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Introduction

Boffa Miskell Ltd has been asked by the Department of Corrections to investigate and comment on the receiving
environment (pre-lake waterways and wetlands and lakes Wiritoa and Pauri) of stormwater generated from
their Whanganui prison site. This report is an updated version of the initial report (2016) and includes the
progressions made by Corrections in terms of the mitigation actions and further sampling data.
We used a myriad of existing water quality data, site visit information, results from samples collected from site
visits, other directed Corrections sample date, and T&T samples during rain fall and in the dry, and ecological
theory to assess the discharge quality, the condition of the receiving environments and the threat (perceived
and real) to receiving habitats. We then examine the options and discuss those aimed at mitigating water quality
of discharged stormwater, including the potential installation of a treatment wetland.

Storm water Context
Corrections are seeking to renew permission to discharge storm water. That storm water collects and runs off
from rooves, fencing and semi-permeable and impermeable surfaces over the built site. It is collected and
transported by a reticulated system (a piped system) serviced by four sub-catchments each with a final main
pipe which takes the water to the northern side of the site, under the access road, and into two pipes that
discharge after around 350m to a Human-made drain that forms a connection between the lakes Wiritoa and
Pauri. The flow from those pipes is predominantly west into Lake Wiritoa, except when the rain fall is large and
the existing track culvert west of the outflow constrains the flow in which case the flow is then also east into
lake Pauri. That path, from the out let to Wiritoa lake, is approximately 200m. If the flow goes east it is around
150m to Lake Pauri. Both paths are relatively flat gradient, slow flow paths. Both paths are in soft substrate,
with heavy layers of sediment and organic debris and high levels of macrophyte.
In addition to the collected storm water there is an amount of direct infiltration of storm water, especially along
the fence line where rain washes run off from the fencing drains directly into the substrate. This fence run off is
not expected to contribute to the surface storm water contaminant load.
The prison runs its own waste water treatment facility. This system is considered to be entirely separate to the
storm water and no contamination between the systems should be possible (MWH 2014). The treated water is
irrigated (and discharged through infiltration basins) to land to the west and south of the prison which is "down
slope" of the lakes. MWH 2014, recognised ground water quality issues with raised metals (Cadmium, copper,
zinc, mercury) as well as raised nitrogen products and E. coli - much of which was determined to be independent
of the wastewater). That is, there is an acknowledged ground water contaminant issue westward that may be
independent of the prison.
The Horizons One Plan in Schedule B ‘Surface Water Management Values’ outlines the management values
applicable to surface water environments throughout the region. The ‘Water Management Zone’ and ‘Sub-zone’
that applies to the receiving environment at the prison is known as “Kaitoke Lakes (West_4)”, which is described
as “Lakes Kaitoke, Pauri, Wiritoa, Kohata and all surrounding catchment area”.
Whilst the Kaitoke Lakes (West_4) Management Zone is assigned a number of values (including ‘Life-supporting
Capacity – Lowland Mixed’; ‘Aesthetics’; ‘Contact Recreation’; ‘Mauri’; ‘Industrial Abstraction’; ‘Irrigation’;
‘Stockwater’; ‘Existing Infrastructure’; ‘Capacity to Assimilate Pollution; ‘Inanga Spawning’; ‘Amenity’; ‘Whitebait
migration’ and ‘Trout Fishery – Other Trout Fishery’), it is not assigned with a ‘Natural State’ management value.
Nor are the streams and lakes recognised as SOS-A (sites of aquatic significance) or SOS-R (riparian). The inanga
spawning sites appear to relate (as they should) to the lower (coastal) streams, not the more inland dune lakes
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(noting the plan references Kaitoke lake). The trout fisheries values only apply (in this zone) to the actual lakes,
and not to spawning but to “other” values. Many (or all) of the lakes, but especially Wiritoa, are well recognised
as having severely polluted waters. Most of the “Values” ticked in the plan relate to the “lakes” themselves and
the lower sea connecting streams (inanga spawning etc). The values do not apply or relate to the connecting
drain / stream or wetlands.

The "receiving environment"
The double barrelled piped conveyance discharges into the human dug drain that connects the two lakes. The
pipe discharge is a "trickle" in the absence of rain and a strong flow when heavy rain falls (100-200 L/s). The
discharge is at a 3-5m wide 8-9m long pool, which, to the west is "impeded" by a track with two culverts, with a
further length of drain (53m) before becoming subsurface and the area opening to a willow wetland. To the
east the pool is pinched into a 15m long single channel “drain” prior to opening into a willow wetland. The drain
(west or east) (discussed below) has a One Plan calculated mixing zone of ~21m west (3 times the receiving
width). The wider areas towards the lakes are wetland (“swamp” (Johnson & Gerbeaux 2004)), but the water
receiving the discharge after mixing is a drain or stream (a defined bank and bed) not a wetland or lake. This is
a fine scaled differentiation of the receiving habitats. The drain or stream is not a threatened habitat type under
Schedule F of the Horizons One Plan.
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Location map showing the prison, both Lakes, the lake connecting drain, the rural surrounding land and the position of
the discharge pool on the drain serviced by two underground pipes from the prison.

Greater detail as to the drains and wetland areas between the drain sand lakes.
Boffa Miskell Ltd | Ecological Effects and Contaminants in Stormwater Discharge | A review and assessment of discharge of stormwater from the Whanganui Prison site | 28 March 2018

4

1.2.1

West to Lake Wiritoa

After the track culverts westward, the channel is a semi-regular formed "drain" with a 2m basal width, and runs
in a straight line. At survey the water depth was 0.5m with a 0.5m free board bank. Water depth would need to
rise 0.5m before spreading diffusely into the adjacent carex areas. No flow was measurable in the channel. The
only in-drain macrophyte was sparse duck weed (Lemna minor), but there was no submerged macrophyte in the
channel. At 53m distance from the culvert the drain morphology stops, as does the water which can be found in
2 small pools within 3m, and then there was (at survey, following a wet period of time) no surface water and no
further channel amongst a Willow / carex, wide wetland. The lake (lake bed) is a further 95m west and there are
no channels and no indication of a general surface flow in the wider willow wetland (at survey). After 95m the
willow area begins to open and areas with 100mm standing water and Azolla becomes evident as well as the
start of raupo – this was determined as the start of the lake bed (as opposed to connected wetland). The wetland
area is Ca. 0.7-0.8 ha of crack willow with Carex secta and C. geminata/lessoniana with occasional cabbage tree
as well as a small range of other exotic and native wetland taxa. Weeds (convolvulus, black berry, Arum lily,
mercer grass) are common.

West channel / drain from 20m along from the culvert/track.
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“Dry” carex sedge land with no surface water and no channels

Areas near the lake bed open and a lemna layer exists on damp muds.
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1.2.2

East to Lake Pauri

Fifteen meters downstream the eastward channel (with similar dimensions as the western channel) opens into
a diffuse under willow multichannel wetland (in total some 20m from the discharge point). This wetland system
is some 176m long (until the lake edge) and is on average 100m wide (a 0.7-0.8ha wetland). The wetland, while
with two-three native carex species, is dominated by exotic species with a canopy of willow and occasional
poplar trees. Only the drier edge (10m wide) is more native (and representative) under canopy of broadleaved
early successional species. The lake edge is over an expanse of around 60m and the boundary between lake and
wetland is fluid and unmarked. This wetland has an abundance of surface water areas 100-200mm deep with
one deeper central portion (1-1.5m deep). There was no flow in the pool or channel or wetland. There was
submerged macrophyte in the stream (Potamogeton ochreatus), which did not carry into the wetland. Further
into the wetland in the central deeper channel Myriophyllum aquaticum was evident and is common along the
lake (Pauri) edge. Raupo did not occur until the lake proper (edge).
From the discharge pipes there is 19-20m of pool and drain channel before opening into an exotic 0.7ha wetland
which is 176m from the lake edge.

First receiving pool and narrowed channel east (to Pauri), 15m along which it “opens” into a diffuse wetland
system
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Point where “channel” changes into diffuse and banks spread wide.

Diffuse wetland under willow.
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The Issue

NIWA (2013) in a report on the lakes, raised storm water issues (stated to be) from the prison, including
nutrients, E. coli, copper and zinc. MWH (MWH 2014, 2015) from storm water sampling showed raised Zinc,
Phosphate and periodic E. coli. The phosphate discharge, however, was similar to other waterways nearby (TP
= 0.354 g/m3; DRP = 0.08 g/m3), and it is difficult to attribute a credible source for such phosphate in the
prison. Champion et al (NIWA 2013) sampled water (4th February 2013) discharged by the prison storm water
system and published that the storm water was "enriched" with nutrients (especially Phosphates but also total
Nitrogen (TN = 3.97 g/m3)). These figures are much higher than MWH measures taken in 2014 from each subcatchment pipe. They found an average (from 9 samples) DRP of 0.07 in the SW1 pipe with a maximum value
of 0.123, in wet weather and (in SW2) an average of 0.023 (max 0.046 g/L). In dry weather they measured
0.0195 and 0.012 g/L.
Nutrient has no source in the prison grounds. It is remotely possible that the laundry wastewater may have
raised phosphates relating to the cleaning detergents used. That being the case we have not continued to
consider the nutrient (including the Ammonical nitrogen) aspect of the storm water in any detail and its
presence in the storm water is no different than any other discharge from rural land adjacent in terms of
nutrients. It is interesting to note in the NIWA 2013 publication an illustration of the seasonal trend of increase
in DRP in the lakes (and particularly Wiritoa) as the water level drops -being affected by the release of
sediment stored phosphate.
They also reported raised levels (>ANZECC standards) for dissolved zinc (0.156 g/m3) and dissolved copper
(0.0094 g/m3), E. coli (2600 MPN/100), and Ammonia (0.49 g/m3). The ultimate receiving environment (of the
prison stormwater) is already (and for some time) of an acknowledged poor quality.
The raised zinc is likely to be related to the vehicle parking areas and roof area on site. The extensive fencing
which is galvanised or zinc coated discharges directly to the ground and should not be part of the storm water.
There are around 35 rooves on site, and some are zincalume, several are galvanised iron. The car park with
staff vehicles will supply small quantities of zinc predominantly from tyres as do all car parking surfaces. During
rain fall some of the zinc is washed off the rooves, parking surfaces and into the storm water train. It is then
carried to the discharge point.
The periodically high E. coli source/s has been undetermined in either the NIWA or MWH reports and
therefore its source remains outstanding, as to if those results relate to prison activities. MWH (2015)
postulated an avian source from perching on rooves which seems highly likely. If the E. coli is human related
then this may indicate the wastewater system is not being sufficiently separate from the storm water system,
or there is an as yet unaccounted source.

Site Investigations
A number of site investigations have been undertaken by BML to view, sample and measure the discharge point
of the collected storm water, and downstream (receiving) environments. In addition, we investigated both lake
margins near the entrance to the connecting drain as well as the stream exiting Lake Wiritoa (which has been
an alternative option for a possible new storm water discharge path (bypassing lake Wiritoa)). We also inspected
the prison fence edges, wastewater plant and general adjacent lands. Water samples were collected at the twin
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pipe storm water discharge point. That discharge and sample was, in the absence of recent rain, representative
of the low level of regular discharge related to ground water infiltration and stored water rather than rain
induced roof and surface run off. Corrections staff were instructed on sampling at those sites so as to attain a
rain induced first flush sample in the future.
A sample was collected to test for E. coli at a different time by instructed Corrections staff. Samples were
processed by Cawthron laboratories (Dr Banks pers. Com.) using specific molecular markers to test for the source
of the E. coli. Cawthron are capable of testing if the source is ruminant, duck, human, dog, possum or sheep etc.
A sample for dissolved zinc was also taken but not processed as there are numerous wet and dry period zinc
samples already.
Later that month (18.05.2016) corrections staff collected a heavy rain fall storm water sample set at the pipe
discharges. These samples were tested for zinc, copper and E. coli.

Other Site Data
Sample data from MWH (2014 and 2015), NIWA (2013), (T&T 2017 samples), Regional Council web site data
(rain) and on-site "plumber's" roof sampling for zinc results and 2017 data from T& T sampling are referenced.
In terms of thresholds we follow the ANZECC (2000) guidance values for the metals, but use these values
corrected for water hardness following MfE (1999) protocol. We note that the Horizons One Plan has E. coli and
some nutrient and other general (MCI, oxygen) aquatic system thresholds, but has no metal thresholds.
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Receiving Environment and its Sensitivity
The principal receiving environment is the drain connecting lakes Pauri and Wiritoa ( 1). After the drain the
water must pass through the west or eastern wetlands and finally into the Lakes, which are long term
sinks.
The Prison flows enter at the “inflow” shown
on the adjacent diagram, and have little
opportunity to circulate the lake as the out
flow is directly west and this is the more
typical path of any “contaminant”.

Following the One Plan, the mixing zone for this discharge is approximately 21m down either west or east
drain (the width of the receiving pool is ~3m). Thus, the immediate receiving environment / habitat is
technically the drain (not wetland or lake), although is a fine point eastward.
Lake Wiritoa has been well described by Champion et al (2013). In brief (and using material from that
report). The lakes (Pauri and Wiritoa) are on highly permeable iron sands with rapid infiltration of rainfall
which includes stock effluent and seepages from any other water source (including septic tanks) in the
adjacent lands which seep into the surface water of the lakes. The residence time of water in the lakes
are very long, due to the very small out flow.
Consequently, all contaminants which enter the lake, build up in the lake, typically in the sediments and
macrophyte and organic matter. There is regular and extensive algae and macrophyte growth seasonally
and therefore a high accumulation level of persistent pollutants in the lake system.
The water quality in Lake Wiritoa is recognised (Horizon’s Regional Council) as poor (enriched) and has
got worse over time (since at least 1974) ((Kelly 1978, Fowles 1982) in Champion et al 2013, Edwards &
Clayton 2002). Cyanobacteria blooms are recorded frequently, exotic macrophyte has proliferated, and is
exacerbated by boat users.

Vegetation & Water
A range of native and exotic submerged macrophyte was present in lake Wiritoa in the 1970's and
extended to depths of around 5m. These communities often deteriorated into late summer as algae levels
increase. The lake edge in places had, and still has, a reasonable belt of raupo with water cress, flax, willow
weed, Ludwigia and spike sedge. These growths are strongest in the east and western bays. More recently
NIWA (2013) described the macrophyte community as "pond weed" dominated, with much of the native
system replaced by exotic invasive macrophyte. NIWA, in 1994, recognised Elodea canadensis (pond
1
We understand that this connection water channel was dug, prior to which there was no water course but likely a wetland saddle which was
periodically inundated when lake levels were high. We consider the waterway as a "drain" rather than as a "stream" which would be a natural waterway
in which water from a natural surface source would flow.
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weed) presence as well as Egeria densa (oxygen weed) and Ceratophyllum demersum (hornwart). These
have come to now dominate the submerged macrophyte communities and have largely removed the
representative and diversity values of the native lake flora once present. Other pest exotics are also
present.
Between the discharge drain and lake (west or east of the discharge) is willow wetland with a sparse and
largely exotic depauperate system. That said the upper edges of the southern edge of the western and
northern edge of the eastern systems do have native sedge areas (Carex species).
Cyanobacteria blooms have caused the lakes to be closed in many summers. A major, if not the major,
issue in terms of water usability and aquatic habitat quality is the high seasonal levels of cyanobacteria.
These blue-green algae can be lake wide.
For many decades, the water quality of the lake Wiritoa has been recognised as poor. E.coli and nutrients
(from the wider catchments) have persisted to enter the lake despite Regional Council and catchment
board efforts to fence off areas in the catchment. The prison opened in 1978 and clearly the water quality
issues were acknowledged before the prison existed and certainly before it was of a size and discharge
quantity to be noticed against the wider rural land use discharges.
The Wiritoa lake has been classified (via: "back" calculating) as Mesotrophic and Pauri as Eutrophic (NIWA
2013). In 2008 the water quality deterioration had the lakes classified as eutrophic and hypotrophic (as
bad as it can get).

Fauna
There are limited and dated fish records in the lakes. The FWDB (NIWA) show three old (1979-1985)
records indicating the presence of a number of invasive (pest) species: perch (Perca fluviatilis), rainbow
trout (Oncorhynchus mykiss), and gold fish (Carassius auratus), and the native eel (Anguilla species). The
rainbow trout present are a stocked and managed fishery. It is likely insufficient fish surveys have been
done to test the presence of other native species. That said, with perch, trout and gold fish, a reduced
coastal passage (the tributary being ephemeral) and the dominance of exotic weed and poor water quality
it is likely that few or no native species other than eel persist.
There are abundant water fowl: duck, swan, geese, and a number of "threatened" native wetland species
have been anecdotally reported (e.g. spotless crake) (NIWA 2013) which use, if only seasonally, these
lakes / wetlands. The duck, geese, and swan (present in large numbers seasonally) especially contribute
to the E. coli in the lakes.
There are few (none we have found) data on aquatic macroinvertebrates for either lake. The native
freshwater mussel (kakahi) has been reported as once present (NIWA 2013). Suren et al (2008), Suren &
Sorrell (2010) in sampling and assessing low-land NZ wetlands, suggest that wetland macroinvertebrate
fauna are relatively similar and simple - species poor (compared to river communities). The communities
(especially where the dominant vegetation is dense submerged exotic macrophyte) are snail, back
swimmer, beetle, damsel fly dominated with chironomid, black fly, amphipod, crustaceans and worm
benthic fauna. That is, simple, tolerant (low MCI 2), adaptive taxa. Wissinger et al 2008 in looking at
temporary and permanent lentic habitat community occupation support this simple tolerant adaptive
wetland fauna in New Zealand wetland concept.

2

Macroinvertebrate Community Indices (Stark & Maxted 2007)
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Lake capacity to absorb inputs
Wiritoa lake is a 26 hectare surface area lake with a maximum depth of around 20m, serviced by a 119 ha
catchment. Recreational values aside, the basic ecology of the lake is poor with exotic macrophyte
dominating the flora with algae and bacteria prominent seasonally, exotic fish dominating the fish fauna,
and a lentic common macroinvertebrate community dominated numerically by snails. Exotic water fowl
dominate the avian fauna. The riparian edges are largely willow and there is minimal native wetland
vegetation edges (raupo). The lakes ecology is robust and most sensitive native species have become
locally extinct, leaving a very tolerant (insensitive) community of largely exotic species that respond
annually to conditions by becoming very abundant.
It is well recognised that annual catchment generated nutrients and pollutants enter the lake and due to
the long residence time, most of that material is either directly deposited in the sediments on the bed or
converted to exotic macrophyte and algae biomass and then, on seasonal death, deposited into the
sediments to be stored. The Horizons Regional Council measures lake condition by Trophic level indices
(TLI) and lake submerged plant indicators (SPI). The Trophic level indices is ranked as “very poor” (scores
of between 5.1 and 6 (5.8), 2014-2016) indicating that the lake is a “supertrophic” condition, the poorest
TLI class possible. This score suggests that the lake has very poor life supporting capacity, but what it also
means is that the exotic eutrophication loving species become very abundant (as is the case). The
ecological condition (Lake SPI) of the lake is reported as “poor”. This measure is based on a comparison
between native and invasive (exotic) plants. A high score indicates good condition. Wiritoa scores 14%
(low). The native condition score is 16-20%, the invasive impact score 96%. The various indices all show a
poor condition very tolerant exotic problem species dominance, with little potential to improve in the
short to middle term. The volume of the lake is large
The conclusion of this is that there is a large volume of water with a tendency to accumulate and store
incoming sediments and bound chemicals at the bed. The lake has a large surface area and volume in
which to do this, coupled with a flora and fauna which is predominantly exotic pest species that are well
adapted to seasonally bloom on the incoming nutrients. The capacity of the lake to continue to absorb
incoming contaminants with no change to the lake ecology is considerable.

Conclusion
The ultimate receiving environments of the Prison storm water (lakes Wiritoa and Pauri) are both with
poor (or very poor) water quality that continues to deteriorate. The water sources causing this are many
and catchment wide. The lakes are dominated by exotic invasive (pest) submerged macrophyte
communities of substantive density and abundance. They have a seasonal lake wide algae issue, including
a seasonal blue-green algae (and related toxicity) issue. They have very tolerant and simple aquatic faunal
communities. The receiving aquatic environment (be it drain, wetland or lake) is no longer sensitive. Both
the wetlands and the lakes are nutrient enriched, and "insensitive" to minor and moderate water quality
inputs, having been sufficiently polluted over at least the last 50 years. There is no sensitive flora or fauna
to be adversely affected by the continuation of inflowing contaminants or nutirents.
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Adverse Effects of Prison Stormwater and Potential Solutions
E.coli
E.coli has little (virtually no) potential adverse effect to the fauna and flora of the lakes or connecting
drain. It is predominantly a Human contact and domestic mammal (dog) issue. In either lake, the E. coli
issue is likely to be subservient to the seasonal blue-green algae and associated toxic effects. This is the
case whether the source of E. coli is human, dog, bovine or avian. A large proportion of the E. coli present
at any one time will be lake water fowl. Horizons measure E. coli in lake Wiritoa (regularly since 2013)
and show that the Lake, as a whole, fails generally in summer (and place warnings to the public re this).
Proportion of Horizons E.coli tests which passed and the measured data.

These E.coli are irrespective of the Prison stormwater inputs and there is no evidence that E.coli are in
spatially associated with the prison side of the lake or occur as a result of stormwater discharge. Much of
the summer population growth is in the absence of rain and stormwater ingress.
A prison stormwater outlet sample was taken on the 14th April 2016 (dry weather) and the 18th May
2016, in heavy rain conditions. The flow at the discharge pipes on the 14th April was present but small,
and represents either the remnant of the April 1st-3rd rain fall (8mm and 6mm events) or surrounding
persistent ground water infiltration into the pipe system. The samples were taken following Cawthron
protocol (4 separate 300ml samples) for molecular marker analysis. Using that technique Cawthron
laboratories can determine what group the E. coli is sourced from. We asked Cawthron to check against
Human markers, to see if the storm water held Human related E. coli (from some prison source). The
outcome of the dry weather sample was that the E. coli in that sample was not Human related. Cawthron
also ran a marker for ruminants and got a positive result. We did not test for avian E. coli but should that
be a source too, then this would be no different, and much less, than that received directly from the water
fowl on the lakes themselves.
The wet weather, storm water discharging, sample returned high levels of E. coli from both discharge
pipes, in the order of 2000 MPN 3/100ml. A marker test from Human source indicated positive. The
analysis run by the lab cannot determine what proportion of the E. coli represent the human source as
opposed to the stock and avian.
The land about the prison is largely rural and appears to be or has been in pine forestry, although there
are cattle. It does not however, appear to be dairying or any intense cattle stocking. The Cawthron labs
3

Most Probable Number
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warn that ruminant positive results can be cross reactive with possum markers and it may be that a source
of the prison storm water E. coli is possum not cattle.
In any case the avian, possum, or cattle sources present are not generated or managed by the prison and
are sources common to the entire lake catchment.
Further dry weather sampling occurred in September 2017 from the four main man holes servicing the
four-separate prison sub-catchments. Two had "no" E. coli (SWMH Pauri and SWMH 3) while two had 28
and 34 MPN/100mL (SWMH V & B) - very low levels.
Adverse effect

There is little to no potential for adverse flora or fauna effect. The presence of E. coli in both lakes has
been measured frequently by the Regional Council and typical levels are around 10 cfu/100ml, and on
occasions rise to several 100s, irrespective of prison discharges. The Horizons trend data do not show
1000s of units of E.coli during rain events in the measures since 2005. If the prisons release in rain events
substantively raised the back ground E.coli that would have been seen in the trend data. The predominant
E. coli is most likely to be stock and avian and there is a low to no risk of environmental harm from
continued release in the back ground of other sources. The Human related E.coli may be a tiny proportion
of the total and investigations by prison consultants has ruled out cross contamination from the
wastewater system.
Potential solutions

The indication from one result that a source includes human E. coli is of operational concern and
Corrections have undertaken to ensure there is no wastewater cross contamination. To date it remains
unclear as to where the "human" contaminant comes from, but continuing sampling does not suggest a
consistent and large problem.
Conclusion

No additional action should be required by the prison as the avian and stock E. coli, are not related to its
activities and occur in both lakes "naturally" and whose levels are unlikely (we believe) to be exacerbated
by the prison stormwater discharge. They should however, as a matter of good operation, follow up the
July cross contamination potential rectification with testing for the Human E. coli to confirm hat that
source has been removed.

Copper
The NIWA report noted dissolved copper levels were "high". This has not been further pursued by Council.
The level of copper was reported to be above ANZECC (2000) guide. The ANZECC (2000) 99% protection
guide is 1.0 µg/L (0.001g/m3), this is a high test, 95% protection is 1.4 (0.0014 g/m3), the 80% protection
level is 1.8 µg/L (0.0018 g/m3). The NIWA prison storm water sample result was 0.009 g/m3 (MWH
recorded levels up to a max of 0.004 g/m3). In all cases copper was raised.
Corrections staff collected a further sample in the 18 May 2016 rain storm and results from the pipes were
0.0017 and 0.002 g/m3 respectively. These are at or just over the ANZECC 2000 80% protection levels
(water hardness not accounted for).
Copper (Cu) is plentiful in the environment and essential for the normal growth and metabolism of all
living organisms. Copper is however, among the most toxic of the heavy metals in freshwater and marine
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biota, but Copper is also essential for the successful growth and development of many species of aquatic
organisms. Birds and mammals, when compared to lower forms, are relatively resistant to copper.
Diet is the most important route of copper accumulation in aquatic animals, and food choice influences
body loadings. For example, whole body copper concentrations in aquatic insects from coppercontaminated rivers are highest in detritovores (as high as 102 mg/kg DW), followed by predators (54
mg/kg DW) and omnivores (43 mg/kg DW) (Cain et al. 1992). Little or no bio-magnification of copper is
evident in freshwater food chains (Stokes 1979).
What this means is that while snails might have high copper content in Wiritoa, predator fish (e.g. tuna)
will not.
Periodically discharged dissolved copper, we believe, is dispersed, then buried in sediments in the drain
and made largely unavailable to the fauna and insufficient to cause measurable faunal toxicity or change.
Conclusion

No additional action required by the prison other than to continue with the proposed filter - gross
pollutant trap/s and painting of specific rooves.

Zinc
The levels of zinc reported include: NIWA (2013) - 0.156 g/m3; MWH (2014) - wet weather (SW catchment
1) = 0.079 (averaged value) up to 0.144, and (SW catchment 2) - 0.021 (average) up to (0.068 g/m3); Dry
weather Average = 0.009 - up to 0.094 g/m3.
The measures of zinc off some of the prison building rooves range from 0.0056 up to 0.66 g/m3 (Spotlight
sampling March 2016). These are high dissolved zinc levels and strongly suggest the source of zinc
contamination is some of the rooves.
Recent storm water measures (5th May 2016 rain fall) directly from the pipe outflows show dissolved zinc
in levels of 0.02, 0.26 g/m3 in the first flush and, one hour into the storm, levels of 0.008 (higher pipe) and
0.036 g/m3.
The ANZECC (2000) guidance value for 95% protection is 8.0 µg/L (0.008 g/m3), or 15 µg/L (0.015 g/m3)
for 80% protection. However, several revisions of this figure have been made and MfE publish (in 1999) a
"correction" formulae to account for water hardness. The water hardness in both lakes has a median of
70 (moderate hardness), but some areas of the lake breach the 90 level.
They state ( 4) that the zinc acute toxicity for total zinc at 90 or less water hardness is 33 µg/L or 0.033
g/m3. This we believe, from the wide ranging literature, including revisions in NZ, remains a conservative
one. In 2007 ECAN and CCC commissioned Golder and Kingett Mitchel to review and revise the ANZECC
trigger for Zinc. That research recommended (for water hardness of 30)
Projection of 80% of aquatic species - 53.6 µg/L or 0.054 g/m3
Projection of 90% of aquatic species - 32.5 µg/L or 0.033 g/m3
At higher hardness (i.e. 70 on site) this trigger value should increase. Therefore, a reasonable (but still
conservative) trigger reflective of conditions on site should lie somewhere between 0.03 and 0.055 g/m3.

4

http://www.env.gov.bc.ca/wat/wq/BCguidelines/zinc/zinc.html#tab1 - MfE zinc correction web site
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Like copper, some zinc is essential for aquatic life and good growth. There is a gradient of zinc with the
environment from deficient, to optimal, to toxic to lethal. Publication on general dissolved zinc effects on
aquatic systems is limited. Research focuses generally on particular species (fish and marine
invertebrates) (e.g. Stringer et al 2015).
Effects are less related to dissolved metals and more to the accumulated metals in the sediments. Very
quickly dissolved metals adhere /absorb to suspended particles, especially sediment fines, and are taken
out of suspension and sequestered in the organic matter and sediments in the benthos.
In freshwater systems dissolved zinc is only readily available to filter feeding species (such as freshwater
mussel). To our knowledge there are no freshwater mussel or other water filter feeding species in the
lakes or connecting drain.
However, zinc in the sediments and organic matter will be available to detritore feeders - some fly larvae
(Chironomid), Amphipoda etc. It is here that there is some potential for zinc to enter the aquatic food
chain.
Zinc toxicity to rainbow trout is reported to be between (at pH 7), 90 µg/L to 9000 µg/L. A study modelling
(Biotic Ligand model) zinc toxicity (Santore et al 2002) moderate this wide set of experimental values to a
pH dependent toxicity (LC50) of around 600 µg/L ay pH 7 (i.e. 50% lethal response to that concentration).
That same research showed that publications of LC 50 for the aquatic water column invertebrate Daphnia
(D. magna) indicated an LC50 for zinc to be in the 200-700 µg/L range. In marine systems benthic copepod
toxicity occurs at higher (640-2000 µg/L) concentrations (Stringer et al 2015).
Chronic effects of zinc are even more difficult to substantiate but an early research paper (Holcombe et
al 1979) concluded that exposure of three generations of brook trout (Salvelinus fontinalis) to zinc
concentrations ranging from 2.6 to 534 μg/L produced no significant harmful effects. Zinc levels of upward
of 1300 µg/L were found to reduce embryo and larval survival and other egg and embryo aspects, but not
adults. Levels above 2000 µg/L were required to affect adults.
The indications from mostly American research is that dissolved zinc levels that have measurable toxic
effects are generally 160 to 250 times more concentrated than those measured in the prison storm water.
Drinking water standards
In terms of stock drinking water - There are no stock drinking water standards in NZ that limit or discuss
heavy metal concentrations of the levels of zinc in drinking water. The only guide to zinc limits is in the
ANZEEC (2000) publication, known to be ultra conservative, and not particularly relevant to stock drinking
water.
The EPA (USA) has published the following secondary drinking water standards (standards not related to
toxic effect levels):
Contaminant Secondary MCL Noticeable Effects above the Secondary MCL
Copper
1.0 mg/L
metallic taste; blue-green staining
Zinc
5 mg/L
metallic taste
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The World health organisation published the following “limits” 5:
Zinc is an essential part of stock animals diet and is used (by drenching and facial cream) in the form of
zinc oxide as a treatment for facial exma, or zinc sulphate. Stock are dosed with ZnO at rates of (for
unstablised drench):
–

Long term daily dosing = 7ml/100kg liveweight (2.6gm ZnO/100kgLW)

–

Crisis daily dosing = 10ml/100kg liveweight (4gm ZnO/100kgLW).

Zinc sulphate is also used in daily dosing practices. The point being that stock will not be affected by even
a moderate dissolved zinc concentration in the lake drains.
To equate the levels in the stormwater to the above EPA secondary drinking water regulation – the
stormwater values are 0.2-1 mg/L – i.e. less than the secondary standard (about 20% of that zinc
standard).
Based on that standard being a human drinking standard (a secondary one, not a toxicity one) and based
on the levels of zinc additive to typical dairy herds there is little to no chance the stormwater levels existing
at the prison, even if taken at the out fall would harm stock.
Nevertheless, the levels are much higher than they should be and while, because of the tolerant fauna
present and years of exposure, the continued discharge is unlikely to have any additional adverse effect,
they should require mitigation.
Potential Environmental effects

Given that zinc in the environment has many facets to its toxicity versus requirement, and that its
bioavailability is complex but not overly readily available, and that the receiving environments are
already robust, tolerant and adapted to long term exposure, the continued situation will not pose any
additional risk or adverse effect. The water will remain as suitable (beyond the mixing zone) for stock
use as it is now, bearing in mind seasonal cyano-bacteria issues.

Potential solutions

Several mitigation actions have been canvased, including construction of treatment wetland, roof
discharge catch filters, disposing of stormwater to land (via soak pits), swale systems (infiltration), rain
gardens, roof replacement, roof painting and a new channel constructed to divert stormwater along the
southern shore to the Wiritoa ephemeral stream out let.
The only reported (and sensible) option to remove the source of zinc from the rooves (short of replacing
them) is to paint, or coat them. Golding (2008) reports that painting zinc releasing surfaces may
substantially reduce zinc in stormwater. Obviously paints and primers without zinc are required (or any
other toxin).
The zinc metal on the roof surface converts to zinc oxide and then washes off with rain (this is the primary
contaminant). This leaves a layer of zinc carbonate within the first 12 months of exposure to the
environment. Paint readily adheres to the zinc carbonate layer. (Langill, 2006).
That action (roof painting) has been completed and new samples indicate that Zinc (and copper) levels
are reduced. Sampling in the dry (18.09.2017) and first flush of a rain event (21.09.2017) produced results
5

(Guidelines for drinking-water quality, 2nd ed. Vol. 2. Health criteria and other supporting information. World Health Organization, Geneva, 1996.)
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measured at 4 man holes in the stormwater system at the northern end of the system immediately prior
to the two discharging pipes. The copper levels were (in the dry) low - 0.004 g/m3. The zinc levels in three
of the man hole locations were between 0.035-0.049 g/m3 (under the 0.05 g/m3 for 80% protection
(ANZECC 2000), but in SWMH B which services the Kai Kaitoki parent Block, Te Moenga access road, and
Kaitoki North Road the zinc level was still high – 0.168 g/m3. The first flush results were similar (less copper
– 0.002-0.004 g/m3), while the zinc was similar (0.037-0.086 g/m3) and 0.127 g/m3 at SWMH B. Thus
while the higher levels of > 0.2 g/m3 recorded prior to roof painting have not been recorded again, the
“typical” values are now around the 0.05 g/m3 threshold for 80% aquatic ecosystem protection and is an
improvement.
Alternative out fall
The diversion of the stormwater to a new out fall (below lake Wiritoa - without additional treatment)
simply moves the issue to below the lakes, and while better for the lakes, the discharge of contaminant is
not resolved. T&T have explored that option and because of a lack of fall, but also the very large dimension
of such a channel, have ruled it out as having a low level of engineering feasibility and impractical.
Additional treatment
Additional infiltration devices (rain gardens, swales, specific filters) is a solution but less effective than
simply removing the source of zinc (re-roof or paint) or as effective as a purpose built treatment wetland
and these features need ongoing maintenance to remain effective.
The use of a treatment wetland has merit but it again does not remove the source. Treatment wetlands
have a range of "cleaning" efficiencies (size, and type depending). In essence they require detention times,
biofilms of bacteria attached to submerged vegetation, sediments and organic benthos accumulation, and
regular maintenance (harvesting of organic matter, vegetation and fore bay accumulations). Without
good timely maintenance treatment wetlands become concentration sources. That said the potential for
such a wetland has been canvased with the landowners (District Council) and has not received a
favourable review and it does not appear to be a viable option in the space where it is possible to establish
such a wetland.
In lieu of a wetland, a gross pollutant trap could be installed at the collection point prior to discharge
down the twin barrel pipes to the drain. Such a device would be under the control of the prison and
require adequate maintenance.
A T&T report (August 2016, report # 31819) promotes the use of 4 Vortcapture treatment devices. A
second report now considers a “Jellyfish360 filter” or a “Up-flo filter”. Given the predicted results we
prefer the Up-flo filter as it treats Zinc and Phosphorus and turbidity better with a comparative treatment
of the nutrients TN and Cu. At the reported efficiency of ether trap: 50 % (Jellyfish filter), or 83% (Up-Flo
filter), treatment will result in a discharge that will be in the range of 0.02-0.04 g/m3 and below the
threshold we believe is suitable for the receiving environment within the ANZEEC 2000 guidance.
With such an approach it is likely that contaminants in the storm water will be mitigated as best as possible
in the absence of successfully identifying the sources and eliminating those. The presence of “conspicuous
oil or grease films, scums or foams, floatable or suspended materials, will also be considerably mitigated
by the trap/s.
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Gross pollutants
The issue with the gross pollutants is less ecological than visual, although the solution serves both. The
majority of the gross pollutants are small paper and plastics. While not ideal to be discharged into the
aquatic habitat these items are generally not toxic or adverse directly into plant or animal aquatic life.
They are buried or entangled in macrophyte and persist for many years but without adverse effect.
However, in terms of aesthetic of the lakes and waterways they are adverse to the human users. The
prevention of discharge of such matter is simple and can be provided through a gross pollutant trap in the
storm water system at or about the position of the beginning of the twin barrel pipe discharge north of
the access road. Such a trap would require regular maintenance to clean.
Potential solutions

Include a gross pollutant trap in the system which has suitable volume / space and can be cleaned
regularly.

Nutrients (N and P)
Nutrients, including phosphates and nitrogen oxides (NO2 and NO3) are essential for good plant growth.
A range of minerals, metals and other elements are also essential and recovered from water and soils by
plant life. Issues of excessive nutrient result when too much nutrient is available. One off events are soon
stored into biomass and then the substrate and are not of issue. Repeated dosing is more problematic.
Too much available nutrient in waterways will result in more than normal or more than natural plant
growth, in particular algae and macrophyte. In any summer season with sun light and warmth increasing
the availability of firstly phosphates (in a reactive form) and then nitrates (one is often the limiting factor
as both are required) comes into effect and macrophyte and algae populations rapidly increase (within
20-30 days). Where tree canopied wetlands occur (willow wetlands) these growths can be subdued by the
shade and the nutrient not assimilated into plant biomass, but bound to sediments. In the Prison
stormwater scenario the released water has recorded higher than expected dissolved reactive phosphate
(DRP) of an unknown origin as well as raised nitrogen. The raised phosphates are unlikely to result in
issues in the drain or wetlands (see above shade note), and in stormwater events get flushed into the
lakes (but predominantly lake Wiritoa). It is in the lakes where that phosphate and nitrogen accumulate
(along with all of the catchments contaminants). The raised phosphates will be part of the seasonal algae
bloom (and cyanobacteria) issue.
We note that NIWA (2013) found that lake Pauri had substantially higher nutrient concentrations (DRP
etc) than lake Wiritoa, and increasing DRP concentrations in summer. This high nutrient content is not
related to the prison discharges as, except in abnormally high rain flows, prison stormwater exists to lake
Wiritoa. The Lakes have poor water quality irrespective of the prison discharge.
Recent sampling of the stormwater man holes (9 and 21 .09.2017 - T&T 2017) show Total phosphates in
the dry weather samples as being 0.07 g/m3 (SWMH Pauri 1) to 0.26 g/m3 (SHMW 3) and in between.
Total Nitrogen was high at 1.2 – 3.2 g/m3 – high across all four arms of the system. In the first flush
samples TN was similar (0.52-3.4 g/m3) while TP was raised (0.15-0.7 g/m3). These levels are much higher
than the land use suggests and the sources remain a mystery.
ANZEEC 2000 guidance (Tables 8.2.2 & 8.2.3) is that nutrient stressors (TP and TN) have “trigger” values.
For TN it is (for lowland rivers) 0.614 g/m3 and for TP = 0.033 g/m3 (for FRP (or DRP) – 0.001 g/m3)).
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Prior to the treatment traps proposed, the stormwater pipe discharges are over these thresholds, for TN
& TP by a factor of up to 5 or 6. The treatment in the Up-Flo filter is 37% (TN) and 72% TP, or 51% TN and
59% TP in the Jelly fish. Both systems approximately halve the nutrient content which is will assist but not
bring the values well below suggested guide values.

Potential solutions

The lakes both have considerable ability to absorb further nutrient, as disused in the section above on
capacity. The existing values and insensitivities will mean that further accumulation will retain the existing
ecology, but will not enable any effective restorative actions, if these are to be taken in the long term.
The prison stormwater is not the cause (or even a major contributor) of lake nutrient issues. NIWA (2013)
describe land development around these as the principal issue. Nevertheless, Corrections are attempting
to reduce their inputs. The stormwater “traps” proposed have a nutrient filtration / stripping capability
and are predicted to reduce TP by 59-72% and TN by 37-51% (trap choice dependent). This would make
recorded levels either below thresholds (if values are as MWH measures) or better but still over if values
are as per the NIWA or more recent T&T in pipe measures.
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Conclusion

The discharges of various contaminants, inclusive of those in the prison stormwater, to the drain, wetlands
and lakes have been continuous and similar for over 50 years (prison opened in 1978). The receiving habitats
flora and fauna were already modified and reduced in condition but have continued to reduce to the condition
they are today - i.e. tolerant, robust and largely exotic systems. E. coli is not an ecological issue and the human
sourced E.coli is of no more concern than the bovine and avian E. coli to the in-water biota. The blue green
algae seasonal issues are not related to the prison discharge (nutrients being a result of catchment wide
issues) and are the most concerning water quality issue. The raised zinc and copper are of concern, but are not
so high as to be immediately toxic and most are sequestered, we believe, into the sediments and organic
matter prior to the lakes. Nevertheless, there has been a slow and continuing in-lake accumulation of these
metals. The proposed traps and roof painting is likely to reduce the levels to below guidance trigger levels. The
water quality in the lakes and drain are not toxic to stock because of those metals or because of the prisons
current stormwater discharges, however the proposed treatment will reduce zinc and copper levels being
discharged from the site.
With regard to the raised TP and TN in the stormwater system, which has had a varying level throughout the
sampling history, the sources/s cannot be located, but logic suggests it should not be the prison. That is as may
be, the results are typically of raised nutrients in the stormwater discharge. As with the metals and E. coli the
receiving environment is not particularly sensitive and the nutrient discharged are unlikely damaging. The
nutrient will contribute to the catchment wide loading and seasonal algae and macrophyte levels in the lakes,
but not the first receiving habitats after the mixing zones of the drains – the willow wetlands. The traps will
roughly halve the amount of nutrient being discharged.
The Horizons Plan, for features with existing poor water quality, (i.e. where they currently fail plan quality
targets (Policy 5-4)), requires enhancement of the input quality (to safeguard schedule B values (noting those
present here are more recreational than ecological)). It is our opinion that Corrections investing in the new
technology pollution traps (painting the zinc rooves, will greatly improve (perhaps by over 50%) stormwater
quality and the options they now bring forward are the best options (and only viable option open to them) to
improve the quality of water exiting the site.
Since initial examination of this system (first BML report and its recommendations) a number of the
recommendations have been adopted - the roofs which were potential zinc dischargers have been painted,
and the zinc discharge has arguably diminished. The alternative diversion channel explored and dismissed, and
the gross pollutant traps investigated and found to be potentially useful (now the Up-Flo option). Ongoing subcatchment stormwater investigations continue to hunt for the sources of various contaminants. As to the
betterment of the wetlands as improved biodiversity while accepting them as lake filters, Regional Council
have not as yet made comment to the acceptability of that as a mitigation.

Recommendations
•

Check (by at least one further sample of stormwater at discharge) that Human E.coli is no longer part of the
stormwater coming off their site following completion of the correction for cross contamination potential of
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July 2016.Install the pollutant trap/s (T&T 2017) at the pre-discharge sub-catchment collection point, we
currently prefer the treatment abilities of the Up-Flo filter, and service this trap regularly after storm events.
Test in stormwater events pre and post trap for zinc and copper treatment / capture.
•

Continue to sample the stormwater discharge but the analysis should be more specific to the contaminants
of issue being: Zinc, Copper. The nutrient issues seem highly unlikely to be prison generated but the DRP
should also be included. I do not recommend the other components suggested by condition 10..
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