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Executive summary
Oceania Dairy Limited (Oceania) owns and operates a milk processing dairy factory at Glenavy, South
Canterbury. As part of its expansion plans, Oceania is considering the construction of an ocean outfall
for the discharge of its treated process wastewaters but excluding any human based effluent. NIWA
has been engaged to provide an assessment of the potential microbiological risks to public health
resulting from the proposed discharge. As part of this assessment, NIWA staff visited the Dairy
Factory site and coastline and proposed a microbial sampling programme to provide information on
the microbial characteristics of the current Dairy Factory (DF) wastewaters to inform the risk
assessment process.
Sampling of milk processing wastewaters was undertaken from December 2018 until February 2019
at several places along the treatment process; spray irrigated wastewater was also collected from a
pivot irrigator which is the current method of DF wastewater disposal. Wastewater sampling was
done to determine the occurrence and levels of pathogens and their bacterial indicators in the
treatment system and to identify any further deterioration of microbial quality of wastewaters
during conveyance in irrigation pipelines. Additional sampling of the COW (condensate water wastestream) was also carried out.
Results have been interpreted in terms of the potential public health risk to people engaging in
recreation involving direct or indirect contact with water. This includes disease transmission routes
such as ingestion, inhalation or skin contact. Risks have been considered primarily for shoreline
walkers and users. Risks for primary contact activities such as swimming or shellfish harvesting have
not been considered due to limited recreational activities within the area as reported by Greenaway
and Associates (Greenaway 2019).
Our main conclusions are:
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1.

When found, bacterial pathogens were present at Oceania in low concentrations
relative to those necessary to cause public health risk concerns. With the exception of
Campylobacter, Staphylococcus aureus and Listeria spp, none of the other pathogens
(including Pseudomonas aeruginosa, Salmonella, toxigenic E. coli, Legionella)
exceeded the limit of detection. No viable Mycobacterium avium subsp
Paratuberculosis (MAP) was detected in any of the wastewater samples collected.

2

A ‘first pass’ screening-level quantitative health risk assessment (sQMRA) was
undertaken using a critical infection threshold of ID1 (i.e dose required to have a 1% risk
of infection among an exposed population) for the three pathogenic species
(Campylobacter, Listeria and Staphlococcus aureus) detected in Oceania DF
wastewaters. This is a reasonable approach used to determine whether these
pathogens have the potential to create an increased health risk to coastal and
foreshore users and to determine if further modelling is required if the potential dose
comes “close to” or exceeds the ID1. First, assuming a precautionary 300-fold minimum
dilution in coastal waters (site 4 directly onshore), the risks posed by ingestion of
Campylobacter or Listeria or the likelihood to compromise the health status of
susceptible groups from infections via inhalation of aerosols from breaking waves were
examined. Second, the likelihood of S. aureus to cause skin lesions (from direct contact)
was also considered finding that;
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−

Listeria spp were present at concentrations well below the critical ingestion
threshold dose of 0.8 cells (ID1)

−

the risk of receiving an infective dose of Campylobacter from ingestion or
inhalation for adults was negligible. A slight risk might exist for children but the
approach taken using the SQMRA was very precautionary indicating that neither
Campylobacter nor Listeria were likely to cause human health risks, and

−

health risk from skin lesions arising from direct contact or exposure to bioaerosols
is not predicted for S. aureus (consistent with its high ID1)

−

potential doses derived from concentrations of Campylobacter spp. and Listeria
spp. were lower (by 0–2 log10) and for Staphylococcus aureus were significantly
lower (by 4 log10) than threshold levels estimated for ID1 doses required to illicit a
response from ingestion/inhalation or risk of skin infections

−

the potential public health risk associated with the discharge of current Dissolved
Air Flotation (DAF) treated wastewaters from Oceania DF is considered to be
negligible.

3. The existing DAF wastewater treatment system does not effectively reduce faecal
indicator bacteria (FIB) concentrations and very elevated concentrations (>107
FIB/100mL) found in the DF wastewaters suggest growth of these indicator species
within the system, but not necessarily growth of pathogens as supported by negative
tests for total Legionella and Pseudomonas aeruginosa and Mycobacteria spp and
frequent test results for Listeria and Staphylococcus aureus below detection limits.
However, elevated concentrations of S. aureus (105/100mL) were found in DF
wastewaters at the critical threshold for skin lesions (105 #/cm2 ID1, where “#” refers to
numbers of microbes) on one occasion.
4. The proposed upgraded treatment facilities for Oceania DF should achieve effective
microbial removal and inactivation in order to achieve proposed microbiological water
quality discharge limits which will reduce the risk compared to the current DAF
treatment. Some assessment of the future treated wastewater, as close as possible to
the discharge site, should however be considered to assess the potential for
undesirable microbial growth in conveyance pipes.

Microbial Risk Assessment for Oceania Dairy Limited
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1

Introduction

Oceania Dairy Limited (Oceania) owns and operates a milk processing plant in Glenavy, South
Canterbury. Milk processing wastewaters (on average 1740 m3 per day) are currently applied to land
using pivot irrigators. However, Oceania struggle to meet wastewater discharge consent conditions
in winter and spring and are also planning to expand. Oceania have consulted Babbage Consulting
Ltd to investigate the potential of discharging milk processing wastewaters via an ocean outfall which
at peak would discharge up to 10,000m3 (Wilson and Coutinho 2019).
As part of this investigative process, Babbage Consulting Ltd have engaged NIWA to carry out a
Quantitative Microbial health Risk Assessment (QMRA), of the potential public health risks from the
discharge of processing wastewaters from the Oceania Dairy Factory (DF) via an ocean outfall. This
assessment was to provide technical background information to assist Oceania Dairy Limited with
their resource consent application (coastal discharge permit) in regard to the disposal of processing
wastewaters into the marine environment.
The approach taken was to assess the potential human health effects from disposal of Oceania Dairy
Factory wastewaters into the receiving environment based on a preliminary empirical evaluation of
the microbial water quality from the Oceania Dairy Factory. These results would then inform a model
to provide an estimation of the potential risks to health from pathogens identified in the dairy
factory wastewaters. Health effects were to be evaluated for the general public exposed to risk due
to recreational activities in the vicinity of the proposed wastewater discharge area.
For the assessment, NIWA has carried out a Microbial Health Risk Assessment (MRA) using the locally
sourced data as well as microbiological water quality information from other dairy factories in New
Zealand to provide breadth to the risk assessment process. The MRA for the Oceania DF discharge
considers principally the risks from inhalation/ingestion/skin contact of contaminated water but does
not consider shellfish harvesting.
A site visit was conducted by NIWA during November 2018 in order to a) develop an understanding
of the operation of the DF plant and locations where water quality samples and/or flow recordings
are collected, b) inform the design of a proposed short-term microbial monitoring plan for each site
for use in a risk assessment, c) identify potential public health issues that may be present. Site visits
to currently spray irrigated areas were also carried out as well as to the proposed new site for the
ocean outfall.
This report describes the findings from the risk assessment for Oceania Dairy factory. It uses
information regarding wastewater microbiological quality collected from the DF processing plant for
various wastewater streams to provide local information to determine if a Quantitative Microbial
Risk Assessment (QMRA) is required and if so input into QMRA modelling. It also draws upon the
microbiological characteristics of wastewaters from other DF sites to consider the possible range of
microbial contaminants that might be present at Oceania DF (given that the microbial monitoring
was a relatively short exploratory study) and as a comparison to the Oceania DF results to provide
context.

8
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2

Dairy factory processing wastewaters

A variety of process wastewaters are generated on site at a dairy processing factory. Tanker wash
wastewaters are generated from cleaning the exterior of the milk tankers as they arrive on site and
daily cleaning of the inside of the tankers after offloading the milk. Any spillages of milk during
offloading in the tanker reception area will be collected and added to the waste streams for
treatment. Wastewaters are also generated from pump seal water, steam condensate not recovered
back to the boiler and contaminated milk condensate.
To minimise contamination of milk products, hygiene procedures are used to prevent pipeline biofilm
formation and to deactivate microorganisms. Milk lines and internal pipes in the DF are cleaned-inplace using alternate acid washes interspersed with hot water rinses. Clean-in-Place (CIP) wastewater
(washwater) is generated in the manufacturing plants from cleaning operations of the processing
equipment, storage silos and pipelines after each processing run and hosing floors and the outside of
the processing equipment. The process wastewaters and other washwaters generated on site at the
Dairy factory therefore contain mainly milk residues and water flushed from the processing plant at
the end of each processing run and milk tankers. They also contain dilute concentrations of nitric
acid, sodium hydroxide and dairy sanitizers used in the CIP systems.
Raw wastewaters will therefore likely mainly contain:


dilute amounts of raw and pasteurised milk derived from spillages and cleaning
processes within the factory premises



dilute caustic chemical cleaning materials



farm animal faecal material derived from the tanker wash water, as well as



pathogenic microorganisms from either:
−

the milk processing plant and/or

−

material washed off the dairy tankers.

Dairy factory processing wastewaters do not contain any human faecal waste as this is dealt with
separately and is beyond the scope of this project.
The treatment of milk processing wastewaters on site at each DF may vary. Wastewaters may be
discharged via land irrigation untreated or after mechanical (DAF) or biological (e.g., pond)
treatment. After generation on site, DF wastewaters are conveyed along pipelines which may extend
several kilometres to holding silos at neighbouring farms. The wastewaters are then applied to land
by spray irrigating paddocks that may also be some distance from the holding silos.
Oceania Dairy Factory was visited by NIWA to assess current factory operations and wastewater
treatment systems and to provide an overview of the current disposal practice of spray irrigation
used for land application of Oceania DF wastewaters. The site visit was also used to assist with
developing monitoring plans for wastewater microbiological quality for the DF site.

Microbial Risk Assessment for Oceania Dairy Limited
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2.1

Oceania Dairy Factory – site visit

A site visit to Oceania Dairy Factory was conducted during February 2018 in order to obtain a more
in-depth understanding regarding the treatment and disposal of dairy factory wastewaters from the
site and to assist in identifying potential sampling locations for microbiological analysis. Site visits
included an inspection of milk tanker truck washing areas, dairy processing waste streams,
wastewater treatment plant, wastewater holding silos, and irrigated areas. A brief description of
Oceania DF is provided below based substantially on observations made during these visits. Oceania
dairy factory wastewaters.
Yili Oceania Dairy Ltd has been in operation since 2014 and is looking to shift from land-based
disposal of dairy processing wastewaters via spray irrigation to an ocean outfall disposal. Oceania is
expanding its plant size and also its operation to all-year-round. The DF intends to increase milk
intake by around 30% and build a new dryer to expand its infant powder processing capability.
Therefore, it will produce extra wastewaters due to plant rinsings but there are limits to the
availability of land for disposal. Neighbouring dairy farms are switching from border dyke to spray
irrigation which ECan is giving the farms seven years to complete the conversion. Water use
efficiency is the driver behind the change in disposal practice. Border dykes are very inefficient for
irrigating paddocks but take large volumes of water. However, supplying water for disposal via the
border dyke system can be infrequent with wait times of more than two weeks. Spray irrigation via
pivot irrigators is more efficient but there is limited capacity for increasing the discharge of the dairy
processing wastewaters to land. To meet the growing production need, significantly more land would
be required for disposal but farms receiving DF wastewaters have already changed to spray
irrigation. Hence the interest by Oceania DF in an ocean outfall.
Oceania processes raw milk through a variety of process plants including a Ultra Heat Treatment
(UHT) plant, Anhydrous Milk Fat plant (AMF), infant formula canning and blending, and a whole milk
powder dryer. Wastewaters produced on site are made up of clean plant and truck rinses (Clean-inplace CIP using caustic and nitric acid rinses), floor drains, sumps, and tanker truck washwaters; all
stormwaters are disposed of via infiltration basins. Condensate water (COW water) from the
evaporator is not treated with the other waste-streams but currently is disposed of through fixed
grid irrigation onto an area called the Zones but potentially could be recovered for reused or put
through an RO plant.
CIP rinsings of milk pipelines are carried out after every day and night shift i.e., two rinsings in 24 h.
The extra CIP rinsing is precautionary for Mycoplasma bovis contamination. CIP internal tanker
rinsing may also be carried out as a precaution for M. bovis depending on the number of farms the
tanker visits.
Wastewaters generated from the DF are delivered to an open top tank for balancing flows prior to
treatment. This pre-DAF tank (2 million litre capacity) collects all DF wastewater except the COW
water. Current treatment of wastewater consists of two DAF plants which remove suspended
material including fats and solids from wastewaters (particularly from the AMF and UHT plants) to
reduce the COD loading of the wastewater. Because the UHT production runs all season, the DAF
plants also run throughout the year but at reduced volumes when other milk processing plants have
shut production; with the two DAF plants, they can be swapped over. With the increase in milk intake
planned, an additional DAF plant is likely to be required.
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The pH of wastewaters entering the DAF is typically low because wastewater from the pre-DAF tank
is treated with acid in the pipeline before entering the inlet to the DAF plant. The pH of wastewater
therefore drops to around pH 4. The DAF tank floats off the solid component and the DAF treated
wastewater then enters a lime dosing tank (3000 Litres) where lime is added to neutralize the
wastewater to bring the pH back to around pH 6-7. On the day of the site visit, the pH of inlet (acid
treated) and outlet DAF wastewater (with lime addition) was 4.3, 6.6 and 3.9, 6.7 for DAF 1 and 2
respectively. The lime treated WW is then conveyed to large holding treated wastewater tanks (2
million litre capacity) on site (Figure 2-2). A circulatory pump agitates the wastewaters in the open
top holding tanks. The tanks have a 48hr storage capacity and so wastewater has to be sent for
irrigation within this time interval. Once a week, the levels are dropped as low as possible within the
holding tanks to facilitate mixing and disposal of old wastewaters to the irrigation lines.
The DAF treated wastewaters are pumped continuously from the holding silos on site several
kilometres to get to the irrigation farms. When the treated wastewater is conveyed off site for
irrigation, the treated wastewater is injected with citric acid and Zydox 40 (Sodium chlorite 6%) as a
deodorizer as the wastewater is pumped out through the irrigation line.
The DAF treated wastewaters are also sampled as part of the wastewater irrigation monitoring.
Sampling is carried out on DAF wastewater prior to discharge three times a month at 10-day intervals
(10th, 20th, 30th of each month). Composite 24-hour sampling is undertaken as required by ECan. No
microbiological data is collected.
Sludge from DAF plants are tankered away by a contractor and spread to land. Biosolids and their
application to land are not considered as part of this risk assessment.
The milk powder plants are fitted with filters because particulates are monitored. Therefore, there is
not likely to be an issue with large numbers of birds around milk dryers. Annual maintenance is
scheduled for June/July when the DF will reduce production.

2.1.1 Current disposal method – spray irrigation
The DAF treated wastewater from the holding silos on site is chlorinated as it is conveyed to the
irrigation farms to negate odour.
Current consents for disposal of wastewater permits the treated wastewater to be used for farmland
irrigation using wastewater and irrigation infrastructure provided by Oceania. The current consent
for irrigation is currently 2650 m3/d but application rates try to operate below this. Wastewater is
not supplied during the winter break (e.g., May-July) when the DF is not in production.
Oceania DF wastewaters are applied to land on neighbouring farms using overhead pivot spray
irrigators (Figure 2-2). Van Leeuwen Group own the land where DAF wastewater is irrigated. There
are six pivots in total for dispersal. Currently, irrigation of DF wastewaters is used for cut-and-carry
operations and not livestock grazing due to issues with salts such as magnesium and sodium in the
DF wastewaters.
Pivots are flushed with clean water from the Waitaki River to flush out lines before irrigation usually
between September and March. The amount of wastewater applied depends on weather, soil
moisture, what the farm is growing and consent conditions. Current consent is for nil ponding so if
conditions do not allow for spray irrigation, the DF can only defer irrigation by 48hr – the storage
capacity in the treatment tank silos on site.
Microbial Risk Assessment for Oceania Dairy Limited
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Spray irrigation disposal is consented for 314 hectares which is a larger area than is currently used.
There are 275 pivot hectares but this area is not wholly available for irrigation because of heavier
soils unsuitable for irrigation.
COW water is irrigated via fixed grid irrigation owned by Oceania onto a block owned by Waimate
District Council which Oceania have easement over.
Groundwater samples are collected from five monitoring bores in the irrigation area and seven
neighbouring bores. Under the requirements of the Resource Consent, bores were monitored
monthly for the first year followed by quarterly monitoring. Analysis of the samples is undertaken by
Hill Laboratories (Christchurch) and includes total coliforms and E. coli. The impact of spray irrigation
on groundwater is not considered in this health risk assessment.

2.1.2 Future proposed disposal method – ocean outfall
The proposed ocean outfall site is off the coast from Archibald Rd ( Figure 2-1). Figure 2-2 illustrates
the typical local coastline. The large Waitaki River mouth is just to the south of the outfall site. Net
water movement is to the north. Further details are provided in Appendix A.

Figure 2-1:
option).

Preferred location for the Oceania DF outfall off the coast from Archibald Road (northern

It is generally considered that little if any contact recreation occurs in the sea near the proposed
outfall sites (Greenaway 2019). Seas are rough and the beaches stony. In addition, access to the
coast is difficult due to cliffs. No shellfish is gathered and any activities occurring are likely to be
associated with the Waitaki river mouth to the south. Therefore, any exposure risks to the public are
most likely associated with inhalation of bioaerosols generated from breaking waves along the
shoreline.
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Figure 2-2: Yili Oceania Dairy Factory. A: main sump receiving wastestreams from the DF; B: milk tanker
reception area; C: holding tanks for treated DAF wastewater; D: Pivot irrigator on farm for spray irrigation of DF
wastewaters; E: local coastline area.
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2.1.3 Features of current operations at Oceania DF
Our understanding is that:
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Dairy factory process wastewaters consist of milk processing wastewaters, tanker
clean-in-place (CIP) wastewater, tanker wash water and process plant CIP washwaters.



Dairy factory process wastewaters will not contain human sewage but may contain
faecal contaminants of animal origin derived from truck washdown water.



Wastewaters from the Oceania DF are subject to mechanical or chemical treatment
that may include Dissolved Air Flotation (DAF), lime addition and chlorination and can
be held in holding silos on site at the DF before distribution to irrigation pipelines.



Dairy factory wastewaters are conveyed off site to neighbouring farms site via
pipelines that may extend several kilometres.



DAF treated wastewaters are currently discharged via spray irrigation using extensive
overhead travelling irrigators.



COW waters are not included in waste-streams that are treated by the DAF plant and
are untreated. COW water is discharged via fixed grid irrigation on a different block to
DAF treated wastewaters.

Microbial Risk Assessment for Oceania Dairy Limited
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Identifying key microbes

The first step in a QMRA (Quantitative Microbial Risk Assessment) is identification of key microbes,
detailed in Section 6. When undertaking a QMRA, for waters far away from a major point source,
criteria for faecal indicator bacteria (FIB) concentrations are readily available that have been
established from international epidemiological studies and incorporated into New Zealand
microbiological water quality guidelines (MfE/MoH 2003). However, these guidelines refer to
recreational waters and direct exposure (i.e., immersion) and although they do consider respiratory
risks, they do not consider risks arising from bioaerosols, nor the quality of waters intended for spray
irrigation. Nevertheless, the MfE/MoH (2003) guidelines state that when in close proximity to
significant point sources
“…guidelines should not be directly applied to assess the microbiological quality of water
that is impacted by a nearby point source discharge of treated effluent without first
confirming they are appropriate…”
In other words, even when water quality (as assessed by bacterial indicators) meets guideline values,
the water may still not be safe for its intended use since compliance with the limits for indicator
bacteria is not a guarantee of safety. This may be because of the presence of pathogens in the
wastewater that the guideline indicator organisms do not account for 1. Conversely, pathogen
presence may be low when faecal indicator bacteria concentrations are high. The relationship
between pathogens and indicator bacteria in DF milk processing wastewaters is unknown and
information about the survival of these pathogens in these wastewaters is limited. In the absence of
available data, the concentration of indicator bacteria in DF processing wastewaters may not provide
a reliable prediction of waterborne pathogens that could potentially be present in the milk
processing wastewaters from the DF used for spray irrigation.
For these reasons, a QMRA is increasingly adopted for quantifying and comparing human health risks
arising from the disposal of wastewater (e.g., Palliser and McBride 2009, McBride and Reeve 2011,
Stott and McBride 2011, Palliser 2011, Stott and McBride 2018).
International experience shows that three possible transmission routes and health impacts must be
accounted for when considering the potential risks from disposal of DF wastewaters:
1.

Waterborne pathogens that can cause gastro intestinal infections following accidental
ingestion of water contaminated by DF wastewaters.

2.

Waterborne pathogens that can cause gastro intestinal infections following inhalation of
water contaminated by DF wastewaters.

3.

Waterborne pathogens that can cause eye, ear, nose, throat and skin infections following
contact with water contaminated by DF wastewaters.

Therefore, the expected microbiological composition of discharged DF wastewaters requires
assessment where the public may be exposed to such contaminated waters. Pathogens of public

1 Furthermore, the guidelines do not apply when there is a related outbreak of disease in the contributing community (e.g., Norovirus
illness) because in such situations, the usual relationships between indicator prevalence and health risk do not apply or are not
representative. Furthermore, the ‘small’ outbreaks may not be recognised. That situation does not apply to Oceania DF given that the
wastewater will not contain any human faecal wastes.

Microbial Risk Assessment for Oceania Dairy Limited
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health significance isolated or detected in milk are shown in Table 3-1. The hazard presented by each
of these pathogens is detailed in Table 3-1. Further details are also provided in Appendix B.
Table 3-1:
Micro-organisms of public health significance found in raw milk in New Zealand and of
significance for disposal of dairy factory wastewaters.
Grow in Milk?

Minimum
growth
temp.

Pseudomonas
aeruginosa

Yes

5°C

Ear, eye, nose, throat
and skin infections.

Can form biofilms 2 and regrowth in
effluent is possible prior to discharge.
Opportunistic pathogen in swimmers.
Ubiquitous bacteria in the dairy
environment.

Staphlococcus
aureus

Yes

7°C

Ear, eye, nose, throat
and skin infections.

Implicated in waterborne infections of
swimmers in epidemiological studies.

Flu-like illness is
considered to be severe
with a high risk of death
and severe acute
symptoms in the elderly
and immunocompromised.

Can grow within biofilms – potential for
biofilm growth in pipes. Transmission is
via aerosols.

Pathogen

Legionella

Listeria

Disease

Comments

Yes

2°C

Flu-like symptoms,
sometimes nausea and
diarrhoea (food
poisoning). Can be
severe in elderly,
pregnant women or
immuno-suppressed.

Can survive and multiply at low and
high temperatures. Tolerant of wide pH
range of 4.4-9.8. Pathogenic form is
Listeria monocytogenes. One NZ study
did not detect L. monocytogenes in
milk but concentrations ranging from
100-48,000 cells/mL reported overseas
in raw milk.

Slowly

22°C

Hypersensitivity
pneumonitis seen in
immuno-competent
persons with aerosol
exposure to
mycobacteria.

Major route for transmission
considered to be faecal-oral (i.e.,
ingestion) but potential for waterborne
transmission via aerosols. MAP
reported in raw milk samples in USA
and in retail milk. Has been detected in
biofilms which may be source of
contamination post pasteurisation.
Mycobacterium spp. detected in NZ
dairy wastewaters.

Yes

6.5°C

Gastroenteritis, typhoid
fever.

Regrowth in effluent possible prior to
discharge. Risk of waterborne infection
and shellfish associated infections.

Cronobacter
sakazakii

(Yes, in
reconstituted
milk powder)

12–30°C

Bacterial sepsis,
meningitis.

Regrowth in effluent possible prior to
discharge. Persistence in marine
environment unknown.

Yersinia
enterolitica

Yes

1°C

Gastroenteritis

Can survive and multiply at low
temperatures. Can persist in marine
environments.

Mycobacterium
avium subsp.
Paratuberculosis
(MAP)

Salmonella spp

2 Biofilms are typically complex assemblages of bacteria and other micro-organisms all held together by extracellular polymeric substances
that also help the biofilm adhere to surfaces.
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Table 3-1: Micro-organisms of public health significancea found in raw milk in New Zealand and
significance for disposal of dairy factory wastewaters (continued).
Grow
in
Milk?

Minimum
growth
temp.

Campylobacter
spp.

No

N/A

Pathogenic E.
coli

Yes

7–8°C

Cryptosporidium
spp.

No

Giardia spp.

No

Pathogen

Disease

Comments

Gastroenteritis

Most common cause of bacterial gastroenteritis in
NZ. Common in dairy faeces in NZ, presence in
milk less common. Doesn’t grow in milk so needs
to be present in large concentrations. Does not
persist for long in marine environment.

Gastroenteritis, HUS
(Haemolytic ureamic
syndrome)

Several pathogenic strains of E. coli exist and have
been reported in NZ. O157:H7 strain most virulent
toxigenic E. coli. Has been found in raw milk in
USA.

N/A

Gastroenteritis

Have been found in unpasteurised milk. Does not
grow outside of host so needs to be present in
large concentrations.

N/A

Gastroenteritis

Have not been reported in unpasteurised milk.
Does not grow outside of host so needs to be
present in large concentrations.

a Pathogens of human health importance found in raw milk with potential for waterborne transmission, shellfish bioaccumulation or associated with outbreaks and incidents. Compiled from Dinsmore et al. (2001), Harper et al. (2002),
Hudson et al. (1999), NZFSA 3 data sheets, Jaros et al. (2008). Further information on micro-organisms of concern in milk can
be found at the Cornell University website:
http://milkfacts.info/Milk%20Microbiology/Microorganisms%20of%20Concern.htm

3 New Zealand Food Safety Authority more details needed. Is this relevant? https://www.mpi.govt.nz/dmsdocument/22309-a-systematicreview-of-the-human-disease-evidence-associated-with-the-consumption-of-raw-milk-and-raw-milk-cheeses
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4

Microbiological sampling programme

4.1

Selection of microorganisms

Following the site visit, NIWA made recommendations 4 for a microbial screening programme for
various wastewaters that included DAF treated wastewaters, stored DAF treated wastewaters post
lime addition, chlorinated wastewater, spray irrigated wastewater and COW water for analysis for a
variety of milk-related indicator and pathogenic organisms (as summarised below).
Microorganisms recommended for analysis of wastewaters included pathogenic bacteria that could
potentially be present. Pathogens suggested included those that have been reported in high
numbers in raw milk, can grow at low temperatures, can cause infection, or may be aerosolised and
cause respiratory infections, or which have been associated with secondary wound infections. In our
selection of pathogens to include for microbial monitoring, we have considered the potential for raw
milk to enter into the wastewater treatment systems and noted that there are elevated
temperatures occurring within that system that are conducive to growth of bacterial pathogens.
Faecal indicator bacteria (FIB) were also included to aid interpretation of pathogen results. There
have been very high faecal indicator bacteria concentrations found in milk processing wastewaters
and stormwaters at other dairy factories (e.g., Stott and McBride 2018) and for DF processing
wastewaters intended for discharge via ocean outfall which is of potential concern (Stott and
McBride, 2015). Analysis for both faecal indicator organisms and pathogens provides for a more
complete assessment of microbiological contaminants potentially present in dairy processing
wastewaters.
Microbiological analysis recommended assessment of the following organisms:


Pseudomonas aeruginosa



Staphlococcus aureus



Listeria monocytogenes



Salmonella spp



Legionella



Campylobacter spp



Toxigenic E. coli



Mycobacterium avium subsp. Paratuberculosis (MAP)



Faecal coliforms



E. coli



Enterococci.

A summary of methods used for microbiological analysis is shown in Appendix C.

Email from R Stott (NIWA) to C. Williams (Supply Liaison Officer, Oceania Dairy), sent 25 November 2018. Proposed recommendations for
microbial monitoring of Oceania Dairy Ltd factory wastewaters. Prepared 21 Nov 2018, 6 pages

4
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4.2

Sampling sites and location

For the 2018-2019 microbial monitoring programme, five sampling sites were agreed upon for
Oceania Dairy Factory with sampling locations selected according to the type of wastewater
treatment (DAF, lime treatment, chlorination), accessibility of wastewater holding silos on site at the
DF that receive the DF wastewater, and feasibility for sampling of spray irrigated wastewaters at
point of use (Figure 4-1). Sampling sites were identified after the DF site visit and were used for each
successive sampling occasion for comparability. Wastewater samples were collected along the
treatment train in order to consider the effect of the various treatments on the microbiological
quality of the DF wastewaters and health risk.
This microbiological sampling programme should be considered as an exploratory study in that a
limited selection of sampling sites and sampling occasions is possible. Nevertheless, a precautionary
approach has been taken to consider the worst-case scenarios for the quality of wastewaters that
would be discharged.
To assess the potential deterioration of wastewater during conveyance along a pipeline, the sampling
programme specifically targeted spray irrigated wastewater selecting where possible irrigated
paddocks furthest from the site of wastewater production. COW water was also included as this is
another source of wastewater that would be considered for discharge via the ocean outfall.
A summary of sampling locations considered for inclusion in the microbiological monitoring
programme is shown schematically in Figure 4-1.
Existing sampling points were used where possible at the DF or from the holding silos. These
sampling points are typically used for 24 hr composite sampling. However, composite samples were
not considered suitable for the microbiological sampling regime because 24 hr composite samples
are likely to have a highly variable pH and a 24 hr holding period before sample collection could have
a deleterious influence on the survival of microbes. Grab samples were therefore collected using
manual sampling valves where possible. Grab sampling was therefore preferred as this would
minimize the holding time of each sample prior to analysis. Previous assessments of wastewaters
from dairy factories found lower faecal indicator bacteria in composite samples compared to grab
samples likely due to elevated pH conditions and holding times (Stott and Palliser 2012). Although
grab sampling won’t capture the potential daily fluctuations in the microbiological quality of the
wastewater intended for spray irrigation, it does allow for comparable sampling across all sites and
locations. Repeated sampling occasions will provide an indication of the variability of the
microbiological quality.
Samples of spray irrigated wastewaters were collected at the site of irrigation in order to consider
the potential for wastewater quality to deteriorate along the irrigation distribution pipelines.
Irrigated wastewater was collected from Pivot 2 which is located across the road from the factory on
the Van Leeuwen Group Property. Sampling ports were not available on the irrigation pipeline so
wastewater was collected from a tap at the centre of the pivot 2 irrigator which was used while the
irrigator was in operation. Irrigation pipes are underground and therefore not influenced by ambient
surface fluctuating temperatures.

Microbial Risk Assessment for Oceania Dairy Limited
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Figure 4-1:
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Schematic overview of potential sampling sites for microbiological monitoring for risk assessment.
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Table 4-1:
Sample
No

Summary of sampling locations identified for Oceania Dairy Factory.
Sampling
location

Type of
sample

Comments

1

Inlet to DAF

After addition
of acid to ww

WW sampled after inlet and addition of sulphuric acid.

2

DAF effluent
post lime
addition

DAF treated +
Lime addition

Effect of treatment process. DAF is treated with lime in the
lime dosing tank before the treated ww goes to the treated
WW tank. Sampling point is taken after lime addition at the
24 h sampling point before ww enters the treated WW tank.

3

Deodorised
wastewater

Chlorinated
wastewater

Chlorinator is only a deodoriser and is injected at very low
concentrations. Chlorine injected into the treated WW as it is
pumped from the WW tank out through irrigation line.
Characteristics of WW before delivery to farm for irrigation.

4

Farm

Spray irrigated
wastewater

Across road from factory. WW collected from Pivot 2 tap
whilst irrigator in operation. This is Irrigating 115 ha. Pivot 2 is
the furthest point from the factory site. Potential for
regrowth in distribution pipelines. Assess potential change in
quality of final discharge.

5

Clean waste
stream

COW water

Potentially also considered for ocean discharge. Potentially
high temperature of condensate water could assist
persistence of some microbes (e.g., Legionella) in warm
temperature waste streams.

A total of around four litres was collected for each wastewater sample late in the day at around 45pm. After collection, samples from three sampling locations were split for two analytical
laboratories undertaking the microbiological analysis. Samples were stored on ice overnight and then
couriered at 3am the next morning to Hill Laboratories (Christchurch) for 10 microorganism analyses.
One litre samples from three of the sampling locations were also sent to the AgResearch laboratory
in the Hopkirk Research Institute (Palmerston North) for Mycobacterium analysis. The aim was to
have samples delivered within 24 hours of sampling.

4.3

Sampling frequency

Five sampling occasions were carried out by Oceania DF staff for all bacteria analysis except for
Mycobacteria for which three sampling sites were sampled on three sampling occasions.
Wastewater sampling commenced in Dec 2018 and extended to the beginning of February 2019
whilst the dairy factory was in full operation.
A summary of analyses undertaken for Oceania DF and sampling locations for each sampling occasion
is shown in Table 4-2 . A site map showing sampling sites for microbiological monitoring is shown in
Figure 4-2 and in Figure 4-3.
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Table 4-2:

Summary of microbiological analysis of wastewaters from Oceania Dairy Factory (Dec 2018 - Feb 2019).
Microbial analysis*

Sample no
1
2
3
4
5

Wastewater type
DAF influent
DAF + lime
Chlorinated ww
Pivot spray irrigated
COW waters

Sample location
WW entering the DAF plant
Treated WW post lime addition. Storage silo
Treated WW post chlorination
Centre tap on pivot arm
Pipe coming from treated WW Silo

Bacteria

Bacteria pathogens

Ent

Fc

Ec

Sm

C

TL

Pa

Sa

L

Ec 0157

Mb

Y
Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
Y
Y
Y
Y

Y
N
N
Y
Y

Y
N
N
Y
Y

* Ent = enterococci, Fc = faecal coliforms, Ec = E. coli, Sa = Staphylococcus aureus, Pa = Pseudomonas aeruginosa, Le = Total Legionella, L = Listeria species, Sm = Salmonellae,
C = Campylobacter spp. Ec 0157 = presumptive E.coli 0157, Mb= Mycobacterium avium spp.
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Figure 4-2: Site map for Oceania Dairy Factory. Sampling sites for microbiological monitoring indicated for each of the 5 sampling occasions
(O1-# to O3-# and O5-#). Figure supplied by Chrissy Williams, Oceania DF.
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Figure 4-3:
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Site map for Oceania Dairy Factory continued. Sampling site for microbiological monitoring indicated for pivot irrigation (O4-#).
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Microbiological monitoring: Results

Microbiological results for the various waste streams at Oceania DF are summarised in Table 5-1 for
the five sampling occasions between December 2018 and February 2019.
Where microbiological data have been reported as “less than” (i.e., < values) these values have been
used as a worst-case scenario; data reported as “greater than” (i.e., > values) have been used at that
value and therefore the statistical summaries will underestimate the true maximum values,
particularly for the faecal coliform bacteria.
The sample size (n= 5) is also relatively small and there is also uncertainty in MPN counts used for
some bacterial analyses. Therefore, at best, general trends for the various waste streams may be
inferred.
Concentrations of faecal indicator bacteria (enterococci, faecal coliforms 5 and E. coli) are shown in
Figure 5-1 and in Figure 5-2 for the bacteria pathogens. S. aureus, Campylobacter spp and Listeria spp
for the five different wastewaters sampled from the Dairy Factory.

5.1

Faecal indicator bacteria

Concentrations of FIB were highly variable in the wastewater samples ranging over 9 orders of
magnitude during sampling (Figure 5-1). Wastewaters entering the DAF plant contained very low
concentrations of FIB with less than 10 bacteria per 100mL typically found in samples; one sample
contained 104 enterococci/100mL. Raw wastewaters from the DF are typically high in pH (Chrissy
Williams, Oceania DF, pers. comm.) so are treated with sulphuric acid as the wastewaters enter the
DAF unit. Consequently, the pH of the DAF inlet waters was low and typically ≤ 4.5 (Table 5-1) in the
samples collected. Low pH will have an adverse effect on FIB concentrations in the wastewaters.
Wastewater samples were collected late afternoon before sending to the analytical laboratories early
morning and so extended contact time in a low pH environment could have had a marked effect on
the survival of FIB in those samples.
In contrast to the DAF inlet wastewater, significantly elevated concentrations of FIB were detected in
the lime treated DAF wastewaters (concentrations increased by 3-9 log10). Lime treated DAF
wastewaters contained median concentrations of FIB of around 105/100mL but on one occasion, 108
faecal coliforms and 107 E. coli and enterococci were detected. This suggests that re-contamination
or growth is occurring during DAF treatment.
Enterococci have also been shown to tolerate acidic environments as well as adapt to pH changes
(Murbarak and Soraya 2018). The pH of inlet DAF wastewaters were typically around 4.5 increasing
to 6.7 pH in the DAF + Lime treated wastewaters. This pH range is within the tolerated range for
enterococci with doubling times reported as 10 hr at pH 5 and 25°C but decreasing to 4hr at pH 6 at
25°C (Morandi et al. 2005) which is within the potential residence time of residual flocculated solids
within the DAF effluent.
The DAF plant is not covered, creating the potential for incidental contamination from birds, rodents
etc. There is also the potential for resuspension of bacterial flocs back into circulation within the DAF
plant. High temperature conditions (typically 20-30°C as observed in other DAF plants, might also be
expected in the Oceania DAF plant. These temperatures and the presence of milk proteins in the DF
wastewaters provide an environment conducive to survival of micro-organisms such as bacteria.
5

Now more commonly referred to as thermotolerant coliforms (TTC)
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Elevated levels of FIB in the DAF treated wastewaters suggest growth of bacteria in nutrient-rich
wastewater in optimal temperature conditions with enterococci capable of growing more rapidly in
this environment than other faecal indicator bacteria (Flint, 2002, Giraffa, 2003). Hence bacterial
pathogens may also persist and proliferate.
Enterococci can grow in non-enteric habitats under certain conditions (Byappanahalli 2012) and
naturalised populations of E. coli in temperate environments have also been reported (Ishii et al.
2006). Elevated levels of faecal coliforms in the DAF + lime treated wastewater may also indicate
contamination or growth. Faecal coliforms consist of six species of bacteria found in animal wastes,
of which E. coli usually predominate. However other faecal coliform types such as Klebsiella have also
been reported in nutrient rich wastewaters (such as pulp and paper wastes), despite the absence of a
faecal source 6. High numbers of enterococci and faecal coliforms in the DAF treated wastewater may
thus be due to the presence of autochthonous or “naturalised” populations within the dairy factory.
Similarly, elevated concentrations of 108 enterococci/100mL and 107 faecal coliforms /100mL have
been detected in DAF treated wastewaters from other DF sites (Stott and McBride, 2015, see Section
5.3). High numbers of FIB have been reported in DF wastewaters despite frequent Clean-in-Place
disinfection (Ray and Ball, 2003). Hence elevated concentrations of FIB may not be exclusively of
faecal origin.
The concentrations of FIB in the chlorinated wastewaters and irrigated wastewaters are comparable.
The addition of Sodium Chlorite (6%) as a deodorising agent has negligible effect on the microbial
quality of the wastewaters. There is also no apparent marked deterioration of DF treated
wastewater quality in the irrigation distribution pipeline.

Faecal coliforms are now typically referred to as ‘thermotolerant coliforms’ to acknowledge that the group is make up of bacteria species
that are not entirely of faecal origin.

6
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Table 5-1:
Physico-chemical and microbiological results for Oceania Dairy Factory wastewaters (treated wastewaters and spray irrigated wastewaters) Dec 18-Jan
19. Median and range concentrations shown.
Parameter/Microbe

Unit

No. of
samples

DF: DAF influent

DF: Lime treated
WW

DF: Chlorinated
WW

Farm: Irrigated
WW

DF: COW water

5

4.5 (4.4-4.7)

6.7 (4.6 7-7.2)

6.1 (5.1-7.8)

7.2 (6.4-7.9)

7 (6.9-7.2)

<10
(<10-3x104)
<3
(no +ve samples)
<3
(no +ve samples)
<1000
(no +ve samples)
<1
(no +ve samples)

1.7x105
(6x104-1x108)
1.7x105
(6x104-1x107)
3x105
(5x103-8.9107)
<3
(no +ve samples)
<3
(no +ve samples)
<1000
(no +ve samples)
<1
(no +ve samples)

3x106
(6.7x104-2x109)
1x106
(6.7x104-1.3x108)
3x105
(3x102-2.6x106)
<3
(no +ve samples)
<3
(1 sample >110) 8
<1000
(no +ve samples)
<1
(no +ve samples)

3x105
(4.2x104-2.2x109)
3x105
(4.2x104-2x107)
3x105
(8.9x104-2.4x107)
<3
(no +ve samples)
<3
(1 sample >110)5
<1000
(no +ve samples)
<1
(no +ve samples)
<10 (<1-1.6x105)
(1/5 samples
+ve)6

1x103
(60-6.1x105)
1x104
(60-2.7x104)
50
(20-2.4x103)
<3
(no +ve samples)
<3 (<3-3.6)
(1/5 samples +ve) 9
<1000
(no +ve samples)
<1
(no +ve samples)

<3
(no +ve samples)

<3
(no +ve samples)

Physico-chemical analyses
pH
Microbiological analyses
Faecal coliforms

CFU/100 mL

5

<10

E.coli

CFU/100 mL

5

<10

Enterococci

CFU/100 mL

5

Salmonellae

MPN/100 mLa

5

Campylobacter spp

MPN/100 mLa

5

Total Legionellae

CFU/ 100mLb

5

Pseudomonas aeruginosa

CFU/100 mL

5

Staphylococcus aureus

CFU/100 mL

5

<10
(no +ve samples)

<10
(no +ve samples)

<10 (<1-2.9x104)
(1/5 samples +ve)6

MPN/100 mLa

5

<3
(no +ve samples)

<3 (<3-15)
1/5 samples +ve 10

<3 (<3-7.4)
(1/5 samples +ve)7

Listeria spp

pH 4.6 unexpectedly low from this sampling point. It is not uncommon to have a line blockage during the lime addition
From one sample done on 13 Dec 2018
9 From one sample 28 Jan 2019
10
From one sample 20 dec 2018
7
8
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<10
(no +ve samples

Unit

No. of
samples

DF: DAF influent

DF: Lime treated
WW

DF: Chlorinated
WW

Farm: Irrigated
WW

DF: COW water

MPN/100mLa

3

<3
(no +ve samples)

Not done

Not done

<3
(no +ve samples)

<3
(no +ve samples)

Mycobacterium (MAP) (IS900)

P/A PCR

3

Not detected

Not done

Not done

Not detected

Not detected 11

Mycobacterium (MTB complex)

P/A PCR

3

Not detected

Not done

Not done

Not detected

Not detected

Parameter/Microbe
Presumptive E.coli 0157

a: converted from MPN/L to MPN/100mL; b: converted from CFU/mL to CFU/100mL.

11

1 of 3 samples gave faint PCR product on 29 Jan 2019. But sample was confirmed negative after follow up culture based bacteria assay and MAP PCR
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Oceania FIB 2019
10

Enterococci

10

9

10

8

10

7

10

6

10

5

10

4

10

3

10

2

Faecal coliforms
E. coli

10

Faecal indicator bacteria
Log CFU /100mL

10

10
1

Inlet
DAF

DAF +
Lime
treatment

Treated WW Treated WW
Pivot
post
Irrigator
Chlorination

COW
water

Figure 5-1: Faecal indicator bacteria in treated and spray irrigated wastewaters from Oceania Dairy
Factory (Dec18-Feb 19). (Note: all "< values" reported have been replaced with the detection limit value and
“>values” taken at that value so data are indicative only). Five sampling occasions. A box plot gives a summary
of the median, the upper and lower quartiles and the maximum and minimum values. The box represents the
interquartile range IQR (i.e., 50% of the data with the lower box boundary indicating the 25th percentile and
the upper box boundary the 75th percentile and the line inside the box the median). Whiskers mark the values
within the data set that fall within a distance of 1.5 x IQR from the box. Any values outside of this range
('outliers') are displayed as circles. Note for Inlet DAF, data for faecal coliforms and E. coli was all censored
data.

FIB were also detected in the COW water with median concentrations of around 102-104
bacteria/100mL. FIB concentrations in the COW water were generally 2-4 log10 lower than levels
detected in the DF wastewaters but indicate that treatment of COW waters should also be
considered prior to disposal into the marine environment.

5.2

Pathogenic bacteria

Wastewater sampling results for several pathogenic bacteria are shown in Figure 5-2. Of the eight
bacteria pathogens tested for, only three pathogens were detected; Staphyloccus aureus,
Campylobacter spp and Listeria spp. Concentrations of these bacterial pathogens found in Oceania
DF wastewaters appear to be relatively low, with levels typically <102 per 100 mL in the various
wastewaters. However, pathogen concentrations in all treated wastewaters shown in Figure 5-2 are
indicative, because most of the data were censored (i.e., below detection limits) and so pathogens,
are likely to be typically present at even lower levels than those shown. Nevertheless, elevated
concentrations of the three bacteria pathogens ranging from >102-105 CFU/ 100mL were detected in
the DAF treated wastewaters on occasion.
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Oceania bacteria pathogen 2019
10

6

10

Pathogen Bacteria
Log CFU or MPN/100mL

Staphylococcus aureus
10

5

10

4

Campylobacter spp
Listeria spp.

1000
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10

1

Inlet
DAF

DAF +
Lime
treatment

Treated WW Treated WW
post
Pivot
Chlorination
Irrigator

COW
water

Figure 5-2: Bacteria pathogens in treated and spray irrigated wastewaters from Oceania Dairy Factory
(Dec18-Feb 19). (Note: all samples where <values reported have been taken as = values so are indicative only).
Five sampling occasions. Campylobacter and Listeria limit of detection is 3 CFU/100mL; Staphylococcus limit of
detection is 10 CFU/100mL. For explanation of box plot refer to Figure 5-1.

Testing for other pathogenic bacteria species indicated that Salmonella, total Legionellae,
Pseudomonas aeruginosa, E. coli 0157 and Mycobacteria avium pathogens (MAP, M.TB complex)
were not present in DF treated wastewater samples.
Wastewater samples post chlorination and spray irrigated wastewaters were positive for bacterial
pathogens. Concentrations of S. aureus was one order of magnitude greater in the spray irrigated
wastewaters which could indicate potential proliferation in the wastewater distribution pipeline for
irrigation. However, results are indicative only due to the small sample size and the apparent lack of
deterioration in wastewater quality for irrigated wastewaters with regards to the FIB as discussed
above. Campylobacter results were over range (i.e., >1100 MPN/L reported) in the chlorinated
wastewaters but relatively low concentrations (36 MPN/L) were reported for COW water.
Listeria species were detected in the DAF + Lime and post chlorination wastewaters at levels of 150
and 74 MPN/L respectively. Listeria spp have been previously detected in DAF sludge using PCR
although Listeria monocytogenese was not detected; Salmonella also was not detected in DAF sludge
(Chrissy Williams Oceania DF, pers. comm.) Listeria is widely found in the environment, particularly
in agricultural areas where it can be highly prevalent in soil (Weis and Seeliger, 1975). Tanker truck
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wash waters could therefore be a contributing source of this pathogen to the DF wastewaters
collected on site. The species of Listeria detected were not identified and it is possible that L.
monocytogenese could be present. L. monocytogenese can be present in raw milk as a result of
contaminated milking equipment and udders from animals with listerial mastitis (MPI, 2014). L.
monocytogenese and other Listeria species have been reported in milk processing factories where
they can colonise the processing equipment and recontaminate dairy products during the production
cycle (Kells and Gilmour, 2004; Chambel et al. 2007). Listeria species can also form biofilms (Perni et
al. 2006), which reduce the efficacy of disinfectants and enable persistent populations to establish
which become a source of contamination (Sauders et al. 2012). Sampling results from Oceania DF,
suggest that Listeria can persist in the DF wastewater treatment facilities.
Overall, the results indicate that although pathogen levels were generally low and non-detectable, a
potential issue and risk from S. aureus, Campylobacter and Listeria may exist.

5.2.1 Mycobacteria
PCR results

Three sampling sites were sampled on three sampling occasions and tested by PCR for the presence
of pathogenic species of mycobacteria: Mycobacterium tuberculosis complex (M. TB complex) and
Mycobacteria avium paratuberculosis (MAP).
Pathogenic mycobacteria species M. TB complex (including M. bovis) were not detected by PCR in
any of the samples. After removing potential sources of background signal that invalidated previous
PCR runs, M. avium paratuberculosis (MAP) was not detected in eight of the nine wastewater
samples using a PCR assay.
A faint MAP PCR product was detected for one sample of COW water. This sample was further
investigated using liquid and solid media bacterial culture assay for MAP. Screening of the liquid
media using ZN smear and DNA extraction and MAP PCR did not detect MAP in the liquid culture.
Screening the solid media for the presence of visible growth was done after 2, 3 and 4 months in
addition to positive and negative controls.
After four months incubation on media that supported the growth of a MAP control strain, MAP was
not cultured from the COW water sample that had produced a slight PCR product during the PCR
screening of dairy wastewater solids indicating that there was not a detectable amount of viable
MAP present in the sample. The small amount of MAP detected by the PCR screening may have been
background contamination (although negative controls for the MAP PCR were all negative) or,
alternatively, the PCR screening may have detected MAP that was present in the COW sample but
which was not viable.

5.3

Comparison of Oceania DF wastewaters with other DF sites

A comparison of the microbiological quality of wastewaters from Oceania DF is useful to put these
results into context.
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5.3.1 Faecal indicator bacteria
The results from the microbiological sampling regime for Oceania DF were compared with those from
other dairy factory sites. Levels of FIB in DF treated wastewaters are shown in Figure 5-3 for Oceania
DF 12 and for four other DF sites that also use DAF as a treatment process for comparison.
Figure 5-3 shows that concentrations of FIB in other DF DAF treated wastewaters are also highly
variable. Generally, enterococci are found at highest concentrations followed by faecal coliforms and
then E. coli. For Oceania DAF treated wastewaters, comparable concentrations of enterococci are
found in DAF treated wastewaters from other DF sites. In contrast, concentrations of faecal coliforms
and E. coli in the Oceania treated wastewaters, are higher than for the other sites, with
concentrations often exceeding 105-106 per 100ml for both these FIB.
A comparison of the levels of FIB in spray irrigated wastewaters (Figure 5-4) shows that
concentrations of FIB are also generally higher by at least 2 log10 in Oceania DF irrigated wastewaters
compared to two other DF where spray irrigation is used to dispose of wastewaters to land.

5.3.2 Pathogenic bacteria
The results of pathogen analyses from Oceania and other DF sites are compared in Table 5-2. S.
aureus has also been detected at relatively high levels in other DF wastewaters with concentrations
of around 103 S. aureus /100ml detected in wastewater streams from one site (Stott and Palliser,
2012). However, concentrations of S. aureus detected in Oceania DF wastewaters were markedly
higher with concentrations of 1x105 /100mL detected in comparison to the other DF sites. Listeria
spp including L. monocytogenes have also been detected at other DF sites.
Pseudomonas aeruginosa and Mycobacteria species have been detected from wastewaters from
other DF sites often at relatively high frequencies (Table 5-2). However, in contrast, these pathogens
were not detected in wastewaters from the Oceania site.

12 The DAF + Lime treated wastewater results are shown as they are comparable to the other sampling sites at Oceania DF for treated
wastewaters on site.
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Figure 5-3: Comparison of faecal indicator bacteria concentrations in Oceania DF DAF treated wastewaters
with other dairy factories. Other DF data from Stott pers comm.
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Figure 5-4: Comparison of faecal indicator bacteria in spray irrigated wastewaters from Oceania DF with
that from other dairy factories. Other DF data from Stott pers. comm.

34

Microbial Risk Assessment for Oceania Dairy Limited

Table 5-2:

Comparison of concentrations of bacteria pathogens in dairy factory wastewaters. (Range shown).
Concentration of bacteria pathogens
Sa

DF Site

Ps

No. of
samples
CFU/100 mL

Oceania DF
DAF treated

Oceania DF
Irrigated
WW

15

5

Oceania DF
COW water

5

DF2
DAF treated

4

DF 3
DAF treated

10

DF 3
Irrigated
WW

5

<12.9x104
1/15
samples
+ve
<11.6x105
1/5
samples
+ve

TL

Lm

L spp

CFU/m
L

CFU /100
mL or
PA/100
mL

P/A or
/100 mL

C

Ec
0157

Ec STEC
top 7

MPN/L

P/A or
# /100
mL

#/100 mL

MPN/
L

P/A /
100mL

L spp

Sm

Myb

P/A
(not
confirmed
by culture)

<1
ND

<10
ND

<30-150
2 in 15
samples
+ve

<3
ND

<3 - >110
1 in 15
samples
+ve

<30d
ND

NDd

<1
ND

<10
ND

<30
ND

<3
ND

<3 - >110
1 in 15
samples
+ve

<30d
ND

NDd

<1-<100
ND

<1
ND

<10
ND

<30
ND

<3
ND

<30d
ND

NDd

<10–
<1000
ND
<4-48
2/10
samples
+ve

<10–
<1000
ND
<4-20
1/10
samples
+ve

<3 – 3.6
1 in 15
samples
+ve

<3b

ND

<4-48

<4 ND
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<10 ND

1/ 4
samples
+ve

1 /4
samples
+ve

<10 ND

<4 ND

<2 ND

<2 ND

ND

MAH? (1/5
samples)

<10 ND

<4 ND

<2 ND

<2 ND

ND

MAH? (2/5
samples)
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Concentration of bacteria pathogens
Sa
DF Site

Ps

No. of
samples
CFU/100 mL

DF 4
DAF treated
WW

15

DF 4
irrigated
WW

10

1/5
samples
+ve
<4-3000
2/15
samples
+ve
<4-200
3/10
samples
+ve

TL

Lm

L spp

CFU/m
L

CFU /100
mL or
PA/100
mL

P/A or
/100 mL

L spp

Sm

MPN/L

P/A or
# /100
mL

C

Ec
0157

Ec STEC
top 7

#/100 mL

MPN/
L

P/A /
100mL

<4-960
1/15
samples
+ve

<10 ND

<4 ND

<2 ND

<2 ND

ND

<4 ND

<10 ND

<4 ND

<2 ND

<2 ND

ND

Myb

P/A
(not
confirmed
by culture)
MTB (1/5
samples)
No viable
MAH? 9/10
samples,
MTB 1/9
samples
MAH 4/5
samples,
MTB 2/5
samples

Sa = Staphylococcus aureus, Ps = Pseudomonas aeruginosa, TL = Total Legionella, Lm = Listeria monocytogenes, L spp = Listeria species, Sm = Salmonellae,
C = Campylobacter, Ec 0157 = presumptive E. coli 0157, Ec STEC top 7 = E.coli non-0157 top 7 STEC E. coli species, , Myb = Mycobacteria M.TB or MAP; MAH = Mycobacteria avium
Hominis
a: six samples, b: one sample, c: five samples, d: 3 samples. ND=Not detected, NI = Not isolated.
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5.4

Implications for risk assessment

Results from the wastewater sampling from Oceania DF show that whilst enterococci, faecal
coliforms and E. coli are considered to be of faecal origin, it is not unusual for these faecal indicator
bacteria to occur in dairy factory wastewaters in high numbers in the absence of domestic wastes.
Although highly elevated concentrations of FIB were found in DF treated and spray irrigated
wastewaters, at Oceania DF they were not accompanied by comparably high levels of pathogenic
bacteria.
Faecal indicator bacteria are ubiquitous in the dairy factory environment (see Section 5.3). While the
processing wastewater is unlikely to be sterile, from the site visit it was noted that there are a
number of open sumps/flumes as well as open topped DAF tanks where incidental microbial
contamination from wildlife may occur due to ingress. Stormwater inputs from the DF site may also
contribute microbial contaminants as has been found from other DF sites (Stott and Palliser, 2012).
Strict hygiene criteria and monitoring are therefore required within the processing plants. To
determine incidental inputs and contribution from other sources would require further monitoring
that could include source tracking as well as sampling contributing waste streams within the DF itself.
Pathogen monitoring of treated wastewaters at Oceania DF indicated that total Legionellae and
Pseudomonas aeruginosa were below detection limits, suggesting that conditions may not be
suitable for growth of these pathogens at the DF although they have been detected in in processing
wastewaters from other dairy factories. The risk of these bacterial pathogens colonising biofilm
within the Oceania pipeline is likely to be negligible.
The pasteurisation process kills most vegetative bacteria including most pathogens that may be
present in milk. However, pasteurisation is less effective against Mycobacterium sp (Grant et al.
2002). These bacteria form biofilms and are thus capable of surviving in water systems for long
periods of time (Nishiuchi et al. 2017), although they grow slowly and require relatively warm
temperatures for growth (e.g., > 22°C). Mycobacterium sp have been found to cause respiratory
infections. Some studies report that aerosolisation and subsequent inhalation of Mycobacterium
avium subspecies Paratuberculosis (MAP) can cause disease (Pickup et al. 2005) and therefore if
present, could be transported by spray drift of bioaerosols. Testing by PCR and culture methods did
not detect the presence of viable cells of the target mycobacterium pathogens MAP or M. bovis
(M.TB complex) in Oceania DF DAF treated wastewaters although a faint presence of MAP was
detected in a COW water sample. Its infrequent detection (possibly 1/9 samples positive) in Oceania
DF wastewaters indicates that the risk is likely to be minimal.
The Oceania DF risk assessment will, however, have to take into account the presence of S. aureus,
Campylobacter and Listeria in DAF treated wastewaters as a precautionary approach required for
health risk assessments. If these pathogens are present in wastewater, the possibility exists that
warm water temperatures may facilitate their proliferation in pipelines. These pathogenic bacteria
are capable of forming biofilms in aquatic environments even in turbulent flows (Hall-Stoodley and
Stoodley, 2005, Perni et al. 2006, Reeser et al. 2007). If these pathogens are present in wastewater,
the possibility exists that warm water temperatures may facilitate the proliferation of bacterial
pathogens in the transfer pipeline to the outfall. Substantial elevations (~1.3 log10) in E. coli were
observed in the Waikato River following discharge of wastewater from a ~4-5 km long pipeline from
the Hautapu dairy factory, which resulted in water quality far exceeding Environment Waikato water
quality guidelines (Environment Waikato, 2002).
Microbial Risk Assessment for Oceania Dairy Limited
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Biofilms can provide an environment for the survival and proliferation of bacterial pathogens and
bacterial indicators, which in turn may impact on the microbial quality of wastewaters at the point of
discharge.
Flow rates and associated turbulence along the transfer pipeline to the proposed ocean outfall may
be sufficient to induce scouring of biofilm from the pipelines. Should regrowth occur in the Oceania
wastewater transfer pipeline, then levels of bacteria in the wastewater discharged to the marine
receiving environment may not be adequately inferred from the results available for the Oceania DF
treated wastewaters - the concentrations in the discharged wastewater via the ocean outfall may be
considerably higher. However, proposed upgrades to the treatment of Oceania DF wastewaters to
include DAF, secondary treatment with biological reactor tanks, tertiary treatment to filter the
effluent and UV treatment of the final effluent (Wilson and Coustinho, 2019) will result in
significantly better microbiological quality of wastewater destined for discharge with associated
reductions in potential health risks compared to the current DAF treated wastewaters.
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6

Health Risk Assessment

This section considers the potential health risk effects of Oceania dairy factory wastewater
discharged to a marine receiving environment via an ocean outfall.
For human health risk to exist, a hazard, i.e., pathogen(s), must be present and there must be
exposure of human targets to it/them. For Oceania DF, hazards are consisted to be zoonotic
pathogens (microorganisms) present in discharged wastewaters from the dairy factory able to cause
human infection whilst exposure could result from various transmission routes
(contact/inhalation/ingestion).
Quantitative Microbial Risk Assessment (QMRA) provides a framework to help synthesize data, select
appropriate pathogens for analysis and quantify risks to public health after an exposure. Pathogen
concentrations, assumed rates of ingestion and appropriate dose-response models for the exposed
population are used within the QMRA framework to estimate the level of risk (Haas et al. 2014).
QMRA has gained acceptance as a predictive tool for assessing the consequences resulting from
human exposure to infectious agents and results are routinely found to be instructive, so long as
dose-response is properly accounted for (Haas et al. 2014, McBride, 2005).
Any potential risks to people to the discharge of the dairy factory wastewaters depends upon a
number of factors occurring simultaneously. These are:


The occurrence of disease -causing agents i.e., pathogenic microbes discharged in the
DF wastewaters to the ocean.



The concentration of those microbes in water at locations where people are exposed
to infectious doses of the pathogens.



The presence of people in the contaminated water and potential for contact with and
receiving an infectious dose.



The harvesting of shellfish or other foods that could become contaminated.



The duration of exposure that occurs that is sufficient to deliver an infectious dose.



The susceptibility of people to disease.

It is important to note that this assessment accounts for the incremental health risk caused by the
wastewater discharge from the outfall only; ‘background’ contamination from any other sources e.g.,
river flows discharging near the exposure sites is not taken into account.

6.1

QMRA components

In developing the framework for the QMRA, the following are considered:


sources of relevant potential pathogens



transport and fate of pathogens in water and through the air to a ‘receptor’ via
aerosols



consequential human exposures to pathogens that may be present



infectivity of the pathogens when ingested/inhaled or in skin contact with
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severity of the health outcome.

In doing so, an attempt is made to capture all that is known about inputs and parameters to model
scenarios. This often necessitates supply of a range of values, rather than particular values. So, this
approach includes variability of inputs, such as duration of exposure, and also known uncertainties
(for example, concerning a dose-response curve). These are described by statistical distributions
constructed to capture the range and pattern of variation, making calculations from them in a
"number crunching" framework to quantify the level of risk and its variability.
The QMRA uses dose-response data for particular pathogens – rather than an indicator – alongside
water users’ exposures to potentially contaminated water or to consumption of shellfish. These data
are used to calculate estimates of the expected numbers of infection or illness using a Monte Carlo
statistical procedure. In a full implementation, the predictions of plume dilution and dispersion
derived from hydrodynamic modelling are included to build a risk profile for recreational water users
and consumers of raw shellfish (where appropriate) at a number of sites where discharged
wastewaters might impact.
Most New Zealand QMRA studies have concerned ingestion of water that may contain faecal
residues from wastewater treatment plants processing human sewage. An exception is the 2015
study on dairy wastewaters at Studholme where wastewater is discharged to the marine
environment via an ocean outfall (Stott and McBride, 2015). The QMRA approach taken here is
similar to that study.

6.2

Context and identifying the health hazards

Pathways for infection will vary with different pathogens being transmitted via ingestion, or
inhalation or skin contact. Transmission pathways for some of the microorganisms considered in the
microbiological monitoring survey are shown in Table 6-1. In this QMRA we have considered the risks
from Oceania DF wastewaters to be from exposure to water along the near shore and bioaerosols
from the surf zone and transmission routes to be from inhalation for respiratory infections but also
inhalation as an ingestion route. The inhalation of microbes that are primarily associated with
intestinal infections such as Campylobacter spp., can be a route of exposure by depositing the
pathogens in the throat and upper airway which are then swallowed (Wathes et al. 1988).
Additionally, the inhaled enteric pathogens may establish throat and respiratory infections that an in
turn, increase the risk of swallowing an infectious dose (Clemmer et al. 1960). This could possibly
explain why the infectious dose of enteric organisms is lower when these organisms are inhaled as
opposed to ingested (Darlow et al. 1961). We have also considered the risk from direct exposure to
contaminated waters as a transmission pathway for skin infections (contact).
In characterising the health hazard from microorganisms present in the DF wastewaters, the health
status of the population will influence their susceptibility to infection and the severity of the resulting
illness. The elderly, young children, pregnant women and people whose immune systems are
compromised, are particularly vulnerable to risk of infection. In this QMRA we have considered the
risks to adults and children but not separately.
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Table 6-1:
Transmission pathways for selected waterborne pathogens included in the microbiological
monitoring of DF wastewaters.
Ingestion

Inhalation

Salmonella spp

Legionella spp

E. coli (toxigenic spp –
e.g., E.coli 0157)

Mycobacteria spp (e.g
MAP)

Campylobacter spp

Pseudomonas
aeruginosa

Staphylococcus aureus
(enterotoxins)
Pseudomonas
aeruginosa

Staphylococcus aureus

Contact
Pseudomonas
aeruginosa
Mycobacteria spp

Wound infections
Pseudomonas spp
Staphylococcus aureus

Staphylococcus aureus
Listeria spp

Listeria spp

Listeria spp

The infectivity of a pathogen will depend on the form a person is exposed to, the conditions of
exposure and the host’s susceptibility and immune status. The dose required to initiate an infection
may vary from a few viable cells to tens of thousands depending on the pathogen. A person may also
be exposed to different pathogen types simultaneously. However, the effects of multiple and
simultaneous exposures to pathogens is poorly understood. In this QMRA we have considered the
health effects from exposure to a single pathogen type.
The pathogens selected for the risk assessment from spray irrigation of DF wastewaters were based
on the results from the microbiological monitoring programme. For Oceania DF, the health risks
from Campylobacter, Listeria and Staphylococcus aureus were considered because positive results
were found during the sampling regime and thus could present a public health risk to people
exposed to discharged DF wastewaters.
High concentrations of pathogens (e.g., above 103 per 100ml) were rarely detected in Oceania DF
wastewaters during the monitoring programme. Furthermore, very limited recreational activity
occurs in the vicinity of the proposed outfall (Greenaway 2019). Therefore, given the minimum
dilutions available from the proposed outfall (Appendix A), a full Quantitative Microbial Risk
Assessment (QMRA), incorporating the results of hydrodynamic mixing models was not considered
necessary. The outcomes from a more comprehensive modelling exercise was considered to be little
different from those obtained from a screening-level QMRA (sQMRA) and a ‘first pass’ approach.
The latter was therefore conducted for the discharge of Oceania DF wastewaters into coastal waters
using the concentration of selected pathogenic bacteria in the wastewater and estimates of
minimum plume dilution directly on-shore from the outfall.

6.3

Risk characterisation

Public health investigations call for the precautionary approach. That is, input data and parameter
values are selected to gain results that minimises the ‘consumer’s risk’, not the ‘producer’s risk’. Also,
if that is adopted, any dispute over the approach taken is greatly diminished.
A QMRA differs from the more common approach for estimating risk based on relationships
established between concentrations of faecal indicator bacteria (FIB, e. g. enterococci) and watercontact-related human health risk. The epidemiological studies, upon which the latter relationships
are based, were conducted on waters much further removed from point sources than is the case for
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the proposed ocean outfall discharge of Oceania dairy factory wastewaters. Where it is necessary to
estimate risk associated with waters relatively close to point source discharges, the current New
Zealand water quality microbiological guidelines for recreational areas encourage a direct
assessment of issues associated with illness-causing pathogens and health effects (MfE/MoH 2003,
pp. 3 and 4).

6.3.1 Screening-level QMRA model parameters and structure
Data from the microbiological survey for the DF sites was used to determine likely concentrations of
the three selected pathogens in DF wastewaters and the results used for QMRA modelling.
The dose-response curves for the three identified pathogens (Campylobacter, Listeria and
Staphylococci aureus) have been determined by international authorities 13. The dose response for S.
aureus was considered to be of the single-parameter ‘simple exponential’ mathematical form 14 and
considers the susceptibility of people by using a distribution of the dose response.
For Staphylococcus we have applied the same principles as to those considered by Rose and Haas
(1999) for Pseudomonas aeruginosa. However, unlike Rose and Haas (1999) we have not included a
growth parameter in our model due to the relatively short contact time we have assumed exposure
to occur over (i.e., Hours compared to days).
For Campylobacter, we have used the Teunis and Havelaar (2000) beta-Poisson approximate mean
dose model for adults and the hypergeometric model for risks for children.
A ‘first pass’ approach was used to screen risks from exposure to the DF wastewaters. For this
approach, we compared ID1 values (refer to Table 6-2) for each pathogen with data gathered in the
sampling programme. Further modelling was required only if a potential dose came ‘close to’ or
exceeded the ID1 after considering dilution and exposure duration.
Under a worst-case scenario, in terms of shoreline impingement, if the plume were carried directly to
shore (site 4 see Appendix A) , the predicted minimum dilution at Site 4 is of the order of 300:1
(Mead et al. 2019). A 300-fold dilution was therefore used as a conservative estimate of shoreline
‘worst case’ concentration, i.e., a precautionary approach. A conservative approach was also taken
with regard to pathogen removal in seawater, in which flocculation on contact with seawater (which
could increase settling) was not considered and neither was pathogen inactivation. This was done as
Listeria spp seem rather resistant to UV (Yousef and Marth 1988, IUVA, 2006) and as a precautionary
measure to take into account situations where pathogens might be rapidly transported and
dispersed over the surrounding area.
In our approach, we have not considered any background contamination levels but rather we have
only considered the concentration of pathogens in the DF wastewaters and hence the potential
incremental risk attributable to the discharge of wastewaters from the Oceania DF.

13
14
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http://qmrawiki.canr.msu.edu/index.php?title=Completed_Dose_Response_Models#tab=Bacteria
That is, Prob(infection, given a dose d) = 1 – e-rd, where r is the probability that a single pathogen could survive the body’s defences,
reach an infection site, and cause infection to occur; d values are the average doses received by participants in a clinical study or
disease outbreak. The value of r is determined by fitting this model to these data). For prediction of health risk it is appropriate to use
the equivalent ‘simple binomial’ form Prob(infection, given an individual’s dose (i) = 1 – (1 – r)i,. (McBride 2005).
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Table 6-2:

Dose-response parameters for selected pathogens.

Pathogen

Transmission route

Reference

Listeria

Ingestion (mouse
model)

CAMRA 15

Staphlococcus aureus

Skin contact

Rose and Haas (1999)

Inhalation 17
Campylobacter jejuni

Ingestion

Teunis & Havelaar, 2000

Parameters

ID1

ID10

ID50

α = 0.253, β=19.126

0.775

9.9

277

Dskin(days) 16 k =1.31 x107 days x #/cm2

1.32 x105

1.38 x 106

9.08x106

r = 7.68 x10-8

1.32 x105

1.38 x 106

9.08x106

α = 0.145, β = 8.007

0.6

8.6

946

0.015

0.16

1.28

beta-Poisson approximate mean dose model
Ingestion

α = 0.024, β = 0.011
hypergeometric farm-visit model for children

http://qmrawiki.canr.msu.edu/index.php?title=Completed_Dose_Response_Models#tab=Bacteria
Dskin (days) k = 1/r. therefore r = 7.63 x 10-8. Need to state units for k: days x # / cm2
17 Assume r value for S. aureus inhalation is the same as for S. aureus skin contact, and that the functional form for inhalation of S aureus is the same as for Pseudomonas aeruginosa for inhalation (CAMRA) for
which Pseudomonas inhalation r =1.05 x 10-4
15
16
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Table 6-3:
Variable

Potential QMRA input variables including Intensity and duration of exposure.
Description

Value(s)

Rationale

λ

Inactivation coefficient

0 per day

travel-time for any significant inactivation not considered

B

Background contamination

0 CFU per 100 mL

Other sources not considered

Ce, Campy

Campylobacter
concentration at sourcea

1, 5, 150 MPN/
100 mL

From surveys at Oceania (this study). Typically <3 CFU/100 mL. Oceania positive samples (3/25) were
3.6 and >110 CFU/100 mL.

Ce, Staph

Staphylococcus
concentration at sourcea

1, 10, 1.64x105
CFU 100 mL

From surveys at Oceania (this study). Typically <10 CFU per 100mL. Oceania positive samples (2/25)
were 2.9x104 and 1.64 x105. Maximum in other dairy factories was 4400 CFU per 100 mL.

Ce, List

Listeria concentration at
sourcea

1, 5, 15 MPN/ 100
mL

From surveys at Oceania (this study). Typically <3 MPN per 100mL. Oceania positive samples (2/25)
were 7.4 and 15 MPN/100mL

Ir

Inhalation rate

4 – 10 L per
minute

Lighthart & Frisch (1976), Dungan (2014).

Ig

Ingestion rate

10-100mL per
hour

Not considered as limited evidence for primary contact. Inhalation route included as a potential
transmission route.

texp

Exposure duration

5–10 min–1.

Best value judgement. Stott and McBride, 2015

a: minimum, median and maximum concentration values shown.
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Exposure sites were identified from the recreational survey undertaken by Rob Greenaway &
Associates (Greenaway, 2019) (Table 6-4). Limited recreational activities have been identified in the
area. Receptors identified as being at risk from the discharge of DF wastewater form the outfall into
the marine environment are therefore likely to be recreational users subject to secondary contact
who are exposed to potential health risks from inhalation/ingestion of aerosolised pathogens along
the coastline, or from skin contact due to direct contact. There is little evidence for primary
recreational contact (i.e., swimming) and this area is not designated (or known) as a shellfish
gathering area.
Table 6-4:
Site

Potential recreational exposure sites within vicinity of proposed outfall.
Location

Comments

Modelled Minimum
WW plume dilutionsa

1

Morven Beach
Road

4

Archibald Rd

Directly onshore from where outfall is proposed

328:1

7

Andrews Rd

Not readily accessible but potential for people
walking along shoreline up from the river mouth

3241:1

8

Waitaki Huts

3430:1

3661:1

a: refer to Table A-2 from dilution modelling undertaken by Mead et al. (2019).

Literature values have been used where possible for inhalation/ingestion and dermal contact
transmission routes relating to the likely duration and intensity of exposure but in some instances
assumptions have been made. Details of parameters used for the screening-level QMRA and for
potential inclusion should further modelling be required can be found in Table 6-3. We considered
that exposure time could extend for a prolonged period of proximity to a source as a precautionary
measure for someone downwind of an aerosol drift. However, a statistical distribution on duration
of exposure (texp) incorporates the uncertainty and considers that exposure time could be limited
depending on, for example, location of a person relative to the aerosol, and prevailing wind
direction.
It is also necessary to acknowledge the limitations of the QMRA for predictive purposes as the results
only reflect model assumptions and “best value judgements” where information is not available.

6.4

QMRA results for Oceania DF

The ‘first pass’ approach was used to screen for potential risks from exposure to the discharge of
current Oceania DF wastewaters into the marine receiving environment offshore from Site 4.
Minimum plume dilutions were used from Site 4 to determine potential concentrations on shore at
Site 4 and if the assumed duration of exposure would generate a dose that exceeded the ID1 18
threshold for the selected pathogens.

18

The dose for which the probability of infection is 1%
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This approach identified that any potential risks associated with the discharge of Oceania DF
wastewaters were due to inhalation transmission routes and not via direct contact (skin infection) for
reasons outlined below.

6.4.1 Campylobacter
Given the potential respiratory route for transmission of infection particularly for cystic fibrosis
suffers and the potential use of the coastline for walking, it is prudent to also consider the inhalation
transmission to shoreline water users. The maximum wastewater concentration for Campylobacter
collected at Oceania DF was >110 MPN/100mL whilst most samples were below the limit of
detection of “3” MPN/100mL. The risk assessment threshold was the probability that onshore water
contained C. jejuni concentrations at least at the ID1 dose at the time of inhalation or accidental
ingestion. The ID1 for C. jejuni ingestion risk is 0.6 for a group of adults. Assuming a concentration of
110 Campylobacter/100mL in discharged DF wastewaters, a minimum dilution of 300:1 and a person
could inhale 10mL of contaminated water over an exposure period, an average total of 0.04
Campylobacter would have been ingested by a group. Similarly, if the group ingested 100mL of water
over an exposure period an average total of 0.4 Campylobacter would be inhaled. This could be
considered ‘close to’ the ID1 particularly as larger values could have arisen from a larger sampling
programme. However, concentrations of C. jejuni in the DF wastewaters are likely overestimated
since we have assumed that all the Campylobacter species detected was C. jejuni. A more compelling
case exists for the risk to children for which the ID1 is 0.015 and ID10 is 0.16. However, Campylobacter
was not detected in most of the samples (only 3/25 samples were positive); the median
concentration was typically <3 MPN/100mL. Therefore, using similar assumptions as above with a
median concentration of 3 MPN/100mL, a potential dose of 0.001 inhaled or 0.01 ingested
Campylobacter exists which is close to the ID1 for children. Nevertheless, inactivation of
Campylobacter was not considered during transport of discharged wastewaters to the nearshore and
the proposed upgrade to the treatment of DF wastewaters on site prior to discharge of the factory
wastewaters is expected to considerably improve the microbial quality of the wastewaters.
Therefore, further detailed risk assessment was not considered warranted.

6.4.2 Staphylococcus aureus
From dose response models (for subcutaneous route of infection), the probability of a single S.
aureus cell causing an infection is r = 7.68x10-8 (from k =1.3x107 #/cm2) indicating that S. aureus has a
relatively low infectivity and that very high concentrations of cells would be required to cause an
infection. The indicative ID1 for S. aureus is 1.3 x105 which exceeds by two orders of magnitude the
concentration of S. aureus of 547/100mL potentially found in near shore waters allowing for a
minimum 300-fold dilution. Therefore, a detailed risk assessment regarding inhalation is not
merited.
For risks associated with S. aureus from direct contact, the ID1 = 1.3x105 cells per cm2. Assuming that
contact with on-shore water leaves 10mL of water on 1 cm2 of skin, and that from the sampling
programme wastewater contains at most ~1.7 x105 S. aureus CFU per 100 mL (≈ 1.7x103 per mL), the
initial dose is potentially 55 cells per cm2 after dilution. The potential dose is significantly lower than
an ID1 dose and hence any further detailed risk assessment for S.aureus is not merited for Oceania
DF.
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6.4.3 Listeria
A qualitative analysis by Farber et al. (1996, Figure 1) indicates that the probability of illness for
Listeria is negligible below a dose of about 104 for a high-risk population (e.g immune-compromised,
pregnant women). However, experiments on mice reported by FDA/USDA (2003, Figure IV-3)
indicate an infection probability of about 10% following ingestion of just one bacterium for L.
monocytogenese. Using the mice model data reported on the CAMRA website, the ID1 for L.
monocytogenese is 0.775. As a worst-case scenario assuming inhalation/ingestion of 100mL of
seawater and 300-fold dilution in coastal waters, the critical concentration value for Listeria in the
discharged wastewater is 233 cells/100mL. The maximum concentration of Listeria found in Oceania
DF wastewaters was 15 Listeria spp/100mL and hence was at least one order of magnitude lower
than the critical concentration. Listeria spp were detected in 2 out of 25 Oceania DF samples and
although Listeria species were not identified, L. monocytogenese has been detected in other DF
wastewaters although enumeration of Listeria in a variety of dairy factor wastewaters has indicated
that levels of Listeria monocytogenese would likely be < 10 MPN/100mL. The mouse dose response
model is likely very precautionary. The risk of human health infection at doses below 104 is
considered insignificant indicating a likely very negligible risk of Listeria infection from discharged
Oceania DF wastewaters even before mixing. Thus, further detailed QMRA modelling is not
considered warranted.
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7

Summary of results

The main points to emerge from the sampling of Oceania Dairy Factory processing wastewaters with
regard to concentrations of pathogenic bacteria and the health risk implications are summarised
below.
Overall, a precautionary approach was taken to consider “worst case” scenarios. Therefore, the
results of the screening-level QMRA using a first pass approach to determining the probable risk (or
lack thereof) are conservative.

7.1

General findings
1.

Monitoring of pathogens in Oceania DF wastewaters indicated that with the exception
of Campylobacter, Staphylococcus aureus and Listeria spp, none of the other
pathogens (including Pseudomonas aeruginosa, Salmonella, toxigenic E. coli,
Legionella) exceeded the limit of detection. No viable MAP was detected in any of the
nine wastewater samples collected.

2.

When found, pathogens were typically present at Oceania in low concentrations
relative to those necessary to cause public health risk concerns.

3.

A ‘first pass’ screening-level quantitative health risk assessment (sQMRA) was
undertaken using the three pathogenic species (Campylobacter, Listeria and
Staphlococcus aureus) detected in Oceania DF wastewaters. This was done to
determine whether either species have the potential to create an increased health risk
to coastal and foreshore users. First, using a 300-fold minimum dilution in coastal
waters, the risks posed by ingestion of Campylobacter or Listeria or the likelihood to
compromise the health status of susceptible groups from infections via inhalation of
aerosols from breaking waves was examined. Second, the likelihood of S. aureus to
cause skin lesions (from direct contact) was also considered finding that:
−

Listeria spp were present at concentrations well below the critical ingestion
threshold concentration of 0.8 cells (ID1)

−

the risk of receiving an infective dose of Campylobacter from ingestion or
inhalation for adults was negligible. A slight risk might exist for children but the
approach taken using the SQMRA was very precautionary. Results indicate that
neither pathogen were likely to cause human health risks, and

−

health risk from skin lesions arising from direct contact or exposure to aerosols is
not predicted for S. aureus (consistent with its high ID1)

5. The existing DAF treatment system does not effectively reduce faecal indicator bacteria
(FIB) concentrations and very elevated concentrations (>107 FIB/100mL) found in the
DF wastewaters suggest growth of these indicator species within the system, but not
necessarily growth of pathogens as supported by negative tests for total Legionella and
Pseudomonas aeruginosa and Mycobacteria spp and frequent detection of Listeria and
Staphylococcus aureus below detection limits. However, elevated concentrations of S.
aureus (105/100mL) were found at the critical threshold for skin lesions (105 #/cm2 =
1D1).
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6. Accordingly, it would be advantageous for the proposed upgraded treatment facilities
for Oceania DF to achieve effective microbial removal and inactivation efficiency of
microbial indicators and pathogens. The proposed future treatment of Oceania DF
wastewaters to achieve proposed water quality discharge limits includes a membrane
reactor followed by UV disinfection and is expected to be effective in removing
microbial contaminants. Hence future treatment of the Oceania DF wastewaters will
reduce the risk compared to the current DAF treatment. Some assessment of the
future treated wastewater, as close as possible to the discharge site, should be
considered to assess the potential for undesirable microbial growth in conveyance
pipes.

7.2

Specific findings
1. The quality of dairy factory manufacturing wastewaters can be highly variable with
regards to microbial contaminants.
2. Oceania DF DAF treated wastewaters and spray irrigated wastewaters were of generally
poorer quality than wastewaters from other DF sites with higher concentrations of FIB
typically detected in Oceania wastestreams.
4.

Oceania DAF treated wastewaters were generally of similar quality to spray irrigated
wastewaters indicating no marked deterioration in wastewater quality due to
regrowth occurring in the irrigation transfer pipelines.

5.

Concentrations of FIB in Oceania DAF treated or spray irrigated wastewaters can be
high (potentially 107-109/100mL). High numbers of FIB in dairy factory wastewater are
not unusual, even in the absence of enteric sources, as reported for other DF
wastewaters (Ray and Ball, 2003, Stott and Palliser, 2012) where FIB concentrations up
to 107 per 100 mL in discharged wastewaters have been reported. Incidental
contamination from wildlife may have arisen in open drains/DAF units where ingress
could occur.

6.

Very low levels of FIB in the influent DAF wastewaters (<10/100mL) were likely due to
the extended holding time for these wastewaters before analysis resulting in marked
inactivation of the FIB in the very low 4.5 pH wastewater samples.

7.

Of the eight pathogens tested for, only three were above the levels of detection using
culture -based methods. Campylobacter spp, Listeria spp and S. aureus were detected
in the DAF treated and spray irrigated wastewaters from Oceania DF and so were
included in the ‘first pass’ approach screening-level quantitative microbial risk
assessment.

8.

Pseudomonas aeruginosa, Mycobacteria, and total legionella were not detected in DAF
treated or spray irrigated wastewaters from Oceania although they have been
detected in wastewaters from other DF sites.
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9.

Two of the eight pathogens were also detected in COW waters including
Campylobacter and a faint PCR product for the pathogen Mycobacterium avium
paratubuculosis (MAP); viable cells of MAP were not detected. Relatively high
concentrations of FIB in the COW waters indicate that this waste stream should be
included in the treatment of DF wastewaters prior to discharge into the marine
environment.

10. Concentrations of Listeria spp in wastewaters (<10 per 100mL) were well below critical
threshold levels of 102-104 cells considered important for infection health risks for L.
monocytogenese.
11. Campylobacter spp concentrations were typically <3 per 100mL and were below
critical threshold doses of 0.015 (ID1) associated with ingestion health risks in children.
However maximum concentrations of Campylobacter detected (>110 per 100mL) were
within critical threshold levels of 0.16 (ID10) that could be attained for infection risks
for children. Potential risks are most likely overestimated as they are based on C. jejuni
concentrations and Campylobacter species identified in the DF wastewaters were not
differentiated but have assumed to be potentially C. jejuni as a precautionary approach
for the risk assessment process.
12. Concentrations of S. aureus in wastewaters were typically <10 per 100mL but
maximum concentrations of 105/100mL were detected. However, S. aureus were
present in wastewaters at concentrations below levels necessary to attain a critical
threshold dose of 105 per cm2 for skin infection health risks potentially associated with
direct contact with contaminated waters at the nearshore.
13. A screening-level Quantitative Microbial Risk Assessment (sQMRA) using recent doseresponse information for a“ first-pass approach “ for Campylobacter jejuni, Listeria
monocytogenese and Staphylococcus aureus and allowing for a minimum 300-fold
dilution in coastal waters (site 4 directly onshore) indicated that the potential risk for
infection and illness from pathogens discharged from Oceania DF into the marine
environment was negligible. Potential doses derived from concentrations of
Campylobacter spp , and Listeria spp were lower (by 0-2log10) and for Staphylococcus
aureus were significantly lower (by 4log10) than threshold levels estimated for ID1 doses
required to illicit a response from ingestion/inhalation or risk of skin infections
respectively. Consequently, further QMRA modelling was not considered in the risk
assessment process.
14. The potential public health risk associated with the discharge of processing
wastewaters from Oceania DF is considered to be negligible.
15. Should regrowth occur in the Oceania transfer pipeline, levels of bacteria in the
wastewater discharged at the ocean outfall may not be inferred from treated
wastewaters on site, because the concentrations in the wastewater at the outfall point
may be higher. Once the new treatment facilities and/or ocean outfall for Oceania DF
is commissioned it is recommended that some assessment of microbial concentrations
are measured as close as possible to the point of discharge to check for any
contribution of microbial contamination from other non-treated wastewaters
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discharged via the outfall and/or any in-situ microbial regrowth in the wastewater
treatment and disposal system.
On the basis of our results:
1.

Although risks are predicted to be very low bacterial pathogens (Listeria,
Campylobacter , Staphylococcus and potentially Mycbacteria spp) were present in DF
wastewaters. Presence of pathogens such as Staphylococcus in DF wastewaters that
can cause skin infections, enforces the need for good hygiene practices and wearing
gloves when handling infrastructure potentially contaminated by DF wastewaters.

2.

Bacterial pathogens Listeria, Mycobacteria and Stapylococcus have the capacity to
grow in warm, nutrient rich wastewaters such as DF manufacturing wastewaters.
Whilst the identified risks at Oceania were very low, the presence of Staphylococcus
and Listeria highlights the need for regular flushing and cleaning procedures and that
monitoring be carried out alongside cleaning to check that it has been effective as a
management strategy to mitigate biofouling of the pipelines and potential
proliferation of bacteria in discharged wastewaters. Storage should also be limited of
wastewaters where growth could occur.

3.

The frequency of presence of microbial pathogens in these waters is still largely
unknown, based on a few samples. It will therefore be important in the future to keep
a close watch on any ingress or growth of these pathogens.
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Glossary of abbreviations and terms

AMF

Anhydrous Milk Fat.

CIP

Clean-in-place.

COW

Condensate Waters

DAF

Dissolved Air Flotation.

DF

Dairy Factory.

E. coli

Escherichia coli (a faecal indicator bacteria).

ECan

Environment Canterbury regional council.

Exposure

In this context, ingestion of water or inhalation of aerosolised water containing
pathogenic microbes.

faecal coliforms

Now referred to as thermotolerant coliforms (TTC). Can grow at 44 ± 0.5°C. The
group can include E. coli as well as species not of faecal origin (e.g.,
Enterobacter, Klebsiella, Citrobacter). Therefore, presence of TTC in water may
not necessarily indicate the presence of faeces.

Faecal indicator
bacteria (FIB)

Bacteria associated with faecal contamination but not of themselves
pathogenic. They are generally much simpler and cheaper to assay than are
pathogens. FIB can indicate overall pathogenicity of environmental waters
containing faecal residues, especially for water bodies similar to those for which
results of epidemiological studies have been reported.

ID1

Dose sufficient to cause infection or illness in 1% of an exposed population.

ID10

Dose sufficient to cause infection or illness in 10% of an exposed population.

ID50

Dose sufficient to cause infection or illness in 50% of an exposed population.

Illness

Infection plus symptoms of illness (for example, fever, diarrhoea, etc.).

Infection

Multiplication of pathogens within a human host, not necessarily resulting in
illness (asymptomatic infection).

MAC

Mycobacterium bacteria group that includes Mycobacterium. avium subspecies
Paratuberculosis, M. avium subspecies Hominissuis and M. avium subspecies
Avium.

MAH

Mycobacterium. avium subspecies Hominissuis. Generally considered an
environmental organism and opportunistic pathogenic bacterium.

MAP

Mycobacterium avium subspecies Paratuberculosis.

MfE

Ministry for Environment.

MoH

Ministry of Health.

Pathogen

A microbe that can cause infection in a human host.

PCR

Polymerase Chain Reaction. A molecular method used for detection of
microorganisms
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QMRA

Quantitative Microbial Risk Assessment.

Risk

To do with infection or illness after exposure to contaminated water. For risk to
occur, there must be exposure.

RO

Reverse Osmosis.

STEC

Shiga Toxin producing E. coli (pathogenic E. coli species).

TB complex bacteria

A Mycobacterium bacteria group that includes M. tuberculosis, M. bovis, M.
africanum, M. caprae, M. pinnipedii, M. microti and M. orygis. This group are
distant relatives of M. avium complex (MAC) bacteria.

UHT

Ultra High Temperature (ultra-heat treatment of milk by heating about 135°C
the temperature required to kill spores in milk.
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Appendix A
assessment

Oceania Dairy Factory: Information for risk

Upgrading of the existing wastewater treatment system at the Oceania DF has been proposed for the
processing wastewaters. The proposed treatment consists of primary, secondary and tertiary
treatment of wastewaters and includes DAF treatment (to remove fats and suspended material),
biological reactor tanks (aerobic and anaerobic to remove organics and nutrient constituents) and
membrane filtration followed by UV disinfection to filter the effluent and disinfect the final treated
wastewaters.
The proposed discharge limits before dilution are shown in Table A-1. Of interest to the QMRA is the
expected reduction of FIB in the discharged effluent to less than 100 bacteria per 100mL. Effective
reduction of FIB anticipated by the proposed wastewater treatment will also contribute to the
reduction of bacterial pathogens if present in the DF processing wastewaters.
The receiving marine environment is a relatively high energy environment. The extent of dispersion
and dilution that will occur following discharge into the marine environment has been modelled by
eCoast, Raglan. The pipeline and ocean outfall will comprise a 7.5km long, 300-450mm diameter
pipeline to convey treated DF wastewaters from the factory to the coast with spread diffusers at
400m, 450m and 500m to discharge wastewaters into the ocean (Babbage Consulting Ltd, 2019).
The proposed zone of reasonable mixing (mixing zone) for the 3 discharge points for the ocean
outfall is shown in Figure A-1. The mixing zone is of 50m radius around each of the 3 diffuser
discharge points.

Figure A-1: Mixing zone for the 3 discharge points for the proposed ocean outfall.
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Table A-1:

Proposed discharge limits for Oceania DF treated wastewaters. (Wilson and Coutinho 2019).
Parameter

Temperature

Expected concentration

95%ile concentration

30-40 °C at factory, ambient at discharge

pH

6-9

COD

150 g O2/m3

300g O2/m3

5-day BOD

30 g O2/m3

50 g O2/m3

50 g/m3

70 g /m3

Ammoniacal nitrogen

2 g N / m3

4 g N/ m3

Nitrate + nitrite

10 g N/ m3

15 g N/ m3

DIN

12 g N/ m3

15 g N/ m3

Total Nitrogen

15 g N/ m3

20 g N/ m3

DRP

2 g P/ m3

4 g P/ m3

Total Phosphorus

2 g P/ m3

4 g P/ m3

TSS

Faecal coliforms and enterococci

<100 per 100mL

Arsenic

<50 mg/ m3

Cadmium

<2 mg/ m3

Chromium

<50 mg/ m3

Copper

<10 mg/ m3

Lead

<5 mg/ m3

Nickel

<15 mg/ m3

Zinc

<100 mg/ m3

The expected dilution of the discharged DF wastewater is expected to be at least 300-fold beyond
the mixing zone (Mead et al. 2019). Most of the time (at least 80 %) dilutions will be higher, above
500x, but during calm conditions, that occur 2 % of the time, modelling indicates that dilutions will
drop to just over 300x beyond the mixing zone.
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Modelled dilutions for eight on-shore sites in Figure A-2 are predicted for the propagation of the
plume up or down the coast with a very low likelihood of shoreline impingement.

Figure A-2: Eight potential sites considered for potential risk exposure and modelled for onshore dilution
distributions for the discharged DF wastewaters.

Hydrodynamic dilution percentiles were generated from the estimated dilutions modelled by eCoast
for the various environment and effluent conditions as follows. Dilution data was provided by eCoast
in a text file. The header was edited (spaces removed) to ensure columns aligned with header. Data
was then imported to Systat to generate percentiles as shown below in Table A-2 . Percentiles were
converted from Systat format (0-100) to QMRA format (0-1) (not shown). The key point is that
minimum dilutions are approximately 300:1 at Site 4.
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Table A-2:
locations.

Hydrodynamic percentile dilutions for Oceania DF wastewaters impingement at 8 shoreline
SITE_1

SITE_2

SITE_3

SITE_4

SITE_5

SITE_6

SITE_7

SITE_8

Minimum

3429.92

2310.51

852.54

327.89

1576.74

2584.52

3240.92

3661.23

Maximum

9175040

9175040

4587520

10731.04

13277.92

74593.82

2293760

9175040

Method =
CLEVELAND
10.00%

6544.25

4413.2

2508.62

474.37

2407.89

3541.94

5120

5923.2

20.00%

8663.87

5507.56

2973.79

532.88

2632.72

3881.15

5666.05

6600.75

30.00%

11538.03

6914.12

3422.25

574.45

2822.22

4251.64

6310.21

7310.79

40.00%

16501.87

8864.77

3922.63

620.97

2983.75

4535.36

6862.41

8034.19

50.00%

24208.55

11628.69

4515.28

674.78

3152.93

4867.4

7399.23

8805.22

60.00%

35980.55

15342.88

5291.56

743.52

3357.13

5273.01

8318.26

10126.98

70.00%

53034.91

21092.05

6461.3

840.13

3598.05

5832.83

9750.31

12104.27

75.00%

68470.45

24932.17

7208.83

911.33

3749.51

6203.54

10594.73

13088.5

80.00%

88221.54

30270.7

8177.4

1017.41

3950.16

6605.5

11299.31

14007.69

85.00%

119156.36

39547.59

9823.38

1197.22

4238.58

7287.56

12707.81

15657.06

90.00%

169908.15

57704.65

12743.11

1442.84

4623.12

8151.25

14380.94

18132.49

91.00%

179902.75

65071.21

13673.68

1490.42

4751.44

8368.41

14894.55

18762.86

92.00%

195213.62

72817.78

14770.35

1551.32

4901.2

8680.26

15603.81

19194.64

93.00%

223781.46

83409.45

16414.19

1621.89

5046.78

9012.81

16239.01

20164.92

94.00%

262144

99728.7

18657.57

1688.21

5221.99

9352.74

16959.41

20664.5

95.00%

305834.67

116139.75

22026.29

1755.8

5403.44

9897.56

17644.31

21437.01

96.00%

436906.67

145635.56

27719.15

1877.69

5730.82

10619.26

19507.27

25840.83

97.00%

705772.31

241448.42

35980.55

2085.17

6157.74

11411.74

23761.55

30996.76

98.00%

1529173.3

509724.44

61993.51

2402.09

6591.26

12674.11

26214.4

33485.55

99.00%

4587520

1529173.3

223781.46

2775.51

7277.68

15424.53

32569.18

57738.47

99.50%

9175040

4587520

509724.44

3637.78

7793.2

21741.8

96991.89

269314.41

99.90%

9175040

9175040

3058346.7

6068.06

12298.29

32998.79

573440

4566111.6
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Appendix B

Microbial hazards in raw milk

Micro-organisms that have been isolated from, or detected in raw milk and which have caused
human disease are discussed below.
Pseudomonas aeruginosa
Pseudomonas aeruingosa is an opportunistic pathogen that can cause eye, ear, nose, throat and skin
infections and wound infections (Mena and Gerba 2009). The highest prevalence of Ps. aeruginosa in
raw milk was reported by Otte et al. (1978) as 34.7% of 927 bulk samples. Counts of up to 10,000 Ps.
aeruginosa per mL in raw milk were reported by Kielwein et al. (1968). No information is available
regarding the prevalence or concentrations of Ps. aeruginosa in raw milk in New Zealand. However,
because they can grow in milk and form biofilms which colonise pipes and resist surfactants (Erskine
et al. 1987, Høiby et al. 2001), regrowth in effluents and pipelines is possible prior to discharge via
spray irrigation. Ps. aeruginosa can survive and become physiologically adapted to the marine
environment (Khan et al. 2010).
Staphylococcus aureus
Is a common food-borne pathogen and is claimed to be responsible for 85.5% of dairy productrelated disease outbreaks in France (Buyser et al. 2001), although most of these outbreaks will have
been caused by a food-borne toxin produced by the staphylococci. The presence of S. aureus in
water may be a risk as it can cause eye, ear, nose and throat infections as well as skin infections. It
has been implicated in waterborne infections of swimmers in epidemiological studies (Calderon et al.
1991, Seyfried et al. 1985), and was considered to be a useful indicator of swimmer density.
Transmission routes for S. aureus include air droplets or aerosol. S. aureus can also be transmitted
through direct contact with objects contaminated by the bacteria.
Staphylococcus aureus is a normal and ubiquitous Gram-positive coccal inhabitant of skin and
mucous membranes of a wide range of animals, including humans. Around 30% of healthy humans
carry S. aureus in their nose, throat and on their skin. However, Staphylococcus aureus is also a
common contaminant of milk – it is one of the causal agents of mastitis in dairy cows- and milk and
dairy products are sometimes implicated as sources of illness associated with outbreaks. The
presence of S. aureus in milk has been intensively researched and the following frequency
distribution of S. aureus concentrations in raw milk was reported from a UK survey (FSA 2003): <10
per mL (81.5%), 10–99 per mL (8.0%), 100–999 per mL (7.2%), 1000–9,999 per mL (3.0%), >10,000
per mL (0.2%). Heidinger et al. (2009) also reported S. aureus in bulk milk in excess of 40,000 cells per
mL, though Howard (2006) reported levels up to 1000 CFU per mL in bulk tank milk in the Waikato
region.
Staphylococcus aureus is also found in a variety of waterfowl (Dias and Montali 1994) and is
particularly a common problem among captive wild ducks (Karstad and Sileo 1971) although in freeliving waterfowl staphylococcosis appears to be mostly sporadic (Wobeser and Kost, 1992).
Staphylococcus can form enterotoxins (SE) and it is these toxins that are associated with sickness
following ingestion. Acute effects can occur swiftly following ingestion of preformed toxins after a
short incubation period (1-7h). SE’s have been detected in food containing around 106 CFU/g
(Anunciacao et al. 2000)) but a minimum bacterial concentration for enterotoxin production is
considered to be when contamination levels exceed 105 cells/ml (Evenson et al. 1988). This level of
bacteria per mL is usually used as a proxy for the potential SE concentration and hence, for the
potential risk to cause illness (Heidinger et al. 2009). The intoxication dose of SE is less than 1000 ng
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but in SE associated outbreaks, the dose of enterotoxin causing intoxication may have been as low as
94ng (Evenson et al. 1988). More recently, the FDA (2012) reported that in highly sensitive people,
ingestion of 100–200 ng of enterotoxin can cause symptoms of staphylococcal food poisoning.
S. aureus is also considered to be an important aggravating factor in atopic dermatitis (AD)– a
common inflammatory skin disease. Although AD can be caused by various factors ranging from
genetic, immunological and pharmacological factors, colonisation by S. aureus is regarded an
important factor in the clinical severity of the disease.
The minimum growth temperature of S. aureus is 7°C (Mitscherlich and Marth 1984), and with an
ability to persist and multiply at a variety of temperatures (7-48.5°C) and pH values (4.5-9.3), some
proliferation in the DF effluent stream can be expected (Heidinger et al. 2009). The nutritious
medium of milk supports rapid growth (Fujikawa and Morozumi 2006) and therefore if present, S.
aureus could proliferate to levels that elicit disease response. The growth of S. aureus in dairy
products is often hampered by the presence of competitors (Halpin- Dohnalek and Marth, 1989). A
low pH also reduces the ability of enterotoxigenic strains to produce SE toxin (Halpin- Dohnalek and
Marth, 1989). Temperature control below 10 °C is required to inhibit SE production (Tutsuura &
Murata, 2013). Other factors that affect SE production include the S. aureus strain (as not all S.
aureus strains are enterotoxigenic) , storage conditions, and type of milk (Janštová et al. 2012).
Legionella
This has also been considered in this hazard assessment because of the elevated temperatures in the
discharged wastewater. Whilst this pathogen may be considered to present a negligible health risk, it
does proliferate in pipeline biofilms. Furthermore, in 2002 the Hautapu Dairy factory process water
discharge into the Waikato River, via a ~6 km pipeline, caused considerable elevation of indicator
bacteria in that river (Environment Waikato 2002). This caused considerable public interest and the
Medical Officer of Health advised against walking near the river. It is understood that this was based
on concerns about the possibility that pathogens such as Legionella might also be growing in the
pipeline. The total pipeline length at Oceania DF will extend several km and may provide potential for
significant Legionella growth in the pipeline's biofilms.
Listeria monocytogenes
Is an environmental bacterium that can cause gastrointestinal symptoms but can be particularly
serious for immuno-compromised people and also to pregnant women, where it has been associated
with foetal death. Listeria monocytogenes has been reported to occur in raw milk in a number of
countries, the highest prevalence being reported in surveys from the USA (Fleming et al. 1985, Hayes
et al. 1986). One New Zealand study did not detect L. monocytogenes in milk (Stone 1987) but two
other studies have detected L. monocytogenes in raw milk at a prevalence of 0.7 and 4.1% and a
concentration range in the positive sample of 5-36 CFU/100 mL (MPI, 2014). Overseas,
concentrations of L. monocytogenes as high as 100/mL have been reported in raw milk (FSA 2003)
and up to 48,000 per mL in milk from infected cows (Doyle et al. 1987). No New Zealand data are
available. In a recent survey, raw wastewater samples from a dairy factory were positive for Listeria
(Rebecca Stott, personal observation). The species of Listeria confirmed was Listeria innocua – one of
the six species belonging to the genus Listeria. This species of Listeria is found widely in the
environment and can survive high temperatures (although it prefers an optimal temperature range
of 30–37ºC), high salt concentrations and extreme pH. Listeria innocua is very similar to the
pathogenic Listeria monocytogenes, but is usually considered non-pathogenic. However, a fatal case
of L. innocua has been reported (Perrin et al. 2003). L. innocua has been reported in milk processing
64

Microbial Risk Assessment for Oceania Dairy Limited

dairies where it can colonise the processing equipment and recontaminate dairy products during the
production cycle (Chambel et al. 2007). It can also develop in biofilms (Perni et al. 2006). Listera spp.
(e.g., L. monocytogenes) can grow in milk, so its concentration in the effluent stream may be higher
than would be inferred from its concentration in raw milk and its dilution within the effluent stream.
Mycobacterium spp.
Many Mycobacterium spp are environmental strains of no health significance. However, some strains
are environmental opportunistic pathogens and under certain conditions, can cause infection and
disease in humans and animals (Falkinham 2002). Two species of human-pathogenic Mycobacterium
have been reported in raw milk overseas. Mycobacterium avium subsp. paratuberculosis (MAP) has
been detected in milk (2.4% of samples) and faeces from asymptomatic cows (28.6% of cows
excreting organism) (Streeter et al. 1995). The highest prevalence of MAP in raw milk samples was
19% reported from “heavy” shedders (Sweeney et al. 1992). MAP has been detected in raw milk at
concentrations of <100 CFU per 100 mL to more than 106 per 100 mL (Giese and Ahrens 2000, Pearce
et al. 2001). Analysis of bulk raw milk samples from UK dairy processing plants indicated 1.6% of
samples were positive for viable MAP (Grant et al. 2002), though low levels have been reported in
one study (Foddai et al. 2011). MAP appears capable of surviving commercial pasteurisation if correct
pasteurisation procedures have been not been maintained, although Pearce et al. (2001) suggest
that this may be due to post-pasteurisation contamination. Viable MAP has been reported in retail
pasteurised milk samples in up to 2.8% of samples in one study (Eltholth et al. 2009), but at relatively
low levels (4-40 CFU per 100 mL) (Grant 2003). However, higher levels have been reported (by PCR—
Polymerase Chain Reaction) in powdered infant milk at levels of 48-32,500 cells per gram (Hruska et
al. 2011). While disease from MAP and the other pathogenic form Mycobacterium bovis have been
reported in New Zealand, no New Zealand data are available regarding the incidence of either of
these Mycobacterium spp. in raw milk. However, an acid fast bacillus was detected in all wastewater
sources from a dairy factory in New Zealand indicating the presence of Mycobacterium spp in
processing wastewaters (Rebecca Stott, personal observation). MAP has also been detected in
biofilms (Beumer et al. 2010) which may be a source of post-pasteurisation contamination in dairy
plants (Austin and Bergeron 1995); cells could potentially survive in factory pipelines including any
wastewater transfer pipelines to neighbouring farms where wastewater is applied to land.
Mycobacteria spp can also concentrate in water droplets by up to 10,000 fold (WHO 2004), are
resistant to chlorine, and sodium chloride does not appear to inactivate these bacteria (Rubery
2002), although Mycobacteria spp cannot grow in waters with high salinity (WHO 2004).
Mycobacteria are also naturally resistant to extremes of pH (Marian Price-Carter, AgResearch pers
comm) so fluctuating pH conditions in the wastewater are unlikely to have a marked effect but may
likely enrich for Mycobacteria spp.
Some studies report that aerosolisation and subsequent inhalation of MAP can cause disease (Pickup
et al. 2005). MAP has also been implicated in transmission of Crohn’s disease associated with
recreational swimming in rivers (Van Kruiningen and Freda 2001). However, the zoonotic potential of
MAP is not fully understood (Rubery 2002), so the risk of exposure to this organism in wastewater
discharged by spray irrigation is not easy to estimate. Nevertheless, given the evidence of MAP in
milk and a significant likelihood of raw milk contamination (Eltholth et al. 2009), its survival of dairy
product processing with potentially high numbers in manufactured dairy products, and the presence
of Mycobacteria spp. in dairy processing wastewaters, then a precautionary approach is warranted to
minimise the possible exposure to MAP.
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While MAP has seldom been investigated in the New Zealand dairy industry, recent experiences with
dairy factory pipeline discharges suggest that it is timely to make some assessment of its occurrence
in and attendant risk associated with dairy factories. The same considerations for Legionella also
apply to MAP, although the prospect of inhalation is low. Regardless, significant MAP growth in the
outfall pipeline remains possible.
Salmonella spp.
These are the second most common cause of bacterial gastroenteritis in New Zealand. Although
Salmonellae have been reported in New Zealand cattle (and at increasing frequency), published data
for Salmonella in raw milk is not available. The highest prevalence of Salmonella in raw milk reported
in an overseas study was 8.9% from a survey of 292 samples in the USA (Rohrbach et al. 1992).
Additional potential sources of Salmonella spp. identified in the discharged wastewater at Whareroa
dairy factory included roof-collected rainwater (Simmons et al. 2001), from birds attracted by
thermal currents or deposited milk powders. Salmonella spp. have been reported in roof-water
(Simmons et al. 2001) at relatively high concentrations of around 7x103 cells per litre (Ahmed et al.
2012). As the minimum growth temperature of Salmonella is 6.5°C (Mitscherlich & Marth 1984) and
it can grow in milk, it is possible that some regrowth of this organism could occur in the effluent in
holding silos prior to discharge.
Yersinia enterocolitica
Is another bacterium that can cause gastroenteritis and is considered a significant milk-borne
pathogen. The highest reported prevalence of Y. enterocolitica in raw milk noted in a USA survey was
15.1% (Rohrbach et al. 1992). One published New Zealand survey reported Y. enterocolitica in 4.2%
of raw milk samples (Stone 1987). The highest concentration of Y. enterocolitica in raw milk
published in the literature was approximately 2,000 per mL from one Australian farm (Hughes 1979).
No New Zealand data exist for the concentration of Y. enterocolitica in milk. However, Yersinia
enterocolitica have been reported in dairy factory influent wastewaters from the main sump and
protein sump (Rebecca Stott, personal observation). Yersinia enterocolitica can grow at low
temperatures, so is capable of proliferating in milk at chill temperatures.
Cronobacter spp.
These are considered opportunistic pathogens and though the majority of cases occur in adults,
Cronobacter are particularly associated with illness in infants, especially neonates where it can cause
severe bacterial sepsis or meningitis. Of all the species, C. sakazakii is of greatest concern for infant
infections. Cronobacter bacteria are found in many different foods and the environment including
water (Kandhai et al. 2010), but powdered infant formula in particular has been identified as a major
source in infant outbreaks. It is not generally found in raw milk (Baumgartner and Niederhauser
2010, Lehner et al. 2010). However, notably, it is widely dispersed at milk powder factories where it
has been isolated from tanker bays and external roofs above spray driers (Craven et al. 2010) and it
can persist in the processing line and resist cleaning-in-place procedures (Hein et al. 2009). Growth
of Cronobacter can occur at temperatures between 5–47°C and at pH as low as 3 (Abdesselam and
Pagotto, 2014; Holý and Forsythe, 2014). Cronobacter grows rapidly at 35°C with a generation time
of 0.41h (Flores et al. 2015) and C. sakazakii can multiply rapidly in reconstituted powered infant
formula reaching around 108 cells per mL after 24 hours at 30°C (Beuchat et al. 2009). Thus if
Cronobacter is introduced into the discharged wastewaters through processing waste streams, it is
likely to be capable of rapidly proliferating in the warm wastewaters. In addition, the availability of
nutrients can promote the formation of biofilms that when present in organic matrices, are
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reportedly resistant to disinfection (Beuchat et al. 2009). The presence of Cronobacter in discharged
wastewater could therefore present a potential risk. The infectious dose response is not known, but
it is generally considered that 1000 CFU is required to elicit a response (Iversen and Forsythe, 2004,
Richardson et al. 2009). However, this is not based on the assessment of Cronobacter spp. virulent
strains. However, the survival of Cronobacter in the environment is currently unknown and it is
unlikely that very young infants would be exposed to the pathogen in bioaerosols.
Campylobacter spp.
These are the most common cause of bacterial gastroenteritis in New Zealand. Animals and birds are
the main reservoir of this pathogen, which is a common contaminant of surface water (McBride et al.
2002, Till et al. 2008), and has also been detected in river sediments (Maal-Bared et al. 2012). While
Campylobacter spp. are a common component of dairy cattle faeces in New Zealand, their presence
in milk is less common (e.g., <1% of samples) (Hudson et al. 1999, Grant et al. 2002). Though
Campylobacter have been detected in raw milk samples in New Zealand, quantitative data are not
available. Campylobacter will not grow in milk, so to be a significant hazard they must be present in
raw milk in much larger concentrations than have been reported. Consequently, the public risk from
aerosolised campylobacteriosis might be considered low.
Escherichia coli
Is an indicator bacterium that is commonly used to assess water quality. Although it is generally
considered harmless, several pathogenic strains of E. coli exist: these are termed verotoxigenic or
Shiga-toxigenic E. coli (VTEC or STEC). The E. coli O157:H7 strain is the most virulent toxigenic E. coli,
can cause gastrointestinal disease, and can also cause HUS (Haemolytic ureamic syndrome)
predominantly in children which can lead to acute kidney failure. VTEC/STEC infections (and
associated illness) have been reported in New Zealand; their rate has been steadily increasing in
recent years (http://www.nzpho.org.nz/NotifiableDisease.aspx). Contamination of raw milk with
E. coli O157:H7 has been reported overseas (Grant et al. 2002), with up to 1.46% of farm milk
samples in the USA found to be contaminated (Murinda et al. 2002). No comparable New Zealand
data are available. The presence of pathogenic E. coli strains should be considered as a potential risk
particularly where elevated levels of indicator E. coli are detected in wastewaters.
Cryptosporidium and Giardia
These are protozoan parasites whose (oo)cysts can cause gastroenteritis, and notified cases are
relatively common in New Zealand. Cryptosporidium oocysts have been detected in unpasteurised
milk (Harper et al. 2002) but not Giardia cysts. No data exist for New Zealand for the concentration of
(oo)cysts in raw milk, but concentrations can range from 6x102 per L in roof-water (Ahmed et al.
2012), 33 per gram in river sediments (Donovan et al. 2008) and up to 25 per gram in cow faeces
(Moriarty et al. 2008), which are the other major potential sources of contamination possible in
waste streams from DF manufacturing plants. Neither Cryptosporidium nor Giardia grow outside of
the host (human or animal) so the concentration of (oo)cysts in discharged DF wastewater will
effectively define the greatest risk from this pathogen. Dilution of possible faecal sources of (oo)cysts
in the processing wastewaters will reduce concentrations in wastewater; the resulting health risk
from exposure to bioaerosols is expected to be very low.
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Appendix C

Microbiological analytical methods

Methods used to detect bacterial indicators and pathogens from dairy factory wastewaters are
summarised Table C-1. Methodological considerations for several pathogens are summarised below.

Pseudomonas aeruginosa
The current method used for Pseudomonas aeruginosa detection in DF samples involves several
dilutions, leading to reported results lower than “default Detection Limits” obtained for raw,
undiluted samples where concentration of target organism may be low. In addition, the agar medium
used for the membrane filtration method at present is not particularly selective, resulting in
interference in detecting the target organism by background microbial growth.

E. coli and faecal coliforms
Hills Laboratories use a membrane filtration test for simultaneous detection of E. col. and faecal
coliforms (with additional confirmation steps to confirm E. coli presence). However, if the sample has
very high number of faecal coliforms but low number of E. coli, then this method is not the best. An
MPN test was suggested for these circumstances (Barbara Muller pers. comm.).

Mycobacteria avium spp.
One litre samples were collected from 3 sampling locations at the 3 dairy factory sites and analysed
by Dr Marian Price-Carter at AgResearch. A two stage process was followed in which all samples were
tested for the presence of Mycobacterium TB complex (including Mycobacterium avium ) and M.
avium Paratuberculosis (MAP) by PCR to determine if detectable levels of Mycobacteria were
present. A selection of PCR positive samples were then cultured for M. TB complex and M. avium
using culture based methods.
Samples were shipped on ice and solid material pelleted by centrifugation as suggested in Radomski
et al. (2011): 15 minutes at 7000 x g for followed by 15 minutes at 3,500 x g. Solids were washed by
resuspending in 90ml of phosphate buffered saline (PBS), splitting the suspension into 2 aliquots (one
for PCR, and one for culture) and re-pelleting the aliquots by centrifugation (20 minutes at 3,500 x g
in a bench top centrifuge). Dry pellets were stored at -80°C.

MAP culture and PCR. To determine if samples contained viable MAP, PCR positive samples were

cultured alongside a positive control (sample containing known viable MAP) and a negative water
control using a standard double decontamination method (Whitlock and Rosenberger 1990). Culture
from these sample types is challenging because decontaminants used to rid the samples of other
bacteria often prevent their detection by culture (Radomski et al. (2011). The pelleted wastewater
aliquot set aside for culture was resuspended in 10mL of PBS, vortexed to fully suspend solids and
decontaminated following the procedure outlined in Price-Carter (2019). In brief, resuspended
pellets were inoculated into liquid culture and after 3 weeks incubation, a small aliquot was spread
onto solid media and streaked to obtain single colonies. Samples from liquid culture for DF
wastewater and positive and negative controls were analysed for MAP by PCR amplification (Collins
et al. 2002). Further details can be found in Price-Carter (2019).
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Table C-1:
Analytical methods used for microbiological analyses of dairy factory wastewaters. Analysis by
Hills Laboratories, Christchurch unless stated otherwise.
Test (Wastewater)

Method description

Default
detection
limit

pH

APHA 4500-H+ B 23rd ed.
2017

pH meter. Samples and Standards are analysed
at an equivalent laboratory temperature
(typically 18 to 22 °C). Temperature
compensation is used.

0.1 pH units

Enterococci

APHA 9230 C 23rd ed.
2017

Membrane filtration.. Count on mE agar.
Incubated at 41°C for 48 hours. Confirmation.

1 CFU/100 mL

Faecal coliforms

APHA 23rd Edition
9222D:2017

Membrane filtration. Count on MFC agar.
Incubate 44.5°C for 22 hours. Confirmation
Sample filtered and incubated on selective mFC
agar. All blue colonies are faecal coliforms

1 CFU/100mL

E. coli

APHA 23rd Edition
9222G:2017

Membrane filtration. Count on mFC agar. After
counting for Faecal Coliforms, filters are
transferred to a second agar (NA-MUG) and
incubated for a further few hours to confirm E.
coli. All fluorescent colonies on NA-MUG are E.
coli. Confirmation. (note this is a split method
with faecal coliforms)

1 CFU/100mL

Staphylococcus
aureus*

APHA 9213 B 23rd Edition
2017.

Membrane Filtration. Count on Baird Parker
agar. Incubated at 35°C for 48 hours,
confirmation.

1 CFU/100 mL

Pseudomonas
aeruginosa*

APHA 9213 E 23rd Edition
2017.

Membrane Filtration. Count on mPAC agar.
Incubate 41.5°C for 72 hours, confirmation

1 CFU/100 mL

Total Legionellae*

Modified Australia and
New Zealand Standard
AS/NZ 3896:2017, AS
3666.3:2011

Spread plate. Count on BMPAa & GVPC agars.
Incubated at 36C for 7 days. Confirmation

10 CFU/ mL

Listeria *

In-house

MPN count. Listeria enrichment and selective
broths. Listeria selective agars. Confirmation.

30 MPN/L
(3/100mL)

Presumptive E. coli
0157*

In-house

MPN count. E. coli 0157 enrichment broth. E.
coli 0157 selective agars, confirmation

30 MPN/L
(3/100mL)

Salmonella*

MIMM 13.2 (modified)

MPN count. Salmonella enrichment and
detection by qualitative real-time PCR.
Confirmation

30 MPN/L
(3/100mL)

Campylobacter
species*

MIMM 13.1

MPN count. Campylobacter enrichment broth,
campylobacter selective agar. Confirmation

30 MPN/L
(3/100mL)

Mycobacteria

See above

PCR followed by culture on PCR positive
samples

*. Not an IANZ accredited test. All organisms analysed at Hills Laboratories, Christchurch (Barbara Muller) with exception of
Mycobacteria (AgResearch). AgResearch: TB Diagnostic Laboratories, Hopkirk Research institute, Massey University,
Tennent Drive, Palmerston north 4442 (Marian Price-Carter).
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