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Executive summary

The Ministry of Health (MoH) asked us to determine the costs of the waterborne disease
outbreak in Havelock North, the largest outbreak of its kind in New Zealand. The
contamination was discovered on 12 August 2016 and the primary impacts lasted for
approximately four weeks, though there was a relatively long ‘tail’ of secondary and residual
impacts felt outside that period.

The outbreak is the subject of an ongoing governmental inquiry. As much as possible, we
have sought to capture inquiry costs to date, though we do treat these costs separately as
they do not automatically arise from all water contamination events.

The estimation approach we took was economic in nature and focused on resource use, as
opposed to financial or accounting measures. In particular, resources consumed because of
the outbreak were valued in terms of their next best alternative use (i.e. their opportunity
cost). We used a combination of desk-based research and interviews (both over the phone
and in the field) to determine the impacts of the outbreak, and then derive estimates of cost
based on those effects.

We separated the costs into six broad groupings: local government, the business sector,
central government, non-governmental organisations (NGOs), health/illness-related costs,
and households. In addition, we distinguished costs by the following stages:

* Investigation/diagnosis refers to the sourcing and confirmation of the outbreak (e.g.
expert reports, testing, planning and setting up response teams).

*  Reaction relates to costs that arose once the contamination was confirmed (e.g.
provision of bottled water, communications and information provision and co-
ordination costs, welfare teams).

*  Remedial covers costs related to actions to ‘make right’ the water supply (treatment,
engineering costs, further testing, etc.).

*  Consequential describes costs that arise because of the outbreak (e.g. filtered water
stations, safeguards, and inquiry related costs).

*  Residual are costs that are ongoing such as monitoring, testing, rates rebates,
information campaigns, and costs to respond to ongoing inquiries as to the safety of the
water.

Total economic costs associated with the outbreak were estimated to be $21,029,288. The
vast majority of costs relate to household inconvenience due to having to boil water, buy
bottled water, and taking time off from normal activities during the outbreak (see Table 1).
This is a function of the large number of households affected (5,088) and the relatively high
costs per household of around $2,440.
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Table 1 Total costs by sector

Sector Costs Proportion
Local government $4,133,080 20%
Businesses $1,302,179 6%

Central government $5006,576 2%

NGOs $134,577 1%

Illness related $2,532,619 12%
Households $12,420,257 59%
TOTAL $21,029,288

Local government costs are the second largest and relate mainly to investigation/diagnosis
and consequential stages. Costs for the latter are associated with the inquiry. The impact on
the business community was noticeable, but not significantly materially. The estimated cost
to business of $1.3 million is less than a week of ‘normal’ retail expenditure in Havelock
North for the corresponding period. In saying this, we acknowledge that some businesses
were particularly hard-hit (e.g. food and beverage, and accommodation providers).

Similatly, estimated health-related costs were relatively modest, given the spread of the
outbreak. This reflects the prominent role that general practice played in dealing with the
affected patients in an efficient and cost-effective manner. In addition, the wide array of
supportt services that were mobilised in response to the outbreak helped reduce the potential
for costly hospital stays.

When looking at costs by stage, the ‘reaction’ stage dominates (see Figure 1). This is due to
the inclusion of household costs in this stage. Given the inquiry process is still underway,
consequential costs are likely to increase significantly. Residual costs (generally associated
with trust and confidence in the water supply, both from locals as well as visitors to
Havelock North) are expected to dissipate over time. However, we understand (anecdotally)
that publicity generated by the inquiry is positively related to concerns. That is, questions
concerning water quality/safety rise at the same time as inquiry findings are published. Thus,
to the extent consequential costs rise in future, so too might residual costs.
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Figure 1 Total costs by stage
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Obviously, not all costs are amenable to quantification and monetisation. For instance,
public faith in the quality of water is extremely difficult to measure. There is no doubt that
the outbreak caused significant stress and had a ‘scarring’ impact on residents. The extent to
which these effects can be fully captured in an economic analysis is limited. Nevertheless, we
are confident that analysis provides a reasonable approximation of the economic costs
associated with the outbreak.
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1. Introduction

1.1 Purpose of this report

The Ministry of Health commissioned Sapere to estimate the cost of the outbreak of
waterborne disease in Havelock North. This outbreak is the subject of a two-stage
Commission of Inquiry, which dwells on the cause of the outbreak, the appropriateness of
response, and the wider lessons to learn about the safety of New Zealand’s drinking water.

1.2 Cost of illness assessment

This report consists of a cost of illness assessment (COI). This method seeks to estimate the
burden of illness to individuals and society in terms of the expenditure or resource loss
resulting from the illness. We do not provide an economic analysis of possible policy
decisions affecting such costs, as would be the case with a cost-benefit analysis, cost
effectiveness analysis or cost utility analysis.

For our assignment, we were asked to solely consider costs, and only those costs arising
from this specific outbreak. We were not asked to estimate the total burden of
campylobacter on the population or to value the benefits of potential improvements to the
drinking water supply. The most appropriate analytical method is therefore a COL. However,
we did refer to other types of studies for determining how to value specific costs. In
particular, we referred to the approach taken in our previous work estimating the costs of the
2012 Darfield waterborne disease outbreak. We found two (co-published) studies that
estimated the incidence and cost of food-borne acute gastrointestinal illness (AGI) in New
Zealand, as well as a variety of international studies, and drew on these to establish our cost
categories and assumptions.!

1.3 Structure of the report
The report is organised as follows:

*  Our approach to costing this outbreak.

*  Understanding the disease.

e The affected population.

e Activity relating to the outbreak, e.g. inpatient and primary care attendances, business
activities.

°  Estimates of health costs.

o Estimates of non-health related costs.

1 Including G. W. Scott et al. (2000) ‘Economic cost to New Zealand of food-botne infectious disease’,
NZM]J, 14 July 2000; and Cressey and Lake (2008).

Page 1
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1.4 The event

The water supply is from Hastings and boreholes

Hastings has ten separate water supply systems, but the primary sources are from 32
individual bores/wells that tap into underground aquifers, as well as two springs in the
Waimarama area. Havelock North has the two largest reservoirs with a capacity of ten
million litres each.?

In recent years, the source of Havelock North water is mainly from bores at Brookvale

Road, with supplementary capacity offered by a bore at Napier Road, all collectively servicing
around 12,000 customers.? These bores supply groundwater, which Hastings District Council
(HDC) holds consent for bore abstraction under the Resource Management Act 1991.4
Water from these bores is usually untreated and pumped to the 15 reservoirs in the district
for local reticulation.’

Largest recorded outbreak in NZ of waterborne disease

Between Friday 12 August 2016 and Monday 29t August 2016, there was a widespread
outbreak of gastroenteritis in Havelock North. This was the largest recorded outbreak of
waterborne disease in the country. Over the course of the two weeks, daily life was setiously
interrupted in the area. Approximately 5,500 individuals were affected ((based on a
household survey estimate conducted by the Institute of Environmental Science and
Research (ESR)). According to Mayor, Lawrence Yule, the outbreak

“cansed a lot of grief, ill health, disruption and misery... I've got a community that is
facing the biggest challenge it has ever faced.”

Eatly results indicated faecal contamination of the water supply and an increase in
campylobacteriosis. The Inquiry found that it was highly likely the heavy rainfall on 5% and
6t August inundated paddocks neighbouring Brookvale Road, causing contaminated water
to flow into a pond about 90 metres from Brookvale Road bore 1. Water in the pond then
entered the aquifer and flowed across to Brookvale Road bore 1 where the bore pump drew
contaminated water through the bore and into the reticulation system.

Campylobacter has an incubation period of two to five days, up to ten days. Reported
symptoms include diarrhoea, flu-like headaches, muscle pain, and fever.

2 Ministry of Health National Situation Report 4 “Havelock North Gastroenteritis Outbreak”, p 1.
3 MWH “Havelock North Water Supply Sources” CB 009 (May 2016).

Groundwater supplies are considered secure if it can be demonstrated that contamination by pathogenic
organisms is unlikely because the groundwater is not directly affected by surface or climate influences and
abstracted from a bore head that provides satisfactory protection.

5> Ministry of Health National Situation Report 4 “Havelock North Gastroenteritis Outbreak”, p 2.
6 New Zealand Herald “Gastro outbreak: Havelock North illness NZ’s largest” (16 August 2016).
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Co-ordinated community and government response

The event triggered a significant co-ordinated response across local and central government,
the voluntary sector, and non-government organisations (NGOs). Hastings District Council
and the Ministry of Health worked together to co-ordinate public notices and support
efforts, with the backing of MoH’s National Health Co-ordination Centre and under the
governance of Watch Groups co-chaired by the Department of Prime Minister and Cabinet
(DPMC). The Red Cross and Civil Defence supported general community outreach
activities. The Red Cross, with around 25 of their volunteers, established an emergency hub
in Havelock North, which provided information and support to the community as well as to
students and school statf.” Some activities included providing water tankers to rest homes,
schools, and other vulnerable communities.?

The Ministry of Primary Industries (MPI), the Ministry of Social Development (MSD), and
the Inland Revenue Department (IRD) each worked together to co-ordinate different types
of responses. During the event, and by close of play on 26" August, the Ministry of Social
Development had received 81 requests for financial support. The Inland Revenue
Department also offered support to local businesses affected by the 22nd August tax filing for
employers. Some estimates indicated that up to 500 businesses might be affected, with 400
of these likely to be dependent on a single payroll person.” Hastings District Council and the
government committed $210,000 on 25% August to support business recovery and help
bolster the reputation of Havelock North.!0

Overall, Hawke’s Bay District Health Board (HBDHB) has reported expenses of about
$766,000, including $330,000 on staff cover and costs, $216,000 on staff sickness, $31,000 on
clinical supplies, $18,000 on hydration management, as well as $99,000 in legal expenses.!!

Single source outbreak curve

Data interpretation by the Ministry of Health and EpiSurv reported information that was
consistent with a single outbreak and isolated to the Havelock North area. On 26t August,
an EpiSurv survey reported the following outbreak curve:

Red Cross “Red Cross helps Havelock North residents hit by gastro illness” (no date).

8 Ministry of Health National Situation Report 5 “Havelock North Gastroenteritis Outbreak” p 9.

®  Ministry of Health National Situation Report 6 “Havelock North Gastroentetitis Outbreak”, p 9.

10 New Zealand Herald “Council, Govt to give $200,000 for Havelock North businesses” (26th August 2016).
11 Radio New Zealand “Water contamination ctisis cost DHB more than $760k” (28t January 2017).
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Figure 2 EpiSurv outbreak curve
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As at May 2017, there had been a combined total of 964 confirmed and probable cases of
gastroenteritis.

1.4.2 Formal inquiry

On 12t September 2016, as a result of the outbreak, the government announced a formal
inquiry into “the cause of the current contamination in Havelock North, whether relevant parties complied
with their obligations, how local and central government agencies responded to the public health situation that
ocenrred as a result of the contamination, and how to prevent future such occurrences.”? The terms also
asked the Inquiry to consider whether there is potential for similar events to occur elsewhere
in New Zealand and to identify key lessons for local and central government agencies.

On 10™ May 2017, the Inquiry published its report on the causes and the conduct of those
responsible for providing safe drinking water (Stage 1 of the Inquiry)'3.

The Inquiry found that contamination of the Te Mata aquifer, where Havelock North’s
drinking water was drawn, was the likely source of the campylobacter bacterium that caused
the gastrointestinal illness. Prior to the outbreak, the aquifer was believed to be “confined”
and therefore secure from contaminants — as such, water drawn from it was not treated.
However, the Inquiry found that heavy rain in the week prior to the outbreak is highly likely
to have led to contaminated water entering the aquifer via a pond near one of the Brookvale
Road bores. Sheep faeces were cited as the likely soutce of the bacterium.

The report identified a number of parties’ failings in carrying out their responsibilities to
provide safe drinking water leading up to the outbreak. While these failings did not directly

12 Department of Internal Affairs “Terms of Reference for the Government Inquiry into Havelock North

Drinking-Water” LB001 p 1.
13 Department of Internal Affairs “Report of the Havelock North Drinking Water Inquiry: Stage 17.
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cause the outbreak, the Inquiry concluded that a different outcome might have occurred had
they not been present. Among other issues, the Inquiry found that:

the aquifer was at best “semi-confined” and therefore vulnerable to surface
contamination due to disused or uncapped bores near Brookvale Road;

the District Council failed to meet the high standard of care required for a public
drinking-water supplier, including failing to learn lessons from a similar outbreak in July
1998 and underestimating the significance of previous positive E. coli results;

Drinking-water Assessors (DWAs) provided insufficient liaison with the District
Council to report compliance with national Drinking-water Standards, and

poor working relationships between the Regional and District Councils led to a lack of
collaboration and a number of missed opportunities that may have prevented the
outbreak.

Stage 2 of the Inquiry, addressing lessons learned and steps to reduce the likelihood of future
outbreaks, will report back by December 2017.

1.4.3 Timeline of events

Week One key dates:

Friday 5% /Saturday 6™ August (prior week): Heavy rain in Havelock North.

Thursday 11t: First reports of gastroenteritis. E. co/i presence detected in routine
tests.

Friday 12t Further test of water supply. DHB notified. Boil water notices issued and
water supply chlorination begins. Daily sampling begins.

Saturday13th/Sunday 14t: All test results for Havelock North from Friday 12t
returned positive for E. coli. Public notices issued.

Monday 15%: MoH National Health Co-ordination Centre incident management team
activated. Watch Group meeting with DPMC.

Tuesday 16%: Second Watch Group meeting. ESR household phone sutvey
undertaken.

Thursday 18%: Third Watch Group meeting. Officials’ Committee for Domestic and
External Security Coordination (Governance) convenes.!'*

Week Two key dates:

Sat 20%: 4 Hastings sites and one Havelock North site have low level E. /i presence,
reclassified ‘provisionally secure’.

14

The primary governance board overseeing New Zealand’s national security and resilience, chaired by the
Chief Executive of the Department of the Prime Minister and Cabinet.
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*  Sunday 21s: All sites negative for E. /.

*  Monday 22rd: Fourth Watch Group meeting. DHB transitions to recovery phase. All
schools and eatly childhood centres open. Draft terms of reference for inquiry
released.

*  Tuesday 23td: MoH Public Health Unit begins to take over DHB work.
*  Wednesday 24%: Single source outbreak curve confirmed.

*  Thursday 25%: Hawke’s Bay Regional Council advise formal investigation into
Havelock North water supply bores.

*  Friday 26%™: Brookvale bores removed from service. Hastings and Havelock North
water supplies confirmed free from E. co/i.

Hastings District Council undertook water tests on Thursday 11% August. Results available
on the morning of Friday 12 August showed contamination in the reticulation (but not the
bores themselves) of more than 10.0 organisms per 100ml of water. After notifying Hawke’s
Bay District Health Board, both organisations issued boil water notices by midday that
Friday and the staff had begun chlorinating the water supply. Over the weekend, Hawke’s
Bay DHB and the District Council provided public information and briefings, and continued
water sampling and chlorinating.'s

During the week beginning Monday 15™ August, there were three Watch Group meetings
held, co-chaired by DPMC, to monitor the situation. On Tuesday 16%, ESR completed the
first household phone survey to 250 randomised participants in the Havelock North region.
On Thursday 17%, an E. /i indicator was found in one of the nine water tankers used to
supply Havelock North residents, and officials indicated that it was the likely source of
contamination. !¢

By the following weekend, on Saturday 20t four samples taken from the Hastings water
supply reported low-level presence of E. ¢o/i and were reclassified as ‘provisionally secure’.
On Sunday 21+, all sites tested negative for E. co/i.

In the second week of the outbreak, officials began to draft terms of reference for the
inquiry into the Havelock North water supply contamination and the Ministry of Health
began to take over work that the DHB had been undertaking. By Wednesday 24, officials
were able to confirm that the disease showed a classic single source outbreak curve, which
was coming to a conclusion. At this point, Hastings District Council decided to supply
Havelock North with drinking water from the Hastings water supply, and the boil water
notice and chlorination of Havelock North water supply was to continue.

15 Water chlorination is used when the type of contamination is not certain: Ministry of Health, National
Situation Report 13, Appendix 3.

16 Ministry of Health, National Situation Report 6, p 1.
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By Friday 26% August, the Brookvale bores were removed from service and the Hawke’s Bay
Regional Council announced a formal investigation into the Havelock North water supply
bores as a source of the contamination.

In November, the Hawke’s Bay Regional Council sought legal action against Hastings
District Council for resource consent breaches discovered during its investigation. This
action was dropped in December and infringement notices were issued to the District
Council instead for failure to fully comply with its water take permit.!”

17 Department of Internal Affairs “Report of the Havelock North Drinking Water Inquiry: Stage 17, p 19.
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2. Our approach to costing

2.1 Summary of our process

The process applied is best described as pragmatic. Rather than employing highly technical
or detailed modelling, the work involved a series of (sequential) steps as follows:

*  Gaining understanding — information secking and fact-finding through initial desk research,
as well as a series of interviews and discussions with business owners and operators.

*  Ldentifying relevant costs — constructing a decision framework that clearly categorises costs
that are in-scope and those that are not (i.e. establishing attribution guides to isolate
only those costs that are attributable to the outbreak and are additional in nature).

*  Data gathering — requesting and collecting identified costs from stakeholders and collating
such costs into a usable and consistent form for storage and analysis.

o Testing and analysis — subjecting the data to the ‘tests’ and guidance developed eatlier in
the process, as well as some comparative exercises across and within relevant samples.

*  Finalisation — summing costs and expressing these in dollar value terms across cost types.

2.2 An economic approach to estimating the
Costs

While we draw from our previous work in Darfield, we focus in this report on economic
costs. Economic costs are based on the use of resources and include familiar costs that are
out-of-pocket (financial), as well as those costs that do not involve changes to financial
expenditure as such. The most relevant of these non-pecuniary costs are transactions and
opportunity costs.

Transactions costs are essentially the price paid by parties when looking to make decisions
involving exchange of goods or services. In loose terms, transactions costs ate the costs of
interacting with each other. They are important economically, as they can determine both
when and how decisions are made and the resources are allocated. For our purposes, the
most important (and relevant) transactions costs are associated with searching for and
processing information, as well as co-ordinating response and recovery activities following
the outbreak.

Opportunity costs, on the other hand, relate to the foregone chance to use resources that are
deployed to the outbreak for other purposes. That is, the economic cost of the outbreak is
the value associated with the next best alternative use for resources dedicated to the
outbreak. For instance, staff time that is spent on activities associated with the outbreak have
an opportunity cost (i.e. they could have been undertaking other activities that they would
normally expect to do), even if there is no actual change in salary costs. In the context of
fixed budgets and agreed work plans, diverting resources to the outbreak comes at the cost
of the ability to perform their ‘normal’ activities, even when no additional remuneration is
involved. The economic cost would be calculated as the going-rate multiplied by the
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estimated hours dedicated to outbreak activities (and consequently not dedicated to other
work).!8

While we apply this principle to all of the costs resulting from the outbreak, we note that
there are instances where resources used in relation to the outbreak do not have an
opportunity cost as such. These are resources whose ‘normal’ activities relate to events that,
by their nature, may or may not happen. Such resources are essentially ‘on-call’ and their role
is to respond to events that are by their nature unforeseeable. For instance, resources
contained in Emergency Departments in hospitals do not have a pre-determined workload.

Their “business as usual” situation is reactive, and hence there is no opportunity cost
(foregone deployment of resources) when resources are called into action due to an outbreak
event. In other words, there is no economic cost of resources used to provide services
because of the outbreak. The same situation applies in respect of Healthline resources used
as part of the outbreak response. This activity was essentially “business as usual” with
resources specifically waiting to respond to events such as outbreaks and therefore not re-
deployed from any other activity.

Measurement also includes externalities (i.e. unexpected or unintended costs incurred by
parties not directly impacted) to the extent they are identified. Theoretically, the correct

metric for impacts of a business interruption nature is gross profit, due to some variable
costs being avoided because of business interruption/closure. For this event, it does not
appear that many businesses were affected to the point of closure, so turnover was used.

We sought to quantify and monetise costs wherever possible. In some cases, this was not
possible and we resorted to alternative ways of measurement, or felt it was not appropriate
to quantify the impact at all (e.g. discouraged demand and faith in the quality of water).

2.3 Data gathering

We undertook a total of 41 interviews covering 49 people, both face-to-face and via
telephone. The table below shows the composition of the interviews by general industry
sector. An outline of the key topic areas/questions posed to businesses (and adapted for
other audiences) is contained in Appendix 1.

18 For simplicity, we assume that the value of activity on the outbreak is equal to the value of activity in
alternative uses.
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Table 2 Interviews by industry sector

Industry sector Number of interviews (people)

Local Government 3 (5 people)
Central Government 4 (4 people)
Other retail 4 (4 people)
Accommodation 3 (5 people)
Food Services 2 (2 people)
Education and Training 5 (5 people)
Health Care and Social Assistance 13 (15 people)
Other Services 3 (4 people)
NGOs 4 (5 people)
Total 41 (49 people)

We requested data from ESR for notifications of campylobacteriosis related to the Havelock
North outbreak. This data was provided to the Ministry of Health, where it was linked to the
following administrative data sets:

*  National Minimum Data Set (NMDS) — public hospital inpatient events.

*  National Non-Admitted Patient Collection (NNPAC) — public hospital non-admitted
(outpatient) events.

*  Community laboratory datamart — medical diagnostic community laboratory tests.

* PHARMHOUSE — subsidised community pharmaceuticals dispensed.

The extracts from the data sets listed above included events for people living in Hawke’s

Bay, events occurring at Hawke’s Bay facilities, or for people included in the notification

data. We requested data for the period 1 June to 315t December, for both the year of the
outbreak (2016) and the previous year (2015).

Hawke’s Bay District Health Board and the local Primary Health Ozrganisation (PHO)
provided us with a record of the number of people or contacts with gastroenteritis in general
practice, aged residential care, and pharmacies over a three-week period covering the
outbreak. This information was manually collected and, although the best estimate available
at the time for our assessment, it may not be accurate.

2.4 Categories used in our analyses

We used three broad dimensions in our calculations to attempt to capture specific insights
into cost composition by sector, stage, and the nature of costs. The last dimension was
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important due to the economic approach taken (i.e. opportunity costs are not always directly
observable).

Figure 3 Categories used in our calculations

Sector
Stage

Local government - . .
Investigation/diagnosis

Businesses

Cost type

Reaction .
Central government Direct
NGOs

Iliness-related

Remedial .
. Indirect
Consequential

Residual
Households

2.4.1 Sectors

We calculated costs across six sectors: local government, business, central government,
NGOs, illness-related, and households.

2.4.2 Cost stages

We were interested in establishing the profile of costs over time. Such a profile provides
insights into the intensity of costs at different stages (and hence lessons around possible
preparatory actions and observations about the relative response performance of parties
involved, for future understanding), but also gives a sense of the time-period over which
costs are incurred. The various stages used in the analysis were:

* Investigation/diagnosis refers to the sourcing and confirmation of the outbreak (e.g.
expert reports, testing, planning and setting up response teams).

*  Reaction relates to costs that arose once the contamination was confirmed (e.g.
provision of bottled water, communications and information provision and co-
ordination costs, welfare teams).

*  Remedial covers costs related to actions to ‘make right’ the water supply (treatment,
engineering costs, further testing, etc.).

*  Consequential describes costs that arise because of the outbreak (e.g. filtered water
stations, safeguards, inquiry related costs).

*  Residual are costs that are ongoing such as monitoring, testing, rates rebates,
information campaigns, and costs to respond to ongoing inquiries as to the safety of the
water.

2.4.3 Cost types —identifying the cost categories

We sought to take a broad approach to identifying types of costs, in order to form as
comprehensive an assessment as possible. Based on the literature, we used the following
classification as a basis for identifying costs:
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*  Direct costs: those directly attributable to a specific case/patient (although potentially
the cost is paid by someone else, e.g. the DHB);

*  Indirect costs: costs that are not directly attributable to a specific case (instead these
are costs of the fact that there is an outbreak);

¢ Tangible costs: those costs that are measurable or otherwise quantifiable (though not
necessarily in dollar values), and

*  Intangible costs: costs that are not straightforward to measure/quantify.

The following table sets out the types of costs we considered. This was used as a framework
on which to base our analyses.

Table 3 Costs considered in our assessment
Cost category ‘ Cost type

Direct tangible *  Health costs:
—  OTC sales of anti-diarrhoeal drugs and oral
rehydration products
—  General practice visits
—  Community pharmaceutical dispensing (prescriptions)
—  Public hospital admissions
—  Public hospital outpatient attendance
—  Public hospital emergency department attendance
—  Laboratory tests
*  Lost productivity of patients
*  Lost productivity of carers (non-patients)
*  Missed school days by pupils
*  Transport costs (to GP and hospital)

Direct intangible *  Health outcomes

Indirect tangible e Costs for authorities dealing with the outbreak
—  Consulting fees for reviewing the events

. Costs of the aftermath of the outbreak

—  Extra time spent by the Public Health Unit (PHU)
dealing with the outbreak (above normal hours)

*  Costs of managing water quality during the outbrea