
 

Faecal Contamination of Oyster Growing 
Areas in the Kerikeri Inlet: Data Analysis 

and Recommendations for a Faecal 
Source Tracking Programme 

 
Brenda Hay

1
 & Kelly Roberts

2 

 

 
 

May 2012  
 
 
 
 
 
 
1AquaBio Consultants Ltd    2School of Biological Sciences 
P.O. Box 560      University of Auckland 
Shortland St      Private Bag 92019 
Auckland 1140      Auckland 1142 
 



 

Acknowledgements 
 

Thanks very much to the following people for providing valuable information and discussion about 

faecal source tracking: Jeremie Langlet & Joanne Hewitt of ESR in Wellington, Brent Gilpin (ESR, 

Christchurch), Jonathan Banks & Chris Cornelison (Cawthron Institute), Grant Webster (NSW 

Food Authority), and Steve Lucas (University of Newcastle).  For data and background information 

used in analysis we thank Ricky Eyre and Richie Griffiths (NRC), Elizabeth Watts, Phill Freeman 

& Jeff Garnham (Northland District Health Board), Steve Haywood (Kia Ora Seafoods Ltd), Vince 

Syddall (Pacific Marine Farms) and Garth Richards & Emmanuel Malpot (Kerikeri Delivery 

Centre).  Special thanks to Garth Richards for the boat trip around Hauparua Inlet, and for 

collecting additional information and data regarding Site 11.  Finally, thanks to Professor Gillian 

Lewis (University of Auckland) for input and thoughtful discussion through the project.  

 

This project was funded by Envirolink funding (1074-NLRC144). 

 

 

 

 

 

 

 

 

 

Disclaimer 
 

Neither University of Auckland nor AquaBio Consultants Limited, nor any of their employees 

make any warranty, express or implied, or assume any liability or responsibility for use of this 

document or its contents by any other person or organisation.  

 

 

 

 

 

 

 

 

 

 

 

 

Cover photo: Oyster farm in Kerikeri Inlet.  (Source: NRC). 



EXECUTIVE SUMMARY  

 

Oysters concentrate contaminants and human pathogens from their growing waters as part of their 

feeding process. Thus only shellfish grown in unpolluted waters can be safely consumed.  Due to 

increasing and unpredictable faecal contamination, the commercial oyster growing area in the 

Hauparua Inlet of the Kerikeri Inlet no longer meets the regulatory criteria for classification as 

ñConditionally Approvedò, which means that oysters from that growing area may not be harvested 

directly for sale.  In addition, the other oyster farming area on the southern side of the Kerikeri Inlet 

no longer meets the growing area standard required by European Union markets.  Consequently, 

University of Auckland, in association with AquaBio Consultants Ltd, were asked by Northland 

Regional Council (NRC) to: 

 

 Undertake data analysis of available bacterial and environmental data from Kerikeri Inlet; 

and 

 Design a sampling programme to identify the sources of contamination to allow effective 

management. 

 

Analysis of regular oyster samples collected by Northland District Health Board (NDHB) in oyster 

growing areas in the Kerikeri Inlet at times when the areas were open for oyster harvest from 2008-

February 2012 suggests that the frequency of E. coli levels elevated above 230 MPN/100g in 

oysters has increased, as have the levels of E. coli within samples that exhibit unpredicted 

contamination (i.e. the degree of contamination in non-compliant monitoring results has increased 

as well as the frequency of contamination events).  The comprehensive sanitary surveys and annual 

updates undertaken by NDHB over the years that oyster farming has been present in Kerikeri Inlet 

have not identified any increase in agricultural stock numbers or any other increasing potential 

sources of faecal contamination other than increasing human activity in the catchment e.g. 

increasing settlement of the coastline and in Kerikeri township itself.  The possibility that the 

deterioration in shellfish quality might be attributable to human faecal contamination therefore 

needs to be seriously considered. 

 

Available data from monitoring undertaken by NDHB, NRC and the oyster industry were analysed 

to identify any spatial or temporal patterns that could assist in focussing faecal source tracking 

sampling to appropriate times and locations.  Analysis of data has shown that there is an underlying 

trend of increasing coliform contamination of water from the mouth of the Kerikeri Inlet to the 

head.  The influence of tide on water quality (based on enterococci levels) is greater at the head of 

the Kerikeri Inlet than at the mouth.  State of the Environment monitoring data show a negative 

correlation between salinity and faecal coliforms in water samples from the Kerikeri Inlet, and there 

is a trend of increasing correlation between ammonia and faecal coliforms in water samples from 

the head of the Kerikeri Inlet to the mouth. There is no relationship between turbidity and faecal 

coliform levels in water in the same dataset. 

 

On occasion, localised contamination of water and oysters overlies the trend of increasing faecal 

contamination levels from the mouth of the Kerikeri Inlet to its head.  Generally this is related to 

rainfall-associated run-off in the immediate catchment of each growing area.  However, as 

evidenced by the failure of harvest criteria to ensure the required oyster quality, this relationship has 

become less predictable in recent years at Site 11 (Hauparua Inlet) and, to a lesser extent, at Site 10 

(oyster farms south of Taranaki Island).  There is evidence that some high level contamination 

events at Site 11 during summer may not be related to rainfall-induced run-off.  Exfiltration of 

poorly treated effluent from overloaded on-site sewage systems (e.g. septic tanks), or discharge of 

effluent from boats are examples of potential faecal contamination sources associated with 



increased visitor numbers to the area over summer months.  A tenuous association of these sporadic 

events with winds with an easterly component could be consistent with the implication of effluent 

derived from boats moored near Windsor Landing, which would provide a sheltered mooring place 

under such circumstances.  The movement of water from Windsor Landing into Hauparua Inlet has 

been observed by oyster farmers at low tide before the turn of the tide.  This might also transport 

water from further up Kerikeri Inlet into Hauparua Inlet. 

 

Rainfall intensity may impact on the relationship between the level of rainfall and faecal 

contamination in oyster growing areas.  While this could be attributable to a ñfirst flushò effect, the 

possibility of contamination sources that are induced by heavy rainfall should be investigated 

further, particularly as intense rainfall events are not new events in the history of oyster growing 

areas, but levels of contamination associated with such events do appear to have increased.  

Investigation into the performance of on-site sewage systems, sewage reticulation systems and 

wastewater treatment plants during intense rainfall events is suggested.   

 

Analysis of rainfall 30 days prior to oyster samples exhibiting elevated coliform levels suggests soil 

saturation may also impact significantly on the relationship between the level of rainfall and faecal 

contamination levels.  Under these conditions, the possibility of persistent delivery of faecal 

contamination or delayed contamination arising from very high rainfall events cannot be excluded.  

Preliminary sampling of oysters adjacent to freshwater springs entering Hauparua Inlet suggests 

possible faecal contamination of groundwater entering the marine environment.  The contamination 

of groundwater by on-site sewage management systems (e.g. septic tanks), and by STP effluent 

discharged to the Waitangi wetlands, and the potential for the entry of this groundwater into oyster 

growing areas at Sites 11 and 10 are issues that require further investigation. 

 

It is still uncertain whether the observed unexpected oyster contamination relates to: 

 An increase in the underlying contamination related to rainfall (which means the consequent 

higher levels of contamination in oysters are slower to depurate out), plus very occasional 

sporadic contamination unrelated to run-off; or 

 More frequent sporadic contamination unrelated to run-off, masked by coincident rainfall 

events. 

 

Faecal source tracking tools commercially available in New Zealand include: 

 

 Testing for faecal sterols in water and sediment.  (Provider: ESR, Christchurch)  Faecal 

sterol analysis relies on the analysis of the relative proportions of various sterols and stanols 

in the environment to gauge the source of faecal contamination, as the profile of sterols and 

stanols from different animals is different.  The interpretation of sterol data is complex.  

Little is known about the relative persistence of these compounds in the environment, and 

their low prevalence makes sensitivity of test methods a significant issue. The impact of 

dilution is a limitation in the detection of faecal sterols in water samples taken at a distance 

from the source of contamination.  ESR considers that only medium certainty can be 

attributed to the results of their faecal sterol analysis. ESR is trialling the use of ñsediment 

bagsò as a means of concentrating E. coli and faecal sterols out of water, and this is offered 

as a service to the NRC without charge at present. However, this technique is still in the 

very preliminary stages of development, and although positive results could be regarded as 

significant, negative results cannot be regarded as reliable. 

 

 



 Testing water for fluorescent whiteners.  Fluorescent whiteners are used in washing powders 

etc and can provide an indication contamination from domestic or industrial effluent.  Their 

presence is not directly linked to human faecal contamination.  Dilution with distance from 

source and the rapid degradation of fluorescent whiteners by sunlight can reduce the 

sensitivity of this test, but the test is relatively cheap and it can be very useful when 

investigating a specific potential source. 

 

 Quantitative PCR (q-PCR) to test for Bacteroidales and other bacterial markers in water 

and shellfish.  Bacteriodales bacteria are very prevalent in faeces of many warm-blooded 

animals and can be host-specific.  A universal Bacteroidales marker (UBac) is available to 

detect the presence of faecal contamination in general (this is not sensitive to faecal 

contamination from gulls, which appear not to have Bacteriodales bacteria in their gut). 

Markers for ruminant (RBac) and human Bacteroidales (HBac) are also available.  The low 

sensitivity of the human Bacteroidales marker significantly limits the usefulness of this test.  

There is also significant cross-reactivity with possum faecal material and lesser cross-

reactivity with some other animals. These analyses are provided by ESR and Cawthron for 

water samples, and Cawthron Insititue for shellfish samples.  ESR have recently developed a 

marker for human contamination based on the bacteria Bifidobacterium adolescentis that has 

a sensitivity similar to that of the RBac ruminant marker (>90%), and they also have 

bacterial markers for wildfowl. 

 

 End-point PCR for bacterial markers in water and shellfish (Provider: Cawthron Institute).  

This technique provides a positive/negative result for the presence of human contamination 

(not a quantitative result as in q-PCR).  Human markers are available for Bacteroidales and 

Methanobrevibacter bacteria. The human Bacteroidales marker is based on a different set of 

primers from those targeted in the q-PCR technique, and it is more sensitive than the q-PCR 

test for HBac. The test for human Methanobrevibacter marker is less sensitive than that for 

the human Bacteroidales marker but the combination of these tests with the q-PCR test for 

the HBac marker significantly improves the level of certainty of result with respect to the 

detection of human contamination. End-point PCR markers are also available for cattle, 

wild-fowl (duck etc.) and gulls.  A universal marker is also used to check the extraction 

efficiency of these markers in the test process. 

 

 RT-PCR assays for human/animal noroviruses and adenoviruses in water and shellfish 

samples (Provider: ESR, Wellington).  Enteric viruses released with the faeces of humans 

and animals are accumulated by oysters from their growing waters and retained for several 

weeks. Multiplex real time RT-PCR assays for enteric viruses in water and shellfish samples 

can distinguish between human, pig, sheep and cattle faecal contamination.  The ESR 

ñVirus Toolboxò of host-specific virus assays includes: human adenovirus species F, 

norovirus GI and GII (and human polyomavirus (see below)); plus markers for animal faecal 

contamination including: porcine adenovirus type 3 (pigs), ovine adenovirus (sheep), 

norovirus GIII (sheep & cows) (and bovine polyomavirus (cows) ï see below). These assays 

rely on the presence of illness in the source population.  Human noroviruses and 

adenoviruses tend to be prevalent in effluent from large sewage treatment plants, but may 

only be sporadically present if the source of contamination is on-site sewage systems (such 

as septic tanks).  This technique is thus more reliable in detecting human contamination 

from sources emanating from communities rather than from individual households. 

 

 End-point or q-PCR for human and bovine polyomavirus (Providers: Cawthron or ESR, 

Wellington). Human polyomaviruses, which are excreted with urine, are more prevalent in 



the human population than noroviruses and adenoviruses, and reliably detected in most 

human effluent.  End-point PCR markers for human polyomavirus have been trialled in 

water and shellfish by Cawthron Institute and human polyomavirus can be detected by real 

time RT-PCR in water and shellfish by ESR in Wellington.  However, dilution in the 

environment and low recovery rates of the markers from shellfish were cited as potential 

disadvantages of this method, and neither provider would currently recommend this source 

tracking technique for application in the Kerikeri Inlet. 

 

There is no single faecal source tracking method that provides comprehensive information about 

potential sources of faecal contamination with a high degree of certainty attached to the result.  We 

therefore propose the use of a suite of source tracking tools to increase the reliability of outcomes.   

 

Detailed investigation of the environmental conditions associated with each of the sample times at 

which unexpectedly elevated levels of E. coli were detected in oyster samples was undertaken to 

identify the best times to sample for microbial source tracking.  Based on this, a sampling 

programme as outlined in Table (i) (see following page) is suggested.  The rationale for this project 

design is: 

 

 An initial study of the impact of tidal stage on faecal coliform levels in water will inform the 

timing of water sampling.  Analysis for Enterococci and an additional sampling site 

(Windsor Landing) are included in this sampling to link in with and elucidate the results of 

an earlier study by the NRC; 

 The use of several different human bacterial markers and other indicators of human sewage 

is proposed to overcome the problem of the comparatively low sensitivity of human markers 

and reduce the likelihood of false negative results with respect to the presence of human 

sewage contamination; 

 The analysis of historic monitoring data showed elevated coliform levels within several 

different rainfall regimes, and these are incorporated into the sample design; 

 Elevated coliform levels apparently not associated with rainfall appear to occur during the 

summer holiday period, and thus intensive sampling through the month of January is 

recommended; 

 Local concern about the possibility of human contamination and the observation of higher 

levels of faecal contamination at the head of the Kerikeri Inlet has prompted the inclusion of 

two sample sites (near Pah Rd in Kerikeri R entrance and Waipapa R entrance) under one of 

the rainfall scenarios. 

 

The programme may be modified and extended to investigate local sources of contamination more 

specifically as results of sampling become available.   

 

It is recommended that this sampling programme is complemented by a study of the reduction of E. 

coli in oysters from Sites 10 and 11 after a rainfall event on three occasions, and by an intensive 

sanitary survey and investigation of potential faecal contamination sources, including completion of 

dye testing of onsite sewage systems on the shore around oyster growing areas at Sites 10 and 11 

under adverse conditions (high load/saturated ground). 

 

 



Table (i): Summary of suggested sampling regime.  FC = faecal coliforms; FWA = Fluorescent Whitening Agents; qPCR = quantitative 

polymerase chain reaction; PCR = end-point polymerase chain reaction; UBac = universal Bacteroidales marker; RBac = ruminant 

Bacteroidales marker; HBac = human Bacteriodales marker; HBif = human Bifidobacterium marker; HMet = human 

Methanobrevibacter marker.  Analysis of bacterial markers in water samples, fluorescent whitening agents in water samples, and 

faecal sterols in sediment bags will be undertaken by ESR in Christchurch.  Analysis of oyster samples for bacterial markers will be 

undertaken by Cawthron Institute, Nelson.  Analysis of oyster samples for enteric viruses will be undertaken by ESR in Wellington. 

 

 

Sampling Times 
Analysis Required at each Sampling Event 

Site 10 Site 11 Windsor Landing Kerikeri R. Entrance  Waipapa R. Entrance 

Every 90 minutes 

across a tidal cycle at 

spring tide and neap 

tides 24-48 hours after 

low-moderate rainfall 

event 

Three replicate water 

samples:  

FC and Enterococci 

Three replicate water 

samples:  

FC and Enterococci 

Three replicate water 

samples:  

FC and Enterococci 

  

One sampling event 

immediately following 

a high rainfall event 

(>50 mm) 

Water sample:  

FC, then if elevated 

FWA,  & qPCR for 

UBac, RBac, HBif 

Pooled Oyster 

sample: 

E. coli, then if 

elevated: qPCR for 

UBac, RBac, HBac; 

PCR for UBac, 

HMet, bovine, 

wildfowl and gull 

markers. 

Sediment Bags (3): 

Faecal sterols 

Water sample:  

FC, then if elevated 

FWA,  & qPCR for 

UBac, RBac, HBif 

Pooled Oyster 

sample: 

E. coli, then if 

elevated: qPCR for 

UBac, RBac, HBac; 

PCR for UBac, 

HMet, bovine, 

wildfowl and gull 

markers. 

Sediment Bags (3): 

Faecal sterols 

   



 

One sampling event 

immediately following 

each of 3 low rainfall 

events (15-25 mm 

rainfall 24-48 hrs) 

when groundwater 

levels are high 

Water sample:  

FC, then if elevated 

FWA,  & qPCR for 

UBac, RBac, HBif 

Pooled Oyster 

sample: 

E. coli, then if 

elevated: qPCR for 

UBac, RBac, HBac; 

PCR for UBac, 

HMet, bovine, 

wildfowl and gull 

markers. 

Sediment Bags (3): 

Faecal sterols 

Water sample:  

FC, then if elevated 

FWA,  & qPCR for 

UBac, RBac, HBif 

Pooled Oyster 

sample: 

E. coli, then if 

elevated: qPCR for 

UBac, RBac, HBac; 

PCR for UBac, 

HMet, bovine, 

wildfowl and gull 

markers. 

Sediment Bags (3): 

Faecal sterols 

 

Water sample: 

FC, then if elevated, 

FWA. 

Pooled Oyster sample: 

qPCR for human 

norovirus (GI, GII) and 

human adenovirus 

species F; 

Pooled Oyster sample: 

E. coli, then if elevated: 

qPCR for UBac, RBac, 

HBac; PCR for UBac, 

HMet, bovine, wildfowl 

and gull markers. 

Water sample: 

FC, then if elevated, 

FWA. 

Pooled Oyster sample: 

qPCR for human 

norovirus (GI, GII) and 

human adenovirus 

species F; 

Pooled Oyster sample: 

E. coli, then if elevated: 

qPCR for UBac, RBac, 

HBac; PCR for UBac, 

HMet, bovine, wildfowl 

and gull markers. 

One sampling event 

immediately following 

each of 3 low rainfall 

events (10-20 mm in 

24 hrs) when 

groundwater levels are 

low (no significant 

rainfall events in 

previous 30 days) 

 

Water sample:  

FC, then if elevated 

FWA,  & qPCR for 

UBac, RBac, HBif 

Pooled Oyster 

sample: 

E. coli, then if 

elevated: qPCR for 

UBac, RBac, HBac; 

PCR for UBac, 

HMet, bovine, 

wildfowl and gull 

markers. 

Sediment Bags (3): 

Faecal sterols 

Water sample:  

FC, then if elevated 

FWA,  & qPCR for 

UBac, RBac, HBif 

Pooled Oyster 

sample: 

E. coli, then if 

elevated: qPCR for 

UBac, RBac, HBac; 

PCR for UBac, 

HMet, bovine, 

wildfowl and gull 

markers. 

Sediment Bags (3): 

Faecal sterols 

   



 

Through January, 

sampling twice a week 

at least 3 days apart 

regardless of rainfall 

Water sample: 

FC 

Pooled Oyster 

sample: 

E. coli, then if 

elevated: qPCR for 

UBac, RBac, HBac; 

PCR for UBac, 

HMet, bovine, 

wildfowl and gull 

markers. 

Sediment Bags (3): 

Faecal sterols 

Water sample: 

FC 

Pooled Oyster 

sample: 

E. coli, then if 

elevated: qPCR for 

UBac, RBac, HBac; 

PCR for UBac, 

HMet, bovine, 

wildfowl and gull 

markers. 

Sediment Bags (3): 

Faecal sterols 
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SECTION 1: INTRODUCTION 

1.1 Background and Scope 

 

As required by the Animal Products (Regulated Control Scheme ï Bivalve Molluscan Shellfish) 

Regulations 2006 and the Animal Products (Specifications for Bivalve Molluscan Shellfish) Notice 

2006, a 12-yearly sanitary survey was undertaken for the oyster growing areas in the Kerikeri and 

Te Puna Inlets in 2011 (Brandt et al., 2011).  All oyster growing areas in these inlets are currently 

classified as ñConditionally Approvedò, which means that oysters may be harvested directly for sale 

at times when specified harvest criteria (in this case, based on rainfall) are met.  In order to maintain 

a ñConditionally Approvedò status, certain bacteriological standards must be met in water and 

shellfish sampled monthly from representative sites in ñopenò status (i.e. when the criteria for 

harvesting are met) throughout the shellfish growing area.  These standards are: 

 A median value of 14 faecal coliform MPN/100 ml in water samples; and 

 Not more than 10% of water samples may exceed a value of 43 faecal coliform MPN/100 

ml;  and 

 A median value of 230 E. coli MPN/100g in shellfish flesh samples; and 

 Not more than 10% of shellfish samples may exceed 700 E. coli MPN /100 g. 

 

In addition, for European Union (EU) market designated sites, not more than 10% of shellfish flesh 

samples may exceed 230 E. coli MPN/100 g. 

 

The 2011 Sanitary Survey found that based on the required analysis of the bacteriological data for 

the last three years, Sector D of the growing area (the oyster farms in the Hauparua Inlet, 

represented by Sample Site 11) no longer complies with the standard for Conditionally Approved 

growing areas, and Sector C (the oyster farms at a bay south of Taranaki Island, represented by 

Sample Site 10) no longer complies with the EU standard for growing areas. (See Figure 1 for the 

location of these sites).  Northland District Health Board (NDHB) and Ministry of Primary 

Industries (MPI) recommended that with the agreement of the oyster farmers, farms in both these 

areas be placed under voluntary closure until 1
st
 May 2012 or until such times as further sampling 

shows a reduction in elevated results sufficient to meet the required standard and the sources of 

pollution are known, and a suitable management strategy can be implemented to allow re-opening 

under the Conditionally Approved status (Brandt, 2011). 

 

A working group (the Kerikeri Inlet Water Quality Committee) has been formed from 

representatives from Northland District Health Board (NDHB), Ministry for Primary Industries 

(MPI), Northland Regional Council (NRC), Far North District Council (FNDC) and oyster farmers 

to address the issue of identifying and managing the sources of bacteriological contamination in the 

Kerikeri Inlet, and specifically in sectors C and D of the growing areas.  University of Auckland, in 

association with AquaBio Consultants Ltd, have been asked to  

 

 Undertake data analysis of available bacterial and environmental data from Kerikeri Inlet; 

and 

 Design a sampling programme to identify the sources of contamination to allow effective 

management. 

 

The following report outlines the findings of this work. 
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Figure 1: Map showing sectors and sample sites in Kerikeri and Te Puna Inlets. (Source: 

Northland District Health Board) 

 
































































































