g/m3 and 3 
to 8000 g/m3 of organic nitrogen with a COD in the 
range 30,000 to 90,000 g/m3. 

 

 

6.3 Treatment Processes 
The primary treatment of meat processing wastes using 
screening, sedimentation tanks or dissolved air flotation 
systems, either in combination or isolation, is 
universally undertaken in the New Zealand meat 
industry. 

The most popular type of screens employed are of the 
rotating wedge wire type, although static wedge wire 
screens are appropriately employed in some situations. 
Screen aperture sizes are generally in the range 0.5 to 
1.5 mm. 

Sedimentation tanks, usually referred to as save-alls, are 
generally equipped with top and bottom scrapers to 
remove both floating solids, principally fat, and settled 
solids which generally consist of stomach content and 
meat scrap. 

Dissolved air flotation is used in place of conventional 
sedimentation tanks as well as on specific high fat-
containing effluent streams. Table 6.5 shows the 
performance of a dissolved air flotation plant in treating 
the screened effluent from a lamb processing plant. 

 

 

6.4 Secondary Treatment 
Anaerobic Treatment 
Lagoon 

The treatment of meat processing effluents using 
anaerobic lagoons has found wide application in New 
Zealand. The principal reasons for this are: 

• Energy costs are lower than for other forms of 
treatment, because most of the oxygen demand in 
the effluent is converted to methane in the absence of 
oxygen. 

• Sludge yields in anaerobic processes are low and 
sludge disposal is therefore not a problem. 

The design criteria for meat wastes anaerobic lagoons is 
different from that for lagoons treating animal wastes. 
Anaerobic lagoons for the treatment of meat processing 
wastes generally have a retention period of 12 to 16 
days. 

The removal of solids in anaerobic lagoons is 
principally a physical process. Anaerobic lagoons are 
therefore designed to retain solids. 

The performance of an anaerobic lagoon treating meat 
processing effluent is shown in Table 6.6. High 
removals of COD, fat and organic nitrogen occur by a 
combination of biological and physical processes. 
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Table 6.5: Purification of Meat Processing Effluents Using 
Dissolved Air Flotation 

Parameter Influent 

(g/m3) 

Effluent 

(g/m3) 

Removal 

(%) 

COD 

Total Kjeldahl Nitrogen 

Ammonia - Nitrogen 

Total Solids 

Total Suspended Solids 

Fat 

3675       

165       

35       

4050       

1950       

725       

1680       

130       

30       

2410       

450       

145       

54         

21         

14         

40         

77         

80         
 

Characteristics of Anaerobic Effluent 
Anaerobic treatment of meat processing effluents 
converts the organic nitrogen to ammonia. Ammonia is 
toxic to aquatic life and anaerobic effluents require 
further treatment before discharge. This  is typically 
undertaken in aerated lagoons or oxidation ponds. 

 
High Rate Anaerobic Processes 
Anaerobic contact reactors, anaerobic filters and upflow 
anaerobic sludge blanket (UASB) reactors have been 
used for the treatment of meat processing effluents. 
These high rate systems have the advantages of being 
compact and being totally enclosed. This means that 
the methane gas can be collected and that odours can be 

controlled. In pilot scale work at the Meat Industry 
Research Institute of New Zealand (MIRINZ) it was 
found that an anaerobic filter could remove 85 percent of 
the influent COD at a loading of 2 kg COD/m3 per day. 
Work on UASB reactors at loadings of 2 to 7 kg 
COD/m3 per day at temperatures in the range of 14 to 
24°C, total COD removals of 45 to 62 percent were 
measured with soluble COD removals in the range 50 
to 91%. 

Anaerobic processes destabilize fat emulsions, and in 
high-rate processes fat can accumulate in the reactors. 
Deterioration in reactor perfor-mance was noted in both 
the pilot scale anaerobic filters and the UASB reactors 
and was due to the accumulation of fat. 

Fat destabilization is not, however, a problem in 
anaerobic formation of a desirable scum layer. 

 

Table 6.6: Performance of an Anaerobic Lagoon Receiving Meat Processing Waste 
at an Average Hydraulic Retention Time 

of 11 days and at Lagoon Temperatures of 20 to 25°C 
Parameter Influent 

(g/m3) 

Effluent 

(g/m3) 

Removal 

(%) 

COD 

Soluble COD 

Total Suspended Solids 

Total Kjeldahl Nitrogen 

Ammonia Nitrogen 

Organic-Nitrogen 

Fat 

1385    

595    

450    

80    

24    

56    

210    

355     

190     

155     

85     

58     

27     

45     

74      

68      

66      

-      

-      

52      

79      
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Aerobic Treatment 
Aerobic treatment is principally used in the New 
Zealand meat industry for the further treatment of effluent 
from anaerobic lagoons. The rural location of many New 
Zealand meat plants means that aerated lagoon or 
oxidation pond type systems are favoured over activated 
sludge processes.  

Typical results from an aerated lagoon operating in the 
extended aeration mode treating effluent from an 
anaerobic lagoon are shown in Table 6.7. This 
particular lagoon produces a partially nitrified effluent 
and some nitrogen loss by denitrification occurs. It is 
not possible at present to design such systems to 
produce a consistent degree of nitrification and 
denitrification. 

Oxidation pond systems for the treatment of anaerobic 
lagoon effluent are generally designed using the 
commonly accepted criteria for domestic sewage of a 
daily lagoon loading of 84 kg BOD/ha. The 
applicability of this design criteria is questionable as 
there are examples of systems operating satisfactorily at 
daily loadings considerably in excess of 84 kg BOD/ha. 

 

 

6.5 Physico-chemical Treatment 
Much of the organic nitrogen (protein) in meat 
processing effluents is in a colloidal or soluble form. A 
proportion of this organic nitrogen can be recovered by 
adjusting the pH and/or dosing the effluent with specific 
protein coagulants to precipitate the soluble protein. 
Adjusting the pH also destabilizes fat emulsions and the 
resultant fat and protein material can be separated from 
the effluent by dissolved air flotation or sedimentation. 

This type of treatment process has been well researched 
and developed in New Zealand and physico-chemical 
treatment processes are currently employed at three New 
Zealand meat processing plants. 

An illustration of the range of the degree of purification 
that can be effected by different physico-chemical 
treatment processes is summarized in Table 6.8. 

Physico-chemical treatment processes are expensive to 
construct and operate. The recovered solids have been 
shown to have value as animal feed supplements but in 
practice the returns from the recovered solids have not 
significantly offset operating costs. 

 

 

 

Table 6.7: Performance of an Aerated Lagoon Receiving Meat  
Processing Effluent from an Anaerobic Lagoon 

Parameter Influent 

(g/m3) 

Effluent 

(g/m3) 

Removal 

(%) 

BOD5 

COD 

Total Kjeldahl Nitrogen 

Total Organic Nitrogen 

Total Suspended Solids 

220    

568    

164    

-    

163    

52     

352     

73     

59     

73     

76      

38      

55      

-      

55      
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Table 6.8: Comparison of a Range of Physico-chemical 
Treatment Processes (All units g/m3) 

 Influent pH 4.5 
process 

Two-stage 
pH process 

Lignosulphonate 
process 

Hexametaphosphate 
process 

COD 
CODf 

TKN 
TKNf 

Fat 

2240    

1440    

165    

130    

250    

950     

880     

100     

90     

55     

890     

750     

95     

80     

20     

750        

670        

70        

65        

35        

580          

500          

60          

50          

30          

 

6.6 Irrigation 
Irrigation is widely practised by meat processing plants 
in New Zealand, the majority of plants irrigating 
immediately following primary treatment without 
additional treatment or storage. 

Meat processing effluent is high in nutrients and it is 
the nitrogen loading which will be the principal design 
parameter. 

The nutrient content of primary treated meat processing 
effluent, where all byproduct process-ing is completed 
off-site, is summarized in Table 6.9. This shows the 
fertiliser equivalent of primary treated effluent produced 
by the processing of 1000 lambs in terms of the weight 
of urea (N), superphosphate (P) and potassium chloride 
(K) equivalent to each nutrient present. 

Nitrogen loading rates on meat industry irrigation areas 
vary widely and are generally high. It is anticipated that 
nitrogen loading rates will reduce as current water rights 
are replaced by resource use contents under the Resource 
Management Act 1991. Decreasing nitrogen loading 
rates can be achieved in a number of ways: 

• irrigating a larger area of land 

• treating the effluent prior to irrigation with the 
objective of reducing the nitrogen concen-tration 

• a combination of both. 

An understanding of the nitrogen transform-ations that 
occur in soil after irrigation of meat processing effluent 

is essential if nitrogen uptake, removal and loss 
mechanisms are to be controlled to minimize 
environmental impact. 

The principal nitrogen removal mechanisms on 
irrigation sites are: 

• plant uptake 

• leaching of nitrate to groundwater 

• denitrification. 

 

Plant Uptake 
Pasture irrigated with nitrogen-containing effluent 
responds by producing an increased dry matter yield as 
well as producing grass with a higher than normal 
nitrogen concentration. The plant uptake component is 
maximized when herbage is harvested and exported from 
the site either as hay or silage. Harvesting of the cover 
crop allows a higher nitrogen application rate as nutrient 
recycling via the faeces and urine of grazing animals is 
removed. 

 

Leaching of Nitrate 
Under aerobic soil conditions, organic nitrogen is 
rapidly converted to ammonia and then nitrate. 

 

 

Table 6.9: Fertiliser Equivalent of Primary Treated Effluent Produced 
by the Processing of 1000 lambs 

 kg 

Urea (46% N) 

Superphosphate (10% P) 

Potassium chloride (50% K) 

54 

38 

40 
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The ammonia is generally immobilized in the upper 
soil horizons, but the nitrate is mobile and will leach 
with percolating soil water to groundwater. The amount 
of nitrate leached will depend on three factors: the 
amount of nitrogen applied, the amount removed by 
plant uptake and the extent to which denitrification 
occurs. 

 

Denitrification 
Denitrification is the microbial transformation of nitrate 
under anoxic conditions to nitrous oxide and nitrogen 
gas. Denitrification also requires a carbon source, which 
will generally be supplied by the applied effluent. 
Effluent irrigation produces a sequential anoxic/aerobic 
soil environment. Denitrification will be maximised 
immediately following irrigation, when the conditions 
will be anoxic due to the applied effluent displacing the 
soil atmosphere. As aerobic conditions return, 
denitrification rates decline. Denitrification rates vary 
widely from site to site, being influenced by the type of 
effluent applied, soil characteristics and perhaps the 
effluent application regime. Work in New Zealand has 
shown that the losses of nitrogen as oxide can vary 
between 20 and 300kg nitrogen per hectare at different 
sites. 

Irrigation is carried out using both spray and border 
dyke systems. The survival of indicator organisms on 
irrigated pasture has been reported under New Zealand 
conditions. This showed that a 10 to 12 day spelling 
period after irrigation with primary treated effluent 
reduced indicator organism concentrations to less than 
that on non-irrigated pasture. 

 

Runoff 
Runoff from waste irrigated areas can be a potential 
pollutant just as direct discharge of the waste itself. 
Irrigation rates should not exceed the infiltration 
capacity of soils. Irrigated areas should have runoff 
controlled so as to prevent direct runoff into surface 
waters. 

 

 

6.7 Constructed Wastewater 
Wetlands 

The use of constructed wastewater wetlands for the 
treatment of high nitrogen-containing meat processing 
effluents is the subject of continuing intensive research 
in New Zealand. Both gravel bed and surface flow 
wetlands have been studied. Nutrient removal (nitrogen) 
was found to be low unless the influent to the wetlands 
was nitrified. The use of wetlands is therefore only 
recommended as a further effluent polishing treatment 
following aerobic biological treatment. 

6.8  Solid Wastes 
In the New Zealand meat processing industry, solid 
wastes are normally separated from liquid waste streams 
by screens, sedimentation systems and/or dissolved air 
flotation (DAF). The collected solids consist largely of 
gut contents and yard solids, but meat scraps and fat 
may also be a significant component. Sometimes yard 
solids are collected 'dry'. 

Current disposal procedures for the solid wastes include 
burial, landspreading, composting and anaerobic 
digestion. 

Composting is the most environmentally acceptable 
means of managing the meat processing wastes, as this 
process conserves nutrients and produces a valuable 
product which can be used as a soil conditioner or plant 
growth medium. 

Composting of waste solids is successfully being 
employed at several New Zealand meat processing 
plants. The composting methods vary, but in essence 
the waste is mixed with a bulking agent (normally 
crushed bark) and placed in elongated open piles. The 
piles are then aerated using forced aeration or occasional 
turning. The material self-heats, which increases the 
stabilization rate and destroys weed seeds. A saleable 
product is produced in 12 to 26 weeks depending on the 
raw materials, the amount of bulking agent used and the 
level of process control employed. 

Studies have shown that the stabilization of meat 
processing waste solids is most rapid when temperature-
controlled aerated composting is employed. In this 
technique, the aeration rate is regulated to remove 
excess heat and maintain a temperature ceiling of about 
60˚C in the composting material by feedback 
temperature control. After 3-4 weeks of aerated 
composting, stabilization is almost complete and the 
compost is then cured for several weeks in non-aerated 
piles, which are turned occasionally. 

This method of composting can stabilize wastes 
containing highly biodegradable material (for example, 
meat scraps and DAF top solids) without producing 
nuisance odours and with a minimal use of bulking 
agent. Plant growth trials have shown that the compost 
made in this way is as good or better than commercial 
peat-based potting mixes. 
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7 WASTEWATER TREATMENT IN THE DAIRY 

INDUSTRY 
 

 

The dairy industry discharges large volumes of liquid 
waste which vary greatly due to seasonality. Without 
appropriate treatment these wastes could have a major 
impact on water supply sources. 
 

 

7.1 Wastewater Description 
For this study it has been assumed that the waste 
requiring disposal and treatment originates from the 
manufacturing dairy industry (that is, from the farm gate 
to the product being placed in storage). 

The town milk industry contributes only a small 
portion of the waste generated and the majority of the 
waste from this source is discharged to municipal 
treatment plants. 

 

Sources of Wastewater 
The wastes generated by the manufacturing dairy 
industry are generally dilutions of milk or milk 
products together with detergents and sanitizers. The 
waste may include condensate or cooling water but it is 
normal practice to divert these streams away from the 
waste treatment plant as they should have BOD5 
concentrations <10 g/m3 and undetectable 
concentrations of nutrients.   

The operations which lead to the generation of wastes in 
the dairy industry are: 

• Start-up and shutdown of pasteurizers, evaporators 
etc. 

• Losses that occur during processing, sludge from 
clarifiers, losses to condensate and vacreator 
tailwaters, washing of casein curd, whey production 

• Equipment breakdowns 

• Residual material left in pipelines, silos etc. 

• Cleaning operations. 

In the past, by-products such as skim milk, buttermilk 
and whey have been a waste problem, but of these only 
whey remains as a waste stream as the other two are 
now fully processed. Only 40 percent of the whey 
remains unprocessed and requires disposal.  

Permeate from whey processing can be a waste problem, 
but is now usually utilized as a source of lactose and 
consequently undergoes further processing. 

 

Wastewater Characteristics 
The characteristics of the wastewater from the dairy 
industry are very dependent on the processing 
operations being undertaken and over a 24-hour period 
are also highly variable with cleaning operations often 
generating the largest quantities of waste. The 
wastewaters are characterized by high oxygen demand. 
The main constituents of the wastewater are milkfat, 
protein (nitrogen) and lactose. Table 7.1 shows a 
typical composition of wastewater from a milk 
powder/butter complex and cheese/casein whey 
complex.
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Manufacturing  
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 Unit   
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Table 7.1: Composition of Dairy Plant Wastewater 

 Milkpowder/butter Whey 

BOD5 g/m3 1500 35000 

pH  10–12 4–6 

Sodium g/m3 560 430 

Potassium g/m3 13 1500 

Magnesium g/m3 1 110 

Calcium g/m3  8 1250 

Fat % 0.04 0.08 

Total Nitrogen g/m3 70 1400 

Total Phosphorous g/m3 35 640 

Lactose g/m3 <75 3900 
 

 

Major efforts are made within the industry to separate 
human and processing wastes and treat them separately 
to reduce potential micro-biological effects on the 
environment. This is especially important for land 
disposal systems with potential spray drift problems. 
All wholemilk is pasteurised prior to processing.   

The main chemicals used in the dairy industry are 
sodium hydroxide (caustic soda) and nitric acid, with 
the quantity of caustic soda used being considerably 
greater than that of nitric acid. Hence wastewater from 
the industry is generally alkaline. Small quantities of 
sodium hypochlorite are used as a sanitizer. 

 

Quantities of Wastewater Produced 
The volume of wastewater generated from dairy 
processes can vary considerably. Typically the 
wastewater volume co-efficient (that is, volume of 
wastewater generated per m3 of whole milk processed) 
can range from 1 to 3 m3 wastewater per m3 whole 
milk. This increases if cooling water and condensate are 
included. If processing of whey is undertaken on the 
site, the wastewater volume ratio can increase to 4-4.5. 

To estimate the quantities of waste requiring disposal, a 
wastewater volume co-efficient of three has been used 
and an allowance has been made for the quantity of 
whey requiring disposal. Hence with a national total of 
6,860,000 m3 whole milk/year processed, the volume of 

wastewater generated is 20,580,000 m3/year and the 
quantity of BOD5 generated is 90,000 kg/year. 

 

 

7.2 Effect on Surface and 
Groundwater 

Untreated dairy plant wastewater can cause severe 
problems in surface water. The lactose contained in the 
waste can give rise to prolific growths of sewage fungus. 
When wastewater treatment facilities have been installed 
the problems of sewage fungus growth in surface waters 
have been considerably reduced. Most treatment plants 
have been optimised for organic removal and although 
some nutrient removal is achieved, nutrient loadings to 
small waterways can be high. Hence, if the provided 
disposal option is properly designed, there should not 
be any contamination of water supplies. For example, 
the Otago Cheese Company discharges wastewater to 
the Clutha river at Stirling. Studies by the Department 
of Health have shown no adverse effect on the water 
supply at Kaitangata, 10 km downstream. 

Application of excessive quantities of wastewater to land 
can cause contamination of groundwater with nitrogen 
and phosphorus. The organic content is generally 
assimilated by soil bacteria although this is dependant 
on the depth of the groundwater. Hence if the quantity of 
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nitrogen applied to the land is excessive, the nitrate 
level in the shallow groundwater can exceed World 
Health Organisation (WHO) limits for drinking water. 

 

 

7.3 Wastewater Treatment 
Primary Treatment 
Screening, using bar racks or wire baskets, removes 
debris before the wastewater reaches pumps and other 
equipment. Balance or storage tanks are used in an 
attempt to reduce fluctuations in wastewater flows and 
strengths. Some equalization can be provided by other 
treatment processes such as fat traps, sumps and 
lagoons. 

Dairy wastewater contains acidic and alkaline materials. 
In order to enhance fat removal or ensure a suitable pH 
for discharge, the wastewater requires neutralization to 
pH 6.5 to 8.5. 

Milkfat and solids are currently removed in fat traps that 
rely on natural flotation and retention in a vessel for 
solids removal. In recent years air flotation systems 
have been installed to improve fat/solids removal from 
the wastewater. 

Fat traps remove oil and grease by retaining the fat 
droplets that rise to the surface, and can be found in 
virtually all New Zealand dairy factories. Solids are 
scraped from the surface of the trap manually or 
mechanically. Fat traps have low capital and operating 
costs but solids removal is not as efficient as air 
flotation. 

Sludge, grit, skimmings and screenings are usually 
buried but can be incinerated or ground into small 
particles. This area requires further research. More 
extensive primary treatment is undertaken overseas 
using chemicals or flocculants followed by dissolved air 
flotation to remove solids and nutrients. 

 

Land Disposal 
Land disposal has been utilized by the New Zealand 
dairy industry as its main method of waste treatment for 
many years. Part of this is historical with skim milk 
being disposed of on the farms prior to whole milk 
collection. This expanded to the factories when they 
were small in size and surrounded by farmland. With 
the increase in size of the manufacturing unit and 
consequently the volume of wastewater, science and 
technology have been used to ensure minimal effects on 
the environment. Soil type is very important to ensure 
adequate assimilation of the applied waste. Application 
rates and dosages are regulated by the following 
considerations. 

• Hydraulic loading 

• Organic loading 

• Ash Content (including sodium loadings). 

In future, nutrient requirements will need to be taken 
into account. Land treatment systems will only work 
well when designed and managed correctly. The land 
treatment systems are designed to cope with peak 
wastewater loadings in spring when rainfall can be at 
yearly peaks. 

The land treatment systems are usually run as dairying 
units with the returns from the farming operations 
offsetting the waste disposal costs. Land treatment 
systems are better at assimilating shock loadings than 
biological treatment systems. 

Land disposal by spray irrigation is not utilized to any 
extent overseas primarily because of the all round milk 
production and adverse climatic conditions. A few sites 
in Australia use overland flow systems, but irrigation of 
dairy wastes is restricted because of the effect on already 
saline groundwaters. 

The spreading of whey on to land as a fertilizer 
replacement is practised widely in New Zealand. Whey 
is applied to land at rates varying from 40 000 l/ha to 
70000 l/ha, replacing the 30 percent potassic 
superphosphate applied in the past. 

 

Biological Treatment 
Aerobic Biological Treatment 

In New Zealand, only one type of aerobic biological 
treatment process, aerated lagoons, has been used for 
dairy wastewaters. These are large ponds, generally 
10,000 to 30,000m3 and 3 to 6m deep, which are 
completely mixed and aerated through the action of 
surface aerators. A high food to micro-organism ratio is 
characteristic with high cell yield. Operation in the 
activated sludge mode is usual via cell (sludge) recycled 
from an effluent clarifier. The primary objective is BOD 
reduction, which can be as high as 98%. Information on 
nitrogen levels suggest removal rates in excess of 90%. 
Little is known of phosphorous removal. 

The main advantages include ready equalization of 
variable dairy waste volumes, ease of operation and 
maintenance, stable performance and low capital costs. 
Disadvantages include high operating costs contributed 
by aeration electricity and excess sludge disposal. In 
New Zealand, excess sludge is disposed of by land 
spreading, utilizing the fertilizer value. Overseas 
practices include: composting; landfilling preceded by 
stabilisation and dewatering; and use as stockfood. 

Other forms of aerobic biological treatment used for 
dairy wastewater treatment overseas are: oxidation 
ponds; activated sludge plants; oxidation ditches; 
biological filters (trickling filters); and rotating 
biological contactors (RBC's). Of these, only oxidation 
ponds/ditches can have lower capital cost requirements 
than aerated lagoons, but these are known to give odour 
problems when treating dairy wastewater. Hence, with 
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land availability in New Zealand, aerated lagoons have 
been favoured. 

 

Anaerobic Biological Treatment 

In recent years, new anaerobic digestion processes for 
treatment of industrial wastewaters have been developed. 
These have been broadly categorized according to 
whether the biomass is attached or unattached. 

•  Attached — anaerobic filters (upflow/ 
downflow/rotating biological 
contactors (RBC)) 

 — expanded or fluidised bed 
digesters 

•  Unattached — upflow anaerobic sludge blanket 
(UASB) digesters 

 — anaerobic contact process. 

All the systems are characterized by the maintenance of 
high biomass densities to allow high organic loading 
rates thus decreasing space requirements. In New 
Zealand there is only one anaerobic system treating 
dairy wastewater, an anaerobic contact system which 
was installed to reduce the organic load going to 
existing aerated lagoons. The system operates in a 
similar manner to an activated sludge process, with 
recycle of anaerobic sludge after anaerobic effluent 
clarification.  

The primary objective of anaerobic digestion systems is 
BOD reduction, generally in the range 70–90%. As it is 
a mineralisation process with slow growth of the 
microbial population, little nutrient removal is 
achieved. It should be viewed therefore as a primary 
process requiring some form of aerobic polishing.  

Other disadvantages include sensitivity to 
chemicals/load variations and long start-up times 
required. These are particularly relevant to the New 
Zealand dairy industry. Advantages include the value of 
the biogas and low sludge production which can 
considerably reduce operating costs. 

There are few full-scale plants operating on dairy 
wastewater overseas, although pilot plant studies using 
all the various process configurations are common. Lack 
of confidence in the technology is a major hurdle to its 
acceptance. 

 

Other Processes 
The New Zealand dairy industry has utilized many 
advanced technologies to process whey, once the major 
waste stream from the industry. Ultra-filtration, reverse 
osmosis and deminer-alisation processes are used to 
recover protein and lactose from the whey. Fermentation 
processes have been installed to produce alcohol. These 
processes have reduced the quantity of waste requiring 
disposal in New Zealand. As market returns increase, 
further recovery of protein will occur within the 

industry. Overseas, large quantities of whey and in 
some cases wastewater are concentrated in evaporators 
and dried to be used as stockfood. 

Wetlands offer a possibility for removing nutrients, 
especially nitrate, from biological systems and irrigation 
systems although, at the present time, no specific 
research has been undertaken on dairy wastes. 

 

 

7.4 Case Studies 
Case Study 7.1 

A company manufacturing milkpowder and butter and 
disposing of wastewater by spray irrigation was 
continually having problems with runoff during spring 
climatic conditions. A decision was made to upgrade 
the processing plant and at the same time expand the 
wastewater treatment system. Additional land was 
purchased and a new fixed network irrigation system 
installed. This allowed lower application rates to be 
achieved. To overcome the quantities of sodium applied 
in the wastewater, calcium is added to the land at 
various times during the year. 

 

 
Case Study 7.2 

A company used to discharge all its wastewater to a 
river with the consequential effect of large quantities of 
sewage fungus in the river. The river downstream of 
the factory was used for horticulture and there were 
problems of blocked filters and irrigation lines. The 
company has continued to upgrade its processing 
facilities so that more of the constituents of the 
wholemilk are processed. It has also developed land 
treatment facilities to reduce the effect on the 
environment. High strength waste is spread onto 
neighbouring farm land as a fertilizer replacement at 
the appropriate rates. Low and medium strength 
wastes are spray irrigated on-to company-owned land 
with a fixed network irrigation system. 

 
Case Study 7.3 

A dairy factory utilising aerated lagoons to treat the 
waste was having an adverse effect on the small stream 
into which the treated wastewater was discharged. 
This was partly due to the increased loading on the 
system as the production on the site had gradually 
increased. Two action paths were undertaken. The first 
was to identify high organic waste load streams and 
identify whether these could be reduced or treated in 
another way. The second was to optimise the operation 
of the aerated lagoons. 
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Case Study 7.4 

A whey processing site was using large quantities of 
nitric acid to clean specific pieces of equipment. This 
combined with the protein contained in the wastewater 
was thought to be the source of high nitrate levels in 
the groundwater in the area of the wastewater 
irrigation farm. The company first reduced the quantity 
of nitric acid used, using an alternative cleaning agent 
but this had an adverse effect on the processing 
equipment. The company reverted to nitric acid but 
diverted the cleaning solutions away from the 
irrigation farm. The company also purchased 
additional land onto which it could irrigate the 
wastewater. These two effects, plus changes in farming 
activities in the district, have seen a continuing 
reduction in the nitrate concentrations in the area of 
concern. 
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8 HAZARDOUS WASTES AND PESTICIDES 
 

 

8.1 Introduction 
The waste practices that represent the greatest threat to 
water supply sources are summarised as follows: 

• leaks from underground petroleum storage systems; 

• stormwater disposal (into the ground) and spills from 
above ground hazardous substances storage vessels; 

• pesticide use and mismanagement. 

The impact of these wastes on water supply sources is 
discussed and waste management technologies or 
practices to minimise environ-mental impacts are 
identified. 

 

 

8.2 Underground Petroleum 
Storage Systems 

Petroleum products leaking from underground storage 
systems or resulting from spillages during fuel transfer 
present a high potential risk for contamination of 
groundwater, particularly in areas of unconfined 
groundwater. While there have been few catastrophic 
events recorded in New Zealand, there have been 
numerous minor incidents involving the release of small 
quantities of petroleum products into soils, groundwater 
and surface water. 

Examinations of some underground petroleum storage 
systems removed from the ground have shown that 
substantial corrosion can occur in tanks and pipelines in 
a relatively short time, depending on the site 
conditions. 

Scale and sludge which builds up on the inside of 
underground storage tanks constitutes a hazardous waste 
which requires special disposal. 

 

Case Study 8.1: 
Groundwater Contamination from Underground 
Storage Tank 

In November 1988, the loss of 76,000 litres of leaded 
fuel was detected from an underground storage tank at 
a service station in Lower Hutt. From an examination 
of service station and oil company records, it was 
determined that the quantity had been escaping over 
three months. The tank was drained and replaced. The 
tank removed from the ground contained several holes 
approximately the size of a five cent piece and smaller. 

The tank had been installed in a layer of unwashed 
beach sands about 20 years ago. 

The natural soils that surrounded the tank are alluvial. 
The tank was sited above an unconfined aquifer, which 
was contaminated by the leak. Further down the valley 
at Boulcott, down-gradient of the spill, the major Hutt 
Valley aquifer becomes confined, fingering with lower 
permeability materials, producing a confined aquifer 
and a much thinner unconfined aquifer above it. The 
confined aquifer is used to supply approximately 30 
percent of the region's drinking water supply. Drinking 
water abstraction bores are located about 3.5 km 
down-gradient from the spill site. 

The oil company and the Wellington Regional Council 
immediately initiated a programme of drilling 
exploratory wells to determine the extent to which free 
product had moved from the site and the amount of any 
dissolved components in the contaminated 
groundwater. A recovery well was drilled at the site, 
recovering 3,000 litres of product. A modelling 
programme was commissioned by the oil company to 
simulate migration of the dissolved components and 
evaluate the risks that the spill posed to the 
environment and to water supply wells. 

It was concluded from this study that it would take 
approximately 3.5 years for dissolved product to reach 
the area of the drinking water supply wells, by which 
time it was thought there would be little or no risk to 
the drinking water supply given the time allowed for 
dilution, aeration, and biological degradation. The oil 
company and Wellington Regional Council have 
continued to monitor the plume down the valley. 
Results to date have indicated a sizeable reduction in 
contamination to almost undetectable levels. 

 

Appropriate Technologies and 
Practices 

A number of protective measures can be used to reduce 
the chances of petroleum spillages or leaks from 
underground petroleum storage systems. These include: 

• cathodic protection on steel tanks located in 
aggressive soil environments; 

• overfill protection and spill containment systems; 

• monthly product inventory control; 

• regular tank tightness testing; 

• secondary containment and interstitial monitoring 
system; 
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• impose a 'sunset' date on underground storage 
systems at which time the system must be 
decommissioned and/or removed; 

• placing restrictions on subsequent use of 
underground storage tanks removed from the ground. 

Leaded sludges may be treated so that they are suitable 
for co-disposal in appropriate landfills. Whilst a number 
of treatment measures are available, a method involving 
weathering of the organic content is predominantly used 
in New Zealand. 

A Code of Practice (OSH 1992) has been developed for 
underground petroleum storage systems. All new 
installations shall be engineered, installed and operated 
in accordance with this Code.  However, this Code does 
not apply to the assessment of risk posed by existing 
underground petroleum storage systems. 

 

 

8.3 Stormwater and Hazardous 
Chemical Spills 

Studies have shown that stormwater can be a significant 
source of contamination of natural water. Even 
stormwater originating from what appears to be a 
relatively clean urban catchment can carry a considerable 
amount of contaminants. Some of this is related to 
normal day-to-day activity carried out within a 
particular catchment, and some will be related to 
specific accidents. Examples of the former includes dog 
faeces, oil from leaky sumps and dust from brake linings 
found on any typical city street. Examples of the latter 
include spillages at petrol stations and accidents 
involving trucks carrying hazardous substances. 

Three of the following case studies involve timber 
treatment chemicals. A Code of Practice (OSH and 
Ministry for the Environment, 1992) has recently been 
published which details the safe use of timber 
preservatives and anti-sapstain chemicals. 

Christchurch's entire drinking water supply comes from 
underlying confined aquifers. The water from the 
aquifers is potable without treatment. The confined 
aquifers become unconfined upgradient to the west and 
are increasingly vulnerable to contamination from the 
surface. 

 

Case Study 8.2: 
Christchurch Groundwater Contamination 

Groundwater quality analyses of shallow bores in the 
Christchurch area have detected contamination by the 
volatile chlorinated hydrocarbons tetrachloroethene, 
trichloro-ethene, 1,1,1-trichloroethane, and trichloro-
methane. These contaminants are commonly used as 
industrial solvents for degreasing. Much of 
Christchurch's industry is located in the south-west 
where no confining layer exists above the upper 

aquifer. Although most of the contaminant 
concentrations are below the USEPA drinking water 
standards, one water supply well exceeded the USEPA 
standard for trichloroethene of 5 ppm (the current New 
Zealand Standard is 30 ppm). The highest level 
detected in the well was 16 mg/m3 trichloroethene. 
This well is no longer used for water supply. 

Of the wells which have been sampled over a period of 
time, nine have contaminant levels which remained 
almost stable and five have levels which dropped below 
the detection limit at the last sampling period. 

The persistence of the organic solvents over a three 
year sampling period can be interpreted as coming 
from a continuing source, either from above ground or 
within the subsurface. Alternatively, the contaminant 
plume is relatively stable experiencing little movement 
or attenuation. The four contaminants are referred to 
as dense non-aqueous phase liquids because they have 
low solubilities in water and are heavier (higher 
specific gravity) than water.  

The dense liquids can sink through the aquifer and 
pond on a less permeable layer. The 'pool' of dense 
liquid can continue to contaminate the aquifer and 
volatilize into the vadose zone for years. Determination 
of the extent of contamination requires carefully placed 
monitoring wells and can be assisted by soil vapour 
monitoring. 

 

Case Study 8.3: 
Timber Treatment Plant Showing Effects of Plant 
Operation and Stormwater Runoff 

A timber treatment company on the outskirts of 
Christchurch has operated for over 20 years on an 11 
ha site which overlies unconfined ground-water at 1 - 2 
metres below the ground surface. Timber treatment 
chemical containing copper, chromium and arsenic has 
found its way on to the surface of the gravel from a 
number of sources related to day-to-day operations at 
the site. Drainage from the site percolates down to the 
water table below the site.  

Over the years, compaction at the surface resulted in 
significant volumes of runoff leaving the site and 
flowing on to a neighbouring property, where it also 
percolated to ground-water. 

The neighbour's well, which draws water from just a 
few metres below the water table down-gradient of the 
areas where chemical has percolated downwards, now 
contains elevated concentrations of arsenic and 
chromium. The well water is unfit for human 
consumption and is likely to remain so for an unknown 
period of time, possibly years or even decades.  

The area down-gradient of where the chemical has 
leached down is used for potable supply by a number 
of residents. Traces of arsenic, well below maximum 
recommended drinking water standards, have been 
found in most of these bores to a distance of about 500 
metres. 
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Case Study 8.4: 
Timber Treatment Plant Showing the Effects of 
Inadequate Bunding of Bulk Stored Chemicals 

A timber treatment company operating adjacent to the 
Waingawa River near Masterton used a storage tank to 
hold concentrated treatment chemical containing 
copper, chromium and arsenic. The chemical leaked 
from the tank and was initially contained within a 
bunded area, but because the concrete block was 
inadequately sealed, chemical slowly escaped and 
leaked onto surrounding gravels. The chemical 
percolated down to groundwater which was 
unconfined, shallow, and used for potable supply by 
residents in the surrounding area. 

Sampling of groundwater indicated that groundwater 
contamination had occurred up to 2,400 metres from 
the source of the spillage. It took six months for the 
chemicals to reach peak levels in some bores, and it 
took months for the concentration to decline to below 
recommended drinking water standards. The chemical 
was found to be slow-moving and persistent. Later 
fluctuations in concentration were thought to be 
related to further incidents. 

 

Case Study 8.5: 
Chemical Solvent Roadside Spill 

About 8 kilometres north of Dunedin, Sullivans Dam 
and Reservoir is used for water supply. During winter, 
1991, a truck driver stopped on Highway 1 to assist a 
car which had slid on the icy road. After the truck 
driver left his truck the truck slid on ice across the 
road, down the batter and rolled to a stop above the 
old road. 

The truck was carrying about 1,500 litres in half-full 
30 litre tins of unused industrial solvent intended for 
cleaning engine parts at car mechanic garages. Most of 
the solvent spilled out of the containers and ran down 
the hill onto the road. A stormwater drainage 
collection system collects stormwater runoff from the 
new and old roads and by-passes the reservoir around 
the dam. The spilled solvent went into the stormwater 
drain.  

The fire brigade responded to the pollution incident, 
built a catchment dam and contained most of the spill. 
Some did get into the stream below the dam but there 
was no evidence of damage to aquatic life. The only 
health effect was severe headaches by those at the site 
not wearing self-contained breathing apparatus. 

The accident occurred where diversion drains for spills 
existed. In other circumstances the solvents could have 
entered surface water storage.  

 

 
 

Appropriate Technologies and 
Practices 
As a general rule, and ignoring any flooding 
considerations, stormwater should be discharged to 
surface water. If an incident occurs and stormwater 
becomes contaminated with a hazardous substance, it is 
easier to clean up surface water than groundwater. Due 
to better flushing and usually greater biological activity, 
surface water will recover faster than groundwater. In 
many instances, groundwater contamination may go 
undetected until a water supply bore shows evidence of 
contamination, which may be years after an event. By 
then, clean up will be difficult, uncertain and expensive. 
On the contrary, contamination of surface water by 
hazardous waste discharged as a result of an incident is 
normally detected shortly after it occurs, and because 
such incidents are often highly visible there is public 
pressure to avoid such incidents occurring.   

General precautions include: 

• Banning of the storage of specific high risk 
substances within a certain distance from a surface 
water body and within a certain distance from 
shallow water supply bores in areas of unconfined 
groundwater. 

• Require safety precautions for storage areas, for 
example, the provision of adequate bunding, sealed 
spill containment areas, oil interceptors on 
stormwater systems, etc. 

 

Separation of Roof Stormwater 
Some stormwater presents less risk to water supply 
sources than others. Roof stormwater is a good example 
of relatively clean stormwater, and where this can be 
isolated from other stormwater, it can usually be 
discharged quite safely to groundwater.  

Roof stormwater is often collected for drinking water in 
rural areas, but care needs to be taken with the use of 
lead-based paints and chemicals used to clean moss 
from tiled roofs. The lead from lead paint leaches out 
within a few years and is readily immobilised in soil, 
but some compounds used to prevent moss growth 
contain chemicals such as pentachlorophenol, which 
presents a hazard to water quality. These compounds 
should be avoided irrespective of where the stormwater 
discharges.  

Wherever possible, provision should be made when 
planning new subdivisions, and particularly industrial 
subdivisions, to separate roof stormwater from other 
stormwater. The former may usually be discharged 
directly into the ground via a sealed system but the 
latter will normally require some form of treatment 
before discharge. If roof stormwater can be kept separate, 
the cost of treatment will be reduced due to the smaller 
volume requiring treatment.  
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On-site Precautions to Minimise Risk 
of Stormwater Contamination 
The best and usually cheapest form of stormwater 
treatment is to avoid contamination occurring in the 
first place through good on-site housekeeping practices. 
This begins with the most obvious sources such as 
secondary containment for all containers storing 
hazardous wastes, but extends to structures designed to 
cope with the more common human errors (such as 
puncturing drums with a fork lift) and provision for the 
more common types of accident. At airport refuelling 
areas, for example, it is inevitable that, at some time, 
fuel will flow onto the ground, and provision should be 
made to contain this when it happens.   

 

Stormwater Treatment 
The type of treatment required to remove contaminants 
from stormwater will, of course, depend on the types of 
waste it may contain. There is published literature 
available to indicate what types of contaminants may be 
expected in stormwater flowing off different types of 
catchment, particularly the expected or background 
contamination that arises from common activities such 
as pets defecating on urban streets.  

Fortunately, many contaminants such as heavy metals, 
ride with the sediment and therefore can settle out of 
stormwater. Because other contaminants such as organic 
debris, may float to the surface, the use of stilling basins 
for stormwater treatment is reasonably common with 
collection of contaminant from above and below the 
main body of water.  

Dissolved substances present the greatest challenge, and 
treatment methods do vary. For some substances, the 
technology to remove it on a large scale is expensive 
and sometimes untested except at laboratory level. For 
these wastes, prevention is the cheapest and possibly 
the only option. A good example of a contaminant best 
removed at source is tanalith used in the timber 
treatment industry.  

Removal of dissolved chemicals from stormwater is 
difficult, hence effort should be put into preventing entry 
of chemicals into stormwater in the first place, through 
good on-site housekeeping practices that have recently 
been detailed in an industry code of practice (OSH and 
Ministry for the Environment, 1992).  

Stormwater treatment systems should be as failsafe as 
possible, which generally means opting for a passive 
system over a mechanical system requiring regular 
maintenance. By their nature, stormwater treatment 
systems are required to perform at their peak under 
conditions when people do not like to work and, 
generally, have other priorities anyway. For this reason, 
systems should be reasonably visible, so that any 
maintenance required is readily apparent.  

Biological systems should not be overlooked when 
considering options for treatment. Soil, for example, if 

given time and the right conditions, can be host to 
combinations of fauna and flora that will digest and 
break down most substances in low enough doses, and 
if overloading, saturation or other breakdown occurs, it 
can be repaired or removed and replaced. This is why, 
for example, grassed verges are preferred over soakage 
holes when discharging road stormwater to ground. 

The Environment and Planning Division of the 
Auckland Regional Council has investigated stormwater 
quality from urban catchments in the Auckland region 
and established that contaminants carried by the 
stormflows are seriously impacting local waterways. 
Treatment systems capable of removing these 
contaminants have therefore been assessed and pilot 
studies are currently being evaluated. 

Policies for the treatment of stormwater have been 
developed by the Regional Council and a Design 
Manual has been published (Auckland Regional 
Council, 1992). The Design Manual is primarily 
targeting suspended solids as the major contaminant to 
be removed from stormwater. 

Stormwater treatment for new sites will be required to 
be implemented by using the Design Manual once the 
policies are in place. Existing developments may be 
required to retrofit stormwater treatment systems over a 
10-20 year period. 

 

 

8.4 Pesticide Use and 
Mismanagement 

Water supply sources can be placed at risk from 
transportation, application of pesticides and disposal of 
waste pesticides. To date in New Zealand there have 
been no reported incidents of significant contamination 
of water supply sources by pesticides. However, there 
have been numerous minor incidents involving 
discharges of waste pesticides into drains, small streams 
and, occasionally, through old bores into groundwater. 
These incidents, together with the high solubility, 
persistence and toxicity of some pesticides, indicate that 
the potential still exists for serious contamination of 
either surface water or groundwater supply sources. 

Although several agencies are involved with regulating 
pesticide use, the main statute governing pesticide use 
is the Pesticide Act 1979, administered by the Ministry 
of Agriculture and Fisheries. The main aim of pesticide 
regulation is to keep export markets open for New 
Zealand agricultural commodities (MacIntyre, 1989).  

A use of pesticides three to five times greater than 
would be necessary for domestic consumption is 
necessary to meet the quarantine standards of importing 
countries. At the same time residual levels must be kept 
at a minimum (MacIntyre, 1989). 

Patterns of pesticide use in New Zealand in the late 
1980s have been reported by Wilcock (1989) and 



Part 5: Waste Management in Relation to Water Supplies 
 

 435 

Wilcock and Close (1990). About 3,000 tonnes of 
pesticide active ingredient were applied annually in the 
North Island and about 1,100 tonnes of pesticide active 
ingredient were applied annually in the South Island. 

The main types of pesticides used in New Zealand are: 
insecticides, fungicides, herbicides and chemicals used 
to control animal pests, for example, cyanide and 1080. 

 

Pesticide Properties 
In general, pesticide chemical groups can be classified 
according to their potential for leaching through soils 
and their overall risk to health and the environment, but 
individual pesticides must be studied to understand 
their toxicity, mobility and persistence in particular 
types of soils and environmental conditions, together 
with the toxicity, mobility and persistence of their 
breakdown products.  

Important factors affecting chemical and microbial 
degradation in soils and adsorption to soils are pH, 
redox potential, moisture content, organic matter and 
clay content, temperature and time. Dioxin, a 
contaminant of 2,4,5-T, will degrade in sunlight within 
24 hours, but in an acidic soil could have a half-life of 
decades (Reeves,  pers. comm.). 

Microbes which degrade particular chemicals can be 
highly sensitive to their environment. Anaerobic 
degradation of pentachlorophenol (used as a fungicide, 
algicide, herbicide, bactericide and wood preservative) 
produces 2,4 dichlorophenol (2,4 DCP), which breaks 
down to 4 chlorophenol (4 CP). After ten days 2,4 DCP 
may disappear but 4 CP remains and is 10 to 100 times 
more toxic than 2,4 DCP.  

The microbes that degrade 4 CP have a narrower 
temperature range and grow more slowly than those 
which degrade 2,4 DCP. They require a temperature of 
between 20 and 39˚C. In the case of penta-chlorophenol, 
degradation creates a daughter product more persistent 
and toxic than the original chemical. 

Organophosphates are considered less dangerous to 
health and the environment than organochlorines 
because they are less persistent. Organophosphates have 
a large range of toxicity. For example, the acute, oral 
LD50 in rats for three commonly used organophosphates 
are: azinphos methyl, 10-13mg/kg; Chlorpyrifos, 135-
163 mg/kg; and maldison, 1400-1900 mg/kg. As is 
illustrated in the case study of point source pesticide 
pollution, the existence of macropores (desiccation 
cracks, rabbit holes, root channels, worm holes, well 
bores) can allow rapid downward migration of fluids, 
thus short circuiting the potential attenuation of 
pesticides in the soil. 

Other pesticides used in New Zealand which deserve 
mentioning are the herbicides Simazine and Atrazine, 
both Triazines. These pesticides have been found 
frequently in groundwater in the United States. 
Toxicities of the Triazines are fairly low (Atrazine LD50 

2,000 mg/kg; Simazine LD50 10,000 mg/kg) but are 
very persistant and mobile. 

In assessing the potential for water pollution from the 
normal use of pesticides, the use patterns, as well as the 
pesticide properties noted above, need to be taken into 
account.  

Insecticides and fungicides are used mainly in 
horticulture where they are often applied intensively to 
small areas that are usually flat or gently sloping and are 
only a small part of the surface water catchment area. 
Organo-phosphates comprise 90 percent of the total 
quantity of insecticides used in New Zealand and in 
general are much more toxic to humans than any 
herbicides or fungicides.  

Herbicides are commonly applied more extensively, 
sometimes over very large areas that are often steeply 
sloping. Thus, the extent of their use means that there 
is a greater chance of herbicide residues entering surface 
waters. 

Pesticides may enter and contaminate water resources in 
several ways. Spray application of pesticides can result 
in drift which may directly impact surface waters. 
Pesticides may be transported with run-off or sediment 
erosion to surface waters or leach through the soil profile 
and unsaturated zone and enter the ground water system.  

Pesticides can also contaminate water resources as a 
result of accidental spills which may occur during 
mixing or transport or inappropriate disposal of nearly 
empty pesticide containers. The various application 
methods have different implications for groundwater or 
surface water contamination. For example, spray 
application is more likely to impact surface waters while 
incorporation into the soil profile is more likely to 
impact groundwater. 

Spray drift from aerial applications of extensively used 
scrub control herbicides is another way in which 
residues can enter surface waters, although 
concentrations are likely to be low. Widely used 
herbicides (for example, phenoxyalkanoic acids and their 
pyridine based analogues) have low mammalian 
toxicities and are assimilated by stream vegetation and 
sediments, so that residues are undetectable a few 
kilometres from where they are known to have recently 
been used. 

 

Groundwater Survey for Pesticide 
Contamination 
An assessment of pesticide contamination of 
groundwater systems in New Zealand has recently been 
completed and a summary of the results reported (Close, 
1991b). The study looked for areas that had the highest 
potential for pesticide contamination (a worst case 
approach) and focussed sampling in those areas.  

A total of 82 wells were sampled with six wells (7%) 
having detectable levels of pesticides and an additional 
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three wells with trace concentrations of an unidentified 
pesticide. Six different pesticides were detected, mostly 
at concentrations less than 1 mg/m3. One well had 37 
mg/m3 atrazine and one well had 1.7 mg/m3 

procymidone. Neither of these two wells were used for 
drinking purposes but the groundwater system that the 
samples were taken from is used for this purpose. 

 

Case Study 8.6:  
Pesticides in Land Drainage Water From a 
Canterbury Orchard 

In Canterbury, orchard stormwater run-off was 
sampled during a heavy rainstorm in October 1987. 
August and September are a time of high pesticide use 
in orchards, thus, conditions were considered 
particularly suitable for the detection of pesticides in 
drainage water. The orchard is drained by field drains 
to an open drain which empties into a tributary of the 
Styx River.  

Four sites were sampled — three field drain sites and 
one open drain. The herbicide Simazine was found in 
samples from all four sites. The herbicide Amitrole 
was found in one of the field drain samples.  

Although the concentrations found in this study were of 
little concern for drinking water quality, the 
implication for groundwater by finding pesticide 
contamination in surface water, is that pesticides can 
enter drainage water and some drainage water reaches 
groundwater. Other pesticides and higher 
concentrations could occur depending on type and 
usage of pesticide, soil properties, rainfall and 
irrigation practices. 

 

Case Study 8.7: 
Point Source Pesticide Contamination 

Negligent handling of pesticides caused groundwater 
contamination in a domestic supply well in the 
Canterbury Plains by siphoning of pesticides directly 
into a water supply bore. Most frequently, spray rigs 
are supplied with water from irrigation wells and 
similar accidents would probably go unnoticed. This 
event caused the domestic water supply well to be 
contaminated and the problem was discovered when the 
residents consumed the pesticide-contaminated water. 

The contractor had used the domestic supply well to 
fill his tank. After pesticides were added to the water 
in the tank, the pump was turned off with the filling 
hose remaining in the solution. Evidently, back-flow 
prevention valves were not installed in the well and an 
unknown amount of pesticide working solution was 
siphoned into the well and later pumped into the 
household water supply tanks. 

Of the chemicals in the spray tank, the most toxic was 
Lorsban, an organophosphate pesticide, active 
ingredient Chlorpyrifos. Chlorpyrifos' solubility in 
water is low. Its half-life in soil ranges between 1-24 

days and in pure water, between 23-68 days. Since the 
chemical short-circuited all soil degradation, and was 
emulsified in water, it could remain in the 
groundwater for several months. Probably no more 
than 100 litres entered the groundwater and much was 
pumped back out into holding tanks. Dilution is likely 
to allow the concentration of chemicals in the 
groundwater to drop below any health risk level. 

Samples from the polluted well, water supply tanks and 
three down-gradient domestic water supply wells were 
sent for pesticide analysis. 

 

Case Study 8.8: 
Point Source Pesticide Contamination 

On 6 March 1991, a commercial spray operator 
discharged the residual contents of his tanker on to an 
unsealed country road near Dunsandel where the water 
race crosses the road, prior to flushing it with water 
from the water race. The tanker contained Triflur 40 
(400 g/l trifluralin emulsifiable concentrate) diluted to 
11/100 l. The culvert consisted of butt-jointed concrete 
pipes. 

Some of the chemical probably entered the water race 
as there was foaming at the downstream end of the 
culvert. The remainder of the chemical flowed along 
the roadside for some 50 metres before ponding near 
the main race that also crosses the road. 

The operator flushed his tanker and left without 
informing anyone. The incident was reported by an 
adjacent land owner who saw the bright yellow 
chemical on the roadside. 

These water race systems are an important source of 
stock water throughout the Selwyn District. They are 
not approved as a source of potable water for human 
consumption because of the high level of bacterial 
contamination and their vulnerability to chemical 
contamination. However, many of the older residences 
have illegal connections to the water races. 

It is common practice for spray operators to use the 
water races as a supply of water for their operations 
and flushing of their tankers. The usual practice is to 
ensure that nothing is discharged in the vicinity of the 
water supply. 

 

A greater risk is from farmer operators as they, almost 
without exception, use the same pump to fill the spray 
tank and to do the spraying, and there is seldom a 
backflow preventer in the line to prevent the accidental 
discharge of spray into the water supply if the system 
fails. 

The Department of Health has a surveillance programme 
which includes testing for pesticide contamination in 
public water supplies. The water supply authorities 
should have a more regular monitoring programme 
where pesticide contam-ination of water supply sources 
may be a problem. 
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Highly poisonous chemicals, such as cyanide and 1080, 
should not be used near any surface water body used as 
a source of water supply, or close to shallow public 
water supply bores located in areas of unconfined 
groundwater. 

 

Avoidance of Hazardous Wastes 
Mismanagement 
Education and economic incentives could be used to 
encourage both the public and industry to minimize, 
recycle or treat and dispose of hazardous waste in a 
controlled environment. 

Education should include: 

• a definition of what products, chemicals or articles 
are considered hazardous; 

• the health and environmental problems which can 
result from misuse and improper disposal of 
hazardous substances; 

• non-toxic alternatives to the use of hazardous 
substances; 

• proper recycling and disposal methods which exist 
for each hazardous substance or class of hazardous 
substance; 

• locations of the disposal and recycling sites; 

• treatment methods which render toxic substances 
less so or non-toxic. 

In addition, industry should be encouraged to research 
non-toxic substances which could be used in place of 
hazardous substances and to research methods to 
minimize the generation, recycling and treatment of 
hazardous wastes. 

 

Appropriate Technologies and 
Practices for Pesticide Use 
In a large number of situations, pesticides are stored and 
mixed into the spray tanks next to water supply wells. 
Spillages and accidents with storage containers release 
pesticides on to the ground adjacent to the well, making 
the contamination of that well more likely.  

It is recommended that pesticide storage and mixing be 
located away from wells, particularly drinking water 
supply wells. Mixing, and possibly storage, of 
pesticides should take place on a concrete pad where any 
spillages of pesticides that occurred could be contained 
and recovered. 

Surface water contamination can be diminished by 
minimising spray drift and ensuring that applications 
are applied accurately to the target area. Good soil 
erosion management practices should be employed and 
efforts should be made to avoid application of pesticides 
prior to heavy rain or irrigation. 

Comprehensive management plans should be developed 
for catchments where agricultural and horticultural 
activities could cause pesticide contamination. Co-
operation should be sought from all land users and 
based on an informed understanding of the hazards and 
how they may be minimised through adherence to a 
code of practice for chemical use. The Gisborne water 
supply, from the Waipaoa River catchment, is a recent 
example of the application of such a management plan 
(Apperley, 1992). 

Overseas studies indicate that the greatest vulnerability 
of groundwater to pesticide contamination is related to 
point source contamination as opposed to field leaching 
from general pesticide use.  

Pesticide users need to be educated regarding the 
potential hazards inherent in the handling and disposal 
of pesticide containers and the rinsing of pesticide 
application equipment and containers. Rinsewater from 
containers and application equipment should be applied 
to land away from wells, surface waters and natural 
conduits to groundwater such as fractured or cracked 
ground or rodent-infested areas. 

Technologies and practices that will reduce the risks to 
water supply sources can be summarised. 

• Banning the use of specific pesticides within a 
certain distance of surface water bodies and within a 
certain distance from shallow water supply bores in 
areas of unconfined groundwater. 

• Promotion of integrated pest management systems. 

• Promotion of less soluble, less persistent, less toxic 
alternatives in sensitive areas. 

• Severe restrictions on high toxicity pesticides, for 
example, only permitting sales of small quantities. 

• Provision of easily accessible, safe, controlled 
disposal or treatment facilities for waste pesticides. 

• Education of pesticide users regarding safe use and 
disposal of pesticide chemicals and rinsate. 

 
 
8.5 Conclusions 
Appropriate management techniques can reduce or 
prevent groundwater contamination. Most 
contamination is a result of mismanagement of 
hazardous substances during use, storage or 
transportation. Knowledge of what chemicals are a threat 
to groundwater quality, methods to safely handle the 
chemicals, and emergency response plans to mitigate 
any adverse effects if chemical spills occur are necessary 
for anyone involved with hazardous chemicals. 

Transportation accidents cause large volumes of 
hazardous substances to spill into unprotected, sensitive 
environments. Special precautions should be taken 



Our Waste: Our Responsibility 
 

 438  

when transporting hazardous substances, for example, 
selecting routes with the lowest risks to the 
environment and least likelihood of accidents, selecting 
the time of day when the route can be most safely used, 
clearly marking containers being transported, and 
providing emergency response training for transporters. 

If ground and/or groundwater has been contaminated, a 
risk assessment should be done to determine what risk 
the contaminant presents to human health and the 
environment. Risk assessment provides a basis for 
deciding if remedial action is necessary, and if so, for 
assessing what type of remediation is best suited to 
reduce environmental effects to an acceptable level. Risk 
assessments regarding groundwater contamination take 
into account such issues as: 

• Present level of contaminant concentration in the 
soils and groundwater; 

• Potential for the contaminant to migrate through 
soils into groundwater; 

• Potential pathways of human exposure to 
contaminants; and 

• Health or ecological risks associated with potential 
exposure to existing and potential contaminant 
levels. 

Once risks are determined, the best practical option of 
mitigating the risk can be adopted. A discussion of risk 
assessment is given in Part I: Common Themes in 
Waste Management. 

 



Part 5: Waste Management in Relation to Water Supplies 
 

 439 

8.6 References 
Apperley, B., 1992, "Upgrading Gisborne's Water 
Supply Project", Water and Wastes in New Zealand, 
March 1992. 

Auckland Regional Council Environment and Planning 
Division, 1992, "Design Guideline Manual. Stormwater 
Treatment Devices", Envt. & Planning Tech. Publ.10. 

Ayrey, R.B., Sherriff, J.M., 1991, "Discussion 
document of the management of solid and hazardous 
wastes in the Canterbury Region", Report R91/8. 70p. 

Close, M.E., 1991a, "Assessment of Christchurch 
metropolitan landfill ground water quality data", 
Contract Report No. 1991/53. 32p. 

Close, M.E., 1991b, "Pesticide contamination of 
ground water in New Zealand", In Ground water in 
Pacific rim countries,  Ed. H.J. Peters. Published by 
ASCE, New York. p168-174. 

MacIntyre, A., Allison, N., Penman, D., 1989, 
"Pesticides: issues and options for New Zealand", 
Ministry for the Environment. 

Occupational Safety & Health, Department of Labour 
and Ministry for the Environment, 1992. "Code of 
Practice for the Safe Use of Timber Preservatives and 
Antisapstain Chemicals", July 1992. 

Occupational Safety & Health, Department of Labour, 
1992, "Code of Practice for the Design, Installation and 
Operation of Underground Petroleum Storage Systems". 

Reeves, J., personal communication, 1991. 

Southern Water Authority, 1985, "Aquifer Protection 
Policy", Guildbourne House, Worthing, West Sussex. 

Thom, N.G., 1984, "Land disposal of chemical 
wastes", In Land treatment of wastes, Ed R J Wilcock. 
Water and soil miscellaneous publication No. 70. 
P231-245. 

Van Waegeningh, H.G., 1981, "A proposal for the 
dimensions of protection areas", Quality of 
Groundwater, Proceedings of an International 
Symposium, Noordwijkerhout, The Netherlands, 23-27 
March 1981, Studies in Environmental Science, Volume 
17. Elsevier. 

Wilcock, R.J., 1989, "Patterns of pesticide use in New 
Zealand", Part 1 North Island 1985-1988, Water 
Quality Centre, publication No. 15, 19p. 

Wilcock, R.J., Close, M.E., 1990, "Patterns of 
pesticide use in New Zealand", Part 2 South Island 
1986-1989, Water Quality Centre, publication No. 16, 
18p. 

 

 

 



Our Waste: Our Responsibility 
 

 440  



Part 5: Waste Management in Relation to Water Supplies 
 

 441 

 

9 RECOMMENDATIONS 
 

 

The following are among the more important 
recommendations that can be drawn from Part 5: 

• Following the expected issue by the World Health 
Organisation of the revised "Guidelines for Drinking 
Water Quality", new standards for New Zealand 
should be developed taking into cognizance, 
national and local factors.   

• The numerical values in any standard for drinking-
water should be considered as only one specialised 
aspect of the range of requirements that should be 
satisfied in order to ensure a safe, adequate, secure 
and aesthetically pleasing supply.  

• Water quality should not be allowed to be degraded 
to the numerical values in any standard. Every effort 
should be made to maintain drinking-water quality 
at the highest level attainable.  

• Microbiological contamination of water supplies is a 
constant threat and has the potential to cause acute 
and rapidly spreading sickness, and possibly death, 
within the com-munity.  The maintenance of 
multiple barriers to microbiological contamination 
of water supplies at all times should be a major 
priority.  In particular, improved barriers to contam-
ination by Giardia and Cryptosporidium are 
indicated for supplies at risk from such 
contamination.   

• The number of organic constituents, including 
pesticides, of health concern in the new WHO 
guidelines are expected to expand, and limits to 
reduce.  Sampling and analysis will need to become 
more sophisticated and will demand greater 
resources.  

• Current technology relies on the use of indicator 
organisms to signal when a water supply may be 
unfit for human consumption.  The use of such 
indicator organisms should be used with caution as 
they may not offer the degree of protection that 
society expects.  Trends, however, towards species-
specific testing for microbiological contaminants, 
rather than for indicator organisms, would demand 
sophisticated methods and may not be as useful as a 
larger number of simpler tests.  

• More knowledge is needed about the contaminants, 
particularly micro-organisms known to cause 
infections in humans, in domestic sewage effluents 
and animal wastes, and their effects on, and fate in, 
the receiving environment.   

• The adoption of water treatment process licensing as 
a means of ensuring safe water supplies, as opposed 

to reliance on the setting of contaminant levels, is a 
trend in the United Stages that should be noted as it 
is preventive in nature.   

• The greatest potential for the protection of the 
sources of water supplies is the Resource 
Management Act 1991.  Policies and rules in plans 
made under the Act by local authorities should be 
directed to this aim.   

• Sewage effluent disposal systems, whether serving 
individual dwellings, communal sewage facilities or 
larger systems, are of concern where there is 
inadequate separation from water supply sources.  
Treatment of water for potable use is a recommended 
safeguard, but prevention of source pollution through 
sensible siting of sewage treatment and disposal 
facilities should be the priority.  

• The potential exists for impact on water supply 
sources from wastes generated from freedom 
camping, use of National Parks and recreation areas, 
and boats on lakes.  Recommended actions that 
would reduce the environmental and health effects 
include; the improved identification of areas for 
freedom camping, more toilets at camp sites and rest 
areas, and more waste disposal points for campervan 
and boat wastes.   

• The importance of the "sanitary survey" in assessing 
the potential impacts of waste disposal and other 
threats to water supplies cannot be over estimated.  

• A listing of communities requiring improved 
sewerage facilities meeting a "needed for public 
health reasons" test, should be completed.  Local 
authorities and communities should use the listing, 
together with criteria (suggested in the report) to 
decide on improvements.   

• Where leachate could affect sources of potable water 
supply, siting restrictions; retention, treatment and 
disposal of leachate; and separation distances 
between landfills and water supply bores, should be 
applied.  

• Where landfills in use, or closed, pose a threat to 
potable water supplies (particularly unconfined 
groundwater) reticulated water supply from a safe 
source should be provided for human consumption.   

• Hazardous wastes which present a "high risk" by 
failing to meet the prescribed leaching and toxicity 
criteria, should not be placed in landfills unless the 
site has been specifically approved for this purpose 
through the consent procedures of the Resource 
Management Act 1991, and meets stringent criteria 
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such as those recommended in Part 3 for hazardous 
waste containment facilities (HWCFs). 

• As agricultural practices are intensified in New 
Zealand, pressure on the environment from point 
source wastes will increase and may impact on water 
supply sources.  Where practicable, manure and 
effluent from feedlots, and from piggeries following 
treatment, should be applied to land at rates that 
provide optimum nutrient usage by the plant-soil 
system and avoid offensive odour nuisance.  Low 
cost systems for treatment of farm dairy wastes, such 
as artificial wetlands, need to be researched.  Further 
investigation is required into silage leachate and the 
need for its collection, treatment and disposal. 

• Non-point source wastes have received less attention 
than point source wastes in New Zealand although 
their potential to contaminate water supplies is high.  
Groundwaters are under threat from nitrates, and to a 
much lesser extent from non-point sources of 
pesticides.  Non-point source agricultural wastes 
cannot be controlled by treatment processes at the 
site of pollution.  Instead, waste control must 
emphasise education, evaluation, and modified 
agricultural management, requiring the co-operation 
of agricultural producers. 

• The meat processing and dairy industries discharge 
large volumes of wastes which, without treatment, 
would have major impacts on water sources.  
Optimising recovery of valuable by-products is 
recommended. 

• The greatest threat to water supply sources from 
hazardous wastes and pesticides arise from leaks 
from underground petroleum storage systems, spills 
from hazardous substance storage vessels, spills 
contaminating stormwater, and pesticides misuse.  
Protective measures should be used to reduce 
petroleum spills and leaks.  Stormwater should be 
discharged to surface water as clean-up is easier in 
the event of contamination and natural recovery is 
usually greater.  Pesticides should be stored and 
mixed away from wells and spillages contained and 
recovered.  Pesticide application should be accurate 
and at correct rates, avoiding spray drift and use 
before heavy rain.  

• Comprehensive management plans should be 
prepared for river catchments and ground water 
sources used for water supply. These should seek the 
co-operation of all land users based on informed 
understanding of the hazards from chemical usage 
and how the risks may be minimised.  
Requirements and practices should include banning 
or restrictive use of specific pesticides (e.g., of high 
toxicity and/or persistence in the environment) and 
other chemicals within certain distances of surface 
water, shallow bores or over unconfined 
groundwater; promotion of integrated pest 
management; promotion of less persistent and less 
toxic alternative chemicals; provision of treatment 
and disposal facilities for unwanted waste and spilled 

chemicals; and education on safe use and disposal 
methods.   

 

 

 

 

 



Part 5: Waste Management in Relation to Water Supplies 
 

 443 

 
APPENDICES 
 
 



Our Waste: Our Responsibility 
 

 444  



Part 5: Waste Management in Relation to Water Supplies 
 

 445 

APPENDIX A 
 

THE IMPORTANCE OF MICROBIOLOGY IN 
ASSESSING WASTE MANAGEMENT PRACTICES 

 

Criteria for water quality must be based on parameters that relate primarily to health hazards. Coastal and enclosed 
waters receiving discharges of agricultural effluent, stormwater and animal wastes may contain disease-causing bacteria 
and multi-cellular parasites. Unfortunately, there is no single test that will adequately detect and identify the wide 
spectrum of pathogens that might be present. For this reason, major emphasis has been placed on the use of the 
indicator faecal coliform measurements as evidence of contamination from warm-blooded animal waste discharges. 
Therefore, it is assumed that the potential for enteric disease increases as faecal coliform densities increase.  

Meaningful application of water quality standards must be based on the collection of adequate bacteriological data and 
sanitary survey intelligence, coupled with epidemiological information. 

In the broader sense a bacterial indicator of pollution is any organism which, by its presence, demonstrates that 
pollution has occurred. Such indicators can often suggest the source of the pollution and the time that may have elapsed 
since pollution occurred. 

In a more restricted sense, bacterial indicators of pollution are associated primarily with demonstration of contamination 
of water originating from excreta of warm-blooded animals. 

Intestinal wastes from warm-blooded animals regularly include a wide variety of genera and species of bacteria. Among 
these the coliform group; species of the genera Streptococcus and certain spore-forming bacteria such as the Clostridia 
may be listed. 

In addition, many kinds of pathogenic bacteria and other micro-organisms may be released in wastes on an intermittent 
basis varying with the geographic area, state of animal and human health, nature and degree of waste treatment, and 
influencing environmental factors. These may include: 

• Campylobacter jejuni 

• Escherichia coli group: 

  i) Enterotoxigenic E. coli 

  ii) Enteropathogenic E. coli 

  iii) Enteroinvasive E. coli 

  iv) Enterohaemorrhagic E. coli 

• Aeromonas hydrophila 

• Salmonella (non Typhi) 

• Staphylodoccus aureus 

• Yersinia enterocolotica and Yersinia pseudotuberculosis 

• Cryptosporidium 

• Giardia 

• Leptospira 

• Mycobacterium tuberculosis (bovine strain) 

The direct search for the presence of specific pathogenic bacteria in water is impracticable for routine purposes for 
various reasons. Pathogens present in water are usually greatly outnumbered by the normal intestinal organisms and 
may, in some instances, die out more rapidly. Although it is possible to isolate pathogens from water, as would 
normally be attempted from heavily polluted water or under epidemic conditions, the technical difficulties are restrictive 
for routine surveillance. Water bacteriologists have therefore evolved simpler and more rapid tests for the detection of 
normal intestinal organisms (for example, faecal coliform, faecal streptococci, and Clostridium perfringens, which are 
easier to isolate and identify).  
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The presence of normal faecal organisms in the water sample indicates that pathogens could be present (but in much 
smaller numbers). The absence of faecal organisms indicates that pathogens are probably absent as well. Even if the 
search for pathogenic organisms were practicable, it would not really be suitable as a routine test because what the 
bacteriologist is concerned with is not so much whether the water does contain pathogens, but whether it could do so. 
Search for normal faecal organisms thus provides a greater margin of safety.  

The organisms most commonly used as indicators of faecal pollution are the faecal coliforms and specifically 
Escherichia coli. Generally, water bacteriologists use the faecal coliform bacteria although this terminology has no 
specific recognition in microbiological classification. 

Differentiation between coliforms of 'faecal' and those of 'non-faecal' origin is based on the assumption that typical E. 
coli and closely related strains are of faecal origin, while Aerobacter aerogenes and its close relatives are not of direct 
faecal origin. 

E. coli is undoubtedly of faecal origin but the precise significance of the presence in waters of other members of the 
coliform group in relation to faecal pollution is variable. Examination for faecal streptococci and Clostridia perfringens 
as previously mentioned may sometimes be of value in confirming the faecal nature of pollution in doubtful cases.  

Faecal streptococci regularly occur in faeces, usually in considerably less numbers than E. coli. When organisms of the 
coliform group are identified as faecal coliforms by the elevated temperature test (gas production from lactose at 44.5˚C) 
but are not E. coli, the finding of faecal streptococci can afford alternative evidence of the faecal nature of the pollution. 
Spores of Clostridium perfringens survive for much longer periods in water than E. coli or faecal streptococci, and 
suggest faecal pollution at some earlier time when found in the absence of E. coli. 

 

Possible Use of Alternative Indicators 
As previously noted, Escherichia coli is undoubtedly of faecal origin and its use as an indicator of faecal wastes from 
warm-blooded animals can be definite. The general use of the faecal coliform component of the coliform group (as 
determined by the elevated temperature test at 44.5 ˚C) is that the organism is most likely faecal in origin but requires 
simpler methodology for its identification than that required for the identification of E. coli. The merits of using faecal 
coliforms are: 

• The majority (over 95%) of the coliform bacteria from intestines of warm-blooded animals grow at the elevated 
temperatures. 

• These organisms occur relatively infrequently in the normal environment except when associated with faecal 
pollution. 

• Survival of the faecal coliform group is shorter in environmental waters than for the coliform group as a whole, but is 
the same as E. coli. It follows then that high densities of faecal coliforms are indicative of relatively recent 
pollution. 

• Faecal coliforms generally do not multiply outside the intestines of warm-blooded animals (in certain high 
carbohydrate wastes exceptions have been noted). 

The limitations of using faecal coliforms are: 

• Faeces from warm-blooded animals include some (though proportionally low) members of the coliform group which 
do not yield a positive faecal coliform test when the elevated temperature test is used as a criterion of 
differentiation. 

• Some strains of members of the coliform group, such as Klebsiella pneumoniae, may give a positive elevated 
temperature test although they are considered to be non-faecal in origin. (In practice, such incidents are rare and 
confined to specific environmental circumstances. Generally when a coliform is designated as faecal in origin by the 
elevated temperature test, further differentiation will identify them as Escherichia coli.) 

 

Brief Description of Relevant Organisms 
Campylobacter jejuni, Salmonella, members of Escherichia coli group, and Yersinia are all faecal in origin and cause 
enteric infections. Diarrhoea is the clinical syndrome associated with frequent loose stools, fever, and sometimes 
vomiting. 

Giardia and Cryptospori are protozoa which cause an infection principally of the upper small intestine with a variety of 
symptoms such as chronic diarrhoea, abdominal cramps and frequent loose stools, and may occur as intermittent bouts. 
Diarrhoea from Cryptosporidium is usually more severe than that from Giardia. 
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Leptospirosis is caused by a spirochaete and common features of the disease are fever with sudden onset, headache and 
chills, and may be mistaken for severe influenza. 

The characteristics of the micro-organisms previously mentioned are wide and variable, and reference to microbiology 
textbooks will describe their differences. 

 

Cross-transmission Aspects 
Viruses of concern in human disease are not transmitted from domestic animals such as sheep and cattle but generally 
originate from man. Although from time to time it is argued that animal viruses may infect man and it cannot be 
denied that the potential is theoretically possible, present scientific information does not support the hypothesis. 

 

Use of Sanitary Survey 
The laboratory bacteriologist is not alone in the evaluation of water pollution of animal origin. On-site study (the 
sanitary survey) of aquatic environments and adjacent areas by a qualified person is a necessary collateral study with any 
laboratory work, and frequently will reveal information regarding potential bacteriological pollution, which may or may 
not be demonstrated through laboratory findings from a single sample or short series of samples. 

 

Sampling Requirements for Public Health 
The level and degree of sampling can only be determined when the specific requirements have been considered. As a 
general rule it is better to carry out a greater number of simple tests to provide comprehensive data than to do a few 
detailed tests looking for Escherichia coli and pathogens. It is also important to have sufficient data to assure that the 
data produced can be considered in the context of risk analysis.  

A water quality criterion is defined as a quantifiable relationship between the density of some indicator of quality of the 
water on the one hand and the health risks associated with its use on the other. A guideline derived from such a 
criterion is a suggested upper limit for the indicator density associated with unacceptable health risks. The concept of 
acceptability implies that there are social, economic and even political as well as medical inputs to a guideline 
derivation, and that these inputs may vary. A water quality standard obtained from the criterion is a guideline fixed in 
law.  

Pollution of aquatic systems by effluent of warm-blooded animals creates public health problems for both man and 
animals, as enteric microbial pathogens may inhabit the gut of most warm-blooded animals and be shed in the faeces. 
The argument that the uncontrollable source of agricultural animals as contributors of enteric pathogens is probably not 
a high risk, is fallacious. As previously stated, present knowledge has not shown a high risk of virus infections from 
agricultural animal sources, but this is not so for bacterial and protozoal infections. The presence of bacterial, protozoan 
and possibly fungal species as pathogenic to man and other animals is indicated by the faecal coliform group of bacteria. 
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APPENDIX B 
 

SCOPING QUESTIONNAIRE 
 
 

The scoping questionnaire was comprised of 29 tables, and the respondents were asked to fill out as many as they 
could based on their own experience. The format of each questionnaire table was as follows. 

 

WASTE SECTOR 

WASTE PRODUCER 

 

WASTE  TYPE 

NON-POINT SOURCE POINT SOURCE 

 SURFACE GROUND SURFACE GROUND 

SOLID Impacts     

 Scale     

 Risks     

 Limits     

 Mgt Tech     

SLUDGE Impacts     

 Scale     

 Risks     

 Limits     

 Mgt Tech     

LEACHATE Impacts     

 Scale     

 Risks     

 Limits     

 Mgt Tech     

LIQUID Impacts     

 Scale     

 Risks     

 Limits     

 Mgt Tech     

 
The respondents were asked to place a ranking from 1 - 10 in each cell of the table based on the following selection 
criteria. 
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IMPACTS: Ranking 1 - 10 (1 = no impact, 10 = severe impact) 

The impact relates to the constituent that has the largest potential impact on the receiving water. This may differ 
between the different waste streams and on whether the receiving water is from the surface or is groundwater. For 
example, pig effluent onto land may result in nitrate problems but into a stream it may be a BOD or bacterial  
problem.  

The impacts may also vary between things such as public acceptability, taste, odour and the cost of water treatment. 
You are requested to assess the parameter of concern and note it in the appropriate cell along with the ranking. If in 
your opinion there is more than one constituent that is of concern then add the extras. Remember that the purpose of 
this exercise is to identify those areas of waste management that are of greatest concern in the New Zealand situation. 

 

SCALE: Ranking 1 - 10 (1 = small scale, localised problem; 10 = large scale, widespread problems) 

This should have regard for the size of the problems as it relates to your experience. For example, septic tanks at 
isolated farm residences may be small but the combined discharge from a town with septic tanks may be large. Also, 
factors such as the wide-spread nature of the discharge should be taken into account.  For example, the runoff from 
agricultural land may be very large and widespread but not as concentrated as the discharge from a dairy factory on to 
the land. 

 

RISKS: Ranking 1 - 10 (1= low risk, 10 = high risk) 

The risk relates to the actual potential to create a health hazard. For example, the scale of timber treatment wastes may 
be low due to the location of the timber treatment plants, but the risk to public health may be high. 

 

LIMITS: Ranking 1 - 10 (1 = adequate, 10 = inadequate) 

There exist various statutory limits for water quality such as the water classification system and other criteria such as 
the EPA and WHO standards for potable water. Often the links between receiving water quality and water supply 
protection are weak. For example, a faecal coliform standard of zero does not protect against the potential dangers from 
viruses. The limits that are referred to here should relate to the constituents referred to in the Impacts section. 

 

MANAGEMENT TECHNOLOGY: Ranking 1 - 10 (1 = adequate, 10 = inadequate) 

There may be technologies which offer solutions to waste treatment and disposal problems that are either too complex 
or too expensive which present the opportunity for new development. There may also be areas in which the technology 
is inadequate. Again relate this to the constituents that pose the major problems. 

 

In addition to this, the respondents were asked to provide a relative weighting on the importance of each of the factors 
that were used to assess each category. The following Table is an example of how they entered their weightings. 

 

  Weighting 

 Impacts  

 Scale  

 Risks  

 Limits  

 Mgt Tech  

 TOTAL 100 
 

The data was analysed by firstly multiplying each of the rankings by the weighting factor to provide a weighted 
response. Then a mean weighted response for each waste producer and waste type was calculated. The number of 
respondents for each entry was also recorded. 
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The summarised information was screened into three groups. The first group were all those waste producers who 
consistently had very low ratings and levels of response. The second group had moderate ratings and levels of response. 
The final group were those who had either very high comparative ratings or had a large number of responses indicating 
particular areas of concern. The following Table summarises the three groupings. 

 

 

  GROUP 1 GROUP 2 GROUP 3 
 Point Source Pasture Piggery 4 Beef 4 

  Fertilisers Ag. Dairy 4 Ag. Runoff 5 

  Farm Refuse Pesticides8 Silage 4 

  Irrigation Wool Industry Meat Industry 6 

  Forestry Timber Industry Dairy Industry 7 

  Pulp & Paper Pelt Processing Food Industry 

  Metal Industry Mining Industry Comm. Solids3 

  Comm. Liquid  Sewage 2 

  Geothermal  Urban Runoff 

  Wildlife   

  Erosion   

  Lake Processes   

  Microbiology   

 Non-Point Source Ag. Dairy Piggery Ag. Runoff 5 

  Beef Silage Pasture 5 

  Farm Refuse Wool Industry Fertilisers 5 

  Irrigation Mining Industry Pesticides 8 

  Forestry  Meat Industry 6 

  Ind. Timber  Dairy Industry 7 

  Pelt Processing  Food Industry 

  Pulp & Paper  Comm. Solids 3 

  Metal Industry  Urban Runoff 

  Comm. Liquid  Erosion 

  Sewage   

  Geothermal   

  Wildlife   

  Lake Processes   

  Microbiology   
 

Note : Superscript numbers refer to the chapters in which these topics are discussed. 
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The selection process then used the combined expertise of the Task Group to select which of these would be studied. 
This was not as simple as rejecting all Group 1 and selecting all Group 3 waste producers. Topics were selected that, 
in the opinion of the Task Group, were of particular relevance to New Zealand and where it was believed there was a 
benefit available through technology transfer. 
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APPENDIX C  
 

CANTERBURY REGIONAL COUNCIL 
GENERAL AUTHORISATION FOR SEPTIC TANK SITING 

 

 

1. The discharge shall be domestic sewage and shall not exceed 2,000 litres per day from one installation. The 
total volume discharged on any one property shall not exceed the volumes specified in Table C.1: 

 

Table C.1 

Property Size Maximum Daily 
Discharge 

Equivalent Domestic 
Installation 

 Up to 8 ha 

 8 to 40 ha 

 40 to 200 ha 

 Above 200 ha 

 3,000 litres 

 4,000 litres 

  6,000 litres 

10,000 litres 

1.5 

2.0 

3.0 

5.0 
 

 

2. The discharge shall be from a sewage tank installed either in accordance with the New Zealand Standard NZS 
4610: Household Septic Tanks Systems, or with the approval of the appropriate officer of the relevant territorial 
authority. 

3. Where highest groundwater levels can be closer than 30 metres to the ground surface, the discharge shall be 
treated so that the final discharge contains less than 1,000 faecal coliform bacteria per 100 ml sample (see 
condition 5). 

4. The separation distances shown in Table C.2 shall be maintained between bores and discharge systems: 

 

Table C.2 
  Bore less than 70 m deep 

drawing water from an 
unconfined aquifer. 

Bore greater than 70 m 
deep or drawing water 
from an artesian aquifer 
below the aquifer into 
which the effluent is 
discharged. 

Public Supply Bore abstracting 
greater than 20 m3/day of 
water used for domestic 
purposes. 

1,000 m up-gradient; 200 m 
in any other direction. 

100 m in any direction. 

Public Supply bore abstracting 
less than 20 m3/day of water 
used for domestic purposes. 

200 m up-gradient; 50 m in 
any other direction. 

50 m in any direction. 

Any Bore not used for Public 
Supply. 

50 m up-gradient; 30 m in 
any other direction (see 
condition 5). 

20 m in any direction. 
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5. Where highest groundwater levels are deeper than 30 metres from the ground surface, effluent can be discharged 
down a soakage hole. The up-gradient separation distance of 50 metres between the disposal system and a bore 
not used for public water supply as set out in the above table shall be increased to 100 m (see condition 4). 

6. The discharge shall be located further than 20m from any surface water resource or from the mean spring high 
water mark of the sea. 
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APPENDIX D 
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APPENDIX E 
 

CARING FOR YOUR SEPTIC TANK 
 

The information contained in this appendix has been reproduced with kind permission from a phamphlet, prepared by 
the Otago Healthy Community, describing the operation and maintenance of a septic tank. 
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APPENDIX F  
 

CRITERIA FOR CHOOSING ON-SITE OR  
COMMUNITY SEWAGE SYSTEMS  

 

 

Under certain circumstances and, in particular, where water supplies are affected, a decision between community 
sewerage and on-site systems needs to be made. Such circumstances include hobby farm development adjacent to an 
urban area, spacious country subdivisions and established communities where existing systems of sewage management 
have failed or are no longer appropriate. 

The decision may be made during the preparation of regional or district plans, or these plans may give general or 
specific guidelines upon which a decision is to be based. Alternatively, the decision may be left entirely to developers 
and home builders, with performance standards, set under the Resource Management Act 1991, being the only 
requirement. 

Criteria that will influence the outcome of the decision are summarised in the Table F.1. 

 

Table F.1: Decision Criteria 

Category Criteria 

Criteria arising from natural 
physical constraints. 

• factors affecting siting and installation of systems for example, 
topography, soil types and stability, flooding, groundwater. 

• factors affecting water losses for disposal to land or 
construction of ponds. 

• factors affecting degree of treatment within systems for 
example, climate, groundwater and soil types for disposal to 
land. 

Criteria arising from man-made  
physical constraints 

• building density (availability of land for on-site systems). 

• structures and infrastructure. 

Criteria arising from regulatory, 
financial and cultural constraints. 

• the more affordable alternative. 

• regional and district scheme requirements. 

• coastal policy requirements. 

• cultural preferences. 

• community preferences. 

• performance standards. 

• design criteria. 

Sewage characteristics. • hydraulic loads. 

• pollution loads. 

• toxic load potential. 
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Economics of Individual Systems versus Community Systems 
Where circumstances do not preclude one or other of the two options, then cost comparisons are a key decision factor. 
Costs, however, are almost totally site-specific and are related to many factors. A factor of growing influence is the 
increasing performance standards being set for both individual systems and community systems. For example, the 
recent General Authorisation conditions for on-site systems set by the Canterbury Regional Council will significantly 
influence the cost of installing an on-site system in some areas, because treatment is required to reduce faecal coliforms 
to 1000/100 ml of effluent. Similarly, the proposed Coastal Policy requirement that sewage is to be treated to meet 
secondary standards before discharge into coastal waters, would influence the economics of any disposal option to 
coastal waters. 

Other factors that may contribute to the economics of individual on-site systems are performance standards for operation 
and maintenance, and monitoring and control. For example, should authorities monitor operation, maintenance and 
performance, and possibly undertake these activities, then the use of such systems could result in significantly higher 
operating costs than at present. 

At present, most community systems are operated and maintained by territorial authorities and monitored by regional 
authorities and the costs of these activities are therefore included in economic evaluations. 

In evaluating costs and viability of options for communities, it may be that individual on-site systems are the optimum 
solution for parts of the community, whilst a community system, or systems, is the optimum solution for other parts of 
the community. 

Currently, installation costs for individual on-site systems range from approximately $2,500 to $5,000 for more 
conventional systems and higher for more advanced systems. Community sewerage scheme costs range from 
approximately $3,000 to $9,000 per property depending on the circumstances. 



Part 5: Waste Management in Relation to Water Supplies 
 

 467 

APPENDIX G 
 

TASK GROUP MEMBERSHIP 
 

 

Working Group 
Mr C J M Tipler Task Group Leader, AEI, Lincoln University 

Dr J Barnett Dairy Research Institute 

Dr R Cooper MRINZ 

Mr A Dakers Lincoln University 

Mr L Fietje Canterbury Regional Council 

Dr M Freeman Canterbury Regional Council 

Mr R Hayes Dunedin City Council 

Dr I Lineham Ministry for the Environment 

Dr M Patrick Royds Garden Ltd. 

Dr D Stewart Royds Garden Ltd.  

Mr C Tanner MAF, Ruakura 

Dr H Thorpe DSIR, Christchurch 

Ms S Tim Canterbury Regional Council 

Dr A Graham Waste Technology, Invermay 

Mr D Till NZ Communicable Disease Centre 

 

 

Visiting Fellow 
Dr Dale H Vanderholm  Dr Vanderholm is the Associate Dean for Agricultural Research and Associate Director of the 

Nebraska Agricultural Experiment  Station at the University of Nebraska-Lincoln, 
U.S.A. 
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