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DISCLAIMER 

This report or document ("the Report") is given by the Institute of Environmental Science 

and Research Limited ("ESR") solely for the benefit of Nelson City Council and other 

Third Party Beneficiaries as defined in the Contract between ESR and Envirolink, and is 

strictly subject to the conditions laid out in that Contract. 

Neither ESR nor any of its employees makes any warranty, express or implied, or assumes 

any legal liability or responsibility for use of the Report or its contents by any other person 

or organisation. 
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SUMMARY 

Routine monitoring of the Lower Maitai River between July 06 and February 07, showed 

elevated Escherichia coli counts at the Collingwood Street bridge site. Intensive sampling 

on 22/12/06 and 22/1/07 neither confirmed nor explained these results, but the 22/1/07 

sampling revealed a diurnal pattern in counts around the river mouth. 

Data analyses showed that there were positive correlations between the Collingwood Street 

bridge E. coli counts and those in six parallel samples collected at the Trafalgar Street 

bridge. They also showed that, at most sampling sites up to the Normanby Bridge, there 

was a negative correlation between E. coli counts and both tidal height (which happened to 

peak around solar noon) and cumulative solar radiation. 

A brief literature review indicates that there is no substantial evidence that E. coli can grow 

in sunlight-exposed natural waters in temperate regions. Thus, growth in the Maitai River 

may reasonably be ruled out as a source of the E. coli. 

There is only equivocal evidence for E. coli growth in sediments, but substantial evidence 

of natural deposition and accumulation, to higher concentrations than in the overlying 

water. Thus, disturbed sediments may be contributing to E. coli counts in the Maitai River. 

Possible reasons for the Collingwood Street bridge results could include: 

1.  A saline wedge transporting E. coli upstream, either from water in the Nelson Haven or 

from remobilised bottom sediments. 

2.  An as yet undetected discharge upstream of the bridge. 

3.  A contaminated groundwater seepage or spring upstream of the bridge. 

4. Remobilisation of E. coli from sediments by an eddy or riffle upstream of the bridge. 

Better identification of the source(s) of the contamination at the Collingwood Street bridge 

site is required before meaningful amelioration could be considered. Actions to identify the 

contamination source(s) could include one or more of the following: 

1.  A re-examination of the routine monitoring data for tidal patterns in E. coli counts. 

2.  A conductivity survey below the bridge to determine whether a saline wedge is present. 

3.  Parallel turbidity measurements to gauge the sediment contribution to E. coli counts. 

4.  The inclusion of E. coli counts in microbial monitoring of the Nelson Haven. 

5.  Sampling of river sediments downstream of the bridge, to determine E. coli levels. 

6.  A detailed river bank inspection for unauthorised discharges or drains. 

7.  A river gauging to indicate possible groundwater inflows in the vicinity of the bridge. 

8. A one-off survey for one or more specific faecal source identifiers. 
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1. INTRODUCTION 

The Nelson City Council (NCC; Mr Paul Sheldon, Environmental Monitoring Co-

ordinator) has sought advice from ESR, through the Envirolink Fund, on possible reasons 

for, and microbial issues related to, elevated Escherichia coli counts at sampling sites in 

the lower reaches of the Maitai River (See Appendix 1).  

Escherichia coli (E. coli) is an enteric bacterium; i.e., it normally grows only in the 

intestinal tract of humans and animals, and is present in their faeces. Most E. coli strains 

are harmless to humans, but the presence of this bacterium in water indicates faecal 

contamination, and the possible presence of other enteric microbes (bacteria, protozoans, 

and viruses) that cause gastrointestinal diseases. In general, the higher the E. coli count in 

the water, the greater the disease risk from consumption or contact recreation.  

The Ministry for the Environment’s New Zealand Microbiological Water Quality 

Guidelines (MfE, 2003) recommend three “alert and action levels” for E. coli counts in 

freshwater: Acceptable/Green Mode (no single sample > 260/100 mL); Alert/Amber 

Mode (a single sample > 260/100 mL); Action/Red Mode (a single sample >         

550/100 mL). Although most of the samples collected from the lower Maitai River reaches 

(Plates 1 and 2) between July 06 and February 07 (a total of 20 samplings, although not all 

sites were sampled) were in the Green Mode, half of the samples collected from the 

Collingwood Street bridge site tended to be in the Amber and Red Modes (Table 1;   

Figure 1). Elevated counts were also recorded further downstream (at the Trafalgar Street 

bridge) on one occasion (Table 1; Figure 1). 

The Red Mode action recommendations include the erection of warning signs, informing 

the public through the media, the undertaking of a sanitary survey, and a report to identify 

sources of contamination. Two intensive samplings of the lower river reaches by NCC — 

on 22/12/06 and 22/1/07 (Table 2; Figures 2 and 3) — neither confirmed nor explained the 

elevated Collingwood Street bridge counts. However, the 22/1/07 sampling revealed a 

strong diurnal pattern in E. coli counts around the river mouth and Saltwater Creek. 

This report contributes to the “sanitary survey and report” recommendation in the MfE 

Guidelines. ESR was requested to undertake a literature survey (in particular, to address 

the question of whether elevated counts of E. coli be explained by growth of this indicator 

in the river system), undertake a basic analysis of the relevant survey data, and suggest 

possible sources of the elevated counts at the Collingwood Street bridge site (Appendix 1; 

P. Sheldon, NCC, pers. comm.). 

 

2. SURVIVAL AND POSSIBLE GROWTH OF E. COLI IN SURFACE WATERS 

AND SEDIMENTS — A BRIEF REVIEW 

 

2.1 Natural Surface Waters 

A key assumption associated with the use of bacterial indicators is that they do not grow 

outside the gastrointestinal tract of warm-blooded animals. This assumption is widely 

considered to hold true for E. coli in natural waters. Although there is some evidence, 

reviewed by Winfield and Groisman (2003), that replication of E. coli may occur in 

nutrient-rich tropical waters, many of the studies purporting to show this replication have 

involved the use of microcosms from which sunlight was excluded.  
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McLellan et al. (2001) produced indirect evidence from clonal isolates that some non-       

E. coli faecal coliforms, such as Citrobacter, Klebsiella, and Enterobacter can replicate in 

temperate waters. However, there appears to be no published evidence of E. coli growth in 

sunlight-exposed waters in temperate regions.  

In contrast, there is substantial published evidence of (usually rapid), post-discharge 

inactivation of E. coli in natural surface waters. The principal inactivating mechanism in 

sea and river water is solar radiation (Gameson, 1984; Davies-Colley et al., 1994; Sinton et 

al., 1994, 1999, 2002; Sinton, 2005). Temperature, pH, and grazing by natural microbiota 

contribute to inactivation (Sinton, 2005), but the main synergistic interaction is between 

sunlight and salinity. Increasing salinity significantly increases sunlight inactivation of 

enteric indicators, including faecal coliforms, E. coli, and enterococci (Sinton et al., 2002). 

On a cloudless midsummer day, in shallow seawater (less than 1 m depth), E. coli counts 

can be reduced by up to 5 Logs in 8 hours (Sinton et al., 1994, 1999, 2002). The equivalent 

reduction in fresh river water is up to 3 Logs (Sinton et al., 2002). 

In short, with respect the lower Maitai River reaches, it can be reasonably assumed that: 

(1) E. coli cells are present there as a result of contamination from external faecal sources 

— both resuspended sediment (see below) and recent run-off, (2) they are being 

continuously inactivated by sunlight, and (3) growth in the river water itself can be 

discounted as a cause of the counts recorded at the Collingwood Street bridge. 

 

2.2 Sediments 

Unattached bacteria sink in a water column at rates that depend on the specific gravities of 

the cells, water turbulence, and the degree of motility (Jassby, 1975; Pedros-Alio et al., 

1989). In most natural waters, turbulence ensures that there is no significant sedimentation 

of individual cells. However, it appears that a high proportion (possibly around 50%) of 

bacteria in effluents (and probably in animal faeces) are attached to particles (Mitchell and 

Chamberlin, 1975), thereby enhancing their deposition rates. 

Particle association and deposition concentrates enteric bacteria in bottom sediments, with 

the result that they are present there at far higher counts than in the overlying water, and 

persist far longer (e.g., Shiaris et al., 1987; Ashbolt et al., 1993; Davies et al., 1995; 

Wheeler Alm et al., 2003). Most importantly, bacteria in sediments are protected from 

sunlight, but other factors enhancing their survival include protection from motile 

predators and grazers, and the presence of accumulated organic matter, which may act as a 

nutrient source (Milne et al., 1989; Gauthier and LeRudulier, 1990; Ghoul et al., 1990). 

Although sediments undoubtedly accumulate enteric bacteria, the evidence that they grow 

there is equivocal. Several studies have suggested that some enterococcus genotypes may 

replicate in warm marine and estuarine sediments (Jeng et al., 2005; V. Harwood, 

University of South Florida, pers. comm.). Indirect evidence for the growth of E. coli in 

sediments has also been presented by Kon et al. (2007), who found the same or similar 

genetic fingerprints in E. coli isolates from the same sampling location in beach sands, 

whereas isolates from different locations showed different patterns. However, most studies 

purporting to show growth of faecal coliforms and E. coli in sediments have been 

laboratory-based, involving manipulation of nutrients (Gerba and McLeod, 1976; Ghoul et 

al., 1990; Byappanahalli et al., 2006) or artificial suppression of natural microbiota (Davies 

et al., 1995).  
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Enteric bacterial counts in New Zealand river waters tend to increase as a result of 

sediment scouring by flood events (Muirhead et al., 2004) and disturbance by stock and 

human activities (Davies-Colley et al, 2004). The role of sediments in replenishing the 

supply of faecal microbes in river water during periods of low flow is poorly understood, 

but current studies suggest that, under these conditions, there is very little transfer of 

enteric microbes from interstitial water in the sediment to the overlying water column 

(unpublished data, ESR, Christchurch). 

In short, with respect to the Maitai River system, there is substantial evidence from the 

literature to suggest that the river sediments will constitute a significant reservoir for        

E. coli. However, although some replication is possible, accumulation by natural 

deposition means that it is not necessary to invoke growth to explain their presence there. 

In addition, remobilisation of these microbes will probably require some form of 

turbulence or disturbance. 

 

 

3. ANALYSIS OF THE ROUTINE SAMPLING RESULTS (JULY 06 – 

FEBRUARY 07) 

The weekly and twice-weekly sampling results (20 samplings between July 06 and 

February 07) revealed significantly higher counts in the lower river reaches (Figure 1). Not 

all sites were sampled on all occasions, so the results from the six dates on which parallel 

samples were collected from the Trafalgar Street bridge, Collingwood Street bridge, 

Halifax Street bridge, and the Normanby Bridge were compared. This comparison showed 

that counts between the Trafalgar and Collingwood Street bridges were strongly correlated 

(p = 0.0001), but that there were no other significant relationships between these four 

sampling sites.  

This suggests that whatever is affecting the E. coli counts at Collingwood Street is also 

affecting them lower in the river, but has little or no effect on counts further upstream. The 

samples in the routine monitoring programme were collected at different stages in the tidal 

cycle. If the E. coli counts are influenced by the tide, this may explain the high variation in 

counts at the Collingwood and Trafalgar Street bridge sites. 

 

4. ANALYSIS OF THE INTENSIVE SAMPLING RESULTS (22/12/06 AND 

22/1/07) 

Simple regression analyses were performed on the intensive sampling data from 22/12/06 

and 22/1/07. The E. coli counts were compared to the time (during daylight hours, on 

22/12/06 and 22/1/07), tidal height (on 22/12/06 and 22/1/07), and cumulative solar 

radiation (on 22/1/07 only). One outlier was removed from these analyses — a count of 

1,200 E. coli per 100 mL at 12:00 noon, at the Halifax Street footbridge site, on 22/12/06 

(Table 2; Figure 2). The analyses make no allowance for any lag in the tidal height 

between sites. The results are presented in Table 3. 

With two exceptions (the river mouth and in Saltwater Creek on 22/1/07), there was an 

overall decrease (a negative k value) in counts throughout the day at all sites on both 

sampling occasions.  
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With two exceptions, E. coli counts were negatively correlated with tidal height on both 

sampling occasions; i.e., the higher the tide, the lower the E. coli counts. This effect 

appeared to be most pronounced in the lower river reaches on 22/1/07 (the Maitai River 

Mouth, Saltwater Creek and upstream of Saltwater Creek). 

All but one of the E. coli counts were also negatively correlated with the cumulative solar 

radiation level over the hour prior to the sampling time (i.e. counts tended to be lower 

around solar noon). The exception was the Shakespeare Walk site. 

Although the intensive samplings revealed a strong association with tide, possibly acting 

synergistically with solar radiation around the river mouth (see below), they neither 

confirmed nor explained the elevated counts at the Trafalgar and Collingwood Street 

bridges. 

 

5. THE EFFECTS OF SOLAR RADIATION AND TIDE 

The two variables which were most likely to have influenced counts on 22/12/06 and 

22/1/07 were sunlight and tide. Unfortunately, there were no marked similarities between 

the results from the two sampling occasions, particularly in the lower river reaches — the 

river mouth, Saltwater Creek and (to a lesser extent) upstream of Saltwater Creek. Overall, 

the 22/1/07 results demonstrate the strongest relationship with sunlight and tidal height 

(Table 1). 

A correlation (positive or negative) does not necessarily imply causality. In addition, the 

tidal height coincided with solar radiation levels on both sampling days (i.e., high tide 

happened to be around solar noon), which makes it difficult to distinguish between their 

possible effects on the E. coli counts. A negative correlation with time may also simply 

indicate the effect of cumulative global solar radiation (“insolation” or sunlight “dose’) 

throughout the day. 

The local solar radiation record is available for 22 January 07, and is presented in Figure 4. 

No equivalent data are available for 22 December 2006, although 11.6 sunshine hours were 

reported from nearby Stoke, indicating a clear, sunny day (P. Sheldon, NCC, pers. comm.). 

Negative correlations with both time and solar radiation were recorded at the uppermost 

site (Normanby Bridge) where the tidal effect is assumed to be the least. This suggests that 

the inactivating effects of solar radiation are contributing to the observed diurnal variation 

in E. coli counts. 

Table 1 and Figure 3 also show that the greatest tidal effect was, as would be expected, at 

the lower sites (the river mouth and Saltwater Creek). The tide is most likely to have 

influenced E. coli counts at these sites in three ways: 

1. If the incoming tide was low in E. coli concentrations, it would have reduced counts 

through dilution. 

2. If the incoming tide significantly increased salinity levels, it would have increased 

sunlight inactivation of the E. coli cells. 

3. If the outgoing tide remobilised the sediments in the lower river reaches, it may have 

increased E. coli counts at the beginning and end of the day. 
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The salinity profile of the lower river reaches is unknown. However, the river is tidal up as 

far as the Collingwood Street bridge on a neap tide, and the Normanby Bridge on a spring 

tide. Saltwater crabs inhabit the area up to Collingwood Street bridge, suggesting regular 

saltwater exchange. Conductivity changes have been noted at the Halifax Street footbridge, 

suggesting salinity changes may extend that far upstream (P. Sheldon, NCC, pers. comm.). 

Thus, assuming a reasonably constant input to the river, the variations in E. coli counts are 

consistent with the presumed effects of sunlight inactivation of enteric microbes in the 

lower river reaches, being highest at solar noon and lowest at morning and night. There is 

also an overall decrease in counts throughout the day. Although not consistent between the 

two intensive sampling occasions, the tidal height also appears to have an effect on counts 

around the river mouth, possibly acting synergistically with sunlight. 

 

6. THE COLLINGWOOD STREET BRIDGE SITE 

Figure 1 shows that between June 06 and February 07, most of the E. coli counts recorded 

at the Collingwood Street bridge were significantly higher than those at sites further 

upriver. Two samples collected on 22/12/05 (earlier survey; data not presented here) were 

also reasonably high — 531 and 624/100 mL. 

However, the pattern of elevated counts at Collingwood Street encountered in the routine 

surveys was not evident in the intensive sampling surveys on 22/12/06 and 22/1/07    

(Table 2). In fact, 13 of the 14 counts in the intensive samplings were below 550/100 mL 

(Table 2), as were 13 of the 20 counts in the routine sampling (Table 1). In addition, on 

22/12/06, in contrast to the other sites, the counts at the Collingwood Street bridge 

appeared to rise, rather than fall, with the tidal height (Table 3).  

Thus, the Collingwood Street (and possibly the Trafalgar Street) E. coli results are an 

apparent anomaly, and there is no immediately obvious explanation for them. However, 

four possibilities are listed below: 

- Saline intrusion: A saline water wedge may move upstream from the Nelson Haven 

along the river bed, past Trafalgar Street, as far as the Collingwood Street bridge, 

particularly at periods of low flow and still water around high tide. This phenomenon 

has apparently been observed (P. Sheldon, NCC, pers. comm.). If this occurs, it would 

have two possible effects: 

•  It would bring estuarine water from the Haven and river mouth area up as far as 

Collingwood Street. Since the heavier saline water would move along the bottom 

of the river, it would have the greatest protection from the inactivating effects of 

sunlight.  

This explanation would require the existence, even periodically, of high E. coli 

counts in the Haven water. However, the Haven monitoring programme is based 

on enterococci (MfE, 2003) and there appear to be no equivalent E. coli data      

(P. Sheldon, NCC, pers. comm.). The Maitai River itself could be a significant 

contributor to indicator counts in the Haven, but there may also be an input from 

seabirds and waterfowl. 
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•  It would remobilise river bed sediments as it moved upstream. As previously 

noted, these sediments are likely to contain significantly higher E. coli counts than 

the overlying water column. 

Although this is considered to be the most likely reason for the Collingwood and 

Trafalgar Street bridge results, it should be noted that this explanation is not supported 

by the results from the counts from lower in the river (Figure 3), which tended to 

decrease at high tide. An alternative explanation would therefore be the existence of a 

salt wedge at low tide, or elsewhere in the tidal cycle. 

In addition, to explain the results, it would probably be necessary to assume that the 

bridge area is the usual upstream limit of any saline wedge; i.e., the point at which the 

upstream wedge movement is overcome by river flow, and returns downstream in the 

overlying fresh water. 

-  An unauthorised surface discharge or leak: This could be occurring anywhere 

between the Collingwood Street bridge and the next upstream sampling site (the 

Halifax Street footbridge). This would need to be either a reasonably large flow or a 

concentrated discharge to produce the results regularly observed at the Collingwood 

and Trafalgar Street bridges, and it seems unlikely that such a input would remain 

undetected for long. 

- A contaminated groundwater seepage or spring: This could also be occurring 

anywhere between Collingwood Street and the Halifax Street footbridge. Unless it was 

in the form of an above-ground spring, it would be more difficult to detect than a 

surface discharge. Furthermore, to produce the observed results, the seepage would 

need to be highly contaminated. The only likely candidate would therefore be a 

continuously leaking sewer. However, dye testing of local sewer mains has apparently 

shown no evidence of leakage (P. Sheldon, NCC, pers. comm.).  

- An undetected standing eddy or riffle: The Collingwood Street bridge samples are 

collected from the shallow sandbank on the south side of the river, downstream of the 

bridge. It is possible that this sampling site is in a plume of higher suspended sediment 

levels, remobilised by an upstream eddy or riffle. However, it is highly unlikely that 

such a plume would go unnoticed over sequential samplings, or that its effects would 

extend as far as the Trafalgar Street bridge. 

 

7. POSSIBLE REMEDIAL OR AMELIORATIVE MEASURES 

Any fixes will obviously depend on which of the suggested causes above is correct. If the 

problem is one of saline intrusion, there are probably no cost-effective remedial measures 

available. If the problem is one of contaminated groundwater re-entry, both detecting the 

source of the contamination and preventing re-entry would be very difficult. The easiest 

cause to address (although possibly difficult to locate) would be an unauthorised surface 

drain or discharge. 
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8. RECOMMENDATIONS 

To better understand the reasons for the elevated E. coli counts at the Collingwood and 

Trafalgar Street bridge sites, one or more of the following actions are recommended: 

1. Re-examine the E. coli counts at the Collingwood and Trafalgar Street bridges from the 

routine sampling programme and compare them with the tidal record at the time of 

sampling. This may provide some insight into the effect of tidal height on the observed 

counts in the lower river reaches. 

2.  Determine whether a saline wedge is present during particular phases of the tide by 

establishing the depth profile of salinity below the Collingwood Street bridge over a 

complete tidal cycle. A sensitive conductivity meter may be adequate for this purpose. 

3. Include parallel turbidity measurements (Nephelometric Turbidity Units — NTUs) 

and/or total suspended solids (TSS) assays in microbiological surveys of the Lower 

Maitai River reaches. Elevated turbidities, and/or positive correlations with E. coli 

counts during periods of low rainfall and low flow may indicate remobilisation of river 

sediments as a result of upstream saline water movement along the river bottom. 

4.  If the presence of a saltwater wedge is confirmed, include E. coli (in addition to 

enterococci) in microbiological monitoring of the Nelson Haven, and possibly add 

additional sites in the vicinity of the Maitai River mouth. 

5. Sample river sediments downstream of the Collingwood Street bridge to determine 

whether they contain E. coli concentrations high enough to explain, or contribute to, the 

Collingwood Street bridge counts.  

6.  Conduct a detailed inspection of both banks of the river between the Collingwood Street 

bridge and the Halifax Street footbridge to confirm that there are no hitherto 

unidentified inputs from drains or springs. 

7. Undertake river gauging above and below the Collingwood Street bridge site to indicate 

whether there is any significant groundwater inflow in the vicinity of the bridge. 

8. Carry out at least one survey of faecal source identifiers in the Lower Maitai River, 

including one or more of the following: 

- Fluorescent whitening agents (FWAs). These are “brighteners” in washing powders, 

and are recognised as reliable indicators of human effluents (Sinton et al., 1998). 

- Faecal sterols. Different faecal sterols can assist in apportioning the contribution of 

human and animal sources to faecal contamination of waters (Sinton et al. 1998). 

- Molecular markers of human and animal sources, particularly members of the 

anaerobic Bacteroidetes group (Shanks et al., 2006). 

 

******************** 
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Plate 1: The Maitai River sampling sites (map provided by P. Sheldon, NCC). 
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Plate 2: The Lower Maitai River sampling sites (map provided by P. Sheldon, NCC). 
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Figure 4:  Solar radiation recorded at the Princess Drive met station, Nelson, 

on 22/1/07. 
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APPENDIX 1a: Nelson City Council Application for Envirolink Funding. 
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APPENDIX 1b: Nelson City Council Application for Envirolink Funding (contd.). 

 

 

 
 


