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Executive Summary
Drinking water is a known potential carrier of pathogens and chemicals that can cause
disease in humans. The Drinking Water Standards for New Zealand, 2005, revised 2008,
(the Standards) seek to protect New Zealanders from becoming ill from drinking water
by setting minimum standards for drinking water. This cost benefit analysis (CBA)
seeks to understand the costs and benefits of requiring drinking water supplies serving
different sized populations to meet all or part of the Standards. Drinking water standards
for New Zealand have existed in various iterations since 1984.
The Standards revolve around three sets of determinands; bacterial, protozoa, and
chemical. These groupings reflect that the methods of treatment for each are different
and that the types of illness resulting from chemicals are likely to be different.
Networked drinking water supplies are categorised by the size of population that they
serve, from Large supplies (>10,000 persons) through Medium, Minor, and Small to
Neighbourhood supplies.
At present, there is no legislative requirement for any drinking water supplies to comply
with the Standards. However, in 2007 the Health (Drinking Water) Amendment Act was
passed by Parliament. This consolidated and reformed the law relating to drinking water.
As a result of the law change, in the future, the Health Act (1956) will require most
networked drinking water supplies to take “all practicable steps” to meet the Standards.1
At the heart of this study is the question
“What would be the expected economic costs and benefits from requiring existing water
suppliers to take all practicable steps to comply with the Drinking Water Standards for
New Zealand?”
In order to simplify our modelling we have assumed that the requirement is for drinking
water supplies to comply with the Standards. Thus the costs estimated in this study
represent an upper bound under the existing legislative framework.
Results for bacteriological and protozoal compliance
The majority of economic impacts experienced by New Zealand (NZ) from drinking
water that does not meet the Standards are due to non-compliance with bacteriological
and protozoal determinands. 775,000 New Zealanders receive drinking water from a
networked supply that does not comply with the Standards for these determinands.

1

Determination of whether a step is practicable or not includes consideration of affordability
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The net benefit to NZ from requiring networked drinking water supplies to comply with
these determinands depends on the determinand and the size of the drinking water
supply.
The results from the analysis are shown in the Figure one. For those benefits able to be
quantified, the cells coloured green (lightest coloured) indicate water supply sizes and
compliance scenarios where a net economic benefit to NZ is expected from requiring
compliance. Those coloured red (darkest) indicate where a net economic cost is
expected. In-between shades indicate relative uncertainty.
In comparing the two compliance scenarios, attention should also be paid to the scenario
for each water supply size that results in the greatest economic benefit for NZ. In the
case of Large water supplies, while the best estimate of change in disease from
compliance with the bacteriological determinands in the Standards suggests a net
economic benefit to NZ ($105m), a larger net economic benefit ($134m) would be
achieved by requiring compliance with both the bacteriological and protozoal
determinands.
With the exception of the smallest water supplies, our analysis suggests that from an
economic cost benefit perspective NZ would be better off from requiring compliance of
networked drinking water supplies with the bacteriological Standards, relative to not
requiring compliance. Individual community circumstances may mean that for some
Small and Neighbourhood supplies there would be net benefits for NZ from compliance.
The economic case for compliance with both the bacteriological and protozoal Standards
is more mixed. However, analysis leads us to expect a net economic benefit from
requiring Large and Medium sized water supplies to comply with both. The economic
benefits for NZ for Minor, Small and Neighbourhood supplies complying with both
would need to be considered on a case by case basis; the Health Act allows for costs and
benefits of compliance to be considered from the perspective of each community.
Limitations of the CBA scope and use
In interpreting the results of this CBA it is important to understand the scope and limits
of the work and the contribution that any CBA should make to the policy making
process. While we have sought to accurately reflect all costs of requiring compliance,
and to capture the benefits of reduced illness in terms of health care costs and lost
productive activity, there are other benefits which could not be meaningfully quantified
in our analysis. Those benefits that have not been valued are still valid and should be
considered alongside the benefits and costs that were able to be valued.
The reader should also bear in mind that there will be non-economic considerations that
must be taken into any decision making process; a cost benefit analysis is just one input.
Community values, issues of equity and fairness, fiscal affordability and opportunity
cost must all feature in the public policy decision making process.
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Figure 1: Summary of benefits from requiring compliance with the bacteriological and protozoal Standards
Benefits excluded from this CBA
A range of benefits were not able to be quantified within this analysis, generally due to the considerable primary research would be required to arrive
at a robust estimate of their worth, and such research was outside the scope and timeline of this study. For instance, benefits which are not included in
the estimate of this study include:
•

The benefit of avoided pain and suffering.

•

The benefit from reduced risk of negative reputational damage in overseas markets due to visitors to NZ becoming unwell.

•

The benefit from reduced risk of an outbreak or epidemic of disease leading to the costs of restoring public confidence in water supplies,
restoring water supply efficacy, the cost of any public enquiry, and impacts on NZ’s international image affecting exports & tourism markets.

Section 7, Benefits of avoided endemic disease, and section 9, One off large scale outbreaks discuss the range of economic benefits that could be
expected from compliance with the Standards.

Quantified benefits of avoided healthcare costs and lost productive activity
Net benefit in $m over 40 years by water supply size, from requiring compliance with the protozoal and bacteriological Standards
Compliance with Standards

Estimate

National

Large

Medium

Minor

Small

Neighbourhood

Bacteriological and Protozoal

Low
Best
High

($170)
($2)
$451

$71
$134
$305

($7)
$19
$88

($88)
($31)
$127

($93)
($76)
($31)

($53)
($49)
($38)

Bacteriological only

Low
Best
High

$62
$138
$311

$76
$105
$170

$18
$29
$53

$16
$40
$93

($21)
($11)
$12

($27)
($24)
($17)

Note: some lines in the above table will not add to the National estimates due to rounding
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1.1 Economic detriment from bacteria and protozoa
Failure to meet bacterial and/or protozoal Standards is the largest driver of illness
from drinking water in NZ. Only a small number of supplies breach the Standards
for chemicals, and these are discussed separately in section 1.3. The NZ focus on
bacterial and protozoal contamination perhaps separates us from many other
developed countries, where health concerns often focus on chemical contamination
of waterways.
Environmental Science and Research (ESR) maintain the Register of Community
Drinking Water Supplies in NZ. In summary, 3,656,000 people in 2007/08 are
estimated to receive their drinking water from a water supply that will, in the future,
be required to take all practicable steps to meet the Standards. Of these, an
estimated 2,881,200 persons were receiving drinking water that is already
compliant with the bacterial and protozoal criteria within the Standards.
Of the remaining 775,000 persons who receive drinking water from a networked
supply that does not currently comply with the Standards, and will be required to
take all practicable steps to comply in the future:
•

196,400 persons are estimated to be at risk from both bacterial and protozoal
disease

•

An additional 577,500 persons are estimated to be at risk from protozoal
disease

Around a thousand people are estimated to be protected from protozoal disease but
at risk from bacterial disease.

1.1.1 Estimates of incidence and cost of disease due to
drinking water
Our best estimate, used in this study, is that each year in NZ there are
approximately 35,000 cases of acute gastrointestinal illness (AGI) contracted from
networked drinking water due to non-compliance with the Standards. This estimate
was derived through consideration of only a selection of potentially water borne
diseases. Overseas estimates of the attribution of AGI to drinking water from all
disease types would suggest possible estimates in excess of 100,000 cases per year
amongst those on networked water supplies that do not meet the Standards.2 We
have utilised the estimates of specific disease as we have more confidence of these

2

Calculation based on Reynolds (2008)’s estimate for the contribution of community
drinking water supplies to all cases of AGI in the USA.
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numbers in the NZ setting and their use allows consideration of sequelae and other
disease specific effects.
Of the estimated 35,000 cases per year, around 19,600 are estimated to be due to
protozoal disease (cryptosporidiosis and giardiasis) and 15,400 due to bacterial or
viral disease (campylobacteriosis, salmonellosis, shigellosis, yersiniosis, STEC,
and norovirus). The heavy weighting towards protozoal disease reflects that
existing networked watersupplies in NZ, were often built before water borne
protozoal disease, and treatment methods for its removal, were well understood.
These 35,000 cases of AGI per year, and their resulting sequelae, are estimated to
result in a cost of illness to NZ of $38.5m per year. The economic benefit from
compliance with the Standards is the avoidance of this cost of illness each year.
Over 40 years, the benefit from reduced costs of illness is estimated at $496m in
present value terms.3
Profile of AGI cases
The vast majority of people with AGI will recover at home, with a proportion of
cases visiting a GP (we estimate around 21% of cases visit a GP). All will
experience some period of time where they are not able to undertake their usual
activities, and that period will vary depending upon the type of AGI contracted. A
very small proportion will require hospitalisation (we estimate around 0.2%) and
experience much longer recovery times. Death from AGI is rare, but does occur.
We would estimate that one person every four years may die from AGI contracted
from networked drinking water that does not meet the Standards.
The profile of who is most likely to be affected by AGI varies with the specific
disease. A NZ based community survey of all types of AGI contracted from any
source (including but not limited to drinking water) suggests that while children
aged 4 years and younger do have the highest prevalence of AGI, those aged 25-44
are also particularly susceptible (Adlam et al., 2009). Persons aged over 65 were
least likely to contract AGI. Males are slightly more likely than females to contract
AGI, and Maori have a higher prevalence rate than NZ Europeans. No difference in
prevalence between rural and urban communities was found. One overseas study
has considered drinking water consumption patterns and AGI incidence and found
a positive correlation between the two. As such, children, and women over 25 years,
who tend to drink more plain drinking water, are potentially at greatest risk of
contracting AGI from drinking water.
AGI is a known cause of a range of additional diseases, referred to as sequelae, in a
small proportion of cases. The sequelae of AGI include several long running and
debilitating diseases; Irritable Bowel Syndrome, inflammatory bowel disease, and

3

Discounted at 8% per year
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reactive arthritis, amongst others. We estimate that around 1 in 35 cases of AGI
due to drinking water will develop some form of sequelae.
Table 1: Estimated cost of healthcare and lost productivity to NZ over 40
years due to non-compliance of networked water supplies with the Standards
4
(present values)
Water supply population
category

Cost of illness for water borne
bacteriological disease only

Cost of illness for water borne
bacteriological and protozoal
disease

$million

$ million

Large (>10,001 population)

$104.9

$187.7

Medium (5,001-10,000)

$39.6

$74.3

Minor (501-5,000)

$85.3

$166.2

Small (101-500)

$37.3

$54.0

Neighbourhood (<101)

$11.1

$13.9

Total for NZ

$278.2

$496.1

1.2 Estimated cost of compliance with protozoal and
bacteriological standards
The costs of compliance stem from the cost of capital to secure the water source
and upgrade treatment supplies, and, less importantly, the operating costs of the
new systems.
In simplistic terms, the water supply system can be thought about in terms of three
components.
•

Source and pre-treatment infrastructure

•

Treatment plant

•

Distribution system.

4

A discount rate of 8% is applied. Best estimates of change in incidence of disease.
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The estimates of cost of compliance with the Standards are based on the lowest
cost option for upgrading the system to achieve compliance. In some cases the
lowest cost option may not be the option that would be selected by a community,
given community preferences for aesthetic drinking water qualities or selection of
processes with perceived advantages with reliability or operability. In general,
changes to source water were not assumed. Costs related to deferred asset
maintenance or replacement are excluded.
There are an estimated 667 water treatment plants, serving 775,000 people, which
do not comply with the protozoal and/or bacterial criteria in the Standards. Table 2
shows the number of water supplies, non-compliant supplies, the associated non
compliant water treatment plants, and the total population affected, stratified by
water supply size.5
Table 2: Total number of, and total population affected by, non-compliant
water treatment plants and supplies
Water supply
population
category

Total
number of
supplies

Number of
noncompliant
supplies

Number of
water
treatment
plants

Number of
noncompliant
water
treatment
plants

Population
affected by noncompliant water
treatment plants

Large (>10,001
population)

64

15

85

22

291,531

Medium (5,001
10,000)

28

22

43

29

124,107

Minor (501
5,000)

191

169

224

192

289,480

Small (101-500)

240

229

247

236

59,666

Neighbourhood
(<101)

191

185

194

188

10,153

Total

714

620

793

667

774,937

Source: Beca

5

A single supply may have multiple treatment plants, and a single treatment plant may
supply more than one supply.

Raising the quality of New Zealand networked drinking water
Confidential – June 2010

9

The total capital cost of upgrading networked water supplies to comply with both
bacterial and protozoal criteria in the Standards is estimated at $336.7m, with a
likely range of $250m to $423m. Across the total population who would benefit,
this is an average cost of $434 per person. However, because of fixed cost
components of water supply systems, the cost varies significantly with population
size. The table below shows the estimated capital costs of upgrade by population
category.
Table 3: Estimates of probable capital costs for bacterial and protozoal
compliance
Water supply
population
category

Number of
noncompliant
supplies

Number of
noncompliant
plants

Total Cost6
($ million)

Population
served

Cost per
person7

Large (>10,001
population)

15

22

$50

291,531

$173

Medium (5,00110,000)

22

29

$42

124,107

$341

Minor (5015,000)

169

192

$145

289,480

$499

Small (101-500)

229

236

$68

59,666

$1,133

Neighbourhood
(<101)

185

188

$32

10,153

$3,142

Total

620

667

$336.7

774,937

$434

Source: Beca, LECG
Operating costs would also be expected to increase as a result of the capital
upgrades and with increased monitoring activity. Additional operating costs for all

6

Total cost is inclusive of margins and fees. Includes 18% for Preliminary & General, 12%
engineering fees and 18% contingency. These capital cost estimates are likely to fall in the
accuracy range of + 30% and have been rounded to the nearest $million unless otherwise
shown.
7

Total cost / population. Note that rounding means that cost per person will differ from
calculation using the numbers shown in this table.
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plants to comply with both the bacterial and protozoal criteria in the Standards are
estimated at $12.6m per year, or $161.6m in present value terms over 40 years8.
The cost for water supplies to only comply with the bacterial criteria in the
Standards would be significantly less because there are a smaller number of non
complying supplies and the technology is less costly than treating for protozoa. In
addition, some water supplies in NZ are considered to be only technically non
compliant; existing monitoring is in place suggesting that the bacterial Standard is
met, but the monitoring processes themselves do not meet the Standards. Including
the cost of addressing technical non-compliance, the cost for water supplies to
comply with the bacterial criteria is estimated at $76.5m (range $53m - $99m) with
additional operating costs of $5m per year ($64.3m in present value terms over 40
years).
Table 4: Estimates of probable capital costs for bacterial compliance only
Water supply
population
category

Number of
noncompliant
supplies

Number of
noncompliant
plants

Total Cost9
($ million)

Population
served

Cost per
person

Large (>10,001
population)

8

14

$0.7

133,963

$5.23

Medium (5,00110,000)

7

12

$8

45,396

$185

Minor (5015,000)

73

81

$37

115,883

$319

Small (101-500)

116

123

$17

30,248

$552

Neighbourhood
(<101)

158

161

$14

8,547

$1,603

Total

362

391

$76.5

334,037

$229

Source: Beca, LECG

8

An 8% discount rate has been applied

9

Total cost is inclusive of margins and fees. Includes 18% for Preliminary & General, 12%
engineering fees and 18% contingency. These capital cost estimates are likely to fall in the
accuracy range of + 30% and have been rounded to the nearest $million unless otherwise
shown

Raising the quality of New Zealand networked drinking water
Confidential – June 2010

11

The engineering cost estimates are based on a default peak water use rate of 1,200
litres/person/day. The median water use rate in NZ is estimated at around 420
litres/person/day, and this decreases to an estimated median of 287 litres per day in
communities with water metering in place. Sensitivity analysis of how changes in
the peak water use rate affected the cost estimates suggested that a 60% reduction
in peak demand (from 1,200 to 500 litres/person/day would lead to a 25% saving in
capital costs of compliance. However, these savings would have to be offset
against the cost of implementing new legislation or initiatives aimed at reducing
the peak demand for water.

1.3 Costs and benefits of chemical compliance
The Standards specify maximum acceptable values (MAVs) for chemicals that may
appear in drinking water. In 2007/08 63,000 people were exposed to drinking water
that breached a chemical MAV during the year.10
The Institute of Environmental Science and Research (ESR) provided high-level
estimates of the worst-case health effects resulting from sustained exposure of the
populations to each chemical at its maximum recorded level in water zone.11 In
summary, the likely health effects were considered negligible for all chemicals
other than arsenic.
An estimated 30,000 people living in the Taupo and Whakatane regions were
potentially exposed to drinking water which breached the arsenic MAVs at some
point in time during 2007/08. Transgressions of the MAVs in these water zones are
attributable to the high degree of geothermal activity in the region. If, over a 70
year period, these populations continued to be exposed to arsenic at the maximum
recorded level for their water zone in 2007/08, ESR estimates suggest that around
34 additional cases of lung or bladder cancer may result, and an additional six
fatalities from skin cancer may occur.
The generic treatment for arsenic that has been applied in this study is enhanced
coagulation, and direct filtration. In the case of water zones in the Taupo region

10

Note that this will be an over-estimate as some individuals will have experienced a
breach of two or more chemicals within their water supply, and therefore have been
counted two or more times. Persons who were exposed to a breach of the fluoride MAV –
fluoride being a chemical added as part of the treatment process, but which can have
negative health affects at too higher concentrations for an extended period – have been
excluded from this figure.
11

Water zones are an alternatively, usually smaller, division of water supplies and are the
unit at which some monitoring activity occurs to determine whether water meets the
Standards.
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that exceeded the arsenic MAV, the same treatment that would achieve compliance
with both the bacteriological and protozoal Standards would also be expected to
reduce arsenic levels below the MAV. Consequently no additional costs or benefits
should be assumed for addressing arsenic breaches in the Taupo district.12
There are approximately 15,000 people living in the Whakatane district who were
potentially exposed to drinking water which breached the arsenic MAVs at some
point in time during 2007/08. Over 70 years of continued exposure at maximum
recorded levels in 2007/08, approximately 17 additional cases of lung or bladder
cancer, and approximately three additional fatalities from skin cancer could be
expected. The estimated cost of illness to NZ from these additional cancers is
$87,000 per year or $1,116,000 in present value terms over 40 years. The estimated
cost of treatment to reduce expected arsenic levels below the MAV for affected
persons living in Whakatane is $2.1 million.

12

The benefits from avoided cases of cancer in the Taupo region are included in the cost of
illness (benefit from compliance) estimates attributable to non-compliance with the
bacteriological and protozoal Standards.
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2 Introduction
2.1 Context for the analysis
The Drinking Water Standards for NZ 2005, revised 2008, (the Standards) set out
minimum recommended standards for drinking water. The Standards (or previous
iterations of them) have been in place in NZ since 1984 and have been voluntary for
networked drinking water suppliers (usually local councils) to meet. A key purpose of
introducing such Standards has been to provide a ‘yardstick’ to help define what
constitutes safe drinking water.
Over the last 25 years the Standards have been supported by a range of other initiatives
that have sought to increase the voluntary compliance of networked drinking water
suppliers with the requirements in the Standards. For example in the early 1990s a
system of public health grading of our water supplies was introduced to provide
communities with information of the quality or their drinking water supplies and
whether they met the Standards.
The Health (Drinking Water) Amendment Act 2007 (HDWAA) amended the Health Act
1956. While it did not make compliance with the DWSNZ mandatory, the Act requires
most water suppliers to take “all practicable steps” to comply with the Standards within
a timeframe set by regulation. The time frame for taking all practicable steps depends
upon the size of the population served by the water supply; no water supplies are
currently required to take all practical steps, although some suppliers have committed to
investments to help them meet the Standards.
As part of the implementation of Part 2A of the Health Act 1956 the Ministry of Health
(The Ministry) is seeking to better understand the economic costs and benefits of the
legislation that has been passed. This information is sought within the context of
concern from local government about the cost of meeting the Standards, and a review of
superfluous and ineffective legislation by the Minister of Regulatory Reform.
Economic and policy research on the costs and benefits of the options for setting
legislative requirements in regards to the Standards was undertaken in 2004, prior to the
legislation being passed. However, new investments have been made in water
infrastructure, legislation and regulation has been amended, and further information has
become available.
This revised cost benefit analysis was completed by CH2M Beca Limited and LECG.
CH2M Beca Limited (Beca), engineering consultants, provided the estimates of the cost
of meeting the Standards. LECG has estimated the benefits from compliance with the
Standards and undertaken the comparison to the costs. Input and advice was obtained
from the Institute of Environmental Science and Research and the Ministry of Health,
although all errors and omissions remain the authors’ own.
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This report sets out the overall scope, methodology, approach and findings. Detailed
information related to the estimation of the benefits is also contained within this volume.
A standalone report by Beca Drinking Water Standards New Zealand Cost Benefit
Analysis – Engineering Input (Beca engineering costs report) sets out the detail
regarding estimation of the costs of compliance.

2.2 Scope of study
The question that the Ministry is seeking to answer through commissioning of this cost
benefit analysis (CBA) is:
“What would be the expected average (economic) costs and benefits from requiring
existing water suppliers, with different population sizes, that do not currently comply
with the bacteriological, protozoal and chemical Standards of the NZDWS of complying
with those Standards, given the current water quality of those supplies?”
The CBA will help to support broader decision making on whether to retain existing NZ
legislative and regulatory requirements in relation to drinking water supplies. As such,
the CBA is one part of a broader piece of policy analysis being undertaken by the
Ministry of Health, with support from Allen and Clarke, Policy and Regulatory
Specialists Limited. We understand this other work will look at alternative policy
options to achieve similar objectives to the legislation, and consequently consideration
of such options is outside the scope of this CBA.
In order to estimate the engineering costs for inclusion in the CBA, primary research
was commissioned. The methodology of the primary research is summarised in this
report and presented in more detail in the Beca engineering costs report. Costing of point
of use systems for treatment of drinking water was included in the scope of the costing
activity in order to test the relative cost compared to networked supply treatment.
For the benefits analysis, primary research was generally considered to be outside the
scope of this study. Benefits were to be estimated utilising suitably expert reports and
published literature from both NZ and international sources. Two specific exceptions to
this exist; the quantitative research looking at the correlation between compliance and
disease incidence, (discussed in appendix one) and the obtaining of hospital related
information on relevant diseases from NZ Health Information Service.
Within the scope of the study was consideration of the costs and benefits of the
Standards related to water carriers.
Outside of scope of the study was consideration of aesthetic or radiological Standards
for drinking water, and translation of the study results to suggest policy implications or
possible roles for government.
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3 Background
Drinking water is a known potential carrier of pathogens and chemicals that can cause
disease in humans. The Drinking Water Standards for New Zealand, 2005, revised 2008,
(the Standards) seek to protect New Zealanders from becoming ill from drinking water
by setting minimum standards for drinking water. In essence, the Standards revolve
around three sets of determinands; bacterial, protozoa, and chemical. These groupings
reflect that the methods of treatment for each are different and that the types of illness
resulting from chemicals are likely to be different.
In summary, the Standards:
•

Set maximum acceptable values (MAVs) for some chemicals and for indicators of
bacterial contamination13

•

Identify chemicals for which any level of concentration is considered unsafe

•

Give the level of treatment required by different types of water sources to meet safe
standards for the removal of protozoa, and the extent to which different treatment
methods contribute to meeting those treatment requirements

•

Set standards for monitoring of compliance

•

Set standards for the operation and monitoring of drinking water supplied by tanker

•

Provide alternative compliance criteria for Small, Neighbourhood and rural
drinking water supplies.

The Standards outline a quality threshold that should be met; the Standards generally do
not say how the Standards should be met.

3.1 The water supply system
In simplistic terms, the water supply system can be thought about in terms of three
components.
•

Source and pre-treatment infrastructure

•

Treatment plant

13

While the Standards consider the risk of viral contamination, no separate compliance standards
are set for viruses. The rationale for this is outlined in the Standards.
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•

Distribution system.

Monitoring of supply quality can be expected to occur as part of each component.
Contamination of a water supply can occur in a range of ways. For pathogens,
contamination of the water source or transportation systems by human or animal faeces
or sewage is a common hazard. For chemicals, an example of a possible cause of
contamination of the water source is from sewage or commercial waste containing
chemicals or agricultural run off containing chemicals. Some chemicals will naturally
occur within a water source, some chemicals may be adjusted for health purposes but
can become harmful in excessively high concentration and some may result from
degradation of pipes or the water supply system itself.
In general, a barrier type approach is taken to the provision of safe drinking water within
the distribution system.
•

The first set of barriers relate to the selection of source and the transportation of the
water to the treatment plant. Source waters may be groundwater, rainwater, or
surface water. Secure groundwater sources are considered least likely to be
contaminated and therefore to pose the least risk to human health, whereas
unprotected surface water is considered to pose the greatest risk.

•

The second set of barriers relate to the treatment undertaken at the treatment plant
to remove contaminants above unsafe levels. The nature and level of treatment
required will be a reflection of the quality of the source and the characteristics of
the distribution system transporting drinking water to the consumer. Treatments to
address bacteria, protozoa and chemicals will vary, although some treatments will
address more than one of these determinands.

•

The third set of barriers relates to the security and design of the distribution system
transporting water to the consumer.

While monitoring of water quality is not a barrier, more responsive monitoring systems
may allow for adjustment of the system or early notification to consumers, should a
problem arise.

3.2 Health effects of contaminated drinking water
As noted above, the health effects due to contaminated drinking water vary depending
upon the type of pathogen or chemical contaminating the water supply. In general, the
likelihood and severity of illness can be expected to vary depending upon the
concentration of the pathogen or chemical in the supply.
Pathogens, in the first instance, can be expected to cause acute gastrointestinal illness
(AGI). The symptoms and severity of the AGI will vary depending on the specific
organism causing illness. In addition, some pathogens causing AGI are known to cause
or trigger other forms of illness (sequelae) in a subset of the infected population.
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AGI caused by drinking water is thought to present both as endemic and epidemic
disease. Endemic disease is the background level of illness likely to occur in a
population due to ongoing low levels of contamination in the water supply. Epidemics
occur due to a sudden spike in contamination levels or change in the populations’
susceptibility to the pathogen.
Chemicals can cause a range of health problems, and these are outlined in the relevant
sections of this report. In the current NZ context, the greatest health risk is posed by the
presence of arsenic at levels above the Standard’s MAV in a very small number of
drinking water supplies. Exposure over an extended time frame to arsenic in drinking
water above the MAV is associated with an increased incidence of lung, bladder and
skin cancer.
Attribution of cases of illness to drinking water is difficult, because of limitations in the
available data and that:
•

The pathogens and chemicals that are found in drinking water may also occur in
other sources (e.g. food).

•

AGI and cancer may be caused by pathogens and chemicals not likely to be carried
in water.

3.3 Current levels of compliance with the Standards
At present, there is no legislative requirement for any drinking water supplies to comply
with the Standards. However, in the future, the Health Act (1956) will require most
networked drinking water supplies to take “all practicable steps” to meet the Standards.
Taking all practicable steps does not necessarily mean that the Standards must be met;
the Health Act 1956 outlines a range of considerations for determining whether all
practicable steps have been taken (Part 2A, section 69H). One of these considerations is
“affordability”. In practice a supplier will have taken all practicable steps if they have in
place an approved Public Health Risk Management Plan for the drinking water supply,
and implements provisions of the plan relating to the Standards (Part 2A, section 69V).
The date from which all practicable steps clause comes into effect varies by the size of
the population that the water supply serves. When amendments to the Health Act 1956
first introduced the all practicable steps clause, regulations determined that the clause
would come into effect from 1 July 2009 on a progressive basis depending on water
supply size. Following the change in Government in 2008, the regulations were changed
to delay the clause coming into effect for new and Large supplies until 1 July 2012, and
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to make it effective for all other networked water supplies on a progressive basis by 1
July 2016.14
Definitions of supply sizes and the date from which the “all practicable steps” clause
becomes effective are shown in table 5.

14

However, there is an expectation that the Standards related to Rural Agricultural drinking
water supplies will change to ensure that supplies largely used for crops and animals do not have
to meet the Standards. http://www.moh.govt.nz/moh.nsf/indexmh/drinking-water-proposed
legislation, accessed 27 April 2010. Because the standards that Rural Agricultural supplies will
be expected to meet are currently unknown, they have been excluded from our analysis.
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Table 5: Definitions of supply sizes
Supply size

Large

Medium

Minor

Definition
(modified from Health Act 1956)

Date from which
required to take
“all practicable
steps” to meet
the Standards

Number of
supplies of this
size
Source: Beca

Estimated
population
receiving
drinking water
from supplies of
this size

a supply that is used to supply drinking water to more than 10 000
people for at least 60 days per year

1 July 2012

64

3,078,841

a supply that is used to supply drinking water to between 5 001 and 10
000 people (inclusive) for at least 60 days per year

1 July 2013

28

162,672

a supply that is used to supply drinking water to between 501 and 5 000
people (inclusive) for at least 60 days per year

1 July 2014

191

341,170

Small

a supply that (a) is used to supply drinking water to between 101 and
500 people (inclusive) for at least 60 days per year; and (b) is not a
neighbourhood drinking water supply

1 July 2015

240

62,905

Neighbourhood

a drinking water supply that is used to supply drinking water to—

1 July 2016

191

10,505

(a) between 25 and 100 people (inclusive) for at least 60 days per year;
or (b) any number of persons for at least 60 days per year if :
(i) the number of those persons when multiplied by the number of days
per year during which those persons receive water from that supply is 6
000 or greater; but
(ii) the number of those persons is not greater than 100 on 60 or more
days in any year
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Environmental Science and Research (ESR) maintain the Register of Community
Drinking Water Supplies in New Zealand. Based on information supplied by ESR for
2007/0815, the tables over page provide estimates of the number of water supplies of
each size, the total population served by those supplies, and compliance with the
bacterial and protozoal criteria contained within the Standards.16
Because of the range of different chemicals covered in the Standards, information on
compliance with chemical criteria contained within the Standards is presented in section
10, Disease related to chemical contaminants, which examines the incidence of disease
due to chemicals. In summary, only a small proportion of supplies are not compliant
against the chemical criteria.
In summary:
•

3,656,093 people are estimated to receive their drinking water from a water supply
required by 2016 to take all practicable steps to meet the Standards.

•

Of these 2,881,156 persons were receiving drinking water that is already compliant
with the bacterial and protozoal criteria within the Standards.

The table below, giving population by water supply size and compliance, includes the
category “Technically non-compliant for bacterial criteria, non-compliant for protozoal
criteria”. The technical non-compliance category is for waters supplies that do not meet
the monitoring practices for bacterial compliance, but are expected to already be
meeting the bacterial compliance criteria in every other way. Monitoring practices may
not meet the bacterial criteria in the Standards for reasons such as use of a testing
laboratory that is not appropriately certified, or insufficient variation in the time of the
week when samples are taken, or insufficient sampling across a period. All supplies
considered technically non-compliant for bacterial criteria are currently undertaking
some level of monitoring, and that monitoring does not show signs of E. coli
concentrations above the MAV.
The distinction between technical non-compliance and non-compliance for bacteria is
important when estimating the benefits from improved compliance with the Standards.

15

Data for the year ended June 2008 (2007/08) was used as the reference year because at the time
analysis began this was the most up-to-date data that had been formally approved/validated, and
likely to be free from error.
16

The estimates have been adjusted to assume compliance by those supplies where the supplier
has already begun to upgrade the drinking water supply to achieve compliance with the Standards.
This adjustment is required because in practice the cost benefit assessment should only consider
those supplies where the costs of upgrade would be avoided through a reversal of the requirement
for water supplies to take all practicable steps to comply with the Standards.
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Table 6: New Zealand population by water supply size and compliance with the Standards for bacteria and protozoa
Large

Medium

Minor

Small

Neighbourhood

Total

2,787,310

38,565

51,690

3,239

352

2,881,156

157,568

78,711

173,597

29,418

1,606

440,900

59,500

17,321

55,376

3,771

666

136,634

0

0

606

200

170

976

74,463

28,075

59,901

26,277

7,711

196,427

3,078,841

162,672

341,170

62,905

10,505

3,656,093

Population receiving drinking water compliant with the
Standards
Compliant for both bacterial and protozoal criteria
Compliant with bacterial criteria only (not compliant with
protozoal criteria)
Technically non compliant for bacterial criteria (not compliant
with protozoal criteria)
Compliant only with protozoal criteria (not compliant with
bacterial criteria)
Non compliant for both bacterial and protozoal criteria

Total population in each supply size

571,147

Estimated population receiving drinking water from other
supply types, including self suppliers or roof-tank supplies

4,227,240

Estimated total NZ population
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4 Approach and methodology
In this section we outline the approach and high level methodology used to undertake
the cost benefit analysis. Further detail on methodology can be found in the relevant
parts of this report and the accompanying Beca report, including the following.
•

Detail of the costing methodology is contained in the Beca report Drinking Water
Standards New Zealand Cost Benefit Analysis – Engineering Input.

•

Detail of the methodology for estimating the incidence of microbiological diseases
caused by pathogens known to occur in drinking water can be found in section 6,
Compliance and incidence of microbiological disease.

•

Further detail on how the benefits of reduced endemic illness have been valued is
included in section 7, Benefits of avoided endemic disease.

We have been guided in our approach and methodology by relevant reports and
published literature, which is also discussed in section 5, Review of selected literature.

4.1 The policy context
The core question that we are seeking to address is, if the Government were to revoke
the regulations making clause 69V of the Health Act 1956 effective for some or all
different sized water supplies, what would be the costs avoided, and what would be the
benefits lost?
The Status Quo
The status quo is that clause 69V of the Health Act 1956 will become effective for
different sized water supplies on a progressive basis between 1 July 2013 and 1 July
2016. Clause 69V(1) states “Every drinking water supplier must take all practicable
steps to ensure that the drinking water supplied by that supplier complies with the
drinking water standards.” 69V(2) states that a drinking water
supplier complies with subsection (1) if the supplier implements those provisions of the
supplier’s approved public health risk management plan relating to the
drinking water standards.
Consequently, under the status quo, water suppliers are not necessarily required to
comply with the Standards, but must take all practicable steps to do so. What all
practicable steps requires will likely vary in the case of each water supplier. However,
we can assume that the cost of meeting the Standards represents the maximum cost to
the water supplier of taking all practicable steps to meet the Standards.
We can assume that in preparation for meeting the all practicable steps test, some
suppliers will have already incurred costs, for instance undertaking or initiating
upgrades to their water supplies. These costs can generally be assumed sunk; a
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revocation tomorrow of the regulations bringing clause 69V into effect will not allow
the recouping of these costs.
An alternative World
What is less clear is what the alternative world would look like. The range of alternative
scenarios are broad. For the purposes of the CBA we have assumed the alternative is
that regulations bringing clause 69V into effect will be revoked for either some or all of
the different sized water supplies and/or all practicable steps only need to be taken in
regards to some or all of the determinands in the Standards.
In practice, Clause 69V may be replaced with alternative policy requirements to achieve
similar objectives to that of clause 69V. Identifying these possible alternatives has been
the subject of separate policy analysis by the Ministry with support from Allen & Clarke
and their costs and benefits are not included in this analysis.

4.2 Modelling scenarios
Talking about the engineering costs avoided as a benefit and comparing them to the
foregone costs avoided of reduced illness is confusing language. For this reason we have
re-stated the situation in terms of a simplified base case and a range of modelling
scenarios. The base case and scenarios are described below. However, where decisions
have had to be made about what should be included or excluded from the analysis
reference back to the real world policy situation was our guide.
A key example of the type of choice that has had to be made with reference to the real
world policy situation is exclusion of water treatment plants where water suppliers have
already committed funding to upgrade the supply to meet the Standards. The cost of
these upgrades would be seen by the suppliers as a cost of the existing regulations – they
are upgrading now because in order to meet their commitments ahead of clause 69V of
the Health Act (1956) coming into effect. But, if clause 69V were to be revoked
tomorrow, those costs have already been incurred, and in practice no benefit would
result. Thus, in our analysis we have excluded from the costs of the policy the costs of
upgrades that have already had funding committed to them.
The base case – compliance with the Standards is voluntary
The base case assumes that compliance with the Standards is voluntary for all networked
water supplies. Thus, no water supplies would be required to take any steps to upgrade
or improve the quality of the water supplied.
For the purposes of this analysis, all water supplies are assumed to remain at the same
quality level as at 1 July 2008. However, where Large water suppliers are known to have
committed funding to the upgrade and the cost is therefore effectively sunk, the cost is
excluded from the engineering costs and the supply assumed to meet the Standards as
relevant for the upgrade occurring.
Under the base case the costs and benefits are assumed to be zero.
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Modelling scenarios – compliance with the Standards is compulsory
The modelling scenarios assume that compliance with the Standards or criteria for
particular determinands under the Standards, is compulsory for the relevant networked
water supplies. Compliance is assumed to be required effective immediately (thus
ignoring the realities of allowing time to undertake upgrading, but also maximising the
present value of the engineering costs).
Assuming compliance with the Standards, rather than the requirement to take all
practicable steps to comply with the Standards, is a more straightforward approach
because it removes the subjectivity of what is “practicable” or not in individual
circumstances. As noted above the compliance with the Standards is assumed to be the
maximum cost of taking all practicable steps, meaning this approach will overstate the
costs of each scenario relative to the actual status quo legislative requirement.

4.2.1 Bacterial and protozoal compliance scenarios
For microbiological compliance we have two core compliance scenarios:
•

Compliance is compulsory with the bacterial criteria, and the associated monitoring
requirements, contained within the Standards

•

Compliance is compulsory with both the protozoal and bacterial criteria, and the
associated monitoring requirements, contained within the Standards.

Each of these scenarios is applied at both a national level (all relevant networked
supplies) and for each size of water supply (from Large through to Neighbourhood).
In addition, best, low and high estimates17 of change in incidence of disease are
presented in every case in order to show the sensitivity of the benefits to changes in the
expected incidence of disease. Additional sensitivity testing has also been undertaken
for each scenario, and is discussed in the results section.
Table 7, below, provides a guide to the numbering of the scenarios against the different
possible permutations.

4.2.2 Chemical compliance
The costs and benefits of compliance with chemical criteria in the Standards is discussed
separately. Only one scenario is presented; the costs and benefits of requiring

17

Best, high and low estimates of change in disease are all estimated using the same
methodology, but use different probabilities in the calculation, with the high and low values
suggesting a possible range. The best estimate is what we consider most likely based on the
information available.
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compliance with the chemical criteria, and associated monitoring, contained in the
Standards by all water supplies of Neighbourhood size or Larger.
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Table 7: Numbering of modelling scenarios
Water supply by population size or national*

Water
supplies
required to
comply with
bacteriological
determinands

Water
supplies
required to
comply with
bacteriological
and protozoal
determinands

Estimate of
incidence of
disease

National*

Large

Medium

Minor

Small

Neighbourhood

Best

1.1A

2.1A

3.1A

4.1A

5.1A

6.1A

Low

1.1B

2.1B

3.1B

4.1B

5.1B

6.1B

High

1.1C

2.1C

3.1C

4.1C

5.1C

6.1C

Best

1.2A

2.2A

3.2A

4.2A

5.2A

6.2A

Low

1.2B

2.2B

3.2B

4.2B

5.2B

6.2B

High

1.2C

2.2C

3.2C

4.2C

5.2C

6.2C

*National scenarios are for all water supply sizes shown
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4.3 Approach to the cost benefit analysis
The core approach to this analysis is to identify, and where robust to do so value and
compare, the costs and benefits resulting from each modelling scenario relative to the
base case. To do so it is necessary to determine:
•

From whose perspective the costs and benefits will be identified

•

Which costs and benefits will be included and which will be valued

•

How those costs and benefits will be valued

Perspective of the analysis
The perspective of the analysis is net public good (“NZ Inc.”). This reflects that we are
interested in whether or not NZ as a whole (as opposed to individuals or communities) is
better or worse off from requiring compliance with the Standards.
Transfer payments can potentially be made within the economy to redistribute the costs
and benefits of compliance with the Standards. However, these transfer payments are
outside of our analysis because they do not reflect use of real economic resources.18
For instance, payments to employees on sick leave are not considered because they
simply represent a monetary transfer from one person in the economy to another;
however the loss of productive activity contributing to the output of the economy
because that individual is not working is a cost that we are interested in.

4.3.1 Which costs and benefits?
While the economic activity is often equated to productive activity that contributes to
Gross Domestic Product or compensated for through wages, we have looked wider and
also included non-market productive activity. Inclusion of non-market productive
activity is consistent with a national public good perspective because NZ as a whole is
worse off if someone who, for example, usually works unpaid in a family business or
volunteers in the community, is unable to undertake these activities due to illness.
In the case of both the benefits and costs we are only interested in the costs and benefits
incurred as a direct result of the policy change between the base case and each scenario.
On the benefits side, this has meant complex analysis to estimate the actual change in
incidence of disease that could be expected to result from compliance alone, and not

18

The exception to this is any dead weight loss resulting from increased taxation or rating to
meet the cost of compliance. Deadweight loss may arise if government (central or local) raises
additional funds from tax or rate payers to cover the cost of improving the quality of the water to
meet the Standards. However, clause 69V of the Health Act (1956) requires water suppliers to
take “all practicable steps” towards compliance with the Standards. The Act also states that
affordability is a consideration in whether a step is practicable or not. Thus to simplify the
analysis, no additional deadweight loss relative to the status quo is assumed in the modelling
scenarios.
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from other public health initiatives. On the costs side this has meant limiting the costs to
the minimum cost that would be incurred as the result of having to improve the quality
of the water, and not from failure to maintain existing systems or expansion of capacity
to meet the demands of a growing population into the future.
Because the change is assumed to be ongoing, we are interested not just in the costs and
benefits incurred in year one, but also in subsequent years. For the engineering costs this
has meant estimating both the capital costs and the ongoing operating costs.
Exclusion of intangible benefits from quantification
The choice of inclusion and valuation of some benefits has been on pragmatic grounds.
We have looked to include in the analysis those benefits that can most clearly attributed
to changes in incidence of disease and for which there is a research base that we can
draw upon. We have termed those benefits that we consider worth consideration, but for
which there is insufficient information to allow a reliable quantification or valuation, to
be “intangible benefits”.
An example of an intangible benefit is the value to New Zealand’s international “Pure
New Zealand” image of being perceived to have clean safe drinking water. We agree
that it is likely that, if an outbreak of disease occurred in NZ due to drinking water, and
that outbreak were of sufficient size or severity to garner international media attention,
that this might affect export markets and potential tourism activity. However, we have
not found any studies that estimate the size of impact that would occur, either for NZ or
other countries. Even if such estimates were available, given the level of uncertainty that
there would likely be around such estimates, it may not be robust to attempt to value,
and any estimation would introduce more uncertainty than benefit into the calculation.
How to value?
Estimating the cost of improving the quality of drinking water is relatively
straightforward because the costs would be borne by the water supplier and are largely
financial in nature. Costs can be estimated based on the upgrade required to lift the
water supply system to provide the necessary quality of water and prices for these
components can be taken from the relevant markets.
The primary benefit from drinking water complying with the Standards is the avoided
cost of illness to society. Reflecting this, and consistent with approaches taken in the
literature we reviewed, we have opted to utilise a cost of illness approach to determine
the benefits from drinking water meeting the DWSNZ.
The cost of illness approach required us to identify the range of ways in which society is
impacted by illness, develop modelling assumptions, and then utilise available market or
quasi-market prices in order to value. Within this we have utilised the human capital
methodology to consider the value of lost productive activity from society due to illness.
The primary draw-back of the Cost of illness approach is that it does not put a value on
the pain and suffering of the patient.
Following early feedback, consideration was given to utilisation of willingness-to-pay
methodology. Willingness-to-pay may be stated (e.g. through surveying) or estimated
through revealed preference. Willingness-to-pay methodology has some advantages in
an analysis of this type where many of the benefits (e.g. avoided pain and suffering) do
not have market prices. In addition, the values reflect what people would actually be
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willing to spend on to obtain some benefit, when compared to other alternatives. A
disadvantage of the willingness-to-pay approach that we considered was particularly
relevant in this case is that it is assumed that the consumer is fully informed of the
benefits; we suspect that many New Zealander’s would assume that their networked
drinking water would not pose a risk of illness to them or others. Regardless, based on
our literature review we concluded that there was insufficient available and transferable
information from studies in order to prefer a willingness-to-pay approach.

4.4 Overview of methodology
In this section we provide a brief overview of the methodology used to estimate and
compare costs and benefits. Further detail is provided in the relevant parts of this report,
as referenced in the introduction to this chapter.

4.4.1 Estimation of costs of compliance
The methodology for estimating the costs of compliance sought to find the likely lowest
cost way in which a water supply system could be upgraded to be compliant with the
Standards. In some cases the lowest cost option is unlikely to be the option chosen by
the community, due to community preferences regarding use of chlorine or aesthetic
features of the water supply.
The methodology for estimating costs varied depending on the size of the water supply.
For Large supplies, the owner of the water supply (usually the local council) was
contacted and asked to provide information on the cost of upgrading the supply to meet
the Standards. Based on this information, and information previously collected by Beca,
a judgement was made on the cost attributable to requiring compliance against the
Standards.
For water supplies of size Neighbourhood to Medium, different processes were used for
microbiological and chemical compliance. These are explained below.
The relationship between water treatment plants and water supplies is not one for one. In
situations where a water supply had multiple treatment plants and only some plants met
the standards, it was assumed that the supply did not comply. However, only upgrade
costs were estimated for those plants that would require upgrading. Where a single plant
served multiple water supplies, or other complicated relationships between treatment
plants and supplies arose, consistent decision rules were employed (with some
pragmatism) as to how to relate or apportion costs to the different supplies.

4.4.2 Microbiological compliance
For microbiological compliance a three step process was used, as follows.
•

Water treatment plants within these supplies were categorised according to their
source water and existing compliance against the Standards. Based on this and Beca
knowledge, an estimate was made about the existing treatment in place at the water
treatment plant.
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•

The changes that would be required to upgrade the water treatment plant to achieve
compliance with the Standards were identified in terms of the additional treatment
processes, monitoring, or effort to prove secure groundwater supply.

•

A cost model was developed to estimate the cost of each of these changes for
different sized water supplies was developed and used to estimate the cost of
upgrading for each category of water treatment plant.

Case studies were used to assess and adjust the results from the cost model. The costs of
upgrading the water treatment plants were then allocated to the different water supplies
they are connected to, and an estimate of costs for different sized water supplies arrived
at.
While securing ground water supplies was an option for some communities, changes in
source water were not usually considered in the analysis due to the lack of information
on whether alternative viable sources would exist on a supply by supply basis.
The National Environmental Standard for Sources of Human Drinking Water is intended
to reduce the risk of contaminating drinking water sources such as rivers and
groundwater. It does this by requiring regional councils to consider the effects of
activities on drinking water sources in their decision making. The expectation set by the
National Environmental Standard is that activities will not be allowed that would
introduce or increase the concentration of any determinands in sources of drinking water,
so that, after existing treatment, the drinking water would no longer meet the drinking
water Standards. For this reason, it is assumed that the quality of drinking water sources
will not decline over time.

4.4.3 Chemical compliance
Compliance with chemical determinand maximum acceptable values (MAVs) in the
Standards do not have to be measured in every supply. Those supplies that the Ministry
believes exceed half the MAV for a particular determinand are required to monitor for
compliance.
With a few exceptions, MAVs for chemicals are calculated for long-term exposure, i.e.,
their health effects are manifested over a lifetime (defined as 70 years) of consumption.
We have only looked at transgressions above the MAV value in the 2007/08 year. The
population of a supply must be at least 500 before monitoring is required.
The costs to upgrade water treatment plants for chemical determinands was considered
on a case-by-case basis. Water treatment plants, where a chemical MAV value was
exceeded in the 2007/08 year, were considered to require upgrading to comply with the
Standards.
Based on either direct knowledge of that water treatment plant, or using assumptions
from the cost model, Beca determined the likely existing treatment processes at each
plant. The additional treatment required to reduce the chemical contamination was
selected based on the existing treatment, microbiological compliance and the particular
chemical contaminant to be treated.
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Where chemical MAV transgressions have occurred and the associated water treatment
plant has also been identified as non-compliant for a microbiological determinand we
have firstly looked at the upgrade requirements for the microbiological determinand(s)
and then whether any further treatment beyond that would be required for the chemical.
The costs reported for chemical MAV compliance is therefore over and above any costs
required for microbiological compliance.

4.4.4 Estimation of value of benefits
The estimation of the value of benefits was a two step process.
1. Estimate the change in incidence of disease that would result from drinking
water supplies complying with the Standards.
2. Estimate the avoided cost of illness to society
Change in incidence of disease
For diseases caused by chemicals, ESR provided estimates of the expected change in
incidence of disease due to reducing the concentration of chemicals in the water supply
to the MAV. The approach effectively took the difference between the expected level of
illness at the MAV and the expected level of illness if it were assumed that the
maximum concentration found in each water supply was consistently occurring.
For disease caused by bacteria and protozoa, a more complex approach was required.
A. For those diseases caused by bacteria and protozoa, and for which we have
sufficient available information, the total estimated number of cases each year in
NZ was estimated.
B. The proportion of cases of each of these diseases that is attributable to drinking
water was identified, primarily based on research provided by ESR.
C. By multiplying A and B, the number of cases of each disease attributable to
drinking water was estimated.
D. An assumption was made that all persons receiving drinking water from
supplies that are not known to meet the Standards were equally at risk of
contracting disease through drinking water. Those supplies not known to meet
the Standards include all tank supplies and self suppliers.
E. The change in the proportion of people who would no longer receive drinking
water from supplies known to not comply with the Standards was estimated.
F. The change in estimated incidence of each disease was arrived at by
multiplying C (number of cases of each disease attributable to drinking water)
by E (change in the proportion of people receiving drinking water from supplies
known not to comply with the Standards).
Estimates in the change of incidence of sequelae disease were also made. These were
based on information from published literature regarding the proportion of AGI cases
that would experience each type of sequelae.
Estimation of value of benefits
Having estimated the change in incidence of disease due to compliance, the next step
was to estimate the cost of illness. This required identification of the ways in which
cases of illness affect economic activity and impose costs on society.
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These costs were grouped as follows
•

Healthcare and medical costs

•

Travel costs to access healthcare

•

Lost productive time and death for those who experience illness

•

Lost productive time for caregivers.

For each disease and sequelae a range of possible health outcomes were identified (e.g.
recovers at home without seeing a GP, visits a GP, hospitalised) and the proportion of
cases experiencing each outcome was estimated with reference to both published
literature and NZ Health Information Service (NZHIS) data.
For each disease health outcome, a profile of costs incurred under each of the four cost
groupings listed above was assumed (a “patient journey”). Assumptions were based on
published literature and expert opinion.
Values were then estimated for each of the costs identified, for instance costs of GP
visits, specialist visits, travel, a lost day due to illness. Values were taken from a range
of market and quasi-market sources. The value of a lost day due to illness was based on
Statistics NZ information on average adult productive activity, with market work being
valued using average market wage rates and non-market activity being valued at the
median hourly wage for service and sales workers, as per previous Statistic NZ
estimates of the value of unpaid productive work. Information on actual average
hospital costs per discharge were utilised for those most cases involving hospital stays.
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5 Review of selected literature
This chapter provides an overview of the relevant literature that helped to shape our
approach and methodology. Studies related to estimation of incidence of disease are
discussed separately in section 6, Compliance and incidence of microbiological disease.
The review in that follows is organised into two sections.
Guidance on, and examples of, cost benefit analyses of regulating
drinking water quality
We have found guidance from overseas government organisations helpful and a brief
summary of two sets of guidance is included. In addition, we review a large cost benefit
analysis study by the Environmental Protection Agency (EPA) related to regulating
drinking water supplies to prevent cryptosporidiosis.
We sought to find studies of willingness to pay or other contingent valuation methods
that could allow valuation of benefits in this manner. While we found many studies that
considered willingness to pay in an environmental context, we have struggled to find
relevant material related to treated water, especially on the willingness to pay for
avoidance of AGI. While improvements to source water may help to meet the standards,
the relationship between source water and treated water quality is less certain. In
addition, protection of source waters is regulated for through the National
Environmental Standard for Human Drinking Water. We outline what we have found in
searching the literature.
Estimates of the cost of illness of acute gastro intestinal illness (AGI)
We have found a range of studies that estimate the cost of AGI, and four studies from
NZ and Australia are included here. These studies are informative and provide a way
forward in estimating the avoided costs resulting from reduction in the incidence of
disease due to improved water quality.
Key takeaways from the literature
We suggest the following are the key takeaways from our review of the guidance and
literature material.
•

The preferred approach set out by agencies providing guidance to estimating the
value of the benefits is to use 1) market prices or 2) willingness to pay or other
contingent valuation techniques. Benefit transfer should be approached with care.

•

Given the difficulties with primary research to establish contingent valuations and
risks with benefit transfers, cost of illness methodology is commonly used to value
the avoided morbidity. EPA (2005) provides an example of a CBA valuing the
benefits of new regulations for drinking water treatment using the cost of illness
approach.

•

Demonstrating linkage between changes in regulation and changes in health of a
population is difficult and there are many parameters of uncertainty that can be
considered. Wide ranges of estimated change in illness are to be expected.

•

There is a wealth of studies of cost of illness from AGI. Most use very similar
approaches. Lost productive activity is the key driver of costs. Definitions of AGI
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vary and this will impact on the estimates of number of cases avoided and the
average severity of those cases.
•

The change in incidence of disease from drinking water as a result of compliance
with standards will be dependent, amongst other things, on the original level of
incidence of disease (including initial treatment) and specific source water
characteristics.

5.1 Literature review search methodology
In summary, while the methodology does not meet the standards of a systematic review,
we believe that we have taken a wide lens in our searching for relevant literature. And
with significant help from the Ministry of Health library, Andrew Ball at ESR, and
experts who have assisted us in the course of the study, we believe we have identified
and obtained key literature and studies in this field. The material found has guided us in
terms of approach and methodology.
Early feedback prior to initiation of the full cost benefit analysis suggested care was
needed to ensure the full range of benefits from improved drinking water quality were
being identified. References provided by stakeholders were examined, but not treated as
exhaustive.
In general, a focus was placed on finding material either from New Zealand, or from
developed countries, with a preference for work from the UK, Australia and Canada
whose health systems and therefore burdens of cost from disease were likely to be more
comparable.
We note that a great deal of information was discovered on the importance and impacts
of cleaner drinking water in developing countries, for example, from the World Health
Organization (WHO), or the Safe Drinking Water Foundation (SDWF) While some of
this material was of interest from the point of view of evidence of linkage between
disease and drinking water, or methodology, most was not considered relevant given the
significant contextual differences of the populations receiving drinking water.
Searching was undertaken both by a professional librarian within the Ministry of Health
library, and by the authors utilising various internet sources, with both published and
grey literature of interest. Given the difficulty in finding information on the attribution
of proportions of individual diseases to drinking water in developed countries,
independent literature searches were undertaken for us by Andrew Ball at ESR, utilising
ESR sources.
A bibliography is appended to the report and further detail on internet sources searched
and key search terms for parts of the analysis are included. Because of the breadth of the
searching it is not practical to provide all search terms and combinations.
The search processes revealed many ‘hits’. From these hits, we briefly reviewed
abstracts or similar and sourced the articles that appeared to be pertinent, and then
carried out a more detailed reading of those articles, sites, and databases. Where the
searcher was in doubt regarding relevance, the item was referred to another author.
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Papers were also received from, and bibliographies compared with, experts in the
subject area who we talked to during the course of the study.

5.2 Guidance and examples of cost benefit analysis of
drinking water regulations
We found that a number of overseas agencies published guidance on how to undertake
cost benefit analyses of interventions to improve drinking water quality. Below we
summarise guidance from two government sources; The United States EPA, and the
European Technology Enabled Universal Access to Safe Drinking Water project.19

5.2.1 US Environmental Protection Agency (EPA)
The Safe Drinking Water Act 1974 (SDWA 1974) is the principle Federal law for
ensuring the provision of safe drinking water to communities. Under the SDWA the
EPA sets standards for community drinking water provision. In setting standards, the
SDWA 1974 requires evaluation of proposed standards through a CBA. Both the
quantifiable and non-quantifiable benefits that would flow from proposed regulations
must be compared to the cost of those regulations.
The EPA (2002) 20 provides helpful guidance on assessing the benefits of drinking water
regulations. The EPA identifies three key categories of benefits from introduction of
maximum contaminant levels (MCLs, equivalent to MAVs in the NZ context). The three
categories are human health benefits, aesthetic effects, and changes on effects on
materials within the water supply (e.g. reduced corrosion).
The EPA’s preferred approach to valuation of benefits is for the specific benefits to be
identified in a way that is meaningful to the public (e.g. a reduction in likelihood of
contraction of a disease from X/100,000 to Y/100,000) and for valuation of these
benefits to occur at market prices. Where a market for the good or service does not exist,
studies that determine willingness to pay are preferred. However, the EPA
acknowledges that using willingness to pay will often require large scale primary
research or benefit transfer from other studies. Benefit transfer is described as a
“secondary” methodology because it does not involve primary valuations. Willingness
to pay methodology can also raise equity concerns, as the most disadvantaged members
of society will have the least ability to pay.
In situations where valuation at market prices or willingness to pay techniques are not
used, other primary valuation methods, including the cost of illness approach utilized in

19

The UK Water Industry Research (UKWIR), an industry body representing water and sewage
service suppliers in the UK also provides guidance on the use of cost benefit analysis, but charges
for this guidance. For instance, the UKWIR provide a toolkit to those who wish to undertake
studies to justify investment to improve aesthetic water quality,
http://www.ukwir.org/ukwirlibrary/91494, accessed February 2010.
20

(EPA, 2002)
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this study, are suggested. The EPA states that cost of illness (COI) studies are widely
used where the core human health impact is morbidity (rather than mortality).

5.2.2 TECHNEAU
The Technology Enabled Universal Access to Safe Drinking Water (TECHNEAU) is a
project funded by the European Commission with the aim of addressing challenges to
ensuring safe drinking water. A report for TECHNEAU (Baffoe-Bonnie et al., 2008)
develops a framework for Operational Cost Benefit Analysis in Water Supply. The aim
of the framework is to provide a basis on which the costs of improving the operation of
water supplies can be compared to the benefits, and assessment made of the value of the
new technology or approach to a community.
The authors of the report suggest the benefits assessment is less well understood than the
costs assessment with regards to drinking water. The following categories of benefits are
identified by Baffoe-Bonnie, Harle, et al (2008).
•

Improved human health

•

Enhanced aesthetic qualities

•

Avoided costs of averting behaviour

•

Avoided materials damages

•

Avoided costs of market production

•

Non-use benefits and

•

Information benefits.

The range of benefits identified has informed our discussion of benefits in section 7,
Benefits of avoided endemic disease.
The TECHNEAU report suggested a useful approach to estimating the costs and
benefits of water supply issues, which we reproduce in Figure 2: Operational Cost
Benefit Analysis below.

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

43

Figure 2: Operational Cost Benefit Analysis

Source: Baffoe-Bonnie, Harle, et al (2008) for TECHNEAU
This is essentially the framework of thinking that has guided us in the present CBA,
insofar that we have searched for and identified the relevant benefits, chosen appropriate
economic tools to value them, and then compared them to the costs.
Use of contingent valuation methodologies
As with the EPA guidance, the TECHNEAU guidance recommends the use of
willingness to pay methodologies (or other contingent valuation methodologies) to
measure the benefits from operational changes, ideally using surveying. The two main
valuation techniques suggested for estimating willingness to payare revealed preference
and stated preference methods.
TECHNEAU’s guidance also emphasises the expectations and differences that exist
between end users with respect to geographic, economic, and water supply issues,
suggesting that benefits might be valued differently in different populations. Consumer
preferences may also be affected by experiences in the past (for instance, history of a
past epidemic or poor reliability water supply and quality), thus increasing the difficulty
in transferring benefits between studies.
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5.3 Examples of cost benefit studies of raising drinking
water quality
The best example of a large scale CBA, with relevance to the work being undertaken in
this report, is provided by the EPA. We review the methodology used by the EPA and
then go on to consider relevant studies from NZ and elsewhere.
While both the EPA and TECHNEAU recommend the use of willingness to pay (or
other contingent valuation) methodology in CBAs for changes in drinking water quality,
we have found very few studies of relevance that use these techniques. In particular, a
search of the Environmental Valuation Reference Inventory (EVRI) revealed no studies
of direct relevance to changes in regulatory standards for drinking water quality. The
lack of relevant health studies utilizing contingent valuation methods may not be
surprising given the known ethical and estimation problems that arise in using
contingent valuation in publicly funded health care (Cookson, 2003). To our knowledge,
cost effectiveness and cost utility analysis utilising measures such as quality adjusted
life years is a preferred approach, avoiding the controversy of valuing lost life.

5.3.1 Weaknesses of cost benefit analysis studies
The popularity of CBA studies may be due to the apparently simple result; a single
number representing the balance of potentially complex effects. However the simplicity
of CBAs can be misleading. As with any other tool or analytical methodology,
limitations will exist and should be acknowledged. CBA is no exception to this, and
some reservations regarding CBA have been discussed in the literature (Page et al., 1983;
Ward, 2009).
We acknowledge that both our work, and the work reviewed below, is subject to the
assumptions and weaknesses that common amongst CBA analysis.

5.3.2 A large scale CBA evaluating treatment levels for
cryptosporidium in the US
The EPA’s approach to using cost of illness methodology is illustrated in Economic
Analysis for the Final Long Term 3 Enhanced Surface Treatment Rule (EPA, 2005).
EPA (2005) considers the benefits from implementing a long term enhanced water
treatment rule for surface water sources to reduce the public health risk from
cryptosporidium cysts in the drinking water supplies. The treatment rule being proposed
by the EPA was an increase in the number of log reductions required for filtering to
remove cryptosporidium oocysts from the water supply (effectively and increase in
filtering requirements). The size of the proposed change in the log treatment
requirements depended upon the quantity of cryptosporidium oocysts found in the pre
treatment water supply.
While the results of the study are not directly comparable to New Zealand, the
methodology used is informative for our own work. In addition, the results of the study
illustrate the degrees of uncertainty resulting from studies of this type.
Estimating the benefits
EPA (2005) considers the benefit from reduced cryptosporidium in drinking water to be
a reduction in endemic cases of cryptosporidiosis illness and death. Three separate
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databases of information on water supplies were used to estimate the likely change in
cases of illness and the cost of implementing the new regulation. No estimate of health
benefits from avoided epidemics is attempted, although the report notes that a reduction
in risk of an epidemic could be expected.
EPA (2005) suggests that there are also a range of benefits from the improved treatment
standards that it does not attempt to quantify: reduction in risk to sensitive
subpopulations (e.g. those who with compromised immune systems), reduction in co
occurring or emerging pathogen risk, improved aesthetic quality, and avoided costs of
consumers attempts to avert possible risks by not consuming water from the tap.
Three sets of dose-response assumptions are used in the estimates (being the relationship
between cryptosporidium oocysts in the water supply and resulting incidence of
illness).The estimates for the number of cases avoided each year by the proposed
regulatory rule ranged from 89,000 to 1,459,000 depending on the data set and dose
response assumptions used.
Valuation of benefits
The EPA methodology multiplied the estimated avoided morbidity and mortality from
the proposed rule by a cost of illness and a standard value of a statistical life,
respectively. Two cost of illness (COI) estimates were used. A traditional COI estimate,
which includes medical expenses and lost work time (including some proportion of lost
nonmarket household production). And an enhanced COI which encompasses the
traditional COI estimate, plus an estimate of the value of lost personal time (both
productive and recreational time) and lost productivity at work when workers go to work
but are unwell.
The total estimated value of benefits, annualized over a 25 year analysis period and
discounted at 7% per annum ranged from $144m to $2,286m using the enhanced COI
and from $105m to $1,662m using the traditional COI.
Estimation of costs
Similarly, the expected costs to individual households varied greatly. Because of the
difference in costs, separate cost estimates were made for supplies serving less than
10,000, and less than 500 persons. At a national level the estimated mean cost per
household each year ranged from $1.42 to $2.84. For supplies serving under 500 persons
the estimated mean cost per household ranged from $7.21 to $14.42, although a small
number of households were expected to face considerably higher costs, in excess of
$120.
Net benefit expected from implementation of the proposed rule
The proposed regulatory rule was considered to have mean net benefits under all
datasets and dose response scenarios using the enhanced COI, and in all but one
possibility using the traditional COI. However, the preferred regulatory option did not
necessarily result in the greatest net benefits under all conditions.

5.3.3 Cost benefit analyses of drinking water quality from New
Zealand
The existing central reference for evaluating costs and benefits of compliance to
drinking water standards in NZ is Rosevear (2004). Rosevear (2004) evaluated the costs
and benefits associated with complying to the Health Act 1956 in order to explore the
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options for providing assistance to improve drinking water. Case studies from NZ and
overseas (Walkerton (Canada), and Milwaukee (USA)) were presented to demonstrate
drinking water system failures (Rosevear, 2004).
Rosevear (2004) estimates the cost of compliance for all registered networked water
systems on the assumption that all systems will be improved to comply with the
DWSNZ 200521. Those systems that had already declared an intention to comply with
the revised Standards were removed from the analysis22.
For each of the waterborne illnesses in New Zealand, the Rosevear (2004) report:
•

Utilised existing estimates the number of cases of the illness for the entire NZ
population per year, based on reported incidents and estimates of under-reporting.

•

Estimated the proportion of these that could be attributed to drinking water sources.

•

Utilised existing information on the health impact and cost of disease to allow
calculation of the average total cost per case.

This information provided the total cost of the disease resulting from waterborne sources.
This cost was adjusted for the proportion of the benefit that related to roof supply
systems, and therefore would not be realised as these systems are exempt from taking
steps to meet the Standards. Further analysis was then undertaken to apportion the total
cost of the disease from waterborne sources across time off work, mortality, and medical
costs.
The monetised costs of installing Standards compliant systems for all registered and
networked community drinking water supplies significantly outweighed the monetised
benefits from avoided illness and risk of outbreak ($35 million per annum costs versus
$15 million per annum benefits). The potential benefits are based on the burden of
disease attributable to drinking water, identified principally as gastro-enteric illness.
The disease risk was quantified and monetised based on the cost of lost production,
direct medical costs incurred and an estimate of the cost of premature mortality due to
waterborne disease23. Point estimates were used for disease costs with statistical analysis
of uncertainty eschewed for simplicity. Intangible benefits are not quantified due to the
conceptual and measurement difficulties involved.

21

There is some uncertainty as to which standards the cost estimates were intended to assume
upgrade to. Page 54 refers to the DWSNZ 2004, whereas the engineers report refers to the
“upgraded DWSNZ 2003”. Given that no standards were issued in either year, we assume the
intent was to meet the DWSNZ 2005.
22

Refer page 54. The impact of is to remove 15 cities from the analysis.

23

The report explicitly avoids using DALYS or contingent valuations (willingness to pay to
avoid pain and suffering). This is mainly to facilitate comparison with the monetised engineering
costs of installations, and also due to the importance of lost productive time as a consequence of
GID. It does however use the value of a statistical life of $2 million.

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

47

Rosevear (2004)’s estimates were used in the subsequent studies carried out by the
Ministry for the Environment (2007) and Robak and Bjornlund (2009), which we now
consider.
Ministry for the Environment, 2007
In 2007, the Ministry for the Environment (MfE) released a report analysing the costs
and benefits of the proposed National Environmental Standard for sources of Human
Drinking-Water (NESHDW).24
The report considered it was not possible to estimate the reduction in health costs due to
the NESHDW due to the uncertain nature of the relationships between health, treatment
and source water. However, a linear dose-response relationship (which assumes a linear
relationship between the amount of drinking-water contamination and disease burden) is
used to provide an indication of the change in health status associated with a change in
final drinking-water quality. The approach assumes that the NES will lead to changes in
the quality of source water, which in turn will lead to changes in the quality of water
following treatment. It is not clear what level of change in quality of source water is
required in order to lead to a change in the quality of water following treatment.
The MfE report identifies, but does not quantify, non-health benefits of improved source
water quality such as the aesthetic/spiritual value, international reputation,
environmental value and recreational value. In addition, it recognises benefits in the
form of increased protection for sectors of the community at greater risk from
contamination, including visitors using an unfamiliar water source.
Robak and Bjornlund, 2009
Robak and Bjornlund (2009) propose a methodology for individual water suppliers to
estimate the costs and benefits of upgrading a water supply to meet the protozoa
determinands of the Standards. The methodology assumes a cost of illness per case of
$1266, based on adjustment of work by Rosevear (2004) and Ministry for the
Environment (2007). The change in likelihood of illness is estimated based upon the
quality of the source water, the existing level of treatment, and the size of the population.
Changes in capital and operating costs as a result of the upgrade are dependent upon the
source water and existing treatment, with assumptions being made about what treatment
systems would already be in place and what would need to be added.
The Robak and Bjornlund (2009) methodology is applied using a number of theoretical
case studies. The results suggest that the benefit:cost ratio of upgrading to meet the
protozoa determinands in the Standards would range from 0.5:1 to 7:1 for individual
water supplies. The results are highly sensitive to the assumed level of cryptosporidiosis
oocysts in the water supply prior to the upgrade. Their findings draw attention to the

24

Ministry for the Environment (2007), Proposed National Environmental Standard for Sources
of Human Drinking Water.
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location-specific health risks that mean that the results of any CBA must be considered
in light of the particular characteristics of a water catchment area.

5.3.4 Other examples of cost benefit analyses
Estimating the costs and benefits to regulate for the monitoring of
cryptosporidium
Fairley et al. (1999) consider the costs and benefits of a UK decision to require
monitoring of cryptosporidium oocysts in water supplies and making it illegal to supply
water with more than 10 oocysts per 100 litres. The authors use information from a
range of existing sources to estimate the cost per case of cryptosporidium avoided by the
new requirements. Identifying the costs of the regulations, at least in regards to
monitoring, is relatively straight forward (estimated at 8 million pounds per year 121
treatment plants). However, identifying the benefits in terms of the number of
cryptosporidiosis cases attributable to drinking water, and which would be prevented by
the new law, is more complex. The authors suggest little evidence exists on the number
of cryptosporidiosis cases attributable to drinking water in the UK, and suggest that
regardless the requirement for monitoring will not in itself prevent illness as
processes for monitoring for cryptosporidium oocysts are relatively inaccurate.
Fairley et al (1999) illustrates a common theme in the few benefit assessments of
regulatory actions to improve drinking water quality – the difficulty in finding evidence
that will link the regulatory action to the expected benefits. For illness from drinking
water the problem is compounded by uncertainty regarding the proportion of any given
disease attributable to drinking water as opposed to another source, such as food or
animal contact.
A regulatory impact statement analysis from Victoria, Australia - avoiding
epidemics
The Safe Drinking Water Act, 2003, in Victoria, Australia, provided a legislative
framework allowing for the introduction of regulations to ensure the provision of clean
and safe community drinking water.
The Regulatory Impact Statement (RIS) for the Safe Drinking water regulations
(Department of Human Services (Victoria), 2004), evaluates the costs and benefits of
the Safe Drinking Water Regulations, 2004. The regulations set the standards for
drinking water being supplied to communities and required the introduction of risk
management plans for drinking water supplies.
The total cost of the regulations was estimated at a NPV of $68.2 million over ten years,
with almost 60% of these costs attributed to capital and operating expenses entailed in
reaching compliance, the monitoring of compliance, and of reporting. 26% of costs were
related to the implementation of risk management plans.
Benefits from avoided epidemics
The focus of the benefits analysis is the reduced risk of an outbreak. The focus on
outbreaks rather than endemic disease is due to work by Hellard et al (2001), which
found that Melbourne’s drinking water source was of a high standard and associated
with low levels of endemic disease. The expected benefits of the regulations from
avoided epidemics related to:
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•

Reductions in the risk of acute disease

•

Reductions in the risk of chronic disease

•

Reductions in the costs of avoidance behaviours in the event of contamination of
the water supply

•

Increased consumer confidence

•

Improved efficiency in the management of water businesses.

The RIS declines to attempt to quantify the benefits, stating that “A full quantification
of these benefits [of the drinking water regulations] has not been possible largely as a
result of the fact that incidences of water contamination are relatively rare and
unpredictable in relation to both frequency and impact.”
The RIS estimates that without the proposed regulations the likelihood of a significant
waterborne disease outbreak in Victoria is one every ten years. The RIS refers to a study
developed by Monash University and the National Centre for Epidemiology and
Population Health in 1997. The study set out four major sources of costs from an
outbreak, and estimates a distribution of these costs as follows.
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Table 8: Costs of waterborne disease outbreaks, Monash model
Cost

Distribution of cost in relation to
epidemic disease

Costs considered

Direct costs
of illness

3.2 %

Medical costs, associated costs of treatment
medication

Indirect costs
of illness

19.5%

Production losses from sick days, Reduced
productivity while working

Costs of
avoidance
behaviour

65.8%

Costs incurred form trying to avoid the
disease in an outbreak

Management
costs

11.5%

Government inquiry and management costs;
Compliance costs by suppliers and
consumes

The study is based on the cost of an epidemic outbreak of infectious intestinal disease
(IID or AGI) for a typical town of 11,000 people, for which the cost is estimated at
A$1.8 million. In theory, the report argues that the potential benefits from a reduction in
epidemic frequency or severity could notionally be derived from this cost, so an
estimated 50% reduction in epidemic severity would be evaluated at $0.9 million. The
Monash study excludes the cost of lives lost and cost of pain and suffering on the basis
of difficulty to quantify. Exclusion of these avoided costs due to difficulty to estimate
was a theme across several studies25.
Large scale epidemics
The RIS suggests that in addition to considering a “typical” significant outbreak,
benefits from avoiding or reducing the cost of large scale outbreaks, such as the
“outbreak” event experienced in Sydney in 1998, must also be considered. The Sydney
event had an estimated total cost of approximately Australian $350m. Inclusion of the
Sydney “outbreak” in the RIS as an example of an event that may be avoided through
improved regulation and monitoring is surprising given that no outbreak of disease
actually occurred in Sydney, rather monitoring systems detected cysts in the drinking
water supply and led to significant spending on management and consumers avoiding
drinking water straight from the tap.26

25

This study has not been directly reviewed within this present work as we have been unable to
obtain it.
26

The operating expenses and foregone revenue to Sydney were estimated by the Productivity
Commission at $A74.6 million. The abnormal operating expenses included compensation to
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The RIS concludes that, given the size and cost of the Sydney outbreak, the regulatory
change in Victoria would be justified if the likelihood of an incident of that size were
reduced by two cases per 100 years, from an unknown starting point. The importance of
the risk profile of a community in determining the benefits from avoiding an outbreak of
disease is noted. If a population is risk averse, the perceived benefit to the community of
avoiding a large scale outbreak may be significantly greater than the quantified costs of
illness and management.
Comment on usefulness
The usefulness of the Victorian RIS CBA is limited for our study, because in the NZ
context we are interested in endemic disease. However, the RIS analysis does highlight
the problem of assessing the benefits from avoiding epidemics, when the existing
likelihood of an epidemic is unknown and the ability of regulations to change the
probability of outbreak is uncertain.
Small water supplies in developed countries – the impact of considering
sequelae in the analysis
A CBA by Hunter et al (2009) illustrates how failure to identify the full range of health
affects in studies of AGI can lead to significant changes in the overall results.
Hunter et al (2009) apply a cost benefit analysis to water interventions in rural
populations of developed country sub-regions (considering small or very small
communities). They estimate the costs of acute diarrhoeal illness associated with small
community supplies to be US $4,671 million, while the costs of intervention are
estimated to largely outweigh these benefits at a ratio of 2.71 to 1.
However, when the costs of avoided of Irritable Bowel Syndrome (IBS), a sequelae of
AGI, were added to the analysis the benefits outweighed the costs by a ratio of 9.87 to 1.
The study suggests that investments in drinking water provision in rural settings are
highly cost beneficial in the developed world, once the impact of IBS is included.. The
subregions considered were those in the US, Europe and Western Pacific.

5.3.5 Cost effectiveness analysis and willingness to pay
Raucher (1996) illustrates an alternative economic assessment technique, cost
effectiveness analysis, and values of statistical life derived from estimates of willingness
to pay.
An alternative to cost-benefit analysis is cost effective analysis, which allows
comparison of costs and benefits without requiring measurement of health benefits in
dollar terms – for instance, benefits may be measured in terms of lives saved or cases

customers, insurance claims, monitoring and testing costs, inquiry costs, and other costs. The
costs of averting behaviours was estimated as being extremely large, given the long duration of
boil alerts (35 days) and the size of the population affected.
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avoided. Comparison is then made between the cost per unit of health benefit achieved.
Cost effectiveness analysis is considered useful because it avoids the uncertainty and
controversy inherent in valuing changes in health status and lost life while still allowing
comparison of intervention options. The key limitation of cost effectiveness analysis is
that it is difficult to compare to other spending options where the benefits are measured
using different units (i.e. not in terms of lives saved or cases avoided).
Raucher (1996) uses costs effectiveness analysis to compare the costs of regulating to
control the levels of a range of carcinogens within drinking water supplies in the United
States.
Raucher (1996) cites evidence that suggests the US Federal drinking water regulatory
program has led to between 70 and 121 cancer cases being avoided annually. When
analysed at the individual carcinogen level, and compared to the costs of the regulations
for different sized water supply systems, Raucher (1996) finds significant variation in
the costs of compliance per cancer case avoided, with costs tending to be greatest for
supplies serving smaller populations. Raucher (1996) suggests that the variation in the
cost to regulate the contaminants indicates that greater public health protection benefits
could have been achieved for the same cost if cost effectiveness analysis had been used
to inform policy making and if standards had been applied selectively according to
contaminants, and if the stringency of the standards were adjusted for the size of the
population.
Using willingness to pay to arrive at the value of a statistical life
Raucher (1996) also utilises estimates of the “value per statistical life saved” to arrive at
a monetary value for the cases of cancer avoided. Estimates used by Raucher (1996) are
based on a willingness to pay estimation approach. Although the estimates are made by
other authors, Raucher (1996) explains the methodology as being “…hedonic analyses
of wage rates…to ascertain how much individuals are willing to pay …to face reduced
fatality risks.” Raucher (1996) suggests that the literature on values of statistical lives
using this approach point to estimates between $US2m and $US10m.
Based on these values, the overall benefits of carcinogenic risk reductions achieved by
the regulatory program were found to be roughly commensurate with the program’s
costs. However, the benefit to the communities would have been greater if the individual
contaminants been considered.
Danish estimates of willingness to pay for clean drinking water
The best example we found of a willingness to pay study for clean drinking water was
Hasler et al (2005), which estimates and compares consumers’ willingness to pay for
safe, untreated, ground water and treated ground water. Danish drinking water policy is
based on the assumption that the public prefers clean groundwater to water that has been
treated, and the study tests this assumption. While Danish consumers do not face a
market price, they are charged for drinking water.
While both naturally clean groundwater and treated water provide consumers with safe
drinking water, expenditure to obtain naturally clean groundwater is assumed to result in
additional environmental benefits.
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Both choice experiment (CE) and contingent valuation (CV) techniques were used to
arrive at an estimate of willingness to pay. Household willingness to pay per year for
“good drinking water quality” from naturally clean ground water was valued at K711
($NZ125) by CV and K3,104 ($NZ545) by CE. K1,204 ($NZ211) of the value
estimated by the CE methodology was attributed to environmental benefits. Annual
willingness to pay for “good drinking water quality” from purified water was K912
($NZ160) by CE and K529 ($NZ93) by CV. These prices were in addition to what
households already pay for drinking water, estimated at an average of K4,000 per year.
The above estimates in $NZ are arrived at using global purchasing power parities for
expenditure on “Housing, water, electricity, gas and other fuels”27. While the estimates
are informative of the possible range of values that New Zealanders may place on clean
drinking water and any associated environmental benefits, it is also likely that
expectations regarding water quality and treatment of water are different. Denmark
appears to have an established policy assumption that clean groundwater is preferred,
where as no such policy assumption is known to exist in New Zealand.
A dearth of other relevant literature on willingness to pay techniques
Given the emphasis placed by the EPA, TECHNEAU and other agencies on use of
willingness to pay techniques in assessing regulations to improve water quality, we had
expected to find some literature, regardless of transferability, of relevance to our
analysis. Literature on willingness to pay for clean drinking water, and ability to pay for
clean drinking water, proved relatively abundant for developing countries. However we
have failed to find a meaningful collection relevant literature for developed countries.
A search of the Environmental Valuation Reference Inventory (EVRI) revealed studies
that utilised contingent valuation methods to assess regulations to improve ground and
surface water sources. However, improved quality of drinking water is only one of a
possible range of benefits, and the relationship between improvement in environmental
water quality and improvement in treated product quality is highly uncertain. In theory,
programmes that isolate the catchment areas of surface waters supplying populations of
less than 10,000 may have their log credit treatment requirements reduced (and therefore
costs of compliance), but this will only be a small proportion of the national sample.
EVRI revealed three studies that directly addressed the valuation of water quality in
municipal supplies, and abstracts for these were reviewed. Two were from the United
States and focused on willingness to pay to reduce the presence of chemicals in drinking
water supplies to EPA MACs. Chemical’s in drinking water breaching MAVs, other
than arsenic, are of limited concern in NZ at this time. The final study sought to evaluate
Canadians’ willingness to pay to continue to receive an existing (unspecified and
variable) quality of drinking water, following public policy discussion on the
affordability of Canadian systems into the future. All studies were undertaken in the
1990s.

27

(WorldBank, 2008)
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The core benefit from improved drinking water quality is expected to be avoided cases
of AGI from microbiological disease. We found one other study that considered
microbiological disease, but the study is unavailable for quotation and the authors
express surprise at their results.28

5.4 Studies of the cost of illness for acute gastrointestinal
illness
Many studies have estimated the costs of gastrointestinal illness. Cost of illness (COI)
studies seek to estimate the burden of illness to individuals and society in terms of the
expenditure or resource loss resulting from the illness, and can be conducted from
different perspectives (Ministry of Health, 2009). As we discuss in this section, the COI
literature that is relevant to this present study takes a societal perspective, and reflects
that the impact of AGI extends beyond the cost borne by the sick individual.
In this section we summarise the most relevant COI studies29. Our own methodology
was strongly influenced by a Cressey & Lake (2007) and Cressey and Lake (2008) and
the body of work undertaken in recent years by ESR for the New Zealand Food Safety
Authority. We therefore describe Cressey and Lake’s work in some detail.
Overall, the studies referenced below have influenced the current study in the following
ways:
•

Emphasising the importance of the assumptions used for estimating the value of
lost productive time, as it is the major influence on the cost of illness.

•

Underlying the importance of adjusting the cost assumptions in the study to
different pathogens and their sequelae.

•

Identifying that a range of health costs and types of lost productivity time may be
considered, but that what is considered must be related to the resources and aims of
the work.

5.4.1 New Zealand examples of cost of illness studies for AGI
Scott et al (2000) – estimates of foodborne AGI
Scott et al (2000) and Lake et al (2000), are two separate but co-published studies that
considered the incidence and cost of food borne disease in New Zealand.

28

Adamowicz, Vic, Dupont, Diane, and Krupnick, Alan, Willingness to Pay to Reduce
Community Health Risks from Municipal Drinking Water: A Stated Preference Study, October
2005,
http://www.webmeets.com/files/papers/ERE/WC3/187/Adamowicz%20Dupont%20Krupnick%2
0Water%20Kyoto%20Submission%20Dec%202005.pdf
29

We note that we have already discussed the pertinent studies by Rosevear and by those based
on Rosevear in the previous section, we therefore do not repeat them here.
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Lake et al (2000) begin by estimating the total cases of acute gastrointestinal illness due
to selected notified pathogens, using NZ information on notified infectious disease and
UK information on the ratio of community cases to GP reported cases.30 Estimates are
then made of the proportion of different types of illness attributable to food and the loss
of productive time due to illness.
Scott et al (2000) build upon this analysis by estimating the cost of illness for each of the
range of diseases and outcomes identified. Three types of costs of foodborne AGI
illness are considered: direct medical costs, direct non-medical costs, and intangible
costs. The assumptions behind these costs, as well as the value used, are listed in the
table below.
Table 9: Summary of economic costs of foodborne disease by Scott et al (2000)
Direct medical costs

Unit cost used
($NZ 1999)

Assumption

GP visit

$31.40

Average unsubsidised adult consultation fee plus one return
trip and one lab test if treated in the community

Prescription costs

$9.73

Prescription is an electrolyte fluid replacement like Gastrolyte
Same dispensed cost for prescribed or OTC purchase

OTC drugs

$9.73

10% of self treatment cases purchase an OTC drug:
electrolyte fluid, one return trip to the pharmacy

Laboratory tests

$15.30

Based on volume and cost data from 1994-1999

Hospital costs

$2054

Hospital cost based on DRG costings; One return trip to
hospital per admission; costs weighted over all diseases in the
study. Long term illness stays based on average stay and bed
cost; GP visits also assumed for long term illness

Transport costs

$0.62 /km (private
motor vehicle)

Round trip of ten kilometres assumed for GP or pharmacy trip,
20 kilometres for hospital admissions

Lost productivity

$678.03

Lost production time based on average weekly total earnings
per week for males and females; Quantity of lost days
estimated for each disease

Direct non medical
costs

30

The estimate for New Zealand was 119,000 cases of infectious intestinal disease per year,
judged to represent a significant health burden despite the fact that the majority of the illnesses
were not severe.
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Table 9: Summary of economic costs of foodborne disease by Scott et al (2000)
Intangible costs
Death

$2 m

Based on the willingness to pay to save a statistical life

Scott et al (2000) calculate a total cost of the estimated episodes of foodborne infectious
disease of $55.1 million, at an average cost per case of $462. Lost productive time was
the largest contributor to the total cost of illness, and of the individual diseases
considered campylobacteriosis was responsible for the majority of the costs (72%). This
last point highlighted the importance of the specific cost assumptions for each pathogen,
as some carry a higher weight than others in terms of incidence and therefore on cost..
Scott et al also make a conservative estimate of $215.7m per year for the cost of illness
for all cases of acute gastrointestinal illness in the NZ population (regardless of disease
or cause).
Also of note are the exclusions from this study:
•

Excluded from the analysis was the quality of life associated with days lost to
infectious disease or to long term illness31.

•

Public health costs of surveillance or control activities were excluded.

We also note from the study the care needed regarding using health care costs from
overseas; the authors warn of comparing costs to NZ due to differences in countries
between health care reporting and treatment systems, relative health care costs and the
mix of market/non market activities considered.
Cressey & Lake (2007) and (2008) - further estimates of foodborne AGI
The work in the late 1990s and 2000 by Lake et al (2000) and Scott et al (2000)
(discussed above) appears to have lead to significant research on potentially food borne
illness by ESR, funded in large part by the NZ Food Safety Authority. Another pair of
studies updating the estimates of incidence of foodborne disease and the cost of illness
were published in 2007 and 2008.
Cressey and Lake (2007) estimates the incidence of seven potentially foodborne diseases
for New Zealand, the proportion attributable to food, and utilises this information to
calculate DALY’s from these selected food borne disease. Estimates of the portion

31

A crude measure for this suggested, though not used, was a QALY estimate in which the total
days lost as a result of illness could be converted to years and multiplied by a weighting factor to
reflect the reduced quality of life. However, the authors warn that productivity loss must be
excluded if QALYs are used to avoid double counting.
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illness attributable to foodborne sources were based on the results of a Delphi process
carried out by ESR.
Cressey and Lake (2008) utilises the estimated cases and health outcomes from Cressey
and Lake (2007) to arrive at a cost of food borne disease for New Zealand.
The basic structure and approach of the studies are the same as in Lake et al and Scot et
al, but the information available to undertake the analysis had developed significantly.
Cressey and Lake (2008)’s cost of illness analysis is from societal viewpoint and aims to
consider the resources consumed by society as a result of disease. The key costs
considered are outlined in the table below. The studies approach and cost categories are
consistent with other large scale cost of illness due to AGI studies that have been
undertaken overseas, most notably in the Netherlands.32
Table 10: Description of costs included in Cressey and Lake (2008)
Cost category

Costs considered within the category

Health care costs

GP consultations; medications prescribed or OTC (entire cost, whether
subsidised or not); laboratory tests, hospital stays

Non-health-care costs
(direct)

Travel costs to and from a GP or a hospital

Non-health-care costs
(indirect)

Costs to society from lost production, based on lost work time for the case and
caregivers. The Human Captial Method is used to estimate the cost of lost
productive time.

Overview of Cressey & Lake (2008) methodology
The study builds on Cressey and Lake (2007), which identified a range of health
outcomes for each of the seven AGI diseases included in the study. Typically, these
outcomes were:
•

Recovered at home without seeing a GP

•

Visited a GP but recovered at home

•

Hospitalised due to AGI

•

Death due to AGI

32

The National Institute for Public Health and the Environment in the Netherlands has
undertaken significant research on the burden of AGI amongst the Dutch population during the
last ten years and this work is heavily drawn upon by New Zealand studies.
http://www.rivm.nl/en/
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Estimates of the total number of community cases contracting each disease type and the
proportion of cases experiencing each outcome were made based on international
literature and NZ health information. Where relevant, health outcomes for those
sequelae were also identified. 33
Cressey and Lake (2008) build on this framework of disease outcomes by identifying the
likely loss of time due to illness and health treatment requirements associated with each
disease outcome and valuing these costs to society.
Estimates of lost productive time for sick persons and their carers were made utilising
research from the Netherlands and a community study of AGI in NZ (Adlam et al.,
2009)34.
Of particular note in this study are the following treatments of sequelae disease
assumptions. We list these in some detail because the choices informed some of our
assumptions in estimating the sequelae costs in our analysis.
•

Guillain-Barré syndrome (GBS): Hospitalisation costs are assumed for diagnosis,
with neurologist and physiotherapy costs also associated. No medication costs are
included.

•

IBD is assumed to require at least one gastroenterologist visit, follow up specialist
visits and travel costs, as well as one x ray cost. Two drugs are assumed for
treatment, the prices for which are based on the Pharmac schedule. 93% of cases
are assumed to have associated prescription costs.

•

HUS (Haemolytic uraemic syndrome) is assumed to have two GP visits and one
specialist visit. No prescription costs are included.

•

ESRD (end stage renal disease) is assumed to require dialysis on an outpatient basis,
specialist consultation; the costs of dialysis are assumed contiguous and both costs
are discounted. No prescription costs are included.

•

Reactive arthritis costs are assumed to be captured under hospital costs. A uniform
distribution between 0 and 67% was used for analgesic use for ReA cases attending
a GP.

The summary table of the costs are given below, with monetary values when possible.

33

The illnesses considered were campylobacteriosis, salmonellosis, listeriosis, E Coli (STEC),
yersiniosis, and norovirus. We note that some sequelae such as IBS were not included.

34

The Cressey & Lake work draws upon a series of papers by ESR representing a great deal of
research by the scientists and researchers there carried out for the New Zealand Food Safety
Authority from 2003 to the present.
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Cressey & Lake (2008)’s work illustrates that often, NZ specific data are not available;
consequently, choices are necessary to try to best value the cost of a disease in the
context of the larger constraints or aims of the study.
Table 11: Summary of costs considered by Lake & Cressey (2008)
Direct medical costs

GP visit

Prescription costs
Other medical costs

OTC drugs

Unit cost used
($NZ 1999)
$50.00

$
$60-$125, $21.76
- $36.12 (physio)
$3-$6 for
analgesics;

Assumption

Based on the total cost of a GP visit including Government
subsidies. All serious sequelae cases see a GP and are
associated with specialist consultation and/or rehabilitation.
Pharmac schedule is used for prescription medicines. .
Specialist consultation estimated at $60-125; physio costs
based on ACC purchase rates
AGI medication usage based on Adlam et al (2009)’s
community study. ‘Any medication use is assumed to equate
to OTC analgesics; 5% of campylobacteriosis AGI cases (self
treating) and 33% of GP cases use oral rehydration products

Laboratory tests

$

Assumed for AGI diagnosis or associated sequelae with
different amounts according to the disease. A basket of
published test prices were used from three laboratories.

Hospital costs

$

GBS, HUS and ESRD cases assumed to be hospitalised at
some stage. Actual case numbers taken from previous
studies: Mangen et al (2004) and Gearry et al (2006)
according to the disease. Unit prices based on DRG
costings.(National price source from MOH).Admissions per
case based on NZHIS data. Hospitalisation costs per case
based on mean admissions per disease type and weighted
mean price for associated DRG code.

Direct non medical
costs
Transport costs

$0.78

Lost productivity

$

NZ census and GIS data used to estimate a weighted average
travelling distance; GP and pharmacy distances were the
same. An average of 14.2 km used for hospital distances.
Running costs for private vehicles estimated from AA.
Production value lost due to the illness is used, including for
fatal outcomes, with assumptions for days lost based on
various studies. Losses are discounted future income. No
productivity losses for under 15 year olds.

Intangible costs
Death

$667

Human capital method based on lost productive time until age
65 based on the national average income of $667 per week,
discounted at 3.5% per year
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The actual results from Cressey & Lake (2008) are summarised below. The total cost
(including sequelae) is estimated at $86 million per annum. Like in Scott et al (2000),
the largest part of the cost is due to lost productivity and the most influential illness is
campylobacter.
Table 12: Estimated cases and cost per case of potentially foodborne disease
in New Zealand each year
Disease

Estimated
incidence, 2005,
Mean (95% CI)

Total cost of
foodborne illness

Cost per case ($)
Mean (95% CI)*

($M)
Mean (95% CI)*

123,000
(86,000 – 177,000)

74
(51 – 102)

600
(350 – 939)

16,800
(5,200 – 32,000)

2.8
(1.9 – 4.0)

380,000
(110,000 – 690,000)

Listeriosis (Perinatal)

6
(5 – 10)

2.3
(0.7 – 4.8)

380,000
(110,000 – 690,000)

Listeriosis
(Acquired)

18
(15 – 27)

0.2
(0.1 – 0.5)

14,000
(7,000 – 28,000)

340
(170 – 760)

1.6
(0.06 – 4.8)

4,400
(190 – 13,200)

7,900
(5,500 – 10,900)

1.4
(0.9 – 2.0)

190
(120 – 300)

108,000
(19,000 – 450,000)

3.0
(0.7 – 11)

50
(8 – 220)

Campylobacteriosis

Salmonellosis

STEC infection

Yersiniosis

Norovirus infection

Source: Cressey & Lake (2008)
95 % CI = 95th percentile confidence interval.
*Based on a discount rate of 3.5%

Although it constitutes the most thorough COI study on AGI for New Zealand, the
Cressey & Lake (2008) study suffers from the lack of NZ specific information regarding
the incidence of sequelae resulting from initial AGI. The relevance therefore of the
overseas values used is called into question by the authors. Other drawbacks include the
uncertainty around the actual number of foodborne disease incidence, and the time
estimated for caregiver absence with AGI sequelae. These both introduce uncertainty
into the cost estimates.
These limitations were also pertinent to our own work study. Further, large scale,
research in the NZ context would be required to address the shortage of NZ specific
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information on the link between AGI and sequelae. Their assumptions, and reasoning
behind their assumptions, were considered in our work, and influenced our methodology.

5.4.2 Australian studies of cost of illness due to AGI
Estimate of cost of AGI for Australia, 2003
A 2003 Australian study on the cost of community gastroenteritis by Hellard et al
(2003)35 seek to estimate the cost of gastroenteritis in Australia. Hellard et al (2003)
builds upon results from a previous community-based study of gastroenteritis carried out
in Melbourne, published in 2001 by Hellard et al. extrapolating the findings to the
Australian population36. Hellard et al (2003) estimate the cost of gastroenteritis in
Australia at just over A$342 million, of which $75 million was direct medical costs and
$266 million was lost productivity costs.
The definition of highly credible gastroenteritis (HCG) used by Hellard et al (2003)
included a case experiencing is any of the following symptoms in a 24 hour period; two
or more loose stools, two or more episodes of vomiting, one loose stool together with
abdominal pain or nausea or vomiting, or one episode of vomiting with abdominal pain
or nausea37 The rate of gastroenteritis cited by Hellard et al (2003) is 0.8 cases of
gastroenteritis per person per year, again based on the community based study in
Melbourne, Australia38.
Direct medical costs considered included GP visits, prescribed medication, and over the
counter medication. The figure of 0.13 days off per person per year was used for time
lost for people working full or part time. This was based on the fact that 95 people in the
survey took 164 days off work because of HCG.
The cost of lost time used in the study was based on opportunity cost, thus the lost
wages valued at the average market wage were used to measure the cost of time off for
both waged employees as well as for those in unpaid activity. For Australia, unlike in
developing countries, the burden of diarrheal disease is low, however 70 deaths per
annum over a five year period was estimated for diarrheal illness or gastroenteritis.

35

(Hellard et al., 2003)

36

The main data set used was that of the Water Quality Study (WQS), a study involving 2811
individuals from 600 families between 1997-1999 in Melbourne. Participants included a range of
children and adults and excluded immunocompromised persons.
37

The definition is thus more rigidly defined than the AGI definition by Cressey & Lake based
on Adlam et al (2007), which only required one episode of diarrhoea and/or vomiting for
inclusion in the study.
38

2669 cases of highly credible gastroenteritis were reported, corresponding to a rate of 0.8
cases/person per year. No difference in gastroenteritis rates was found from people drinking
normal tap water compared with highly treated tap water.
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Like the COI studies referenced above, Hellard et al (2003) underline that the cost of
morbidity from gastroenteritis is largely influenced by the inclusion or not of time off
work39.
Like Cressey & Lake (2008), the influence of IBS is excluded. Other costs from chronic
sequelae of gastroenteritis not considered were extra time taken off work for people
working in the health and food industries due to food-handling regulations and
infection-control regulations40. Therefore, the costs are underestimated compared to the
case had they been included.
Limitations of the study’s transferability to other countries include first and foremost the
validity of generalizing the survey results used to the general community. Therefore one
possible limitation of the study is that the case study population had an excess of
families with young children and few elderly people. This is just a possible limitation, as
the rate of cases per person of 0.8 per person per year was still comparable to other
community based studies overseas (0.62 to 1.2 case/person/year). A more serious
possible limitation was the bias from the number of GP visits, which may have been
underestimated or overestimated due to people going less or more frequently than usual
because they were aware of participating in a study. The underrepresentation of elderly
people in the study was also judged to have caused a conservative estimate of hospital
admissions, compared with an estimate from the US (3.5 overall hospital stays per 1000
persons per year compared with 2.4).
A point of difference compared with Scott et al’s (2000) study was the number of days
of lost production considered. The Australian study emphasises the disruption of the
workforce due to gastroenteritis and therefore suggests the cost would be considerable if
the average rate of days off work was applied to the entire working population. In
contrast, Scott et al’s (2000) takes only the days lost of production for those cases of
people falling ill due to foodborne gastroenteritis.
To conclude this section, we can see that it is important to be cognisant of the impact of
extending sample results to larger populations, and especially to overseas populations.
Further, the definition of AGI and the cause considered of AGI also have a significant
influence on the burden of disease. The impact of lost productivity also unambiguously
stands out in these studies as dominating the final cost of disease to society.

39

Hellard et al (2003) consider the incidence of gastroenteritis to be most accurately estimated by
prospective follow up community cohort studies, so age-specific rates can be calculated. Based
on previous literature examined in their study, reported rates vary between 0.19 and 1.2 cases per
person per year, with the variation due to the differences in the way gastroenteritis is defined.
The mean duration of illness was estimated at approximately 2 days, with at least half of the
cases experiencing restricted daily activity and therefore, time off work.
40

In this present study, the question of specific productivity lost for those in ‘critical’ areas of
work such as food industries, did arise. This is discussed in the methodology section.
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Cost of illness for foodborne AGI
Abelson et al (2006) An Australian COI study by Abelson et al (2006) carried out for
the Australian Department of Health and Ageing estimated the annual cost of foodborne
illness in Australia at $1,249 million, with the productivity and lifestyle costs (including
costs of caring for others) accounting for $771.6 million of this41.
Gastroenteritis was defined as including moderate to severe illness (at least three loose
stools or two vomits in 24 hours). The proportion of illness due to food was estimated at
32%.
Abelson’s estimate is therefore much higher than that of Cressey and Lake (2008) for
New Zealand, even when only the comparable aspects of both studies are considered. In
this case, the cost of foodborne illness was estimated to be 8.5 times the cost of illness in
New Zealand, for a population of five times larger. Part of this difference is due to the
range of costs considered in the Australian study, which were much broader. These
included:
•

The costs related to the public control for surveillance

•

Larger productivity costs including loss of household productivity, disruption to
household activities

•

Lifestyle disruption, including pain and suffering; the value of a life is valued using
willingness to pay rather than a productivity approach

•

Business costs in compliance and disruption costs

•

Differences in some diseases included in the study, for example, toxoplasmosis and
hepatitis A; IBS is used instead of IBD

•

Public foodborne illness surveillance and control costs.

The costs, as summarised in the table below, are based on the estimated incidence of
food borne illness due to the gastroenteritis, non-gastroenteritis illness (e.g.
toxoplasmosis, hepatitis A), and sequelae (HUS, IBS, GB and reactive arthritis).
Although it is laudable to consider a broader range of costs, in practice these do not
seem to work well in the study. Government costs for surveillance, for example, had to
be approximated with no apparent justification for the estimate; business disruption
costs similarly had to be approximated and were subject to high variability; and the
calculation of pain and suffering yielded a negative result that was replaced by a zero
value, as described following the table below.

41

Abelson’s work was based on information of foodborne incidence by Hall & Kirk (2005).
Abelson also draws upon information from Hellard et al (2003) to estimate the number of missed
paid work days.
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Table 13: Summary of economic costs considered by Abelson (2006)
Health care costs

Unit cost used
($AU 2004 or
2002)

Assumption

Estimated according to illness type, based on national avg
cost of the relevant diagnosis related group

Hospitalisations and ED
admittances
GP visits

$60 initial; $40
repeat

Estimated according to illness type, based on survey data

Specialist services

$90 initial, $75
repeat

Estimated according to illness type, based on survey data

Diagnostic testing

Survey based costs with unit costs for each test type

Pharmaceutical expenses

Survey based information used to estimate the cost for a
range of drugs according to the illness

Public illness surveillance
and control costs

Productivity costs

Residual lifestyle costs

Loss of life

Business costs in safe food
provision

$10 m total

$175 per day or
$87.50 per day
$0

$2.5 m

$14 m total

Surveillance of illness and specific infections, diagnostic
testing, outbreak investigation, monitoring of food recalls
(based on Victoria’s agencies)
Loss of productivity (staff and employees), loss of
productivity at home, cost of employing carers
Extra pain and suffering not captured by the individual
costs: equal to willingness to pay less the individual costs
above. Willingness to pay = SW (severity weight based on
a DALY) x Days with illness x VDH (value of a good health
day)
Value of life lost is $2.5m and is converted into a
discounted annual value of life according to number of
years lost for each type of illness
Costs of complying with regulations , disruption costs with
food contamination, industry disruption. Based on case
studies and FSANZ data

Of some interest is the way pain and suffering is calculated. The willingness to pay to
avoid an illness is calculated for all illnesses and is compared to a portion of workplace
costs borne by households and lost productivity by households. The residual costs end
up being negative, and are therefore given a zero value. This implies that the productive
household time lost is implicitly assumed to include pain and suffering (Abelson et al.,
2006). Although the value of pain and suffering is almost certainly not zero, the way it
was calculated and the result influenced our choice in not explicitly valuing it in our
study.
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Part two
Disease due to microbiological contaminants
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6 Compliance and incidence of
microbiological disease
The core aim of the Drinking Water Standards for NZ (the Standards) is to protect
public health. The key benefits from the Standards is therefore expected to be a
reduction burden of disease attributable to drinking water and the avoidance of
economic costs associated with ill health.
In order to estimate the costs avoided from protecting public health, it is necessary to
first understand the likely change in the incidence of disease in those communities that
become compliant with the Standards.
In this section we look at the microbiological diseases related to drinking water and
expected change in their incidence under the scenario. Because these diseases can also
be spread through mechanisms other than drinking water, a key challenge is to
determine the attribution of disease incidence to drinking water.
We also look at differences in incidence of microbiological disease, due to
socioeconomic and demographic variables, which may affect the outcome for individual
communities.
Disease due to chemicals is considered separately in section 10, Disease related to
chemical contaminants. Chemicals related to drinking water are different in terms of
their nature and the available information has allowed a different approach to estimation.
Estimating change in incidence of microbiological disease
Our approach to estimating the change in incidence of disease follows Cressey and Lake
(2007).
•

The total incidence of disease for selected potentially water borne pathogens in NZ
is estimated. The estimates are based on a bottom up approach, adjusting notified
cases of the disease for various causes of under reporting. The advantage of the
approach is that estimates for particular diseases are arrived at, and NZ specific
information where available is used. The disadvantage is the wide distribution of
estimates of disease.

•

Evidence on the attribution of disease to drinking water is reviewed and an estimate
of the number of cases due to drinking water is arrived at. These cases are assumed
to be spread across the population of persons who receive drinking water that is not
known to comply with the Standards.

•

Based on the expected change in the number of people receiving water known to
comply with the Standards, which would be brought about through compliance
under the modelling scenario, an estimate is made of the likely change in number of
cases of each disease per year.

AGI also has sequelae (diseases that are significantly more likely to occur because of, or
triggered by, AGI). We have included estimates for changes in illness due to reduction
in sequelae for some of the better known and more significant sequelae.
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6.1 Microbiological diseases related to drinking water
Disease associated with drinking water may be caused by pathogenic bacteria, viruses
and parasites. The diverse pathogens that can be transmitted through contaminated
drinking water are summarised in the figure below.
Figure 3: Transmission pathways for and examples of water-related pathogens

Source: World Health Organization (2006)
Infectious diseases caused by pathogenic bacteria, viruses and parasites (e.g. protozoa
and helminths (worms)) are the most common and widespread health risk associated
with drinking-water. The public health burden is determined by the severity of the
illness(es) associated with the concentration and type of pathogens present in the water,
their infectivity and the population exposed.42
The table below, taken from the World Health Organization Guidelines for Drinking
Water Quality provides a summary of infectious diseases known to be waterborne and
their significance in a water supply (WHO, 2006).
Most bacterial pathogens potentially transmitted by water infect the gastrointestinal tract
and are excreted in the faeces of infected humans and other animals.

42

World Health Organization, Guidelines for Drinking Water Quality, third edition, p121;
Reynolds et al (2008)
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Protozoa and helminths are among the most common causes of infection and disease in
humans and other animals. Water plays an important role in the transmission of some of
these pathogens. However, the control of waterborne transmission presents real
challenges because most of the pathogens produce cysts, oocysts or eggs that are
extremely resistant to processes generally used for the disinfection of water and in some
cases can be difficult to remove by filtration processes.43
Some protozoa and helminth organisms cause “emerging diseases”, diseases which have
only relatively recently been found to infect humans, such as cryptosporidiosis. As
evidence for waterborne transmission of “emerging diseases” has been reported
relatively recently, some questions about their epidemiology and behaviour in water
treatment and disinfection processes remain to be elucidated. It would appear that the
role of water in the transmission of this group of pathogens may increase substantially in
importance and complexity as human and animal populations grow and the demands for
potable drinking-water escalate. 44

43

World Health Organization, Guidelines for Drinking Water Quality, third edition, Chapter 11

44

World Health Organization, Guidelines for Drinking Water Quality, third edition, Chapter 11
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Figure 4: World Health Organization summary of potentially waterborne
microbiological diseases
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Viruses associated with waterborne transmission are predominantly those that can infect
the gastrointestinal tract and are excreted in the faeces of infected humans (enteric
viruses). Water may also play a role in the transmission of other viruses with different
modes of action.
Drinking water is considered a significant route of transmission for two helminths:
Dracunculus medinensis (guinea worm) and Fasciola spp. (F. hepatica and F. gigantica)
(liver flukes).
The effect of these diseases on humans can vary widely. Because of the presence in the
gastro intestinal system, common effects include cramps, diarrhoea, bloody stools,
nausea and vomiting. However, the range of effects is more severe for some microbials,
and like other diseases discussed in this section, a range of sequelae are linked to
microbial diseases. Common sequelae associated with different forms of gastro
intestinal disease are discussed in section 6.2, Sequelae of microbial gastrointestinal
disease.
Pathogens can enter either surface or ground water supplies, although the pathways will
vary. In the case of surface water, extreme rainfall events and drinking-water-borne
disease outbreaks have been positively correlated. In groundwater, mismanagement of
human or animal waste seeping into the supply is a common source of pathogen
(Reynolds et al., 2008).
Monitoring of microbial disease in water supplies45
Owing to issues relating to complexity, cost and timeliness of obtaining results, testing
for specific pathogens is generally limited to validation. Instead, indicator or index
organisms are used to monitor the likelihood of contamination. Escherichia coli is
considered the most suitable index of faecal contamination.
Protozoa compliance is determined based on achievement of a required number of log
reductions in likelihood of protozoa being present within the water supply.

6.1.1 Notifiable microbial and viral gastro intestinal diseases
The presence of infectious notifiable diseases in NZ is monitored through the public
health monitoring programme co-ordinated by Environmental Science and Research
(ESR). Only a subset of the diseases potentially caused by waterborne microbials are
subject to monitoring within New Zealand. The difference is illustrated through
comparison of the below table with the list of WHO identified water borne pathogens
above.

45

World Health Organization, Guidelines for Drinking Water Quality, third edition, Chapter 11.

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

71

Table 14: Waterborne infectious diseases notifiable in New Zealand
Bacteria

Protozoa

Virus / other

Campylobacteriosis

Cryptosporidiosis

Hepatitis (viral)

Salmonellosis

Giardiasis

Acute gastroenteritis46

Shigellosis
Yersiniosis
Typhoid (Salmonella typhi)
Paratyphoid (Salmonella
paratyphi)
STEC (shig-toxin producting
E. coli), also known as VTEC,
(verocytotoxin producing E.
coli)
Cholera (Vibrio cholerae)

Significant problems of under reporting to the notifiable disease monitoring service exist
and these are discussed further in section 6.3.1. However, even if all cases were notified,
those cases would still only represent a proportion of all diseases for which the source
microbial is potentially spread through drinking water.

6.2 Sequelae of microbial gastrointestinal disease
Gastroenteritis is acknowledged as being a likely cause of several ongoing health
problems related to the bowel. In addition, other sequelae of diarrhoea disease can
include diabetes, heart disease, autoimmune disease, cancer, and exposure to some
pathogens can lead to adverse effects on the endocrine system (refer, for instance,
Reynolds et al (2008)).

6.2.1 Irritable bowel syndrome
Irritable Bowel Syndrome (IBS) is a common disorder characterised by abdominal pain
or discomfort and altered bowel movements. IBS is highly prevalent, affecting an
estimated 10-20% of the Western world at certain points in time. The cause(s) of IBS
are largely unknown, however several studies have found evidence that IBS is a sequel
of a preceding episode of infectious gastroenteritis (Haagsma, 2009).

46

Notification of cases of acute gastroenteritis is only required under certain circumstances, such
as when a common source for multiple cases is suspected.
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In many cases patients with IBS will not seek medical care, although they may still
suffer from the effects of IBS and this may affect their productivity at work or
absenteeism.
Appendix three reviews evidence regarding the incidence of IBS following AGI, the
duration of illness, and the cost of IBS both in terms of productivity loss and healthcare.
From that analysis we draw the modelling parameters used in this study, which are as
follows.
•

9% of AGI cases who visit a GP develop IBS

•

The average length of duration for an IBS case is assumed to be 3 years

•

The average annual additional direct health costs due to IBS are $1625 per year per
case

•

There is a total reduction in productive activity (incorporating increased
absenteeism, presenteeism and lost non-work activity) equivalent to 10% per case47

6.2.2 Inflammatory bowel disease
Inflammatory bowel disease (IBD) describes a group of chronic intestinal diseases of the
bowel. The two most common IBDs are Crohn’s disease and ulcerative colitis (Cressey
et al., 2007). Gradel (2009) compared the risk of IBD (Crohn’s disease and ulcerative
colitis) between a cohort of patients with documented Salmonella or Campylobacter
gastroenteritis and an age and gender matched control group from the same population
in Denmark. The study found an increased risk of IBD was demonstrated in individuals
notified in laboratory registries as having had an episode of Salmonella/Campylobacter
gastroenteritis. The increased risk was highest during the first year, but remained high
up to 15 years after the gastroenteritis. 1.2% of exposed individuals and 0.5% of
unexposed had an IBD diagnosis after 15 years.

6.2.3 Haemolytic-uraemic syndrome (HUS)
Shiga toxin producing E. coli, particularly E. coli O157, is the major aetiological agent
of Haemolytic-uraemic syndrome (HUS). HUS is an illness that occurs mainly in young
children and may lead to death during the acute phase, to end stage renal disease, or to
other complications. Renal failure may occur at the time of the STEC infection, or may
manifest itself later. A study from the Netherlands estimated that 4% of all children aged
0-4 who experience STEC infection would be expected to develop HUS. The rate for the
total population is 1.7% of persons experiencing STEC developing HUS (1.6% 5-14
years, 0.8% 15+ years), which is relatively low compared to studies of outbreaks. STEC
also appears to be more common in 0-4 year olds, with the same study from the
Netherlands estimating that around 24% of all STEC is experienced by this age group
(Havelaar et al., 2004)

47

Presenteeism occurs when an employee is at work but not able to perform tasks to their usual
level of efficiency and effectiveness.
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Havelaar et al (2004) examined the literature related to HUS mortality and assumed a
case fatality ratio of 3.7% of HUS cases for those aged up to 65 years, and 56% for
those over 65.This excluded fatalities due to end stage renal disease (ESRD).

6.2.4 Reactive arthritis
Reactive Arthritis is a form of arthritis that occurs in response to an infection in another
part of the body. In this case, an infection in the bowel that is a form of AGI.
Reactive Arthritis causes inflammation (redness, swelling, pain) in different parts of the
body at the same time or in different parts of the body at different times. Arthritis is the
most important symptom in a chain of events which is the attack of reactive arthritis.48
Reactive arthritis may be mild – insufficient to cause the patient to seek a GP
consultation – or extremely debilitating, requiring ongoing hospital and specialist
treatment and for many years.

6.3 New Zealand incidence of gastrointestinal disease
The majority of persons ill with vomiting or diarrhoea do not present to health
authorities. AGI is largely self-limiting, and most people will stay and home and recover
from sickness without seeing a doctor or a pharmacist. Some may self-treat with over
the counter medication. Consequently, there is no formal health record for the majority
of people suffering acute gastrointestinal illness (AGI).

6.3.1 Notified disease and issues of under reporting
While the EpiSurv data base, recording reported cases of notifiable disease, provides the
best source of information on the occurrence of disease in New Zealand, there are
significant problems with using EpiSurv to estimate the proportion of AGI disease
attributable to drinking water.
•

Only a subset of all disease that can cause AGI are notifiable diseases

•

There is known under reporting of those diseases that are notifiable

•

Food and water were recorded jointly in some fields of the reporting system to 2007,
requiring review of actual risk factors for the case to identify those involving food
and those involving drinking water

Ball (2006) provides a practical summary of the problems associated with using the
EpiSurv data base for estimating the proportion of notified disease attributable to
drinking water.

48

http://www.arthritis.org.nz/index.php/Reactive-Arthritis.html
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Relationship between notified cases and community cases
Lake et al (2009) state that “…in practice for a case of AGI to be notified …a pathogen
must be isolated from a faecal sample by a community or hospital laboratory, and a
reporting chain from laboratory to GP to [public health service] to the notifiable
diseases database needs to be completed.”
Lake et al (2009) found evidence that a significant proportion of AGI is not notified.
Consequently, reliance on notified cases of diseases will underestimate the total level of
disease. This is because:
•

Not all persons with AGI will visit their GP

•

Not all persons with AGI visiting their GP will be asked to provide a faecal sample
and comply with this request

•

Not all causes of AGI will be notifiable

•

Where a notifiable disease is diagnosed by the laboratory, the chain of reporting
may in some situations fail

An additional issue affecting rates of AGI causing pathogens being identified and
reported, is that some tests may not be performed when case history would suggest that
they should be. In ordering an analysis of a faecal sample, the GP will not necessarily
specifically request a particular set of tests, but instead assume what tests will be
completed or rely on the laboratory to determine the appropriate tests. Lake et al (2009)
report a difference between the expectation of GPs about what are routine tests and the
sets of tests labs will routinely test a faecal sample for. For instance, approximately half
of GPs surveyed considered testings for Cryptosporidium and Giardia to be routine, but
laboratories most frequently reported that testing for these pathogens was on request.

6.3.2 Estimated total incidence of acute gastrointestinal illness in
New Zealand
The Acute Gastrointestinal Illness (AGI) Study by ESR provides the best available
information on the total level of AGI in New Zealand. The study consisted of three
interlinked primary research projects.
•

Lake et al (2009) provides a summary of overall findings from the study.

•

Perera and Adlam (2007) study general practice to determine the incidence of AGI
presenting to general practice and the typical behaviours of general practice in
treating and identifying AGI.

•

King et al (2007) surveyed laboratories on practices associated with testing for and
reporting AGI.

•

Adlam et al (2009) report the results of a community study of incidence of AGI in
the community, conducted over a one year period.
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Lake et al (2009)49 estimate the number of cases of acute gastrointestinal illness (any
diarrhoea or vomiting of infectious cause) in NZ in 2006 at 4.66 million, an incidence
rate of 1.11 incidents per person per year. The 95% confidence intervals were 3.9 to 5.2
million cases (incidence ratio of between 0.93 and 1.24 cases per person per year). The
study results did not distinguish between disease type or likely source of infection.
Lake et al (2009) estimate that of those who experience AGI, 19.7% are expected to visit
their GP.50 Community based studies showed that of these, 31% were asked to provide a
faecal sample for laboratory testing and 90% of those requested to supply a sample did
so. Of these samples, in around 20% of cases a pathogen will be identified, and of these
8.5% will result in a notification to ESR (noting that not all pathogens must be notified).
In summary, for each case of AGI notified to ESR, 222.3 cases of AGI are likely to have
occurred within the community (a notification rate of 0.4%).
While the ratio is a good estimate for the overall pyramid of reporting for all AGI, it can
not be applied to determine the level of under reporting for specific illnesses. This is
because the varying severity of different diseases will alter the likelihood of attendance
at a GP, notification of disease etc.
Lake et al (2009) report that their result of 0.4% of community cases being notified is
similar to findings overseas. Lake et al (2009) cite studies suggesting that the
notification rate for NZ is higher than in Australia (0.17%) or Canada (0.3%), but lower
than England (0.7%).

49

Lake et al (2009) is the final study report for a set of three interlinked surveys focused on AGI
undertaken by ESR; a community (telephone survey) study, a GP survey, and a laboratory study
(completed by post).
50

Adjusted for age, sex and indigenous status from a raw survey estimate of 19.7% of cases
visiting their GP.
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Figure 5: The NZ AGI reporting pyramid, estimated by Lake et al (2009)
(unadjusted)

The above shows mean figures, with 5th and 95th percentiles in brackets.
Outcomes from illness – community level
For all community cases of AGI, the average length of diarrhoea and/or vomiting was
estimated at a median of 2.0 days and mean of 2.5 days ((Adlam et al., 2009). Both the
likelihood of visiting a GP, and of the GP ordering a laboratory test to determine the
cause of illness, increased with the length of illness.
90% of cases in the community study reported having time off from work, recreational
activities, or school.
Table 15: Missed work or activities due to AGI
Percentage of cases missing
activities

Mean number of days missed
(weighted)

Work

22.9%

2.9

School, preschool or other
study

14.5%

3.3

Recreational/holiday
activities

52.5%

2.8

Total

89.6%

2.9

Source: Adapted from Table 19 of Adlam et al (2009). Weighted data is weighted by age,
sex and Maori/non-Maori status to reflect the national population. Sum of 89.6% is
taken from original table, where numbers do not add to sum.
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Table 16: Missed paid work because of AGI
Crude data
Proportion of
AGI cases
missing work
Case missed
paid work
themselves

22.9%

Another person
missed paid
work due to
illness
Total cases
missing paid
work

Weighted
% of all paid
worker cases

41.7%

Days paid work
missed

(95% CI millions)

2.85 million

(1.84, 3.87)

13.5%

1.67 million

(1.04, 2.29)

36.4%

4.52 million

(3.15, 5.90)

Source: Adapted from Table 20 of Adlam et al (2009). Weighted data is weighted by age,
sex and Maori/non-Maori status to reflect the national population.
AGI at the community level in overseas studies
As discussed above, Lake et al estimate the incidence rate for all AGI at 1.11 episodes
per person in New Zealand. Levels of AGI in the community in other developed
countries provide a reasonableness check of the estimates for New Zealand. However,
aspects of study design such as definition of AGI (minimum length or severity, inclusion
of cases where vomiting is the only symptom) and whether the study is retrospective or
prospective will affect the estimate arrived at.
Hellard et al (2003) estimate 0.8 cases of AGI per person per year in Australia
(15,173,430 cases annually). Based on age standardised information, this would result in
1,024,214 visits to the GP (equivalent to 6.5% of cases attending once) and 1,128,491
days off work.
Abelson et al (2006) use an estimate of gastroenteritis (three loose stools or two vomits
in 24 hours) in Australia at 17.2 million cases of per year (95% confidence intervals of
14.5m to 19.9m) as the basis for their analysis. Assuming the level correlates to the 2004
year, with an Australian population of 20,127,363, the estimate suggests an annual
incidence of gastrointestinal illness per person per year of 0.85. Number of visits to the
GP due to AGI was estimated as being significantly higher than in Hellard et al (2003).51

51

Total GP visits for all causes of AGI are not included in the report of the study, however an
estimated 1.4million visits were made for foodborne AGI alone, compared to just over 1 million
in Hellard et al (2003) for all forms of AGI.
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Scallan et al (2005) estimate the community incidence of AGI using similarly designed
studies in Canada, United States, Australia and Ireland. The studies found rates of
diarrhoea per person per year as set out in the table below. Diarrhoea was defined as 3 or
more loose stools in any 24 hour period. No strong explanation for the difference in the
Ireland estimate was arrived at.
Scallan et al (2005) found similarities between those suffering from diarrhoea in the four
countries. In each country between 19.0% and 20.4% of cases sought medical care. Of
those seeking medical care between 14.4% (Canada) and 21.1% (USA) were asked to
provide a stool sample. Between 12.8% and 19.5% of cases used anti-diarrhoeal
agents.52 Prevalence of diarrhoea was consistently higher in females than males. The
highest prevalence was amongst children aged under 5 years, with a secondary peak
amongst 25-44 year olds (except in Canada).
Table 17: Estimate of cases of diarrhoea per person per year from Scallan et
al (2005)
Rate per person per year

95% confidence intervals

Canada

0.99

0.87 – 1.11

United States

0.99

0.90 – 1.01

Australia

0.83

0.70 – 0.90

Ireland

0.44

0.40 – 0.49

Source: Scallan et al (2005)
Roy et al (2006) (including Scallan, who led the study above) review estimates of the
incidence and prevalence of AGI in developed countries from 33 studies using a range
of methodologies. The incidence and prevalence estimates for AGI reported in these
studies range from 0.1 to 3.5 episodes per person year. The author’s conclude that the
Centre for Disease Controls estimate of 0.65 episodes of AGI per year is likely to be the
most generalizable to the US population given differences in study design.
Sargeant et al (2008) undertook at retrospective telephone based survey of residents in
Ontario, Canada between May 2005 and April 2006 with the purpose of estimating the
total level of community AGI. Self reported cases of AGI led to the estimate of an
adjusted incidence rate of 1.17 episodes of AGI per person-year. The mean duration of
illness was 4.26 days, although the majority of illnesses lasted less than 3 days. 22% of
cases visited a physician or nurse practitioner (visits to these services are free) and of
these 33% were asked to provide a stool sample. Almost half the cases that did not
access a healthcare provider (physician or nurse practitioner) used anti-diarrhoeal
products or medications to reduce nausea or vomiting. 5.8% of those not visiting a
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Information was not available for the USA

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

79

healthcare provider used rehydration therapies. Females were 1.2 times more likely to
experience AGI than males, and those living in rural areas were also 1.2 times more
likely to experience AGI than those in urban areas.
Payment & Hunter (2001) also provide a summary of community based studies of
incidence of AGI. Many of the cases discussed were also considered in Roy et al (2006)
and are summarised in the table below.
Table 18: Estimates of gastrointestinal illness based on community studies
presented in Payment & Hunter 2001
US

Mean incidence

Other results

Citation

Table 1 Sub
Heading

Cleveland
study

1.6 episodes/person
/year

Up to 2.6
episodes/child/year;
0.9
episodes/adult/year

Hodges et al
(1956)

Seasonal pattern,
low incidence in
July

Tehcumseh

1.2
episodes/person/year

Monto and
Koopman (1980)

Stricter definition
of GI used than
Cleveland study

OFCS
government
survey

0.95
episodes/person/year

Feldman and
Banatvala (1994)

Based on a survey
of 2000 adults
each month

South Wales

0.89
episodes/person/year

Palmer et al
(1996)

Postal
questionnaire on
two GP practice
populations

Wheeler et al
1999

0.2
episodes/person/year

Wheeler et al
(1999)

Prospective study
design may have
affected results
(those with
episode asked to
post in stool
sample)

UK

Retrospective
questioning of
participants at
beginning of study
suggested 0.55
episodes/person/year

Source: Payment & Hunter (2001)
Conclusion on total incidence of AGI in New Zealand
The mean estimate of Lake et al (2009) of 1.11 cases of AGI per person per year is
comparable to incidence rates found for other developed countries. Thus the estimate of
1.11 cases per person per year represents the best estimate available of total acute
gastrointestinal illness in the NZ population.
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6.4 Estimates of incidence of selected diseases in NZ, and
associated health outcomes
In this section we consider the likely total incidence of a selected range of notifiable
diseases that are potentially attributable to drinking water. Likely incidence of disease
can be considered in terms of both the bottom up and top down approaches explained in
the introduction to this chapter.
Our analysis is limited to potentially waterborne notifiable diseases because there is
systematic information from which to estimate community incidence. We have also
included norovirus because there is a recent community incidence estimate available.
We have excluded cholera, paratyphoid and typhoid because the number of cases
occurring in NZ is very small and those cases were considered unlikely to have been
contracted through drinking water consumed in New Zealand.
In arriving at bottom up estimates of disease, each of the barriers to a disease being
reported to the EpiServ database must be considered.
The likelihood that a person suffering from AGI will visit a general practitioner.
The likelihood a person suffering from AGI would visit a general practitioner was
estimated at 19.7% for all AGI but will be higher for those diseases with typically more
severe symptoms such as blood in the faeces (Lake et al., 2009).
International studies for developed countries are relatively consistent in finding that
approximately 20% of all AGI cases will visit a GP (or Nurse Practitioner in some
instances). And that severity and length of illness will affect decisions regarding GP
attendance.
Adlam et al (2009) found that cases were more likely to visit a GP if they experienced
blood in stools, vomiting, headache, fever, muscle/body ache, or sore throat. Symptoms
lasting 3 or more days was also more likely to result in a GP visit. Diarrhoea was not a
predictor of an AGI case visiting a GP.
The likelihood that the GP will request that the patient provide a faecal sample
The likelihood that the GP will request that the patient provide a faecal sample, and that
the patient will comply.
Cressey and Lake (2007) used a mean probability in their estimates for notifiable
diseases that 0.416 patients would be asked to provide a faecal sample. This estimate
was based on a 1997 survey of GPs.
Adlam et al (2009) estimated from the GP practice study that around 23% of patients
attending for AGI are asked to provide a faecal sample. In contrast, Adlam et al (2009)
in the AGI community study found that 40% of patients seeing a GP reported being
asked to provide a sample and 90% of patients complied with the request (effectively 36%
of persons seeing a GP providing a stool sample).
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The likelihood that the sample will undergo the appropriate test to identify the
correct pathogen.
For instance, identification of giardia and cryptosporidium requires testing for cysts, as
opposed to a culturing which would potentially identify most bacteria. This will depend
on what is ordered by the GP, the accompanying information provided to the lab, and
the testing practices of the laboratory.
There is also a risk that even when a sample is appropriately tested to identify the
pathogen that is causing AGI, the pathogen will not be found in a given sample. We
have not assessed or adjusted for the probability of this occurrence.
The likelihood the result is reported by the laboratory to the GP, and that the GP
notifies the EpiServ database.53
In 2007 there was known under reporting by GPs to EpiServ for some notifiable
diseases. Ball (2006) notes that the actual proportion of notifiable disease cases reported
to EpiSurv is generally considered to vary depending on the disease “…e.g. most cases
of more serisous GIDs such as cholera will be notified compared with fewer
notifications of less serious GIDs.”
Perera & Adlam (2007) found that 98% of surveyed GPs claim they would
“Always/usually” report an isolated case of a laboratory confirmed notifiable disease to
the public health service. Having said this, 13% of GPs believed that laboratories report
notifiable diseases.
Estimates of hospitalisations
Estimates of the proportion of cases resulting in hospitalisations are based on either
information from the literature or the average level of discharges recorded in the NZHIS
data for each disease over the period 2004-2008. In some cases the former approach
suggests that the total number of hospitalisations for the disease should be higher than
the average annual number of discharges. This is not surprising, as the NZHIS data only
provides the primary diagnosis; where a patient is hospitalised with a complication,
possibly due to AGI, AGI may be the secondary diagnosis. There is also a category of
hospitalisations for unspecified AGI which in the 2007 year had significantly more
discharges recorded against it than total discharges for all AGI we received data on; for
a lot of AGI cases being hospitalised the specific disease is not recorded.
However, in order to take a conservative approach we have ensured that none of the
implied number of hospitalised cases under the best estimate exceeds the known annual
average of discharges by more than 10%. In addition, we have adjusted the proportion of
cases hospitalised in the low and high estimates in the following manner.
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Note that direct reporting from Laboratories to EpiServ as introduced in July 2008. However,
given the constraints on data availability the period considered by this study is prior to the change
in reporting mechanisms.
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•

For low estimates, the known average annual number of discharges was assumed to
be the “floor” for number of hospitalised cases. Proportions were adjusted
accordingly.

•

For high estimates, the number of hospitalised cases estimated in the Best estimate
was assumed to provide the “ceiling” and proportions were adjusted accordingly.

6.4.1 Cryptosporidiosis
Cryptosporidiosis is a diarrheal disease caused by microscopic parasites of the genus
Cryptosporidium. Both the disease and the parasite are commonly known as "Crypto."
Many species of Cryptosporidium exist that infect humans and a wide range of animals.
The parasite is protected by an outer shell that allows it to survive outside the body for
long periods of time and makes it very resistant to chlorine disinfection. While this
parasite can be transmitted in several different ways, water is a common method of
transmission.54
We consider the following range of outcomes for Cryptosporidiosis:
•

Recovers at home without seeing a GP (No GP)

•

Visits a GP and recovers at home

•

Hospitalisation

•

Fatality

No specific sequelae of cryptosporidium are considered in this study, other than Irritable
Bowel Syndrome (IBS).
Notified cases in New Zealand
Snel et al (2009a) find that for the period 1997-2006 the average annual rate of notified
cryptosporidiosis was 22.0 cases per 100,000 population. The number of hospitalisations
was equivalent to 3.6% of the notified cases. There was only one reported fatality.
For 2007 the number of notified cases of cryptosporidium was 924, equivalent to 22
cases per 100,000 people.
Population estimates – top down
Rosevear (2004) estimated the community incidence for NZ at 200 cases per 100,000
persons per year.

54

http://www.cdc.gov/crypto/
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Vijgen et al (2007)55 estimate total incidence of community-acquired cryptosporidium
cases in the Netherlands for 2004 at 71,000 cases, translating to an incidence per
100,000 people of 436 cases a year.56 Information in the reported number of incidences
of cryptosporidium in the Netherlands were not included in the Annual Epidemiological
Report on Communicable Diseases in Europe 2009 (ECDPC, 2009).
Horman et al (2004) in a meta analysis of 13 studies of cryptosporidium in the Nordic
countries estimates that there will be 3340 symptomatic cases per 100,000 people. By
comparison, the reported (notified) incidence rates per 100,000 people Finland and
Sweden in 2007 were 0.11 and 1.2 respectively (information for Norway and Denmark
was either not reported or obtained).57
Population estimates – bottom up
Total notified cases of cryptosporidiosis were 924 in 2007, an incidence rate of 22
notified cases per 100,000 people for NZ (EpiServ database). In this section we use
available information to estimate the total community incidence of cryptosporidiosisin
2007.
Step 1: allow for under reporting of laboratory confirmed cases
Wheeler 1999 estimated that in the UK 69% of cryptosporidiosis cases were reported.
NZ’s levels of notified cryptosporidiosis are around the same as salmonellosis,
suggesting general practitioners may have similar levels of familiarity and concern
regarding a positive case, which may affect notification behaviour. Simmons et al (2002)
estimated that 82% of Salmonellosis cases confirmed by laboratories are notified.
Campylobacter notifications were more than ten times those of crypto; Simmons et al
(2002) estimated that 76% of laboratory confirmed cases of campylobacteriosis were
notified.
In the absence of cryptosporidiosis specific data, for the purposes of this study the
campylobacter and Salmonellosis reporting rates will be used to form the upper and
lower bounds, with a likely mid point value of 79%.
Step 2: allow for likelihood of testing for cryptosporidium
Identification of cryptosporidium requires specific testing as opposed the stool culture
used to identify most forms of bacterial AGI.
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Vigen et al (2007) utilise the same methodology and Kemmeren et al (2006); this is a follow up
study to the 2006 work looking at additional diseases. Kemmeren et al (2006) was key in
providing information to inform the work of Cressey and Lake (2007).
56

Based on a population of 16.258 million in 2004, from the Netherlands Central Bureau of
Statistics
57

(ECDPC, 2009)
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When ordering tests GPs may or may not specify the tests that they consider are required.
Perera & Adlam (2007) found that GPs are much less likely to specifically request
faecal samples for parasites (which would detect cryptosporidium and giardia) than
bacteria. 70.7% of GPs reported “Always/usually” testing for bacteria, but only 25.5%
reported “Always/usually” testing for parasites. Using the high end of ranges set by
Parera & Adlam (2007) suggests a 64% likelihood that a GP would specifically order a
test for parasites, compared to an 82% likelihood that they would specifically test for
bacteria. 54% of GPs assumed that testing for cryptosporidium was routine and would
be undertaken by the laboratory regardless of whether specified or otherwise indicated.
Most laboratories will have a standard set of tests performed on stool samples received,
when specific tests or information suggesting a specific test, is not provided with the
request. King et al (2007) found that of 35 laboratories surveyed 6 would routinely test
for crypto. 22 indicated that they would test on request. 11 laboratories (some included
in the other two categories) provided their own criteria for testing for crypto.
Decision tree modelling of the above information suggests that 71% of stool samples are
expected to be tested for crypto. This is likely to be a worst case scenario because in
situations where there is reason to believe that the cause of illness may be
cryptosporidium the GP is likely to either specify the need to test for parasites, provide
case notes to that effect, or in a few cases the laboratory may routinely undertake a
preliminary film test that suggests the need for this test.
For the purposes of this modelling we assume a worst case that only 71% of stools that
contain cryptosporidium are actually tested for cryptosporidium, a best case that 100%
of stools are tested for crypto, and use the midpoint of 85.5% as our “most likely”
estimate.
Step 3: allow for proportion of cases presenting to a GP that are not asked to
provide a stool sample.
The GP survey found that the key clinical factors that affected whether a stool sample
was requested were the presence of blood in stools (82% of GPs would always or
usually request a specimen) and duration of illness over 5 days (76% would
always/usually request a specimen), both of which are relatively unusual for
cryptosporidium. Watery diarrhoea – a typical symptom of cryptosporidiosis – would
only always/usually lead to a stool request from 16% of GPs, and would rarely or never
lead to stool request from 40% of GPs. Similarly, the typical short duration of the
disease makes a request for a sample less likely. Those cases presenting with mucous in
the stool would be more likely to be asked to provide a sample.
Based on this analysis, we suggest that the likelihood that a stool sample would be
requested is on the lower end of the scale. For purposes of estimation we assume a likely
estimate that 20% of patients visiting a GP would be asked to provide (and do provide) a
stool sample, with a lower bound of 17% and upper bound of 23%.
Step 4: allow for community cases that do not visit a GP
Vijgen et al (2007) estimate that 7.2% of cases of cryptosporidiosis would visit a GP
(low / high range of 5.2% to 8.5%). Corso et al (2003), studying the impact of a
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waterborne outbreak of cryptosporidium in Milwaukee, estimated that just under 11% of
the population affected by the outbreak visited either a GP or emergency medical
services.
For the reasons set out above regarding the nature of the symptoms and their duration,
we consider the likelihood of GP attendance for cryptosporidium to also be at the lower
end of the range. For our purposes we assume that the minimum rate of GP attendance is
7.2% a high estimate of 19.7% and likely mid point of 13.5%.
Estimates of outcomes
Adlam et al (2009) found that the mean duration of illness in all cases of AGI was 2.5
days, with a median of 2.0 days. 13% of cases lasted 5 days or longer. Only 3 cases
required hospitalisation, with a mean length of stay of 2.33 days.
Snel et al (2009A) calculated that approximately 3.6% of all notified cases required
hospitalisation and 0.012% of notified cases resulted in fatalities. Corso et al (2003)
found that approximately 1% of all cases were hospitalised. However, the rate implied
by the Snel et al (2009) estimate results in a number of hospitalised cases more than 10%
greater than actual known discharges for crypto. Consequently the known annual
average discharges for 2004 -2008 was used to determine the proportion.
Vijgen estimated the number of days of illness for a case of cryptosporidiosis at 3.5 with
no GP visit, 7 for those visiting a GP, and 18.4 days for those requiring a hospital stay.
Corso et al (2003), obtained data from the City of Milwaukee Health Department
suggesting a difference between period of illness and period of productivity loss, which
is consistent with expectations around the relative mildness of cryptosporidiosis in
typical cases. However, we do not have detail on how the information was gathered, or
should be interpreted, so a level of caution is required in using. In summary, those
experiencing severe illness are reported as having suffered a mean 18.4 days before
seeking healthcare and to have lost 13.5 days (mean) of productive activity. Those with
moderate illness (seeking GP or emergency room treatment) are reported as having
suffered a mean of 3.8 days before seeking healthcare, loosing on average 1.3 days of
productive activity.
Table 19: Summary of data, and estimate of modelling parameters, for
Cryptosporidiosis

Total cases
per 100,000
Percentage of
cases not
visiting a GP

NZ all AGI

Netherlands

Nordic
countries

Lake, et al
(2009),
Adlam, et
al (2009)

Vigen et al
2007

N/A

436

3340

92.7

N/A

Other sources

Best estimate for
modelling purposes

200, Rosevear
(2004)

1198*

Horman et
al (2004)

86.4%
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Table 19: Summary of data, and estimate of modelling parameters, for
Cryptosporidiosis
No of days of
illness
(productivity
loss)

2.5 mean
2.0 median

3.5

Percentage of
cases visiting
a GP

19.7%

7.2%

No of days of
illness
(productivity
loss)

6 days off work
all cases,
Rosevear
(2004)

2.0 productive days
lost

13.5%*

7

7, Yoshida et al
2007,

3.5 productive days
lost

Percentage of
cases
Hospitalised

N/A

0.15%

3.6% of notified
cases, Snel
(2009a), 4% of
all cases,
Rosevear
(2004)

3.6% of notified cases,
Snel (2009a)

No of days of
illness (Days
in hosptial)
[productivity
loss]

(2.33)
Adlam et al
2009 all
AGI

18.4

(2.4) NZHIS
data

9.4 productive days
lost, including 2.4 days
in hospital

Percentage of
cases fatal

N/A

0.004%

0.012% of
notified cases,
Snel (2009)
0.02%
Rosevear
(2004)

0.012% of notified
cases, Snel 2009

*Based on bottom up estimate provided in previous sections
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6.4.2 Giardiasis
Giardiasis is caused by a microscopic parasite Giardia intestinalis (also known as
Giardia lamblia or Giardia duodenalis). The parasite is found on surfaces or in soil, food,
or water that has been contaminated with the faeces from infected humans or animals.
People can become infected after swallowing the parasite. Giardia causes diarrheal
illness, and giardiasis is a common cause of waterborne disease.58
We consider the following range of outcomes for Giardia
•

Recovers at home without seeing a GP (No GP)

•

Visits a GP and recovers at home

•

Hospitalisation

•

Fatality

No specific sequelae of giardiasis are considered in this study, other than Irritable Bowel
Syndrome (IBS).
Notified cases in New Zealand
Snel et al (2009b) find that for the period 1997 – 2006 the average annual rate of
notified giardiasis was 44.1 cases per 100,000 population. The number of
hospitalisations were less than 1.7% of the notified cases. There were two reported
fatalities.
For 2007 the number of reported cases of giardiasis was 1402, equivalent to 33.2 cases
per 100,000 people.
Population estimates – top down
Rosevear (2004) estimated 250 cases of giardiasis per 100,000 persons in NZ per year.
Vigen et al (2007)59 estimate total incidence of community-acquired giardiasis cases in
the Netherlands for 2004 at 136,000 cases, translating to an incidence per 100,000
people of 836.5 cases a year.60 Information in the reported number of incidences of
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http://www.cdc.gov/ncidod/dpd/parasites/giardiasis/default.htm

59

Vigen et al utilise the same methodology and Kemmeren et al (2006); this is a follow up study
to the 2006 work looking at additional diseases. Kemmeren et al (2006) was key in providing
information to inform the work of Cressey and Lake (2007).
60

Based on a population of 16.258 million in 2004, from the Netherlands Central Bureau of
Statistics

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

88

giardiasis in the Netherlands were not included in the Annual Epidemiological Report
on Communicable Diseases in Europe 2009 (ECDPC, 2009).
Horman et al (2004) in a meta analysis of 13 studies of giardiasis in the Nordic countries
estimates that there will be 4670 symptomatic cases per 100,000 people. By comparison,
the reported incidence rates per 100,000 people for Finland and Sweden in 2007 were
5.57 and 16 respectively (information for Norway and Denmark was either not reported
or obtained).(ECDPC, 2009)
Higher rates of giardiasis have been observed in NZ than in other developed countries,
possibly due to environmental or social factors (Hoque et al., 2002).
Population estimates – bottom up
Total notified cases of giardia were 1402 in 2007, an incidence rate of 33 notified cases
per 100,000 people for NZ (EpiServ database). In this section we use available
information to estimate the total community incidence of giardia in 2007.
Step 1: allow for under reporting of laboratory confirmed cases
Hoque et al (2005) estimated that as few as 49% of cases of giardiasis in the Auckland
region known to GPs were notified during the period 1998-1999. Estimates were arrived
at using a capture-recapture methodology.
NZ’s levels of notified giardiasis are slightly higher than salmonellosis, suggesting
general practitioners may have similar levels of familiarity and concern regarding a
positive case, which may affect notification behaviour. Simmons et al (2002) estimated
that for 82% of salmonellosis cases confirmed by laboratories are notified.
Campylobacteriosis is around nine times more common than giardiasis; Simmons et al
(2002) estimated that 76% of laboratory confirmed campylobacteriosis cases are notified.
For the purposes of this study, in the absence of giardiasis specific information, the
campylobacter and Salmonellosis reporting rates will be used to form the upper and
lower bounds, with a likely mid point value of 79%.
Step 2: allow for likelihood of testing for giardiasis
Identification of giardiasis requires specific testing as opposed the stool culture used to
identify most forms of bacterial AGI, in the same manner as cryptosporiosis.
When ordering tests GPs may or may not specify the tests that they consider are required.
Decision tree modelling for the likelihood that a stool sample is tested for giardia was
undertaken in the same manner as for crypto. Input figures were the same as outlined in
the cryptosporidiosis section with the exception that only 36% of GPs assumed testing
for giardia to be routine (Perera & Adlam, 2007).
Decision tree modelling of the above information suggests that 71% of stool samples are
expected to be tested for giardia. This is likely to be a worst case scenario because in
situations where there is reason to believe that the cause of illness may be giardia the GP
is likely to either specify the need to test for parasites, provide case notes to that effect,

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

89

or in a few cases the laboratory may routinely undertake a preliminary film test that
suggests the need for this test.
For the purposes of this modelling we assume a worst case that only 71% of stools that
contain giardia are actually tested for giardia, a best case that 100% of stools are tested
for crypto, and use the midpoint of 85.5% as our “most likely” estimate.
Step 3: allow for proportion of cases presenting to a GP that are not asked to
provide a stool sample
Cressey & Lake (2007) use a mean probability in their estimates for notifiable diseases
that 0.416 patients will be asked to provide a faecal sample. This estimate was based on
a 1997 survey of GPs.
The GP survey found that the key clinical factors that affected whether a stool sample
was requested were the presence of blood in stools (82% of GPs would always or
usually request a specimen) and duration of illness over 5 days (76% would
always/usually request a specimen). Giardiasis symptoms can be relatively long running,
for instance between 2-6 weeks (Vijgen et al, 2007).
Given assumptions that most cases would go to the GP after a longer period of
symptoms (discussed below) and that the longer period of systems is associated with a
greater likelihood that the GP would request a stool sample, we suggest that the
likelihood that a stool sample would be requested is of medium probability. For
purposes of estimation we assume a likely estimate that 25% of patients visiting a GP
would be asked to provide (and do provide) a stool sample, with a lower bound of 20%
and upper bound of 30%.
Step 4: allow for community cases that do not visit a GP
International studies for developed countries are relatively consistent in finding that
approximately 20% of all AGI cases will visit a GP (or Nurse Practitioner in some
instances). However, severity and length of illness will affect decisions regarding GP
attendance. Adlam et al (2009) found that cases were more likely to visit a GP if they
experienced blood in stools, vomiting, headache, fever, muscle/body ache, or sore throat.
Symptoms lasting 3 or more days was also more likely to result in a GP visit. Diarrhoea
was not a predictor of an AGI case visiting a GP.
Vijgen et al (2007) estimate that 8.5% of cases of giardia would visit a GP (low / high
range of 7.7% to 8.5%).
Given that diarrhoea is the main symptom and this is not a predictor of GP attendance,
but length of illness is, we consider the likelihood of GP attendance for giardia to also be
in the low to middle of the range.
For our purposes we assume that the minimum rate of GP attendance is 8.5%, a high
estimate of 20% and likely mid point of 15%.
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Estimates of outcomes
Snel et al (2009b) calculated that approximately 1.7% of all notified cases required
hospitalisation and 0.012% of notified cases resulted in fatalities. As this data is for NZ
and based on actual experience we consider these the best estimates to use.
Adlam et al (2009) found that the mean duration of illness in all cases of AGI was 2.5
days, with a median of 2.0 days. 13% of cases lasted 5 days or longer. Only 3 cases
required hospitalisation, with a mean length of stay of 2.33 days.
Vijgen et al (2007) estimated the number of days of illness for a case of giardia at 10 for
both those visiting and not visiting a GP. Those requiring hospitalisation were estimated
to experience 30 days of illness.
Table 20: Summary of data, and estimate of modelling parameters, for Giardiasis

Total cases
per 100,000

NZ all AGI

Netherlands

Lake et al
(2009),
Adlam et al
(2009)

Vigen et al
(2007)

N/A

836.5

4670

1309*

91.2%

N/A

85%

Percentage of
cases not
visiting a GP

Nordic
countries

Other sources

Horman et
al (2004)

Best estimate for
modelling
purposes

No of days of
illness
(productivity
loss)

2.5 mean
2.0 median

10

2.0 productive days
lost

Percentage of
cases visiting
a GP

19.7%

8.5%

15%*

No of days of
illness

10

5 days off work,
average for all
cases, (Rosevear,
2004)

5 productive days
lost

Percentage of
cases
Hospitalised

N/A

0.26%

1.7% of notified
cases (Snel
2009b), 2.0% of
all cases,
(Rosevear, 2004)

1.7% of notified
cases (Snel 2009b),

No of days of
illness
(hospitalised
days)

(2.33)
(Adlam et
al., 2009)
all AGI

30

(2.8) NZHIS data

12.8 productive days
lost including 2.8 in
hospital
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Table 20: Summary of data, and estimate of modelling parameters, for Giardiasis
Percentage of
cases fatal

N/A

0

0.012% of notified
cases (Snel
2009b), 0.02% of
all cases
(Rosevear, 2004)

0.012% of notified
cases (Snel 2009),

*Based on bottom up estimate provided in previous sections

6.4.3 Campylobacteriosis
Campylobacteriosis is an infectious disease caused by bacteria of the genus
Campylobacter. Most people who become ill with campylobacteriosis get diarrhea,
cramping, abdominal pain, and fever within two to five days after exposure to the
organism. The diarrhea may be bloody and can be accompanied by nausea and vomiting.
In persons with compromised immune systems, Campylobacter occasionally spreads to
the bloodstream and causes a serious life-threatening infection.(Centers for Disease
Control and Prevention)
Most people who get campylobacteriosis recover completely within two to five days,
although sometimes recovery can take up to 10 days. Campylobacter infection can result
in long-term consequences. Some people develop arthritis. Others may develop a rare
disease called Guillain-Barré syndrome that affects the nerves of the body beginning
several weeks after the diarrheal illness. This occurs when a person's immune system is
"triggered" to attack the body's own nerves resulting in paralysis that lasts several weeks
and usually requires intensive care. It is estimated that approximately one in every 1,000
reported Campylobacter illnesses leads to Guillain-Barré syndrome.(Centers for Disease
Control and Prevention)
We consider the following range of outcomes for campylobacteriosis to be:
•

Recovers at home without seeing a GP (No GP)

•

Visits a GP and recovers at home

•

Hospitalisation

•

Fatality.

Sequelae for Campylobacter considered in this study are:
•

Guillain-Barré syndrome

•

Reactive arthritis (Reiter syndrome)

•

IBD.

Campylobacter, along with all forms of AGI, is understood to contribute to IBS.
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Notified cases in New Zealand
Total notified cases of campylobacteriosis were 12778 in 2007, an incidence rate of 302
notified cases per 100,000 people for NZ (EpiServ database).
Population estimates – top down
Kemmeren et al (2006) estimated a relatively low rate of campylobacter incidence, at
369 cases per 100,000 amongst the Dutch population in 2004.
Population estimates – bottom up
Cressey and Lake (2007) estimated the total incidence of campylobactor at 123,000
cases for NZ using a bottom up calculation method. In this section we draw upon their
approach, updated to consider findings from recent work.
Step 1: allow for under reporting of laboratory confirmed cases
Cressey and Lake (2007) utilise Simmons et al (2002) estimate that the proportion of
laboratory confirmed campylobacteriosis cases notified is 76%. We utilise this as a
likely value, with the 95% confidence intervals forming the lower (75%) and upper
bounds (78%).
Step 2: allow for likelihood of testing for campylobacter
Identification of campylobacter is via a stool culture. Perera & Adlam (2007) found that
GPs are considerably more likely to specifically request faecal samples be tested for
bacteria than for other pathogens or toxins. 70.7% of GPs reported “Always/usually”
testing for bacteria, compared to 25.5% for parasites.
Using the high end of ranges set by Perera & Adlam (2007) suggests a 82% likelihood
that GPs would specifically test for bacteria in any given stool sample. Regardless,
nearly all GPs assume that campylobacter is routinely tested for by laboratories.
Most laboratories will have a standard set of tests performed on stool samples received,
when specific tests or information suggesting a specific test, is not provided with the
request. King et al (2007) found that of 35 laboratories surveyed 33 would routinely test
for campy.
While there is a small chance that a stool sample containing campylobacter would not be
tested appropriately, we consider this to be very small and there to be no need for
adjustment based on this possibility.
Step 3: allow for proportion of cases presenting to a GP that are not asked to
provide a stool sample
Cressey and Lake (2007) use a mean probability in their estimates for notifiable diseases
that 0.416 patients will be asked to provide a faecal sample. This estimate was based on
a 1997 survey of GPs.
The GP survey found that the key clinical factors that affected whether a stool sample
was requested were the presence of blood in stools (82% of GPs would always or
usually request a specimen) and duration of illness over 5 days (76% would
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always/usually request a specimen). While campylobacteriosis tends to be of relatively
short duration, there may be blood in stools and symptoms can be relatively acute.
Based on this analysis, we suggest that the likelihood that a stool sample would be
requested is medium. For purposes of estimation we assume a lower bound equivalent
to the results of the GP study (23%), and upper bound equivalent to the results of the
community study (36%) and use a likely value at the midpoint of 29.5%.
Step 4: allow for community cases that do not visit a GP
Cressey and Lake (2007) find that a mean 34% of cases will visit a GP, with 95th
percentile bands of 27.1% and 41.6%. We have utilised the same values.
Estimates of outcomes for campylobacter
Percentage of cases visiting the GP is taken from the above bottom up estimates.
We have utilised the same outcome assumptions as Lake and Cressey (2007), with the
exceptions set out in the table below.
Cressey and Lake (2007) used a reference year of 2005, and estimated numbers of
hospitalisations based on a range of data sources. This gave a mean estimate of 950
hospitalisations per year.
Information obtained from NZHIS for the period 2004-2008 suggests that hospital
discharges for campylobacteriosis peaked in 2005, at 955 (including readmissions).
2007 hospital discharges were 425. Average hospital discharges over the period 2004
2007 were 700.75, equivalent to 5.1% of all notified cases, and 0.4% of our estimated
level of likely cases.
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Sequelae
Guillain-Barre syndrome
Because of the relatively small number of GBS cases that will be affected by
improvements to networked drinking water quality, we have not attempted to model the
range of severities of GBS that may be experienced.
NZHIS hospital data for 2004 -2007 gives an average of 155.5 discharges for GBS per
year (including readmissions), with an average length of stay of 11.4 days.
Campylobacter is not the sole cause of Guillain-Barré syndrome (GBS), but previous
studies have assumed that campylobacteriosis will be responsible for around 25% of
cases (Lake et al 2000).
Based on discharge data (assuming that all cases are hospitalised) a 25% attribution rate
would suggest that annually an average of 38.9 discharges would be due to campy. This
is slightly higher than Cressey and Lake (2007), probably due to the inclusion of
readmissions which is necessary for consistency with costs data used in the economic
modelling. Based on 2004-2007 data for hospital discharges and campylobacteriosis
notifications, this is equivalent to 0.3% of notified campylobacteriosis cases resulting in
a hospital discharge for GBS, or 0.023% of all cases. Cressey and Lake (2007) estimate
0.023% of all cases result in GBS or around 28 cases in 2005, but this estimate excludes
readmissions. A recent Swedish retrospective study of patients infected with
campylobacteriosis also found that 0.023% of all campylobacteriosis cases resulted in
GBS requiring hospital level care (Ternhag et al., 2008)
For our purposes, because we are using hospital discharges to actual cases, we will use a
point estimate of 0.026% of all cases resulting in a discharge for GBS. Based on our
most likely estimate of total number of campylobacteriosis cases, this is equivalent to
43.6 discharges as year, an average of 28% of all GBS discharges per year in NZ
between 2004 and 2007.
Reactive Arthritis
Ternhag et al (2008) found that one year on from infection, cases that had been
diagnosed with campylobacter were at significantly greater risk of suffering from
reactive arthritis (significant at 95% confidence intervals, standardised incidence ratio of
18.2). Specifically, 57,425 cases of infection were associated with 15 observations of
ReA receiving hospital level care, compared to expected observations of 2.4. This
suggests that 0.02% of campylobacteriosis cases will develop ReA and require hospital
level care.
Studies of total prevalence of ReA in the community as a result of campylobacteriosis
are unsurprisingly higher. Cressey and Lake (2007) estimate between 2.4% and 2.6% of
all campylobacteriosis cases develop ReA. For our purposes we assume that between
2.4% and 2.6% of all cases develop ReA, with 0.02% of campylobacteriosis cases
requiring hospital level treatment for ReA.
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Inflamatory Bowel Disease
We utilise Cressey and Lake (2007)’s findings on the proportion of IBD cases to total
campylobacteriosis cases (0.04%).
Table 21: Summary of data, and estimate of modelling parameters, for
Campylobacteriosis
NZ all AGI
Lake et al
(2009),
Adlam et al
(2009)
Total cases
per 100,000

N/A

Percentage of
cases not
visiting a GP

Cressey & Lake
(2007)(Cressey et
al., 2008)

Kemme
ren et al
(2006)

Other
sources

Best estimate for
modelling
purposes

(5th and 95th
percentile)
2974
(2152, 4110)

369

3964*

65.9% (46.1, 74.1%)

76.3%

65.6%*

No of days of
illness
(productivity
loss)

2.5 mean
2.0 median

3.48 (2.3 days paid
work missed)

3.48

2.3 days of
productive activity
missed

Percentage of
cases visiting
a GP

19.7%

34.1% (41.6,27.1)

23.7%

34%*

9.72 (7.9 days paid
work missed)

9.72

7.9 days productive
activity missed

0.4%

No of days of
illness
(productivity
loss)
Percentage of
cases
Hospitalised

N/A

0.77%
(0.8, 1.0)

1.0%

No of days of
illness (Days
in hosptial)
[productivity
loss]

(2.33)
(Adlam et
al., 2009)
all AGI

14.4 [12.6 days of
paid work missed]

14.4
(5.9)

Percentage of
cases fatal

N/A

0.001% (0.0004,
0.0014)

0.04%

(3.0, NZHIS)

12.6 days productive
activity missed,
including 3.0 days in
hospital

0.001%

*Based on bottom up estimate provided in previous sections

6.4.4 Salmonellosis
Salmonellosis is an infection with bacteria called Salmonella. Most persons infected
with Salmonella develop diarrhoea, fever, and abdominal cramps 12 to 72 hours after
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infection. Salmonella infection may also result in typhoid and paratyphoid, which are
discussed separately. One community study of non-typhoidal salmonella infections has
suggested around 13% of all cases have bloody stools (Voetsch et al., 2004)
Salmonellosis usually lasts 4 to 7 days, and most persons recover without treatment.
However, in some persons, the diarrhoea may be so severe that the patient needs to be
hospitalized. In these patients, the Salmonella infection may spread from the intestines
to the blood stream, and then to other body sites and can cause death unless the person is
treated promptly (Centers for Disease Control and Prevention).
We consider the following range of outcomes for salmonellosis to be:
•

Recovers at home without seeing a GP (No GP)

•

Visits a GP and recovers at home

•

Hospitalisation

•

Fatality

Sequelae for salmonellosis considered in this study are:
•

Reactive arthritis (Reiter syndrome)

•

IBD

Salmonellosis, along with all forms of AGI, is understood to contribute to IBS.
Notified cases in New Zealand
Total notified cases of salmonellosis were 1274 in 2007, an incidence rate of 30.1
notified cases per 100,000 people for NZ (EpiServ database).
Population estimates – top down
Lake and Cressey (2007) estimated that there were between 5,800 and 29,800 cases of
salmonellosis in NZ each year, with a likely value of 16,800 This is equivalent to 406
cases per 100,000.
Kemmeren et al (2006) estimated 35,000 cases of salmonella in the Netherlands in 2004,
a community incidence rate of 219 cases per 100,000. Voetsch et al (2004) provide an
estimate of total community non-typhoidal salmonella infections for the United States of
1.4 million cases a year in 1996-1999, an incidence rate of 520 cases per 100,000 people.
This study, which draws on FoodNet data (public health surveillance programme) as
well as population and laboratory practice surveys, is the most complete source we have
come across in relation to Salmonellosis.
De Jong and Ekdahl (2006) estimate the incidence of salmonella in European countries
using the number of cases diagnosed in returning Swedish travellers. Incidences per
100,000 people are found ranging between 4 (Norway) and 2741 (Bulgaria). The
approach is perhaps most use for showing the potential range in incidence between
countries relative to reported incidences.
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Population estimates – bottom up
Cressey and Lake (2007) estimated the total incidence of salmonellosis at 16,800 cases
for NZ using a bottom up calculation method (a rate of 406 cases per 100,000). In this
section we draw upon their approach, updated to consider findings from recent work.
Step 1: allow for under reporting of laboratory confirmed cases
Cressey and Lake (2007) utilise Simmons et al (2002) estimate that the proportion of
laboratory confirmed salmonellosis cases that are notified is 82%. We utilise this as a
likely value, with Cressey & Lake (2007)’s 95% confidence intervals forming the lower
(77%) and upper bounds (85%).
Step 2: allow for likelihood of testing for salmonellosis
Identification of salmonella is via a stool culture.
Perera & Adlam (2007) found that GPs are considerably more likely to specifically
request faecal samples be tested for bacteria than for other pathogens or toxins. 70.7% of
GPs reported “Always/usually” testing for bacteria, compared to 25.5% of GPs for
parasites.
Using the high end of ranges set by Perera & Adlam (2007) suggests an 82% likelihood
that GPs would specifically test for bacteria in any given stool sample. Regardless, 94%
of GPs assumed that salmonellosis is routinely tested for by laboratories.
Most laboratories will have a standard set of tests performed on stool samples received,
when specific tests or information suggesting a specific test, is not provided with the
request. King et al (2007) found that of 35 laboratories surveyed 32 would routinely test
for salmonellosis.
Based on decision tree modelling, we find that less than 2% of samples that should be
tested for salmonellosis may not be. However, given that GPs will discuss risk factors
with patients in making decisions around test specification, and that laboratories may
apply their own additional criteria for testing, we have not adjusted for this risk.
While there is a small chance that a stool sample containing salmonellosis would not be
tested appropriately, we consider this to be very small and have not adjusted for this risk.
Step 3: allow for proportion of cases presenting to a GP that are not asked to
provide a stool sample
The GP survey found that the key clinical factors that affected whether a stool sample
was requested were the presence of blood in stools (82% of GPs would always or
usually request a specimen) and duration of illness over 5 days (76% would
always/usually request a specimen).
Voetsch et al (2004) estimated that 13% of cases present with bloody stools. We can
assume that all of this group will be asked to provide a stool sample.
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Salmonellosis may last over 5 days, and we assume in our outcomes that those visiting
the GP will have a longer duration illness. However, only 29.6% and 18.4% of GPs
would “Always/usually” request a faecal specimen from patients with fever and
abdominal pain, respectively. Voetsch et al (2004) estimated that of the remaining 87%
of cases with non-bloody stools, around 18% would be asked to provide a sample,
giving an overall request rate of nearly 29%.
For our purposes we assume a most likely value of 40% of GPs requesting a stool
sample, and patients complying. An upper and lower estimate of 44% and 36% is used.
Step 4: allow for community cases that do not visit a GP
International studies for developed countries are relatively consistent in finding that
approximately 20% of all AGI cases will visit a GP (or Nurse Practitioner in some
instances). However, severity and length of illness will affect decisions regarding GP
attendance. Adlam et al (2009) found that cases were more likely to visit a GP if they
experienced blood in stools, vomiting, headache, fever, muscle/body ache, or sore throat.
Symptoms lasting 3 or more days was also more likely to result in a GP visit. Diarrhoea
was not a predictor of an AGI case visiting a GP.
Kemmeren et al (2006) estimate that approximately 15 – 22% of cases will visit a GP.
Cressey and Lake (2007) assume a wide range of potential outcomes, with findings that
between 20% and 62% of cases visiting a GP.
Voetsch et al (2004) estimate that 14.7% of patients with bloody stools will visit a GP,
while 11.6% of persons with nonbloody diarrhoea will visit a GP. We find the former of
these estimates less likely in the NZ context. Adlam et al (2009) found that 45.5% of
people reporting bloody stools visited a GP.
Lake and Cressey (2007) estimated that between 19% and 60% of cases would visit a
GP, with a mean value of 26%.
On this basis we assume that half of those with bloody stools would visit a GP and the
remaining 87% would have a probability of attending the GP equivalent to that for all
cases of AGI. Thus we estimate a likely GP visit rate of 30% with a lower estimate of 25%
and upper estimate of 35%.
Estimates of outcomes for AGI
We have utilised the same outcome assumptions as Lake and Cressey (2007), with the
exceptions set out in the table below.
Percentage of cases visiting the GP is taken from the above bottom up estimates.
Cressey and Lake (2007) estimate between 0.7% and 2% of all cases result in hospital
admission. Voetsch et al (2004) estimate 1% of all cases of salmonellosis result in a
hospital admission. Hospital data for 2004-2008 shows an average of 118 discharges per
year, which would be equivalent to 11,800 cases of salmonellosis in NZ – similar to our
likely estimated level each year. We assume 1% of cases result in a hospital discharge.
The average length of stay in hospital was 4.1 days.
Similarly, we follow Voetsch et al (2004)’s estimate that 0.03% of cases are fatal.
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Sequelae
Reactive Arthritis
Ternhag et al (2008) found that one year on from infection, cases that had been
diagnosed with salmonellosis were at significantly greater risk of suffering from reactive
arthritis (significant at 95% confidence intervals, standardised incidence ratio of 18.2).
Specifically, 34,664 cases of infection were associated with 27 observations of ReA
receiving hospital level care, compared to expected observations of 1.5. This suggests
that an additional 0.07% of salmonellosis cases will develop ReA and require hospital
level care.
Studies of total prevalence of ReA in the community as a result of salmonellosis are
unsurprisingly higher.
Cressey and Lake (2007) estimate between 2% and 3.2% of all salmonellosis cases
develop ReA, with a likely value of 2.2%. For our purposes we utilise this range but
assume that 0.07% of salmonellosis cases require hospital level treatment for ReA.
Inflamatory Bowel Disease
We utilise Cressey and Lake (2007)’s findings on the proportion of IBD cases to total
salmonellosis cases (0.02%).
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Table 22: Summary of data, and estimate of modelling parameters, for
Salmonellosis
NZ all AGI
Lake et al
(2009),
Adlam et al
(2009)
Total cases
per 100,000

N/A

Percentage of
cases not
visiting a GP

Cressey &
Lake (2007)
& (2008)

Kemmeren
et al (2006)

Best estimate for
modelling purposes

(5th and 95th
percentile)
406
(140-721)

219

73.8%
(26%- 83%)

85.7%

69%*

2.3 productive days
lost

No of days of
illness
(productivity
loss)

2.5 mean
2.0 median

5.58 (2.3
work days
lost)

5.58

Percentage of
cases visiting
a GP

19.7%

26.2%
(19%-60%)

15.4%

10.65 (7.9
work days
lost)

10.65

No of days of
illness
(productivity
loss)

Voetsch et al
(2004) & other
sources

520

306*

14.7% bloody,
11.6% nonbloody

30%*

7.9 productive days
lost

Percentage of
cases
Hospitalised

N/A

0.95%
(0.72%2.05%)

1.8%

1%

1%

No of days of
illness (Days
in hospital)
[productivity
loss]

(2.33)
(Adlam et
al., 2009)all
AGI

16.15 [12.6
work days
lost]

16.15

(4.1 days,
NZHIS data)

12.65 productive days
lost with 4.1 days in
hospital

Percentage of
cases fatal

N/A

0.014%
(0.009%
0.015%)

0.1%

0.03%

0.014%

*Based on bottom up estimate provided in previous sections
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6.4.5 Shiga-toxin producing E. Coli (STEC)
Shiga toxin-producing Escherichia coli (STEC) is a type of enterohemorrhagic E. coli
(EHEC) bacteria that can cause illness ranging from mild intestinal disease to severe
kidney complications. STEC may also be referred to as verocytotoxic E. coli (VTEC).
Typical symptoms include severe abdominal cramping, sudden onset of watery diarrhea,
frequently bloody, and sometimes vomiting and a low-grade fever. Most often the
illness is mild and self-limited generally lasting 1-3 days. The incubation period ranges
from 1 to 8 days, though typically it is 3 to 5 days.61
We consider the following range of outcomes for STEC:
•

Recovers at home without seeing a GP (No GP)

•

Visits a GP and recovers at home

•

Hospitalisation

•

Fatality

Sequelae for STEC considered in this study are:
•

Haemolytic uraemic syndrome (HUS)

•

End stage renal disease (ESRD)

STEC, along with all forms of AGI, is understood to contribute to IBS.
Notified cases in New Zealand
Total notified cases of STEC were 100 in 2007, an incidence rate of 2.4 notified cases
per 100,000 people for NZ (EpiServ database).
Population estimates – top down
Cressey and Lake (2007) estimated that there were between 180 and 620 cases of STEC
in NZ each year, with a likely value of 340. This is equivalent to 8.2 cases per 100,000.
Kemmeren et al (2006) estimated 1250 cases of STEC in the Netherlands in 2004, a
community incidence rate of 7.8 cases per 100,000.

61

http://www.cdphe.state.co.us/dc/Epidemiology/stec_fs.html
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Population estimates – bottom up
Step 1: allow for under reporting of laboratory confirmed cases
Cressey and Lake (2007) utilise Simmons et al (2002) estimate that 100% of laboratory
confirmed STEC cases are notified. We utilise this as a likely value, with Cressey &
Lake’s (2007) 95% confidence intervals forming the lower (48%) and upper bounds
(100%).
Step 2: allow for likelihood of testing for STEC
Perera & Adlam (2007) found that GPs are considerably more likely to specifically
request faecal samples be tested for bacteria than for other pathogens or toxins. 70.7% of
GPs reported “Always/usually” testing for bacteria, compared to 3.2% of GPs for toxins.
Using the high end of ranges set by Perera & Adlam (2007) suggests a 32% likelihood
that GPs would specifically test for toxins in any given stool sample. 63% of GPs
assumed that STEC is routinely tested for by laboratories.
Most laboratories will have a standard set of tests performed on stool samples received,
when specific tests or information suggesting a specific test, is not provided with the
request. King et al (2007) found that of 35 laboratories surveyed 7 would routinely test
for STEC.
Based on decision tree modelling, we find that in a worst case scenario, as few as 33%
of samples may be tested for STEC. However, given that GPs will discuss risk factors
with patients in making decisions around test specification, and that laboratories may
apply their own additional criteria for testing, the likelihood that a sample from a person
who has contracted STEC is tested for STEC is likely to be higher.
Consistent with our estimates of cryptosporidiosis and giardia, we have used the 33%
estimate as our worst case, 100% as a best case, and taken the mid point between the
two, 66.5%, as the most likely value.
Step 3: allow for proportion of cases presenting to a GP that are not asked to
provide a stool sample
The GP survey found that the key clinical factors that affected whether a stool sample
was requested were the presence of blood in stools (82% of GPs would always or
usually request a specimen) and duration of illness over 5 days (76% would
always/usually request a specimen).
Cressey and Lake (2007) provide evidence suggesting around 44.5% of STEC cases
involve bloody stools. It is assumed that all cases presenting to GPs with bloody stools
would be asked to provide a stool sample.
For those cases without bloody diarrhoea, it is assumed that the duration of the illness
has been shorter when presenting to the GP and the likelihood of a stool sample being
requested is 23%.
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Based on the above figures we estimate the likely proportion of STEC cases being
requested to provide a stool at 57%, with an upper bound of 70% and lower bound of
44%.
Step 4: allow for community cases that do not visit a GP
International studies for developed countries are relatively consistent in finding that
approximately 20% of all AGI cases will visit a GP (or Nurse Practitioner in some
instances). However, severity and length of illness will affect decisions regarding GP
attendance. Adlam et al (2009) found that cases were more likely to visit a GP if they
experienced blood in stools, vomiting, headache, fever, muscle/body ache, or sore throat.
Symptoms lasting 3 or more days was also more likely to result in a GP visit. Diarrhoea
was not a predictor of an AGI case visiting a GP.
Frenzen et al (2005), studying STEC in the US, estimated that approximately 18% of all
STEC cases would visit a physician.
Adlam et al (2009) found that 45.5% of people reporting bloody stools visited a GP. For
our purposes we will assume that 50% of cases with bloody stools will visit a GP, and
20% of cases with non-bloody stools (equivalent to probability of average case of AGI
attending a GP). This gives an estimated GP attendance rate of 56%, with lower bounds
of 46% and upper bounds of 66%.
Estimates of outcomes for AGI and sequelae
We have utilised the same outcome assumptions as Lake and Cressey (2007) with the
exceptions set out in the table below. Percentage of cases visiting the GP is taken from
the above bottom up estimates.
Cressey and Lake (2007) do not allow for cases of STEC that are hospitalised for
reasons other than HUS or ESRD. Data from NZHIS for the period 2004 – 2008 gives
an average of 17 discharges per year due to STEC, which is approximately equivalent to
3.5% of estimated likely STEC cases.
Frenzen et al (2005) estimate that 2.4% of STEC cases result in hospitalisation with
resulting HUS, suggesting that either a greater proportion of NZ cases result in
hospitalisation, or our likely estimate of total incidence is on the low side. For our
purposes we assume that 3.5% of STEC cases result in hospitalisation without resulting
in HUS.
Hospital data suggests an average length of stay for STEC discharges of 3.3 days.
Sequelae - HUS and ESRD
Cressey and Lake (2007) estimate that 2.7% of all STEC cases develop HUS, and that
between 0.33% and 0.35% of cases develop ESRD. These figures are slightly more
pessimistic than those estimated by Frenzen et al (2005) for the US (0.5% of cases
develop HUS) and Kemmeren et al (2006) who estimate 1.7% of cases develop HUS.
We have elected to utilise the Cressey and Lake (2007) estimates.
The average length of hospital stay for a discharge due to HUS is 5.6 days and 5.7 days
for ESRD (NZHIS). Havelaar et al (2004) estimate that a HUS case loses 14 to 28 days
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from school or work (usually school, as it is most predominant amongst children). We
have taken the midpoint and assumed 21 days of lost productive activity, including the
period in hospital.
While Cressey and Lake (2007) do estimate number of STEC cases resulting in death
due to STEC alone, and death due to HUS, we have not included this figure as it will not
be material to our analysis.

Table 23: Summary of data, and estimate of modelling parameters, for STEC
NZ all AGI
Lake et al
(2009),
Adlamet al
(2009)
Total cases
per 100,000

N/A

Cressey &
Lake (2007)
& (2008)

2.5 mean
2.0 median

Percentage of
cases visiting
a GP

19.7%

No of days of
illness
(productivity
loss)

Frenzen et al
(2005) & Other
sources

Best estimate for
modelling purposes

(5th and 95th
percentile)
8.2
(4.4 – 15)

7.8

11.2*

85.6%

40.5%

3 nonbloody

1.5 productive days

14.4%

56%*

5 bloody
(4.3 days
work
missed)

5 bloody

4.3 productive days

Percentage of
cases not
visiting a GP
No of days of
illness
(productivity
loss)

Kemmeren
et al (2006)

3 Nonbloody (1.5
days work
missed)

Percentage of
cases
Hospitalised

N/A

N/A

N/A

2.4%,

3.5% based on NZHIS
discharges as % of
estimated cases

No of days of
illness
(productivity
loss)

(2.33)
Adlam et al
2009 all
AGI

N/A

N/A

(NZHIS 3.3
days)

Assume productive
days loss twice GP
cases, being 8.6 days,
plus 3.3 days in
hospital

*Based on bottom up estimate provided in previous sections
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6.4.6 Yersiniosis
Yersiniosis is an infectious disease caused by a bacterium of the genus Yersinia.
Infection with yersinia can cause a variety of symptoms depending on the age of the
person infected. Infection with yersinia occurs most often in young children. Common
symptoms in children are fever, abdominal pain, and diarrhea, which is often bloody.
Symptoms typically develop 4 to 7 days after exposure and may last 1 to 3 weeks or
longer. In older children and adults, right-sided abdominal pain and fever may be the
predominant symptoms, and may be confused with appendicitis. In a small proportion of
cases, complications such as skin rash, joint pains, or spread of bacteria to the
bloodstream can occur. 62
A key feature of yersiniosis is the estimated high proportion of cases that are
asymptomatic (potentially 50%).
We consider the following range of outcomes for yersiniosis to be:
•

Recovers at home without seeing a GP (No GP)

•

Visits a GP and recovers at home

•

Hospitalisation

•

Fatality

Sequelae for yersiniosis considered in this study are:
•

Reactive arthritis (Reiter syndrome)

Yersiniosis, along with all forms of AGI, is understood to contribute to IBS.
Notified cases in New Zealand
Total notified cases of yersiniosis were 502 in 2007, an incidence rate of 11.9 notified
cases per 100,000 people for NZ (EpiServ database). Notified cases in 2007 were higher
than in most recent previous years, with the average number of notified cases from 2002
to 2006 being around 430 per year. The impact of this difference in part drives the
higher bottom up estimate of total community cases that we obtain, relative to Cressey
and Lake (2007).
Population estimates – top down
Lake and Cressey (2007) estimated that there were between 5,700 and 10,400 cases of
yersiniosis in NZ each year, with a likely value of 7,900. This is equivalent to 191 cases
per 100,000.
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Population estimates – bottom up
Step 1: allow for under reporting of laboratory confirmed cases
Lake et al (2009) suggest on average there are 2.7 positive laboratory tests for every one
case reported to the notification system (37% of cases reported). However, this is an
average for all AGI and includes non-notifiable diseases that may be identified.
Perera & Adlam (2007) found that 98% of surveyed GPs claim they would
“Always/usually” report an isolated case of a laboratory confirmed notifiable disease to
the public health service. Having said this, 13% of GPs believed that laboratories report
notifiable diseases.
Simmons et al (2002) estimate that the proportion of laboratory confirmed yersiniosis
cases notified is 79%. We utilise this as a likely value, with the 95% confidence
intervals forming the lower (72%) and upper bounds (85%).
Step 2: allow for likelihood of testing for yersiniosis
Perera & Adlam (2007) found that GPs are considerably more likely to specifically
request faecal samples be tested for bacteria than for parasites or toxins. 70.7% of GPs
reported “Always/usually” testing for bacteria, compared to 25.5% of GPs for parasites.
Using the high end of ranges set by Perera & Adlam (2007) suggests an 82% likelihood
that GPs would specifically test for bacteria in any given stool sample. 51% of GPs
assumed that yersinia is routinely tested for by laboratories.
Most laboratories will have a standard set of tests performed on stool samples received,
when specific tests or information suggesting a specific test, is not provided with the
request. King et al (2007) found that of 35 laboratories surveyed 32 would routinely test
for yersinia.
Based on decision tree modelling, we find that less than 2% of samples that should be
tested for yersinia may not be. This risk will be reduced by GPs discussing risk factors
with patients in making decisions around test specification, and laboratories applying
their own additional criteria for testing.
While there is a small chance that a stool sample containing yersinia would not be tested
appropriately, we consider this to be very small and have not adjusted for this risk.
Step 3: allow for proportion of cases presenting to a GP that are not asked to
provide a stool sample
Cressey & Lake (2007) use a mean probability in their estimates for notifiable diseases
that 0.416 patients will be asked to provide a faecal sample. This estimate was based on
a 1997 survey of GPs.
Perera & Adlam (2007) estimated from the GP practice study that around 23% of
patients attending for AGI are asked to provide a faecal sample. In contrast, Adlam et al
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(2009) in the AGI community study found that 40% of patients seeing a GP reported
being asked to provide a sample and 90% of patients complied with the request
(effectively 36% of persons seeing a GP providing a stool sample).
The GP survey found that the key clinical factors that affected whether a stool sample
was requested were the presence of blood in stools (82% of GPs would always or
usually request a specimen) and duration of illness over 5 days (76% would
always/usually request a specimen).
Yersiniosis is characterised by being a relatively mild disease that will last for an
extended period of time. Cressey & Lake (2007) cite evidence that the symptoms of
yersiniosis are such that cases are unlikely to result in a request for a stool sample any
more often than the average case of AGI. Thus we assume a likely rate of 23% of cases
being asked to provide a sample, with a low and high estimate of 16% and 30%.
Step 4: allow for community cases that do not visit a GP
International studies for developed countries are relatively consistent in finding that
approximately 20% of all AGI cases will visit a GP (or Nurse Practitioner in some
instances). However, severity and length of illness will affect decisions regarding GP
attendance. Adlam et al (2009) found that cases were more likely to visit a GP if they
experienced blood in stools, vomiting, headache, fever, muscle/body ache, or sore throat.
Symptoms lasting 3 or more days was also more likely to result in a GP visit. Diarrhoea
was not a predictor of an AGI case visiting a GP.
Because yersiniosis is mild, the likelihood of attendance at a GP is assumed to be
relatively low. Wheeler et al (1999) estimated that 7.9% of cases would attend a GP
with a range of 5.2%- 11.8%. Given that Wheeler (1999) study required participants not
attending a GP to post in a stool sample for confirmation of illness to be included in the
result, we would generally suggest that the Wheeler study would be likely to undercount
community cases, but may be expected to include some asymptomatic cases.
To account for asymptomatic cases Cressey & Lake (2007) halved the number of
community cases not seeing a GP. We have opted to simply double the likelihood that a
case will see a GP, to a likely estimate of 15.8%, with range of 10.4% and 23.6%. Our
approach will give largely the same effect.
Estimates of outcomes for AGI
We have utilised the same outcome assumptions as Cressey & Lake (2007), with the
exceptions set out in the table below. Percentage of cases visiting the GP is taken from
the above bottom up estimates.
However, utilising the Cressey & Lake (2007) best estimate of proportion of cases
hospitalised resulted in a number of hospitalised cases more than 10% greater than
actual known discharges for yersiniosis. Consequently the known annual average
discharges for 2004 -2008 was used to determine the proportion.
We have not estimated the likely rate of death from yersiniosis as this is estimated to be
less than 1 case per year and will therefore have very little impact on the overall results.
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Sequelae - Reactive Arthritis
Ternhag et al (2008) found that one year on from infection, cases that had been
diagnosed with yersiniosis were at significantly greater risk of suffering from reactive
arthritis (significant at 95% confidence intervals, standardised incidence ratio of 47.0).
Specifically, 5,133 cases of infection were associated with 9 observations of reactive
arthritis receiving hospital level care, compared to expected observations of 0.2. This
suggests that an additional 0.17% of yersiniosis cases will develop reactive arthritis and
require hospital level care.
Studies of total prevalence of reactive arthritis in the community as a result of
yersiniosis are unsurprisingly higher.
Cressey & Lake (2007) estimate between 0.9% and 1.1% of all symptomatic yersiniosis
cases develop reactive arthritis, with a likely value of 1.0%. For our purposes we utilise
this range but assume that 0.17% of yersiniosis cases require hospital level treatment for
reactive arthritis.
Table 24: Summary of data, and estimate of modelling parameters, for
Yersiniosis (symptomatic only)
NZ all AGI
Lake et al
(2009),
Adlamet al
(2009)
Total cases per
100,000

N/A

Percentage of cases
not visiting a GP

Cressey & Lake
(2007) & (2008)
(5th and 95th
percentile)

41463*

83.5%

83.7%*

1.5 productive days
lost

2.5 mean
2.0 median

9 (1.5 days work
missed)

Percentage of cases
visiting a GP

19.7%

16.5% (allows for
asymptomatic)

Percentage of cases
Hospitalised

N/A

Best estimate for
modelling
purposes

191
(138 – 251)

No of days of illness
(productivity loss)

No of days of illness
(productivity loss)

Other sources

7.9% Wheeler et
al (1999)

15.8% (allows for
asymptomatic cases
in community)*

9 (2.7 days work
missed)

2.7 productive days
lost

0.47%

0.11%^
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Changing the modelling parameters to assume that 0.416 of cases presenting to a GP would be
asked to provide a stool results in an incidence rate of 229.
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No of days of illness
(Days in hospital)
[productivity loss]

(2.33) Adlam
et al 2009 all
AGI

11 (5.4 days work
missed)

(NZHIS 4.3
days)

9.7 productive days
lost including 4.3 in
hospital

*Based on bottom up estimate provided in previous sections
^based on actual annual average number of hospital discharges 2004-2008.

6.4.7 Shigellosis
Shigellosis is an infectious disease caused by a group of bacteria called Shigella. Most
people who are infected with Shigella develop diarrhoea, fever, and stomach cramps
starting a day or two after they are exposed to the bacteria. The diarrhoea is often bloody.
Shigellosis usually resolves in 5 to 7 days. A severe infection with high fever may be
associated with seizures in children less than 2 years old. Some persons who are infected
may have no symptoms at all, but may still pass the Shigella bacteria to others. Specific
types of Shigella bacteria have been associated with epidemics in developing
countries.64
Total notified cases of shigellosis were 129 in 2007, an incidence rate of 3.1 notified
cases per 100,000 people for NZ (EpiServ database).
The most recent estimate for total community cases of shigellosis in NZ that we have
been able to obtain was Lake et al (2000) which estimated the total number of
shigellosis cases at 854. We have not been able to obtain sufficient information to
confidently provide a revised estimate for the number of community shigellosis cases
per year in NZ.
For Shigellosis, the actual level of cases appears to be variable, with notifications over
the period 1997 – 2007 varying between 87 and 187 per year. Consequently we assume
that the estimate arrived at by Lake et al (2000) remains the best available.
Days of illness are taken from Lake et al (2000) with hospital stay length updated for
available NZHIS data.
We have not undertaken estimates for sequelae associated with shigellosis. Shigellosis is
a known cause of Reactive Athritis, but we have not obtained information on the number
of community cases of ReA likely to result. Around 0.05% of shigellosis cases would be
expected to result in ReA requiring hospital level care (Ternhag et al 2008).
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http://www.cdc.gov/nczved/dfbmd/disease_listing/shigellosis_gi.html
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Table 25: Modelling assumptions for shigellosis
Shigellosis
Estimated cases per
year in NZ

854

No GP

693

Duration of illness

2 productive days lost

GP only

139

Duration of illness

2 productive days lost

Cases hospitalised &
mortality

22

Duration of illness
(hospitalised)

12.1 productive days including 3.1 days in hospital

(assume no deaths)

Source: Lake et al (2000)

6.4.8 Norovirus
While viruses can be transmitted through water, we have not obtained reliable up dated
estimates of the proportion of cases of viruses that can be attributed to drinking water in
developed countries. The best estimate found for NZ is Rosevear (2004) which
estimated that 2% of all virus cases were transmitted via water. Because of paucity of
data we have relied upon existing estimates of the number of cases of norovirus
infection per year from Cressey and Lake (2007).
Rosevear (2004) estimated a incidence per 100,000 persons of 478 viruses per year,
equivalent based on a population of four million to 19,120 cases per year.
The table below sets out the estimated number of cases and range of outcomes for
norovirus based on Cressey and Lake (2007) and (2008). In our model we have excluded
death due to the rarity of this event.
Table 26: Modelling parameters for Norovirus
Mean estimate

5th percentile

95th percentile

Total community
cases

403,000

71,000

1,004,000

No GP

357,000

43,000

942,000

Duration of illness

3.8 days (0.33 productive days lost)
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GP only

46,000

7,000

Duration of illness

5.7 days ( 0.8 productive days lost)

Hospitalisation

18

Duration of illness

7.2 productive days, including 4.7 days in hospital (average from NZHIS
data)

Death

0.8

10

0.2

116,000

27

1.4

Source: Cressey & Lake (2007) and Cressey &Lake (2008)

6.5 Incidence of gastrointestinal disease attributable to
drinking water
Diseases that are potentially waterborne are often also able to be spread through person
to person contact, food, contact with animals etc. Often the source of the disease is
difficult to determine.
To date we have focussed on understanding the total burden of AGI experienced within
New Zealand. In this section we consider the likely proportion of those cases
attributable to drinking water.

6.5.1 New Zealand research
The most recent published estimates of the burden of drinking water borne disease in
NZ are provided by Ball (2006).
Ball (2006) uses a risk factor analysis and reviews all enteric cases reported to EpiSurv
in 2001 to identify risk factors from the information recorded. Based on this review, Ball
finds that for those cases investigated to the point where a source of infection or risk
factor was recorded:
•

Drinking water was a risk factor in 37%

•

Drinking water was considered the likely risk factor or only risk factor in 4.1%

Thus a range of between 4.1% and 37% of all notified enteric cases being drinking water
attributable is suggested. Ranges for individual disease types are derived, and shown in
the table over page.
Further unpublished work by Ball estimates the likely proportion of specific notified
disease attributable to each of six sources (plus “other”), of which drinking water is one
possible cause.
Investigated cases recorded in Episerv for 2002 were reviewed and for each case one or
more of a suite of possible risk factors were identified. The risk factors were weighted
high, medium or low risk.
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Two of the risk factors related to drinking water; pathogen detected in the drinking
water supply (considered high risk of the case being attributable to drinking water) and
the case used an untreated drinking water supply. Using an untreated water supply was
considered a low risk except for cases of campy, in which case it was considered a
medium risk.
Based on the risk weighting and scoring against each of the risk factors, an estimate of
the number of cases attributable to each was arrived at.
A slightly different methodology and weighting of risk factors was used for
campylobacteriosis cases because information was available from a Delphi assessment
of campy risk factors. In the case of campy cases, home addresses were used to identify
whether the person was on a networked supply and if so which drinking water zone; the
drinking water compliance of that zone was then used to assign a drinking water risk
factor where appropriate. Risk factors assigned using information on the water zone
were weighted low risk.The results are shown in the table over page, and suggest that
approximately 24% of all notified GID is attributable to drinking water. In general, the
estimates of attribution for individual diseases are within the ranges that would be
expected given the earlier Ball (2006) work.
With the exception of cryptosporidiosis, these estimates form the basis on which the
number of cases of each disease attributable to drinking water have been estimated. In
the case of cryptosporidiosis we utilise our own estimate, discussed below.
Rosevear (2004)
Also included in the table below, for reference, are estimates used by Rosevear (2004)
for attributing estimates of diseases to drinking water. These estimates were arrived at
“…using expert advice and information from outbreaks where causal agents have been
more reliably established from scientific analysis.” (Rosevear (2004)).
Contagion
The risks associated with waterborne disease include the risk of contagion whereby the
primary source of a problem is drinking-water but the infection spreads via other
apparently non-water borne routes, such as human to human contact or in food that has
been washed using contaminated drinking water. In this way, the actual number of
cases that are due to drinking water may be greater than the proportion immediately
identifiable has having resulted from drinking water.

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

113

Table 27: Comparison of methods for estimating the proportion of disease attributable to drinking water
Ball (2006), investigated cases
reported to EpiServ 2001

Ball unpublished, attribution using scoring method

DW likely or
only risk factor

Potentially DW
borne

Estimated proportion of
due to drinking water

Comment

Campylobacteriosis

5.1%

38%

27%

Within expected range

10%

Cryptosporidiosis

2.5%

48%

29%

Within expected range &
consistent with our estimate,
refer appendix one

30%

Giardiasis

2.6%

41%

34%

At top of expected range

20%

Salmonellosis

5.1%

36%

16%

Within expected range

5%

Shigellosis

0

22%

8%

Within expected range

STEC

4.6%

52%

18%

Within expected range

20%

Yersiniosis

3.1%

42%

19%

Within expected range

20%
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Rosevear (2004)

Attribution of illness due to protozoa in drinking water
A study by Payment et al (1991) during the period when understanding of the risks of
parasites in the water points to evidence of the likely impact of protozoal standards on
incidence of AGI. The study compared the incidence of AGI in Montreal households
consuming tap water, meeting bacteriological standards based on the absence of faecal
coliform bacteria, with households consuming tap water filtered using an under the sink
filtration system. The study was not double blinded, suggesting some weaknesses
compared to later studies of this type. However, the study estimated that 35% of GI
illnesses were tap water related and preventable through further filtration.
As outlined in appendix one, as part of the research for this study multivariate regression
analysis was used to identify relationships between incidence of potentially water borne
and compliance with drinking water Standards. The results of this work suggest that
those communities with networked water supplies that comply with the Standards for
protection against protozoa experience around 30% less notified cases of
cryptosporidiosis. Because this estimate looks at total cases of cryptosporidium, it would
account for cases related to contagion within those communities.
We have utilised this estimate of 30% in attributing cases of cryptosporidiosis to
drinking water.
Snel et al (2009a) found that untreated drinking water is the third most common risk
factor for notified cases of cryptosporidiosis, reported in 38.7% of notified cases.
Snel et al (2009b) find that untreated drinking water is the second most common risk
factor for notified cases of giardiasis, reported in 35.3% of notified cases.

6.5.2 Overseas estimates of disease attributable to drinking water
Overseas studies give some indication of the reasonableness of estimated attributions of
disease to drinking water that does not meet Standards, at both the disease specific and
macro (all of AGI) levels. In considering the results of these studies, it is important with
field studies to be aware of the treatment that the water used in the study was receiving
(i.e. may have already met Standards for bacteria) and the status of the source (secure
ground water, surface water etc) as a guide to likely level of contamination.
Macro level
Messner et al (2006) present a risk assessment approach for developing a national US
estimate of endemic AGI due to community drinking water supplies. The model
generates a national estimate of AGI illness attributable to drinking water of 0.06 cases
per year per person (at a 95% credible interval of 0.02 – 0.12). The mean estimate
suggests that drinking water is responsible for approximately 8.5% of cases of AGI
illness due to all causes among the population served by community water systems. This
estimated incidence of 6000 cases per 100,000 population translates to 16.4 million
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cases per year among the population served by community water supplies.65 It should be
noted that many of these communities will already have in place some form of water
treatment, making 8.5% a conservative estimate of total disease attributable to DW for a
community without treatment.
Reynolds et al (2008) cite the body of work by Colford et al from 2002 to 2006, using
studies that included household intervention trials. Earlier work by Colford suggests that
24% of gastrointestinal illnesses in a USA population could be attributable to tap water.
Later work provides less certainty, but still suggests a significant number of cases of
AGI in the USA (nearly 16 million cases per year) are attributable to networked
drinking water.
Water already treated with chlorine or for bacteria
Similarly, Hellard et al (2001) estimate the contribution of drinking water to
gastroenteritis, yet do in a randomised, blinded, control trial in Melbourne, Australia.
Melbourne’s water supply is treated by chlorination only. The trial included 600 families
that were randomly allocated real water treatment units or fake treatment units. The real
units removed viruses, bacteria, and protozoa. All participants were then expected to
complete a weekly health diary reporting any AGI symptoms over the 68 observation
period in 1997. The result was 2,669 cases of highly credible gastroenteritis, equivalent
to 0.80 cases/person/year. The ratio of gastro rates for the real group compared to
control group was 0.99. Fecal specimens were collected from those participants having
reported gastroenteritis, yet pathogens were not significantly more common in the
control group. The study found no evidence of waterborne disease in Melbourne.
In Canada, two major epidemiological studies have been conducted to evaluate the level
of waterborne disease. The first randomised intervention trial (Payment et al 1991) used
domestic water filters on 299 households and left 307 households with no filter. Tap
water supplies met water treatment standards of the day, focused on removal of faecal
coliform from the water (i.e. no treatment deliberately aimed at protozoa). The estimated
annual incidence of illness was 0.76 per person among tap water drinkers (no filter)
compared with 0.50 for drinkers with a filter. It was later estimated that, given that even
the filtered water drinkers were exposed to some level of unfiltered tap water, that 50%
of illness was probably tap water related and therefore avoidable (Payment & Hunter
2001).
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In order to get a national estimate of AGI-based waterborne disease, the study designs
recommended are household intervention studies, and community intervention studies.
The paper mainly uses the former as its basis for the national estimate. The authors
assume a capacity to quantify differences on a national basis in the incidence of drinking
water related illness from public water systems and also recognise the limitations of
their estimate due to the paucity of data on specific risk factors of different systems.
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A second Canadian study (Payment et al, 1997, reported in Payment & Hunter 2001)
aimed to identify both the level of waterborne disease and the source of the pathogens
responsible. The 1993-1994 study involved four randomly selected groups of 250
families consuming different sources of drinking water (ranging from normal tap water
that met bacteriological standards to purified and bottled plant water). There were more
illnesses amongst tap water consumers than amongst other groups. Up to 40% of AGI
experienced by children was estimated to be attributable to drinking water.

6.6 Reduction in endemic disease through compliance
with the Standards
The Standards are, on the basis of the best available science and testing methodology's
(as presented in the revised DWS), set so that any compliant water supply should be safe
to drink for a healthy 70kg person. The Standards have been designed, where feasible,
to give 95 percent confidence that no determinand in a supply has exceeded its MAV for
more than 5 percent of the time. There is no reliable evidence of disease systematically
resulting from biological contaminants in water that meets MAVs. However, there is
uncertainty resulting from both the science about what are safe consumption levels for
contaminants, the science of treatment and its affect on contaminants, and also in the
level of confidence inherent in taking a sample and using indicators rather than testing
all water and for all possible contaminants. Without any better data available we have
used an assumption of water that meets Standards having zero disease prevalence due to
biological contaminants. For instance, careful and extensive examination of NZ
drinking waters has failed to find any trace of Campylobacter in well-treated and
disinfected drinking-water although it is present in almost all riverine source water
(Nokes C, 2004).
Consequently we assume that, in the normal course of events, compliance with the
Standards would prevent disease caused by microbials being contracted from drinking
water.
Based on the estimates of cases of disease and proportion of disease attributable to
drinking water we arrive at the following estimates of the number of cases attributable to
drinking water.
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Table 28: Estimation of number of cases of disease attributable to drinking water
Disease

Total estimated cases of disease in a year
(National)
Likely

Low

High

Cryptoporidiiosis

50666

24869

139900

Giardiasis

55351

28496

Campylobacteriosis

167629

Salmonellosis

Portion attributed to
Drinking water

Total estimated cases of disease in a year (National) attributable
to drinking water
Likely

Low

High

30%

15200

7461

41970

152837

34%

18819

9689

51964

109389

273341

27%

45260

29535

73802

12947

9733

18384

16%

2072

1557

2941

Shigellosis

854

854

854

8%

68

68.32

68.32

STEC

471

216

31191

18%

85

39

5614

17486

8342

41900

19%

3322

1585

7961

403000

71000

1004000

2%

8060

1420

20080

Protozoal disease

Bacteriological disease

Yersiniosis
Virus
Norovirus
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6.6.1 Change in the population receiving drinking water that does
not comply with the Standards
To date we have discussed the total proportion of AGI attributable to drinking water,
regardless of the type of supply from which the drinking water comes.
As discussed in the Background section, the current approach to regulating drinking
water quality is focused on water supplies that are of Neighbourhood size or Larger. Of
New Zealand’s 4.227 million population in 2007, an estimated 570,000 persons have
household drinking water that is not subject to the scenarios being considered in this
study. These people will be obtaining drinking water from tank supplies, self supplies,
or supplies that are smaller than Neighbourhood size.
In order to account for the cases of illness that would continue to be experienced by
these persons, we have assumed that the cases of illness attributed to drinking water are
evenly spread across the population who are not receiving water from a networked
supply known to be compliant with the Standards and of Neighbourhood size and
greater.66 These persons are assumed to be receiving non-compliant drinking water.
In summary, in 2007/08 there were an estimated 768,550 persons receiving drinking
water that were potentially non-compliant for bacteria. Requiring networked drinking
water supplies of Neighbourhood size of larger to comply with the Standards would
reduce this number by 25.7%. Of the 768,550 persons, we have assumed that the 58,867
likely cases of bacteriological and viral disease per year attributable to drinking water
would be evenly spread across this population. Consequently, requiring compliance with
the standard for all Neighbourhood and larger supplies would lead to a 25.7% reduction
in disease, being a best estimate of 15,120 cases.
For protozoal disease, there were an estimated 1.345 million people receiving non
compliant water in 2007/08, and experiencing an estimated 34,019 cases of protozoa
disease. Requiring networked drinking water supplies of Neighbourhood size of larger
to comply with the Standards would reduce the number of people receiving non
compliant drinking water by 57.5% and therefore is estimated to reduce the cases of
disease by 57.5% or 19,574 cases.
We acknowledge that assuming that cases of disease are evenly spread across the
population receiving non-compliant drinking water is a broad assumption open to
significant challenge. However, within the scope of the study and the available
information we consider this to be the best available approach to take into account those
cases of illness attributable to non-networked drinking water sources.

66

Those persons whose drinking water supplies were only technically non-compliant for bacteria
were assumed to be receiving water that would comply with the standards. This is because we are
primarily interested in attributing the health benefit and these populations would not be expected
to experience any health benefit from bacteriological compliance.
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The tables below provide a summary of population and estimated reduction in incidence
of disease information.
Table 29: Estimated change in population receiving drinking water known to
comply with the Standards
Bacteria (& viruses)

Protozoa

Total NZ population

4,227,240

4,227,240

Less Population receiving
water compliant with the
Standards

3,322,056

2,882,132

Less Population whose
water is technically non
compliant with the
Standards

136,634

N/A

Population assumed to be
receiving water not
compliant with the
Standards

768,550

1,345,108

Population whose water
supply would become
compliant due to requiring
networked supplies of
Neighbourhood size or
larger comply with the
Standards

197,403

773,961

Percentage decrease in
population assumed to be
receiving non-compliant
drinking water

25.7%

57.5%

(197,403/768,550)

(773,961/1,345,108)

The expected decrease in the population receiving non-compliant drinking water for
water supplies of each size is shown in the table below.
Table 30: Estimated percentage decrease in population assumed to be
receiving non-compliant drinking water, by water supply size
Bacteria (& viruses)

Protozoa

Large

9.7%

21.7%

Medium

3.7%

9.2%

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

120

Minor

7.9%

21.5%

Small

3.4%

4.4%

Neighbourhood

1.0%

0.7%

Total for all water supplies

25.7%

57.5%

6.6.2 Estimates of change in cases of disease due to compliance
with the Standards
The following tables set out the estimated annual change in cases of disease by
modelling scenario at a national level. Detailed tables showing estimates of change in
cases of disease for all other water supply sizes are included in appendix four. Scenarios
are numbered as per Table 7: Numbering of modelling scenarios.
Estimates of change in cases of disease for two modelling scenarios are considered:
1. That water supplies are required to comply with the bacteriological
determinands in the Standards
2. That water supplies are required to comply with both the bacteriological and
protozoal determinands in the Standards
Scenarios at the national level and for large water supplies show cases of cancers
avoided. As discussed in the Beca engineering report, the most cost effective option for
achieving both bacteriological and protozoal compliance for non-compliant supplies in
the Taupo district would also address excessive levels of arsenic in the water. Long term
exposure to arsenic above the levels recommended in the Standards can lead to
additional cases of lung, bladder and skin cancers in the community. Avoidance of these
cancers in the Taupo district is a positive externality, or indirect benefit, attributable to
requiring both bacteriological and protozoal compliance.
Table 31: Estimates of change in cases of disease due to compliance with
bacteriological Standards, National estimate

Disease

Estimated annual change in cases of diseases
best

high

low

Campylobacteriosis

11625

18956

7586

Cryptosporidiosis

0

0

0

Giardiasis

0

0

0

Salmonellosis

532

756

400
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Shigellosis

18

18

18

STEC

22

1442

10

Yersiniosis

853

2045

407

Norovirus

2070

5158

365

Table 32: Estimates of change in cases of disease due to compliance with
bacteriological and protozoal Standards, National estimate

Disease �

Estimated annual change in cases of diseases �
best

high

low

Campylobacteriosis

11625

18956

7586

Cryptosporidiosis

8746

24149

4293

Giardiasis

10828

29900

5575

Salmonellosis

532

756

400

Shigellosis

18

18

18

STEC

22

1442

10

Yersiniosis

853

2045

407

Norovirus

2070

5158

365

Estimated change in cancer cases over 70 years �
Lung cancer (cases)

14.3

Bladder cancer (cases)

2.9

Skin Cancer (fatalities)

3.1
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6.7 Demographic and socioeconomic variation in
incidence of AGI
Evidence around the incidence of AGI by ethnicity and age is complex:
•

Analysis of the epidemiology of diseases generally focuses on notified cases.
Notified cases may not reflect actual community cases due to different patterns in
accessing of health care.

•

Factors such as age may be a proxy for real determinands of susceptibility to illness,
such as quantity of unboiled non-compliant drinking water consumed.

General AGI
Adlam et al (2009) present information on the incidence of all types of AGI in NZ based
on the results of the AGI Community Survey. The community study is likely to provide
a more accurate picture of the prevalence of AGI across the population than review of
notified cases as reporting rates are not affected by factors such as utilisation of GPs or
GP laboratory test ordering practices. Some of the socioeconomic and demographic
trends reported on are listed below.
•

Males reported a higher prevalence of AGI than females, although this varied by
age group. Overall the variation was not statistically significant.

•

Prevalence was highest amongst those aged 0-4 years of age, and appears to decline
between the ages of 5 and 25. However, there is a higher prevalence in the 25 to 44
years age group, and this increase in prevalence is strongest for women. Those aged
65 years or older had the lowest prevalence.

•

Significant variation in prevalence by DHB (with no immediate urban/rural type
pattern obvious).

•

Those of Maori and Pacific Island ethnicities had a higher reported (raw)
prevalence rate. The difference was statistically significant for Maori compared to
Europeans when other populations groups (Pacific Islanders, Asians, others) were
excluded from the analysis.

•

There was no clear relationship between household size and prevalence of AGI.

•

Differences in prevalence between rural and urban communities were not
statistically significant after weighting by age, gender and Maori/non-Maori
ethnicity.

Individual disease patterns
Incidence of diseases amongst sub populations varies by disease, but increased
incidence amongst the very young is a common theme across most AGI. STEC is an
example of a disease known to both affect young children more readily and to tend to
result in more serious outcomes amongst children than amongst other age groups. In
terms of other age groups, a spike in cases amongst those in their late 20s to mid 40s is
also a general theme.
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Snel et al (2009a) and (2009b) study the characteristics of the population affected by
cryptosporidiosis and giardiasis in NZ from 1997 to 2006. The rate of both was highest
among NZ Europeans and those in the least deprived populations. The authors note that
these findings are contrary to the experience of risk factors for other infectious diseases
within NZ. The authors suggest that the differences across ethnic and socioeconomic
groups are likely to be strongly affected by patterns of accessing medical care for
gastroenteritis. If correct, this would suggest significant under reporting amongst Maori
and Pacific people and higher deprivation groups.
Snel et al (2009a) found higher rates of cryptosporidiosis amongst infants and young
children aged 0-4 years (136.15/100,000) and 5-9 years (43.47/100,000). Snel et al
(2009b) found the incidence of notified giardiasis to be highest in infants and children
aged 0-4 years (147.01/100,000) and 5-9 years (47.66/100,000) with another peak in the
30-39 year age group (69.63/100,000). The notification rate was higher in males than
females.
Cryptosporidiosis is a zoonotic disease and controls for rurality showed a higher
incidence rate in rural areas (Snel 2009a). Analysis of giardiasis did not show a link to
rurality (Snel 2009b).
Drinking water consumption patterns
Jones et al (2007) investigate the relationship between drinking water consumption
patterns, demographic characteristics and AGI amongst residents of British Columbia,
Canada. While the study finds a positive correlation between the amount of drinking
water consumed through plain water & cold beverages and incidence of AGI, a causal
relationship can not be shown. Incidence of AGI was also associated with age (incidence
decreased with age) and gender (females were more likely to experience AGI). At ages
over 25 years women were found to consume more drinking water per day than men.
Socioeconomically deprived and sensitive populations
Hales et al (2003) consider the quantitative evidence linking drinking water quality with
socioeconomic status. The results of their study suggest that socioeconomically deprived
urban communities are more likely to be exposed to greater public health risks from
drinking water supplies, compared with less deprived areas. The authors suggest that
given that in general socioeconomically deprived people tend to be less healthy, they
may therefore be more susceptible to adverse effects for a given level of exposure. The
authors go on to suggest that it is therefore probable that deprived communities in NZ
are experiencing a disproportionate burden of adverse health effects as a result of poor
water quality.
Reynolds et al (2008) consider the impact of potentially waterborne pathogens on
“sensitive” populations. Sensitive populations are described as including the elderly, the
very young, the chronically ill, recipients of immunosuppressive therapies, and pregnant
women. In the US these groups are estimated to make up 20-25% of the total population.
Reynolds et al (2008) site evidence of significantly increased morbidity and mortality
rates amongst sensitive populations compared to the population as a whole. Total
diarrheal deaths in aged population (>74 years) are about 50% compared to less than 5%
in those between the ages of 5 and 24 years. Fatality rates for transplant, cancer and AID
patients contracting Adenovirus infection range between 18% for renal transplant and 60%
for bone marrow transplant patients.
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Part three

Costs and benefits of compliance with
protozoal and bacteriological Standards
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7 Benefits of avoided endemic disease
In this section we discuss the range of benefits of improved drinking water, the benefits
that we have included in this analysis, and how we have evaluated those benefits.
As discussed in the earlier methodology section, the ideal approach to valuing the
benefit from improved drinking water quality would be to ask potential recipients what
they would be willing to pay for that improvement. However, this approach has several
limitations, as discussed in the methodology chapter. Primarily:
•

There is weak information available to draw on to make a willingness to pay
estimate for NZ (including issues of transferability of values giving varying
circumstances between NZ and other countries), and undertaking primary research
into willingness to pay is outside the scope of this project.

•

That the costs avoided from improved quality drinking water do not all attribute to
the individual consuming the water, and therefore would not be captured in their
willingness to pay. Consequently, information is needed on the willingness of other
people, including care givers, employers and the government, to pay to avoid the
impact of a person being ill.

Instead, we sought to follow Cressey and Lake (2008) and use a cost of illness (COI)
approach. Given the short term nature of the majority of waterborne illness, it seems
particularly appropriate to consider a productivity approach, as the immediate effect of
AGI is to cause people to lose work days (or leisure time) and reduce their productive
value.
A COI approach requires the identification of the economic benefits stemming from
improved quality drinking water and valuation of each of these utilising available price
and cost information. The COI approach represents the burden of illness to society.

7.1 Benefits to be considered
We first describe the full range of benefits that could be considered, before specifying
the benefits that we have quantified for reasons of practicality and significance to the
current study.
The core benefit from compliance with the Standards is the avoided costs resulting from
reduced incidence of endemic AGI and from epidemic AGI outbreaks. As we will see,
the avoided costs of endemics and epidemic disease vary; this is because when an
epidemic attributable to drinking water occurs the critical mass of the cost of the illness
often leads to public examination of the systems that allowed the epidemic in the first
place and a commitment to provide a greater level of support to those affected.
In order to value the benefit of reduced illness, we need to consider how this reduction
affects activity within the community. To help us organise our discussion, the costs
avoided are categorised in the following manner:
•

Health system costs avoided, referred to here as the health benefits. Health benefits
include avoided medical costs associated with a reduction in morbidity and
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mortality. Costs avoided by both the individual and the publicly funded health
system are considered.
•

Non-health system costs. These are costs avoided that are not related to the health
system, referred to here as non-health benefits. We have further broken this group
down into:
– Indirect health costs. These are the non-medical costs of a person accessing
medical assistance. Primarily within our analysis this is the travel cost of going to
a GP, pharmacy, physiotherapist, or hospital.
– Indirect non-health benefits. The primary cost avoided is loss of productive
activity through either morbidity or mortality or the need for a healthy person to
care for a sick family member. Lost productive activity is a loss to society as well
as to either the individual, their employer, or others who benefit from that activity.
– Intangible benefits - which are effectively those benefits that are highly
subjective and for which there is no practically deducible price with which to
value, such as the aesthetic benefits that may or may not result and avoided pain
and suffering from illness. For this reason we discuss intangible benefits but will
not attempt to value them.

We now describe the benefits from avoided endemic disease, and then identify the
further benefits that relate to avoided epidemic disease. These benefits have been
informed by our review of the domestic and international literature.

7.1.1 Benefits from avoided endemic disease
The benefits from avoided endemic disease include health and non-health benefits.
The table below summarises the range of benefits applicable to reduced levels of
endemic disease that we have found in our review of the literature. Where possible, we
give an example of each.
Table 33: Benefits summary – endemic disease
Benefit

Examples and relevant reference(s) in studies

Health benefits

Reduced direct medical
costs

All relevant studies consider avoided medical costs: GP fees and
laboratory testing. Some also consider specialist costs, related
medical costs

Health benefits for visitors

MFE (2007) recognises the benefits of increased protection for
sectors of the community at greater risk, including visitors

Non-health benefits

Lost paid work days –sick
person and caregivers
Reduced mortality
Lost productivity (inc

All studies based on Cost of Illness (COI) methods use lost work time
as a base measure. Some also consider time lost by caregivers,
e.g. Cressey & Lake (2008)
Abelson et al (2006) and Cressey & Lake et al (2008) quantify the
value of increased productive years
Robak & Bjornlund (2009) discuss time lost by people who fall sick in
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Table 33: Benefits summary – endemic disease
unpaid work or leisure
activity)
Transport costs

Avoided costs of individual’s
water quality management

unpaid work or engaging in leisure activity. The SDWF67 also
estimate the loss of school days due to diarrheal illness, valued in
terms of the minimum wage.
Costs of going to and from the GP, pharmacist, or hospital using a
private vehicle, e.g. Cressey & Lake (2008)
Includes the cost of buying bottled water or substitutes, boiling
water, and may include the loss of utility. E.g. Department of Human
Services (Victoria) (2004)

Household costs

Majowicz et al (2005) mention, but not quantify, family and
household related costs such as child care, meal replacements, and
laundry costs

Increased employment
opportunities from compliance
upgrades

Increased employment from compliance work, innovation benefits
from familiarity with advanced water treatment technologies. e.g.
Livernois (2001) Not quantified.

Improved communication

Between consent holders, suppliers, and regional councils from
Standards being implemented .e.g. MFE (2007) Not quantified on
its own in MFE.

Innovation benefits

From increased familiarity with advanced water treatment
technologies. e.g. Livernois (2001). Not quantified.

Intangible benefits

International reputation and
Tourism

Increased confidence in NZ as a safe destination to visit by overseas
visitors and inter-city domestic visitors. e.g. Rosevear (2004),
Department of Human Services (Victoria) (2004). MFE (2007) places
an upper bound of $938 million.

Aesthetic benefits

The benefit from clearer or better tasting drinking water, as well as
any spiritual value. E.g. MFE (2007)

National confidence in
infrastructure

Increased confidence in water supply by domestic residents e.g.
Rosevear (2004); Outcome Management Services (2004)

Improved equity

Benefits from knowing all have access to clean water as a basic
human right e.g. Rosevear (2004)

Pain and suffering

Suffering due to disease e.g. Rosevear (2004), MFE (2007) places
an upper bound of $5 m. Cressey & Lake (2007) use DALYs to
capture pain and suffering.

Legislative clarity

Establishment of a clear set of duties for water suppliers through
regulatory standards that are consistent with best practice risk
management policies. e.g. Department of Human Services (Victoria)
(2004)

67

Safe Drinking Water Foundation : www.safewater.org
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7.2 Benefits quantified
From the wide range of benefits that might or should be considered in a CBA, for both
time and cost constraints it was necessary to select the most pertinent and feasible to
value for quantification. The COI and CBA studies referenced in section 5, Review of
selected literature have already shown some of the benefits that have been quantified in
other studies.
We attempt to quantify the following benefits from requiring networked drinking water
to meet the Standards.
Costs avoided that are included in the estimate of benefits – summary of
methodology
Health Benefit

Elements considered

Medical costs

GP and specialist consultations, hospital (inpatient) costs,
pharmaceutical costs, diagnostic testing, rehabilitation costs (including
physiotherapy)

Non-health benefits
Transport costs

Avoided transport costs to and from doctor or hospital visits

Loss of production

Based on number of days lost for ill people and their carers, multiplied
by adjusted average income

Loss of life

Based on the present value of the lost value of productive time

We therefore quantify the costs resulting from medical treatment of illness, associated
costs such as travel costs, and costs related to the lost productive value from illness. We
have taken an incidence approach to the estimation of costs where appropriate, that is,
we have discounted the expected sum of current and future costs of all new cases
occurring within any given year.

7.3 Detail of methodology for estimating benefits
In this section we set out in detail the methodology followed to value each of the
benefits outlined above. The methodology is applied to the estimates of cases of each
disease avoided through requiring compliance, as estimated in section 6.6.2., Estimates
of change in cases of disease due to compliance with the Standards.
The principal outcome of each illness is acute gastrointestinal infection (AGI). This is
usually self limiting, with people treating themselves, sometimes using over the counter
remedies, or visiting a GP to obtain advice and/or prescription. However, in a very few
cases hospitalisation or death may result, and in some cases ongoing illness may occur.
For each disease we have therefore assumed a set of possible outcomes and, for certain
diseases, long-term illnesses (sequelae). These assumptions are described in section 6.4,
Estimates of incidence of selected diseases in NZ, and associated health outcomes.
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The COI estimates were calculated by using point estimates from available data. The
results are therefore subject to considerable uncertainty and it is not possible within the
timeframes or budget of this study to estimate distributions and confidence intervals.

7.3.1 Costs of health care avoided
We now describe our specific assumptions and workings for the calculation of the health
costs avoided by reduced cases of illness.
The following table summarises the health services that it is assumed that cases
experiencing each health outcome will require. In general assumptions regarding the
health services utilised follow those made by Cressey and Lake (2008), who estimated
the cost of illness of food borne disease. Modifications to their assumptions are
explained where relevant.
Table 34: Summary of medical costs incurred for different health outcomes
Health outcome

Summary of medical costs incurred

AGI - No GP (recovers at
home)

A proportion of ill people are assumed to visit a pharmacist and
purchase over the counter medication

AGI - Visits GP

Visits GP once and purchases medication on prescription
A proportion are asked to, and provide a stool sample for laboratory
testing

AGI - Hospitalisation

Visits GP once and is subsequently hospitalised

AGI - Death

Following admittance to hospital, some people die.

IBS

A proportion of people that visit the GP develop IBS and incur a fixed
amount of health costs for three years

IBD

A proportion of people develops IBD after an episode of AGI and sees
a GP and is referred to see a specialist before and after
hospitalisation. A proportion purchase OTC pain relief

Reactive Arthritis

A proportion of people develop reactive arthritis and see a GP, are
diagnosed, subsequently see a specialist, and a small proportion of
cases are hospitalised. OTC pain relief is also purchased

Guillain Barre Syndrome

A proportion of people develop GBS and have several GP and
specialist visits, follow up physiotherapy, and all cases are hospitalised

HUS

A proportion of people develop HUS and see both the GP and a
specialist, and all cases are hospitalised

ESRD

A proportion of people develops ESRD and receives dialysis
treatment, followed by a kidney transplant. Specialist visits are
assumed as well as a follow up GP visit
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AGI No GP - Recovery at home
The vast majority of cases of AGI will recover at home without visiting a GP, although a
proportion will visit a pharmacy and purchase over the counter (OTC) drugs.
Assumptions regarding the type and cost of OTC drugs are included under the cost of
medications section.
AGI GP visit
It is assumed that each GP case will visit the GP once. A proportion of this group will
receive a prescription for medication which will be filled. Assumptions regarding the
type and cost of prescription drugs are included under the cost of medications section.
A proportion of persons visiting the GP will be asked to provide a stool sample for
laboratory testing. Where possible, a disease-specific estimate was used for the
proportion of persons visiting the GP who would be asked to provide stool samples.
Where we lacked a disease specific estimate, we based our estimate of the likely number
of stool samples provided on the Lake et al (2009) AGI community survey results In this
estimate, although a slightly higher number of stools were reported to be requested, only
the percentage actually submitted (approximately 27%) were counted in order to better
estimate the cost incurred from such tests.
For general AGI, we have not included any follow up costs related to the receipt of the
test results (for instance, a further GP visit or additional medication).
AGI - hospitalisation
All patients in this group are assumed to have one visit to the GP and one hospital
discharge for the specific AGI. Effectively it is assumed that all hospitalised patients are
referred through their GP. The hospital discharge data excluded outpatient and ED
related events.
Information on hospitalised cases and deaths in hospital for each of the relevant diseases
was obtained from the NZ HIS. Due to study limitations we have used discharges, rather
than averages per individual. The data used was the average of the period 2004-2008
and included the total caseweighted discharges for primary diagnoses, publicly funded
hospital events, excluding short stay ED events. Detail of the DRG codes requested is
included in appendix seven.
Our assumptions are likely to understate the cost of medical services for those
hospitalised to the extent that a proportion will present at ED prior to admission and
there may be follow up medical services required following discharge.
Sequelae of AGI
For the medical services required by those with sequelae we have generally followed the
same assumptions as Cressey &Lake (2008).
The following table shows the relationship between the sequelae considered and the
diseases considered for general AGI.
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Table 35: Types of AGI and associated sequelae
Primary disease

Associated sequelae

Campylobacteriosis

Guillain Barré Syndrome (GBS), Reactive arthritis, Inflammatory bowel
disease

STEC

Hemolytic uremic syndrome (HUS), End stage renal disease (ESRD)

Salmonellosis

Reactive arthritis

Yersiniosis

Reactive arthritis

All forms of AGI

Irritable Bowel Syndrome

Guillain Barre syndrome (GBS)
Due to study limitations we took a relatively simple method of modelling the cost of
GBS, and have not explicitly distinguished between severe or mild cases. Therefore, we
chose to follow the assumptions of Abelson et al (2006) in allocating six GP visits for
every GBS case.
A mildly affected case of GBS would require two specialist neurologist consultations,
whereas a severe case would require three additional consultations. We conservatively
estimated that each GBS case would require 2.5 visits to a specialist.
Further, each GBS case required physiotherapy, and was the only sequelae to require
this.
A mildly affected case would require two visits per week for 12 weeks. A severe case
might require physiotherapy for between six months to two years at the rate of one
consultation per week (Cressey & Lake, 2008).
We have used an average of these to give 38 visits per annum to a physiotherapist.
GBS is a serious sequelae, we have therefore assumed that all GBS cases will be
admitted and discharged from hospital.
Reactive arthritis
We have conservatively assumed one visit to the GP for a person suffering reactive
arthritis, resulting in a referral to a specialist for confirmation of diagnosis. A small
proportion of total ReA cases will be hospitalised, with all cases assumed to take
analgesics to relieve pain.
We have assumed that the diagnosis of reactive arthritis will require a basket of standard
tests. Our choice of tests was made according to advice from the Ministry’s Chief Health
Advisor, Population Health Directorate.
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Inflamatory bowel disease (IBD)
We have assumed that every case of IBD will attend the GP once, and will have two
specialist consultations in one year. All cases of IBD are assumed to take analgesics to
relieve pain. To avoid underestimating the hospitalisations, we have assumed all cases
are hospitalised. We recognise this may slightly overstate the actual hospitalisations
from IBD; however the effect will be immaterial due to the very small number of cases.
Hemolytic uremic syndrome (HUS)
We have assumed that every case of HUS will have three GP visits, (one before and two
following hospitalisation), and one follow up specialist visit. All cases of HUS are
hospitalised.
End stage renal disease (ESRD)
For ESRD, we have assumed all cases will attend have one GP visit, as a prelude to a
hospital admission. A specialist visit every three months (four for one year) was
assumed, and all ESRD cases are admitted to hospital before receiving a kidney
transplant.
As a conservative estimate for the health costs associated with ESRD, we have assumed
each case will have dialysis on an outpatient basis for one year. We have assumed four
outpatient visits per week. Using the per dialysis (ex GST) cost of $577.78 (from the
Canterbury DHB nephrology department) we added a representative yearly cost of
dialysis to the cost for specialist consultations.

7.3.2 Direct health benefits – basis for cost estimates
GP, physiotherapist and specialist fees
We have estimated the total cost of a visit to the GP at $57.04.
This is a proxy for the cost to society of a GP visit and reflects two components:
•

The weighted average retail price for GP consultations, which was $29.73
according to the 2008 CPI (December quarter) for an adult consultation without
community services card68.

•

The government subsidy for a GP visit paid to the GP. This subsidy varies
according to patient characteristics and socio-economic status and has been
calculated according to a simple average of the subsidy provided for the 25-64 age
groups spread over the mean consultations for these age groups, for females69.

68

Source: Statistics New Zealand
http://search.stats.govt.nz/nav/ct2/economicindicators_cpiinflation/ct1/economicindicators/0
69

The mean consultation rates were referenced from the New Zealand Primary Health Care
Strategy, page 11, which in turn references Cumming and Gribben (2007); Cumming et al (2008).
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This $57.04 is not intended to be a precise estimate of the cost of a GP visit to society,
however in light of the variety of the GP charges in NZ and the complexity of the
subsidy for different age groups, we have preferred to simplify the calculation. In
practice, the economic cost of a patient seeing a GP for a normal scheduled appointment
(usually 15 minutes) will not vary between individuals and the differences in subsidy
partly represent the incentives sought to be created by the capitation scheme and the
expected number of visits by patients in each grouping.
We referred to Cressey & Lake(2008)’s estimate for a specialist consultation. Based on
medical cost rates published by health insurers, the range of specialist fees lies between
$60 - $125. We have used the mid-point, $95.
For physiotherapy costs, we referred to Cressey & Lake (2008). They used the range of
$21.76 - $36.12 based on the ACC purchase rate of $21.76 and an average co-payment
of $14.26 (initial consultation) and $9.73 (follow up consultation). This ACC purchase
rate has remained unchanged since their estimate. We have used the mid-point of their
estimate, at $28.94.
Cost of hospital stays
The total case weighted discharges for each illness70 from 1 July 2004- 30 June 2008
were summed for each disease and multiplied by the relevant medical/surgical national
price to give the cost per financial year for each disease. The average of the costs over
the five year period was then calculated and expressed in terms of the cost per average
discharge.
Laboratory testing costs
For persons their GPs with a suspected case of AGI, the cost of the faecal culture test
($13.51)71 was used to represent the cost of laboratory testing. As discussed in the
incidence of disease sections, a faecal culture will not be the appropriate test to detect all
forms of AGI, and often GPs will order multiple tests. Therefore we consider this cost
estimate to be conservative.
For AGI resulting from cryptosporidiosis or giardiasis, we assumed a proportion of GP
cases would be diagnosed with an ova and cysts test, costed at $12.10.

The subsidy ( the ‘First level health services non access first contact for a non-access practices
for enrolled patients’) was referenced from the Ministry of Health:
http://www.moh.govt.nz/moh.nsf/indexmh/phcs-funding-capitation-rates#nonaccess
70

Where the illness was the primary diagnosis

71

This value comes from the Average total cost of a faecal culture test in the Community lab
services agreement ‘National Laboratory Contract’ for Auckland DHB, page 60.
This also comes from the Community lab services agreement ‘National Laboratory Contract’ for
Auckland DHB.

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

134

For IBD, GBS, HUS and ESRD, we assumed that the cost of tests associated with these
sequelae would be captured in the inpatient hospital data.
Reactive arthritis is difficult to diagnose and will usually require consideration of a
range of test results. We have estimated the cost of six tests likely to be carried out by a
GP, using the prices in the National laboratory contract72 at an approximate price of
$49.22 per ReA case.
Medications
While AGI is largely self limiting and medication is not usually required to clear the
gastro intestinal infection, medications may be used to relieve discomfort, control
diarrhoea, and help the patient to rehydrate.
For modelling purposes it was necessary to consider the likely OTC and prescription
medicines that would be used, and to obtain costs on those. Advice and information on
prescribing/purchasing behaviour and costs was obtained from a Ministry of Health
employed clinician, a pharmacist, and Pharmac. We also endeavoured to approach the
producers or their representatives in NZ for the relevant medications to receive sales
data, however these data were refused for confidentiality reasons.
Choice of medications for AGI
We have assumed that a proportion of community (recovers at home) cases will visit a
pharmacy and purchase over the counter (OTC) medications, and that all persons
visiting the GP will receive a prescription for medications that they will have filled.
The medications considered included compound electrolytes for rehydration, and
medication for treating diarrhoea. A description of the types of medications considered
follows.
Electrolyte solutions
To treat and prevent dehydration due to diarrhoea in both adults and children, Enerlyte
(the generic of the common medication Gastrolyte) is prescribed. It is an oral glucose
electrolyte preparation.
Pedialyte is an also oral electrolyte solution that is specifically designed for children to
replace fluids and minerals (electrolytes) lost due to diarrhoea with or without vomiting.
Anti-diarrhoeal drugs
Diastop is a tablet-based medication that treats acute and chronic diarrhoea by slowing
down the movements of the intestines.

72

These included ANA, CRP, rheumatoid factor, CBC, liver function test and renal test.

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

135

Nodia is an anti-diarrhoeal drug for acute and chronic diarrhoea. It is the funded
medication of the anti diarrhoeal drug Loperamide. It is recommended only for adults
and children over 12 years of age.
Analgesics
In our study, these refer to pain relief medication, such as panadol, aspirin or nurofen.
After discussion with Pharmac, we received and used prescription data for three
products Enerlyte, Diastop, and Nodia. These drugs were assumed to be bought on
prescription for GP cases.
For community case medications purchased OTC, we used Diastop and Nodia for the
anti-diarrhoeal drugs. For the oral rehydration we used the brand ‘Gastrolyte’ to replace
enerlyte. This substitution was based on advice from a selection of local pharmacies in
inner-city Wellington, as Gastrolyte is the one most commonly purchased and advised to
customers. Community cases were also assumed to buy an OTC analgesic, based on
data from the Lake et al (2009) AGI study. This comprehensive community study was
the basis for our calculations of the quantities used for GP and community cases, as
described below.
Quantities of medications for AGI
For each AGI case that self-treats, we assumed that just over 38% purchased an OTC
analgesic, and that 5% of community cases purchases an OTC oral rehydration product.
A small proportion of community cases (5.2%) are assumed to purchase an OTC anti
diarrhoeal drug. We considered both main brands of these, Nodia, and Diastop.
We note that it is less common for a person, whether self-treating or seeing a GP, to use
an anti diarrhoeal drug, however some people do so to be able to continue functioning in
their daily life. We have therefore chosen to include this in our estimates.
For AGI cases that go to the GP, we assume 33% receive a prescription for an oral
rehydration product. Further, a proportion of cases (just over 18%) that see a GP will be
prescribed an anti-diarrhoeal product.
Cost of medications for AGI
Costs are incurred for the treatment of AGI from both prescription medicines and from
the purchase of over the counter (OTC) medicines.
Over the counter medications
To cost over the counter (OTC) medications, we multiplied the cost of the medication in
question by the number of cases using it, which in turn was based on the AGI
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community survey as described above. The price of OTC medication was based on
observed prices from retail pharmacies (Life Pharmacy) and an online medication seller.
The cost for ‘Gastrolyte’ was taken from an average of OTC prices quoted from a large
pharmacy chain and an online pharmacy website73. For the anti diarrhoeal drugs, an
average price was calculated based on the observed retail sales price of Nodia and
Diastop from inner Wellington city pharmacies.
For analgesics, the cost varies depending on the size of the pack purchased, the brand,
and the point of sale. We considered it appropriate to use the mid point of the cost range
$3-$6, which are the prices observed in supermarkets.
Prescription medicine
Data was obtained on the total prescriptions of medication associated with vomiting and
diarrhoea for the period 2006-2009. These are the fully subsidised drugs and the relevant
price for 2008 was taken from Pharmac’s schedule to apply to the appropriate number of
GP cases.
For a general impression of the order of cost of these prescription medicines, the cost of
dispensings for the 2007 and 2008 is shown in the figures below.
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Respectively, Life Pharmacy, and http://www.healthchemist.co.nz/anti-diarrhoea/gastrolyte
plain-sachets-10-p669881.html. The average price was $14.43
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Figure 6: Cost of dispensings for funded diarrhoeal medications
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For Diastop and Nodia, the data were broken down in to short and long term prescribing. Short
term was arbitrarily chosen by Pharmac as treatments of 40 tablets or less. This represents five
days treatment. It is therefore assumed that if the patient was experiencing symptoms for longer
than five days they would see a doctor again. These more seriously ill patients might then receive
further treatment or further prescriptions, however Pharmac data was not provided at patient level,
nor was there any data to be able to confirm a particular outcome from patients with over 40
tablets.
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Choice and cost of medications for sequelae
We have assumed only limited use of pharmaceutical products outside of the hospital for
sequelae. In the majority of cases, medication costs will be included in the caseweighted
cost of a hospital stay.
For reactive arthritis, we have assumed a portion of cases of ReA and IBD would
purchase OTC analgesics. This portion is 33% and is the mid point of Cressey & Lake
(2008)’s estimate of 0 - 67% of ReA cases using analgesics.
For IBD, we have followed Cressey & Lake (2008) and have assumed 93% of cases use
Pentasa (2g/day) or Asacol (1.6 g/day), for which the prices were taken from Pharmac’s
2008 schedule.
Following discussion with the Chief Medical Advisor, Population Health directorate, we
have not included any anti nausea drugs because his advice was that such medication is
rarely prescribed. Similarly, the prescription of antibiotics was unclear. In the Lake et al
(2007) AGI community survey, 20% of visits to a medical professional for AGI resulted
in an antibiotics prescription. However we did not consider antibiotic costs in our model
because based on the advice received prescription behaviour is understood to vary
greatly between GPs, and the range of antibiotics that could be prescribed could vary
greatly.

7.4 Non-health benefits
7.4.1 Travel costs
Also considered are the travel costs to and from medical appointments or hospital visits.
We have used the return distance to the GP and hospital from Cressey & Lake (2008)
along with the average cost per kilometre from the Automobile Association (AA) to
estimate the transport costs for GP, pharmacy, specialist, physiotherapy and hospital
visits. The average distance to the GP was 7.64 kilometres return, whereas the return
distance to the nearest hospital was 28.4 kilometres (Cressey & Lake, 2008).
The total number of visits for the appropriate consultation was multiplied by the return
journey distance. No explicit trips were counted for pharmacy visits, as we assumed a
person would go to the pharmacy after their GP visit or while doing other shopping.
The distance to the physiotherapist was estimated as equal to that of the GP, as both
would normally be located in similar localities in an urban or semi urban context.
Trips to hospital were counted as one per patient hospitalised, with one visit for a carer
for each patient hospitalised, regardless of the length of stay. Specialist consultations
were assumed to be at the same distance as the hospital.
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7.4.2 Loss of productivity
The benefits considered in this section are the ‘costs largely associated with lost
productivity as a result of the illness incurred by the individual and informal carers’75.
Consistent with results from other COI of AGI studies, lost production is the largest
driver of cost in this study. The choice of valuation method, and the assumptions made
to value lost time, are therefore of crucial in the overall cost-benefit exercise.
In order to value time lost due to illness, it is necessary to consider the following
questions.
•

Does time away from work and normal activities result in lost production, or will
other people substitute for the sick person?

•

Should only time away from market work be valued, or should time away from
work in the home, family business, study and leisure activities also be valued?

•

How should we value lost time?

Does time away from work and normal activities result in lost production?
At the heart of this question is the issue of whether when a person is away from normal
activities for a day the result will be a loss of one day’s worth of normal productive
activities, or whether some form of substitution will occur. In this study we are
interested in productive activity because we want to know how illness impacts on real
economic activity.
The Human Capital Method (HCM) and Friction Cost Method (FCM), which are both
commonly used in COI studies, represent two different answers to this question.
The HCM assumes that a day away from normal productive activities results in a day of
lost production. The production that would have occurred in the absence of the disease is
estimated. As such, it values a life with respect to the individual’s lost earning potential
(Rice, 1994). HCM ignores that people are worth more than just what they produce, but
the HCM also ignores that in a persons absence there may be others who are not fully
utilised, or who can be more productive, and replace the activity of the person who is
absent.
The FCM is based on the assumption that production losses due to illness will be limited
by reactive mechanisms in the labour market; for example, replacing people who are no
longer able to work. Under FCM, maximum production losses are the temporary
production losses associated with a short term absence or the period required to replace
an individual who becomes permanently absent.
FCM estimates are lower than HCM, and depend partly on the assumed friction period.
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Ministry of Health (2009) Report on New Zealand Cost-of-Illness Studies on Long-Term
Conditions

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

140

The potential difference in the estimates derived by the two methods were demonstrated
in Hutubessy et al (1999), which used both HCM and FCM to estimate the production
losses from back pain. They found that short-term indirect costs estimated by the
human capital method were more than three times as high as the indirect costs estimated
by the friction cost method (US$ 4.6 billion vs. US$ 1.5 billion, respectively). In part the
difference will reflect that back pain is a chronic condition occurring over an extended
time period, rather than a self limiting illness.
HCM tends to be the favoured method for COI studies of AGI, although there are
examples of both methodologies in the literature. For example, Abelson et al (2006) and
Cressey & Lake (2008) used HCM. Kemmeren et al (2006) is an example of a study
that used FCM.
We have used the HCM in this study. Most of the productivity loss in this study is due to
cases of AGI, and because it is a relatively short term illness it seems unlikely that
workplaces or households would hire replacement labour. For the sake of completeness,
we mention the implications of workers replacing colleagues below.
In part, Cressey & Lake (2008) favour HCM due to the relatively low level of
unemployment in New Zealand, meaning that replacement of workers is more difficult.
An alternative approach to either HCM or FCM for valuation of death is to use estimates
of willingness to pay to avoid death, or another measure of the value of a statistical life.
The most recent NZ calculation valued a statistical life at $3.35 million.76 Given how
few cases of death are considered within our estimates, we have opted to stick with
HCM valuations.
Should only time away from market work be valued?
If a person falls sick, they may be unable to work, but they will also be likely to lose
time that they would have otherwise spent in productive, yet unpaid activity, such as
domestic house work, looking after children, or studying. Thus we consider that a fair
valuation of the cost of illness should consider both market and non-market productive
activity.
As a basis for our estimate of lost productive time we have used a survey conducted by
Statistics NZ on the measurement of unpaid work77 (Statistics New Zealand, 2001). In
this, the survey classifies household activities into productive and non productive
activities quantified in hours based on how an average person aged 15 or over spends
their time in a 168 hour week.78 The finding of the survey was important, as ‘on average,
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Ministry of Transport (2008) The Social Cost of Road Crashes and Injuries: June 2008 update
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Statistics New Zealand (2001) Measuring unpaid work in New Zealand 1999.
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In our approach, we use income values and time estimates for all persons aged 15 and over.
We are thus implicitly including productivity losses for over 65 year olds. Because CBAs are
focused on time lost from the paid workplace, over 65 year olds may often be implicitly excluded.
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people spend more time in unpaid work than they do in market work’. In the 1999
survey, the value of unpaid work was estimated at 39% of GDP.
The classification ‘productive work’ in the survey was based on the third party criterion,
which states that an activity is productive if you can delegate it to a third party and you
can still derive benefit. For example, preparing a meal is considered productive, while
eating it is not a productive activity. The survey found that on average, 27.6 hours were
spent on unpaid work activities per person per week, 23.6 hours were spent on market
(paid) work, and 3.8 hours were spent on self-education, of which over half was formal
education. The figure for unpaid work included unpaid work inside and outside the
household (for example, housing, clothing, child care), and formal unpaid work outside
the household. The remainder of people’s time was spent in sleeping, eating, recreation,
and personal care.
On this basis we were able to estimate the number of hours lost from productive
activities, and the type of production lost, when a person is sick for a day or spends a
day caring for someone else.
How should we value lost time?
The most common method of measuring the value of output due to lost work days is to
use daily income. Essentially, this assumes the value of daily income is a proxy for the
economic value of a day’s work. As in Cressey & Lake (2008) and Abelson et al (2006),
we have used average daily earnings as a proxy for the value of work time.
Summary of approach
The approach we have taken is to value each of the different types of productive activity
from the Statistics NZ survey, and to then sum these together to give a total value of
productive time for a person over 15 years of age. Multiplying this value by the total
population over the age of 15, effectively gives an estimate the total value of productive
time for a day.
Because people under the age of 15 also suffer from AGI, and we do not have good
information on the proportion of community cases stratified by age, we needed to
somehow adjust the estimated value of lost productive time to cover all New Zealanders.
We chose to be conservative and assumed that a person under 15 years old has no
productive time. The estimate of the total value of productive time for a day was then
spread across the entire New Zealand population in order to arrive at a rough estimate of
the value of productive time per day for any single individual.
Values of time
The most common method of measuring the value of output due to lost work days is to
use daily income. Essentially, this assumes the value of daily income is a proxy for the
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economic value of a day’s work. As in Cressey & Lake (2008) and Abelson et al (2006),
we have used average daily earnings as a proxy for the value of work time.
The average person over 15 years spends a proportion of their time each week in paid
employment. The Statistics New Zealand Income Survey79 records that the average
person over 15 years in paid employment earns $842 before tax, government transfers,
investment income, and other transfers80.
The average person over 15 years spends 27 hours a week in unpaid work and 3.8 hours
in self education. We valued this time at $13.50 an hour, being the median hourly wage
for service and sales workers from the Statistics New Zealand Income Survey. This was
the same approach to valuing unpaid productive time used by Statistics New Zealand in
its report “Measuring unpaid work in New Zealand 1999”. Thus productive unpaid work
activity was valued at $415.80 a week
The above approach gave an estimated value of productive time for persons over the age
of 15 years of $1258 per week or $180 per day.81 Spread across the entire resident
population82, we arrive at an estimated value of productive time per day for all New
Zealanders of $142.25.
The value of a productive day was multiplied by the relevant number of productive days
lost for each disease. For example, for a reduction in community cases for
cryptosporidiosis, two days per person per case would be avoided, representing just over
28,000 days per year, or just under $4 million in lost productive time.
The diagram below summarises our methodology.

79

Statistics New Zealand, June 2008 quarter Income Survey.

80

Transfers etc are excluded as these are not lost during illness. From society’s perspective, the
approach we are taking, it is also appropriate to exclude transfer payments.
81

In doing this we have spread the value of worked time over a seven day week, rather than a
five day week, as is the approach used in most studies (see, for example, Cressey and Lake
(2008)). We consider this sensible because people may get sick on any day of the week and the
information on illness is not necessarily specific to working days.
82

Statistics New Zealand Estimated Resident Population figures for June 2008
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Figure 7: Approach to estimating the value of lost productive time
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Under pinning assumptions
There are several assumptions sitting underneath our methodology. A key assumption is
constant marginal productivity– every day is as productive as the next. When a person
returns to work, they are assumed to be as productive as on an average day, not still
suffering from their illness nor working harder in order to ‘catch up’ on a portion of the
missed work.
Number of days of time lost
Assumptions regarding lost productive time for people suffering from specific diseases
are set out in section 6.4, Estimates of incidence of selected diseases in NZ, and
associated health outcomes .
For unspecified forms of AGI, 1.5 days were assumed lost for cases not attending the
GP, and 4.3 days for those who would have.
Number of productive days lost - Sequelae
For simplicity for GBS, we have used Abelson et al (2006)’s study estimate of the mean
duration of illness (90 days).
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For ReA, we have used Cressey & Lake (2008)’s estimate of a total average time away
from work of 26 days per case across the length of the illness, which in some cases may
be many years. (including community, GP, and hospital cases).
For IBD, 49 days of productive activity is estimated as the number of days lost. This is
based on Cressey & Lake (2008)’s assumption of 44 days lost for Crohn’s disease, and
58 days lost for Ulcerative colitis (UC). We used actual discharge information from the
NZHIS data (2004-2009) to estimate the proportion of IBD cases that would have either
Crohn’s or UC.
For HUS, we have adopted Cressey & Lake’s (2008) approach based on the duration of
clinical HUS. In this, the lost productive time due to clinical HUS was modelled as a
uniform distribution between 14 and 28 days. For simplicity, we have taken the mid
point of this and assumed 21 total days lost.
For ESRD, we assume that a person will lose 50% productivity for one year while
having dialysis treatment.
Carer time
The impact of lost time borne by people taking care of their family and friends is
important to consider. Cressey & Lake (2008) base their estimates of lost time at work
by carers on both the AGI Community Survey (Perera & Adlam (2007)), and on
Kemmeren et al (2006). For general AGI, 1.3 and 2.7 days were lost respectively for
community cases (cases not attending the GP), and GP cases. The ratio for caregivers
time lost relative to the sick person’s time lost is therefore 0.87 and 0.63 (2 d.p)
respectively, and has been applied to value all carer’s time for all the diseases
considered. We note that this is a departure from the assumption made in Cressey &
Lake (2008) in which a one-for –one or higher relationship between sick person time
lost and carer time lost is presumed. Such a relationship appears excessive, hence the
choice of the general ratio of sick to carer time lost approach.
For hospital cases, we assumed that 25% of the time hospitalised would be lost by carers
in the form of hospital visits. Unlike Cressey & Lake (2008) we have applied these
ratios to all diseases and their sequelae. When necessary, we used the average hospital
bed stay is taken from our inpatient NZ hospital data and was used as a basis to calculate
the number of days lost by a carer according to the 25% assumption.
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Other Issues considered in valuing lost productive time
Leisure time
When a person falls ill, not only does he or she lose productive time, but a loss may also
be incurred in terms of lost leisure time, both by the sick person and the carer. Thus a
total measure of the economic opportunity cost of time lost would include the value of
the leisure time lost to the ill person. Many cost of illness studies (for example, Perera &
Adlam (2007), Rosevear (2004)) discuss the value of lost leisure time, but do not
quantify it. An exception is EPA (2005) which includes an enhanced COI that values
lost leisure time.
Because we are interested in the economic costs of illness, we consider it appropriate to
limit our analysis to productive time.
Lost profitability
Productive time lost by an employee is generally considered to be quantifiable in terms
of the value of the daily salary. This assumption is reflective of the neo classical
economic model, in which wage rates are assumed to equal the value of marginal
revenue generated by an additional worker under full employment. Thus, indirect costs
are quantified in terms of forgone earnings.
However, it may be considered appropriate to apply an uplift for the value of lost
profitability experienced by an employer when an employee misses days from work,
under the assumption that marginal productivity might exceed the wage rate. The
literature on such a value is very scarce and has not allowed any value for such an uplift
to be applied to this report. A reference of interest was Berger et al (2001) Alternative
Valuations of Work Loss and Productivity, in which they argue that a more accurate
financial estimate of work loss would include the management’s willingness to pay for
the value that employees themselves place on their own health. The article hints at a
notion of profit lost but does not explicitly discuss it, nor does it give a quantifiable
definition. We note too that employers do pay for flu vaccinations and other activities,
such as gym memberships, to help keep their employees well. Balanced against this is
the obligation of the employer to pay sick leave.
Income differences
No distinction between incomes in different regions has been made in this study. The
Statistics New Zealand quarterly income survey does not produce any regional estimates
of wage earnings for rural compared to urban residents. After consultation with Statistics
New Zealand, we used 2001 census figures for total family income to investigate the
difference in earnings83.

83

Publication of the 2006 equivalent data has been discontinued by Statistics New Zealand.
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The data showed a similar income for rural and urban areas. To calculate this, we used
the total family income in urban and rural areas for each income bracket between zero
and $100,000 as a proportion of total urban and rural incomes respectively, and assumed
that households earned the mid range of each income bracket. From this, the census
showed that rural households have a 2% lower income, which has not been considered
large enough to influence our approach here.
Also important to consider are differences in paid and unpaid productive time between
rural and urban areas. Statistics New Zealand census 2006 data on the employment
status by area shows the number of people in paid and unpaid activity. These data show
that 85% of all people in paid employment (waged or salaried people, self employed or
employers) live in urban areas compared with just fewer than 15% that live in rural areas.
Of unpaid people (people in unpaid family activity), 63% live in urban areas compared
with 46% that live in rural areas.
This significant difference between the amount of people in paid and unpaid productive
activity implies that a national estimate of lost productive time based on the 1999 survey
will err towards being an underestimate of the true loss in rural areas and an
overestimate the loss in urban areas.
Time lost for students and education time
In the Statistics New Zealand 1999 survey, formal study time is not recognised as a
productive activity due to the third party definition of productive activity. We consider it
appropriate to include “self education” as a productive activity for the purposes of this
study. Self education is predominantly made up of formal education for those over the
age of 15, for instance university study. Over the whole population aged 15 and over,
self education occupies 3.8 hours per week.
Death
The loss of life has been estimated as the value of lost productive time, consistent with
the Human Capital Method. Average age at death was estimated for five diseases, and
the difference between this and average life expectancy was used to estimate time lost.
The most recent life expectancy in NZ is 80.1 years for the general population84. This is
the life expectancy from birth, between 2005-2007, which may either overstate or
understate the overall average life expectancy of the NZ population in 2007. The value
of productive time due to death was discounted to give a present value for the year in
which the death occurred.
The diseases for which death was considered included campy, salmonellosis,
cryptosporidiosis, giardiasis and cancer. Death for the other diseases was either
immaterial or not considered as a possible health outcome.
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Source: Statistics New Zealand,
http://www.stats.govt.nz/browse_for_stats/health/life_expectancy/NZLifeTables_HOTP05
07.aspx
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Where possible, the average age of death was calculated based on the actual mortality
data from the NZHIS hospital data 2004-2008 (death occurring in-hospital). For
campylobacteriosis and salmonellosis, this was possible, however no deaths occurred in
hospital for cryptosporidiosis or giardiasis during the data period. We therefore used an
average age of death based on the in-hospital deaths from the ICD 10 codes for campy,
salmonellosis, yersiniosis, and AGI of unspecified infectious origin.
We note that cases of death due to AGI and their sequelae are very rare, meaning that
these estimates do not have a large impact on the model.

7.5 Other benefits – unquantified or intangible benefits
7.5.1 Loss of well being (quality of life and loss of life)
Waterborne disease can result in reduced quality of life, reduced life expectancy and
even loss of life. These costs can be additional to the health costs considered above.
The question of a loss of quality of life resulting from waterborne disease is problematic.
Ideally, an amount should be estimated that reflects the individual’s willingness to pay
to avoid the risk of pain and suffering and death. This impact was noted as an intangible
benefit in Rosevear (2004) but was estimated as having an upper-bound value of being
equivalent value to the loss productivity, which Rosevear estimated at $7.5 million in
total.
We have considered in this study that these benefits are highly subjective and that
greater uncertainty would be introduced by their inclusion. We therefore acknowledge
the considerable impact of these on people’s enjoyment of life, but have not quantified
them.

7.5.2 International reputation and tourism
Tourism is a key driver of New Zealand’s export revenue; tourism revenue, and
potentially export sales more generally, are at least in part driven by perception of New
Zealand as a clean, green environment.
The value of the 100% Pure New Zealand brand was estimated in 2005 at US$13.6
billion in a report by InterBrand85. This is much higher than the upper bound placed by
the Ministry for the Environment of $938 million in 2001 on the value of New Zealand’s
green image. The Ministry for the Environment estimate was based on immigrant
numbers, tourism revenue and food exports (Rosevear, 2004).
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An alternative estimate of the value of the brand could be made based on the amount spent on
creating by Tourism NZ to create the brand, as presumably the expenditure would only be
incurred if the expected return was equal or greater. A brief search did not reveal a figure for total
spending on the brand.
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Further, the Ministry of Tourism has reported that visitor arrivals in NZ have increased
by 50% to 2.4 million between 1999 and 2009 86 the period over which the “100% Pure
New Zealand” marketing campaign has run. This represents an increase of NZ$2.4
billion in foreign exchange earnings from tourism over the period.
Clearly, the benefit of maintaining New Zealand’s clean, green status might be
considerable. The value of the brand could represent the highest upper bound of the
damage value that could be incurred through insufficiently clean drinking water. If a
large enough outbreak of water borne disease were to occur and result in international
publicity, conceivably the negative publicity may harm the NZ brand. However, any
estimate of the impact that this would have on the value of the NZ Brand would be
largely speculative.

7.5.3 National confidence in water infrastructure and costs to avoid
consumption
Appropriate, effective, regulation of NZ’s water infrastructure may create benefits for
NZers – for instance, confidence from knowing that they can access safe drinking water
from any drinking water supply when travelling. Loss of confidence in water supplies
tends to be an issue after an outbreak has occurred, and may lead people to avoid
consuming untreated or unboiled tap water if they do not trust those in charge of water
supply.
As a result of lower water quality standards, individuals may invest in costly activities to
avoid the risk of disease. These may activities may include:
•

Responses to an alert. For example, following a warning of low water quality, a
household may boil water for personal consumption.

•

On-going activities. For example concerns over ongoing water quality due to low
water quality standards may lead to households investing in ‘point of use’ systems
such as water filters to address quality concerns. In some cases, some water
supplies will have permanent or long term “boil water” notices, which consumers
may or may not comply with.

We are unaware of any research which has estimated the cost of ongoing avoidance
activities due to lower water quality. The costs may be quite small due to a lack of
awareness of water quality and thus a low level of avoidance activity. Given the lack of
information and the likely immaterial effect of these costs, we have not attempted to
value the on-going cost of actions to mitigate water quality. However, studies
considering epidemics do regularly attempt to quantify the costs of avoided behaviours.

7.5.4 Aesthetic benefits
Another category of subjective benefits that we have excluded are the benefits that
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http://10yearsyoung.tourismnewzealand.com/
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people draw from having clear and pleasant-tasting drinking water. Improved aesthetic
qualities are a potential side-effect (positive externality) of requiring water supplies to
comply with the Standards.87
The satisfaction from these increased aesthetic benefits is again subjective and could be
measured through willingness to pay-type survey methods. As a proxy for the upper
bound of the benefits from the aesthetic benefits of drinking water, we could refer to the
expenditure of households on water filters or similar devices designed to give a pleasant
taste, or the expenditure on mineral water in cities where water is cloudy or is reported
to have a relatively disagreeable taste.
Statistics NZ provides information collected through the household economic survey on
expenditure on water filters and other purification devices, and bottled water (one single
category). We were advised that annual expenditure by NZ households on these items is
around $36m88; The portion of this expenditure due to a lack of confidence in drinking
water quality, or for aesthetic preference is not known, therefore $36m would be an
upper bound for the on-going cost of a lack of confidence and/or satisfaction in water
quality.
However, the aesthetic benefits that relate to the expenditure on mineral water or filter
devices are not directly identifiable, therefore we have chosen to exclude these to avoid
introducing an uncertain estimate.

7.5.5 Equity issues
Some individuals may derive value from knowing that the majority of New Zealanders
have good quality drinking water.
No attempt has been made to determine whether information on charitable giving
associated with drinking water sickness is available as we considered it likely to be very
difficult to obtain. However, this does not mean that the benefit is not very real for
some people.

87

Determinands under the Standards relating to aesthetical properties are voluntary for all
supplies, with no timeline for compulsion.
88

Pers coms, Dean Edward, Statistics New Zealand. We recognise with bottled water that part of
the value for smaller bottles relates to convenience of being able to carry the water. Without
information on the size of the containers being sold or the motivation for purchase the usefulness
of this information is questionable.
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8 Comparison of costs and benefits from
reduced endemic disease
The tables on the following pages present the results from modelling of the reduction of
incidence in disease by compliance scenario, and compare these benefits to the costs of
compliance.
The modelling scenarios vary by:
•

Compliance requirements – either compliance with bacteriological Standards only,
or by bacteriological and protozoal Standards.

•

The size of water supplies that the compliance requirement applies to.

•

The estimate of change in incidence of disease as a result of compliance with the
Standards – modelling results for all three estimates are shown (Best, high and
low).

A summary of the results is provided. Tables showing the detailed modelling results
follow, organised by water supply size.
Costs are shown at 2007/08 values. For the benefits and operating costs, which recur
each year, a real discount rate of 8.0% was used in order to arrive at the present value
estimates.
Estimates are averages
In interpreting the results of the scenarios, it is important to remember that the
perspective of the analysis is economic costs and benefits from a national perspective.
The benefits from reduced incidence of disease will be shared between the individual
who avoids illness, the family members who do not have to care for them, their
employers who does not lose productive staff time, and the tax payer who avoids
contributing to health care costs. All numbers are averages across water supply sizes,
and the actual net benefit from compliance may differ significantly for an individual
supply when compared to the average for that supply size.
Sensitivity analysis for both costs and benefits is shown. For the costs, a range of capital
costs (prior to margin and fees) of + or – 30% around the midpoint estimate is used. On
the benefits side, the costs avoided are recalculated using four different approaches to
measuring and valuing lost productive time.
“Lost productive time excluding self education” re-estimates the value of productive
time lost excluding time spent on self education activities (mostly formal study such
as university study).
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“Lost productive time +10%” and “Lost productive time -10%” assumes a 10%
change in the productive time lost as a result of illness.89
“Lost carer time restricted to paid productive hours only” re-estimates the cost of
lost productive time for carers, so that the valuation only considers time lost from
paid work. Self education and unpaid work, including working in a family business
when a market wage is not being paid, is excluded from this estimate.
The net benefit over 40 years is calculated and shown in each table, and in most cases
constitutes our best estimate of the appropriate analysis period to be used.
The net benefit in present value terms over 25 years is also shown, and indicates the
sensitivity of the results to changes in the analysis period. In practice, there is
uncertainty around the economic life of the capital assets, particularly in the case of
Neighbourhood and Small supplies, because the technology likely to be used in these
supplies is relatively new. The shorter time period estimate allows for this uncertainty.
Experience suggests that most technical components of water supply infrastructure are at
greater risk from obsolescence than failure to function, when normally maintained.

8.1 Conclusions from modelling results
The table over page provides a visual representation of the modelling results.
For large supplies we can be relatively confident that the greatest net benefit for New
Zealand would be achieved by requiring compliance with both the bacteriological and
protozoal standards.
The evidence of benefits from compliance with the Standards is mixed for Medium and
Minor water supplies. We can be confident that for both these sizes of supply, requiring
compliance with the bacteriological standards would be expected to result in a net
benefit for New Zealand. It is likely that a greater net benefit would be achieved from
requiring Medium supplies to also comply with both the bacteriological and protozoal
standards, relative to not requiring compliance. For Minor supplies we have less
confidence, although the results are very sensitive to the estimate of change in incidence
of disease, and under the high estimate a net benefit would be expected.
Based on this study, we would not expect there to be a net economic benefit to New
Zealand from requiring Small and Neighbourhood drinking water supplies to comply
with the Standards. However, the result for Small supplies is sensitive to estimates of
bacteriological disease and we would expect that in some communities there would be
net benefits from compliance with the bacteriological determinands in the Standards.

89

Note that no change has been applied to the average age at death for estimates of the cost of
lost productivity due to death.
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Note that the range of benefits not quantified includes:
•

The benefit of avoided pain and suffering.

•

The benefit from reduced risk of negative reputational damage in overseas markets
due to visitors to NZ becoming unwell.

•

The benefit from reduced risk of an outbreak or epidemic of disease leading to the
costs of restoring public confidence in water supplies, restoring water supply
efficacy, the cost of any public enquiry, and impacts on NZ’s international image
affecting exports & tourism markets.

8.1.1 Sensitivity of cost of illness estimates
The cost of illness estimates are highly sensitive to the estimated change in incidence of
disease used in each modelling scenario.
At the national level, the use of the low estimate results in a reduction in the annual cost
of illness by 27%; the use of the high estimate results in an increase in the annual cost of
illness by 62%. The size of the variation in the underlying estimate of change in
incidence of disease reflects the high degree of uncertainty around the number of
community cases of each illness and the proportion that can be attributed to drinking
water.
The cost of illness estimates are less sensitive to changes in the measures of lost
productive time used. A 10% increase in estimated lost productive time for both sick
persons and their carers’ results in an 8.8% increase in the estimated cost of illness.
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Table 36: Illustration of net benefit by water supply size, compliance scenario, and estimate of change in incidence of disease

Compliance with Standards

Estimate

National

Large

Medium

Minor

Small

Neighbourhood

Bacteriological and Protozoal

Low
Best
High

($170)
($2)
$451

$71
$134
$305

($7)
$19
$88

($88)
($31)
$127

($93)
($76)
($31)

($53)
($49)
($38)

Bacteriological only

Low
Best
High

$62
$138
$311

$76
$105
$170

$18
$29
$53

$16
$40
$93

($21)
($11)
$12

($27)
($24)
($17)

8.2 National scenarios – all networked drinking water supplies
8.2.1 Bacteriological compliance
The following scenarios assume that all networked water supplies that are of Neighbourhood size or greater are required to comply with
the bacteriological determinand Standards. All scenarios suggest that at a national level the benefits of complying with the
bacteriological Standards far outweigh the expected costs. Under the worst case scenario, being the low estimates of the expected
change in incidence of disease, the expected benefits are valued at $202m, compared to an upper estimate of costs at $163m, over 40
years. Net benefits are also expected to exceed costs over a 25 year time horizon.

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

154

Table 37: Scenario 1.1A – National estimate (all included water supply sizes), compliance with bacteriological Standards only,
best estimate of change in incidence of disease
Sc enario 1.1a

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Canc er

Total

Lost produc tive time Lost productive time
10%
+10%

2,440,783

$

2,440,783

$

2,440,783

$

2,440,783

$

2,440,783

$

37,897

$

37,897

$

37,897

$

37,897

$

37,897



$

13,660,982

$

13,105,682

$

15,022,496

$

12,299,469

$

13,660,982

$



$

5,461,515

$

5,238,764

$

6,007,667

$

4,915,364

$

3,656,063

$



$

21,601,177

$

20,823,127

$

23,508,842

$

19,693,512

$

19,795,725

$ 278,192,541

$

268,172,351

$

302,760,563

$

253,624,519

$

254,940,874

$

440,123

$

2,000,659

Travel c osts

$

27,717

$

10,181

Lost produc tivity/death c ases

$

7,714,021

$

5,946,961

$

Lost produc tivity carers

$

5,459,665

$

1,850

Total

$

13,641,527

$

7,959,651

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance
Midpoint estimate
$
75,800,000

Capital cost ranges (including margins and fees)
30% of c apital c osts +30% of c apital c osts
$
53,100,000 $
98,500,000

Annual operating cost
PV of annual operating c ost over 40 years

$
$

4,990,300
64,267,990

$
$

4,990,300
64,267,990

$
$

4,990,300
64,267,990

PV of engineering costs over 40 years

$ 140,067,990

$

117,367,990

$

162,767,990

Net benefit (cost) over 40 years

$ 138,124,551

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

115,702,789
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Table 38: Scenario 1.1B - National estimate (all included water supply sizes), compliance with bacteriological Standards only,
low estimate of change in incidence of disease
Sc enario 1.1b

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Canc er

Total

Lost produc tive time Lost productive time
10%
+10%

1,851,037

$

1,851,037

$

1,851,037

$

1,851,037

$

1,851,037

$

28,066

$

28,066

$

28,066

$

28,066

$

28,066



$

10,019,295

$

9,612,058

$

11,017,778

$

9,020,812

$

10,019,295

$



$

3,769,233

$

3,615,503

$

4,146,157

$

3,392,310

$

2,523,211

$



$

15,667,631

$

15,106,664

$

17,043,037

$

14,292,224

$

14,421,608

$ 201,776,874

$

194,552,422

$

219,490,160

$

184,063,589

$

185,729,869

$

342,332

$

1,508,705

Travel c osts

$

21,515

$

6,551

Lost produc tivity/death c ases

$

5,479,890

$

4,539,405

$

Lost produc tivity carers

$

3,768,048

$

1,186

Total

$

9,611,784

$

6,055,847

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance
Midpoint estimate
$
75,800,000

Capital cost ranges (including margins and fees)
30% of c apital c osts +30% of c apital c osts
$
53,100,000 $
98,500,000

Annual operating cost
PV of annual operating c ost over 40 years

$
$

4,990,300
64,267,990

$
$

4,990,300
64,267,990

$
$

4,990,300
64,267,990

PV of engineering costs over 40 years

$ 140,067,990

$

117,367,990

$

162,767,990

Net benefit (cost) over 40 years

$

61,708,884

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

47,296,366
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Table 39: Scenario 1.1C- National estimate (all included water supply sizes), compliance with bacteriological Standards only,
high estimate of change in incidence of disease

Scenario 1.1c

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Productive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

4,669,551

$

4,669,551

$

4,669,551

$

4,669,551

$

4,669,551

$

82,495

$

82,495

$

82,495

$

82,495

$

82,495



$

21,408,253

$

20,537,761

$

23,542,568

$

19,273,937

$

21,408,253

$



$

8,878,143

$

8,516,043

$

9,765,957

$

7,990,328

$

5,943,231

$



$

35,038,441

$

33,805,850

$

38,060,571

$

32,016,311

$

32,103,530

$ 451,245,452

$

435,371,431

$

490,166,199

$

412,324,705

$

413,447,952

Health care costs

$

623,368

$

4,046,182

Travel costs

$

40,640

$

41,855

Lost productivity/death c ases

$

12,170,278

$

9,237,974

$

Lost productivity carers

$

8,867,566

$

10,577

Total

$

21,701,853

$

13,336,588

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
53,100,000 $
98,500,000

Capital cost including margins and fees

Midpoint estimate
$
75,800,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

4,990,300
64,267,990

$
$

4,990,300
64,267,990

$
$

4,990,300
64,267,990

PV of engineering costs over 40 years

$ 140,067,990

$

117,367,990

$

162,767,990

Net benefit (cost) over 40 years

$ 311,177,462

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

270,617,756
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8.2.2 Bacteriological and protozoa compliance
The following scenarios assume that networked water supplies of Neighbourhood size or greater are required to comply with the
bacteriological and protozoal determinand Standards. In one Large water supply, the least cost option for achieving compliance with
both Standards also results in compliance with the MAV for arsenic, leading to a reduction in the expected incidences of cancer over a
70 year period. The additional benefit from avoided cases of cancer are also shown in the estimates below.
Using the best estimate of change in incidence of disease scenario (1.2A), the benefits of compliance are estimated at $497m over 40
years, compared to estimated costs of $498m, suggesting that the costs and benefits at a national level are relatively similar.
As noted previously, the results are highly sensitive to the different estimates of change in incidence of disease. Scenario 1.2C, using the
high estimates of change in incidence of disease, suggests that compulsory compliance may have a net benefit to New Zealand when the
analysis is considered over both 40 and 25 years.
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Table 40: Scenario 1.2A – National estimate (all included water supply sizes), compliance with bacteriological and protozoal
Standards, best estimate of change in incidence of disease
Scenario 1.2A

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

3,834,600

$

3,834,600

$

3,834,600

$

3,834,600

$

3,834,600

$

54,125

$

54,125

$

54,125

$

54,125

$

54,125

82,570

$

23,944,199

$

22,973,791

$

26,323,495

$

21,564,902

$

23,944,199

$



$

10,692,217

$

10,256,130

$

11,761,439

$

9,622,995

$

7,157,614

$

88,129

$

38,525,141

$

37,118,646

$

41,973,660

$

35,076,623

$

34,990,538

$ 496,149,207

$

478,035,541

$

540,561,234

$

451,737,180

$

450,628,529

Health care costs

$

686,624

$

3,142,417

Travel costs

$

43,944

$

10,181

Lost productivity/death c ases

$

14,266,566

$

9,595,063

$

Lost productivity carers

$

10,690,367

$

1,850

Total

$

25,687,502

$

12,749,510

$

5,559

PV over 40 years
Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
250,000,000 $
423,000,000

Capital cost including margins and fees

Midpoint estimate
$
337,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

12,550,000
161,626,209

$
$

12,550,000
161,626,209

$
$

12,550,000
161,626,209

PV of engineering costs over 40 years

$ 498,626,209

$

411,626,209

$

584,626,209

Net benefit (cost) over 40 years

$

(2,477,002)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(37,538,874)
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Table 41: Scenario 1.2B – National estimate (all included water supply sizes), compliance with bacteriological and protozoal
Standards, low estimate of change in incidence of disease
Scenario 1.2B

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

2,817,806

$

2,817,806

$

2,817,806

$

2,817,806

$

2,817,806

$

39,449

$

39,449

$

39,449

$

39,449

$

39,449

82,570

$

16,151,756

$

15,498,703

$

17,752,947

$

14,550,566

$

16,151,756

$



$

6,482,411

$

6,218,023

$

7,130,652

$

5,834,170

$

4,339,474

$

88,129

$

25,491,422

$

24,573,980

$

27,740,854

$

23,241,990

$

23,348,485

$ 328,293,378

$

316,478,027

$

357,262,870

$

299,323,887

$

300,695,384

Health care costs

$

505,459

$

2,306,788

Travel costs

$

32,897

$

6,551

Lost productivity/death c ases

$

8,979,774

$

7,089,412

$

Lost productivity carers

$

6,481,225

$

1,186

Total

$

15,999,355

$

9,403,937

$

5,559

PV over 40 years
Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
250,000,000 $
423,000,000

Capital cost including margins and fees

Midpoint estimate
$
337,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

12,550,000
161,626,209

$
$

12,550,000
161,626,209

$
$

12,550,000
161,626,209

PV of engineering costs over 40 years

$ 498,626,209

$

411,626,209

$

584,626,209

Net benefit (cost) over 40 years

$ (170,332,831)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(187,801,474)
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Table 42: Scenario 1.2C – National estimate (all included water supply sizes), compliance with bacteriological and protozoal
Standards, high estimate of change in incidence of disease
Scenario 1.2C

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

6,854,648

$

6,854,648

$

6,854,648

$

6,854,648

$

6,854,648

$

107,030

$

107,030

$

107,030

$

107,030

$

107,030

82,570

$

43,928,814

$

42,144,109

$

48,304,647

$

39,552,981

$

43,928,814

$



$

22,829,530

$

21,898,416

$

25,112,483

$

20,546,577

$

15,282,608

$

88,129

$

73,720,022

$

71,004,203

$

80,378,808

$

67,061,236

$

66,173,100

$ 949,409,376

$

914,433,476

$

1,035,165,100

$

863,653,652

$

852,215,719

Health care costs

$

1,060,632

$

5,788,456

Travel costs

$

65,175

$

41,855

Lost productivity/death c ases

$

29,041,420

$

14,804,824

$

Lost productivity carers

$

22,818,953

$

10,577

Total

$

52,986,180

$

20,645,712

$

5,559

PV over 40 years
Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
250,000,000 $
423,000,000

Capital cost including margins and fees

Midpoint estimate
$
337,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

12,550,000
161,626,209

$
$

12,550,000
161,626,209

$
$

12,550,000
161,626,209

PV of engineering costs over 40 years

$ 498,626,209

$

411,626,209

$

584,626,209

Net benefit (cost) over 40 years

$ 450,783,167

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

368,214,396
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8.3 Compliance scenarios for Large water supplies only
8.3.1 Bacteriological compliance for Large supplies only
The following scenarios assume that only Large networked water supplies are required to comply with the bacteriological determinand
Standards. Under all scenarios the benefits from requiring all Large supplies to comply are expected to dramatically exceed the costs of
compliance.

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

162

Table 43: Scenario 2.1A – Estimate for Large water supplies of compliance with bacteriological Standards only, best estimate
of change in incidence of disease
Scenario 2.1a

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost productive time
10%

$

920,695

$

920,695

$

920,695

$

920,695

$

920,695

$

14,295

$

14,295

$

14,295

$

14,295

$

14,295



$

5,153,102

$

4,943,635

$

5,666,682

$

4,639,521

$

5,153,102

$



$

2,060,155

$

1,976,131

$

2,266,171

$

1,854,140

$

1,379,115

$



$

8,148,247

$

7,854,756

$

8,867,844

$

7,428,651

$

7,467,207

$ 104,937,874

$

101,158,127

$

114,205,254

$

95,670,494

$

96,167,041

Health care costs

$

166,020

$

754,675

Travel costs

$

10,455

$

3,840

Lost productivity/death c ases

$

2,909,830

$

2,243,272

$

Lost productivity carers

$

2,059,457

$

698

Total

$

5,145,763

$

3,002,485

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance
Capital cost including margins and fees

Midpoint estimate
$
4,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

300
3,864

PV of engineering costs over 40 years

$

7,864

Net benefit (cost) over 40 years

$ 104,930,011

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

93,931,715
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Table 44: Scenario 2.1B – Estimate for Large water supplies of compliance with bacteriological Standards only, low estimate
of change in incidence of disease
Scenario 2.1b

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost productive time
10%

$

698,235

$

698,235

$

698,235

$

698,235

$

698,235

$

10,587

$

10,587

$

10,587

$

10,587

$

10,587



$

3,779,409

$

3,625,794

$

4,156,050

$

3,402,768

$

3,779,409

$



$

1,421,804

$

1,363,815

$

1,563,985

$

1,279,624

$

951,788

$



$

5,910,036

$

5,698,432

$

6,428,857

$

5,391,214

$

5,440,020

$

76,112,883

$

73,387,725

$

82,794,566

$

69,431,199

$

70,059,742

Health care costs

$

129,132

$

569,103

Travel costs

$

8,116

$

2,471

Lost productivity/death c ases

$

2,067,086

$

1,712,323

$

Lost productivity carers

$

1,421,357

$

447

Total

$

3,625,691

$

2,284,345

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance
Capital cost including margins and fees

Midpoint estimate
$
4,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

300
3,864

PV of engineering costs over 40 years

$

7,864

Net benefit (cost) over 40 years

$

76,105,019

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

68,127,915

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

Lost produc tive time
+10%

Lost c arer time
restric ted to paid
productive hours
only

164

Table 45: Scenario 2.1C – Estimate for Large water supplies of compliance with bacteriological Standards only, high estimate
of change in incidence of disease
Scenario 2.1c

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost productive time
10%

$

1,761,416

$

1,761,416

$

1,761,416

$

1,761,416

$

1,761,416

$

31,118

$

31,118

$

31,118

$

31,118

$

31,118



$

8,075,474

$

7,747,113

$

8,880,565

$

7,270,382

$

8,075,474

$



$

3,348,952

$

3,212,363

$

3,683,847

$

3,014,057

$

2,241,865

$



$

13,216,959

$

12,752,010

$

14,356,946

$

12,076,972

$

12,109,872

$ 170,215,701

$

164,227,812

$

184,897,117

$

155,534,285

$

155,957,989

Health care costs

$

235,143

$

1,526,273

Travel costs

$

15,330

$

15,788

Lost productivity/death c ases

$

4,590,789

$

3,484,685

$

Lost productivity carers

$

3,344,962

$

3,990

Total

$

8,186,223

$

5,030,736

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance
Capital cost including margins and fees

Midpoint estimate
$
4,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

300
3,864

PV of engineering costs over 40 years

$

7,864

Net benefit (cost) over 40 years

$ 170,207,838

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

152,367,672
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8.3.2 Bacteriological and protozoa compliance for Large supplies only
The following scenarios assume that only Large networked water supplies are required to comply with both the bacteriological and
protozoal determinand Standards. In one Large water supply, the least cost option for achieving compliance with both Standards also
results in compliance with the MAV for arsenic, leading to a reduction in the expected incidences of cancer over a 70 year period. The
benefit from avoided cases of cancer is also shown in the estimates below.
For large supplies as a group, the benefits of compliance with both Standards appear to out weigh the costs in all scenarios and
sensitivity analyses.
However, it is important to consider whether the greater net benefit to New Zealand is derived from requiring both bacteriological and
protozoal compliance, or from only requiring bacteriological compliance. Comparison shows that the net benefits of scenario 2.2A
(bacteriological and protozoal compliance, best estimate) estimated at $134m over 40 years, are expected to be greater than the net
benefits of scenario 2.1A (bacteriological compliance only, best estimate) which are estimated at $105m over 40 years. Consequently,
we can see that there is a greater expected benefit for New Zealand from requiring compliance with both bacteriological and protozoal
determinands in the Standards for Large water supplies.
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Table 46: Scenario 2.2A – Estimate for Large water supplies of compliance with bacteriological and protozoal Standards, best
estimate of change in incidence of disease
Scenario 2.2A

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Cancer

Total

Lost Productive time
exc luding self
education

1,449,175

$

1,449,175

$

1,449,175

$

1,449,175

$

1,449,175

$

20,408

$

20,408

$

20,408

$

20,408

$

20,408

82,570

$

9,077,990

$

8,712,096

$

9,975,108

$

8,180,873

$

9,077,990

$



$

4,030,425

$

3,866,042

$

4,433,467

$

3,627,382

$

2,698,058

$

88,129

$

14,577,998

$

14,047,721

$

15,878,158

$

13,277,838

$

13,245,632

$ 187,743,951

$

180,914,739

$

204,488,166

$

170,999,735

$

170,584,959

$

258,871

$

1,184,745

Travel costs

$

16,568

$

3,840

Lost produc tivity/death cases

$

5,378,003

$

3,617,417

$

Lost produc tivity c arers

$

4,029,727

$

698

Total

$

9,683,169

$

4,806,700

$

5,559

PV over 40 years
Least cost option for upgrading water supplies to achieve compliance

Midpoint estimate
$
50,000,000

Annual operating c ost
PV of annual operating cost over 40 years

$
$

290,000
3,734,789

PV of engineering costs over 40 years

$

53,734,789

Net benefit (cost) over 40 years

$ 134,009,162

Sensitivity of analysis to time period
Net benefit(c ost) over 25 years

$

114,722,877
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Table 47: Scenario 2.2B – Estimate for Large water supplies of compliance with bacteriological and protozoal Standards, low
estimate of change in incidence of disease
Scenario 2.2B

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost productive time
10%

$

1,065,857

$

1,065,857

$

1,065,857

$

1,065,857

$

1,065,857

$

14,874

$

14,874

$

14,874

$

14,874

$

14,874

82,570

$

6,140,817

$

5,894,542

$

6,744,646

$

5,536,987

$

6,140,817

$



$

2,443,788

$

2,344,117

$

2,688,167

$

2,199,409

$

1,635,927

$

88,129

$

9,665,336

$

9,319,390

$

10,513,544

$

8,817,128

$

8,857,475

$ 124,475,826

$

120,020,533

$

135,399,544

$

113,552,107

$

114,071,728

Health care costs

$

190,578

$

869,721

Travel costs

$

12,403

$

2,471

Lost productivity/death c ases

$

3,385,402

$

2,672,844

$

Lost productivity carers

$

2,443,341

$

447

Total

$

6,031,723

$

3,545,483

$

5,559

PV over 40 years
Least cost option for upgrading water supplies to achieve compliance
Capital cost including margins and fees

Midpoint estimate
$
50,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

290,000
3,734,789

PV of engineering costs over 40 years

$

53,734,789

Net benefit (cost) over 40 years

$

70,741,037

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

58,085,982
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Table 48: Scenario 2.2C – Estimate for Large water supplies of compliance with bacteriological and protozoal Standards, high
estimate of change in incidence of disease
Scenario 2.2C

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost c arer time
restric ted to paid
productive hours
only

Lost productive time
10%

$

2,587,950

$

2,587,950

$

2,587,950

$

2,587,950

$

2,587,950

$

40,360

$

40,360

$

40,360

$

40,360

$

40,360

82,570

$

16,609,852

$

15,937,064

$

18,259,430

$

14,960,275

$

16,609,852

$



$

8,604,077

$

8,253,155

$

9,464,485

$

7,743,669

$

5,759,765

$

88,129

$

27,842,239

$

26,818,529

$

30,352,224

$

25,332,254

$

24,997,928

$ 358,568,572

$

345,384,639

$

390,893,621

$

326,243,522

$

321,937,870

Health care costs

$

399,849

$

2,182,542

$

Travel costs

$

24,572

$

15,788

Lost productivity/death c ases

$

10,945,709

$

5,581,573

$

Lost productivity carers

$

8,600,087

$

3,990

Total

$

19,970,217

$

7,783,893

5,559

PV over 40 years
Least cost option for upgrading water supplies to achieve compliance
Capital cost including margins and fees

Midpoint estimate
$
50,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

290,000
3,734,789

PV of engineering costs over 40 years

$

53,734,789

Net benefit (cost) over 40 years

$ 304,833,783

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

267,643,106

8.4 Compliance scenarios for Medium sized water supplies only
8.4.1 Bacteriological compliance for Medium supplies only
The following scenarios assume that Medium sized networked water supplies are required to comply with the bacteriological
determinand Standards. For all Medium water supplies as a group, the benefits of compliance are expected to significantly outweigh the
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costs. Under the best estimate of the change in incidence of disease scenario (3.1A) the benefits in the sensitivity analysis range from
$36m to $43m, while the costs range from $8m to $13m, over a 40 year period. The expectation of net benefits from requiring
compliance with the bacteriological determinand Standards does not change with any combination of sensitivity analysis.
Table 49: Scenario 3.1A – Estimate for Medium water supplies of compliance with bacteriological Standards only, best
estimate of change in incidence of disease
Scenario 3.1A

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

347,132

$

347,132

$

347,132

$

347,132

$

347,132

$

5,390

$

5,390

$

5,390

$

5,390

$

5,390



$

1,942,889

$

1,863,913

$

2,136,526

$

1,749,252

$

1,942,889

$



$

776,746

$

745,066

$

854,421

$

699,072

$

519,972

$



$

3,072,157

$

2,961,501

$

3,343,469

$

2,800,846

$

2,815,383

$

39,565,030

$

38,139,941

$

43,059,137

$

36,070,923

$

36,258,137

Health care costs

$

62,595

$

284,537

Travel costs

$

3,942

$

1,448

Lost productivity/death c ases

$

1,097,102

$

845,787

$

Lost productivity carers

$

776,483

$

263

Total

$

1,940,122

$

1,132,035

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
5,900,000 $
10,900,000

Capital cost including margins and fees

Midpoint estimate
$
8,400,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

180,000
2,318,145

$
$

180,000
2,318,145

$
$

180,000
2,318,145

PV of engineering costs over 40 years

$

10,718,145

$

8,218,145

$

13,218,145

Net benefit (cost) over 40 years

$

28,846,885

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

24,942,981
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Table 50: Scenario 3.1B – Estimate for Medium water supplies of compliance with bacteriological Standards only, low estimate
of change in incidence of disease
Scenario 3.1B

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

263,258

$

263,258

$

263,258

$

263,258

$

263,258

$

3,992

$

3,992

$

3,992

$

3,992

$

3,992



$

1,424,962

$

1,367,044

$

1,566,968

$

1,282,956

$

1,424,962

$



$

536,067

$

514,203

$

589,674

$

482,460

$

358,855

$



$

2,228,278

$

2,148,496

$

2,423,891

$

2,032,665

$

2,051,066

$

28,697,060

$

27,669,586

$

31,216,274

$

26,177,846

$

26,414,827

Health care costs

$

48,687

$

214,571

Travel costs

$

3,060

$

932

Lost productivity/death c ases

$

779,360

$

645,602

$

Lost productivity carers

$

535,898

$

169

Total

$

1,367,005

$

861,273

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
5,900,000 $
10,900,000

Capital cost including margins and fees

Midpoint estimate
$
8,400,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

180,000
2,318,145

$
$

180,000
2,318,145

$
$

180,000
2,318,145

PV of engineering costs over 40 years

$

10,718,145

$

8,218,145

$

13,218,145

Net benefit (cost) over 40 years

$

17,978,915

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

15,214,100
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Table 51: Scenario 3.1C – Estimate for Medium water supplies of compliance with bacteriological Standards only, high
estimate of change in incidence of disease

Scenario 3.1C

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Canc er

Lost Productive time
exc luding self
education

Lost produc tive time
+10%

Lost productive time
10%

$

664,112

$

664,112

$

664,112

$

664,112

$

664,112

$

11,733

$

11,733

$

11,733

$

11,733

$

11,733



$

3,044,719

$

2,920,916

$

3,348,265

$

2,741,173

$

3,044,719

$



$

1,262,665

$

1,211,167

$

1,388,931

$

1,136,398

$

845,257

$



$

4,983,228

$

4,807,927

$

5,413,041

$

4,553,416

$

4,565,820

$

64,176,918

$

61,919,287

$

69,712,294

$

58,641,541

$

58,801,291

Health care c osts

$

88,657

$

575,455

Travel costs

$

5,780

$

5,953

Lost productivity/death c ases

$

1,730,878

$

1,313,841

$

Lost productivity carers

$

1,261,161

$

1,504

Total

$

$

3,086,475

$

1,896,753

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital c osts +30% of capital costs
$
5,900,000 $
10,900,000

Capital cost including margins and fees

Midpoint estimate
$
8,400,000

Annual operating c ost
PV of annual operating c ost over 40 years

$
$

180,000
2,318,145

$
$

180,000
2,318,145

$
$

180,000
2,318,145

PV of engineering costs over 40 years

$

10,718,145

$

8,218,145

$

13,218,145

Net benefit (cost) over 40 years

$

53,458,773

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

46,975,259
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8.4.2 Bacteriological and protozoa compliance for Medium supplies only
The following scenarios assume that medium sized networked water supplies are required to comply with the bacteriological and
protozoal Standards.
For all medium sized water supplies as a group, the benefits of compliance with the both parts of the Standards appear to be greater than
costs under the best estimate of change in incidence of disease scenario (3.2A). This result is not sensitive to changes in the analysis
period or measures of productivity, except in the extreme case when capital costs are expected to be 30% higher than the midpoint. The
high estimate of change in incidence of disease (3.2C) shows a net benefit under every sensitivity test.
The low estimate of change in incidence of disease scenario (3.2B) suggests a more mixed picture, with expected benefits ranging from
$45m - $53m and expected costs from $44m - $69m over 40 years.
Comparing scenario 3.2A to scenario 3.1A shows that there is a reduction in net benefit from requiring medium sized water supplies to
comply with both the bacteriological and protozoal determinand Standards, compared to requiring compliance with just the
bacteriological determinand Standards.
These estimates are averages for the group. It is likely that on an individual supply basis there will be some supplies for which
compliance with sets of determinands in the Standards would generate an increase in net benefits.
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Table 52: Scenario 3.2A – Estimate for Medium water supplies of compliance with bacteriological and protozoal Standards,
best estimate of change in incidence of disease
Scenario 3.2A

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

569,744

$

569,744

$

569,744

$

569,744

$

569,744

$

7,992

$

7,992

$

7,992

$

7,992

$

7,992



$

3,578,593

$

3,433,071

$

3,935,393

$

3,221,794

$

3,578,593

$



$

1,615,505

$

1,549,616

$

1,777,056

$

1,453,955

$

1,081,456

$



$

5,771,835

$

5,560,423

$

6,290,184

$

5,253,485

$

5,237,785

$

74,333,046

$

71,610,366

$

81,008,656

$

67,657,437

$

67,455,250

Health care costs

$

102,122

$

467,622

Travel costs

$

6,544

$

1,448

Lost productivity/death c ases

$

2,147,822

$

1,430,771

$

Lost productivity carers

$

1,615,242

$

263

Total

$

3,871,731

$

1,900,104

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
30,000,000 $
55,000,000

Capital cost including margins and fees

Midpoint estimate
$
42,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

1,060,000
13,651,297

$
$

1,060,000
13,651,297

$
$

1,060,000
13,651,297

PV of engineering costs over 40 years

$

55,651,297

$

43,651,297

$

68,651,297

Net benefit (cost) over 40 years

$

18,681,749

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

12,321,601
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Table 53: Scenario 3.2B – Estimate for Medium water supplies of compliance with bacteriological and protozoal Standards,
low estimate of change in incidence of disease
Scenario 3.2B

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

417,391

$

417,391

$

417,391

$

417,391

$

417,391

$

5,817

$

5,817

$

5,817

$

5,817

$

5,817



$

2,395,080

$

2,297,762

$

2,633,690

$

2,156,470

$

2,395,080

$



$

971,133

$

931,525

$

1,068,247

$

874,020

$

650,099

$



$

3,789,421

$

3,652,495

$

4,125,144

$

3,453,698

$

3,468,386

$

48,802,369

$

47,038,952

$

53,126,006

$

44,478,731

$

44,667,899

Health care costs

$

74,845

$

342,546

Travel costs

$

4,885

$

932

Lost productivity/death c ases

$

1,340,577

$

1,054,503

$

Lost productivity carers

$

970,965

$

169

Total

$

2,391,271

$

1,398,150

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
30,000,000 $
55,000,000

Capital cost including margins and fees

Midpoint estimate
$
42,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

1,060,000
13,651,297

$
$

1,060,000
13,651,297

$
$

1,060,000
13,651,297

PV of engineering costs over 40 years

$

55,651,297

$

43,651,297

$

68,651,297

Net benefit (cost) over 40 years

$

(6,848,929)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(10,533,167)
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Table 54: Scenario 3.2C – Estimate for Medium water supplies of compliance with bacteriological and protozoal Standards,
high estimate of change in incidence of disease

Scenario 3.2c

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Productive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

1,013,607

$

1,013,607

$

1,013,607

$

1,013,607

$

1,013,607

$

15,667

$

15,667

$

15,667

$

15,667

$

15,667



$

6,642,719

$

6,372,337

$

7,305,657

$

5,979,781

$

6,642,719

$



$

3,499,812

$

3,357,071

$

3,849,794

$

3,149,831

$

2,342,854

$



$

11,171,806

$

10,758,682

$

12,184,725

$

10,158,886

$

10,014,848

$ 143,877,020

$

138,556,567

$

156,921,984

$

130,832,056

$

128,977,039

Health care costs

$

158,773

$

854,834

Travel costs

$

9,714

$

5,953

Lost productivity/death c ases

$

4,436,217

$

2,206,502

$

Lost productivity carers

$

3,498,308

$

1,504

Total

$

8,103,013

$

3,068,793

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
30,000,000 $
55,000,000

Capital cost including margins and fees

Midpoint estimate
$
42,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

1,060,000
13,651,297

$
$

1,060,000
13,651,297

$
$

1,060,000
13,651,297

PV of engineering costs over 40 years

$

55,651,297

$

43,651,297

$

68,651,297

Net benefit (cost) over 40 years

$

88,225,723

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

74,576,564
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8.5 Compliance scenarios for Minor water supplies only
8.5.1 Bacteriological compliance only for minor supplies only
The following scenarios assume that minor networked water supplies are required to comply with the bacteriological determinand
Standards.
For all minor water supplies as a group, the benefits from compliance are expected to be greater than or equal to the costs of compliance
under all scenarios and sensitivities calculated. This suggests that there is likely to be a net benefit for New Zealand from requiring
minor water supplies to comply with the bacteriological Standards.
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Table 55: Scenario 4.1A – Estimate for Minor water supplies of compliance with bacteriological Standards only, best estimate
of change in incidence of disease
Scenario 4.1a

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

748,137

$

748,137

$

748,137

$

748,137

$

748,137

$

11,616

$

11,616

$

11,616

$

11,616

$

11,616



$

4,187,297

$

4,017,089

$

4,604,622

$

3,769,973

$

4,187,297

$



$

1,674,037

$

1,605,760

$

1,841,440

$

1,506,633

$

1,120,638

$



$

6,621,087

$

6,382,603

$

7,205,815

$

6,036,359

$

6,067,689

$

85,270,214

$

82,198,874

$

92,800,684

$

77,739,744

$

78,143,227

Health care costs

$

134,904

$

613,232

Travel costs

$

8,496

$

3,121

Lost productivity/death c ases

$

2,364,464

$

1,822,833

$

Lost productivity carers

$

1,673,470

$

567

Total

$

4,181,334

$

2,439,753

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
25,900,000 $
48,100,000

Capital cost including margins and fees

Midpoint estimate
$
37,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

670,000
8,628,650

$
$

670,000
8,628,650

$
$

670,000
8,628,650

PV of engineering costs over 40 years

$

45,628,650

$

34,528,650

$

56,728,650

Net benefit (cost) over 40 years

$

39,641,564

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

31,608,643
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Table 56: Scenario 4.1B – Estimate for Minor water supplies of compliance with bacteriological Standards only, low estimate
of change in incidence of disease
Scenario 4.1b

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

567,371

$

567,371

$

567,371

$

567,371

$

567,371

$

8,603

$

8,603

$

8,603

$

8,603

$

8,603



$

3,071,065

$

2,946,241

$

3,377,115

$

2,765,015

$

3,071,065

$



$

1,155,327

$

1,108,206

$

1,270,860

$

1,039,794

$

773,402

$



$

4,802,365

$

4,630,421

$

5,223,948

$

4,380,783

$

4,420,441

$

61,847,658

$

59,633,255

$

67,277,048

$

56,418,269

$

56,929,009

Health care costs

$

104,930

$

462,441

Travel costs

$

6,595

$

2,008

Lost productivity/death c ases

$

1,679,669

$

1,391,396

$

Lost productivity carers

$

1,154,963

$

363

Total

$

2,946,157

$

1,856,209

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
25,900,000 $
48,100,000

Capital cost including margins and fees

Midpoint estimate
$
37,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

670,000
8,628,650

$
$

670,000
8,628,650

$
$

670,000
8,628,650

PV of engineering costs over 40 years

$

45,628,650

$

34,528,650

$

56,728,650

Net benefit (cost) over 40 years

$

16,219,008

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

10,641,042
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Table 57: Scenario 4.1C – Estimate for Minor water supplies of compliance with bacteriological Standards only, high estimate
of change in incidence of disease
Scenario 4.1c

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

1,431,288

$

1,431,288

$

1,431,288

$

1,431,288

$

1,431,288

$

25,286

$

25,286

$

25,286

$

25,286

$

25,286



$

6,561,953

$

6,295,134

$

7,216,153

$

5,907,753

$

6,561,953

$



$

2,721,285

$

2,610,296

$

2,993,413

$

2,449,156

$

1,821,690

$



$

10,739,811

$

10,362,004

$

11,666,140

$

9,813,483

$

9,840,217

$ 138,313,544

$

133,447,917

$

150,243,341

$

126,383,747

$

126,728,040

Health care costs

$

191,072

$

1,240,216

Travel costs

$

12,457

$

12,829

Lost productivity/death c ases

$

3,730,374

$

2,831,579

$

Lost productivity carers

$

2,718,043

$

3,242

Total

$

6,651,946

$

4,087,866

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
25,900,000 $
48,100,000

Capital cost including margins and fees

Midpoint estimate
$
37,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

670,000
8,628,650

$
$

670,000
8,628,650

$
$

670,000
8,628,650

PV of engineering costs over 40 years

$

45,628,650

$

34,528,650

$

56,728,650

Net benefit (cost) over 40 years

$

92,684,894

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

79,092,420
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8.5.2 Bacteriological and protozoa compliance for Minor supplies only
The following scenarios assume that Minor networked water supplies are required to comply with the bacteriological and protozoal
determinand Standards.
As is seen in the following tables, the benefits of compliance are only expected to exceed the costs under the high estimate of change in
incidence of disease (4.2C).
Comparison of the expected net benefits over 40 years shows that the expected net benefit under scenario 4.2C (high estimate,
bacteriological and protozoal compliance) is greater than under 4.1C, (high estimate, bacteriological compliance only). This suggests
that if we could have confidence that the change in incidence of disease would be more likely to resemble the high estimates, then there
may be a net benefit from requiring compliance with both protozoal and bacteriological Standards, rather than just bacteriological
Standards.
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Table 58: Scenario 4.2A – Estimate for Minor water supplies of compliance with bacteriological and protozoal Standards, best
estimate of change in incidence of disease
Scenario 4.2a

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Productive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

1,266,292

$

1,266,292

$

1,266,292

$

1,266,292

$

1,266,292

$

17,673

$

17,673

$

17,673

$

17,673

$

17,673



$

7,994,597

$

7,669,494

$

8,791,702

$

7,197,493

$

7,994,597

$



$

3,626,349

$

3,478,447

$

3,988,984

$

3,263,714

$

2,427,561

$



$

12,904,911

$

12,431,906

$

14,064,651

$

11,745,172

$

11,706,123

$ 166,196,963

$

160,105,322

$

181,132,763

$

151,261,163

$

150,758,267

Health care costs

$

226,909

$

1,039,383

Travel costs

$

14,552

$

3,121

Lost productivity/death c ases

$

4,810,142

$

3,184,455

$

Lost productivity carers

$

3,625,782

$

567

Total

$

8,677,386

$

4,227,525

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
101,000,000 $
188,000,000

Capital cost including margins and fees

Midpoint estimate
$
145,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

4,020,000
51,771,901

$
$

4,020,000
51,771,901

$
$

4,020,000
51,771,901

PV of engineering costs over 40 years

$ 196,771,901

$

152,771,901

$

239,771,901

Net benefit (cost) over 40 years

$ (30,574,938)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(42,568,006)
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Table 59: Scenario 4.2B – Estimate for Minor water supplies of compliance with bacteriological and protozoal Standards, low
estimate of change in incidence of disease
Scenario 4.2b

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

926,134

$

926,134

$

926,134

$

926,134

$

926,134

$

12,851

$

12,851

$

12,851

$

12,851

$

12,851



$

5,329,133

$

5,112,600

$

5,860,040

$

4,798,226

$

5,329,133

$



$

2,167,996

$

2,079,573

$

2,384,796

$

1,951,197

$

1,451,306

$



$

8,436,114

$

8,131,158

$

9,183,820

$

7,688,407

$

7,719,424

$ 108,645,187

$

104,717,788

$

118,274,588

$

99,015,786

$

99,415,235

Health care costs

$

165,815

$

760,318

Travel costs

$

10,843

$

2,008

Lost productivity/death c ases

$

2,985,969

$

2,343,163

$

Lost productivity carers

$

2,167,633

$

363

Total

$

5,330,261

$

3,105,853

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
101,000,000 $
188,000,000

Capital cost including margins and fees

Midpoint estimate
$
145,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

4,020,000
51,771,901

$
$

4,020,000
51,771,901

$
$

4,020,000
51,771,901

PV of engineering costs over 40 years

$ 196,771,901

$

152,771,901

$

239,771,901

Net benefit (cost) over 40 years

$ (88,126,714)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(94,087,691)
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Table 60: Scenario 4.2C – Estimate for Minor water supplies of compliance with bacteriological and protozoal Standards, high
estimate of change in incidence of disease
Scenario 4.2c

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

2,244,781

$

2,244,781

$

2,244,781

$

2,244,781

$

2,244,781

$

34,443

$

34,443

$

34,443

$

34,443

$

34,443



$

14,936,732

$

14,328,731

$

16,427,460

$

13,446,004

$

14,936,732

$



$

7,928,515

$

7,605,146

$

8,721,366

$

7,135,663

$

5,307,529

$



$

25,144,471

$

24,213,101

$

27,428,050

$

22,860,891

$

22,523,485

$ 323,825,138

$

311,830,423

$

353,234,404

$

294,415,873

$

290,070,551

Health care costs

$

354,277

$

1,890,504

Travel costs

$

21,614

$

12,829

Lost productivity/death c ases

$

10,027,376

$

4,909,355

$

Lost productivity carers

$

7,925,273

$

3,242

Total

$

18,328,540

$

6,815,931

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
101,000,000 $
188,000,000

Capital cost including margins and fees

Midpoint estimate
$
145,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

4,020,000
51,771,901

$
$

4,020,000
51,771,901

$
$

4,020,000
51,771,901

PV of engineering costs over 40 years

$ 196,771,901

$

152,771,901

$

239,771,901

Net benefit (cost) over 40 years

$ 127,053,237

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

98,538,917
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8.6 Compliance scenarios for Small water supplies only
8.6.1 Bacteriological compliance for small supplies only
The following scenarios assume that small networked water supplies are required to comply with the bacteriological determinand
Standards. Based on our best estimate of the change in incidence of disease, it is not expected that the benefits of compliance would
outweigh the costs. However, if the estimated change in incidence of disease was expected to be consistent with the high estimate
(scenario 5.1C) then there may be a net benefit over both 40 and 25 years.
These estimates are for small water supplies as a group. It is possible that for some individual small water supplies the benefits from
compliance would be expected to outweigh the costs due to particular local conditions. For instance, in situations where the cost of the
required upgrade is relatively small or estimated incidence of disease in the community appears relatively high.
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Table 61: Scenario 5.1A – Estimate for small water supplies of compliance with bacteriological Standards only, best estimate
of change in incidence of disease
Scenario 5.1a

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

327,374

$

327,374

$

327,374

$

327,374

$

327,374

$

5,083

$

5,083

$

5,083

$

5,083

$

5,083



$

1,832,302

$

1,757,821

$

2,014,917

$

1,649,686

$

1,832,302

$



$

732,535

$

702,658

$

805,788

$

659,281

$

490,375

$



$

2,897,293

$

2,792,936

$

3,153,162

$

2,641,425

$

2,655,134

$

37,313,029

$

35,969,055

$

40,608,255

$

34,017,803

$

34,194,361

Health care costs

$

59,032

$

268,342

Travel costs

$

3,718

$

1,365

Lost productivity/death c ases

$

1,034,656

$

797,646

$

Lost productivity carers

$

732,287

$

248

Total

$

1,829,692

$

1,067,601

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
11,700,000 $
21,700,000

Capital cost including margins and fees

Midpoint estimate
$
16,700,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

2,460,000
31,681,313

$
$

2,460,000
31,681,313

$
$

2,460,000
31,681,313

PV of engineering costs over 40 years

$

48,381,313

$

43,381,313

$

53,381,313

Net benefit (cost) over 40 years

$ (11,068,283)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(11,658,552)
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Table 62: Scenario 5.1B – Estimate for small water supplies of compliance with bacteriological Standards only, low estimate of
change in incidence of disease
Scenario 5.1b

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

248,273

$

248,273

$

248,273

$

248,273

$

248,273

$

3,764

$

3,764

$

3,764

$

3,764

$

3,764



$

1,343,854

$

1,289,233

$

1,477,777

$

1,209,931

$

1,343,854

$



$

505,555

$

484,935

$

556,110

$

454,999

$

338,430

$



$

2,101,447

$

2,026,206

$

2,285,925

$

1,916,968

$

1,934,322

$

27,063,653

$

26,094,662

$

29,439,476

$

24,687,830

$

24,911,322

Health care costs

$

45,916

$

202,357

Travel costs

$

2,886

$

879

Lost productivity/death c ases

$

734,999

$

608,855

$

Lost productivity carers

$

505,396

$

159

Total

$

1,289,196

$

812,250

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
11,700,000 $
21,700,000

Capital cost including margins and fees

Midpoint estimate
$
16,700,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

2,460,000
31,681,313

$
$

2,460,000
31,681,313

$
$

2,460,000
31,681,313

PV of engineering costs over 40 years

$

48,381,313

$

43,381,313

$

53,381,313

Net benefit (cost) over 40 years

$ (21,317,660)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(20,833,676)
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Table 63: Scenario 5.1C – Estimate for small water supplies of compliance with bacteriological Standards only, high estimate
of change in incidence of disease
Scenario 5.1c

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

626,311

$

626,311

$

626,311

$

626,311

$

626,311

$

11,065

$

11,065

$

11,065

$

11,065

$

11,065



$

2,871,417

$

2,754,661

$

3,157,685

$

2,585,148

$

2,871,417

$



$

1,190,795

$

1,142,228

$

1,309,875

$

1,071,716

$

797,146

$



$

4,699,588

$

4,534,265

$

5,104,936

$

4,294,240

$

4,305,938

$

60,524,034

$

58,394,905

$

65,744,342

$

55,303,725

$

55,454,382

Health care costs

$

83,610

$

542,701

Travel costs

$

5,451

$

5,614

Lost productivity/death c ases

$

1,632,358

$

1,239,058

$

Lost productivity carers

$

1,189,377

$

1,419

Total

$

2,910,796

$

1,788,792

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
11,700,000 $
21,700,000

Capital cost including margins and fees

Midpoint estimate
$
16,700,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

2,460,000
31,681,313

$
$

2,460,000
31,681,313

$
$

2,460,000
31,681,313

PV of engineering costs over 40 years

$

48,381,313

$

43,381,313

$

53,381,313

Net benefit (cost) over 40 years

$

12,142,721

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

9,119,671
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8.6.2 Bacteriological and protozoa compliance for small supplies only
The following scenarios assume that small networked water supplies are required to comply with the bacteriological and protozoal
determinand Standards. As can be seen from the estimates, for small water supplies as a group the costs of compliance with both
bacteriological and protozoal Standards are not expected to be offset by the benefits.
Table 64: Scenario 5.2A – Estimate for small water supplies of compliance with bacteriological and protozoal Standards, best
estimate of change in incidence of disease
Scenario 5.2a

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

434,039

$

434,039

$

434,039

$

434,039

$

434,039

$

6,330

$

6,330

$

6,330

$

6,330

$

6,330



$

2,616,051

$

2,509,685

$

2,876,846

$

2,355,257

$

2,616,051

$



$

1,134,427

$

1,088,159

$

1,247,870

$

1,020,984

$

759,411

$



$

4,190,846

$

4,038,212

$

4,565,084

$

3,816,609

$

3,815,831

$

53,972,161

$

52,006,444

$

58,791,807

$

49,152,515

$

49,142,491

Health care costs

$

77,972

$

356,067

Travel costs

$

4,964

$

1,365

Lost productivity/death c ases

$

1,538,110

$

1,077,942

$

Lost productivity carers

$

1,134,179

$

248

Total

$

2,755,224

$

1,435,622

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
47,000,000 $
88,000,000

Capital cost including margins and fees

Midpoint estimate
$
68,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

4,810,000
61,945,981

$
$

4,810,000
61,945,981

$
$

4,810,000
61,945,981

PV of engineering costs over 40 years

$ 129,945,981

$

108,945,981

$

149,945,981

Net benefit (cost) over 40 years

$ (75,973,820)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(75,138,072)
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Table 65: Scenario 5.2B – Estimate for small water supplies of compliance with bacteriological and protozoal Standards, best
estimate of change in incidence of disease
Scenario 5.2b

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

322,126

$

322,126

$

322,126

$

322,126

$

322,126

$

4,639

$

4,639

$

4,639

$

4,639

$

4,639



$

1,808,688

$

1,735,188

$

1,988,899

$

1,628,477

$

1,808,688

$



$

714,017

$

684,896

$

785,419

$

642,615

$

477,979

$



$

2,849,470

$

2,746,848

$

3,101,083

$

2,597,857

$

2,613,432

$

36,697,133

$

35,375,514

$

39,937,547

$

33,456,718

$

33,657,301

Health care costs

$

58,449

$

263,677

Travel costs

$

3,760

$

879

Lost productivity/death c ases

$

1,003,907

$

804,781

$

Lost productivity carers

$

713,858

$

159

Total

$

1,779,975

$

1,069,495

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
47,000,000 $
88,000,000

Capital cost including margins and fees

Midpoint estimate
$
68,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

4,810,000
61,945,981

$
$

4,810,000
61,945,981

$
$

4,810,000
61,945,981

PV of engineering costs over 40 years

$ 129,945,981

$

108,945,981

$

149,945,981

Net benefit (cost) over 40 years

$ (93,248,849)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(90,602,478)
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Table 66: Scenario 5.2C - Estimate for small water supplies of compliance with bacteriological and protozoal Standards, high
estimate of change in incidence of disease
Scenario 5.2c

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

793,772

$

793,772

$

793,772

$

793,772

$

793,772

$

12,950

$

12,950

$

12,950

$

12,950

$

12,950



$

4,595,402

$

4,408,413

$

5,053,874

$

4,136,931

$

4,595,402

$



$

2,262,727

$

2,170,440

$

2,489,000

$

2,036,454

$

1,514,721

$



$

7,664,852

$

7,385,575

$

8,349,596

$

6,980,107

$

6,916,846

$

98,712,422

$

95,115,738

$

107,530,957

$

89,893,887

$

89,079,166

Health care costs

$

117,207

$

676,566

Travel costs

$

7,336

$

5,614

Lost productivity/death c ases

$

2,928,624

$

1,666,778

$

Lost productivity carers

$

2,261,308

$

1,419

Total

$

5,314,475

$

2,350,376

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
47,000,000 $
88,000,000

Capital cost including margins and fees

Midpoint estimate
$
68,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

4,810,000
61,945,981

$
$

4,810,000
61,945,981

$
$

4,810,000
61,945,981

PV of engineering costs over 40 years

$ 129,945,981

$

108,945,981

$

149,945,981

Net benefit (cost) over 40 years

$ (31,233,559)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(35,087,107)
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8.7 Compliance scenarios for Neighbourhood water supplies only
8.7.1 Bacteriological compliance for neighbourhood supplies only
The following scenarios assume that Neighbourhood networked water supplies are required to comply with the bacteriological
determinand Standards. As can be seen from the estimates presented below, the costs of compliance are expected to outweigh the
benefits for Neighbourhood water supplies as a group.
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Table 67: Scenario 6.1A – Estimate for Neighbourhood water supplies of compliance with bacteriological Standards only, best
estimate of change in incidence of disease
Scenario 6.1a

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

97,444

$

97,444

$

97,444

$

97,444

$

97,444

$

1,513

$

1,513

$

1,513

$

1,513

$

1,513



$

545,393

$

523,223

$

599,749

$

491,037

$

545,393

$



$

218,042

$

209,149

$

239,847

$

196,238

$

145,962

$



$

862,393

$

831,330

$

938,553

$

786,232

$

790,313

$

11,106,394

$

10,706,353

$

12,087,233

$

10,125,554

$

10,178,108

Health care costs

$

17,571

$

79,873

Travel costs

$

1,107

$

406

Lost productivity/death c ases

$

307,970

$

237,423

$

Lost productivity carers

$

217,968

$

74

Total

$

544,616

$

317,776

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
9,600,000 $
17,800,000

Capital cost including margins and fees

Midpoint estimate
$
13,700,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

1,680,000
21,636,018

$
$

1,680,000
21,636,018

$
$

1,680,000
21,636,018

PV of engineering costs over 40 years

$

35,336,018

$

31,236,018

$

39,436,018

Net benefit (cost) over 40 years

$ (24,229,625)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(23,125,999)
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Table 68: Scenario 6.1B – Estimate for Neighbourhood water supplies of compliance with bacteriological Standards only, low
estimate of change in incidence of disease
Scenario 6.1b

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

73,900

$

73,900

$

73,900

$

73,900

$

73,900

$

1,120

$

1,120

$

1,120

$

1,120

$

1,120



$

400,004

$

383,746

$

439,867

$

360,142

$

400,004

$



$

150,481

$

144,343

$

165,529

$

135,433

$

100,735

$



$

625,505

$

603,109

$

680,416

$

570,594

$

575,760

$

8,055,620

$

7,767,195

$

8,762,795

$

7,348,445

$

7,414,969

Health care costs

$

13,667

$

60,233

Travel costs

$

859

$

262

Lost productivity/death c ases

$

218,776

$

181,229

$

Lost productivity carers

$

150,433

$

47

Total

$

383,735

$

241,770

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
9,600,000 $
17,800,000

Capital cost including margins and fees

Midpoint estimate
$
13,700,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

1,680,000
21,636,018

$
$

1,680,000
21,636,018

$
$

1,680,000
21,636,018

PV of engineering costs over 40 years

$

35,336,018

$

31,236,018

$

39,436,018

Net benefit (cost) over 40 years

$ (27,280,398)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(25,857,016)
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Table 69: Scenario 6.1C – Estimate for Neighbourhood water supplies of compliance with bacteriological Standards only, high
estimate of change in incidence of disease
Scenario 6.1c

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

186,424

$

186,424

$

186,424

$

186,424

$

186,424

$

3,293

$

3,293

$

3,293

$

3,293

$

3,293



$

854,690

$

819,937

$

939,899

$

769,481

$

854,690

$



$

354,446

$

339,989

$

389,890

$

319,001

$

237,274

$



$

1,398,854

$

1,349,645

$

1,519,508

$

1,278,200

$

1,281,682

$

18,015,255

$

17,381,510

$

19,569,104

$

16,461,406

$

16,506,250

Health care costs

$

24,887

$

161,537

Travel costs

$

1,623

$

1,671

Lost productivity/death c ases

$

485,879

$

368,811

$

Lost productivity carers

$

354,023

$

422

Total

$

866,412

$

532,442

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
9,600,000 $
17,800,000

Capital cost including margins and fees

Midpoint estimate
$
13,700,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

1,680,000
21,636,018

$
$

1,680,000
21,636,018

$
$

1,680,000
21,636,018

PV of engineering costs over 40 years

$

35,336,018

$

31,236,018

$

39,436,018

Net benefit (cost) over 40 years

$ (17,320,763)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(16,941,266)
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8.7.2 Bacteriological and protozoa compliance for neighbourhood supplies only
The following scenarios assume that Neighbourhood networked water supplies are required to comply with the bacteriological and
protozoal determinand Standards. As can be seen from the tables below, the benefits from compliance are not expected to outweigh the
costs for the group.
Table 70: Scenario 6.2A – Estimate for Neighbourhood water supplies of compliance with bacteriological and protozoal
Standards, best estimate of change in incidence of disease
Scenario 6.2a

Estimated costs by type of disease

AGI

Sequelae

Health care costs

$

20,751

$

94,600

Travel costs

$

1,316

$

406

Lost productivity/death c ases

$

392,489

$

Lost productivity carers

$

285,437

Total

$

699,992

Sensitivity analysis

Cancer
$



284,478

$



$

74

$

$

379,559

$

PV over 40 years

Total
115,351

$

$

1,722

$

1,722

$

676,967

$

649,444



$

285,511

$

273,866



$

1,079,551

$

$

13,903,086

$

$

Least cost option for upgrading water supplies to achieve compliance
Capital c ost including margins and fees

Lost Produc tive time
excluding self
education

Midpoint estimate
$
32,000,000

115,351

Lost produc tive time Lost productive time
10%
+10%

115,351

$

$

1,722

$

744,448

$

1,040,384
13,398,669

$

$

$

1,722

$

1,722

$

609,486

$

676,967

314,062

$

256,960

$

191,128

$

1,175,583

$

983,519

$

985,168

$

15,139,841

$

12,666,331

$

12,687,562

Annual operating cost
PV of annual operating cost over 40 years

$
$

2,370,000
30,522,240

$
$

2,370,000
30,522,240

$
$

2,370,000
30,522,240

PV of engineering costs over 40 years

$

62,522,240

$

52,522,240

$

72,522,240

Net benefit (cost) over 40 years

$ (48,619,154)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$
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115,351

115,351

Capital cost ranges (including margins and fees)
30% of c apital costs +30% of c apital costs
$
22,000,000 $
42,000,000

(46,877,275)

Lost carer time
restricted to paid
productive hours
only

Table 71: Scenario 6.2B – Estimate for Neighbourhood water supplies of compliance with bacteriological and protozoal
Standards, low estimate of change in incidence of disease
Scenario 6.2b

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

86,298

$

86,298

$

86,298

$

86,298

$

86,298

$

1,267

$

1,267

$

1,267

$

1,267

$

1,267



$

478,039

$

458,612

$

525,673

$

430,406

$

478,039

$



$

185,477

$

177,912

$

204,024

$

166,929

$

124,162

$



$

751,081

$

724,089

$

817,263

$

684,900

$

689,767

$

9,672,864

$

9,325,241

$

10,525,184

$

8,820,544

$

8,883,221

Health care costs

$

15,771

$

70,527

Travel costs

$

1,006

$

262

Lost productivity/death c ases

$

263,919

$

214,120

$

Lost productivity carers

$

185,429

$

47

Total

$

466,126

$

284,956

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
22,000,000 $
42,000,000

Capital cost including margins and fees

Midpoint estimate
$
32,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

2,370,000
30,522,240

$
$

2,370,000
30,522,240

$
$

2,370,000
30,522,240

PV of engineering costs over 40 years

$

62,522,240

$

52,522,240

$

72,522,240

Net benefit (cost) over 40 years

$ (52,849,376)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(50,664,121)
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Table 72: Scenario 6.2C – Estimate for Neighbourhood water supplies of compliance with bacteriological and protozoal
Standards, high estimate of change in incidence of disease
Scenario 6.2c

Estimated costs by type of disease

AGI

Sequelae

Sensitivity analysis

Total

Cancer

Lost Produc tive time
exc luding self
educ ation

Lost produc tive time
+10%

Lost productive time
10%

$

214,537

$

214,537

$

214,537

$

214,537

$

214,537

$

3,610

$

3,610

$

3,610

$

3,610

$

3,610



$

1,144,109

$

1,097,565

$

1,258,227

$

1,029,990

$

1,144,109

$



$

534,399

$

512,603

$

587,839

$

480,959

$

357,739

$



$

1,896,655

$

1,828,315

$

2,064,213

$

1,729,097

$

1,719,995

$

24,426,224

$

23,546,110

$

26,584,134

$

22,268,314

$

22,151,093

Health care costs

$

30,527

$

184,010

Travel costs

$

1,939

$

1,671

Lost productivity/death c ases

$

703,493

$

440,616

$

Lost productivity carers

$

533,977

$

422

Total

$

1,269,935

$

626,719

$

PV over 40 years



Least cost option for upgrading water supplies to achieve compliance

Capital cost ranges (including margins and fees)
30% of capital costs +30% of capital costs
$
22,000,000 $
42,000,000

Capital cost including margins and fees

Midpoint estimate
$
32,000,000

Annual operating cost
PV of annual operating cost over 40 years

$
$

2,370,000
30,522,240

$
$

2,370,000
30,522,240

$
$

2,370,000
30,522,240

PV of engineering costs over 40 years

$

62,522,240

$

52,522,240

$

72,522,240

Net benefit (cost) over 40 years

$ (38,096,016)

Sensitivity of analysis to time period
Net benefit(cost) over 25 years

$

(37,457,083)
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9 One off large scale outbreaks
Disease outbreaks are localised increases in the occurrence of disease, clearly in excess
of normally expected levels.90 The types of costs associated with epidemics are
discussed below. As noted, epidemics usually involve both the same costs as in the case
of endemic disease, but also a range of response costs. For instance, the cost of
households accessing alternative drinking water, water supply management responses,
communications, and (often) public investigation.
To date, NZ is not known to have experienced a large scale drinking waterborne disease
outbreak to which significant long term health impacts have been attributed.
Small and medium scale drinking water outbreaks occur periodically in New Zealand.
For instance, in January 2009, a norovirus outbreak at a camping ground in Golden Bay
is thought to have infected between 80 and 150 campers.91 The camps drinking water
was the likely cause. The largest recorded outbreak in NZ attributed to drinking water
was Queenstown in 1984 when an estimated 3500 people were infected with an
unspecified AGI. The cause is believed to have been a sewer overflow discharge into a
creek which entered Lake Whakatipu near the intake of the public water supply92.
In this section, we:
•

Review the approach used by Rosevear (2004) in estimating the benefits from
avoided epidemics.

•

Consider the design of water supply systems and the common causes of epidemics.

•

Consider the costs of epidemics and provide background on the Sydney, Australia
and Walkerton, Canada, outbreaks.

Conclusion
While compliance with the Standards could be expected to prevent some outbreaks, we
consider that at this time there is insufficient evidence on the current level of risk in
New Zealand and the expected change in risk due to compliance to estimate a benefit

90

http://www.surv.esr.cri.nz/public_health_surveillance/outbreak_surveillance.php accessed 11
April 2010
91

Confirmation of Expected Norovirus Pending, Golden Bay Weekly, 27 January 2010

92

Rosevear (2004)
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from avoided epidemics. We suggest that Rosevear (2004)’s estimate of avoided costs
equivalent to $4m per year is likely to represent an upper limit on the benefits from an
avoided epidemic.
Previous approaches to estimating the impact of outbreaks
We are only aware of one attempt at estimating the likely benefits from avoiding
drinking water disease outbreaks, undertaken by Rosevear (2004). Several studies have
considered the costs of known outbreaks, the most documented of which is probably the
Walkerton, Ontario, Canada outbreak in 2000.93
Rosevear (2004) estimated the likelihood of a large scale outbreak of E.Coli. O157
(STEC) in NZ based on:
•

Observed outbreaks per annum in North America

•

The total population amongst which those outbreaks occurred relative to the NZ
population

•

Notifiable cases of E. Coli O157 per 100,000 of population in North America
relative to NZ

•

An estimated risk of systematic failure, which effectively estimated that the risk of
a systematic failure of water treatment systems in NZ would be 25% more likely
than in the US

On this basis, Rosevear estimated that a large scale outbreak could be expected to occur
in NZ once every 35 years. The size of the outbreak was assumed to be equivalent to
that of the Walkerton, Ontario, Canada outbreak, which affected 2,300 people in a
community of approximately 4,000. The cost of the outbreak was estimated using the
outcomes experienced at Walkerton but with NZ based pricing, giving a total estimated
cost of $140m. Rosevear then assumed that compliance with the Standards would
eliminate the risk of a large scale outbreak, arriving at an annual benefit of costs avoided
of $4m.
While we applaud the attempt made by Rosevear to estimate the change in likelihood of
outbreaks as a result of compliance with drinking water Standards (and have not seen a
better approach elsewhere), we have several concerns with the method, including:
•

The apparent assumption that compliance with the Standards will eliminate the risk
of outbreak.

•

The transferability of the likelihood of outbreak between North America and New
Zealand and the basis of the estimate of the systematic risk failure.

93

For instance, refer Livernosis (2002).

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

200

•

The assumption that an outbreak in NZ would be equivalent in size to the
Walkerton outbreak.

•

The choice of E.Coli O157 as the disease experienced in the outbreak, which is not
explained in the Rosevear estimate, and tends to be associated with relatively more
expensive health outcomes than most other forms of AGI.

For the above reasons, we consider the reduction of probability of a large scale outbreak
by 1/35 as a result of compliance with the Standards to be an upper probability limit, and
$4m to be the upper limit on the likely costs avoided.
Water supply systems
Approaches to preventing water borne disease rely on putting in place a series of
barriers that prevent disease from reaching the end consumer (Hrudey and Hrudey,
2005). These barriers can be thought about as forming a system consisting of94:
•

Source protection, to minimise contamination of the supply and improve the
effectiveness of treatment systems

•

Treatment of the water supply

•

Distribution system security, to prevent against contamination during distribution

•

Monitoring of the supply, to control treatment processes and detect contamination

•

Response capabilities to adverse conditions

For an outbreak to occur, one or more of these barriers must fail. Water treatment
processes function best under steady-state conditions, and the consequence is that when
the systems face rapidly or dramatically changing conditions they will not function as
well (Hrudey and Hrudey, 2005, P406).
While it is reasonable to assume that improved water treatment systems will be better
placed to handle unexpected events than non-compliant systems, it is necessary to
consider how much better they will be able to cope. To do this we must consider the
common causes of epidemics.
Common causes of outbreaks
Literature on the causes of drinking waterborne disease outbreaks from developed
countries suggest that in many cases the cause of an outbreak is not due to a known
failure of the water supply system to meet standards. More often, events such as heavy
rainfall will combine with another factor to create a situation that reduces the efficacy of
the water supply treatment and distribution processes.

94

Adapted from Hrudey and Hrudey, 2005
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•

Poullis et al 2005 state that outbreaks of water borne disease have often been
attributed to: watershed events, for example, heavy rainfall; water treatment
parameters being exceeded, such as turbidity; and incidents affecting the
distribution system.

•

Hrudrey and Hudrey 2005 state that treatment failures, inadequate treatment, and
poor source selection are the key themes emerging from outbreaks reviewed, but
also emphasise the role of human failings in the causes of outbreaks.

In the case of the Walkerton tragedy, human negligence (due to failure to properly
monitor water quality, and attempts at covering up the negligent behaviour) significantly
contributed to the extent of the resulting illness.
New Zealand outbreaks
As was noted above, in the case of the Queenstown outbreak in 1984, the cause is
believed to have been a sewer overflow discharge – a presumably unexpected event. Our
understanding is that the Queenstown supply does not meet the Standards, however
given the increased disease loading that would incur in this type of discharge overflow
event, we would consider ourselves speculating to suggest that a compliant system
would be able to remove the contamination.
Rosevear (2004) provides an overview of 21 further suspected drinking waterborne
disease outbreaks in New Zealand. Based on a brief review of the cases, we suggest the
following categorisation of those outbreaks.
•

Nine of the outbreaks are occurred in what appear to be very small supplies (e.g.
private bores or tanks) that are probably not regulated under the Health Act (1956).

Of the remaining 12 cases:
•

In five compliance with the Standards could be expected to have addressed the
cause of the outbreak (for instance, by requiring improved treatment practices).

•

In two the cause was a sudden change in turbidity levels, which may still pose a
challenge to a compliant water supply, depending upon the circumstances.

•

Four cases appear to be due to a combination of equipment failure, design failure,
and/or human error.

•

One was due to an illegal connection.

In summary, we would suggest that the compliance with the Standards is likely to
reduce the risk of an outbreak. However, the extent to which outbreaks are due to known
failure to comply with a Standard, compared to human or equipment failure which may
occur regardless of compliance, is uncertain.
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9.1.1 Benefits from avoiding epidemics
The consequences of outbreaks can be analysed largely as an extension of the cost of
endemic disease. However, a significant unexpected increase in incidence of disease in
a short time frame within a given population generally results in some form of
government response. The response may be limited to increased monitoring and follow
up of cases by public health officials, or where an otherwise generally considered safe
source of water is the identified cause, may lead to government investigation and
commitment of additional health resources to support the infected population.
The Walkerton, Canada tragedy in 2000 is the best documented example of the costs of
a response to a drinking water attributed epidemic, and this example is discussed below.
Key additional costs avoided from not experiencing epidemics are the costs of:
•

Managing the epidemic, such as flushing the water supply system to restore safe
supply.

•

Individuals finding safe water sources, e.g. through purchase of bottled water or
boiling of tap water.

•

Restoring public confidence and providing assurance that the cause of the epidemic
is identified, those responsible held accountable, and the system improved to reduce
the likelihood of a recurrence.

As Roseavear (2004) states “users benefit both in terms of having peace of mind and
avoiding costs by being able to put their faith in public infrastructure. If that trust is
ever questioned, it typically must be bought back at a cost which is much greater than
mere money.”
Table 73: Summary of benefits from avoided epidemics – extended benefits
over and above endemic benefits
Benefit

Examples and relevant reference(s) in studies

Avoided cost of management
of large scale outbreak

Includes the costs of management of outbreak, including
decontamination of system E.g. Department of Human Services
(Victoria) (2004)

Public inquiry costs

Cost of carrying out a public investigation E.g. Livernois (2001 in his
paper on the Walkerton outbreak

Communication costs

Costs of public information distribution in an outbreak E.g. Livernois
(2002)

Costs of individual water
quality management

Cost avoidance such as time spent boiling water E.g.Department of
Human Services (Victoria) (2004), ANU (1997)

Public confidence

Loss of confidence in public water supply in an outbreak E.g.
Rosevear (2004). Not quantified.
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Monitoring, early warning, and aversion behaviour
While monitoring can help to detect when an increase in disease levels may have
occurred, our understanding is that because monitoring is not in “real time” it will rarely
be able to prevent disease from reaching the consumer (Hudrey and Hudrey (2005)).
However, improved monitoring may increase the timeliness with which the community
may be informed of the contamination and allow people to take preventative measures
that reduce the number of cases of illness.
In these situations the same types of costs as in an outbreak situation would be expected,
although the health costs would not be incurred.
An example of an “outbreak without illness” was The Sydney Water Crisis of 1998
(discussed further in text below) which involved evidence of high levels of
concentration of cysts within water being delivered to parts of the city. Despite
monitoring identifying high cyst levels, no actual increase in incidence of disease was
recorded (possibly because the cysts were not of a type that caused illness). Effectively,
the situation resulted in an estimated ¾ of the population incurring the costs of taking
preventative measures to avoid drinking tap water (Hrudey and Hrudey, 2005). The
costs of public enquiry and increased water management, which are usually associated
with an outbreak, were also incurred.

9.1.2 Examples of large scale “outbreaks”
Sydney, Australia95
The 1998 outbreak of Cryptosporidium and giardia contamination in Sydney caused boil
water alerts to be put into place for 35 days. The operating expenses and foregone
revenue to Sydney were estimated by the Productivity Commission at $74.6 million,
although the real resource costs are $36.2 million from a societal viewpoint. The
abnormal operating expenses included compensation to customers, insurance claims,
monitoring and testing costs, inquiry costs, and other costs. The costs from direct health
effects and indirect costs were estimated to be nearly negligible; however the costs of
averting behaviours were extremely large.
These ‘averting behaviour costs’ included cash expenses (e.g. boiling water costs,
buying bottles of water or substitutes) and the loss of utility. These were estimated at
$3.59 per person per day based on a previous Monash/ANU report for a giardiasis
outbreak, in 1991 dollars. The total aversion behaviour costs for Sydney were thus
calculated by taking the actualised $3.59 in current dollars multiplied by the duration of
the boil alerts and the population affected. This amounted to over $308 million in 2004

95

Unless otherwise stated, information in this section is taken from The Regulatory Impact
Statement (RIS) for the Safe Drinking water regulations (Department of Human Services
(Victoria), 2004).
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dollars; The Sydney contamination was therefore estimated to have cost some $350
million.
Walkerton, Ontario, Canada
In May 2000; a groundwater source that supplied drinking water to Walkerton, Ontario,
Canada, became contaminated from cattle manure following a period of heavy spring
rainfall. Of the 4,800 residents, more than 2,300 had gastroenteritis, 65 were hospitalised,
27 developed a serious kidney ailment, and 7 died. The bacteria campylobacter jejuni
and a specific E.Coli bacteria were responsible for the illnesses. The incident spurred a
public inquiry (Hrudey et al 2003). Two serious failures were found, that of negligence
of the public utility operators and the failure to respond to the outbreak promptly.
The resulting inquiry found a range of potential causes of the outbreak. However, the
enquiry found consistent and convincing evidence that the contamination was caused by
cattle manure being washed from an adjacent farm into a shallow supply well during
heavy rainfall. However, the magnitude of the outbreak and health consequences is
likely to have been significantly due to chlorination practices for the Walkerton Supply
not following specifications. Evidence emerged showing that the contaminated well
was unlikely to have been chlorinated continuously, as per specifications, and that
fictitious reading were entered into data logs by water supply operators (Hrudey &
Hrudey 2005). To a lesser extent, the Ministry of the Environment (MOE), the
provincial government ministry with primary responsibility for regulating and enforcing
regulations to municipal water systems, was found to have some deficient policies and
programs.
The economic consequences of the outbreak were assessed in 2001 in terms of the direct
and indirect costs (Livernois 2001). The estimate is a conservative one and does not
include any value assigned to suffering, trauma, or the deaths resulting from the crisis.
The relevant tangible costs only are therefore estimated, at a total of $64 million. This
estimate includes the economic impact on households, on businesses, whose revenue
was diminished, on productivity losses due to illness and finally the costs from public
resources used in dealing with the crisis. The cost to households included the travel
costs for treatment, over the counter medication costs, and water pickup costs, among
others.
The productivity cost was quantified by multiplying days off work reported by the
hourly earnings wage over a seven hour day. Hourly earnings for each adult were
calculated from the household survey on annual income for each adult in the household.
The cost of hospital stays was calculated as well as the opportunity cost of adult hospital
stays. The opportunity cost was quantified by the number of days in hospital in excess of
days off work multiplied by an opportunity cost of leisure time for a working (seven
hour) day, assumed to be 50% of the hourly earnings rate. A summary of the costs
estimated by Livernois follows.
A subsequent report to the initial 2001 inquiry report evaluated the value of the lives lost
and of the illness at approximately C$90.8 million over and above the $64.5 million
evaluation of the tangible costs (Livernois 2002).

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

205

This ex-ante statistical value of a life is based on a value of C$8 million96, within the
typical range of estimates from $5 million to $12 million. The variation of the value of a
statistical life depends on the level of risks assessed, the size of the risks and the data
sources. Most published estimates are based on studies of U.S. wage data97.
The Walkerton costs as reported by Livernois (2002) include the value of illness avoided
at C$15,000. Using this number and the C$8 million value, the Walkerton crisis is
given a value of C$155.3 million.
Table 74: Summary of selected cost estimates from the Walkerton epidemic
Summary of cost estimates from the Walkerton epidemic
Category

Cost Estimate $Canadian

Households (Walkerton)

$6,876,452

Long term health costs

$2,497,932

Lost productivity and opportunity cost of time in hospital

$1,285,120

Drinking water

$4,167,179

Walkerton health study and Walkerton Inquiry

$6,000,000

Hospital stays, physician’s visits, epidemiology costs,
helicopter ambulance costs
Other agency costs and assistance to other agencies
Walkerton inquiry, Water testing, laboratory, auditing cost,
Chief Coroner, local public health unit

$908,817

$20,707,399
$12,929,000

Walkerton business costs, household property values

$2,566,275

Households (non-Walkeron) and other Brockton costs
(Walkerton is part of Brockton municipality)

$6,589,020

96

The statistical value of a life is defined as the measure of society’s willingness to pay to reduce
the number of deaths in a particular situation by improving safety.

97

Viscusi (1992) provides a survey of these estimates.
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Part four
Disease due to chemical contaminants
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10 Disease related to chemical contaminants
A number of chemical contaminants have been shown to cause adverse health effects in
humans as a consequence of prolonged exposure through drinking-water. However, this
is only a very small proportion of the chemicals that may reach drinking-water from
various sources. Most chemicals in drinking water are only a health concern if there is
extended exposure over many years.98
Health risks from consumption of chemicals are broad, but the most common risks
appear to relate to the development of cancers.99
Within the Standards, chemicals are either threshold or non-threshold chemicals.
Threshold chemicals are those for which there is a level of daily exposure below which
no adverse effect is expected to occur. For non-threshold chemicals it is considered that
any level of exposure poses a potential health risk. In some cases the chemical itself is
unlikely to pose a health risk, but it’s presence in concentration may affect the efficacy
of common water treatment processes and MAVs for the chemical exist for this reason.
Control of chemicals in the water supply will depend upon the likely source of the
chemical. For instance, whether the chemical is naturally occurring in some water
supplies, or enters the supply due to agricultural or industrial processes. Some chemicals
added in the treatment of water can be harmful at excessive levels.
In NZ the National Environmental Standard for Sources of Drinking Water places
requirements on Regional Councils to consider the impact of activities on drinking water
sources in their decision making.100
Only a small number of water supplies within NZ failed to comply with an aspect of the
chemical determinands of the Standards in 2007/08. The chemicals and supplies that
failed to comply are set out in the table below. To meet the Standards, ongoing
monitoring is required for any supply where more than half of the MAV of the chemical
is recorded.

98

World Health Organization, Guidelines for Drinking Water Quality, third edition, Chapter 8

99

World Health Organization, Guidelines for Drinking Water Quality, third edition, Chapter 12

100

http://www.mfe.govt.nz/laws/standards/drinking-water-source-standard.html, accessed 26
January 2010
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Table 75: Water supplies recorded as breaching chemical MAVs in 2007/08
Chemical and maximum allowable
value (MAV)

Zones breaching chemical
MAV in 2007/08

Maximum breach recorded
in zone (mg/L)

Arsenic (MAV=0.01mg/L)

Edgecumbe

0.026

Thornton

0.021

Acacia Bay

0.011

Motuoapa

0.012

Omori / Kuratau

0.012

Pukawa

0.013

Taupo Central & West

0.012

Taupo South

0.012

Te Teko

0.024

Onepu

0.024

Mapara Rd rural

0.011

Nitrate (MAV=50m/L)

Richmond

Boron (MAV=1.4 mg/L)

Clarks Beach/Waiau Beach

Bromodichloromethane
(MAV=0.06mg/L)

Parakai

0.0628

Chlorate (0.8mg/L)

Aylmers

0.81

Dichloroacetic acid (MAV=0.05mg/L)

Eketahuna

0.061

Waitati Township

0.083

NZAS Tiwai Point

0.052

Hastings East

1.68

Flaxmere

1.52

Havelock North

1.68

Hawkes Bay Prison

1.52

Woodbourne RNZAF Base

1.8

Te Karaka

2.4

Fluoride (1.5 mg/L)

Manganese (0.4 mg/L)

Takapau Township

57.6 m/L
1.9

0.603
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Table 75: Water supplies recorded as breaching chemical MAVs in 2007/08
Haloacetic acids (MAV=0.05mg/L)

Trihalomethanes (MAV=0.06mg/L)

Eketahuna

1.93

Woodville

1.4

Waitati Township

1.9

NZAS Tiwai Point

1.5

Haruru Falls

1.50

Bream Bay

1.26

Helensville

1.99

Parakai

1.83

Wellsford

1.17

Aylmers

1.13

NZAS Tiwai Point

3.47

10.1 Health benefits from meeting chemical determinand
Standards
Utilising information on those water zones and plants that breached chemical MAVs in
2007/08, the Institute of Environmental Science and Research (ESR) provided highlevel estimates of the worst-case health effects resulting from sustained exposure of the
populations to each chemical at its maximum recorded level in water zone.101
In summary, the likely health effects were considered negligible for all chemicals other
than arsenic. Likely health effects are set out in the table below.

101

Water zones are an alternatively, usually smaller, division of water supplies and are the unit at
which some monitoring activity occurs to determine whether water meets the Standards.
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Table 76: Estimates of health effects from water supplies breaching chemical
102
MAVs in 2007/08
Chemical MAV
breach

Total population in zones
breaching MAV

Estimated health effects on the population

Arsenic

29,986

Approx 34 incidences of lung or bladder cancer
and 6 fatal cases of skin cancer over 70 years if
breaches continued at same level

Nitrate

10,500

Estimated 128 babies per year estimated to be
at risk of “blue baby” syndrome, however illness
considered unlikely at level of exposure

Boron

1,332

Estimated 19 infants per year at risk, no effect
expected from level of exposure

Bromodichlorometh
ane

879

1< incidences of cancer over 70 years

Chlorate

900

Negligible effect at exposure level of breach.
Plant responsible for breach is a “standby” plant

Dichloroacetic acid

1,011

1< incidences of cancer over 70 years

Fluoride

37,509

Health effects are unlikely to be significant at
level of exposure

Manganese

1,170

Unable to estimate as mixed evidence on
whether level of concentration could be expected
to result in health effects.

Haloacetic acids

2,511

1< instances of cancer over 70 years

Trihalomethanes

14,493

1< instances of cancer over 70 years

Further information on the calculation of the benefits is included in appendix six.

102

Source: ESR (2009). Refer Appendix 1 for further notes and detail of methodology.
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10.2 Costs and benefits of requiring compliance with the
chemical determinands
Key points to note are as follows.
•

Concentration levels of chemicals in drinking water are taken from the 2007/08
survey of drinking water.

•

The health effect is calculated upon the basis of a 70kg person without significant
underlying medical condition consuming 2 litres of water, containing chemicals at
the maximum recorded concentration level, over a 70 year period.

•

Cancer incidence probabilities are derived as the difference between likelihood of
incidence at MAV and that at the maximum recorded concentration level.
Estimates of cancer incidence are likely to be an overstatement as they assume
members of the population are continuously exposed for 70 years and the maximum
(as opposed to average) breach of the MAV is used for calculation purposes.

•

Cancer incidence does not equate with deaths resulting from cancer.

Because the expected health effects are considered negligible for all chemical breaches
other than arsenic, we have only sought to estimate the benefits from avoided cases of
cancer resulting from arsenic. The methodology used to estimate the cost of cancers is
included explained in section 10.3, Cancer cost methodology.
An estimated 30,000 people living in the Taupo and Whakatane regions were potentially
exposed to drinking water which breached the arsenic MAVs at some point in time
during 2007/08. Transgressions of the MAVs in these water zones are attributable to the
high degree of geothermal activity in the region. If, over a 70 year period, these
populations continued to be exposed to arsenic at the maximum recorded level for their
water zone in 2007/08, ESR estimates suggest that around 34 additional cases of lung or
bladder cancer may result, and an additional 6 fatalities from skin cancer may occur.
The generic treatment for arsenic that has been applied in this study is enhanced
coagulation, and direct filtration. In the case of water zones in the Taupo region that
exceeded the arsenic MAV, the same treatment that would achieve compliance with
both the bacteriological and protozoal Standards would also be expected to reduce
arsenic levels below the MAV. Consequently no additional costs or benefits should be
assumed for addressing arsenic breaches in the Taupo district.103

103

The benefits from avoided cases of cancer in the Taupo region are included in the cost of
illness (benefit from compliance) estimates attributable to non-compliance with the
bacteriological and protozoal Standards.

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

212

There are approximately 15,000 people living in the Whakatane district who were
potentially exposed to drinking water which breached the arsenic MAVs at some point
in time during 2007/08. Over 70 years of continued exposure at maximum recorded
levels in 2007/08, approximately 17 additional cases of lung or bladder cancer, and
approximately three additional fatalities from skin cancer could be expected. The
estimated cost of illness to New Zealand from these additional cancers is $87,000 per
year or $1,116,000 in present value terms over 40 years. The estimated cost of treatment
to reduce expected arsenic levels below the MAV for affected persons living in
Whakatane is $2.1 million.
Estimated costs for addressing breaches of all other chemicals were included in the Beca
Engineering Costs Report, and totalled $3.1m.

10.3 Cancer cost methodology
This section describes the approach used for estimating the cost of cancer due to levels
of arsenic in drinking water above the MAV. Three cancers have been considered; lung,
bladder and skin cancer. Estimates of the number of cancer cases, and the proportion of
lung and bladder cases that would be fatal, were provided by ESR.
We have used slightly different approaches for each of these cancers, reflecting the
available information.
The two principal sources of avoided costs from reduced incidence of cancer are:
•

Direct and indirect medical costs

•

Lost productivity for people receiving treatment

•

Lost productivity from people who die

Medical costs
Medical costs were only estimated for lung and bladder cancers. The information
provided on the number of cases of skin cancer avoided by reduction in arsenic levels
related only to the number of fatalities. While it is likely that treatment costs for these
cancers would be incurred by those fatalities, we did not have information on the
specific types of cancer.
Direct medical costs were estimated for lung and bladder cancer from data provided by
the Ministry of Health. This data showed the public hospital case-weighted discharges
and estimated expenditure for lung and bladder cancer from 2001-2009104. These direct

104

This data was provided on request by a Senior Policy Analyst (Cancer) from the Ministry’s
Sector Capability & Innovation Directorate (March 2010)
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costs refer to hospital inpatient costs and included medical and surgical case weighted
discharges, costed at the applicable base price for each year.
Total expenditure on hospital inpatient treatment for both lung and bladder cancer has
increased over the 2001-2009 period due mainly to increases in the underlying base
price for a secondary hospital inpatient discharge, not in actual incidence of cancers. The
total case weighted discharges show a small but steady increase for lung cancer over the
period, however for bladder cancer, there is an abnormal fall in case weighted
discharges due to lower surgical case weighted discharges in the 2006/07 year. The
cause of this is not known.
Due to a lack of data, we used an estimate from a senior analyst at the Ministry of
Health based on previous cancer work that inpatient costs would make up approximately
45% of all health system costs.
Based on this estimate, we uplifted the inpatient costs to proxy the costs for all direct
health system costs. Lastly, we averaged the cost over the 8 year period. This gave a
total average annual direct cost estimate of lung cancer of $37.58 m and $12.56 m for
bladder cancer.
This cost estimate is broadly supported by a report on the cost of lung cancer by Broad
& Jackson (2003), which estimates the direct health care costs to be between $18 and
$28.1 million.
To calculate the cost per case, we used the registration data for the two types of cancer105.
This was assumed to be a better proxy compared with the number of discharges, which
would have exaggerated the true incidence of cancer due to multiple discharges per
patient during treatment periods (approximately 4 to 5 discharges per patient).
We obtained the cancer registrations from the NZHIS service at the Ministry of Health.
Cancer registrations show a slow but steady increase over the period 1995-2005, shown
in the graph below. For comparability with the cost information provided, we used
registration data over the period 2001-2008.
This provided 1708 new registrations per year for lung cancer, and 489 registrations for
bladder cancer, on average.

105

This included registrations for trachea, bronchus and lung (C33-C34) and bladder (C67).
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Figure 8: New registrations for lung and bladder cancer by year
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We then calculated cost of each cancer per registration. For lung and bladder cancer
respectively, this yielded just over $22,001 and $25,693 per registration, respectively.
This calculation is simplistic and presents uncertainty on the cost of treating a newlyregistered patient, but is driven by the paucity of data available106. We assume in this
that the life time cost of treating a patient with cancer is proxied by the average cost per
registration in a given year.
Cost of lost productive activity and death
Of these patients, some will recover and some will not. For those who do not die from
the cancer, we assume they will on average have lost one year of productive activity due
to ill health. Of those who do die from the cancer, it is assumed that they will lose all
remaining years of productive life, including that time spent in treatment. This is also a
simplistic assumption, as some patients will require longer treatment, or will have
relapses of their cancer or new cancers. However, in the interests of providing a base
scenario for the cost of cancer, these are the assumptions made.

106

We note that a specialised data request is possible, in particular, to include outpatient data
costs and the cost of medications, which may represent a considerable cost. The time delay for a
specialised request meant that this was not able to be included in our study.
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The proportion of patients who survive has been taken from the Ministry of Health
report ‘Cancer Patient Survival’(1994-2003). Published in 2006, this is the most recent
data available at present on cancer survival. For both cancers, we have taken the five
year cumulative relative survival rate in order to provide a conservative estimate. For
cancer of the trachea, bronchus and lung, the rate was 0.102. For bladder, the survival
rate was 0.725 (NZHIS, 2006).
For people who survive, we have used the average age of death for each of the cancers
using mortality data from 2005-2007 and calculated loss of productive time in the same
manner as for the other diseases. The average age of mortality was 76 years for bladder
and 71.7 for lung cancer.107
ESR estimated that there would be 20 cases avoided over a period of 70 years from
removing arsenic in the water. Of the total cancers considered by ESR (2005),
approximately 44% are bladder, 40% are lung cancers, and the remainder are skin
cancers. We calculated the number of cases per year and applied these percentages to the
cost per registration in order to calculate the health costs per year for each type of cancer.
For skin cancer, only the costs of death were estimated.
Total annual cost of cancers per year due to arsenic
These costs occur over a 70 year period. We discounted the cost of fatalities from these
cancers using a real discount rate of 8%, and calculated a yearly cost for health costs and
productivity loss.
No loss of productivity time was assumed for family or friends that might care for
people ill with cancer, receiving treatment, or time for visiting those people in hospital.
No estimate was made for the cost of GP visits, which were estimated at 17,000
annually for lung cancer alone Broad & Jackson (2003). No costs were estimated for
non-health care costs such as transport costs.
No explicit value has been given to the pain and suffering experienced by cancer
patients. This intangible cost would ideally be expressed by a willingness to pay value.

107

We note that the calculation of the number of cases of lung and bladder cancer were based on
exposure over a 70 year period, suggesting an average age at diagnosis of the cancer of 70. It is
therefore reasonable to assume that on average cases of lung and bladder cancer attributable to
drinking water would die at an age exceeding 70, but we are not aware of sufficient specific
information to all an average expected age of death for these patients to be estimated.
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11 Appendix one: Econometric analysis of
compliance and incidence of disease by
geographic location
A key issue for evaluating the benefits of improved water quality is establishing the link
between improved water quality and improved health outcomes. The study described in
this section seeks to show a correlation between water quality and health outcomes, and
in doing so support the attribution of a proportion of disease to drinking water.
The broad objective of the study was to examine how the incidence of notifications of
different disease types correlates with the varying water quality standards across water
distribution zones and over time.
It was expected that this study would provide evidence as to the effectiveness of
improved water quality compliance and a guide as to the percentage reduction in the
incidence of disease. Of note, as the study uses information on notifications of disease, it
does not provide information on the overall burden of disease. Furthermore, as discussed
below, there are limitations to the analysis as there are many other factors that may
affect the observed relationship between the level of notifications and the water
compliance.
The pathogens tested for were Cryptosporidiosis (“Crypto”), Giardiasis (“Giardia”),
Campylobacteriosis (“Campy”) and Other diseases (“Other”) including salmonellosis
and yersiniosis. Compliance was measured in terms of:
•

Compliance with the protozoal determinands in the Standards (“Protozoa”, aimed at
removing the waterborne protozoal pathogens Crypto and Giardia.

•

Compliance with the bacteriological determinands in the Standards (“Bacto”)
aimed at removing waterborne Campy and the Other diseases.

The strength of relationship between compliance and incidence of notification was
expected to vary. The strongest result was expected for Crypto as it more frequently
transmitted by water and is less likely to be removed by a partially compliant system.
This relationship was tested by comparing data on compliance by water distribution
zone with notifications to the national health surveillance system (EpiSurv). The key
challenge to this approach is that other factors could be correlated with levels of
compliance and level of notifications. In particular:
•

Location factors.
–

The extent of other disease sources (e.g. food borne disease). For example,
there could be fewer diseases from other sources in urban areas where there is
also greater compliance.
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–

•

The likelihood of notification. For example, there could be more notifications
in urban areas where there is also greater compliance.

Time based factors.
–

The awareness of disease and thus likelihood of notification may vary
overtime.

–

The extent of disease from other sources may change over time due to other
activities.

To attempt to address these issues, the analysis included controls for a number of
variables including deprivation, population size, urban-rural profile and water source.
Tests were also conducted that controlled for fixed effects across locations and years.
The approach used involved multi-variate regression (see technical section below) that
model cases of notification by disease based on observed factors. The models can then
be used to predict the effect of greater compliance on any distribution water zone.

11.1 Results and analysis
The overall incidence rate by level of compliance is shown in the table below. As shown,
these overall statistics suggest a mixed result, specifically:
•

Higher incidence of ‘Crypto’ and ‘Other’ disease is associated with poor
compliance.

•

Slightly lower incidence of campylobacteriosis and Giardiasis is associated with
poor compliance.
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Table 77: Overall incidence rate of notified disease (annual notifications per
100,000 population) by level of compliance
Pathogen
Bacto compliance
(2001-2007/08)

Campylobacteriosis

Other

Complied

303

75

Inadequate or not monitored

266

90

Not complied

245

71

All

295

77

Cryptosporidiosis

Giardiasis

Complied

12

33

Non-complied

25

27

All

15

32

Protozoa compliance
(2004-2007/08)

The direction of these overall statistics was also found in the results of the standard
regression models tested. In the summary the standard models suggested:
1) Regarding protozoa compliance, non-compliance is associated with:
a) greater incidence of cryptosporidiosis notifications
b) lower incidence of giardiasis notifications
2) Regarding Bacto compliance:
a) inadequate or non-monitoring of Bacto is associated with lower incidence of
Campy notifications.
b) no statistically significant link between Bacto non-compliance (E-Coli
transgressions) and incidence of Campy.
c) no statistically significant link between Bacto non-compliance and inadequate or
lack of monitoring and incidence of Other disease notifications.108

108

Some evidence of a positive relationship was found in some specifications.
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Finding 1a) is consistent with improved water quality compliance reducing the incidence
of Cryptosporidiosis disease. The odds ratio (OR) for individuals exposed to nonProtozoa compliant systems was 1.31 (95% confidence interval (CI), 1.06–1.62),
compared to individuals with levels below current standards. This may underestimate
the true relationship given the blunt measures (measured on yearly basis) of noncompliance and that notifications do not identify where the water was consumed.
Findings 1b) and 2a) are however surprising as they suggest that Protozoa noncompliance is associated with lower incidence of Giardia and poor Bacto reporting is
associated with higher incidence of Campy.
Further investigation has identified a likely cause for the strange results relating to
Giardia and Campy. Both these results appear to significantly influenced by the results
relating to the Dunedin City region. We understand that in this region, water quality
became a significant public issue during the period being analysed. It appears likely that
the significant attention drawn to the problem led to improved monitoring and increased
awareness and notifications of the disease. When the Dunedin City area is removed
there is no statistically significant relationship between Giardia and Campy incidence
and levels of compliance.109
An insignificant result for Giardia is not surprising. The Giardia pathogen is relatively
easier to remove (Ball 2006) and thus a system that is Protozoa non-compliant may still
be effective in reducing Giardia. Of note, Giardia is associated with poor levels of Bacto
monitoring which may be more of an indication of level of compliance relevant to
Giardia.
Insignificant results for Campy and other Bacto related diseases (findings 2b and 2c) are
not surprising. Previous studies (see Stauss et al. 2001) have reported similar findings.
The lack of association may be due to the poor effectiveness of the (E-Coli
transgressions) compliance indicator, as well as, the presence of relatively low levels of
these indicator bacteria.’
Findings on other factors included:
•

Lower notifications of all disease types where associated with a high than average
level of deprivation (OR 0.73, 95% CI 0.67 – 0.80). We would expect this to be
related to rate of notification rather than the incidence of disease.

•

Higher notifications of all cryptosporidiosis in non-urban areas (OR 0.66, 95% CI
0.51 – 0.86).

109

Another significant outlier was identified that in some specifications suggested a negative
relationship between lack of monitoring and incidence of Bacto.
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11.1.1 Conclusion
The results of the analysis are consistent with Protozoa non-compliance increasing the
likelihood of cryptosporidiosis notification by a factor of 1.31 (95% CI 1.06–1.62).
Once outlying observations are addressed, no statistically significant link between the
incidence of other pathogens and compliance is observed. This is consistent with
previous studies and expectations. This finding does not negate a link between improved
water quality and improved health outcomes from these other disease sources. The lack
of a statistically significant relationship is hypothesised to be primarily a result of the
relatively low incidence of water-borne disease and the bluntness of the water
compliance measures.

11.2 Technical details
11.2.1 Data
The study is based on data from the EpiSurv database of disease notifications and a
database of water quality compliance for the years 2001 through to 2007. The data was
aggregated so as to have a separate observation for each water distribution zone and year.
EpiSurv records notifications by disease types for a number of diseases associated with
waterborne diseases, most notably Cryptosporidiosis (“Crypto”), Giardiasis (“Giardia”),
Campylobacteriosis (“Campy”) and Other diseases (“Other”) including salmonellosis
and yersiniosis. EpiSurv data does not include notifications of some other water-borne
pathogens including Novovirus.
The EpiSurv data was matched by address code to mesh blocks which was then used to
determine the water distribution zone and to match to a water compliance database. The
water compliance database includes a range of variables about the water distribution
zone including the level of compliance. A summary of the main variables from the
combined database is included in Table 78.
Table 78: Variables examined
Variable

Description

Values used

Year

Year of notification date

2001 to 2005, 2006/07, 2007/08

Mesh block population in 2006

0 to 288,249
Total population covered : 3,080,260

Population by urban rural profile

Dummy indicating which is the dominant
urban rural profile code – URP4 indicates
main urban area

Level of Bacto Compliance for
distribution zone

Dummy variables indicating

Population

Urban – rural
profile
Bacto
Compliance

•

Complied
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•
•
•

Inadequately monitored
Not monitored
E. coli transgressions / inadequate
corrective action

level of Protozoa Compliance for
distribution zone

Dummy variable indicating :

Water sources for distribution zone.
Distribution zones may contain
multiple source types.

Dummy variables indicating with zone
includes source of:

NZ Deprivation
score

Index representing relative
deprivation. This is aweighted value
based on mesh block population.

Dummy variable representing a high
deprivation value – Deprivation value > 978

Local

Whehter distribution zone is
serviced by a local authority

A dummy variable to indicate whether the
supply type is a local authority

Registered zone
population

Population registered to water
distribution zone. Similar but may
differ to mesh block population

0 to 306,850
Some variation by year.. Total population up
to 3,571,535

Protozoa
Compliance

Water source

•
•

•
•
•

Complied
Non complied – No protozoa
compliance in at least 1 TP feeding
the zone

Groundwater
Surface water
Roof water

11.2.2 Modelling technique
We test models of the form
Incidence of disease =

Function of compliance level and other controls

A number of models were tested. The main results were drawn from a random effects
negative-binomial model.110 Separate regressions were run for each pathogen type.
Summary results are shown in Table 79 below. As discussed above concern was raised
by the surprising negative result between notifications of Campy and Giardia and
compliance. Further investigation revealed that these results were significantly
influenced by a number of outliers particularly in the Dunedin region where, we
understand, the water quality became a significant public issue.

110

The Stata statistical program was used. Tests confirmed over dispersion and thus a Poisson
regression model was inappropriate. Fixed effect models were also tested but did not yield
materially different results.
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To address the likelihood that the Dunedin results were influencing the results a test was
undertaken that removed distribution zones where the TA variable was recorded as
‘Dunedin City’.111 Another very influential outlier on the ‘no monitoring’ compliance
level occurred with distribution zone ‘HIB002HI’ which caused strange results in some
specifications.112
A number of alternative specifications were tried. These included:
•

Using the registered zone population instead of the urban rural population

•

Allowing for differences in the impact of compliance for different population
groups, and different urban rural profiles

These alternative specifications did not yield any materially different results.

111

It appears there is other distribution zones close to Dunedin in other districts that may also be
similarly influential. There was not sufficient time to examine these.
112

This distribution zone was recorded as ‘not monitored’ in 2003. Although the level of Campy
notification cases was slightly higher in 2003 compared to 2002 and 2004 the inclusion of this
observation results in a statistically significant result when combined with dummy variables for
year.
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Table 79: Summary results
Odds Ratio for Bacto Compliance
(95% Confidence Interval)
Inadequate
monitoring

Incidence of Campy (unadjusted)
Incidence of Campy (adjusted for
outliers)

Incidence of Other

No monitoring

Transgression

0.94
(0.90 – 0.97)

0.81
(0.67 – 0.97)

0.95
(0.87 – 1.04)

0.96
(0.92 – 1.01)

0.86
(0.66 – 1.13)

0.96
(0.88 – 1.05)

1.03
(0.96 – 1.11)

1.26
(0.92 – 1.72)

0.99
(0.85 – 1.15)

Odds Ratio for Protozoa Compliance
(95% Confidence Interval)
Incidence of Crypto
Incidence of Giardia (unadjusted)
Incidence of Giardia
(adjusted for outliers)

1.31 (1.06 – 1.61)
0.83 (0.7 – 1.0)
0.89 (0.74 – 1.07)
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12 Appendix two: Core modelling
assumptions
In this appendix we set out three key assumptions on which the assessment of costs and
benefits is based.
NPV to be calculated using 8% real discount rate
For the purposes of this analysis the most appropriate form is considered to be a costbenefit analysis that monetises the marginal costs and benefits of each option compared
to the base case.
The Treasury specifies that the appropriate default real discount rate to use for costs
related to the building of water infrastructure is 8% per annum.113 No specific guidance
on the appropriate discount rate to be used for discounting health and other noninfrastructure benefits is provided. For the purposes of this analysis the default real
discount rate used is 8% per annum.
Time period for analysis
The Treasury advises that “As a general rule, the period of analysis should usually
extend to the useful life of the proposal, e.g. the asset life…”. Where there is uncertainty,
a default of 20 years is suggested.
We have used analysis periods of 40 and 25 years. The net benefit over 40 years in most
cases constitutes our best estimate of the appropriate analysis period to be used.
The net benefit in present value terms over 25 years is also estimated, and indicates the
sensitivity of the results to changes in the analysis period. In practice, there is
uncertainty around the economic life of the capital assets, particularly in the case of
Neighbourhood and Small supplies, because the technology likely to be used in these
supplies is relatively new. The shorter time period estimate allows for this uncertainty.
Experience suggests that most technical components of water supply infrastructure are at
greater risk from obsolescence than failure to function, when normally maintained.
No change in the real economic value of health and wages assumed,
technology assumed constant
Over time, the relative value of goods within an economy is likely to change. Health is
an example of a good that people spend more on as they become wealthier.

113

http://www.treasury.govt.nz/publications/guidance/costbenefitanalysis accessed 24 August
2009.
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In comparison, the costs of today’s technology will often decrease over time in real
terms due to product commoditisation, a substitute being developed, or intellectual
property right protections expiring.
The challenge for the cost benefit analyst is to decide whether to forecast likely changes
in the real value of goods and services in society. Treasury suggests that “a useful
working rule is that we assume costs of goods or services will remain constant in real
terms unless we are reasonably sure that its price will change relative to all other prices
in the economy.”
Given uncertainty over how values and technology may change in the future, we have
assumed no change. In practice this is likely to have led to
•

An overestimate of the engineering operating costs, as the operating components of
water supply plants may be expected to decline in real cost over time.

•

An indeterminable impact on the value of the benefits. The cost of lost productive
time would be expected to increase with real wages, but the cost of some healthcare
would be expected to decrease (noting that Baumol’s cost disease is a common
problem in healthcare).
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13 Appendix three: Irritable Bowel Syndrome
Irritable Bowel Syndrome (IBS) is a common disorder characterised by abdominal pain
or discomfort and altered bowel movements. IBS is highly prevalent, affecting an
estimated 10-20% of the Western world at certain points in time. The cause(s) of IBS
are largely unknown, however several studies have found evidence that IBS is a sequel
of a preceeding episode of infectious gastroenteritis (Haagsma, 2009).
In many cases patients with IBS will not seek medical care, although they may still
suffer from the effects of IBS and this may affect their productivity at work or
absenteeism.
The aim of the following analysis is to determine reasonable modelling parameters for
estimating the economic impact of IBS caused by AGI. The incidence of IBS following
AGI will depend on a variety of factors, including the infecting organism that caused the
AGI, the duration of the initial illness, and the toxicity of that infection (Spiller and
Klara (2009)). It is not possible for our purposes to control for all of the different
variables (nor necessarily to obtain sufficient information to do so from the studies
informing our analysis). Furthermore, the threshold used for classifying a case as having
suffered from AGI or IBS varies between studies, meaning the relationship in terms of
number of cases of each will vary.
Incidence of IBS following AGI
Marshall et al (2006) studied the health of residents of Walkerton two –three years after
the contamination of the municipal water supply with E. Coli and Campylobacter led to
an acute outbreak of gastroenteritis in 2000. The study confirmed a strong and highly
significant association between acute bacterial dysentery and subsequent IBS symptoms.
Two years following the outbreak, the relative risk of developing IBS amongst residents
that experienced bacterial gastroenteritis from water contamination was increased more
than 3-fold. Of those residents whose gastroenteritis at the time of the outbreak was
clinically suspected (as opposed to self reported), 36.2% met Rome I criteria114 for IBS
at either two-three years following the outbreak.
Marshall et al (2006) report that previous follow up evaluations of bacterial
gastroenteritis have estimated that 5%-32% of AGI patients go on to develop IBS.
Marshall et al (2006) suggest that their study had several advantages over previous
studies, in particular a large, well defined, at risk cohort with a simultaneous and well
characterised acute enteric illness. The authors acknowledge that some study
participants may have suffered from IBS prior to the outbreak, and that this was not
allowed for in the estimates.

114

A diagnosis criteria referred to in some of the studies of AGI and IBS
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Marshall et al (2006) found that IBS was more common amongst females and younger
persons. The more severe the gastroenteritis, the more likely the patient was to develop
IBS.
Hellard et al (2003) cite a study suggesting that up to 7% of persons have Irritable
Bowel Syndrome 6 months after AGI.
Thabane et al (2007)115 undertook a systematic review and meta-analysis of the
incidence and prognosis of post-infectious Irritable Bowel Syndrome and stated that
prevalence was up to 22% in community subjects. The systematic review found a strong
association between intestinal infection and new onset of IBS. The odds of developing
IBS are increased six-fold after acute gastrointestinal infection and remain significantly
increased for three years. The estimated incidence of IBS after enteric infection is 10%.
Haagsma et al (2009) in a systematic review of the literature found a pooled incidence
ratio of IBS following AGI of 13.1% or 11.1% if weighted for size of study samples.
They conclude that for modelling purposes 9% of patients with bacterial gastroenteritis
and 2% of patients with viral gastroenteritis will go on to develop IBS as a result of AGI.
Duration of illness
Thabane et al (2007) found that the increased likelihood of suffering from IBS following
an intestinal infection was significant at all time points considered through to three years,
with no studies reviewed looking beyond three years.
Haagsma et al (2009) found evidence that many IBS cases last significantly longer than
three years, with one study reviewed suggesting up to 29 years.
Haagsma et al (2009) identified the following duration of illness profiles from literature
reviewed.

115

M Thabane, D T Kottachichi and J K Marshall, “Systematic review and meta-analysis: the
incidence and prognosis of post-infectious irritable bowel syndrome”, Alimentary Pharmacology
and Therapeutics, 26, 535-544.
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Duration of illness
Point of follow up

Percent of post IBS cases with persistent
symptoms

6 months

91% – 100%

1 year

80% of bacterial caused AGI
43% of viral caused AGI

2 years

41% of viral caused AGI

3 years

75%

6 years

56%

7 years

44%

Source: Haagsma et al (2009)
Healthcare costs of IBS
Although IBS is not associated with an increase in mortality, it causes significant
morbidity and places a burden on the healthcare system. Thabane et al (2007) suggested
that IBS may account for up to 12% of visits to primary care physicians and up to 50%
of all out-patient referrals seen by gastroenterologists.
Longstreth et al (2003) in a US study of adult members of a health maintenance
organisation found that the medical costs of persons who met the Rome I criteria for IBS
were on average 51% higher in a one year period than for patients who did not have IBS.
The unadjusted mean cost of treatment per year was $3729.04 for a person with IBS
versus $2607.12 for a person without IBS. The adjusted mean difference was $1340.55
per year.
Cash et al (2005) provide a discussion of a broad sample of the IBS literature, with the
aim of understanding the costs of IBS to the employer and managed care. They cite a
study suggesting a 49% difference in mean health costs between HMO patients with and
without IBS. They also note that the out of pocket expenses for IBS sufferers are often
overlooked in the estimates of health costs because of the focus on costs to the employer.
Martin et al (2003) compared Medicaid costs of patients with records showing irritable
colon (a proxy for IBS) and matched case controls in California and North Carolina. The
study found mean Medicaid expenditure per member per year for IBS cases were 48%
(California) and 59% (North Carolina) higher than costs for population controls. The
authors comment that because of the use of measures of co-morbidity in the regression
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model, the results should control for any possibility that IBS sufferers tend to have comorbidities.
The following table shows a range of estimated additional costs due to IBS from
international studies and the estimated $NZ equivalent using health PPP index from the
World Bank116.
Translation of international direct costs of IBS to $NZ
Study, location and
design

Akehurst et al (2002)
UK, matched case
control study

Martin et al (2003)
California and North
Carolina, US,
retrospective
matched case control
study

Longstreth et al
(2003)
Comparison between
group of IBS and nonIBS patients

116

Costs included and
time period

Estimated costs
(additional cost due
to IBS unless stated
otherwise)

Estimated $NZ
equivalent in 2007117

Costs to the National
Health System of an
average IBS patient
over one year
(difference between
IBS and non IBS)

£123 per patient per
year

$370

Medicaid expenditures
per case relative to
matched case control

California: $US2025
per patient per year

$2776

North Carolina:
$US650 per patient per
year

$891

(95% CI £34.82 –
£220.78 )
At 1999 costs

Adjusted values for
demographics. Costs
for 1997 year118
US HMO expenditures

Weighted average
$US1285119

Weighted average
$1612

Adjusted values for
demographics. Costs
for year 2000

(WorldBank, 2008)

117

Estimates are derived by inflating figures to 2005 values at 3% per year, converting to $NZ in
2005 using health specific purchasing power parity estimates from the World Bank and then
inflating to 2007 values at 3% per year.
118

Uncertain from paper. Period patient data collected spanned 1996-1998

119

Mild (30% of cases): $926; Moderate (46% of case): $1377; Severe (25% of cases): $1546

Cost benefit analysis of raising the quality of New Zealand networked drinking water
Confidential – June 2010

231

Translation of international direct costs of IBS to $NZ
Leong et al (2003)
Retrospective case
matched controls

Maxion-Bergemann et
al (2006)
Review article

Health care costs
reimbursed by a large
manufacturing
employer that self
insures staff for health
costs120

For all beneficiares,
$1094

$1456

Direct health costs,
including primary care,
medication and
inpatient care

For US, range from
$US412 to $1630

$487 - $1927

For UK, range from
$US211 (Akehurst et al
(2002), above) to
$US2013

up to $3487

1998 costs

2002 costs
Average (mean)
(mean excl high &
low estimates)

$1626
($1525)

Productivity costs of IBS
The greatest productivity cost of IBS appears to relate to overall activity impairment.
While the person is able to undertake some normal activities, including attending work,
they are not as productive as they would usually be. In general, while IBS cases are
found to have greater absenteeism, this is not as significant as a cost to employers as
differences in their overall productivity while at work compared to non-IBS cases
(presenteeism).
Dean et al (2005) used a two phase survey of employees in a US bank to assess the
presence of IBS amongst employees and to measure their absenteeism and presenteeism.
Employees with IBS reported a 15 percentage point greater loss in work productivity
than employees without IBS. On average those with IBS missed 1.3 percentage points
more time from work. IBS cases reported a mean reduction in regular daily activities (i.e.
non-workplace activities) of 19 percentage points greater than those without IBS. These
rates suggested that for people with IBS they were more impacted out of work than in
work.
The following is a summary of relevant information from literature reviewed.

120

Inpatient, hospital outpatient, physician, prescription drugs and ancillary care services.
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Summary of references in literature to productivity costs

Dean et al (2005)

Work place

Non-workplace

1.3% of time lost due to IBS

19% of productivity lost due to
IBS

15% of productivity lost due to IBS
Leong et al (2003)

Cost to employer of absenteeism
amongst employees in 1998
IBS cases - $901
Non-IBS cases - $528

Cash et al (2005)

Work time missed (%) per year

Activity impairment

Reporting on other papers

No or mild IBS 2.5% (6 days)
Moderate IBS 3.7% (8.9 days)
Severe 10.1% (24.2 days)

No or mild IBS 25%
Moderate IBS 45.3%
Severe 59.0%

Work impairment - % of
productivity lost
No or mild IBS 22.2%
Moderate IBS 36.6%
Severe 38.6%
Study of UK & eight European
countries those with IBS missed
2.5 to 5.3 more days per year from
work.
American’s with IBS reported
missing 3.4 more days per year
from work than those without IBS
Maxion-Bergemann et al
(2006)
Reporting on other papers

Results vary significantly.
Drossman et al found mean
number of days missed from work
or school in the past year was 13.4
for IBS cases and 4.9 for other
cases.
Hahn et al found that around 1/3 of
surveyed cases with IBS had
missed at least 1 day of work in
the last 4 weeks due to IBS.

Akehurst et al 2002
Retrospective case
matched controls

Found no statistically significant
difference in time off work between
IBS and non IBS cases in a 3
month period.
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Assumptions for modelling purposes
As noted at the beginning of our analysis, determining appropriate modelling
assumptions from the literature is challenging because the incidence rate is likely to vary
depending on infecting organism, toxicity and duration of AGI, and other risk factors.
We note that the definition of AGI used to arrive at Lakeet al (2009) estimate of 4.6m
cases of AGI per year in NZ – on which we will base our national, all AGI cases
scenario – used a relatively low threshold for defining AGI. Thus the proportion of cases
going on to develop IBS might be expected to be relatively less than in such studies as
Marshall et al (2006) where 36% of clinically suspected AGI cases (meaning the case
saw a health professional) were found to have developed IBS.
For our purposes, we will use the decision to visit a GP as a proxy for severity or
duration of illness. Thus, we will assume for modelling purposes that only a subgroup of
those patients developing AGI and choosing to visit a GP will develop IBS.
Thabane et al (2007) estimated that 10% of AGI cases were associated with
development of IBS. Haagsma et al (2009) utilised a modelling parameter of 9% for all
bacteriological infections, but only 2% for viral infections. We acknowledge that we
have not seen the same strength of relationship between protozoal caused AGI and IBS,
but at the same time note that many studies of IBS linked to AGI do not appear to
differentiate based on the cause of the original infection because this may not be known
Consequently, we consider the sensible route to use conservative modelling parameters.
Our assumptions are as follows for modelling purposes.
•

9% of AGI cases who visit a GP develop IBS.

•

The average length of duration for an IBS case is assumed to be 3 years.

•

The average annual additional direct health costs due to IBS are $1625 per year per
case.

•

There is a total reduction in productive activity (incorporating increased
absenteeism, presenteeism and lost non-work activity) equivalent to 10% per case.
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14 Appendix four: Estimates of change in
incidence of disease due to compliance
with the bacteriological and protozoal
Standards
Large water supplies scenarios
Table 80: Estimates of change in cases of disease due to compliance with
bacteriological Standards, Large supplies
Estimates of change in cases of disease due to compliance with bacteriological
Standards, Large supplies

Disease

Estimated annual change in cases of diseases
best

high

low

Campylobacteriosis

4385

7151

2862

Cryptosporidiosis

0

0

0

Giardiasis

0

0

0

Salmonellosis

201

285

151

Shigellosis

7

7

7

STEC

8

544

4

Yersiniosis

322

771

154

Norovirus

781

1946

138

Table 81: Estimates of change in cases of disease due to compliance with
bacteriological and protozoal Standards, Large supplies
Estimates of change in cases of disease due to compliance with bacteriological and
protozoal Standards, Large supplies

Disease

Estimated annual change in cases of diseases
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best

high

low

Campylobacteriosis

4385

7151

2862

Cryptosporidiosis

3294

9096

1617

Giardiasis

4079

11262

2100

Salmonellosis

201

285

151

Shigellosis

7

7

7

STEC

8

544

4

Yersiniosis

322

771

154

Norovirus

781

1946

138

Estimated change in cancer cases over 70 years
Lung cancer (cases)

14.3

Bladder cancer (cases)

2.9

Skin Cancer (fatalities)

3.1
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Medium water supplies scenarios
Table 82: Estimates of change in cases of disease due to compliance with
bacteriological Standards, Medium supplies
Estimates of change in cases of disease due to compliance with bacteriological
Standards,, Medium supplies

Disease

Estimated annual change in cases of diseases
best

high

low

Campylobacteriosis

1653

2696

1079

Cryptosporidiosis

0

0

0

Giardiasis

0

0

0

Salmonellosis

76

107

57

Shigellosis

2

2

2

STEC

3

205

1

Yersiniosis

121

291

58

Norovirus

294

734

52

Table 83: Estimates of change in cases of disease due to compliance with
bacteriological and protozoal Standards, Medium supplies
Estimates of change in cases of disease due to compliance with bacteriological and
protozoal Standards, Medium supplies

Disease

Estimated annual change in cases of diseases
best

high

low

Campylobacteriosis

1653

2696

1079

Cryptosporidiosis

1402

3872

688

Giardiasis

1736

4795

894
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Estimates of change in cases of disease due to compliance with bacteriological and
protozoal Standards, Medium supplies
Salmonellosis

76

107

57

Shigellosis

2

2

2

STEC

3

205

1

Yersiniosis

121

291

58

Norovirus

294

734

52

Minor water supplies scenarios
Table 84: Estimates of change in cases of disease due to compliance with
bacteriological Standards, Minor supplies
Estimates of change in cases of disease due to compliance with bacteriological
Standards,, Minor supplies

Disease

Estimated annual change in cases of diseases
best

high

low

Campylobacteriosis

3563

5810

2325

Cryptosporidiosis

0

0

0

Giardiasis

0

0

0

Salmonellosis

163

232

123

Shigellosis

5

5

5

STEC

7

442

3

Yersiniosis

262

627

125

Norovirus

635

1581

112
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Table 85: Estimates of change in cases of disease due to compliance with
bacteriological and protozoal Standards, Minor supplies
Estimates of change in cases of disease due to compliance with bacteriological and
protozoal Standards, Minor supplies

Estimated annual change in cases of diseases

Disease
best

high

low

Campylobacteriosis

3563

5810

2325

Cryptosporidiosis

3264

9013

1602

Giardiasis

4042

11160

2081

163

232

123

Shigellosis

5

5

5

STEC

7

442

3

Yersiniosis

262

627

125

Norovirus

635

1581

112

Salmonellosis

Small water supplies scenarios
Table 86: Estimates of change in cases of disease due to compliance with
bacteriological Standards, Small supplies
Estimates of change in cases of disease due to compliance with bacteriological
Standards,, Small supplies

Disease

Estimated annual change in cases of diseases
best

high

low

1559

2543

1017

Cryptosporidiosis

0

0

0

Giardiasis

0

0

0

71

101

54

Campylobacteriosis

Salmonellosis
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Shigellosis

2

2

2

STEC

3

193

1

Yersiniosis

114

274

55

Norovirus

278

692

49

Table 87: Estimates of change in cases of disease due to compliance with
bacteriological and protozoal Standards, Small supplies
Estimates of change in cases of disease due to compliance with bacteriological and
protozoal Standards, Small supplies

Estimated annual change in cases of diseases

Disease
best

high

low

Campylobacteriosis

1559

2543

1017

Cryptosporidiosis

672

1855

330

Giardiasis

832

2297

428

Salmonellosis

71

101

54

Shigellosis

2

2

2

STEC

3

193

1

Yersiniosis

114

274

55

Norovirus

278

692

49
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Neighbourhood water supplies scenarios
Table 88: Estimates of change in cases of disease due to compliance with
bacteriological Standards, Neighbourhood supplies
Estimates of change in cases of disease due to compliance with bacteriological
Standards,, Neighbourhood supplies

Estimated annual change in cases of diseases

Disease
best

high

low

Campylobacteriosis

464

757

303

Cryptosporidiosis

0

0

0

Giardiasis

0

0

0

Salmonellosis

21

30

16

Shigellosis

1

1

1

STEC

1

58

0

Yersiniosis

34

82

16

Norovirus

83

206

15

Table 89: Estimates of change in cases of disease due to compliance with
bacteriological and protozoal Standards, Neighbourhood supplies
Estimates of change in cases of disease due to compliance with bacteriological and
protozoal Standards, Neighbourhood supplies

Estimated annual change in cases of diseases

Disease
best

high

low

Campylobacteriosis

464

757

303

Cryptosporidiosis

113

311

55

Giardiasis

140

386

72
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Estimates of change in cases of disease due to compliance with bacteriological and
protozoal Standards, Neighbourhood supplies
Salmonellosis

21

30

16

Shigellosis

1

1

1

STEC

1

58

0

Yersiniosis

34

82

16

Norovirus

83

206

15
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15 Appendix five: Water carrier compliance
Moving from Class 2 to Class 1 supply
Currently, there are 19 water carriers that are registered as supplying Class 2 drinking
water throughout New Zealand. As the Health Act (1956) currently stands, all water
suppliers will, in the future, be required to supply Class 1 drinking water to all domestic
tank supplies.
Class 1 drinking-water is divided into two subclasses:
•

Class 1(a) is water taken from a networked supply that complies with the Standards
and is listed in the Register of Community Drinking-water Supplies and Suppliers
in New Zealand.

•

Class 1(b) is water taken from an independent participating supply that meets the
compliance criteria for such systems.

Class 2 water is water that does not meet the Class 1(a) or Class 1(b) drinking-water
criteria, but is intended for drinking purposes after appropriate treatment. The treatment
that will be carried out must render the water potable. Class 2 water may be taken only
from water sources approved by a Drinking Water Assessor (DWA).
Tankered drinking-water carriers are required to complete a public health risk
management plan (PHRMP) in relation to the method of transporting water intended for
drinking. The PHRMP must identify potential risk and put programmes in place to
mitigate such risks. The PHRMP must be reviewed and revised regularly.
Samples from the delivery tank must be collected for E. coli testing at a Ministry of
Health recognised laboratory:
•

Every third month, if the water being carried is Class 1(a) and contains at least 0.2
mg/L FAC or equivalent at the filling point.

•

Monthly, if the water being carried is Class 1(a) but contains less than 0.2 mg/L
FAC or equivalent at the filling point.

•

As specified by the DWA, if the water carried is Class 1(b) or Class 2.

15.1 Costs of compliance with the Health Act (1956)
Beca have estimated the costs of requiring all water carriers to supply Class 1 water to
all tank supplies.
There are two primary impacts of supplying Class 1 water to all tank supplies, these are
the additional distance travelled to source Class 1 drinking water and the cost of
purchasing Class 1 water.
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For all water suppliers currently supplying Class 2 water in NZ, the total annual
additional cost of supplying Class 1 water is estimated at $1.6m. A significant
proportion of this cost relates to the transportation of Class 1 water to residents of
Waiheke Island because currently water carriers are unable to obtain Class 1 water on
Waiheke Island and would have to transport Class 1 water via ferry from Half Moon
Bay.

15.1.1 The benefits of Class 1 water for tank supplies - four possible
outcomes
Ongoing efficient water treatment (apart from filtration and disinfection) is normally
beyond the practical capability of most domestic water users. To be confident that a
domestic water storage tank is safe requires either its isolation from identified hazards or
continuous water treatment and regular laboratory testing. The benefits to be derived
from restricting the supply by tankers to class 1 water therefore depends heavy upon the
levels of contamination of supplied water in relation to that already present in the tank
being supplied, or the risks of contamination once in the tank.
•

The quality of the water supplied may vary according to the specifications of the
DWA. The quality of the water already in the tank will also vary according to its
source (if tanker is not the only source of supply). For instance:

•

Rainwater collected and stored in domestic tanks will contain a range of
microorganisms from one or more sources. While most will be harmless, the safety
of rainwater will depend on excluding or minimising the presence of enteric
pathogens. Rainwater is not the most likely source of any of pathogens that cause
gastrointestinal illness such as Giardia, Cryptosporidium, Campylobacter or
Salmonella.

•

Water subject to contamination from human or livestock waste, such as dams,
rivers, and creeks can contain a wide range of pathogenic organisms including
chlorine-resistant cryptosporidium. Water of this type may not be suitable for
drinking even after disinfection.

•

Water from a deep, encased, and well maintained bore and/or from a confined
aquifer will generally not need disinfection after addition to a rainwater tank, but
the chemical quality of some groundwater is not suitable for drinking.

•

Groundwater from shallow or unconfined aquifers is readily contaminated by
agricultural, industrial, or urban activities.

Table 91: Benefits of different classes of tanker-supplied water are dependent
upon the quality of the existing tank supply and risks of contamination
Class 1 tanker supply

Class 2 tanker supply
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Uncontaminated
domestic
tank/supply

Benefit as domestic storage tank
remains uncontaminated and is
suitable for drinking.

Tank may become contaminated and require
adherence to boiling before consumption
and/or other treatment measures.
Contamination may not be recognised until
health impact (i.e. sickness).

Contaminated
domestic
tank/supply

Effect depends upon level and type of
contamination present in domestic
storage tank, may be some benefit
from diluting level of contamination.

May increase the contamination level or
introduce additional contaminants.
May require additional adherence to boiling
before consumption and/or other treatment
measures.

Class 2 water supply is still monitored and managed in accordance with an approved
regime. Compliance may include directions for drinkers of the supplied water to boil it
before consumption.
The level of benefit derived from requiring supply of Class 1 instead of Class two water
will depend upon:
•

The quality and frequency of use of the Class 2 water that would otherwise have
been supplied (assuming at least partial supply from other sources in most cases).

•

Adherence to any directions/restrictions on use.

•

quality and ongoing maintenance of the domestic supply system it is received into.

For instance, water quality in rainwater tanks can change rapidly during wet weather and,
during dry periods numbers of indicator bacteria (E. coli) and faecal pathogen numbers
may decrease due to die-off, or increase due to animal contamination of the system (e.g.
drowned animal in the tank trying to access water).
The uncertain impact of prior immunity would also need to be factored-in when
considering any possible effect from differing levels of additional contamination caused
by Class 2 water supply. Based on the papers we have seen, we would suggest that
evidence on the extent to which repeated exposure to diseases results in immunity and
reduced illness, versus shifting of timing of illness, is inconclusive.
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16 Appendix six: Chemical contaminant
health effects
The following information was provided by ESR as explanation to the calculation of the
health effects expected from the breaches of chemical MAVs. Small changes from the
original have been made to reduce length and improve readability.
MAV factors
From a toxicological point of view, chemicals can be regarded as being of two types:
those with a threshold concentration, below which no significant health effects are
believed to exist, and those without a threshold concentration. The latter are considered
to represent some threat to health irrespective of their concentration.
The MAVs for non-threshold chemicals, which are primarily genotoxic carcinogens, are
calculated on the basis of a tolerable excess risk (probability) of cancer development
over a 70 year lifetime121. Where possible, the World Health Organization (WHO) uses a
tolerable excess risk of 1 in 10-5 (for an individual) in establishing its guideline values122.
This translates to the risk, on a population basis, of 1 additional cancer development in
every 100,000 people. The NZ MAVs use the same tolerable level of risk. There are
some determinands123, arsenic is one, for which there are practical difficulties in
reducing their concentration to a level equivalent to a risk of 1 in 10-5. In these cases, the
MAV is set at the lowest concentration that is practicable (above the concentration
giving a 1 in 10-5 risk).
With few exceptions, a MAV for a chemical is calculated for long-term exposure, i.e.,
their health effects are manifested over a lifetime (defined as 70 years) of consumption.
The MAVs for threshold chemicals are based on a no observed adverse effect level
(NOAEL)124, or epidemiological evidence. The NOAEL is derived (usually) from
animal experiments and is typically expressed on a dose per unit of bodyweight per day.
Uncertainty factors, an assumed daily water consumption, and the fraction of the daily
intake expected to arise from water, are incorporated with it to calculate the MAV.
Epidemiological-based MAVs are the concentrations observed to be free of health

121

This is the risk of developing cancer, not necessarily death.

122

WHO makes clear that each country has to decide the level of risk is considers “tolerable”.

123

Determinand is something that can be measured in the water. It is used interchangeably with
chemical in this note.
124

This does not include genotoxic carcinogens and a small number of other chemicals.
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effects from studies of communities in which exposure to the chemical of interest is
known.
MAVs calculated from NOAELs depend on the assumed average bodyweight. WHO,
because it needs to take account of populations in developing nations in which
bodyweight is lower than in developed nations, assume a 60kg body weight. The MAVs
listed in the Standards are corrected for an average bodyweight of 70kg. The WHO
assumes that a single person’s daily intake of water is 2L. Figures for consumption by
New Zealanders indicate that in NZ the average intake is probably lower, but the 2L
figure has been retained for the calculation of MAVs from NOAELs.
A chemical that has no threshold for health effects, and for which a risk of illness has
been estimated, allows an estimation of the level of illness to be made at other
concentrations of the chemical. However, for threshold chemicals, although significant
health effects are not expected at the threshold (MAV), the concentration above the
MAV at which a health effect may become apparent is often unknown. The MAV does
not represent a concentration at which there is a sudden step in the toxicity of the
substance at which effects suddenly become apparent.
Generally, the chemical quality of New Zealand’s drinking waters is good. When
exceedences of an MAV do occur, it is usually only by a relatively small percentage of
the MAV. This is unlike other countries where arsenic, for example, may exceed a
WHO Guideline by orders of magnitude. This will make differences in disease burden
estimates small (between the determinand at its MAV and at the slightly higher
concentration currently recorded in the water).
Water testing factors
The data collected by the annual survey about the concentrations of chemicals that are
being monitored by a water supplier are limited. Although chemicals need to be sampled
at a minimum frequency of monthly (except for fluoride which is sampled weekly), the
survey does not collect all test results. The maximum concentration found during the
monitoring programme, and number of samples in which the determinand exceeded its
MAV, are requested. The percentage of samples with exceedences gives an indication of
how typical the maximum concentration reported might be.
The data used for the assessment were obtained from the 2007-08 national annual survey
of drinking-water quality. It should be appreciated that this dataset provides only a snapshot of the state of the country’s water quality. The supplies in which chemicals have
been found that exceed their MAV, and the population exposed to these determinands,
may change from year to year (i.e. within the 70-year population exposure calculation).
The variability in the concentration of a determinand (between samplings) can also
range from very little to substantial. Naturally-occurring substances derived from
geological sources, for example, are likely to be relatively stable in their concentration,
so that the maximum concentration reported in the annual report is probably
representative. On the other hand, disinfection by-product concentrations depend, inter
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alia, on the concentration of their precursors in the source water; which can vary
markedly with weather conditions.
Effect on health impact assessment
In calculating the level of disease in a community that may arise from a given chemical
determinand, it has to be assumed that all members in the community receive the same
level of exposure over their lifetime. There are two factors that influence the accuracy of
this assumption. First, the NZ population is relatively mobile and there will be people
entering and leaving a community. This will lead to an assumed duration of exposure
greater than the actual duration, and will over-estimate the level of illness (at both the
MAV and when the maximum concentration exceeds the MAV). Second, for
determinands with variable concentrations, the assumption of a single level of exposure
is only an approximation.
The maximum concentration of a determinand reported through the annual survey is
assumed to be the concentration to which the population is exposed, and exposure at this
level is assumed to be constant over the lifetime (70 years) of the members of the
community. Although the reported maximum is not necessarily the actual maximum,
this assumption will probably result in an estimated level of exposure that is higher than
typical. The number of exceedences will give some indication of this. This assumption
will tend to over-estimate the level of illness (at both the MAV and when the maximum
concentration exceeds the MAV).
The calculations assume the remedial action to improve the chemical water quality
would reduce the determinand concentrations only to their MAV, and this is used as the
point of comparison. In reality, depending on the determinand in question, the remedial
action may reduce the determinand’s concentration well below its MAV. The
assumption of the concentration being reduced only to the MAV, therefore, will tend to
under estimate the health benefit of taking remedial action for non-threshold chemicals.
(For threshold chemicals, there should be no health effect at concentrations below the
MAV).

16.1 Health effect calculations
Arsenic
Arsenic is a genotoxic carcinogen (i.e. there is no-threshold concentration below which
it is considered to have no health effect). Estimates of cancer risk are available for this
deteminand. It is, therefore, one of the determinands for which estimates of disease
burden can be made.
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The WHO provides the following estimates of the probability of cancer development,
obtained from a US National Research Council report125:

Excess lifetime probability of cancer
development at 0.01mg/L of arsenic
Bladder Cancer
Males

0.0023

Females

0.0012

Lung Cancer
Males

0.0014

Females

0.0018

The arsenic concentration in many of the affected supplies is probably relatively
constant; therefore the maximum reported concentrations are probably reasonable
estimations of the typical concentration.
The calculations are made as follows:
1.

The level of disease expected at the MAV, i.e., the number of additional cancer
cases expected over a 70 year period due to arsenic, is calculated using the
population figure for each supply multiplied by the WHO probabilities (at the
MAV) for each cancer type and sex. The population figure is halved to take rough
account of the two sexes.

2.

The level of disease expected at the current arsenic concentration (assumed to be
the maximum reported concentration) is calculated by linearly scaling the WHO
probabilities and multiplying them by the populations (as above).

125

US NRC (2001) Arsenic in drinking water, 2001 update. Washington, DC, US National Research.

Council, National Academy Press.
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3.

The difference in levels of disease, determined from 1 and 2, are calculated and
summed. This is the benefit, in health terms, of having arsenic concentrations
reduced to the MAV.

The calculated result indicates that approximately 30 additional cases of cancer due to
arsenic could be expected over a 70 year period if arsenic concentrations remained the
same as current, compared with requiring water suppliers to reduce the arsenic
concentration to the MAV.
As a check on this result to see that it makes reasonable sense, a cross-check was made
with the number of cancer incidences in this community that might be expected over 70
years from these two forms of cancer, based on new cancer registrations recorded in NZ
in 2005126. This assumes:
•

The average cancer incidence rate throughout NZ from these forms of cancer also
applies to the communities served by the supplies recorded in the spreadsheet.

•

The number of incidences of lung cancer is equal to the numbers recorded as “Lung
and Bronchus” cancer127, which is clearly an over estimate.

The predicted incidences for a 70 year period is 966 in these communities from all
causes. The number of incidences due to arsenic (ca. 30) which could be avoided by
reducing the concentration to its MAV, is expected to constitute a little over 3% of the
total.
Nitrate
Nitrate demonstrates the difficulties in dealing with a threshold chemical. Moreover, its
health effects are acute and affect a very specific group within the community; bottle-fed
infants.
Only one water supply was reported to have nitrate concentrations that exceeded the
MAV in the 2007-08 year. The percentage of samples in which nitrate exceeded its
MAV shows that the maximum concentration is a reasonable estimate of the typical
concentration for that supply.
An estimate of the size of the potentially affected population is also possible. The 2006
Census showed that NZ had a population of 4,143,279, 56,628 (1.4%) of which were
less than 1 year old (Statistics New Zealand128). No breakdown into younger age
brackets is available, so an estimate of the percentage of the population in the “less than
3 month age group” (those at risk from elevated nitrate concentration) is made by

126

http://www.moh.govt.nz/moh.nsf/pagesmh/8414/$File/cancer2005-revised-edition-excel-tables.xls

127

The figures are not sub categorised further.

128

http://wdmzpub01.stats.govt.nz/wds/TableViewer/tableView.aspx.
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assuming an equal distribution within the “less than 1 year” bracket and dividing the
percentage (1.4%) by 4, giving an estimated 0.35% of the population being of this age.
Approximately 12% of NZ infants are exclusively breastfeed for the first 6 months of
their lives129. Therefore, ca. 88% of the 0.35% of the population are potentially at risk
from exposure to nitrate through their infant formula.
The MAV for nitrate is epidemiologically derived. Health effects are not expected
provided the concentration does not exceed the MAV. The WHO states that
concentrations up to twice the MAV are tolerable provided the water is of good
microbiological quality. With this proviso, health effects are unlikely to result from
small exceedences of the MAV (such as those recorded). Although the microbiological
quality of the water has an influence on the likelihood of methaemoglobinaemia
development (“Blue-baby” syndrome, the primary health concern associated with
nitrate), this association has not been quantified.
In summary, we know approximately how many infants are potentially at risk. There is
no way of assessing how many of these may become ill, but, judging from the relatively
small exceedence of the MAV, illness is unlikely. Nitrate is a particularly controversial
determinand in NZ because of concern that intensified dairying is likely to be leading to
increased levels of nitrate in groundwater. Further, there are arguments over the
scientific basis for the WHO Guideline (on which our MAV is based).
Boron
Boron is a threshold chemical. It is one of the chemicals in the DWSNZ 2005 (Rev.
2008) with an MAV (1.4 mg/L) that is different from the provisional MAV set by the
WHO (0.5 mg/L). The difference arises from:
•

The benchmark dose of 10.2mg/kg used for the NZ calculation being greater than
the 9.3 mg/kg figure used by the WHO.

•

The greater assumed bodyweight of the average New Zealander.

•

Drinking water assumed to constitute a higher percentage of the daily intake (20%)
than assumed by WHO (10%) because the greater occurrence of boron in the NZ
environment that was assumed by WHO.

•

A smaller uncertainty factor (50) compared with the uncertainty factor used by
WHO (60).

The critical effect (identified by WHO and in the NZ derivation) is developmental
toxicity (i.e. decreased foetal development in rats) and consequently, pregnant women
are the subgroup of interest.

129

National Strategic Plan of Action for Breastfeeding 2008–2012, National Breastfeeding Advisory
Committee of New Zealand. Ministry of Health, 2009.
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During the 2007-08 year, only one supply had boron as a Priority 2 (P2) determinand130,
and monitoring showed that the MAV was exceeded on several occasions.
Although the MAV is designed to avoid pregnant women being exposed to boron, the
individuals actually benefiting from this protection are the babies. Therefore, birth
statistics can be used to estimate the number of individuals potentially affected each
year, provided it is assumed that the birth rate is the same in the community of interest
as throughout the rest of New Zealand. (This assumes the majority of the population is
not retired, for example).
The NZ population at the 2006 Census was 4,143,279 and the number of live births
59,193 (Statistics New Zealand). The population of the community affected by the
elevated boron concentration is ca. 1,332. An estimate of the number of infants
potentially affected is ca. 19 (1,332 x 59,193/4,143,279).
The percentage of samples in which boron was found to exceed its MAV was 12%
(6/52), indicating that the boron concentration is variable, and that its concentration is
unlikely to exceed the MAV 365 days a year. Exposure is therefore lower than if the
boron concentration always exceeded the MAV. Given this, and the lack of information
about how far above the MAV health effects may be experienced, an estimate of the
burden of disease arising from boron cannot be made.
Note that conventional treatment (coagulation/flocculation-clarification-filtrationdisinfection) does not significantly reduce the boron concentration in water. Ion
exchange and membrane filtration may have some effect, but are expensive. If a
suitable (i.e. low-boron) secondary source is available, blending of the waters is
probably the most economic approach to dealing with high boron concentrations.
Bromodichloromethane
Bromodichloromethane (BDCM) is a disinfection by-product and suspected carcinogen
without a threshold. The NZ MAV is equal to the WHO guideline.
The WHO modelling determined that a 10-5 excess cancer risk would result from a
BDCM concentration of 0.021mg/L based on the critical tumour types in male mice for
a 2L daily intake. However, the previous guideline (0.06 mg/L) was retained by WHO
for two reasons: 1) the same scientific data have been used for both guidelines, only the
modelling approach was different; 2) it may be technologically difficult to achieve lower
concentrations without compromising disinfection efficacy.
To get a more accurate estimate of the probability of cancer development, the
probability needs to be adjusted for the MAV concentration being greater than the
0.021 mg/L concentration at which the excess cancer risk is 10-5.

130

A determinand known to have exceeded 50% of its MAV in a supply, and assigned to the supply so that
monitoring of the determinand is required for compliance with the DWSNZ.
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Assuming that the excess risk is proportional to concentration131, and using the daily
dose resulting from consumption of 2L of water containing BDCM at 0.06mg/L
concentration, an annual excess probability of cancer development of 2.9 x 10-5 at the
MAV can be calculated. A breakdown of this probability by sex (as was available for
arsenic) is not available for BDCM, and this value is assumed to apply to all members of
the population.
The population affected by exceedences of the MAV is so small that excess cancer
development over a 70 year period due to bromodichloromethane exceeding its MAV to
the extent presently found is negligible.
Chlorate
Chlorate is only found in water supplies that are chlorinated using sodium or calcium
hypochlorite (although not all of these supplies have the problem). In high strength
solutions, hypochlorite reacts with itself to form chlorate. Both sodium and calcium
hypochlorite are used as high concentration solutions that are then dosed into the water
being treated. The older the solution the longer the time this reaction has to proceed, and
the higher the concentration of chlorate in the stock solution that is dosed into the water.
Gas chlorine is not held in solution, but injected directly into the water at low
concentrations so the problem does not arise.
Chlorate is an example of a determinand that can be reduced in concentration by means
other than treatment. The water supplier should ensure that the chemical supplier
provides fresh solutions, and should not stock-pile large quantities so that the solutions
are aged by the time they are used.
Chlorate is a threshold chemical. A WHO NOAEL, with a value of 30mg/kg/day, with
an uncertainty factor of 1,000, is used as the basis of the MAV calculation. This
NOAEL was obtained from both a rat study and a human volunteer study. Higher
concentrations were not used in the human study that would allow a concentration at
which health effects became apparent to be identified.
No sickness is believed to occur at chlorate concentrations below its MAV. Although
one water supply reported a chlorate concentration in excess of its MAV, there are two
reasons why the burden of disease resulting from this can be assumed negligible:
1.

The MAV (0.8mg/L) is only slightly exceeded by the maximum reported
concentration (0.81 mg/L).

2.

The treatment plant that reported the exceedence is a stand-by plant, which is
seldom used. (Seldom use explains the elevated chlorate concentration. Infrequent
use will result in the hypochlorite solution being stored for extended periods). As
the treatment plant is rarely used consumers are very unlikely to experience adverse
health effects at the reported maximum concentration.

131

A valid assumption at the low doses for contaminants in drinking water.
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Dichloroacetic acid (DCAA)
DCAA is a disinfection by-product resulting from chlorination of a water supply. The
WHO guideline for DCAA, on which the MAV (0.05mg/L) is based, was established on
the basis of its carcinogenicity. It is therefore a non-threshold chemical - which allows
for excess levels of cancer resulting from exposure to the compound to be estimated.
The WHO states that a concentration of 0.04mg/L equates to an excess cancer risk of 105
. However, because of concerns that disinfection may be compromised in trying to
reach this concentration, the WHO guideline is raised to 0.05 mg/L. This equates to an
excess cancer risk (over a lifetime of consumption) of ca. 1.3 x 10-5 assuming linearity
of the dose-response slope. The calculation assumes all members of the exposed
communities are at the same level of risk. Linearity of the dose-response relationship is
assumed for the low concentrations found in drinking waters, so that the level of illness
resulting from concentrations exceeding the MAV can be made.
The population affected by levels of DCAA in excess of its MAV is too small for
estimated levels in cancer development to increase measurably.
Fluoride
Fluoride is a threshold chemical. The WHO guideline (1.5 mg/L - used as the DWSNZ
MAV) is epidemiologically-derived from observations of health effects in populations
naturally exposed to varying levels of the determinand. The health end-point of concern,
from exceedence of the MAV, is mild dental fluorosis (mottling of teeth enamel).
With one exception, all water supplies with fluoride assigned as a P2 determinand have
this assignment because they intentionally add fluoride to their water. The
concentrations are generally well-controlled close to the target concentration of ca. 1.0
mg/L (for protection against dental cavities), so exceedences of the MAV are likely to
be short-lived.
The data confirms that the number of transgressions of the MAV constitute only a small
percentage of the total samples acquired, i.e. exceedences are infrequent, and that the
highest concentration was only 1.8 mg/L. This information is important as, unlike most
chemical determinands, there is a relatively small difference between concentrations
considered safe and those at which adverse effects may be observed. The WHO reports
skeletal fluorosis is observed at fluoride concentrations between 3 and 6 mg/L.
In summary, as with the other threshold chemicals, data are unavailable with which to
assess the level of disease resulting from exceedence of the MAV. A relatively large
population of 39,000 was supplied by treatment plants at which there was an exceedence,
but information about the frequency, likely duration, and the extent of exceedence
would indicate that health effects are unlikely to be significant.
Manganese
Manganese is a ubiquitous, naturally-occurring determinand, commonly present in
groundwater. It has an aesthetic guideline of 0.05mg/L, well below its MAV of 0.4
mg/L. Consequently, people are likely to complain about their laundry being stained
before health problems are experienced. Its concentration in water from a given well
can be quite variable.
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Manganese is a threshold chemical. The WHO guideline is based on an analysis of
manganese intakes in typical western and vegetarian diets. The maximum estimated
manganese intake (11 mg/day) does not represent a threat to health, and has been taken
as an NOAEL. No data are available that show what levels in a human diet are toxic.
The data shows that the MAV was exceeded in almost half the samples in one supply,
and that the maximum concentration measured in that supply was ca. six times the MAV.
The WHO reports studies that have studied exposure to manganese at levels above and
below this level, some of which have observed health effects and others not. The
problem with the majority of these studies is that they have not taken account of
manganese from other sources, or associated deficiencies or excesses of other elements.
Consequently, a clear conclusion cannot be drawn about the potential health effects of
the manganese concentration of 2.4 mg/L recorded in the NZ water supply noted above.
MAV ratio sum of the haloacetic acids (HAAs)
The haloacetic acids are a family of disinfection by products that includes DCAA
already considered above. The MAV ratio sum in the case of HAAs is defined as:

[DCAA]
MAV DCAA

+

[TCAA]
MAVTCAA

where the square brackets denote concentrations, and TCAA is trichloroacetic acid. The
MAV of 1 for the MAV ratio sum can be exceeded by either of the individual HAAs
(dichloroacetic acid or trichloroacetic acid) exceeding its MAV, or the ratios adding to
more than 1 with neither of the individual compounds exceeding its MAV. This
complicates the task of evaluating the burden of disease that may result from the sum
ratio exceeding 1.
The annual survey of water supplies does not provide information about the individual
DCAA and TCAA concentrations when the P2 assignment is for the HAA MAV ratio
sum. Consequently, the contributions of the two compounds to the MAV exceedence
cannot be determined. However, the following provide guidance in deciding how an
estimation of the disease burden may be made:
a)

The WHO has concluded that the weight of evidence does not suggest TCAA is a
genotoxic carcinogen. Therefore, TCAA is a threshold chemical and is not expected
to have health effects at concentrations less than, or equal to, its MAV.

b)

A review of the data used to make the original P2 assignments shows that there
were no samples in which TCAA exceeded its MAV, although there were some
with DCAA exceedences.

TCAA therefore seems unlikely to contribute to any illness resulting from the HAA
MAV ratio sum exceeding 1. The approach to estimating the level of illness result from
the MAV exceedence assumes that the required reduction in the MAV ratio sum is
achieved by a reduction in the DCAA concentration only. The advantage of this
assumption is that an excess cancer risk value is available for DCAA to provide the
basis for the estimate.
The assumption will result in a worst case estimate of the level of disease arising from
the MAV exceedence, because, in practice, a reduction in the MAV ratio sum will result
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from reductions in both TCAA and DCAA. This gives an optimistic estimate of the
reduction in disease burden.
The data shows that meeting the MAV ratio sum for HAAs would not bring about a
discernable reduction in incidences of cancer, even if the reduction in the HAA
concentration is attributed solely to DCAA.
Note that in dealing with MAV ratio sums in general (a MAV ratio sum is also
calculated for THMs below), care is needed to avoid “double counting” cases of illness
due to the possibility that individual determinands may have already been taken into
account in their own right. This is probably best handled by using the illness estimates
from whichever determinand (the MAV ratio sum, or the individual compound) gives
the greatest illness estimate. In the HAA case, neither the DCAA concentration nor the
MAV ratio sum is estimated to have a significant influence on the disease burden.
MAV ratio sum of the trihalomethanes (THMs)
The trihalomethanes are a family of disinfection by products that includes BDCM
already considered above. The MAV ratio sum in the case of THMs is defined as:

[CHCl3 ] + [CHCl2 Br ] + [CHClBr2 ] + [CHBr3 ]

MAVCHCl3

MAVCHCl2 Br

MAVCHClBr2

MAVCHBr3

where the square brackets denote concentrations: CHCl3 is chloroform; CHCl2Br is
bromodichloromethane (BDCM); CHClBr2 is dibromochloromethane (DBCM); and
CHBr3 is bromoform. The MAV of 1 for the MAV ratio sum can be exceeded by any of
the individual THMs (chloroform, bromodichloromethane, dibromochloromethane, or
bromoform) exceeding its MAV, or the ratios adding to more than 1 with none of the
individual compounds exceeding its MAV.
BDCM is the only member of the THM family with an MAV that is based on a
genotoxic cancer endpoint, and for which a probability of cancer development has been
estimated. The health effects of all other THMs are believed to have thresholds, and
therefore probabilities of illness occurring above the threshold have not been determined.
As with HAAs, the annual survey does not collect data on the concentrations of the
individual THM concentrations when the P2 determinand being monitored is the THM
MAV ratio sum. Consequently, contributions from the individual THMs cannot be
assessed. Examination of the data originally used in assigning P2 classifications shows
that none of the MAV ratio sums from those samples resulted from an individual THM
exceeding its MAV, although BDCM was a major contributor to the MAV ratio sum in
all cases.
Changes in the MAVs for two THMs since the P2 assignments were originally made
will have an influence on the calculated level of disease that might be expected from the
MAV ratio sum being exceeded.
Water supplies will have been assigned monitoring for THMs when the 1995 edition
was in force. Chloroform and BDCM are the primary THMs of concern; hence the
increase in the MAV for chloroform over time (which halves its contribution to the
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MAV ratio sum) will have increased the importance of the BDCM contribution to the
ratio sum.
In evaluating the extent to which the disease burden might be reduced by reducing the
MAV ratio sum for THMs to 1, the same approach is used as was employed for the
HAAs, i.e., the reduction to 1 is assumed to be due to a reduction in the concentration of
the only THM for which an estimate of cancer incidence probability is available, BDCM.
Again, this gives the most optimistic reduction in the incidences of cancer due to THMs.
Even with the most optimistic assumption, the reduction in the number of cancer
incidences over a 70 year period is negligible.
Cadmium, Copper, Lead, Nickel
These heavy metals, for which transgressions have been reported, are derived from the
corrosion of household plumbing systems. With the exception of copper, it is taps, or
plumbing fittings attaching them to a household’s pipes, that are the primary sources of
these metals. Copper is derived primarily from copper pipes (or perhaps copper
guttering in the case of rainwater supplies).
Although the corrosiveness of waters throughout the country varies, the chemistry of NZ
waters is generally such that they are naturally corrosive without further treatment.
Because most of these metals are leached from the tap (or associated fittings), their
concentrations in water beyond the tap are below 50% of the MAV. As a result, flushing
a small volume of water from the tap before drawing water for drinking or food
preparation reduces exposure to these metals to a level that is not a concern.
The DWSNZ designate all waters as “plumbosolvent”, and do not require metal
concentrations to be monitored. Instead, there is a requirement for water supplies to
provide advice to their consumers twice a year to flush their taps each morning (to avoid
metals leached from plumbing while the water was standing in the pipes overnight)
before drawing the water for use.
An estimate of the disease burden associated with cadmium, lead and nickel has not
been made for the following reasons:
a)

There is only a small number of supplies monitoring metals (most are providing the
advice to consumers), so metal concentration data are relatively scarce.

b)

It is impossible to get a reliable indication of the level of exposure of the population
overall. The metals are not present in the water provided to homes; it is the
interaction of the water with plumbing materials that gives rise to the metals. The
characteristics of each dwellings plumbing influence the metal concentrations in the
small volume of water first drawn from a tap. Consequently, the concentrations in
the water coming from each tap are unknown. The monitoring results, which are
available are from a small number of sampling points, may give a misleading
picture of the level of exposure of the community as a whole.

c)

Provided water suppliers give flushing advice to their consumers, and the advice is
heeded, exposure to heavy metals should be at concentrations well below the MAV.
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In short, the health effects of these metals should be minimised by the warning to flush
taps. Other factors influencing their concentration are too complex to allow satisfactory
assessment of exposure to them.
As noted earlier, copper is the exception with respect to its source. It is also an exception
for other reasons. Flushing does not reduce the copper concentration unless
impracticable volumes of water are flushed from the tap. However, the health effects of
copper are generally not a concern until its concentration has reached levels well beyond
those at which a metallic taste is apparent. Few other chemical contaminants have this
built-in warning, which affects the palatability of the water, at concentrations lower than
the MAV.
Copper is also different from other chemical determinands because although it has
chronic effects it also induces vomiting in most people at concentrations only a few
times the MAV. This symptom has been reported at copper concentrations as low as 4
mg/L ( MAV = 2 mg/L). This emetic response is believed to be part of the system
whereby the body regulates its copper levels. The acute effects are the primary basis for
the MAV.
Copper has been reported to exceed its MAV in only 1 supply. The maximum
concentration (2.7 mg/L) was still below the concentrations at which acute effects have
been reported, so an acute health effect is unlikely. As copper is a threshold chemical, an
estimate of the chronic disease burden of this exceedence cannot be made.
Trichloroacetaldehyde (chloral hydrate)
There are exceedences recorded for this determinand, but the 2008 revision of the
DWSNZ follows a WHO revision and no longer assigns a MAV to it.
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17 Appendix seven: Data request to NZHIS
The following table shows the detail of the data request made to the NZ Health
Information Service to inform the modelling of the health outcomes and benefits from
avoided disease.
Module
Campylobac ter
Campylobac ter
Campylobac ter
Campylobac ter
Campylobac ter
Campylobac ter
Campylobac ter
Campylobac ter
Campylobac ter
VTEC
VTEC
VTEC
VTEC
VTEC
VTEC
VTEC
Cryptosporidiosis
Giardiosis
Salmonella
Salmonella
Salmonella
Salmonella
Salmonella
Salmonella
Salmonella
Yersinia
Yersinia
Yersinia
Norovirus
Toxins
Virus (inc hep A)

Paratyphoid
typhoid
Shigellosis
Cholera
Rotavirus

Disease type Disease
Direc t
Gastroenteritis
Indirect
Guillain-Barre Syndrome
Indirect
Reactive arthritis
Indirect
Reactive arthritis
Indirect
Reactive arthritis
Indirect
Reactive arthritis
Indirect
Reactive arthritis
Indirect
Inflammatory bowel disease
Indirect
Inflammatory bowel disease
Direc t
Gastroenteritis
Direc t
Gastroenteritis
Direc t
Gastroenteritis
Direc t
Gastroenteritis
Direc t
Gastroenteritis
Indirect
HUS
Indirect
ESRD
Direc t
Gastroenteritis
Direc t
Gastroenteritis
Direc t
Gastroenteritis
Direc t
Gastroenteritis
Direc t
Gastroenteritis
Direc t
Gastroenteritis
Direc t
Gastroenteritis
Indirect
Reactive arthritis
Indirect
Inflammatory bowel disease
Direc t
Gastroenteritis
Indirect
Reactive arthritis
Indirect
Erythema nodosum
Direc t
Gastroenteritis
Gastroenteritis
Gastroenteritis
Hep A
Hep A
Gastroenteritis
Gastroenteritis
Gastroenteritis
Gastroenteritis
Gastroenteritis

Gastroenteritis

Gastroenteritis

ICD code
A04.5
G61.0
M02.1
M02.3
M02.8
M02.9
M46.9
K50
K51
A04.3
A04.0
A04.1
A04.2
A04.4
D59.3
N18.0
A07.2
A07.1
A02
A02.0
A02.1
A02.8
A02.9
A022 + M013
A02 + K51/K50
A04.6
A046 + M02
L52
A08.1
K52.1
A08
B150
B159
A01
A01
A03
A00
A08.0

Description
Campylobacter enteritis
Guillain-Barre syndrome (GBS)
Postdysenteric anthropies
Reiter's disease
Other reac tive arthorpathies
Reac tive arthropathy, unspecified
Inflammatory spondylopathy, unspecified
Crohn's disease
Ulcerative colitis
Enterohaemorrhagic Esc heric hia c oli infection
Enteropathogenic Esc heric hia c oli infection
Enterotoxigenic Esc heric hia c oli infection
Enteroinvasive E Coli
Other intestinal E Coli
Haemolytic uraemic syndrome
End stage renal disease
Cryptosporidiosis
Giardiasis (lambliasis)
Other salmonella infec tions
Salmonella enteritis
Salmonella speticaemia
Other spec ified salmonella infec tions
Salmonella infec tion, unspec ified
As for campylobac ter
As for campylobac ter
Enteritis due to Yersinia enterocolitica (excluding extraintestinal yersiniosis)
As for campylobac ter note 0 hits from data request
Erythema nodosum
Ac ute gastroenteropathy due to Norwalk agent
Toxic gastroenteritis and c olitis
Viral and other spec ified intestinal infec tions (exc luding A08.0)
Hepatitis A with hepatic coma
Hepatitis A without hepatic c oma
Typoid and paratyphoid fevers - all sub categories
Typoid and paratyphoid fevers- all sub c ategories
Shigellosis - all sub categories
Cholera - all sub c ategories
Rotaviral enteritis

A09

Diarrhoea and gastroenteritis of presumed infectious origin
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18 Appendix eight: References
Further information on sources and search terms for the review of
selected literature
The sources of information we looked at follow. This is not an exhaustive list, but is
designed to give an understanding of the type of journals and internet sites we consulted.
•

Specific papers referred to in the original ToR and in Treasury’s comments were
sourced through the MoH library

•

Previous NZ studies on drinking water

•

‘Grey’ literature, including public authorities and NGOs of the European countries,
NZ (Ministry of Health, DIA, for example); EPA and EVRI databases; overseas
water supply regulators

•

Industry links, for example, in the United Kingdom, UKWIR

•

Home pages of recognised leading academics, for example, Ian Bateman

•

International organisations such as the World Bank, UN, OECD

•

Academic journals and databases:

Some specific databases and journals that we searched included:
•

Medline

•

Science Direct

•

Academic Search Premier

•

EconLit

•

Repec

•

EVRI

Some specific journals that we searched included:
•

Journal of Toxicology and Environmental Health

•

New Zealand Medical Journal

•

Water science and technology

•

International Journal of Toxicology

•

Reviews on Environmental Health

•

Journal of Water and Health

•

Water Research
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•

Review of Environmental health

•

Epidemiology and Infection

Search terms that we used for some specific searches are shown in the table below. It is
not possible to provide all search terms used.
Summary of search terms used for the literature review
General
literature search

Water purification(s); water supply(s); potable water; drinking water
treatment; food poisoning or food contamination; public health; travel;
environmental monitoring; environmental exposure.
These were associated with:
Costs and cost analysis; actuarial analysis; risk assessment or risk
factors; neoplasms or gastrointestinal diseases; bacterial infections
and mycoses; parasitic diseases; disease outbreaks; cost benefit
analysis;
and the individual names of diseases such as cryptosporidiosis were
also searched.

Cancer

Lung neoplasms and urinary bladder neoplasms;
Water Pollutants, Chemical or Water Pollution or Water Supply or
Water Pollutants or Water Microbiology; Water Purification Arsenic
Poisoning or Arsenic;
These were associated with
Actuarial analysis or life tables or quality-adjusted life years; cost of
illness; employer Health Costs; employment/ and efficiency;
absenteeism; work Capacity Evaluation; Health Care Costs, Sick
Leave.

Productivity
analysis

Costs and cost analysis; employment and efficiency; absenteeism;
actuarial analysis or life tables or quality-adjusted life years; health
status indicators or severity of illness index or performance status or
sickness impact profile; cost of illness; quality of life; morbidity;
economic models; work capacity evaluation; employer health costs.

Individual country names were also associated with the above terms to concentrate on
developed countries: New Zealand, Australia, Great Britain, United States, North
America, Europe, Eastern Europe, Italy, Mediterranean region, Scandinavia, Japan, and
Canada.
The search was limited to the English language.
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