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Executive summary

Waikato District Council wishes to renew the consent to discharge treated wastewater from the
Raglan wastewater treatment plant. Currently treated wastewater is discharged to an outfall located
on the south shore of the harbour mouth. As part of the renewal process, WDC is considering
several options, including continuation of the current discharge, discharge to an off-shore outfall,
and disposal of treated wastewater to land. More advanced wastewater treatment options (to
produce higher-quality effluent) are also being considered.

NIWA was engaged to assess the risk of illness to recreational water users associated with the
discharge of treated wastewater. That assessment relies on a modelling approach and is the subject
of a separate report. In this report, the general microbial quality of harbour water is assessed using
data derived from routine monitoring; these data are also used to estimate the likely impact that
treated wastewater has on harbour microbial water quality. Review of available data indicates:

Wastewater treatment efficacy:

=  Wastewater quality (2015-2018) is reasonably consistent, with Faecal Indicator
Bacteria (FIB) concentrations typically less than 100 enterococci or faecal
coliforms/100 mL.

=  The treatment process (which includes UV irradiation) consistently reduces FIB
concentrations by approximately five-log orders, from approximately 10,000,000
faecal coliforms/100 mL to 100 faecal coliforms/100 mL.

General harbour microbiological quality

=  Microbiological water quality in the upper harbour is largely determined by freshwater
inflows, particularly by the two largest inflows.

=  Concentrations of all FIB consistently decrease from the upper harbour toward the
mouth, suggesting substantial dilution and attenuation of FIB from inflows toward the
Harbour mouth.

=  Generally low FIB concentrations near the Harbour mouth also suggest that the
wastewater does not have a persistent impact on water quality near the Harbour
mouth. An intensive water quality survey undertaken in the 1994/95 recreation
season also suggested that the plume of diluted wastewater does not impact on the
inner harbour in the vicinity of the Campground and the pedestrian bridge where
recreational access and activity is concentrated.

Recreational water quality

=  More than 12 data exist at each of two recreational sites for a total of 16 recreation
seasons over the period 1994/95 to 2017/18.

= |n 12 of these seasons, the gastrointestinal illness risk was likely to have been less than
1% (the “no observable adverse effect level), indicating high recreational water quality.

Microbiological water quality of Raglan Harbour 5



In three of these seasons, illness risks were likely to have exceeded 5%, with a greater
than 10% illness risk likely in one recreational year (2016/17).

In the 2016/17 season, this higher risk status reflects a single sample that contained an
unusually high enterococci concentration.

Microbiological water quality of Raglan Harbour



1 Introduction

Raglan wastewater treatment plant (WWTP) is operated by Waikato District Council (WDC), who
currently have a consent to discharge treated wastewater via an outfall pipe located at the mouth of
the harbour. The influent is primarily domestic sewage with minor/minimal trade waste. WDC
wishes to renew the consent to discharge treated wastewater to the Harbour. In recognition of the
sensitivity of the local community (including impact on the mauri of the harbour), WDC is considering
several options for discharge of the treated wastewater. These include:

=  continued discharge at the existing site, either using the existing outfall pipe, or using a
new outfall pipe (to allow discharge of the wastewater further offshore, nearer the
centre of the channel, which would also allow the pipe to be buried)

=  disposal of the total discharge volume to land by irrigation

=  discharge of the total volume of wastewater via a new outfall located outside of the
harbour, or

=  ahybrid option, where land disposal would be favoured when soil moisture conditions
permitted, with the existing or one of the new outfall options used when soil
conditions are unfavourable for disposal to land.

As part of the consent renewal process, WDC is also considering increasing the level of wastewater
treatment. The WWTP currently comprises traditional ‘passive’ waste stabilization ponds with UV
irradiation of treated wastewater, with limited options for treatment to improve the quality of
treated wastewater. Options for improving the wastewater treatment process identified to date
include use of membrane filtration, chemical dosing and increased UV disinfection; upgrade of the
pond system to a high rate pond (HRP) could also be considered — these perform more effectively
and consistently than conventional pond systems with regard to microbial quality. Selection of the
wastewater treatment option will be determined by several factors, including the location and
nature of the future discharge. Another important factor that will direct the level of future
wastewater treatment is the health risk associated with the discharge. Despite being well-managed,
all treatment systems have the potential to be sources of pathogens — exposure to these pathogens
carries the risk of infection and illness.

The harbour is a well-used recreational and highly-valued cultural resource. Two marae are located
within the Raglan Harbour (Whaingaroa Harbour) catchment: Poihakena Marae (Ngati Tahinga of
Tainui) is located in Raglan on Wainui Road, Whaingaroa, and Waingaro Marae (Ngati Maahanga and
Ngati Tamainupo) is located approximately 25 kilometres northeast of Raglan, on Waingaro Landing
Road. The location of the wastewater treatment plant and current outfall in relation to the town and
the two marae is indicated in Figure 1-1.

To assist with the process of evaluating wastewater treatment options, and to facilitate discussion
with the community, NIWA was engaged to provide the following services:

1. Undertake a health risk assessment (described separately in (Hudson 2019)).

2. Consider microbial water quality data derived from routine monitoring programmes
and the impact of these contaminants on harbour water quality — this report.

Microbiological water quality of Raglan Harbour 7
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Figure 1-1:  Location of Raglan WWTP and wastewater outfall in Raglan Harbour.

The objectives of this report

Data derived from regional water quality monitoring programmes were not focused on the
wastewater discharge — they provide information regarding other sources of faecal contaminants,
the fate of these contaminants in the harbour, and the relative magnitude of FIB contributions from
freshwater inflows vs. the wastewater discharge.

The primary objectives include summarising historical and current wastewater microbiological water
quality, discharge characteristics and relevant compliance data. Relevant receiving environment
water quality data (e.g., data derived from Waikato Regional Council State of Environment or
recreational water quality monitoring programmes) were also to be reviewed. The information
derived from this review was to create a harbour microbiological water quality ‘context’, which
would (as far as the data would allow), enable the impact of the current and future discharge to be
assessed. The detailed health risk assessment of the wastewater discharge was also considered
within this context.

8 Microbiological water quality of Raglan Harbour



2 Materials and methods

2.1

Data used in the assessment

Microbiological water quality data in major inflows to Raglan Harbour, and at sites across Raglan
Harbour were obtained from Waikato Regional Council (WRC). Details of available data and sites
used in this assessment are identified in Table 2-1. The location of these sites is indicated in Figure
2-1. Wastewater water quality and discharge data are summarised in Table 2-2.

Table 2-1:

particularly important for this water quality assessment.

Water quality monitoring sites operated by Waikato Regional Council. Sites in bold were

Site code Site type Site name
1167_4 Waingaro River Ruakiwi Rd Off SH22
1247_2 Waitetuna River Te Uku-Waingaro Rd
857_1 Raglan Harbour Motor Camp North Of Bridge
857_10 Raglan Harbour Inner Harbour North (Bottom)
857_11 Raglan Harbour Inner Harbour South (Surface)
857_12 Raglan Harbour Inner Harbour South (Bottom)
857_13 Raglan Harbour Mid Harbour (Surface)
857_14 Raglan Harbour Mid Harbour (Bottom)
857_15 Raglan Harbour Outer Harbour (Surface)
857_16 Raglan Harbour Outer Harbour (Bottom)
857_2 Open coast Ngarunui Beach
857_23 Raglan Harbour Raglan Wharf
857_24 Opotura River River 1
857_25 Raglan Harbour Opotoru 1
857_26 Raglan Harbour Bridge 1
857_27 Raglan Harbour Wainui 1
857_28 Raglan Harbour Harbour 1
857_29 Raglan Harbour Causeway
857_30 Raglan Harbour Waingaro
857_31 Raglan Harbour Waitetuna
857_32 Raglan Harbour Raglan Mid Harbour
857_33 Raglan Harbour Raglan Mouth
857_34 Raglan Harbour Wainui
857_9 Raglan Harbour Inner Harbour North (Surface)

Table 2-2: Wastewater monitoring sites and data used for treatment plant assessment. Provided by WDC.
No. results
Wastewater monitoring Period for which data were Faecal coliform Enterococci Discharge data
sites available conc. (n/100 conc. (n/100 (daily total
mL) mL) volume, L)

Raglan WWTP wastewater January 2015 — February 2018 51
inflow
Raglan WWTP post-UV January 2015 - February 2018 47 31
wastewater outflow
Discharge data June 2016 - April 2019 1058

Microbiological water quality of Raglan Harbour



2.2 Methods used for this assessment

All data were manipulated using Microsoft Excel or Systat for Windows v13.2 and analysed using
Systat for Windows v13.2.

Selected statistical data were selected for spatial display as maps using QGIS v4.3. Ninety-fifth
percentile values were plotted at the location of the sample collection point as bar graphs, with the
data on each map scaled relative to the largest value in each data set.
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Figure 2-1:  Location of water quality monitoring sites operated by Waikato Regional Council. Sites are located in major inflows to Raglan Harbour, across Raglan Harbour, and
one site on the shore of the Tasman Sea. Site details are listed in Table 2-1.
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3 Results and discussion

3.1

Figure 3-1A provides a time series of WWTP discharge data, which shows that it is highly variable.
The fifth and ninety-fifth percentile vales are 6.4 and 24.2 L/s respectively, and the median discharge
is 10.3 L/s (summary statistics are included in Appendix B). The discharge of wastewater is timed to
commence at highwater, so the timing of discharge over a day will vary according to the tidal stage.
The wastewater discharge has a distinct seasonal cycle, with median flow rate increasing by
approximately 50% between March and July annually (Figure 3-1B). The reasons for this seasonal
behaviour are not immediately obvious, but it probably reflects infiltration of surface water to the
sewers during the wet season.

Selected wastewater treatment plant characteristics
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Figure 3-1: Raglan WWTP daily average discharge data (A) and seasonal variation in daily discharge (B). In

the box and whisker plot the red dot indicates daily average discharge. An explanation of the symbols used in a
box and whisker plot is included in Appendix A. The red dot indicates the monthly average value.

Wastewater microbiological quality is summarised in Figure 3-2 for faecal coliform and enterococci
concentrations. Data are not available for enterococci in the inflow to the wastewater treatment
plant. Although data are not available for E. coli either, approximately 90% of faecal coliforms are E.
coli.! The faecal coliform data indicate an approximately five log reduction? in faecal coliform
numbers through the WWTP, with indication of slight improvement in discharge quality over time.

1 Personal communication, Dr Rob Davies-Colley, NIWA Hamilton.
2 By convention treatment efficacy is described in terms of log numbers, where “one logio” (referred to as one log reduction) indicates ten-
fold reduction in contaminant concentration, and five logio indicates 100,000-fold reduction (five-log reduction).
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Figure 3-2: Inflow and outflow concentrations for faecal coliforms (A) and enterococci (B). Inflow
enterococci concentrations were not available. The y-axis has logio scale.

A similar order of reduction is indicated in terms of faecal coliform flux (Figure 3-3) — derived by
multiplying concentration n/100 mL by discharge (L/s) (and adjusting for unit change). For both
concentration and flux, available data indicate very consistent performance over time, which

suggests a reasonably consistent discharge microbial water quality is likely. Although inflow data are

not available for enterococci concentration, the outflow concentrations are also consistently low
(ninety-fifth percentile <100 enterococci/100 mL). The relatively low numbers of Faecal Indicator
Bacteria (FIB) reflect the UV treatment of the wastewater prior to discharge. The consistent,
relatively small range of concentrations and flux of FIBs indicates that suspended sediment
concentrations in the wastewater are also consistent. High suspended sediment concentrations
reduce the efficacy of UV irradiation, because they attenuate the light penetration and effectively
shade FIB and viruses. This does not appear to be a concern for this discharge.
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Figure 3-3:  Inflow and outflow flux for faecal coliforms. Flow data were not available for all concentration

data, and no inflow enterococci concentrations were available. The y-axis has logio scale.
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These data indicate that the microbiological water quality of the effluent is of a reasonably high and
consistent standard. Although the concentrations of FIB such as faecal coliform and enterococci
cannot be simply extrapolated to infer concentrations of pathogenic organisms such as viruses, these
data suggest that efficient and consistent virus inactivation may be anticipated.

3.2 Receiving water quality data

Time series plots for FIB in samples collected from Raglan Harbour and major inflows to the harbour
are summarised in Appendix D (E. coli - Figure D-1; enterococci - Figure D-2, and faecal coliforms -
Figure D-3). Concentrations of all three FIB are highly variable over time. A feature of these figures is
that the major tributary inflows to the harbour (sites 1167_4 and 1247_2) consistently have the
highest concentrations of FIB. These results are similar to those reported previously by Greer et al.
(2015), who related the proportion of freshwater (expressed as dilutions) to concentrations of faecal
coliforms in the harbour to. Highest faecal coliform concentrations occurred in the arms of the
harbour subject to tributary inflow, where salinities were lowest and dilutions were smallest.

When relating measured concentrations of FIB to human health, it is informative to consider ninety-
fifth percentile concentration values, because these provide an indication of infrequent but more
extreme microbiological conditions, when human health risks are likely to be greatest.

Eight sites across Raglan Harbour were selected for assessment, as well as one site on the Tasman
Sea coast, outside of the Harbour. These sites were selected to provide a longitudinal series from the
major freshwater inflows to Harbour mouth and adjacent shoreline.

*  Figure 3-4 indicates 95" percentile enterococci concentrations at the sample location
during the period Jan 2017-June 2019, and Figure 3-5summarises the complete data
set for this variable for each site over this period.

= In Figure 3-6, enterococci concentrations for the period 2016-2019 are shown for
these sites according to year.

= Similar figures for E. coli and faecal coliforms are provided in Appendix C.

These data confirm that microbiological water quality in the Harbour is largely determined by
freshwater inflows, and that there appears to be little impact of Harbour water quality at the open
ocean beach site. One exception is observed in 2017 (Figure 3-6), when elevated enterococci
concentrations were observed at two sites in the lower Harbour, and on the open coast outside the
harbour. The data available does not indicate whether the source was the wastewater discharge, or
an elevated concentration arising from the small catchment discharging to the harbour at the
Motorcamp. The hydrodynamic data used for the Quantitative Microbial Risk Assessment (Oldman
2019) suggests that wastewater is infrequently transported into the Harbour, and the performance
data summarised in Figure 3-2 and Figure 3-3 indicates that during this period the WWTP was
discharging treated wastewater with low FIB concentrations (typically <100 enterococci/100 mL).
This suggests that the source of the elevated enterococci concentrations was probably a stream
inflow.

14 Microbiological water quality of Raglan Harbour



Earlier review of Harbour water quality by Greer et al. (2015) included modelling of 13 inflow
streams, as well as hydrodynamic modelling of the Harbour. Elevated FIB concentrations were
related to greater proportions of freshwater in the harbour, suggesting that stream inflows were the
dominant sources of faecal coliforms and enterococci. From their modelling they concluded that the
wastewater load “is small relative to the riverine inputs and it is consistently not visible against the
background river flows”.

It would be incorrect to conclude from the results of Greer et al. (2015) that the wastewater
discharge has negligible impact on harbour water quality. Although the freshwater inflows from
streams and rivers have elevated FIB concentrations and loads, these are indicator organisms,
derived primarily from non-human sources (Soller et al. 2010). This does not mean that they are
harmless - these non-human (primarily livestock) sources may be associated with bacterial and
protozoan pathogens of humans (e.g., Campylobacter, Cryptosporidiium), but not human viruses.
The treated wastewater, in contrast, is derived from human wastes, and is likely to contain at least
some viral contaminants likely to create the potential for human health risk, as well as (potentially)
bacterial and protozoan pathogens. The work of Greer et al. (2015) does however indicate that
wastewater effects are likely to be highly localised around the wastewater outfall, and, with ebb tide
discharge, the contaminant plume is most likely to be consistently transported out of the harbour.

Microbiological water quality of Raglan Harbour 15
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Figure 3-4:  Ninety-fifth percentile enterococci concentration calculated from data for January 2017 — June
2019. Bars are scaled according to the highest value in the data set. The 95th percentile value is shown as the
larger, bold number. The smaller number is the WRC site code. Site details are summarised in Table 2-1 and

site locations are shown in Figure 2-1.
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Figure 3-5:  Enterococci concentration data for the period January 2017- June 2019. An explanation of the
symbols used in a box and whisker plot is included in Appendix A. The y-axis has logio scale. Site details are

summarised in Table 2-1 and site locations are shown in Figure 2-1.
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Figure 3-6:  Ninety-fifth percentile enterococci concentration calculated from data for January 2017- June 2019. Bars are scaled according to the highest value in the data set.
The 95th percentile value is shown as the larger, bold number. The smaller number is the WRC site code. Site details are summarised in Table 2-1 and site locations are shown in
Figure 2-1.
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Figure 3-6:  Ninety-fifth percentile enterococci concentration calculated from data for January 2017- June 2019. (Continued).
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3.3 Recreational water quality

The New Zealand recreational water quality guidelines (MfE/MoH 2003) define protocols for
sampling marine and freshwaters used for recreation. These include the FIB (enterococci are
recommended for saline waters because of their greater persistence in sunlit coastal waters —
contrary to freshwaters in which faecal coliform and E. coli are more persistent than enterococci
(Nelson et al. 2018)), the sampling frequency (at least weekly), with preferably at least 20 samples
collected annually over a recreation season (typically the period between November and March).

Results from these samples are used to grade a beach in terms of suitability for use. Table H1 of the

Guidelines provide thresholds for four categories of water, and these are related to illness risks.
These thresholds are defined in terms of 95 percentile concentration values for each recreation
season. The guidelines are summarised in Table 3-1 below:

Table 3-1:  Guideline values for microbiological marine water quality. (MfE/MoH 2003).

95th percentile

enterococci concentration Basis of derivation Estimated illness risk
(n/100 ml)
<40 Below “no observable adverse effects <1% gastrointestinal iliness
level” (NOAEL) <0.3% acute febrile respiratory illness
41-200 Exceeds a “lowest observed adverse 1-5% gastrointestinal iliness risk
effects level” (LOAEL) 0.3-1.9% acute febrile respiratory illness
201-500 Substantial elevation in probability of 5-10% gastrointestinal illness

all adverse health outcomes for which  1.9-3.9% acute febrile respiratory illness
dose-response data are available

>500 Significant risk of high levels of minor >10% gastrointestinal illness
illness transmission >3.9% acute febrile respiratory illness

Figure 3-7 summarises available data for two sites where samples have been collected for
recreational grading — the Motor Camp North of Bridge (857_1) and Ngarunui Beach (857_2) sites.
This figure shows the distribution of results at each site over each recreation season. The
contamination levels tend to be more variable at the inner harbour site (857_1) than on the ocean
beach (857_2).

Figure 3-8 summarises the recreation season 95 percentile values for both sites relative to the
thresholds defined in Table 3-1. The 95 concentration values and numbers of samples per site are
summarised in Table 3-2.

* In 12 of 16 recreation seasons where 12 or more data exist, 95" percentile
concentrations were less than 40 enterococci /100 mL at both sites, indicating that
gastrointestinal illness risk was “low” (likely to be less than 1%).

* |nthree of 16 recreation seasons, 95 percentile concentrations exceeded 200
enterococci/100 mL, indicating that gastrointestinal illness risk was likely to be
“moderate” (greater than 5%).

*  The high 95 percentile concentrations in the 2016/17 year result for samples
collected on 7 April 2017. From the information available, we cannot identify the
causes of highest microbial concentrations at either site, and we cannot attribute the
elevated concentrations observed at both sites to a specific source.

Microbiological water quality of Raglan Harbour
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the “Motor Camp North of Bridge” site, and site 857_2 is the “Ngarunui Beach” site. Note the data are not
continuous over the period 1994 — 2019. Absence of a box (e.g., 2017/18 and 2018/19) indicates the
interquartile range was zero — with the exceptions of outliers, all other data is represented by the median line.

$ 200 Site
100 4 .
| | X 4 A x ¢ Y | v Vv v 857 2

/\

@¢@§§@§@ﬁﬁ§§
Bathing season

Figure 3-8:  Bathing season 95 percentile enterococci concentration data for the period 1994/95 —
2018/19. Each symbol represents the seasonal value. Site 857_1 is at the “Motor Camp North of Bridge” site,
and site 857_2 is the “Ngarunui Beach” site. Note the number of data per season vary over time (see Table
3-2). The broken horizontal lines are the threshold concentrations defined in Table 3-1 (40, 200, and 500
enterococci/100 mL).
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Table 3-2: 95" percentile enterococci concentration values and numbers of samples per bathing season .
(MfE/MoH 2003)(MfE/MoH 2003)(MfE/MoH 2003)(MfE/MoH 2003)(MfE/MoH 2003)(MfE/MoH 2003). Note
the particularly high values at both sites in the 2016/17 recreational season (due to sampling results for the
7/4/16).

Site 857_1 Site 857_2
Recreation Motor Camp at Bridge Ngarunui Beach
season 95th percentile 95th percentile
conc. (n/100 mL) Count conc. (n/100 mL) Count

1994/95 118 74

1995/96 47 3

1996/97 18 9 17 9
2000/01 22 12 4 12
2002/03 14 12 85 12
2004/05 16 12 9 12
2006/07 408 12 1 12
2008/09 138 12 27 12
2015/16 9 15
2016/17 490 8 869 22
2017/18 15 20
2018/19 20 20

During December 2016, samples were collected at hourly intervals from the “Campground at bridge”
(857_1) site. These data are presented together with recreational bathing beach data in Figure 3-9.
Data collected on 8/12/2016 are summarised in Figure 3-10. This figure indicates that as the tide
receded (and water flowed from the embayment and catchment upstream of site 857 _1),
enterococci concentrations increased, suggesting that faecal contaminants originated from the
catchment, not the harbour following contamination by wastewater from the wastewater discharge.
This interpretation is supported by:

=  typical consistent and effective wastewater treatment over this period, shown in
Figure 3-2 and Figure 3-3, and

= consistently low enterococci concentrations observed at Ngarunui Beach (857_2)
during December 2016, suggesting that the high performance of the wastewater
treatment plant contributed to low enterococci concentrations observed at the beach.

Additional information (such as hydrodynamic modelling over this period or faecal source tracking)
would be required for confirmation. This information is not available, so the conclusion that Harbour
water quality is negligibly influenced by wastewater discharge remains speculative. However, the
work of Greer et al. (2015) which included hydrodynamic modelling, suggests that the impact of the
wastewater discharge is localise, and that catchment sources predominate.
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Figure 3-9: Discrete enterococci concentration data for the 2016/17 bathing season. Each symbol
represents a discrete sample. Site 857_1 is at the “Motor Camp North of Bridge” site, and site 857_2 is the
“Ngarunui Beach” site. Seven samples were collected from site 857_1 between 07:00 and 13:00 on
08/12/2016. The broken horizontal lines are the threshold concentrations defined in the MfE/MoH guidelines
for single samples — alert= 140 enterococci/100 mL, and red = 280 enterococci/100 mL. Note y-axes have logio
scale.
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Figure 3-10: Discrete enterococci concentration data collected on 8 December and 9 December 2016.

Seven samples were collected from Site 857 _1 (“Motor Camp North of Bridge”) between 07:00 and 13:00 on
08/12/2016, and one sample was collected from site 857_2 (“Ngarunui Beach”) site. The blue line and symbols
show the predicted tidal cycle.?

3 https://www.niwa.co.nz/node/26820/results - data predicted for the Raglan Harbour Entrance site (37° 48’ 11.0” S, 174° 50’ 32.0” E).
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Finally, during the 1994/95 recreation season, samples were collected at the Campground site
(857_1) in replicate at 11:00 and 15:00 on 17 days (68 samples). A further 6 samples were collected
at other times. The wastewater treatment did not include UV irradiation in 1994/95, so higher
enterococci concentrations would be expected than currently. These data are summarised in Figure
3-11 as a time series plot (A), and as a box and whisker plot (B).

If elevated numbers of faecal contaminants from the WWTP were being transported into the inner
harbour at times, it is likely that data collected at this site at this frequency would detect these
incursions. The four-hour difference in sample time over the 17 sample dates would likely cover a
range of tidal stages, and therefore discharge status. There was very little difference in the median
value of the two data sets defined by sample time (data not shown), and the range of data were also
almost identical.

Fewer than 15% of results were greater than 40 enterococci/100 mL, and the 95 percentile value of
the full data set was 194 enterococci/100 mL (Table 3-2); the latter value indicates a gastrointestinal
iliness risk of 1-5% (Table 3-1). These results suggest that the plume of diluted wastewater had
limited effect on the inner harbour even before UV treatment was installed.
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Figure 3-11: Intensive enterococci monitoring conducted at the “Motor Camp North of Bridge” site during
the 1994/95 recreation season. Data are for before UV treatment was installed. A) Time series of 74 samples
collected between 18 December 1994 and March 1995. B) Distribution of data by sample time. The broken
horizontal lines are the threshold concentrations defined in the MfE/MoH guidelines for single samples — alert=
140 enterococci/100 mL, and red = 280 enterococci/100 mL. Note y-axes have logio scale.
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4 Conclusions

Raglan Harbour is a relatively shallow harbour, with numerous embayments and two major tributary
inflows. Review of available water quality data indicates:

Wastewater treatment efficacy:
=  Wastewater quality (2015-2018) is consistent and effective, with FIB concentrations
typically less than 100 n/100 mL.

=  The treatment process (which includes UV irradiation) consistently reduces FIB
concentrations by approximately five-log orders.

General harbour microbiological quality
=  Microbiological water quality in the upper harbour is largely determined by catchment
sources, particularly from the two largest tributaries.

=  Concentrations of all FIB tend to consistently decrease from the upper harbour toward
the mouth suggesting substantial dilution and attenuation of FIB from inflow toward
the Harbour mouth.

Recreational water quality
=  More than 12 data exist for each of two recreational sites for 16 recreation seasons.

)

= |n 12 of these 16 seasons, the gastrointestinal iliness risk was likely to have been “low’
(less than 1% - the “no observable adverse effect level), indicating high recreational
water quality.

= Inthree of these 16 seasons, illness risks were “moderate” (likely to have exceeded
5%, with a greater than 10% illness risk likely in the 2016/17 recreational year).

Review of intensive water quality data available for the 1994/95 recreation season (before UV
treatment commenced) suggests that the plume of diluted wastewater impacts negligibly on the
harbour. This observation is consistent with predicted dispersion of wastewater undertaken by
Greer et al. (2015), who suggested that the impact of the wastewater would be localised around the
outfall, and the plume would be transported out of the harbour with the outgoing tide.
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Appendix A Explanation of a box and whisker plot

g Open circles indicate values beyond outer fence
— 20000+ Oee- 3 x Interquartile range (outer fence)
o
~
£
% ————— 1.5 % Interquartile range (inner fence)
b -
E Whiskers indicate range of observed values within inner fence
Q
2
el 1 OOOO B I Median (mid-point of data) — horizontal line within box

Interquartile range — mid 50% of data
x T70C 1.5 x Interquartile range (inner fence)
O — * Asterisks indicate values between inner fence and outer fence

Figure A-1: The symbology used in box and whisker plots generated by the Systat software package.
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Appendix B Wastewater discharge characteristics —summary
statistics

Table B-1:  Summary statistics for Raglan WWTP discharge. Data for period June 2016 — April 2019.

Statistic Discharge (L/s)
N of Cases 1058
Minimum 0
Maximum 27.4
Median 10.3
Arithmetic Mean 12.0
Standard Deviation 5.3

Cleveland percentiles

1.00% 4.8
5.00% 6.4
10.00% 7.0
20.00% 8.0
25.00% 8.4
30.00% 8.7
40.00% 9.5
50.00% 10.3
60.00% 11.5
70.00% 13.3
75.00% 14.2
80.00% 15.4
90.00% 19.9
95.00% 24.2
99.00% 27.1
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Table B-2:  Summary statistics for enterococci concentration and flux Raglan WWTP discharge — outflow
only. Data for period January 2015 — February 2018.

Enterococci conc.

Enterococci flux

Statistic (n/100 mL) (n/s)
N of Cases 31 17
Minimum 0.5 30
Maximum 750000 79613042
Arithmetic Mean 24201.03 4683341
Standard Deviation 134702.59 19308942
Cleveland percentiles
1.00% 0.5 30
5.00% 0.5 32
10.00% 0.5 37
20.00% 0.5 40
25.00% 0.5 41
30.00% 0.5 44
40.00% 0.95 82
50.00% 2 176
60.00% 5 390
70.00% 5 454
75.00% 5 471
80.00% 5 475
90.00% 36.4 530
95.00% 87.5 51748667
99.00% 750000 79613042
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Table B-3:  Summary statistics for Raglan WWTP faecal coliform concentrations — inflow and outflow. Data

for period January 2015 — February 2018.

Inflow Outflow
Statistic Faecal coliform Faecal coliform
conc. (n/100 mL) conc. (n/100 mL)

N of Cases 51 47
Minimum 600000 0.5
Maximum 71000000 110
Arithmetic Mean 12158824 10.2
Standard Deviation 11965955 21.8
Cleveland percentiles
1.00% 604000 0.5
5.00% 1310000 0.5
10.00% 1600000 0.5
20.00% 3780000 0.5
25.00% 4800000 0.5
30.00% 5000000 0.8
40.00% 6000000 2
50.00% 9000000 3
60.00% 11100000 5
70.00% 16200000 5.4
75.00% 17750000 7
80.00% 20300000 10
90.00% 26000000 24.8
95.00% 28900000 73.2
99.00% 70600000 110
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Table B-4:  Summary statistics for Raglan WWTP faecal coliform flux — inflow and outflow. Data for period
January 2015 — February 2018.

Statistic Inflow Outflow
FC flux (n/s) FC flux (n/s)

N of Cases 25 21
Minimum 127888758 30
Maximum 2880000000 1661
Arithmetic Mean 1260000000 561
Standard Deviation 876289692 504
Cleveland percentiles

1.00% 127888758 30
5.00% 170749122 39
10.00% 198754537 61
20.00% 301254941 115
25.00% 490720089 159
30.00% 766453877 176
40.00% 929836632 246
50.00% 1110000000 458
60.00% 1360000000 524
70.00% 1640000000 853
75.00% 1900000000 928
80.00% 2120000000 1026
90.00% 2750000000 1351
95.00% 2790000000 1622
99.00% 2880000000 1661
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Appendix C  Longitudinal harbour E. coli and faecal coliform
concentration data

Figure C-1:  Ninety-fifth percentile E. coli concentrations calculated from data for January 2017 - June 2019.

Bars are scaled according to the highest value in the data set. The 95th percentile value is shown as the larger,
bold number. The smaller number is the WRC site code. Site details are summarised in Table 2-1.

Microbiological water quality of Raglan Harbour 31



[ [ [ [ [ [ [ X
1000 — —
- *
£
8
?/ 100 — * x —
(&)
8
8 1k i
i
1 | | | |
)
&7 o7 ¢F 0¥ @7 &7 87
Site

Figure C-2: E. coli concentration data for the period January 2017 - June 2019. An explanation of the
symbols used in a box and whisker plot is included in Appendix A. The y-axis has log10 scale. Site details are
summarised in Table 2-1 and site locations are shown in Figure 2-1. Site 1247_2 and 1167_4 are the major

freshwater inflows to the harbour.
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Figure C-3:  Ninety-fifth percentile faecal coliform concentration calculated from data for January 2017-
June 2019. Bars are scaled according to the highest value in the data set. The 95th percentile value is shown
as the larger, bold number. The smaller number is the WRC site code. Site details are summarised in Table 2-1

and site locations are shown in Figure 2-1.
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Figure C-4:  Faecal coliform concentration data for the period January 2017 - June 2019. An explanation of
the symbols used in a box and whisker plot is included in Appendix A. The y-axis has log10 scale. Site details
are summarised in Table 2-1 and site locations are shown in Figure 2-1.
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Appendix D  Time-series plots of faecal contaminants in the Raglan
Harbour catchment and harbour
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Figure D-1: Time series concentration of E. coli concentrations derived from selected sites in the Raglan
Harbour catchment and across Raglan Harbour. The site codes and descriptions are listed in Table 2-1, and
site locations are shown in Figure 1-1 and Figure C-1.
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Time series concentration of enterococci concentrations derived from selected sites in the

Raglan Harbour catchment and across Raglan Harbour. The site codes and descriptions are listed in Table 2-1,
and site locations are shown in Figure 1-1 and Figure 3-4.
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Figure D-3: Time series concentration of faecal coliform concentrations derived from selected sites in the
Raglan Harbour catchment and across Raglan Harbour. The site codes and descriptions are listed in Table 2-1,
and site locations are shown in Figure 1-1 and Figure C-3.
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Appendix E Summary statistics — microbiological water quality
variables, 2017-2019 inclusive

Microbiological water quality variable

Summary statistics,

Site code = 1167_4 E. coli_507 Enterococci_519 .Faecal
coliform_510

N of Cases 30 30 30
Minimum 65 20 85
Maximum 2800 3500 3800
Arithmetic Mean 379.17 265.43 464.5
Standard Deviation 534.28 632.33 708.43

Cleveland percentiles

1.00% 65 20 85
5.00% 80 25 90
10.00% 95 29 100
20.00% 110 42 115
25.00% 120 47 150
30.00% 125 50 150
40.00% 155 64.5 185
50.00% 225 90 250
60.00% 275 130 305
70.00% 330 185 415
75.00% 340 210 470
80.00% 390 260 475
90.00% 850 560 1050
95.00% 1300 600 1400
99.00% 2800 3500 3800
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Microbiological water quality variable

Summary statistics

Site code = 1247_2 E. coli_507 Enterococci_519 .Faecal
- - coliform_510

N of Cases 30 30 30
Minimum 100 24 130
Maximum 2000 2200 2000
Arithmetic Mean 527 370.33 622.33
Standard Deviation 404.92 444.55 446.52

Cleveland percentiles

1.00% 100 24 130
5.00% 130 28 160
10.00% 145 42 185
20.00% 205 85 230
25.00% 220 100 280
30.00% 250 105 305
40.00% 295 160 365
50.00% 400 220 510
60.00% 570 310 620
70.00% 700 420 800
75.00% 700 520 800
80.00% 800 545 1050
90.00% 1000 900 1200
95.00% 1100 1100 1400
99.00% 2000 2200 2000
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Microbiological water quality variable

Summary statistics

Site code = 857_25 E. coli_507 Enterococci_519 .Faecal
coliform_510

N of Cases 21 21 21
Minimum 1 1 1
Maximum 100 45 130
Arithmetic Mean 22.57 9.71 27
Standard Deviation 29.09 12.62 34.34
Cleveland percentiles
1.00% 1 1 1
5.00% 2.65 1 2.65
10.00% 4 1 4
20.00% 4.7 1 5
25.00% 5 1 5.75
30.00% 5.8 1.8 6.8
40.00% 7.9 3.8 9.9
50.00% 11 4 12
60.00% 13 5.3 15.1
70.00% 16.4 9 24.2
75.00% 26.25 135 35
80.00% 32.7 16.2 43.7
90.00% 78 30.6 82
95.00% 94.5 41.7 113.5
99.00% 100 45 130
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Microbiological water quality variable

Summary statistics

Site code = 857_30 E. coli_507 Enterococci_519 .Faecal
coliform_510
N of Cases 21 21 21
Minimum 1 1 1
Maximum 480 370 700
Arithmetic Mean 34.57 24.95 46.86
Standard Deviation 104.75 79.56 151.59
Cleveland percentiles
1.00% 1 1 1
5.00% 1 1 1
10.00% 1 1 1
20.00% 1 1.7 1.7
25.00% 1.75 2 2
30.00% 2 2.8 2.8
40.00% 4 3 4.9
50.00% 5 4 6
60.00% 6.1 5.3 6.3
70.00% 11.2 10 13.6
75.00% 13.75 10.5 18.25
80.00% 20.5 15 27.1
90.00% 59 27.8 65
95.00% 276.5 185.75 375.5
99.00% 480 370 700
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Summary statistics

Microbiological water quality variable

Site code = 857_31 E. coli_507 Enterococci_519 .Faecal
coliform_510

N of Cases 21 21 21
Minimum 1 1 1
Maximum 490 560 630
Arithmetic Mean 69.1 54.81 83.38
Standard Deviation 146.85 134.93 181.53
Cleveland percentiles
1.00% 1 1 1
5.00% 1 1 1
10.00% 1 1 1.6
20.00% 2.7 1 2.7
25.00% 3 1 3
30.00% 3 1 3
40.00% 4.8 2 4.9
50.00% 6 3 6
60.00% 7.2 4.1 9
70.00% 15.4 6.6 18
75.00% 35.25 11 48.25
80.00% 80.4 44.9 97.9
90.00% 294 194 346
95.00% 484.5 411.5 602.5
99.00% 490 560 630

Microbiological water quality of Raglan Harbour

41



Microbiological water quality variable

Summary statistics
Site code = 857_32

Faecal

E. coli_507 Enterococci_519 coliform_510
N of Cases 21 21 21
Minimum 1 1 1
Maximum 100 27 120
Arithmetic Mean 9.38 4.19 10.81
Standard Deviation 22.08 6.24 26.24
Cleveland percentiles
1.00% 1 1 1
5.00% 1 1 1
10.00% 1 1 1
20.00% 1 1 1
25.00% 1 1 1
30.00% 1 1 1
40.00% 1 1 1
50.00% 2 1 2
60.00% 2.1 21 2.1
70.00% 6 4 7
75.00% 6.25 4.25 7.75
80.00% 7.9 5.6 10.6
90.00% 22.8 12 24.6
95.00% 63.15 18.75 72.15
99.00% 100 27 120
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Microbiological water quality variable

Summary statistics

Site code = 857_33 E. coli_507 Enterococci_519 .Faecal
- - coliform_510

N of Cases 21 21 21
Minimum 1 1 1
Maximum 42 24 67
Arithmetic Mean 5.1 3.33 6.43
Standard Deviation 9.28 5.23 14.43

Cleveland percentiles

1.00% 1 1 1
5.00% 1 1 1
10.00% 1 1 1
20.00% 1 1 1
25.00% 1 1 1
30.00% 1 1 1
40.00% 1 1 1
50.00% 1 1 1
60.00% 11 2 1.2
70.00% 3.6 2 3.6
75.00% 6.5 2.25 6.75
80.00% 8.3 3.9 9.3
90.00% 11.6 8 11.6
95.00% 26.6 15.2 37.85
99.00% 42 24 67
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Microbiological water quality variable

Summary statistics
Site code = 857_34

Faecal

E. coli_507 Enterococci_519 coliform_510
N of Cases 21 21 21
Minimum 1 1 1
Maximum 80 28 100
Arithmetic Mean 10.67 5.1 12.29
Standard Deviation 18.64 7.44 22.64
Cleveland percentiles
1.00% 1 1 1
5.00% 1 1 1
10.00% 1 1 1
20.00% 1.7 1 1.7
25.00% 2 1 2
30.00% 2 1 2
40.00% 3 1 3
50.00% 4 2 4
60.00% 4.1 2 5
70.00% 6.2 3.2 7
75.00% 7.5 4.75 8
80.00% 13.2 7.6 15.5
90.00% 29.8 18.4 32.8
95.00% 58 23.05 67
99.00% 80 28 100
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Summary statistics Microbiological water quality variable

Site code = 857_2

Enterococci_1287 Enterococci_519
N of Cases 36 19
Minimum 5 1
Maximum 20 2100
Arithmetic Mean 6.94 114.95
Standard Deviation 4.36 480.82
Cleveland percentiles
1.00% 5 1
5.00% 5 1
10.00% 5 1
20.00% 5 1
25.00% 5 1
30.00% 5 1
40.00% 5 1
50.00% 5 1
60.00% 5 1
70.00% 5 1.8
75.00% 5 2
80.00% 10 4.1
90.00% 10 33.8
95.00% 20 1175.25
99.00% 20 2100

Microbiological water quality of Raglan Harbour
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Executive summary

Waikato District Council (WDC) has consent to discharge treated wastewater via a pipeline to the
channel that connects Raglan Harbour to the Tasman Sea. This consent is due for renewal, and WDC
is evaluating options for future discharge of treated wastewater.

NIWA was engaged to assist with the process of evaluating wastewater treatment options by
undertaking the following services:

1. Undertake a quantitative health risk assessment (described in this report).

2. Consideration microbial water quality data derived from routine monitoring
programmes (unrelated to the WWTP). This was summarised separately.

The health risks to recreational water users and consumers of shellfish associated with the existing
wastewater discharge were assessed using a Quantitative Microbial Risk Assessment processes.
Using estimates of dilution derived from a calibrated hydrodynamic model, coupled with
Quantitative Microbial Risk Assessment modelling that accounted for a range of WWTP influent virus
concentrations, doses of pathogens likely to be ingested by adult and child receptors engaged in
contact recreation, we were able to predict infection and illness risks at a range of representative
contact recreation and shellfish harvesting sites within Raglan Harbour, and at sites in the Tasman
Sea within 3 km of the harbour mouth.

High initial dilution of treated wastewater is achieved, and the concentrations of a conservative
tracer are generally low across the model domain. As a consequence, infection and illness risks to
both recreational water users and consumers of uncooked shellfish are generally low for all model
pathogens selected, and at all sites where exposure to diluted treated wastewater occurred.

Iliness risks have been related to the illness risks defined in the New Zealand “Microbiological Water
Quality Guidelines for Marine and Freshwater Recreational Areas” (MfE/MoH 2003). At one logio
removal, illness risks for the most sensitive receptors (children) at all sites but one (the outfall) are
below the 1% Gastrointestinal Iliness threshold (the “no observable adverse effects level”). The “no
observable adverse effects level” is exceeded for acute febrile respiratory illness at several sites at or
nearby the outfall (mainly in the channel discharging to the Tasman Sea, where the diluted
wastewater is transported out of the harbour on the ebb tide).

IlIness risks associated with consuming uncooked shellfish are greatest at two sites along the south
shore nearest the discharge outfall but are predicted to be well-below 0.3% illness risk.

We also demonstrate the decrease in illness and infection risk for recreational water-users or
consumers of shellfish that may be anticipated as the level of wastewater treatment is increased.
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1 Introduction

Raglan wastewater treatment plant (WWTP) services the coastal community of Raglan. The influent
is primarily domestic sewage derived from the town’s population resident population, which
fluctuates seasonally in response to tourist influx. There is also a weekly population increase on
weekends when visitors from centres such as Hamilton enjoy the local amenity values. The town has
grown considerably recently.

In addition to local and international tourist values, Raglan Harbour (Whaingaroa Harbour) and the
nearby coast is important to several hapt: Poihakena marae (Ngati Tahinga of Tainui) is located in
Raglan on Wainui Road, Whaingaroa, and Waingaro marae (Ngati Maahanga and Ngati Tamainupo) is
located approximately 25 kilometres northeast of Raglan, on Waingaro Landing Road.

The WWTP is operated by Waikato District Council (WDC), who currently have a consent to discharge
treated wastewater via an outfall pipe located at the mouth of the harbour. The location of the
wastewater treatment plant and current discharge in relation to the town and the two marae is
indicated in Figure 1-1.

# Waingaroc marae

outfal®
“# poihakena marae
wwp ®
0 1 2 km
| ]

Figure 1-1:  Location of Raglan WWTP and wastewater outfall in Raglan Harbour.

WDC wishes to renew the resource consent to continue discharge of the treated wastewater. In
recognition of the sensitivity of the local community (including impact on the mauri of the harbour),
WNDC is considering several options for discharge of the treated wastewater. These include
continued discharge at the existing site, either using the existing outfall pipe, or using a new outfall
pipe (to allow discharge of the wastewater further offshore, nearer the centre of the channel, which
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would also allow the pipe to be buried), disposal of the total discharge volume to land by irrigation,
discharge of the total volume of wastewater via a new outfall located outside of the harbour, or a
hybrid option, where land disposal would be favoured when soil moisture conditions permitted, with
the existing or one of the new outfall options used when soil conditions where unfavourable for
disposal to land.

The WWTP is currently a pond-based system, with limited options for treatment to improve the
quality of treated wastewater. As part of the consent renewal process, WDC is also considering
increasing the level of wastewater treatment. Options include use of membrane filtration, chemical
dosing and increased UV disinfection. Selection of the wastewater treatment option will be
determined by several factors, including the location and nature of the future discharge. Another
important factor that will direct the level of future wastewater treatment is the health risk associated
with the discharge. Despite being well-managed, all treatment systems have the potential to be
sources of pathogens — exposure to these pathogens carries the risk of infection and illness.

To assist with the process of evaluating wastewater treatment options, and to facilitate discussion
with the community, NIWA was engaged to provide the following services:

1. Undertake a health risk assessment (described in this report).

2. Consideration microbial water quality data derived from routine monitoring
programmes (unrelated to the WWTP).

The details for the second task were reported separately (Hudson 2019). Data derived from these
other monitoring programmes were not focused on the wastewater discharge. This work was
undertaken to provide a microbiological water quality context, within which the detailed health risk
assessment could be considered.

The objectives of the health risk assessment
The primary objectives included:

= Assessing the health risks arising from the discharge of treated wastewater via several
modes of exposure of human targets to pathogenic microorganisms via

— contact recreation (involving ingestion or inhalation of organisms by swallowing
highly diluted treated wastewater, or inhalation of aerosols derived from treated
wastewater)

— consumption of raw shellfish that may be exposed to the plume of highly diluted,
treated wastewater.

= |dentify pathogenic organisms likely to be present in the diluted wastewater, selecting
several as candidates for the risk assessment, considering

— routes whereby the community may ingest these organisms
— modes of exposure, and

— the volumes of water likely to be ingested, or meal sizes if the route of exposure is
uncooked shellfish.
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=  Concentration ranges for the model pathogens, and dose response curves for these
model pathogens were also to be considered.

= Inall cases, ranges of values (e.g., volumes of water ingested doses, concentrations
and exposure times etc.,) were to be used rather than single values (such as average,
median or 95th percentile values).

Health risk is presented primarily as estimates of Individual Infection Risks (lInR) or Individual lliness
Risks (lIR), related to both the level of treatment proposed for the wastewater, and the location at
which exposure is likely.

The numbers of scenarios considered in this risk assessment is determined primarily by the number
and type of exposure sites, and the range of model pathogens. The location and type of discharge
site was not modelled at this stage, because we were uncertain whether an assessment would be
required for one or more possible wastewater discharge points. All risks assessed assumed that the
treated wastewater would be discharged from the existing site. Although the future efficacy of
wastewater treatment is unknown at present, we considered risks associated with discharge of
wastewater following four levels of wastewater treatment.
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2 Assessing human health risks

Risk assessment is applied to a diverse range of activities, including workplace health and safety, the
design of structures, the planning and operation of space missions. Despite the diversity of these
activities, several common factors need to be considered, and are provided here as definitions to
guide the reader:

=  Hazard - anything (e.g., work materials, equipment, methods, practices or activities)
that has the potential to cause harm. In this case, the hazard is a wastewater
discharge.

= Risk - the chance, high or low, that somebody may be harmed by the hazard. Risk is
sometimes defined as chance + hazard + exposure + consequence, or “the likelihood
of identified hazards causing harm in exposed populations in a specified time frame,
including the severity of the consequences”.! By its nature, risk is probabilistic and
estimating risk requires the development of quantitative information.

=  Risk assessment - the process of evaluating risks to individual safety and health arising
from the hazards. It is a systematic examination of all aspects of an activity that
considers:

— what could cause injury or harm
— whether the hazards could be eliminated, and if not

— what preventive or protective measures are, or should be, in place to control the
risks.

Human health risks arising from exposure to microbial contaminants during recreational activities are
generally assessed using recreational bathing monitoring programmes. The Ministry for the
Environment and Ministry of Health “Microbiological Water Quality Guidelines for Marine and
Freshwater Recreational Areas” (MfE/MoH 2003) (MfE/MoH Guidelines) provide guidance regarding
establishment and operation of recreational water quality monitoring programmes, and when
interpreting the results derived from monitoring. Monitoring recreational water quality generally
relies on use of faecal indicator bacteria (FIB) — enterococci is favoured in saline waters.

The MfE/MoH Guidelines are quite clear, however, that they should not be used under several
circumstances or for specific purposes:

1. “to directly determine water quality criteria for wastewater discharges because there is the
potential for the relationship between indicators and pathogens to be altered by the
treatment process. The relationship between indicator bacteria and disease-causing bacteria,
viruses and protozoa in the discharge needs to be established” (p 3).

2. “to assess the microbiological quality of water that is impacted by a nearby point source
discharge of treated effluent without first confirming that they are appropriate ...... when
planning the location and degree of treatment for wastewater treatment plants to recognise
that the guideline values are not necessarily a guarantee of safety” (p 3).

1 http://gmrawiki.canr.msu.edu/index.php/Quantitative_Microbial Risk Assessment
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3. during periods of “exceptional circumstances”, such as when there is a major outbreak of a
potentially waterborne disease in the community, and where that community’s sewage
contributes microbiological contaminants to receiving waters (p D9).

When the circumstances or conditions prevail, alternate methods are required to assess human
health risks arising from possible exposure to pathogens. These risks may be calculated using
Quantitative Microbial Risk Assessment (QMRA) techniques, as explained hereafter.

QMRA is a framework and approach that brings information and data together with mathematical
models to describe or predict the spread of microbial agents through environmental exposures and
to characterise the nature of the adverse outcomes. Although most microbes are harmless or
beneficial, some are extremely dangerous — these are termed pathogens or Biological Agents of
Concern (BAC). Although these have the potential to cause serious or fatal iliness, they differ greatly
in their physical characteristics, movement in the environment, and process of infection. These
characteristics and the differences between potential pathogens are considered in the risk
assessment process, to ensure that appropriate “model” pathogens are selected to assess human
health risks.

This report explains the requirements for undertaking a QMRA, including data regarding receiving
environment conditions and the choice of pathogens. In this study, several significant assumptions
are required - justification of these choices is presented as well.
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3 Methodology for conducting a QMRA

As indicated above, risk is probabilistic and estimating risk requires the development of quantitative

information. QMRA consists of five basic steps:

A. Selection of the hazard(s), i.e., the pathogen(s) of concern—exposure to which can

give rise to illness.

B. Assessment of exposure to the pathogen(s) at key sites (in terms of pathogen
concentrations and duration of exposure).

C. Characterisation of human response to pathogen dose (creating suitable dose-
response curves) — described in Appendix C.

D. Calculation of the health risk (in terms of infection and/or illness).

E. Communication of health risk, identifying appropriate response and mitigation actions.

Several components associated with or required for steps A-D are described in the schematic in

Figure 3-1.
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Figure 3-1:

Process followed to relate human health risk to pathogen-contaminated surface waters.
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