Appendix 10: Faecal Contamination
1.

Introduction
This appendix should be read in conjunction with Appendix 9: Farms. The safety
of drinking water and water used for contact recreation is of major concern to
the community (Rutherford and Williamson, 2010). Drinking water needs to be
of sufficient quality that it can be consumed or used without risk of immediate
or long-term harm. Similarly the water quality in which contact recreation
activities occur (swimming, skiing, paddling, kayaking), needs to be such that
accidental ingestion or inhalation of small quantities of the water does not result
in illness and that contact with the water does not lead to conditions like skin
rashes.
Drinking water is abstracted from the Waikato River, tributaries and
groundwater in many places. All surface waters and most groundwaters must be
treated to remove particulate matter (e.g., fine sediment, phytoplankton), and
disinfected to inactivate pathogens (bacteria, viruses and protozoa).1 Although
river iwi aspire to drink untreated water directly from the Waikato River, the
Study team does not view this as a likely or realistic option, given this country's
high reported rate of zoonoses (Till and McBride, 2004; Rutherford and
Williamson, 2010).2 There is also some evidence of contamination of drinking
water sources by viruses shed by humans (Williamson et al., 2010). These could
arise either from relatively inefficient upstream community wastewater
treatment plants or from on-site wastewater systems.
It is often difficult and impractical to measure the level of pathogens in the
water directly.3 Instead, levels of ‘indicator bacteria’ are measured that provide
an indication on the likely pathogenicity of the water, providing a feasible
monitoring approach. For freshwaters the indicator microorganism used is
Escherichia coli (E. coli) which is found in the gut of humans, farm animals and
wildlife, and is a useful indicator of faecal pollution and associated health risks.4
Some diseases – zoonoses – can be caused by microorganisms shed by animals.
This can occur by direct animal contact or, more commonly, through
contaminated food and water. High E. coli concentrations in rivers and lakes,
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Pathogens are microorganisms that cause illness.
New Zealand has a rather high reported zoonoses rate—illnesses caused by pathogens derived
from animals (cattle, sheep) that are infectious to humans. Their reported rates can be viewed
at the Public Health Observatory (http://www.nzpho.org.nz/).
Nevertheless some direct pathogen monitoring can be desirable, e.g., for human viruses (as
reported for the Waikato River at Huntly by Williamson et al., (2010), for Campylobacter and
for Cryptosporidium.
However, national guidelines recommend that pathogen assays be carried out in situations
where human exposure takes place in close proximity to discharges of treated sewage.
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whether of human or animal origin, therefore indicate a risk to public health
(Rutherford and Williamson, 2010).
Environment Waikato's Regional Plan specifies that for safe contact recreation
“the median concentration of E. coli of at least seven samples taken throughout
the bathing season (1 December to 1 March) in dry weather conditions shall not
exceed 126 E. coli per 100 millilitres…”5 The Ministry of Health's Drinking-water
Standards 2005 (revised 2008)6 contain limits for E. coli in water supplies (and
also the degree of treatment required is indexed to predicted concentrations of
Cryptosporidium oocysts). Explicit water-quality standards for drinking-water
sources do not exist, it being assumed that water treatment systems can provide
a sufficient degree of treatment. The degree of treatment required does
therefore require knowledge of the degree of contamination of the source
waters.
In the following sections the Study team present discussion and predictions of
faecal contamination in surface waters as indexed by E. coli, not in terms of
particular pathogens such as Campylobacter or Cryptosporidium. The rationale
for this lies partly in our comparative richness of data for E. coli compared to
very sparse data on pathogens. Also, while the current recreational water
quality guidelines (Ministry for the Environment and Ministry of Health 2003)
are based on a quantitative risk analysis for campylobacteriosis, their
implementation is in terms of E. coli. That practice was derived from
observations that there is a moderate degree of correlation between E. coli and
Campylobacter for catchments that have some degree of contamination.7 For
rather pristine waters, or for drinking-water supplied by a supply facility that is
at best moderately performing, such correlations are more difficult to sustain –
pathogens may be present even when E. coli are absent. However, the focus
here is on reducing faecal contamination in source waters, in which case rural
drinking-water facilities will be better able to cope, and health risks attendant
on recreational activities will be reduced.
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http://ew.govt.nz/Policy-and-plans/Regional-Plan/Waikato-Regional-Plan/3-WaterModule/32-Management-of-Water-Resources/324-Implementation-Methods---WaterManagement-Classes-and-Standards/.
New Zealand Drinking Water Standards 2005, amended in 2008
(http://www.moh.govt.nz/moh.nsf/pagesmh/8534).
See Till et al., (2008), and also Ministry for the Environment and MoH (2003), Table H2, Page
H26.
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2.

Description of actions
On-farm measures
These are described in Table 1 (also refer Appendix 9: Farms). There are five
options available, the first being to maintain the status quo (i.e., do nothing
further). Increasing restorative actions are applied from the status quo up to
Action C. Action D also includes organic dairy farming being introduced
(Monaghan, 2010). Table 2 shows the faecal loss yields and percentage
reductions for Actions A to D for the various land uses outlined above.

Table 1:

On-farm management options for dairy and sheep-beef farms (Monaghan,
2010).
Dairy

Sheep-beef

Status quo

Present or base situation.

Present or base situation.

Action A

Full stock exclusion from streams
using single-wire fencing.

Exclusion of cattle from
streams using single-wire
electric fencing and
provision of stock troughs
and water supply.

Soil Olsen P levels reduced from 38
to 32 (economic optimum).
Effluent areas enlarged appropriate
to effluent K (potassium) loading
rates.
Additional 1 month’s effluent pond
storage; low application depth.
Nil winter N fertiliser.
Action B

All of Action A managements
adopted.

As per Action A.

Use of nitrification inhibitors (5
percent pasture production
response assumed).

Wetlands installed on 1
percent of farm area
(fencing out of seeps and
bogs).

Wetlands installed on 1 percent of
farm area (fencing out of seeps and
bogs).

Poplar plantings (with
sleeves) at 10 m spacings
on each side of streams.

Berms on sections of lanes to direct
run-off away from streams.
5 metre buffer on each side of
streams, planted with natives.
Existing fences relocated to protect
the natives.
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Action C

Base farm change to an organic
dairy unit: assumed milksolids
premium for organic milk of
$1.05/kg MS.
Farm inputs of purchased feed and
fertiliser N reduced to nil.

Action D

All Action C managements
adopted.
Winter grazing of paddocks for 4 hours
only, then herds returned to a herd
shelter for shelter.

Table 2:

Full stock exclusion from
stream using an 8-wire
post and batten fence,
allowing a 5 m buffer
planted with natives at
2,500 per ha.
Full stock exclusion from
stream using an 8-wire
post and batten fence,
allowing a 15 m buffer
planted with natives at
2,500 plants/ha. This
larger buffer made the
riparian area compliant for
obtaining a carbon credit
at an assumed equivalent
carbon accumulation rate
of 5 tonnes per hectare
per year.

Faecal loss yields MPN8 E. coli per hectare per year (x1015) (Monaghan, 2010)
and the percentage reductions in yields for Actions A to D as compared to the
status quo. Only percentage reductions are available for sheep and beef (i.e., no
actual yields). Furthermore, no data were available for Dairy – peat soils. But
because peat soils have the same drainage type as Dairy – poor drainage (viz.
impeded drainage), the reductions calculated for Dairy – poor drainage were
used for Dairy – peat soils.
Dairy –
free
draining
Status quo

151

Action A

32

Dairy –
peat soils

11

45%

32

57%

10
93%

8

352

40%

40%

274

40%

40%

65%

65%

75%

75%

57%
45%

79%
Action D

Sheep
and beef
– hill
country

45%

93%
Action C

Sheep and
beef –
intensive

643

79%
Action B

Dairy – poor
drainage

352
45%

57%

275
57%

MPN: Most Probable Number.
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Figure 4 (see the end of this appendix) shows the median concentrations of E.
coli in the Study area for 2003−2007 (Unwin et al., 2010).9 Figures 5, 6, 7 and 8
show median concentrations of E. coli in the Study area for Action A to D
respectively. These were calculated by using the CLUES package (Catchment
Land Use for Environmental Sustainability, Semadeni-Davies et al., 2009). CLUES
has been developed as a tool for assessing the effects of land use and land use
change on water quality at a minimum scale of sub-catchments (about 10 square
kilometres and above). CLUES runs within a GIS (geographical information
system) platform (ArcGIS) and currently predicts loads, concentrations and
yields of two nutrients (nitrogen and phosphorus), sediment loads and yields,
and loads of a microbial health risk indicator (E. coli). Because CLUES predicts
average annual E. coli loads – not concentrations – the concentrations in Figures
5 to 8 were obtained by multiplying Unwin et al.’s concentrations by the
proportional reduction in loads as compared to the Base Farm (status quo) case
as predicted by CLUES.
These results, as summarised in Figure 1, show that the biggest gain in terms of
a reduction in faecal contamination occurs in moving from a status quo position
to Action A. Thereafter gradual improvements are seen with the optimal gain
occurring with Action D as expected.
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Concentration bands
Figure 1:

The percentage of streams that lie within the various E. coli concentration (per
100 millilitres) bands or ranges (see Figures 4(a)–8(b) and Table 2). The
concentration bands are defined in Table 3.

9

The figure shows results for whole-of-year measurements, for wet or dry weather.

5

Table 3:

Concentration
band (E. coli
per 100 ml)

The percentage of streams in the Study area that lie within the various E. coli
concentration (per 100 millilitres) ranges (see Figures 4 (a)–8 (b) and 1).
1

2

3

4

5

6

7

8

9

10

≤55

56–126

127–200

201–300

301–350

351–400

401–450

451–500

501–550

>550

Status quo

2%

4%

11%

19%

9%

8%

11%

9%

6%

20%

Action A

3%

19%

26%

27%

9%

6%

4%

3%

1%

2%

Action B

10%

19%

24%

25%

8%

6%

3%

2%

1%

2%

Action C

4%

28%

28%

22%

6%

5%

3%

2%

1%

1%

Action D

14%

31%

25%

17%

6%

3%

1%

1%

1%

1%

On-site wastewater system measures
More regular cleaning of septic tanks would also ensure better effluent quality
for a proportion (40 percent) of the existing systems that clean less frequently.
For the unknown number of systems that are sited poorly, remedial actions
could include installation of outlet filters and disinfection devices, or
replacement by a more sophisticated system.

3.

How will the actions be done?
All of the on-farm mitigation measures evaluated require action at the farm
scale. Farm-specific management plans would be required to ensure that actions
are compatible with the current farm system (soils, management systems) and
tailored to the goals of each landowner/manager. Many of the mitigation
measures evaluated can be considered industry ‘good practice’ (e.g., Dairy
industry targets set within the Clean Streams Accord). Generally speaking, many
of these measures involve minimal or no cost and some even incur a net benefit.
Continued or increased industry, regulatory and peer pressures to ensure these
measures are fully adopted may deliver considerable benefits in a relatively
short space of time. Other measures that incur greater cost, and target farming
systems that are less profitable, will be more difficult to implement e.g., full
stock exclusion on the more extensive sheep-beef farms.

4.

Where in the catchment will the actions occur?
On-farm actions have been simulated using the CLUES model by applying
Actions A to D in terms of percentage reductions in E. coli yields (E. coli yields
were equated with faecal yields in Table 2) to current land uses for dairy, sheep
and beef.
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Mitigation zones (see Figure 2) were obtained using the CLUES model as follows.
Soils in the Study area have been split into three drainage types (free drainage,
impeded drainage and not classified − see Figure 3) obtained from the New
Zealand Land Resource Inventory (LRI).10 The dairy land use type in CLUES was
then split into the three categories (free-draining, poor-draining and peat soils;
see Appendix 9: Farms) using the spatial location of the soil types shown in
Figure 2. This was done as follows (see Figure 2):
•

Land use that was ‘dairy’ in CLUES, classified as ‘free drainage’ by the LRI
and categorised as ‘free-draining’ in Monaghan (2010) (see Appendix 9:
Farms) was designated ‘Dairy – free-draining’ in the model.

•

Land use that was ‘dairy’ in CLUES, classified as ‘impeded drainage’ by
the LRI and categorised as ‘peat soils’ in Monaghan (2010) (see Appendix
9: Farms) was designated ‘Dairy – peat soils’ in the model.

•

Land use that was ‘dairy’ in CLUES, classified as ‘impeded drainage’ by
the LRI and categorised as ‘poor-draining’ in Monaghan (2010) (see
Appendix 9: Farms) was designated ‘Dairy – poor drainage’ in the model.

Sheep and beef farms were also categorised into three categories by Monaghan
(2010) based on Meat and Wool New Zealand Limited’s classifications (MWNZ,
2010). These categories were steep hill country, easy hill country and easy
rolling country (see Appendix 9: Farms). The CLUES model also has three types
of sheep and beef farms, namely high country, hill country and lowland
intensive. In the model (see Figure 2):
•

Land use that was ‘lowland intensive’ in CLUES and categorised as ‘easy
rolling country’ in Monaghan (2010) (see Appendix 9: Farms) was
designated ‘Sheep and beef – intensive’.

•

Land use that was ‘hill country’ in CLUES and categorised as ‘easy hill
country’ in Monaghan (2010) (see Appendix 9: Farms) was designated
‘Sheep and beef – hill country’.

•

Land use that was ‘high country’ in CLUES and categorised as ‘steep hill
country’ in Monaghan (2010) (see Appendix 9: Farms) was designated
‘Sheep and beef – high country’. According to CLUES, there was no ‘high
country’ in the Study area hence ‘Sheep and beef – high country’ not
being shown in Figure 2.

Horticulture and forestry have not been considered in this analysis as their
faecal contribution is minimal.
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http://www.landcareresearch.co.nz/databases/lris.asp
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Figure 2:

The mitigation zones in the model as generated within CLUES.
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Figure 3:

The New Zealand Land Resource Inventory drainage classes for the Study area as
generated within CLUES.
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5.

What is the cost?
On-farm costs are given in Table 4. The Proposed National Environmental
Standard for On-site Wastewater Systems Discussion Document (Ministry for the
Environment, 2008) proposed regulating their management with a warrant of
fitness approach, as a method of reducing failures from the operation of the
tanks. This approach however, ignores the vital role of correct design and
installation of on-site systems. The cost over the next 30 years of increased
cleaning of septic tanks, so that all are cleaned every two to three years is
estimated as $18.9 million. Nationally average annual total costs of inspection of
at-risk systems, compliance and administration range from $3.4 million to $5.2
million over 20 years11 with a total estimated cost range from $31.9 million to
$48.9 million (COVEC, 2007).12

Table 4:

The approximate costs of proposed on-farm actions within the Waikato River
catchment (see Appendix 9: Farms).
Farm type

Action

Capital cost,
$/ha

Dairy

1

Single-wire fence

47

5

83–123

7–10

Fencing out wetlands

68

22

Laneway berms

10

2

Herd shelter

3,400

136–270

Change to organic dairy

Minor

184

686

80

Single-wire fence

146–220

12–18

Single-wire fence and poplars

200–301

16–24

8-wire fence and natives, 5 m buffer

1,427–2,141

123–177

8-wire fence and natives, 15 m buffer

2,799–4,198

264–346

Enlarged effluent ponds

Planting 5 m riparian buffers
Sheep-beef

2

Annualised cost,
$/ha/year

1

Varies between model farm types depending on soil type.
Varies between model farm types depending on assumed stream density.

2

11

http://www.mfe.govt.nz/publications/rma/nes-proposed-onsite-wastewater-systems2009/html/
12
This estimate is that for ‘Option 2’ in a proposed National Environmental Standard for On-site
Wastewater Treatment Systems
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6.

Who could do it and how long would it take?
Primarily the on-farm mitigation actions need to come from the farmers
themselves. River iwi and other interested parties may also wish to help with
riparian fencing and planting. The length of time for the mitigation measures to
be fully implemented depends on the willingness of farmers to cooperate and
their financial ability to do so. If the premium for organic milk were to increase
markedly then this would be a good incentive for dairy farmers to convert to the
organic farming scenario (Action D), although this change may not have much
effect on pathogens in water draining the land.
Ensuring correct design and installation of on-site wastewater systems could be
achieved by developing policies consistent with the principles of AS/NZS1547
(AS/NZS 2000) and the proposed manual for wastewater treatment by Auckland
Regional Council (Auckland Regional Council, 2004). Performance of on-site
wastewater treatment systems could be assessed by trained inspectors and
contractors.

7.

What are the interactions with other activities (co-benefits,
drawbacks)
The various actions proposed for the different farm types would reduce the
leaching of nutrients such as nitrogen and phosphorus from the farms and
therefore could be expected to reduce the magnitude and frequency of
cyanobacteria blooms producing toxins. Similarly riparian planting and fencing
would help prevent land erosion and therefore reduce the deposition of
sediment into the streams.

8.

Uncertainties and information gaps
•

Predicting catchment-wide E. coli concentrations from predicted average
annual E. coli loads. This is currently performed using a rather crude
approximation, which is the best available technique at present.

•

The possibility that a given reduction in E. coli concentrations from farming
operations may lead to a greater reduction in pathogens13 (because
reduced environmental contamination could lead to reduced prevalence of
pathogens among animals).

•

The extent to which failing on-site wastewater systems contribute to viral
contamination of drinking-water sources and recreational water.

13

Some work suggests that reducing farm contamination will reduce not only pathogen
concentrations but also pathogen prevalence (McBride and Chapra, in prep.).

11

•

9.

The costs of replacement of failing on-site wastewater treatment systems
by more sophisticated upgrades are unknown at this time.
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(a)

(b)

(b)

Figure 4:

Maps generated within the CLUES (v3.0.0) model showing median E. coli concentrations (per 100 millilitres) for the Base Farm (status quo)
in: (a) the main rivers of the Study area; (b) all the streams of the Study area.
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(a)

Figure 5:

(b)

Maps generated within the CLUES (v3.0.0) model showing median E. coli concentrations (per 100 millilitres) for Current Best Practice in: (a)
the main rivers of the Study area; (b) all the streams of the Study area.
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(a)

Figure 6:

(b)

Maps generated within the CLUES (v3.0.0) model showing median E. coli concentrations (per 100 millilitres) for Future Best Practice 1 in: (a) the
main rivers of the Study area; (b) all the streams of the Study area.
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(a)

Figure 7:

(b)

Maps generated within the CLUES (v3.0.0) model showing median E. coli concentrations (per 100 millilitres) for Future Best Practice 2 in: (a) the
main rivers of the Study area; (b) all the streams of the Study area.
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(a)

Figure 8:

(b)

Maps generated within the CLUES (v3.0.0) model showing median E. coli concentrations (per 100 millilitres) for Future Best Practice 3 in: (a) the
main rivers of the Study area; (b) all the streams of the Study area.
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