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Introduction: 
The Wainui Stream flows through the Queen Elizabeth Park (QEP) and along the banks of 
the Caravan Holiday Park in Paekakariki. The stream is hugely popular with children of all 
ages. They can be seen playing, wading and occasionally swimming too, at many sites along 
the stream in the Holiday Park and at various sites below the road bridge in QEP and towards 
the mouth of the stream near the Paekakariki Surf Club. However, despite its popularity, the 
water quality of the Wainui Stream is not monitored routinely by the Greater Wellington 
Regional Council (GWRC) since it is not regarded as a river swimming spot 
(http://www.gw.govt.nz/summer-check/) 
    
In February 2013 Environmental Health students from Massey University collected and 
analysed water samples from the Wainui Stream for compliance testing with the New 
Zealand Microbiological Water Quality Guidelines for Freshwater Recreational Areas (MfE / 
MOH 2003). Surprisingly, since there were no health risk warning signs in place, extremely 
high levels of Escherichia coli (E.coli) counts were found in all 5 Wainui Stream water 
samples taken from sites below the QEP road bridge. Subsequent analyses of 17 more 
samples taken from sites along the entire stream 2 days later showed that the water quality at 
all the sites breached the action red mode of the guidelines of greater than 550 E. coli per 100 
ml. Therefore the stream was not suitable for recreational activities because counts above 550 
E.coli per 100 ml pose an unacceptable health risk from contact recreation.  
 
We informed the Environmental Health Officers at the Kapiti Coast District Council (KCDC) 
of the high levels of E.coli measured in the Wainui Stream. The KCDC responded 
immediately by erecting temporary health warning signs at the Wellington Road entrance to 
QEP and at some sites along the lower reaches and mouth of the stream. Regular health 
warning alerts were also published in the news media, as well as on KCDC’s website. This 

http://www.gw.govt.nz/summer-check/
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included forewarnings from the Medial Officer of Health, Dr Jill McKenzie that swimming in 
streams with high bacterial levels increases the chances of developing health issues such as 
nausea, vomiting and diarrhoea. She also warned that young children can be especially 
susceptible to illness because of their tendency to splash in the water and swallow it when 
they put their hands in their mouths.  

      
 
In spite of KCDC staff walking the 
entire length of the Wainui Stream a 
definitive source of pollution could not 
be found (Haxton 2013). The probable 
causes of pollution were thought to be 
low rainfall, high temperatures that 
resulted in low flows in the stream, 
combined with agricultural runoff from 
further upstream.  
 
 
 
Although the GWRC removed all the 
rotting logs and other debris which 
impeded flows from the stream our 
March 2013 testing at many sites along 
the Wainui Stream showed that the 
extremely high bacterial levels persisted 
and these were even higher (many sites 
above 2,419 E. coli per 100 ml) after 
heavy rainfall (Table 1).  
 

 
 

  Table 1: March 2013 Wainui Stream E.coli  counts 

In this article we present the results of an extensive 2-year water quality monitoring study of 
the Wainui Stream and its tributaries in order to ascertain the dominant faecal pollution 
sources for the stream. We also discuss the current faecal pollution sources of the stream and 
the strategies that have been implemented to prevent waterborne infections during 
recreational contact with stream water.  
 
Wainui Stream Catchment  
The Wainui Stream catchment lies to the north of the Paekakariki township and drains the 
coastal hills on the southern side of the Tararua Ranges. The Wainui stream rises at Mt 
Wainui at 722 metres in altitude and has a catchment area of approximately 7.6 km2. The 
stream flows to the north from its headwaters in the foothills from where the stream runs 
under State Highway One and flows through flat pasture-land (formerly the Perkins Farm) at 
the southern end of QEP, and then to the sea. This is a total distance of approximately 5.6 km.  
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The Te Puka Stream (Smith Creek) is the only major tributary of the Wainui Stream. This 
tributary flows from the eastern flank of the Mt Wainui, along what is commonly referred to 
as Transmission Gully and joins the Wainui Stream after it crosses State Highway One. 
Depending on rainfall the flow rates and depths of the Wainui Stream can vary considerably 
at sampling locations – depths usually from as little as 20 cm to as much 150 cm in places 
(Figure 1).  
 

 
Figure 1: View of Wanui Stream below the bridge in Queen Elizabeth Park 
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Towards the lower end of the Wainui Stream in QEP debris and logs often impede the flow 
of the stream (Figure 2).  
 

 
Figure 2 – Debris and logs in the Wainui Stream 

 
 
 
Two large KCDC storm water pipes, from 
Haumia Street and Horomona Road, 
Paekakariki,  run under the Caravan Holiday 
Park. These storm water outlets drain urban 
rainfall runoff from impervious road 
surfaces into the Wainui Stream in the 
caravan park (Figure 3). There are also two 
100 mm diameter drain PVC pipes that drain 
storm water from the roads, car parks, and 
roofs of buildings in the caravan park into 
the stream. Kerb-side storm water drains on 
the road at the entrance to the caravan park 
drain storm water to the stream albeit via 
soak pits.  
   
 
Figure 3 – Haumia Street storm water  
outlet discharging into the Wainui Stream 
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Sanitary Inspection Surveys 
Sanitary inspections surveys were conducted in conjunction with the water sampling events 
of the Wainui and Te Puka streams. This consisted of visual assessments of potential 
contamination sources of the both streams at sites above State Highway One, in the farm land 
below the highway and also along the Wainui stream in the Caravan Holiday Park and QEP. 
Numerous photographs were taken and checklists completed in wet and dry weather 
conditions to generate information about the streams vulnerability to faecal contamination. 
These included observations to determine if the water quality of the streams is likely to be 
affected by:  

x Storm water outlet discharges after rainfall.   
x Storm water outlets with potential sewage cross contamination.  
x Discharge of untreated human or animal effluent. 
x Malfunctioning or poorly sited septic tanks of dwellings bordering the Wainui Stream.  
x Presence of livestock in in the pasture land.  
x Unrestricted livestock access to the Wainui and / or Te Puka streams. 
x The incidence and density of waterfowl such as mallards (Anas platyrhynchos), 

paradise shelducks (Tadorna variegata) and Canada geese (Branta canadensis). 
 
Sampling  
From February 2013 - January 2015 we collected and tested 317 water samples from 51 
different sites from along the entire length of the Wainui and Te Puka streams including 
stream samples taken in farm land above and below State Highway One. Upstream and 
downstream stream stormwater samples of the 4 outlets discharging into the Wainui Stream 
at the Caravan Holiday Park were also collected and rainfall depth (mm), 24 hours prior to 
and at the time of each sampling event was recorded (http://www.weatheronline.co.nz). Some 
of the most frequently sampled stream sites are shown in Figure 4. 
 

 
Figure 4 – Most frequently sampled Wainui Stream sites 
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Samples were collected aseptically in daylight hours in sterile 250 ml plastic bottles using the 
Mighty Gripper bottle clamp (Bolton, Whangarei) at approximately 15 - 30 cm below the 
surface. All samples were placed in a chilly bin containing ice and transported to the 
laboratory and processed within 6 hours of sampling.  
 
Microbiological analyses 

The samples were analysed for Total coliforms and E.coli using the Colilert¥ / 97 Well 
Quanti-tray system (IDEXX Laboratories, Westbrook, Maine, USA). After 24 hours 
incubation the number of total coliforms and E.coli per 100 ml, based on the number of 
positive wells counted, was determined by referring to a 97-well MPN table (IDEXX version 
3.0 MPN software programme). An MPN value for 97 positive wells is > 2419.6 E.coli per 
100 ml (95% confidence limits are 1439.5 to infinity). For data analysis each > 2419.6 result 
was recorded as 2500 E.coli per 100 ml. Wells showing no yellow colour were considered 
negative for total coliforms and wells showing no fluorescence were considered negative for 
E.coli. Control cultures were put up at regular intervals throughout the study. A nutrient agar 
culture of Klebsiella pneumoniae was used as a partial positive control (yellow wells but no 
fluorescence) and a nutrient agar culture of Escherichia coli as a complete positive control 
(yellow and blue fluorescent wells). A nutrient agar culture of Pseudomonas aeruginosa was 
used as the negative control (no yellow wells and no fluorescent wells). 

Results (E. coli per 100 ml) were compared with the NZ Microbiological Water Quality 
Guidelines for Freshwater Recreational Areas (MfE / MOH 2003) to determine compliance 
and which stream sites breached the guidelines (Table 2).  

 

    Table 2: MfE/MOH (2003): Surveillance, alert and action levels for fresh waters.  
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Results 

From the 27th of February to the 21st of August 2013, 98% of samples exceeded the 
MfE/MoH (2003) action red mode. The exceedances occurred in samples taken along the 
entire length of the Te Puka and Wainui Streams – from above State Highway One and right 
down to the Wainui Stream mouth at the Paekakariki Surf Club. Of these samples 36% 
yielded counts of greater than 2419.6 E.coli per 100 ml and 38% of samples results were 
above 1553.1 E.coli per 100 ml. These E.coli counts ranged from 689.3 to > 2419.6 with a 
median of 1732.9. The E.coli results of the most frequently taken samples in 2013 are shown 
in Figure 5.  

 

Figure 5 - Wainui Stream E.coli results (2013) 

Significantly all the very high E.coli 
bacterial levels were found at same time 
that cattle, sheep and horses grazing in the 
two paddocks had access to unfenced 
Wainui and Te Puka streams in the farm-
land (Figures 6).  

 

Figure 6 – Sheep grazing on the banks 
of the unfenced Te Puka Stream 
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From the 18th September to 22nd December 2013 only 23% of samples exceeded the 
MfE/MoH (2003) action red mode. However, 27% of samples exceeded the amber alert mode 
and 50% of samples complied with the green (acceptable) surveillance mode. These E.coli 
counts ranged from 62.8  - 1553.1 with a median of 435.5. Most of the non-compliant 
samples were from stormwater discharge sites and downstream of these (below the road 
bridge in QEP) that were low flow and sites that were colonised ducks, predominantly 
mallards in flocks of 10  - 16 birds (Figure 7). 

 

Figure 7: Ducks swimming in the Wainui Stream 

Only occasionally did we see Paradise shel ducks but only in the Wainui and Te Puka streams 
in the farm lands. On only two occasions were 2 – 3 Canada geese observed in the Wainui 
Stream.   

 

From the 27th January to 14th December 2014, 74% of samples complied with the green 
(acceptable) surveillance mode, 15% exceeded the amber alert mode while only 11% 
exceeded the action red mode. These E.coli counts ranged from 10.1 to >2419.6 with a 
median of 203.6. The E.coli results of the most frequently sampled sites in 2014 are shown in 
Figure 8.  
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Figure 8: Wainui Stream E.coli results (2014) 

These results from2014 also implied that storm water discharges and ducks were responsible 
for most of the non-compliant results. For example the December 2014 wet-weather counts 
ranged from 344.8 to > 2,419 E. coli per 100 with a median of 691.6 (13 samples above the 
action red mode of  > 550 E.coli per 100 ml Mode). Wainui Stream storm water outlet 
discharge sample results for March to October 2013 are shown in Figure 9.  

 
Figure 9: Wainui Stream storm water outlet sites E.coli results (2013) 
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Conclusions 
The results of this 2-year water quality monitoring study of the Wainui Stream and its 
tributaries clearly demonstrate that the massive faecal pollution of the Wainui Stream was 
caused by non-point pollution:  

x Primarily from agricultural run-off when livestock had unrestricted access to unfenced 
streams in the farm land. 

x Diffuse and non-diffuse storm water run-off sources, especially after heavy rainfall. 
x Direct deposition of water fowl faeces.  

 
Livestock were excluded from the farm-land at the end of August 2013 and our results 
strongly suggest that the dominant faecal pollution sources were from agricultural runoff, 
which was exacerbated by heavy rainfall especially when cattle, sheep and horses were in 
those paddocks. These results are in keeping with the faecal source tracking (DNA profiles) 
sample analyses commissioned by the GWRC (personal communication Summer Greenfield, 
– GWRC- 4th April, 2013). These samples for DNA analysis were taken upstream of the 
Haumia Street storm water outlet and showed that the dominant faecal pollution sources were 
ruminant and that there was no evidence of human faecal pollution. This outcome highlights 
the effectiveness of using faecal source tracking methods to assist in confirming 
contamination sources of waterways in which high concentrations of faecal indicator bacteria 
are found (Kirs et. al 2011)   

In October 2014, prior to restocking the farm-land, all the paddocks bordering Te Puka and 
Wainui streams below the highway were fenced off (Figure 10).  

 
Figure 10: Cattle grazing in a newly fenced off paddock bordering the Wainui Stream 
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Excluding stock from a water body can improve water quality, improving its suitability for 
recreation, harvesting food, and as a habitat for fish. The Government proposes to regulate to 
exclude dairy cattle on milking platforms from water bodies by 1 July 2017. This will be 
extended to land used for dairy support, beef cattle and deer at a later date (MfE 2016). The 
dairy industry has made progress in voluntarily keeping stock out of water bodies. The 
Sustainable Dairying Water Accord has resulted in over 24,000 kilometres of fencing to keep 
dairy cattle on milking platforms out of more than 94 per cent of streams over 1 metre wide 
and 30 centimetres deep (Scarsbrook and Melland 2015). 

 
While 2 large storm water outlets and 2 smaller (100 mm diameter) storm water drain pipes 
discharge storm water directly into the Wainui Stream during heavy rainfall events, we have 
found no evidence of any malfunctioning or poorly sited septic tanks in the Paekakariki 
Holiday Park that could have affected the water quality of the stream. Similarly we have also 
found no evidence of any septic tank pollution emanating from either the houses on the Tilley 
Road boundary of Te Puka Stream or from a house adjacent to Te Puka Stream in farm-land 
above State Highway One.  

Regardless of the apparent “improved” overall water quality of the Wainui Stream we doubt 
whether the stream is (even now) entirely safe for recreational use because we have found 
that the water quality of the stream will always fluctuate because of: 

x Heavy rainfall events discharging contaminated storm water run-off into the stream.  
x Persistent low flows at some sites because of the build-up of debris, vegetation and 

logs impeding stream water flows. 
x Possible faecal pollution from agricultural runoff from animals that may gain access 

to any unfenced streams higher up in the farm lands or animals breaching the recently 
fenced off streams in farm land below the highway.  

x Duck faecal pollution, especially so at sites below the road bridge in QEP. A 
freshwater microbiology research project involving 25 sites in New Zealand found 
that catchments with waterfowl were the most contaminated across nearly all 
microorganisms surveyed and that the critical value for E. coli as an indicator of 
increased Campylobacter infection was in the range of 200-500 E. coli per 100 ml 
(McBride et al. 2002). Using data from all sites these authors estimated that 4% of 
notified campylobacteriosis in New Zealand could be attributable to recreational 
water contact.  

 

Discussion  
The GWRC’s monitoring results indicate that there is significant microbiological stormwater 
contamination present in many urban streams. Both faecal coliform and E.coli indicator 
bacteria are present in very high counts, often an order of magnitude above recommended 
water quality guidelines. As illustrated below a significant number of sample results recorded 
for a selection of streams were significantly higher than red-action level of 550 E. coli per 
100 ml (GWRC 2005): 
 

x Porirua Stream at Wall Park – exceeded the MfE/MoH (2003) alert level on 87% of 
sampling occasions and the action level on 61% of sampling occasions. 

http://www.dairynz.co.nz/environment/in-your-region/sustainable-dairying-water-accord/
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x Karori Stream at Makara Peak – exceeded the MfE/MoH (2003) alert level on 96% of 
sampling occasions and the action level on 78% of sampling occasions (11 of the 23 
sample results exceeded the action level by at least one order of magnitude). 
 

x Kaiwharawhara Stream at Ngaio Gorge – exceeded the MfE/MoH (2003) alert level 
on 78% of sampling occasions and the action level on 44% of sampling occasions. 
 

x Waiwhetu Stream at Wainui Hill Bridge – exceeded the MfE/MoH (2003) alert level 
on 65% of sampling occasions and the action level on 35% of sampling occasions. 

 
The purpose of most existing stormwater systems is to collect stormwater and discharge it to 
natural waterbodies as fast as possible. Apart from a sump, there is usually no treatment of 
stormwater before it is discharged. The effectiveness of sumps is directly related to their 
design and maintenance regime and even then their efficiency is limited during heavy rainfall 
events (GWRC 2005). The KCDC’s Haumia Street storm water discharge water quality 
results for 2006 to 2013 (54 samples) are summarized in Table 3 (KCDC 2014).  

 
Table 3:  KCDC Haumia Street storm water outlet water quality results 

 
A quantitative microbial risk assessment (QMRA) study on pathogens detected in 
stormwater discharges found that during wet weather conditions human health risks 
can be substantially elevated (McBride et. al 2013). Pathogen concentrations were 
used in QMRA models to generate risk profiles for primary and secondary water 
contact by adults and children.  
 
While many urban streams are not usually used for primary contact recreation activities such 
as swimming, the very high levels of E. coli do indicate a likely health risk for secondary 
contact activities (e.g. children wading and playing in streams). Furthermore, many urban 
streams discharge into coastal waters used for primary contact recreation such as swimming, 
fishing, kayaking and surfing. For example Owhiro Stream in Wellington City discharges to 
the coast at Owhiro Bay and the Wainui Stream discharges to the coast near the Paekakariki 
surf club.  
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The risk of gastrointestinal illness following incidental recreational water contact can be 
reduced by efforts to decrease exposure such as public education about the hazards of 
capsizing and swallowing water and promoting frequent hand washing (Dorevitch et. al 
2015).  A recent health impact assessment of urban waterway decisions demonstrated that the 
impacts of water quality on health are often modified by users’ behaviours and perceptions 
(Korfmacher et. al 2015). A study of waterborne pathogens and associated health risks 
associated with exposure in urban waterways found that while E. coli concentrations were 
variable, high concentrations of Campylobacter were found that revealed risks above the 
annual disease incidence of campylobacteriosis in The Netherlands  (Sales-Ortells et. al 
2015). Recommended measures to reduce the gastrointestinal health risks included informing 
the public that waterways may have elevated levels of contamination after rainfall events and 
water contact should be avoided.  

Canada geese (Branta canadensis) faeces have been shown to contain a wide range of human 
pathogenic bacteria and protozoa such as Campylobacter jejuni, Salmonella typhimurium, 
Listeria monocytogenes, Helicobacter canadensis, Enterohemorragic Escherichia coli 
(pathogenic strains), Chlamydia psitacci, Cryptosporidium parvum and Giardia lamblia 
(Gorham and Lee 2016).These authors report that the potential health risks posed by 
waterfowl at freshwater recreational sites presents an emerging public health issue that 
warrants further study. They describe some scenarios where potential exposure to pathogens 
from waterfowl faeces can occur such as bathers swimming in freshwater and children 
playing with sand impacted by waterfowl droppings at public waterways.  
 
Given that the QEP and the Paekakariki Caravan Holiday Park is so hugely popular with 
families - especially in the summer – vigorous efforts are necessary to prevent the public 
from acquiring waterborne infections from the Wainui Stream during recreational activities 
(Figures 11 & 12) that could involve water immersion and ingestion.  

 

 
Figures 11 & 12: Children playing in the Wainui Stream 
at the Caravan Holiday Park and at the mouth of the 
Wainui Stream near the Paekakariki Surf Club 
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We are happy to report that in February 2015 the KCDC erected public health warning signs 
about stream contact after heavy rainfall (Figure 13). These signs have been erected at nine 
strategic sites along the Wainui Stream in the Caravan Holiday Park and QEP and are 
regularly maintained and if damaged are replaced with new signs. 

 
Figure 13: Wainui Stream health warning sign at the entrance to a stream walkway 

 
Implications of the new national policy statement for freshwater 
management on the recreational water quality of the Wainui Stream  
In New Zealand, the National Policy Statement for Freshwater Management (NPS–FM) 
requires all regional councils to set limits for water quality and quantity in all waterways in 
defined freshwater management units by 2025 (New Zealand Government (2014). Central to 
the NPS–FM is the concept that community-defined values can be maintained or enhanced 
through the setting of appropriate water quality limits. For each identified value, specific 
water quality attributes must be set (e.g. for E. coli levels that indicate suitability for contact 
recreation). Every regional council must ensure that the compulsory values are set at or above 
the national bottom lines for all freshwater management units. For example an “A” attribute 
state (annual median ≤ 260 E.coli per 100 ml) indicates that the waterbody is suitable for 
swimming; a “B” attribute state (annual median > 260 and ≤ 550 E.coli per 100 ml) indicates 
generally suitable for swimming; a “C” attribute state (annual median > 550 and ≤ 1000 
E.coli per 100 ml) suitable for boating and wading; the national bottom line (annual median 
1000 E.coli per 100 ml) indicates that the waterbody presents an unacceptable risk to human 
health (MfE 2015; MfE 2016).         
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Given that high concentrations E.coli continue to occur in the Wainui Stream from storm 
water outlet discharges after heavy rainfall, it remains problematic if the GWRC will consider 
it appropriate to set values for the Wainui Stream below the national bottom line because: 
 

x Existing E.coli concentrations in storm water show that the annual median is already 
below the national bottom line 
 

x The storm water outlets are regarded as one of existing infrastructure “exemptions” 
listed in Appendix 3 of the NPS –FM 2014.     
 

The GWRC’s programme for implementing the water quality objective and limit setting part 
of the NPS-FM involves a community-based, collaborative process (called the whaitua 
process) and GWRC is working progressively around the five whaitua (or supercatchments) 
in the Wellington Region (GWRC 2016). It is anticipated that the Kāpiti whaitua (including 
Paekakariki community participation in the Wainui Stream limits setting process) will be 
established in 2017 (personal communication Hayley Vujcich – GWRC – 8th October 2015).  
 
The Paekakariki community, interest groups and environmental scientists alike await with 
expectation what this will mean for fresh water quality on the Kapiti Coast and potentially 
beyond in the wider region. 
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