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ABSTRACT

A survey of Cu, Pb, Zn and Cr levels in sedimenmesdaken at four locations in the
Pauatahanui Inlet has been undertaken in conjunetith a freshwater and marine
water quality survey.

Levels of heavy metals in sediment were within #estralian and New Zealand
Guidelines for Fresh and Marine Water Quality fdwe tprotection of Aquatic
Ecosystems, [Interim Sediment Quality GuidelineQ@® (high level of protection)].
Sediments in the vicinity of discharges from sulamrlcatchments showed higher
levels of Cu, Pb, Zn and Cr than those in the Wigiof rural catchments.

Levels of Cu, Pb and Zn in streams in the subudaohments exceeded guideline
levels for 99% species protection on occasions, guilelines for Cu, Pb and Cd
were exceeded in marine water. Elevated concémigabf heavy metals in marine
and freshwater coincided with rainfall events andreased suspended sediment
levels, indicating stormwater discharges as a dmritng source of the contaminants.

Levels of N and P exceeded guideline trigger valime$reshwater tributaries on
occasions. There was no distinct difference betwédsm rural and suburban
catchments in terms of nutrient levels detected.

Levels of bacteria present (E-Coli and Enterocoekfeeded NZ guideline levels for
contact recreation purposes after rainfall events.

Heavy metals in stormwater were attributed to fpanssources. Control of these
discharges will likely be ‘end of pipe’ in natureelto the diffuse nature of the heavy
metal inputs, and the difficulties in controllinmissions from vehicles at source.
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1. INTRODUCTION

The future environmental quality of the Pauatahamiet depends on the foundations
that are put in place today. Under the Resourceagament Act (RMA) in New
Zealand (NZ), environmental foundations are buytganners and environmental
managers, based on the information about the emwieot obtained by scientists —
ecologists, biologists, chemists, geologists artdrists to name a few.

The information presented over the following cheptsill help satisfy a search for
information. It will provide an insight into the pacts our activities, as humans, have
on the world we live in. Some readers may make scmaages to their lives that will
help the environment.

The Pauatahanui Inlet receives untreated stormwditmharges from catchments
which are under more and more pressure from dewetop Development

surrounding the Inlet is at a stage where theralatenctly defined rural catchments,
and distinctly defined urban catchments which fiate it, presenting an opportunity
for comparative study of the catchments and theactgpthey have on the water
guality and sediments of the Inlet.



2. RESEARCH PURPOSE

21 MEETING THE NEED FOR INFORMATION

The Pauatahanui Inlet is a significant estuanha\Wellington Region. It is unique,
has high ecological value (PCC 1999; WRC 1993; Biepent of Lands and Survey,
1986; Nz Wildlife service, 1984) and it is percaivéo be under threat from the
anthropogenic activities occurring within its catamt. It is therefore considered that
the environmental quality of the Pauatahanui Intety be decreasing as a result of
current human activities, and may be further commpsed by those anthropogenic
activities proposed in the catchment in the future.

The shape and existence Inlet is under threatedsnentation causes the Inlet to
become more and more shallow. This is the sulpéch study currently being
undertaken by the WRC.

The research at hand concerns itself with contaménather than silt, which is
present in stormwater runoff. While there is averolink (Snelder & Williamson,
1997) between suspended solids and many of thearmimants of concern (for
example, many heavy metals are transported innkigoament as they adsorb onto
the particles that are washed off the land), tesearch targets the often invisible
threat of trace elements and heavy metals. Probésssciated with these invisible
contaminants usually arise after the large scatthwarks and development have
occurred and the threat of large scale sedimerhdige has passed. This research
focuses on the pollution from the roads, parking,loooftops and other impervious
surfaces that are created and used by people.

It is generally considered that the stormwater lisging into the Inlet is
contaminated to some degree, and this is a faiceronbased on experiences
elsewhere in New Zealand. For example, Aucklangdidtal Council has released a
series of publications aimed at identifying and agng stormwater pollution, as a
response to research showing significant contammaif sediment and water in the
Auckland environment. Much of this contaminatioraswlinked to stormwater
discharges (Glasbgt al 1988, ARC 1998). A study of the sediments andevgabf
the Hatea River catchment in Whangarei also lirdestated levels of Cu, Pb and Zn
to discharges from stormwater drains (Websteal, 1998).
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The extent of contamination from stormwater inputensidered alongside the
ecological sensitivity of the receiving environmeistyet to be absolutely pinpointed
within the catchments of the Pauatahanui Inlet.

This area of concern is identified in the ‘Pauatahanlet Action Plan’, a plan
prepared by the Pauatahanui Inlet Advisory Groupigifst 2000). One of the
concerns identified in this plan (issue 3.3) re@ds stormwater ends up in the Inlet
untreated”. Land use, and the downstream impabissi is also identified in the Plan
as an area requiring further investigation (Pawatahinlet Advisory Group, 2000).

2.2 SCIENTIFIC INFORMATION

Without scientific information, assessing the efifeeness of current management,
and developing future environmental managementctigs and plans for the
Pauatahanui Inlet could be a guessing game.

Scientific information forms a crucial part of tmeanagement/planning decision-
making process for regulatory authorities throudghtihe world. The WRC and
Porirua City Council (PCC) (who are the relevarthatities in the Pauatahanui Inlet
area) therefore need scientific information befdhey can determine what the
environmental pressures on the Pauatahanui Inéet ar‘Determining sources of
contamination and the effects of this on the rangienvironment is often considered
a pivotal aspect if sustainable stormwater managemegoing to be implemented in
the region” [Aitken, 1997].

On a more fundamental level in terms of the bodynspring this research (WRC),
the data will provide an indication to the WRC abwatnether the objectives in their
Regional Policy Statement (RPS) and related regiolaas are being met. This is a
key aspect and part of the WRC'’s core ‘businesgims of the RMA 1991.

The information presented in this research willphetgulatory agencies identify
where their attention should be focussed, in teohd$unding, management and
monitoring. For example, if it is determined thaparticular area is under threat from
a particular contaminant, budgets can factor inrteed for additional enforcement,
monitoring and/or educational action to remedygtablem.

11



2.3 PRIOR RESEARCH

In 1980, Healy co-ordinated an environmental stoflthe Pauatahanui Inlet that
presented results of an intensive monitoring prnogna undertaken between 1975
and 1977. Heavy metal analysis was carried ouhertissue of fish, birds, marine
worms and vegetation, and in the sediments of mihet.| At this time the results
indicated a relatively unpolluted environment. Nater samples were analysed for
heavy metals or polycyclic aromatic hydrocarbon®HR), however nutrient
analysis (organic carbon, nitrogen and phosphonese carried out on water and
sediment samples. There have been no repeatsufdiesidues in birds, fish, worms
or vegetation since 1980. As a component of thelyHstady, Smith and McColl
(1979) published the results of sediment monitoringthe Inlet. This research
examined the total nitrogen, phosphorus, and ocgaaribon content of the sediments,
and particle size distribution through sedimentfige to a depth of 20 cm in
intertidal sediments.

A study by Glasbet al (1990) assessed the distribution of heavy metatediment
in the Porirua Harbour. This study included sampbken from both Pauatahanui
and Porirua Arms of the Porirua Harbour. The stsidgwed that Co, Fe, Ni and Mn
occurred in similar concentrations in both Inletdjile levels of Cu were slightly
higher in sediment samples from the Porirua Arnveleof Pb and Zn were shown to
be “notably higher” in the Porirua Arm when compmhreith the Pauatahanui Inlet.
Lead and Zn, found in petrol and tyres on motornciel, were common contaminants
found in stormwater runoff at this time (Pb is lessnmon now with the removal of
leaded fuels from the market). This study aledethorities that urban runoff was
influencing water and sediment quality in the hanbo

Berry et al (1997) conducted an investigation for the WellorgRegional Council
and Porirua City Council entitled “Porirua Harbdbediment and Shellfish Study”.
This research assessed the contamination of set$iraed shellfish at 11 sites in both
the Porirua Arm and Pauatahanui Inlet. Shellfismgles were analysed for heavy
metals (Zn, Pb, Cu, Cd), PAH’s and organochloreres sediment samples for PAH’s
and organochlorines. The study showed that thddeseheavy metals and PAH'’s
were highest at the mouth of the Porirua Streamgesting adverse impact on water
quality as a result of urban run-off. Levels of@mochlorines, commonly found in
agrochemical, were highest in sediment samples ttemmouth of the Pauatahanui
Stream. This is indicative of impacts from the enawural catchment of the
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Pauatahanui Stream.

A study by Botherway (1999) suggests that level€ofand Zn in the sediments of
the Porirua Inlet are increasing, while Pb con@ins are decreasing. The basis for
this suggestion is comparison of the results ohBatay, 1999, with those of Glasby
et al1990. Botherway identifies the source of thiatamination as stormwater run-
off from the surrounding catchment, and this wdudconsistent with the phasing out
of lead based petrol in New Zealand. It was catetluithat Cu and Zn should be
detectable in water samples taken from some paihtke inlet, particularly after
rainfall events. This study did not assess angifipareas of the Pauatahanui Inlet,
and it is noted that the Pauatahanui Inlet doesrex#tive runoff from high density
urban areas, the central business district or mndlsreas, like the Porirua Arm of
the Harbour does.

Research has identified that urban runoff/urbamnst@ter is likely to be the key
source of much of the heavy metal and PAH contamoinaof the sediments in
Porirua Harbour. This is particularly so given thgh levels of some metals that have
been found in sediments near the mouth of the WorBtream and in the Inlet
adjacent to Porirua City. While this study focuksen the Porirua arm, it is
reasonable to assume that, while the extent obaaniation may be slightly less (due
to the lack of industry and high density urban argathe Pauatahanui catchment),
similar problems may arise, or may already haveeatiin the Pauatahanui Inlet. This
is because of the increased area of land now baseyl as roadways in the
Pauatahanui Catchment, and the increasing densityaffic (linked to increased
population) on roads along the Inlet margins.

In terms of data more specific to the Pauatahanigt,| the 1989 Environmental
Impact report for the Future State Highway One BqUW/RC, 1989) investigated the
water quality in 4 of the 6 streams that feed itht® Pauatahanui Inlet (Pauatahanui
Stream, Duck Creek, Ration Stream, and Horokiea&tr). Analyses include oxygen
levels, Biochemical oxygen demand (BOD-5), reactpleosphorus, nitrate, pH,
turbidity, faecal coliforms and conductivity. Fispecies present in the streams were
also recorded. The results indicated that the enment was relatively unpolluted.

One particular reference drawn on in this resesrehdocument recently prepared for

the Wellington Regional Council entitled “The Pakanui Estuary and its

Catchment: a literature summary and review” (Bdffigkell, 2000). This document

highlights current gaps in the research and ardasrevthe Wellington Regional

Council should be concentrating its monitoring g8o In this report, it is identified
13



that in the 25 years since the DSIR Study (Hea®g0) there has been no intensive
programme to monitor the environmental health efRlauatahanui Inlet.

The Boffa Miskell report indicates that the probl@fhcontaminated urban run-off
and its potential adverse downstream effects hasrbe a significant concern for
many groups in the community. The report has ifiedtithat it is necessary to fill in
some ‘gaps’ before a thorough prognosis for theaRdnanui Inlet can be announced.
This research will assist the WRC in *filling thaygs’.

Contamination of the sediments of Pauatahanui lnjeheavy metals was identified
as a concern in a discussion document preparedebWellington Regional Council
in 1993. (Rosier, 1993). This concern was puesi to some degree by the findings
of the study by Glasbgt alin 1990. This study concluded that, while cobuaitkel,
iron, zinc, lead and manganese were found in tdemsnts, this is localised, and the
areas affected ranged from uncontaminated to mtalgreontaminated (discussed in
later chapters).

2.3.1 INLET ECOLOGY

Part of the reason why there is significant pressur regulatory authorities to ensure
the Pauatahanui Inlet is protected from contaméhatermwater runoff stems around
the high ecological significance of the area. Tilet is rated as a Site of National
Significance on the Department of ConservationtesSof Special Wildlife Interest
(SSWI) database. It is the largest relatively udiived estuarine area in the Southern
part of the North Island of New Zealand.

There is considerable literature available detgiline ecological significance of the
Pauatahanui Inlet. A summary of the key pointsnfrpast ecological research is
presented below;

* The inlet contains large areas of saltmarshes eadjsasses. It is the largest area
of such habitat in the entire Wellington Region e(tWellington Region
encompasses the area from Otaki, across to Akith south to Cook Strait).
Saltmarsh vegetation provides shelter and haloitddirds, and helps stabilise the
banks of the Inlet against erosion. They also pcedorganic matter. Species
found in the saltmarshes inclu@®tula coronopfolialBatchelor Buttons)Juncus
maritimus(Jointed rush) an8alicornia australigGlasswort) (Sheenan, 1988).

e The Inlet is home to large numbers of the copedearastenhelia sp.
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Parastanhelia sp..This is a shrimp like species (or meiofauna), tr&inlet has
achieved national significance sure to the highsdes of this species present.
These organisms play an important role in estuagitedogy, as they stimulate
bacteria growth, help break up detritus and fornpaat of the food chain
(Sheenan, 1988).

* There is a high diversity of bird life present aheé Inlet is an important feeding
site and over-wintering site for migrating birdgpeSies includeHimanthopus
leucocephalus(Pied Stilt), Haematopus unicolou(Black Oystercatchers) and
Andrea novaehollandia@Vhite Heron) (Sheenan, 1988).

 The Inlet contains approximately 43 species of ,figicluding permanent,
transient and seasonal species (Sheenan, 1988).

* The Inletis an important fish nursery area (DavB37).

2.3.2 URBAN STORMWATER RUNOFF

As a precursor to the discussion about whetheraooiniated stormwater runoff is one
of the main environmental pressures on the watalitgun the Pauatahanui Inlet, it is
necessary to discuss the issue of contaminateshwttter in general, including:

* its typical constituents,

« typical sources of contamination; and,

» effects on ecosystems.

What is stormwater and how does it get contaminate?l

Stormwater runoff is one of the ‘cogs’ in the wateycle. It is a natural,
environmental process which involves the atmosphsod, vegetation, streams,
rivers, oceans and animals, including human beangistheir activities.

A few hundred years ago, stormwater run-off did pose such an environmental
problem. Certainly, floods were caused, sedimeas washed from the land, and
there was temporary damage to the environment raswdt. However, these were
natural, land shaping events. It is the more ®nisind less visible concern brought
about by our modern lifestyles and human activitesich are now causing

significant threat to many ecosystems and watervthysughout the world. Our

lifestyles on the land are introducing contaminants the water and sediments in
guantities which the dependant aquatic ecosysteenarable to assimilate, digest or
avoid.
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Whenever it rains on a city, dust, litter and cheahicontaminants such as heavy
metals and various organic compounds are wash#teampervious streets, parking
lots and roofs into efficient conveyance systerke kerbside drains, guttering and
pipes and finally into waterways (Fergusson 199hnihgs 1991, Strecker and
Reininga 1999, Williamson 1995, Melville 1998, Msgey 1997).

Furthermore, with the advent of these efficientterys to convey runoff into
waterways, they become effective means of dispdséher intentionally or
unintentionally) of all manner of contaminants. eTkerbside drain, and the
stormwater kerbside sump, form an integral partirblan waste disposal. Examples
from the Wellington Regional Councils Pollution Rease department include water
from washing the car on the driveway, paint andtevdsom washing the paint
brushes, waste oil, milk, and various unidentisedbstances that turn streams unusual
colours and/or impact upon in-stream ecosystems.

Since the automobile was invented in the early X0ty development has been
refitted and reformed to provide for vehicles. dtnas resulted in vast areas of
impervious material such as asphalt or concretajifg streets and car parks in our
cities, towns and suburbs. [Fergusson, 1998]. déweloping areas surrounding the
Pauatahanui Inlet have this very matter in mincrveyance of motor vehicles. In
1996, about 75% of the Porirua Population travettedvork in a car, truck or van
(PCC, 1997). The infrastructure required to supfios personal travel is vast.

As well as chemical pollution, the creation of krgmpervious areas (e.g. the
aforementioned streets, car parks, driveways aruklde drains), which are linked to
streams through efficient drainage networks in@eapeak flow and alters
hydrological regimes in streams. This increasesien and widens stream channels
(Booth, 1990). This increased velocity in flow nally means that more particles are
carried along in the water, and the contaminantse to the particles are more
likely to reach our waterways.

The nature of many of the contaminants found imnsteater run-off means that the
impacts of the discharges are cumulative, for exarttpe build-up of heavy metals
over time in sediments. Morrissey (1997) suggdsés this cumulative impact has
potential to compromise the sustainability of otvan development. The concept of
sustainability is discussed in coming pages.

The main contaminants which are found in urban ffusmad identified in the literature
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are shown in Table 1, which is adapted from Fergusd998), however is the
summary of conclusions from a large number of sesirc The effects of these
contaminants on the receiving environment are atdut.

Table 1. Main contaminants found in Urban Runoff

Constituent Source of Urban Excess Adverse Environamtal Impact
Sediment/silt m  Construction sites m  Abrasion of fish gills
m  Exposed soil (e.gl m Adsorbs excess nutrients and chemigals
vegetation removal) and carries these in sediment to natyral
m  Eroding stream banks waterways
m  Quarries m  Blocks sunlight penetration of water
m  Roads m  Covers substrate/smothers habitat
m  Agricultural runoff m  Sedimentation of waterways (blockage)
m  Reduction of aesthetic values
Organic matter m  Organic litter (e.g. leaves,m Algal blooms
lawn clippings) m  Oxygen deprivation during decompositiop
m  Food waste
m  Sewage
= Animal waste
m  Soil/bank vegetation erosion
Inorganic matter m Litter m  Non-biodegradable
m  Blockages
m Leaching of toxic substances
m  Aesthetic impacts
Nutrients m  Fertilisers/fertiliser runoff | m  Deprives water of oxygen during
m  Sewage discharges decomposition, leading to eutrophication
m  Phosphate detergents
m  Soil erosion
= Animal waste
m  Food waste
m  Soluble air pollutants
Heavy Metals m  Cars (tyre wear, brake liningm Health effects on stream flora and fauna —
wear) toxic in low concentrations
m Industrial discharges (wastem Bioaccumulation to toxic levels
and yard runoff) m  Persistent in the environment
m  Various chemicals
m  Sewage
Chloride m  Pavement de-icing salts; | m  Soil sterilisation
m Landfill leachate m  Reduced growth of biota
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Constituent

Source of Urban Excess

Adverse Environamtal Impact

Bacteria/micro-organisms/ ®  Animal waste m  Risk of disease
pathogens m  Rubbish/litter
m  Sewage
m  Some industrial waste
Oil/Hydrocarbons m  Vehicles m  Deoxygenation of water
m Industrial sites m  Aesthetic impact
m  Food premises (cooking oil) m  Coating of surfaces
m  Toxic contamination — can contain PAH’S
PAH's (Polyaromatic| m Combustion of organic m Bio-accumulation
Hydrocarbons) material (e.0. vehicle m  Toxicity to aquatic organisms
emissions) m  Considered carcinogenic
m  Oil, grease, tar, asphalt,
bitumen
Dioxins m  Industrial waste m  Considered carcinogenic
m  Air pollution
Organochlorines (E.g. DDT,m Pesticides; herbicides m  Bio-accumulation
PCB'’s) m  Industrial wastes m Carcinogenic
m  Persistent in the environment

]
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Glasby et al (1988) notes that, in order of potential pollutaftects, metals of
significant concern in the marine environment agadl chromium, manganese,
copper, mercury, zinc, cadmium, tin and nickel.

Copper and zinc are the most significant heavy Isethat are washed into
stormwater systems in urban areas [Morrissey 19%¥4hicles have been identified
as one of the major contributors to stormwater ytimh in Auckland, [Melville,
1998] and after soil erosion, vehicles are the tgetasource of stormwater pollution
in urban areas of the United States. [FergussoB]1%9s noted that the Pauatahanui
Inlet faces both of these issues: erosion and fatidrom vehicles.

Copper commonly comes from brake linings of velsicknd zinc is released into the
environment as tyres wear. These contaminants hpilon or near the road until they
are washed off by rainfall. A portion of the contaation may also become airborne.

Lead from leaded petrol is also likely to still peesent in the environment (for
example the sediments of the Porirua Inlet as ifieditoy Botherway, 1999) despite
the phasing out of leaded petrol in New Zealand iartherefore likely to continue
polluting the environment for many years to comdolrissey 1997], particularly if

the sediments are disturbed.

Stormwater also appears to contribute to the paorafiological quality of receiving
waters. Bacteria present in stormwater can prodwamecerns for public health
[Auckland Regional Council, 1992, Wellington RegwrCouncil 2000a], and in
some parts of the world, including New Zealands tlurces swimming beaches to
close after rainfall events.

Why are we worried about the contamination of our formwater?

A study by Pilottoet al (1998) into contamination of stormdrain and harbou
sediments in Wellington showed that the highestamomant levels were recorded in
inner Wellington city stormwater systems. The eomhants of concern were
identified as lead, zinc and copper. These weradoww be the metals which are
increased the most in the environment due to huacéwities. This report noted that
“the proximity of the outlets of these drains taresational areas should be of concern
to local authorities”. This study was carried outhe Wellington Harbour, which is
south of the Pauatahanui Inlet.
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The nature of some coastal receiving environmeats lead to long term and
insidious effects from stormwater discharges. ®hetl estuaries, harbours and lakes
are likely to trap and accumulate particulate, Whoarries many of the pollutants
(e.g. heavy metals and PAH’s) found in stormwateoff. [Snelder and Williamson,
1998]. Areas of the Porirua Harbour, including Beuatahanui Inlet, are therefore at
particular risk of serious pollution from stormwatkscharges, as they are sheltered,
low energy, estuarine systems.

In a report to the Wellington Regional Council, Bef1996) noted that:
The poorest water quality results in the regionemescorded at sites near river
mouths or stormwater outfalls draining urban areas;
The sites with worst water quality in the WellingtRegion were located in wharf
areas of the Wellington Harbour, where it is suggub¢hat stormwater entering
the harbour is contaminated with sewage.
On the Eastern side of the Wellington Harbour, gherest water quality was at
the mouth of a stream that received a variety ofnstvater and emergency
discharges.

Table 1 (previous page) gives an example of thegohthat the various contaminants
can have on the receiving environment, and pressrgammary of the concerns.
These concerns are heightened when there are igenspecies present in the
receiving environment, or the receiving environmeepresents an area that is
threatened and unique. The Pauatahanui Inlet thrake of these things, and this is
discussed further below.

2.3.3 INDUSTRIAL DISCHARGES

Industry has been responsible for some seriousrwatgamination in NZ the past.

The Waiwhetu Stream (Lower Hutt, New Zealand) whheld the dubious honour of
being the most contaminated stream in New Zealamiaglthe 1970’s is testament to
the damage that industrial discharges over a pgeldrperiod can do. This damage
includes significantly reduced water quality (affeg the number and diversity of

species which are able to survive in the streanterp@al water uses, and overall
stream aesthetics) and sediments contaminatedleviths of heavy metals so high
that disturbance of the sediment results in furthater quality degradation.

It is now generally assumed that wastes are noelodgliberately pumped directly
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into urban rivers and streams by industries. Tlikseharges are now controlled by
resource consents under the Resource Managementl9ad, and/or permitted
activity rules in Regional Plans. Occasional désges from industry do occur, but
this is generally accidental or unintentional arherally due to lack of awareness
about the fate of contaminants in the stormwatetesy. This is reflected in the
findings of the Wellington Regional Council’'s Anridacident Report 2000 [Hooper,
2000], which shows that approximately 30% of allmgdaints related to
environmental issues in Porirua City were relatedtbrmwater discharges during the
1999-2000 year.

The problem of contamination entering our waterwags not been completely
solved with the dramatic reduction in industrialsaharges. As the industrial
discharges have been brought under control their@amwental effects of diffuse

sources or contamination, such as stormwater, bawee to the fore” (Morrissey,

1997). As this problem is now in the ‘fore’ evangember of society may soon have
to be accountable for the contamination enteringnatural waterways.
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3. THE STUDY AREA

31 PORIRUA HARBOUR

Porirua Harbour formed as a result of processesra$ion, seismic activity and
glaciation, and is essentially a drowned riveresallHealy, 1980).

The Harbour is characterised by two distinctly eliéint inlets, the Porirua Inlet
(sometimes referred to as the “Onepoto Arm”), ahd Pauatahanui Inlet. The
Pauatahanui Inlet is the focus of this study.

3.2 PORIRUA ARM

The Porirua Arm is a tidal estuary approximatelyliong, and is fed by the Porirua
Stream and numerous smaller tributaries that draszatchment of about 70 ﬁmThe
largely modified catchment extends into Johnsoawrlthe south and Paremata in the
North. Porirua City lies along the southern andtemn sides of the Porirua arm of
the Harbour.

3.3 PAUATAHANUI INLET

To the North and East of the Porirua Arm is thdlshaestuary surrounded by rolling
hill country which is known as the Pauatahanuitinle

The Pauatahanui Inlet is a tidal estuary, whichgamparison to the Porirua Arm of
the same Harbour, is relatively unmodified. The &alanui Inlet is larger than the
Porirua Inlet, being about 3.5km long and 2km wi@dasbyet al 1990). The
maximum depth in both inlets is approximately 3m.

Pauatahanui Inlet is characterised by 6 major stithoments. The 6 major streams
draining these catchments are Pauatahanui Streamokid Stream, Duck Creek,
Browns Stream, Ration Stream and Kahao Streampidgpia total catchment of
approximately 100 kr2n The catchment extends as far as Paekakariketaarth and
Haywards Hill to the east, and encompasses patteeduburbs of Whitby, Paremata
and Mana.
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The Pauatahanui Inlet is somewhat unique, as ar®yslef contamination discovered
will be sourced from rural, residential or trangpgand uses. There are no industrial
discharges into the Inlet, or intense commercibHofindustrial areas which
discharge runoff (e.g. CBD’s, industrial parks). rNis there any discharge of
municipal sewage — treated or untreated (ther@nsesconcern about 2 or 3 septic
tank systems near the shores of the Inlet, howthesre are being addressed by the
PCC and WRC, and effects are localised, [WRC pamse. 2000]). This unique
situation is discussed further in later chapters.

A map of the catchment is included below as Fidure
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Figure 1. Location of the study area, Pauatahanuirllet, New Zealand.
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3.3.1 HISTORY OF PAUATAHANUI INLET

When Europeans first set foot in the area, buslkeneled to all shores of the
Pauatahanui Inlet. In 1843 Samuel Brees, a NZaomy surveyor, recorded “Tawa,
Pine and Rewa Rewa, Pukatea” on “gently undulatamgl” (Healy, 1980). Other
species present at this time were Rimu, Rata, Hifaara, Matai, Miro and
Kahikatea. (Sheenan, 1988). The only areas notédve been cleared at this time
were around the shores of the Inlet, cleared byrM@ao cultivation. At the time
Samuel Brees made his observations, constructidheofirst roads in the area was
well underway. In 1852, sawyers huts were eviderthe lower part of the Horokiri
Valley. In 1863, a steam driven sawmill was prosegdimber at Duck Creek. A
number of other mills operated in the catchmen&{i#€1980). One mill still operates
today in the Pauatahanui Stream catchment. Tsiestthool in Pauatahanui started in
1855 in the local hotel, with the first school lolimgs in the area erected in 1860 (One
in Pauatahanui and one in Horokiri). The first @uopened in 1857 (Sheenan,
1988).

Healy (1980) states that “by 1900 the process tdeseent in Pauatahanui and
Horokiri was to all intents completed. The buslhl lyone, and there had been 50
years of establishment and improvement of a sigialep of family holdings.”

As development continued, it was shaped more byonseid transport, which

bypassed the need for local shops for a period.miore recent times, the

modification/development that has occurred in theud®ahanui Inlet catchment
comprises predominantly of residential housing. ersBnal vehicles and public
transport enable people to live in the area andnaota to the city of Wellington to

work, a social development of the last 25 yearsie [ the increase in numbers of
people living in the area, a small shopping areadgain been established in Whitby.
Three schools now meet the education needs ohildren living in the area.

During development of the Porirua/Pauatahanui airgdystrial activities became

largely confined to the Porirua Basin, and did sptead to the catchment of the
Pauatahanui Inlet. There is very little currertivaty in the catchment that could be
termed industrial, and very little commercial atyivthat could impact on the

environmental quality of the Inlet. Two ‘indussieare located in the Pauatahanui
Catchment — a timber mill, and a house moving yard.
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3.3.2 POPULATION

Since the early 50’s, more and more people havesedathat the Pauatahanui area is
a pleasant place to live, conveniently near to Mealand’'s Capital City, Wellington.
The result has been demand for housing, and tlsigplaged, and continues to place,
considerable pressure on the unique estuarinecgmuent of the Pauatahanui Inlet
(Healy, 1980).

In his study of the Inlet in 1980, Healy noted thatdemand for sections, real or
created, resulted in large scale urban development”

The increasing population is shown in Figure 2 Weland Figure 3 shows the
number of dwellings in the study area over the 1451 years. (The areas used for
this analysis are those defined by statistics NZcBnsus purposes. A map of these
areas is attached in Appendix 1).

As it is generally assumed that greater numbegeople result in greater actual and
potential pollution, these Figures are importanterms of this research. The data in
Figure 2 below shows that the population of thetlseast catchments (Pauatahanui,
Resolution, Discovery and Endeavour) increasedifsigntly between 1990 and
1996. An even more dramatic increase was prevélem 1996 to the latest census
(2001).
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Figure 2. Usually resident population — Pauatahanunlet catchment, 1991-2001.
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Figure 3 (below) also reflects the increasing papoh, and the added pressure this is
placing on land resources. It shows that the nunodbedwellings in all areas has
increased over the last 10 years, with by far treatgst increase occurring in the
Endeavour area.

@ Pauatahanui

m Endeavour

O Resolution

O Adventure

m Discowery

m Paremata-Postgate

m Mana-Cambourne

Figure 3. Increase in Total Dwellings (occupied & noccupied) — Pauatahanui
Inlet surrounding area, 1991-2001.

From the Figures presented above, it can be coedirthat the population in the
catchment is growing, and that the area of thehoa¢émt occupied by suburban
dwellings is increasing to accommodate this poputat The main population growth
has been in the Endeavour and Resolution areaextansion of what was known in
1980 as Whitby Village (and is still known by thieame locally). The same
conclusion is easily drawn when visiting the araad this is demonstrated in
photographs 1-3 below.
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Photo 1. Suburban devepment in rogrs, Whitb320.

Photo 2. View across Pauatahanui Inlet to the ‘sabern’ (uburban) side of the
Inlet, 2000.
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to thenorthern’ (rural) side of the

Photo 3. View across the Pauatahaui Inlet
Inlet, 2000.

3.3.3 LAND USE
Over the last 20 years, much of the land use insthhern sub-catchments has
changed from agricultural, and in some placessfote suburban/residential. This is

demonstrated in Figure 4 below, which shows theaegn of the urban area in the
southern catchment since the 1970’s.
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Fig. 3 Urban encrogchment in Pauatahanui Inlet Catchment

Figure 4. Expansion of Urban areas in the Pauatahmai Inlet Catchment.
Source: Wellington Regional Council, 2000.

When the land is initially cleared, and/or landszhfor subdivision, increased run-
off volume and increased sedimentation are fredyehé immediate concerns. An

example of the scale of subdivision developmentiéncatchment is shown in Photo
4 below. The change in land use, however, impgmbs the Inlet permanently, as the
nature of the runoff from these now developed aneésibited by humans, is altered.
As mentioned earlier, it is this runoff which isctesed upon in this research.
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As is clearly demonstrated in the map in Figur@ady in photos 2 and 3 above, the
northern catchments of the inlet still drain preduantly rural areas (photo 3), and
are, incidentally, zoned rural in the Porirua Gitgn. The catchments on the southern
side of the Inlet (photo 2) drain the residentiagbyned areas of Whitby, Discovery,
Adventure, Resolution and part of Pauatahanui.

A map (from Healy, 1980) of the catchments is ideld below as Figure 5.

Comparison of the two ‘sides’ to the study arean&le in following chapters, with
particular focus on the Duck Creek (residential) &orokiri (rural) catchments.
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Figure 5. Pauatahanui Inlet Catchment Map, from Healy, 1980.
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3.4 THE RURAL CATCHMENTS
3.4.1 HOROKIRI STREAM

Horokiri Stream has a catchment of approximatelrds It enters the northern side
of the Pauatahanui Inlet. The stream drains eéhonsat that is predominantly rural -
consisting of larger farms, and smaller lifestylddings that have a range of uses
including orcharding, horse riding and stablinglfaes and small hobby farms. Land
cover in the catchment is mainly pasture, with sgoise and scrub. The Paekakariki
Hill Road follows the Horokiri stream through thpper and middle catchment (see
Appendix 2). This road does not receive heavyfitrah significant volumes as it is
unsuitable for trucks. Grays Road crosses the IHiorStream near its mouth, and
receives occasional heavy traffic, however thisathe preferred route.

Glasbyet al (1990) notes that rural catchments of the Porlaabour have been
substantially top dressed with fertiliser in thetpa

3.4.2 KAHAO, RATION AND PAUATAHANUI STREAMS

Kahao Stream drains a small catchment (11.8) kwhich is agricultural in nature.
There are no major roads running through this caéeit, and the upper part of the
stream is in native bush cover.

Ration Stream drains a small, low-lying pastordtitment. The Pauatahanui Golf
Course is located in the higher part of the catattrend there are some large areas of
riparian vegetation which have been retained. |dtver part of the stream forms part
of the saltmarsh area where it meets the Pauatahdet This saltmarsh is managed
as Department of Conservation Reserve.

The upper Pauatahanui Stream catchment is runadtuwre, with the Haywards Hill
road and Moonshine Road passing through the catahnidere are 2 main branches
to the stream. The area has been subdividedLihtcre blocks and there are large
areas of lifestyle holdings. Poultry, alpaca armgifarming occur in the rural part of
the catchment. Closer to the mouth of the streassjdential development is
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encroaching on the catchment as Whitby extendsa@ast. The stream mouth forms
a major part of the saltmarsh area at the eastefoithe Inlet.

3.5 THE SUBURBAN CATCHMENTS

3.5.1 DUCK CREEK

Duck Creek drains a small catchment of about 11 &ndl is located on the southern
side of the Inlet. There are two branches to DUokek. The eastern branch runs
through pasture and a pine plantation. The wediganch runs through urban areas,
and two man-made lakes near the Whitby shoppinggal before joining the eastern
branch at the Golf Course. From here the Creéloidered by the Duck Creek Golf
Course until it reaches a small saltmarsh (DepartraeConservation Reserve), and
then the Inlet. The stream receives dischargssoomwater from the residential area.
The features in the lower Duck Creek catchmenshosvn in Figure 6 below.
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Figure 6. The two arms of the upper Duék Creek catument.

Continued subdivision/residential development isuodng in this catchment at the
present time, and in the report by the Wellingtaginal Council in 1989, it was
noted that ‘on-going housing development is a migature of the catchment’ (WRC,
1989).

Residential development of this catchment stanetthé 1960’s at the western end of
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the Inlet, and has spread eastwards towards Pamatiatince this time.

The man-made lakes near the shopping village likelye as silt retention basins to
some extent.

In 1990, Glasbyet al noted that “Vegetation cover in Duck Creek catchimis
grassland with bracken, fern and scrub. Land is ¢aichment is used for recreational
purposes.” In the 10 years since this report byskBt@t al was written, housing has
become the predominant land use in the Duck Crahment.

3.5.2 BROWNS BAY STREAM

This is the smallest sub-catchment feeding intdltes, being only 1.23kfm Nearly
the entire catchment is suburban in nature, andobasa in suburban land use for a
number of years. There are two branches to tearstin the upper catchment, which
meet half way down the catchment in the suburbeaa and flow to the inlet.
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4. OBJECTIVES

All stormwater currently ends up in the Pauatahanlet untreated. The objective of
this research is to identify whether this is a eat® concern at the present time,
whether it has been a concern in the past, anddjeqh forward into the future and
identify whether this may lead to environmental @amns for future generations.

This study explores the impact stormwater run-wifrf the surrounding land may be
having on the water and sediment chemistry in @ngaRhanui Inlet. It also looks at
concentrations of heavy metals, nutrients and tratmments in water. Some
physiochemical and biological parameters in wateradso assessed. This leads on to
a discussion of the possible environmental imptEs stormwater run-off may have,
now and in the future, on the Pauatahanui Inlet.

Findings of field research are presented along witliscussion about other studies of
the Pauatahanui Inlet. Where applicable, the resar compared with the relevant
New Zealand Guidelines for Water Quality. Thesglglines provide the information
necessary to enable the potential adverse impécertain levels of contamination to
be identified.

This research contributes to the understandingp@tctirrent environmental pressures
on the Pauatahanui Inlet, and helps identify theeifie pressures unique to the area in
terms of stormwater quality.

The information presented may be used to guideduttforts in pollution control and
minimisation, and will provide information to be ags in the decision making
processes for environmental management and plafoirige current day, and future
of the Pauatahanui Inlet.

In terms of contribution to science, the findingsl w&id in directing future research
efforts.

As a result of this study, regulatory authoritiai ise more adequately informed, and
this will enable them to develop management strasetp let people continue to enjoy
the Pauatahanui Inlet today, without compromishgability of future generations to
do the same.
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5. METHODOLOGY

5.1 WATER QUALITY SAMPLING

Water quality sampling was undertaken on 5 occasaitn8 freshwater sites and 6

marine water sites during March and April 2001.m8bng was timed to coincide

with rainfall events on 3 occasions, during whichface runoff was observed. On

two occasions sampling was undertaken when no fuma$ occurring (i.e. after

prolonged dry weather). Repeat sampling was maegactly the same location on

each visit.

Water sampling sites are shown in Figure 7, andrdesi below in Table 2.

Table 2. Description of Water sampling sites

Site Site Number Description
1 BR1 Browns Stream at Mouth
2 INL1 Inlet 1 — Browns Bay, Pauatahanui Inlet
3 DC1 Duck Creek Upper - @ Furneaux Drive
4 DC2 Duck Creek Lower - @ Golf Course
5 INL2 Inlet 2 - 50m off shore out from Duck Creek
6 PA1l Pauatahanui Stream at Mouth
7 HO1 Horokiri Stream, Upper — Paekakariki H
Road
8 INL3 Inlet 3 — Pauatahanui Settlement end of Inlet.
9 RA1 Ration Stream at Paekakariki Hill Road
10 HO?2 Horokiri Stream at mouth (Grays Road)
11 INL4 Inlet 4 — 50m off shore from Horokiri Stream
12 KAl Kahao Stream at mouth
13 INL5 Inlet 5 — 50m off shore from Kahao Stream
14 INL6 Inlet 6 — Below Paremata Bridge
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The water sampling sites were situated near toninaths of the 6 streams feeding the
Inlet to enable some discussion of the impactgetsic streams on the water quality
to be made, and also to provide data that may ékilushen analysing sediment core
samples for various heavy metals.

Marine water samples from the Inlet were taken withne hour either side of high
tide to minimise the influence of tidal flows/fluglg on water quality and to minimise
variance between the samples.

Freshwater samples were taken from points abovetitfa influence wherever
possible to enable the most accurate representattiam-off from the land. The sites
chosen were located at the mouths of the 6 madarsis draining sub-catchments into
the Inlet, plus two upstream sites. One upstredavgas in Duck Creek, where the
stream enters the golf course and the other inuphper reaches of the Horokiri
Stream.

Standard grab methods were employed for all samplesg bottles provided by the
Wellington Regional Council Laboratory (Telarc Ragred). Marine water samples
were taken at a depth of approximately 1.25 metnelsobtained via wading.

pH was measured in the laboratory using an OridA42H meter fitted with a Schott
Blue Line 17 pH electrode.

Freshwater and seawater samples for trace metalseaavere collected in 250ml
acid washed polyethylene bottles and preservedaedirne of collection by acidifying

to pH of less than 2 using HNOThe samples were digested and preconcentrated
using APHA Method 3030 E and analysed by flame AAGd, Cr, Cu, Fe, Mn, Pb &

Zn using a Shimadzu AA-670 atomic absorption/flaen@ission spectrophotometer.
Detection limits were 0.005 mg/L for Cd, 0.01 mddr Cu, 0.03mg/L for Fe & Zn
and 0.05 mg/L for Cr, Mn & Pb.

Salinity was measured using an Orion model 160 wcidty meter (using the
instrument's Salinity mode).

E-Coli was determined using APHA Method 9213 D antkerococci was determined
using APHA Method 9230 C.
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5.2 SEDIMENT CORES

Four sediment cores were taken from the inlet. Sites of these cores are shown in
Figure 8. As shown in the Figure 8, the sites Wecated to the east and west of the
points where Duck Creek and Horokiri Stream disgbanto the Inlet.

Cores were taken at low tide from the intertidateasing PVC tubing. Core depths
varied depending on the thickness of the softeinseat, and were taken to a depth of
0.3m — 0.5m. The cores were split into two lengtissvdown the centre. Once half
of the core was retained for reference purposebe dther half was sub-sampled
every 30mm and analysed for Pb, Zn, Cu and Cd.

The sediment samples from the core splits were avid at 50 deg C and sieved
through a 1mm stainless steel sieve to achievafaromsample. The < 1mm portion
of sample was sub-sampled and digested using EPPAdde8010A and analysed by
flame AA for Cr, Cu, Pb & Zn using a Shimadzu AA&G@tomic absorption/flame
emission spectrophotometer.

5.3 HISTORICAL DATA

A variety of sources were used to obtain data ablmaithistory of the Pauatahanui
Inlet. The Wellington Regional Council incidenttaldaase and photo archives were
used to obtain data on past pollution incidents kmdl uses in the catchments.
Porirua City Council archives were a source of imfation. Publications from the
70’s and 80’s were useful sources of land use datayas the GIS systems operated
by the WRC.

Healy (1980) contained valuable information anckrefices. Much of the detail on
the early European settlement of the area was gdiom this publication.
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6. RESULTS

6.1 HEAVY METALS IN WATER

Table 3 below shows the maximum concentrationsapious heavy metals in water
samples taken from the streams feeding in to thet. IMhis is relevant because water
guality management in streams will have impactsnuffte down-stream estuarine
ecosystem. The maximum level is used in orderresgnt the most conservative
approach to determine exceedances of guidelinesalu

Table 4 shows the maximum heavy metal concentrstiorthe marine water of the
Inlet itself, and again, maximums are used.

Table 3. Maximum Heavy Metal Levels in Freshwate(ug/L) over 5 sampling

runs, Feb-May 2001 - Comparison with New Zealand &anadian Guideline
Levels.

Canadian
5 gz.d " ’(\I;Z'd i Guideline
BRI DC1 DC2 HO1 HO2 KAl PAl RAL | £ 99% ig;iies 80% esélecies Water,
Z € | protection?® | protection Aquatic
(ol Life
cr |- - - - - - - - 01 | o.01(crvy| 40.0(criv)| 1.o(criv)
Cu | 30.0 - - - - - - - 10 1.0 2.5 2-4
Pb | - 70.0 - - - - - - 50 1.0 9.4 1.0-7.0
Zn | 190 - - - - - - - 30 2.4 31.0 30.0
Mn | 650 - 50 30 - 160 550 230 30 1200 3600 -
Fe | 2200 110 560 510 1500 440 1400 12p0 30 - - 300
Cd | - - - - - - - - 5 0.06 0.8 0.017

(- = below detection limit)

a. The Australian and New Zealand Guidelines for Frasth Marine Water Quality. Trigger values

b.

for toxicants at alternative levels of protectioAustralia New Zealand Environment and

Conservation Council and Agriculture and Resoura@dfiement Council of Australia and New
Zealand, October 2000.

Ministers of the Environment, 1999, updated 2001.

The Canadian Environmental Quality Guidelines, kid&ater: Aquatic Life. Canadian Council of

6.1.1 ZINC

Zinc (Zn) was detected in 3 samples. All samplagtaining Zn above the detection
limit were from the Browns Bay Stream, taken afanfall (2 March, 27 March and
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3 April). Concentrations of Zn in the Browns Bdgeam exceeded the NZ Guideline
levels, the maximum level recorded beingu@@. More detailed examination of the
results (see Appendix 2) revealed that this ocdume three occasions. The three
exceedances occurred during the three ‘wet weathempling runs. This is
consistent with discharges of contaminated storramvat

6.1.2 LEAD

Lead (Pb) was detected in only 2 samples — uppek Bueek (DC2) and INL 3, both
on 3 April 2001. Concentrations of Pb in the uprrck Creek site exceeded
guideline levels, at {®/L (the guideline level for 80% species protectimn
9.4ug/L). The April sampling run was undertaken dunmgderate rainfall.

6.1.3 MANGANESE

Manganese (Mn) was detected on all sampling oceasio Browns Bay Stream and
the Pauatahanui Stream. It was also detected ierl®uck Creek during wet weather
runs, and in Ration stream on 1 March, 2 March Zhdlarch. At no time however
were the guideline levels for Mn exceeded.

6.1.4 IRON

Iron (Fe) levels were highest in Browns Bay Streavhich is consistent with the
observation of iron oxide bacteria (orange stainogthe stream bed on all sampling
occasions. The highest level of Fe at any site 2vasig/L (INL2, 27 March 2001).
There are no NZ guidelines for Fe in freshwatehe Taximum concentrations of
iron detected at all sites except DC1 (Upper Duckek) exceeded the Canadian
guidelines for Fe. This exceedance is treated eatktion, as it may be explained by
naturally high Fe levels in soils around the Intetjron-organic matter complexes. It
is also noted, upon more detailed examination efrésults (Appendix 2) that the
levels detected at each site are reasonably censiatross all sampling occasions,
with slight increases in concentration recordechast sites after wet weather.
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6.1.5 COPPER

Copper (Cu) was detected at 0.03mg/L in Browns &eam on 2 March 2001. This
was the only freshwater site to record Cu, excepdire guideline levels. This
occurred on one occasion, after rainfallCopper was found at various sites in the
Inlet itself (saltwater), and appeared to coincidéh turbid waters/stirred up
sediments. This is consistent with the analysishogstwhich was a sample digest and
included the sediment.

6.1.6 CHROMIUM

Chromium was not detected in any freshwater sample

6.1.7 CADMIUM

Cadmium was not present in freshwater samples.

Table 4 below examines the maximum levels of heaeyals in the marine water of
the Inlet.

Table 4. Maximum Heavy Metal Levels in Marine Wate (ug/L) over 5 sampling
runs, Feb-May 2001 - Comparison with New Zealand &anadian Guideline
Levels.

S NZ NZ Canadian
INLL  INL2  INL3  INL4  INL5  INL6 g Guideline | Guideline \(;/lgtdeer“ne
L€ | 99% species| 80% species Acuat
QS | protection® | protection® L_qu? Ic
ife
Cu |10.0 100 100 - 10.0 10.0 10 0.3 8.0 -
Pb |- - 140 - - 50 2.2 12.0 -
an |- - - - - 30 7.0 43.0 ]
Mn - - - - - 50 ; ] )
Fe | 1500 2500 1800 1000 1300 25@ 30 - . _
Cd 6.00 5.00 6.00 6.00] 5 0.07 36.0 0.12

(- = below detection limit)

a. The Australian and New Zealand Guidelines for Frasth Marine Water Quality. Trigger values
for toxicants at alternative levels of protectioAustralia New Zealand Environment and
Conservation Council and Agriculture and Resoura@dfjement Council of Australia and New
Zealand, October 2000.

b. The Canadian Environmental Quality Guidelines, Watsquatic Life. Canadian Council of

Ministers of the Environment, 1999, updated 2001.
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Guidelines for Cu were exceeded at all sites extidpt4. Examination of the
results & field notes shows that these exceedancesrred during sampling runs
where quite turbid/discoloured water was notedhe Inlet. This was particularly
evident on the 27 March sampling run where conalgdlerwave action (waves were
noted to be approximately 1m in height and breakingthe southern bays) in the
Inlet had stirred up bottom sediments. During #ampling run, all sites except INL4
recorded elevated levels of copper. This is comsisvith the findings of Webstet

al (2000) that Cu was one of the most mobile heavyalmen sediments under
estuarine conditions. There is evidence that ¢udoinditions mobilise Cu present in
surface sediment. Turbid conditions could stirtiug sediment and oxidise sulphide
compounds of Cu which are immobilised below theirmedt surface under calm
conditions, Webstest al (2000).

Levels of Pb at INL3 exceeded guidelines on thep8il2001 sampling run. This
sampling occasion occurred after significant raamd considerable runoff had
occurred. Levels of Cd also exceeded guidelineldese INL 3, 4, 5 and 6 on this
sampling run. Lead and Cd tend to have similaratedrbehaviour in water.

6.2 NUTRIENTS IN WATER

6.2.1 NITROGEN

Nitrogen levels were highest in Browns Bay Streand at the upper Horokiri Stream
site. Levels ranged from 120 to 18@@ in the freshwater samples, and 110 to
600ug/l in marine water samples.

In Figure 9, the N levels in the Duck Creek and dkar Streams are compared. All
sites demonstrated that after rainfall, nitrogerele increased. Levels in the upper
Horokiri (HO1) were significantly higher than atethower Horokiri site (HO2), and
the impacts of rainfall and runoff on N levels wenere marked at this site.

6.2.2. PHOSPHORUS
Phosphorus levels were highest at most sites dd&¢h sampling run, when turbid

water was noted throughout the inlet and its cbatimng streams, and significant
disturbance of sediments in the Inlet had occurred.
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Figure 10 illustrates the comparison in P levelsnveen the urban, Duck Creek
catchment and the rural Horokiri catchment. DCC20and HO1 showed elevated
levels of P after rainfall, however HO2 demonstlatesults which appeared opposite
to this.

The tables below (Table 5 and Table 6) comparerekalts obtained in this study
with the current NZ guidelines (there are no Caaradjuidelines for N or P).

Table 5. Range of Total Nitrogen and Phosphorus Ivels in Freshwater (1g/L)
over 5 sampling runs, Feb-May 2001 - Comparison witNew Zealand Guideline
Levels.

Detection NZ. .
BR1 DC1 DC2 HO1 HO2 KA1 PAl1 RA1 Limit Swdellne
N 830- 150- 270- 250- 120- 220- 230- 460-
614
1800 900 1000 1800 720 460 510 880
Exceedances| 5 2 3 3 1 0 0 2
P 53- 28- 24- 14-
31-67 8-78 34-58 70-92| 0.008 33
160 120 130 120
Exceedances| 5 4 4 3 2 3 5 5

Exceedances = Number of exceedances of guideletsle

a. The Australian and New Zealand Guidelines for Frasth Marine Water Quality. Trigger values
for physical and chemical stressors, lowland rivékastralia New Zealand Environment and
Conservation Council and Agriculture and Resour@ayiement Council of Australia and New
Zealand, October 2000.

Levels of nitrogen in the Browns Bay Stream excdeglgédeline trigger values on all
sampling occasions. DC1 and HO2 also recordeddenesxcess of guidelines on 3
occasions. Some of the levels recorded were tkirees the guideline level,
indicating an external source of nitrogen.

Levels of phosphorus were above guideline levelsllatites on occasions, with the

Browns Bay Stream, Pauatahanui Stream and RatrearStexceeding guidelines on
all five sampling occasions.
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Table 6. Range of Total Nitrogen and Phosphorusdvels in Marine Water

(ng/L) over 5 sampling runs, Feb-May 2001 - Comparisowith New Zealand
Guideline Levels.

Detection | NZ

INL1 INL2 INL3 INL4 INL5 INL6 Limit Guideline 2
N 210- 350- 230- 230- 120- 110-
300
450 600 510 360 590 200
Exceedances| 3 5 2 1 1 0
P BDL- BDL-
39-130 17-86 11-39 BDL 0.008 30
140 140
Exceedances| 2 5 1 3 2 0

Exceedances = Number of exceedances of guideletsle

a. The Australian and New Zealand Guidelines for Frasth Marine Water Quality. Trigger values
for physical and chemical stressors, estuariesthSeast Australia (no guideline available for
estuaries in New Zealand). Australia New Zealangifenment and Conservation Council and
Agriculture and Resource Management Council of ralist and New Zealand, October 2000.

BDL = Below Detection Limit

The levels of phosphorus detected in the Inletifitaere above guideline trigger
values for all sites except INL6 on occasions. 6N& the entrance to the inlet — and
is subject to greater flushing and clean watepimffrom the open sea. The levels of
phosphorus in the inlet reflect the elevated lepeésent in the streams entering the
estuary. Itis also possible that direct dischdrge the land to the Inlet accounts for
some of the nutrients present.

Septic tanks are often the source of excess ntdriarsurface water systems. There
are very few septic tanks in the immediate catchinoérthe Pauatahanui, and the
Wellington Regional Council actively monitors alfstems. A number of systems
which were not operating effectively were identifien the late 1990’s, and these
were repaired to the satisfaction of the CounciR@/pers comm.). While still a
potential source of nutrient enrichment, septicksamre unlikely to be a major
contributor to the levels recorded in this study.

Healy (1980) assessed the inputs of N & P fromastieinto the Pauatahanui Inlet.

While most results are presented as monthly togalti the study does note that the
Pauatahanui Stream carried 0.01-Qu@/k reactive Phosphorus and levels of N in this
stream ranged from 100§L to Sug/L. Seasonal variations were noted, with higher
levels recorded in water winter when rainfall igher, and plant uptake of nutrients is
lower.
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6.3 PHYSIOCHEMICAL PROPERTIES - WATER

The range of suspended solids, salinity and pHtifies in the samples at all sites is
included in Table 7 and Table 8. Suspended sa@rdslinked to levels of heavy
metals (as these adhere to suspended particledg sdlinity was analysed to help
determine the influence of mixing on sampling sites

Table 7. Physiochemical Parameters, range in FresWater over 5 sampling
runs, Feb-May 2001 - Comparison with New Zealand &anadian Guideline

Levels.
Canadian
Detec Guideline
BR1 DC1  DC2 HOl  HO2  KAlL PAL  RAL | -tion | NZ AUSL| \yoter,
. Guideline ;
Limit Aquatic
Life ©
Susp.
Solids 8-23 2-7 2-18 2-24 2-14 3-10 15-19  5-12 2
(mg/L)
Salinity 0.1 0.3-
(USIm) BDL-0.3 BDL 0.1-0.7 BDL 0-0.2 0.1-21.5 0.3-7.3 BDL 0.35US/m) | -
b
pH 6.9-7.0 7274 7.0-75 7577 7.2-7.7 7689 -md 7174 nla 7.2-7%8 6.5-9.0

a.

The Australian and New Zealand Guidelines for Frasth Marine Water Quality. Default Trigger

values for physical and chemical stressors in Neaalahd for slightly disturbed ecosystems.
Australia New Zealand Environment and Conservattwuncil and Agriculture and Resource
Management Council of Australia and New Zealandp@er 2000.

The Australian and New Zealand Guidelines for Frasth Marine Water Quality. Default Trigger

values for physical and chemical stressors in S&a#bt Australia (no NZ values available) for
slightly disturbed ecosystems. Australia New ZedlBnvironment and Conservation Council and
Agriculture and Resource Management Council of ralist and New Zealand, October 2000.

The Canadian Environmental Quality Guidelines, Watsquatic Life. Canadian Council of

Ministers of the Environment, 1999, updated 2001.

so.. Below Detection Limit
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Table 8. Physiochemical Parameters, range in MarsWater over 5 sampling
runs, Feb-May 2001 - Comparison with New Zealand &anadian Guideline
Levels.

Canadian
Detec- NZ/Aust Guideline
INL1 INL2 INL3 INL4 INL5 INL6 tion Guideline | Water,
Limit Estuaries Aquatic
Life
Suspended
4-66 9-120 4-120 8-40 9-78 3-25 2
Solids(mg/L)
Salinity(£S/m) 34.7-36.2 19.3-36.2 28.3-36.1 35.1-36.3 33.9-36.26.0-36.2| 0.1
pH 8.0-8.1 7.8-8.1 8.0-8.1 8.0-8.1 8.0-8.1 8.0-8.2 n/a| 7.0-8.5 7.0-8.7

a. The Australian and New Zealand Guidelines for Frasth Marine Water Quality. Default Trigger
values for physical and chemical stressors in S&a#bt Australia (no NZ values available) for
slightly disturbed ecosystems. Australia New ZedlBnvironment and Conservation Council and
Agriculture and Resource Management Council of ralist and New Zealand, October 2000.

b. The Canadian Environmental Quality Guidelines, Watquatic Life. Canadian Council of
Ministers of the Environment, 1999, updated 2001.

so.. Below Detection Limit

It is clear that the DC2 (mouth of Duck Creek), K&fhouth of Kahao Stream) and
PA1 (lower Pauatahanui Stream) sampling sites webgect to salt water influence
on some sampling occasions. This is thereforentak® account when assessing the
results at these sites. It is also apparent beasalinity in some areas of the Inlet was
reduced on sampling occasions due to freshwatowaf This is expected in an
estuarine environment.

6.4 BACTERIA LEVELS

Levels of up to 10,000CFU/100neinterococciwere found in freshwater samples,
with saltwater samples demonstrating significatulyer levels.

E-coli showed a similar pattern, with levels up to 230860€100ml found in the
freshwater sites.

Bacteria counts were highest after rainfall, andigalarly high when waters were
turbid. The results of bacteria sampling are showhable 9 and Table 10 below.
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Table 9. Bacteria levels, range in Freshwater oveéy sampling runs, Feb-May

2001 - Comparison with New Zealand Guideline LevelgCFU/100ml).

BR1 DC1 DC2 HO1 HO2 KAL PAL RA1 NZ Guideliné
E-Coli 1400-  100- 258- 300- 500- 340- 240- 230-
273
17100 1200 23000 10200 9000 4400 1140 4400
Enterococci 600- 160- 132- 156- 236- 266- 490-
230-980 n/a
9200 7000 8000 10000 7800 2200 3700
a. Microbiological Water Quality Guidelines for Marirend Freshwater Recreational Areas,

Ministry for the Environment, June 2002. Freshwdtéerim Guidelines, Alert/Amber mode

Il (single sample).

Table 10. Bacteria, range in Marine Water over 5a&ampling runs, Feb-May 2001
- Comparison with New Zealand Guideline Levels. (CB/100ml)

NZ
INL1 INL2 INL3 INL4 INL5 INL6 Guideline®
E-Coli <2-1000  6-320 <2-2800  0-17 2-195 <2-12 | n/a
Enterococci | <2-1600  8-740 1-500 2-40 2-138 <2-48 136
a. Microbiological Water Quality Guidelines for Marimad Freshwater Recreational Areas,

Ministry for the Environment, June 2002. Freshwatgerim Guidelines, Alert/Amber mode

(single sample).

E-Coli is the preferred indicator for freshwatest®yns, while Enterococci is the

preferred indicator in marine water.
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6.5 SEDIMENT CORES

Figure 11, Figure 12, Figure 13 and Figure 14 bedbow photographs of the 4 core
splits that were retained for reference purposed,adescription of each core. The
cores from the Northern side of the Inlet wereléas varied through the profile when
compared to those on the Southern side.

Figure 15 illustrates the metals concentration& @épth in the sediment cores.
Results show that the sediments at the Duck Creekt\&ite contain the highest

levels of zinc, lead, copper and chromium. Lewé#lsinc, lead and copper at this site
were on average twice those found at the othete8.si
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Photo

Depth
(mm)

Description

i

DUCK CREEK EAST
(DCE)

PAUATAHANUI INLET

23 MARCH 2001

5-40

40-110

110-200

200-240

240-242

242-265

265-290

290-350

Fine light grey silt layer.

Grey colour. Fine to medium gran size,
silt and sand patrticles. Occasional peb
(to about 10mm diameter). Cockles
present, up to 20mm diameter in size.
Brownish grey colour. Medium to coars|
grain size with some larger pebbles (to
20mm diameter). Shell fragments
present. Evidence of iron staining
(orange-brown pockets).

Brown silt with pockets of grey sand.
Medium to coarse texture. Abundant
shell fragments, some intact shells

present. Cockle shells present, to 35mm

diameter size. Pebbles to 30mm diame
Fine brown silt. Small amount of grey
sand (medium particle size). No shell
fragments, no pebbles.

2mm thick distinct layer of dark brown
fine silt.

Fine brown silt. Small amount of grey
sand (medium particle size). No shell
fragments, no pebbles.

Medium to coarse grey sand. Small shg
fragments present. No pebbles.
Coarse grey sand. Small pockets of
medium-fine brown sandy silt. Large
pebbles/stones present — to 350mm in
size. Abundant shell fragments.

Die

ter.

D

Figure 11. Duck Creek East core — photo and desgtion.
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Photo

Depth
(mm)

Description

DUCK CREEK WEST
(DCW)

PAUATAHANUI INLET

23 MARCH 2001

0-5
5-40

40-60

60-180

180-260

260-335

Fine grey silt layer.

Fine- medium grey brown Small
pebbles (to 4mm diameter) Small
shell fragments (<1mm).

Coarse grain size. Grey in colour.
Small shell fragments present.
Pebbles present, to 10mm in
diameter.

Very coarse grain size. Compacted
gravels. Pebbles to 50-60mm in
diameter, abundant. Shell
fragments, some large (cockle
shells). Some pockets of fine grey
coloured silt

Large, abundant pebbles with fine
grey silt and some coarser particle
Small shell fragments. Pebbles up
30mm in diameter.

Fine grey silt with some coarser gr
sand particles. Few pebbles, to
15mm diameter. Evidence of iron
staining. Shell fragments and
patches of brown, coarse-medium
sand present.

to

Figure 12. Duck Creek West core — photo and desgtion.
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Photo Depth Description

(mm)

L .
HOROKIR]I STREAM EAST
(HE)
PAUATAHANUI INLET
23 MARCH 2001

0.5 Very fine light grey silt layer, with
whole cockle shells present, some sh
fragments, and some sticks/organic
matter.

5-130 Fine light grey silt. Pockets of brown
coloured silt. Shell fragments — main
cockle shells.

130-350 Dark grey fine silt with abundant large

shell fragments. One large, intact,
bivalve (60mm diameter). Other large
shells present, also up to 60mm
diameter.

Small fine shell fragments also
abundant.

e

Figure 13. Horokiri Stream East core — photo and decription.
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Occasional small shell fragment.
Evidence of some iron staining.

t

Photo Depth Description
(mm)
HOROKIRI STREAM WEST
(HW)
PAUATAHANUI INLET

0-90 Fine grey-brown silt. Occasional sm3
shell fragment.

90-150 Grey fine-medium silt. Few shell
fragments.

150-210 Less compacted grey fine-medium silf.
Shell fragments abundant.

210-410 Dark grey fine silt with patches of
brown silt. Some organic matter
(sticks) which is breaking down (blach
in colour).

410-500 Medium — coarse brown grey silt.

Figure 14. Horokiri‘Stream West core — photo and dscription.
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6.51 HEAVY METALS IN SEDIMENT
Sediment leaching under estuarine conditions

Metal behaviour in estuarine conditions was reseatdn a study by Webstet al
(2000). This was based on sediments from the Haitear and estuary, and involved
assessing the rate at which various metals leaahddr various salinities, at a pH
similar to the estuary. It was noted that Fe @tatlied in this research for sediment
cores) and Pb were the least mobile metals. Masggmand Cu were considered to be
the most mobile, while Cr and Zn were also notetheing considerably less mobile
than copper or manganese.

This may explain why Cu was detected on occasipadi¢ularly when the sediment
was stirred up) in the water samples taken fromitihet, but was not significantly

high in the sediment cores. Copper also completesgy with organic matter so

may be carried in the water in this form. Chromiamd Zn were detected in the
water samples, and Pb was detected in marine veatéow levels on only one

occasion, however these feature more stronglydarsédiment core samples.

Glasbyet al (1990) noted that Cr was higher in sediments ef Rlauatahanui Inlet
when compared to the Porirua Inlet, and this wamight to possibly reflect the
differences in sediment origin. Despite the higlesels in the Pauatahanui inlet, it
was noted that all samples taken by Glasbgl were in Index of Geoaccumulation
(Igeo) class 0 (uncontaminated).

The findings of this study are consistent with stedy by Glasbyet al (1990), which
found levels of Zn were higher in sediment at theuth of the Duck Creek Stream
(Igeo class 2, moderately contaminated) than atresas in the Pauatahanui Inlet.

In order to facilitate further discussion about tleeels of heavy metals in the
sediment of Pauatahanui Inlet, a summary of tha dathered is presented in Table
11. This table shows the mean, minimum and maxinewal of heavy metals for
each core. It also shows the current New ZealandléBnes (The Australian and
New Zealand Guideline for Fresh and Marine Waterl®u for the protection of

1 NOTE: Igeo is used to compare the current heawgalnsencentration with pre-European background
levels, and was introduced by Muller (1979), armbalsed by Stofferst al (1986a). This formula for
calculating the Igeo class was not applicable ¢éorésearch done in this study, as it is based®r28
microgram fraction of the sediment (This study fesed on the <100 microgram fraction).
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aquatic ecosystems, ANZECC, 2000), and the cum@amadian Sediment Quality
Guidelines for the protection of aquatic life. &g 15 shows trace metal
concentrations in sediment as a function of deptihe cores studied.

The results obtained by Glaskey al (1990) are presented in Table 12 and also
compared to the guidelines.
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Table 11. Heavy Metal Levels in Sediment, March@D1 - Comparison with New
Zealand and Canadian Guideline LevelsLevels shaded grey = maximum level
detected in Inlet during survey.

Site Mean Min Max NZ ISQG NZ ISQG | Canada Canada
LOW @ High ® ISQG © PEL ¢
mg/kg mg/kg mg/kg mg/kg

CHROMIUM

DCW 10.0 7.3 12.0

DCE 8.2 5.5 9.8

80 370 37.3 90

HW 7.2 6.5 8.2

HE 6.2 4.4 7.6

COPPER

DCW 7.0 4.6 9.1

DCE 3.3 1.9 4.8

65 270 35.7 197

HW 4.4 3.0 5.1

HE 3.5 2.6 3.9

LEAD

DCW 22.4 15.0 37.0

DCE 10.3 5.5 16.0

50 220 35 91.3

HW 8.4 6.2 11.0

HE 7.5 5.4 9.4

ZINC

DCW 59.6 38.0 69.0

DCE 34.2 23.0 47.0

200 410 124 271

HW 39.2 30.0 48.0

HE 34.7 26.0 41.0

a. The Australian and New Zealand Guidelines for Fresid Marine Water Quality for the

b.

C.

d.

protection of aquatic ecosystems, Interim Sedim@uotlity Guideline (ISQG) Low (Trigger
Level). Australia New Zealand Environment and Cowatton Council and Agriculture and
Resource Management Council of Australia and Nealatel, October 2000.
The Australian and New Zealand Guidelines for Fresid Marine Water Quality for the
protection of aquatic ecosystems, Interim Sedin@uélity Guideline (ISQG) High. Australia
New Zealand Environment and Conservation Coundl Agriculture and Resource Management
Council of Australia and New Zealand, October 2000.
The Canadian Sediment Quality Guidelines for thetgmtion of aquatic life, Interim Sediment
Quality Guideline (ISQG). Canadian Council of Mieis of the Environment, 1999, updated
2001.
The Canadian Sediment Quality Guidelines for thetqumtion of aquatic life, Probable Effect
Level (PEL). Canadian Council of Ministers of thevitonment, 1999, updated 2001.
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Table 12. Heavy Metal Levels in Sediment, Glashst al, 1990- Comparison with
New Zealand and Canadian Guideline LeveldResults of 30 samples taken from
Pauatahanui Inlet.

Heavy Mean Min Max NZ NZ Canada Canada

Metal ISQG ISQG ISQG®  PEL®
LOW ?  High”

Chromium 38 19 101 80 370 37.3 90

Copper 29 20 66 65 270 35.7 197

Lead 36 27 47 50 220 35 91.3

Zinc 133 97 241 200 410 124 271

a. The Australian and New Zealand Guidelines for Frestd Marine Water Quality for the

protection of aquatic ecosystems, Interim Sedim@uoglity Guideline (ISQG) Low (Trigger
Level). Australia New Zealand Environment and Cowation Council and Agriculture and
Resource Management Council of Australia and Nealatel, October 2000.

The Australian and New Zealand Guidelines for Frestd Marine Water Quality for the
protection of aquatic ecosystems, Interim Sedim@uality Guideline (ISQG) High. Australia
New Zealand Environment and Conservation Coundl Agriculture and Resource Management
Council of Australia and New Zealand, October 2000.

The Canadian Sediment Quality Guidelines for thatgmtion of aquatic life, Interim Sediment
Quality Guideline (ISQG). Canadian Council of Mieis of the Environment, 1999, updated
2001.

The Canadian Sediment Quality Guidelines for thetqmtion of aquatic life, Probable Effect
Level (PEL). Canadian Council of Ministers of thevitonment, 1999, updated 2001.
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Figure 15. Trace metal concentrations in sedimeras a function of depth in

cores from east and west of the Horokiri Stream anduck Creek discharge

points, in the Pauatahanui Inlet.
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6.5.2 CHROMIUM

In comparison to other sites, levels of Cr in thdisient were slightly higher in the
core from the Duck Creek West site. The resulthatDuck Creek East site were
also slightly higher than those found at the outfethe Horokiri Stream. Levels of
Cr at the Duck Creek west site also increase wefitid

The Australian and New Zealand Guidelines for Firasth Marine Water Quality (the
NZ Guidelines) for the protection of aquatic ecdsygs recommend an Interim
Sediment Quality Guideline (ISQG) low (trigger) &\wof 80 mg/kg dry weight Cr,

while the high ISQG level determined is 370 mg/kg @t. The maximum level of

Cr in the sediment sampled during this study wasj’kg dry weight, which is well

below the ISQG determined in the Guidelines.

The Canadian Sediment Quality Guidelines for th@detion of Aquatic Life specify
an interim sediment quality guideline (also 1ISQG)33.3 mg/kg and a ‘Probable
Effects Level” (PEL) of 90.0 mg/kg for Cr. The ldgdound in this study are also
well below the Canadian guidelines.

The results of the study by Glasby (1990), alsaceteé that the levels of Cr in the
sediments throughout the Inlet are within the ginaelevels for Cr, however of note
is the maximum level of Cr detected which excedus NZ ISQG—low guideline
trigger value. Also exceeded by the maximum leeéI€r found in the 1990 study
were the Canadian ISQG and PEL.

There did not appear to be any distinct correlatietween changes in the core profile
and levels of Cr in any core. Chromium levels we@sonable consistent with depth,
increasing slightly in more recently deposited segits in all cores.

6.5.3 COPPER

Copper was almost twice as high in the Duck Cre&st\ore than in the other cores
taken. Based on the study by Brown (1999), Cwe@&sonably mobile under saline
conditions, and less likely to remain in the oxédisurface sediment. At depth, Cu is
immobilised as copper sulphide.

NZ Guideline ISQG-low level for Cu is 65 mg/kg dmeight, and the high level is
270 mg/kg. Even adopting the ‘low’ level for thensitivity of the Pauatahanui Inlet
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ecological environment, the levels of Cu recordedhe sediments studied are still
well below guideline levels (maximum 9.1 mg/kg).

The maximum level of Cu detected in the 1990 samydby Glasbyet alis around the
NZ ISQG-low trigger level, and in excess of the &ian 1ISQG. The maximum Cu
level at this time was well below the NZ ISQG-higigger level, and the Canadian
PEL.

There did not appear to be any distinct correlatietween changes in the core profile
and levels of Cu in any core, with Cu levels beiegsonably consistent with depth,
increasing slightly in more recent sediments.

6.54 LEAD

Lead levels were highest in the Duck Creek West.cbhere is evidence in this core
that levels of Pb may be decreasing over time, kewm other cores there is no such
evidence. Lead was highest in the Duck Creek VWeditment core, and perhaps
provides the best indication of the influence oftonaehicles on contaminant levels.
Levels of Pb at the other 3 sites were not high.

The maximum level of Pb (37.5mg/kg) detected durthgs research, and the
maximum recorded by Glaskat al (1990) (47mg/kg) was below the NZ 1ISQG-low
trigger level, however in excess of the Canadia@GS Naturally, the NZ guideline is

given more weight in these circumstances.

In the Duck Creek West core, higher concentratioh®b were recorded at depths
between 60mm to 260mm in comparison to other depthihe core. This also
appeared to be the case in the Duck Creek East ttanegh less marked, at depths
between 60mm and 180mm. The two cores from theolorside of the Inlet
recorded more consistent Pb levels throughoutdhe. c

6.5.5 ZINC
Levels of Zn at the DCW site were approximatelyllleuhose at all other sites, even
the site to the east of Duck Creek (DCE site) whiclocated in the same bay of the

Inlet.

The most likely cause for this is the influenceflofv in the inlet. In light of the
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results for all metals, it is reasonable to asstina¢ the point to the west of Duck
Creek is an area where sediments are likely tdesetit after flowing down Duck
Creek. These results are consistent with previ@search that demonstrates that
heavy metals adhere to sediment particles and area® suspended solids settle out
are likely to have higher levels of heavy metaltaomnation.

Despite the levels at DCW being higher than themwogsample sites, it is noted that
the NZ Guideline ISQG-low level for Zn is 200 mg/égy weight, and the high level
is 410 mg/kg. The maximum level of Zn found in gediment was 69 mg/kg dry
weight (DCW). This suggests that there is no imiatedthreat to aquatic ecosystems
from the current levels of Zn in sediment at theises. However again, it is apparent
that there is an ‘external’ source of Zn contribgtto levels in sediment at DCW, and
probably at other sites in the southern bays ofrilet.

Levels of Zn were also well below the Canadian @limgs (ISQG 124 mg/kg and
PEL 271 mg/kg).

Maximum levels of Zn were within the NZ guidelinfs this research, however of
note is that the results from Glasky al exceeded the NZ guideline (ISQG-low
trigger level). The Canadian ISQG was also exceégaesults of the 1990 study.

There did not appear to be any distinct correlabetween changes in the sediment
composition through the profile and concentratioh&n in any core.

6.5.6 COMPARISON — GLASBY et al & CURRENT STUDY

On average, the results of both this study andtihey undertaken by Glasley al in
1990, complied with the NZ ISQG-low trigger valueSome of the maximum results
in the 1990 study did reach the trigger levelthmduidelines.

The study undertaken in 1990 by Glaghylwas more extensive than this study, and
focussed on the surface sediments. The 30 sangitegywere distributed throughout
the Inlet, and it is likely that more areas thaieiee suspended solids deposition were
encountered during the 1990 study. The studyezhwut as part of this research was
different to the 1990 study in that sediment cded®n as part of this research are
able to indicate the trend in deposition of contaanis in the sediment over time.
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7. DISCUSSION

7.1 A NOTE ON DETECTION LIMITS

The detection limits used in this study, in mangesa are higher than the trigger
guideline level. 1t is likely that in some circutasces the trigger guideline level may
have been exceeded, however this has gone undktecte

It is considered that the detection limits in tilsisidy are low enough to give a
reasonable indication of whether there is an enwirental problem in the Inlet.

7.2 HEAVY METALS IN PAUATAHANUI INLET

Increases in heavy metal concentration in waterptesn(from the tributaries of

suburban catchments and in the Inlet itself) caiediwith episodes of rainfall. This
is consistent with mobilisation of particles aseault of runoff, and the knowledge
that heavy metals absorb on to these suspendedigmmnd are transported in the
environment. This is further demonstrated as Eewdl suspended solids in the
samples were also higher on these occasions.

When these suspended particles, with their absdnbady metals, reach low energy
situations, they cease to be carried along andable to settle out (deposit) on the
substrate. This is demonstrated in the resultsalyais of the sediment core samples.

The presence of higher levels of heavy metals & Dluck Creek West core in
comparison to other cores indicates that thereheilbther (untested) sites in the Inlet
that receive deposition of heavy metal laden padic

Potentially ‘at risk’ areas will likely be in lodahs where sediment naturally settles
out of the water column (e.g. sheltered embaymantslow ‘energy’ areas). Water
quality results indicate that these areas are rikety to be in the vicinity of the
Browns Bay Stream, and the Pauatahanui Stream, dfothhich recorded heavy
metal concentrations which exceeded guideline sewval occasions. Some potential
deposition areas may have been partly demonstiratbe results obtained by Glasby
et al (1990), which presented results from 30 surfadénsent samples taken from the
Pauatahanui Inlet. This study found four areasiwithe inlet which had higher zinc
levels in sediment (presented as Igeo Class) wbepared to other sites.
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Heavy metal concentrations in sediment cores diccreeed interim sediment quality
guidelines for NZ for lead, zinc, copper and chnami A comparison with Canadian
interim sediment quality guidelines also showed tih@ levels were below these.
However, the presence of heavy metals in watersaddnents cannot be overlooked
for the reason that it indicates a potential problén the case of zinc in particular, the
concentrations in sediment appear to be increasiitl,higher levels found in more
recently deposited sediments. As the area of reBaddand use increases throughout
the Inlet, it is anticipated that this trend widircinue.

The presence of higher levels of metals in the DGeckek West sediment core
indicates that heavy metal contaminated suspenalets sare settling out in the Inlet
at this point. This is further emphasised by théewaamples taken from the Inlet and
the contributing streams, and by the study undertdky Glasbyet al (1990) which
found elevated levels of zinc in this area when garad to other parts of the Inlet. In
this core, lead levels appear to have decreasegcent times, which coincides with
the removal of leaded petrol from the market. devels however were higher in the
surface sediments, and the rate of depositionisfabntaminant on the substrate of
the Inlet in this area appears to be increasing owve.

As previously discussed, the land use in the sontbatchments of the Pauatahanui
Inlet is residential, with small areas of rural us€he sources of the contaminants
found in the Duck Creek cores (east and west)thdiefore be ‘residential’ in nature.

In a study by Tom Snelder (NIWA, 1995), it was estied that in urban catchments,
vehicles contributed 40% of the zinc contaminawesent in stormwater, 100% of

lead contamination, 50% of copper contamination &0&oc of suspended solids

contamination. It is significant to note that levef lead and zinc were notably higher
in the cores from the residential ‘side’ of theeinwhich reflects the greater influence
transport has on the stormwater discharging tosillis of the Inlet.

Vehicles are therefore likely to be the main sowfcstormwater contamination in the
southern catchments. There is evidence in the [irelek West core that levels of
lead may be decreasing over time, now that leaddofagels are no longer used in NZ.
There is, however, no such evidence in the othasr8s. This is most likely because
there is still lead present in the environment fritvese times, particularly as lead is
absorbed onto particles in the environment, ansetlparticles may take some time to
reach waterways. While possibly co-incidental,dleancentration appeared to
increase in coarser sediments at depths around 6@mMb80/200mm in the Duck
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Creek cores. This may indicate that there wasgpaoatively high input of lead into
the Inlet at this time. Based on sedimentatioagaf 3mm/year estimated by Healy
(1980), this would have occurred approximately 8arg ago.

Other residential sources of heavy metal contananatould be paint residue
entering the stormwater system, house cleaningdeautharges from galvanised iron
roofs. It is possible that some other activitieayniead to isolated incidents of
contamination which could affect heavy metal levalsediments. For example, the
Wellington Regional Council Pollution Response Dépant reported a small
number of incidents involving paint residues bewagter blasted from homes and
entering the inlet via stormwater. Whether thessedues were of leaded paint is not
known (WRC pers. comm.).

Chromium may be related to use of tanalised tin{treated with CCA — Copper,
Chromium & Arsenic) in building in the urban arebevels of chromium at the Duck
Creek west site increase with depth. This may mdizate that chromium inputs into
the Inlet were greater in the past, which would dmnsistent with the steady
development in the past in terms of inputs fronatged timber.

Based in this information, and that presented & dther studies cited, it is fair to
assume that the amount of heavy metal contamindhah would enter the Inlet
would increase as a result of further urbanisatittihe catchment.

Due to the rural nature of the northern sub-catctimjethe discharges from the
Horokiri, Kahao and Ration streams are unlikelyp&oof large concern at the current
time in terms of the potential for accumulationhefavy metals in the sediment, and
heavy metals contamination of marine and fresh nwatéater quality results have

indicated however that some nutrient enrichment mayccurring. Riparian zones
on these streams would help to reduce this.

The results of this study indicate that any proptsalter the zoning of the northern
catchments from Rural to Residential should be fallyeconsidered. Proposals to
allow more intensive subdivision or improvementsre@ads which may result in

higher traffic volumes should also be carefully sidered, and in the event that this
occurs, attention should be paid to mitigation measfor contaminated runoff.

As an example of mitigation measures, examinatiothe results has revealed that
heavy metal concentrations in water are linked pgisagles with higher suspended
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sediment. This is consistent with the behavioumetals in the water, absorbing on
to suspended particles. Settling basins have beemowistrated to be effective at
reducing heavy metal concentration, as they setitethe sediment and adsorbed
metals, retaining them in situ. This is discussether in section 6.7.

The guideline levels used in this study have besinby the ANZECC based on
protection of 99% of the species present in thesgstem. The exceedance of these
guidelines, which this study has demonstrated auwing in freshwater and marine
water in the Inlet on occasions, indicates thas lof species is likely to be occurring
throughout the Inlet and its tributaries, based comrent levels of heavy metal
contamination.

To take this one step further, a loss of bioditgrsnay be occurring in the
Pauatahanui Inlet and its catchment as a restifteofontaminated stormwater inputs
identified in this study.

7.3 NUTRIENTS & PHYSIOCHEMICAL STATUS OF
PAUATAHANUI INLET

Nitrogen levels exceeded NZ guidelines for freskwaguality on at least one
occasion at all freshwater sites except Kahao Straad Pauatahanui Stream, with
phosphorus levels exceeding guidelines at all oitesat least 2 of the 5 sampling
occasions. Nitrogen and phosphorus were also drdegt many of the marine water
sites on a number of occasions.

This clearly indicates that nutrient enrichmentlef waterways is a concern in terms
of the health of the receiving ecosystem, and tingient levels identified may be
placing stress on the species present (or whichldvoarmally be present) in the
Inlet, and in the tributaries of the catchment.

The study by Healy (1980) demonstrated that N &Wels increase in winter when

rainfall is higher and plant uptake is lower. Sw®el variations are not presented in
this study, and the time after rainfall was prdpaint long enough to pick up any

nutrients leaching into streams through groundw@ter this study detected nutrients
inputs from surface flows only).

Nutrient enrichment is not restricted to the ruralchments, so the source cannot be
attributed entirely the agricultural sector. Whihke solution to nutrient enrichment in
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the rural catchments often lies in riparian manag@msources of nutrients in the
urban catchments are many and varied (from gar@etiider, to car washing
detergent, to dog faeces), and therefore lessygasihaged.

Management of the nutrient inputs in to the Inled ats tributaries will therefore
require an approach tailored to the inputs spetfite land use.

7.4 BACTERIA

Bacteria levels (enterococci and e-coli) were cstesitly high in fresh and marine
water after periods of rainfall. Results were abdathing water quality guideline
levels.

Contaminated stormwater flows would have playedad m the elevated levels,
however it is noted that bacteria counts increasie twrbid conditions, as they adhere
to substrate particles and become dislodged whewdher is disturbed.

There is insufficient data to determine whetherdhs direct sewage discharge to the
Inlet, however the results are low enough to in@i¢hat in the streams studied, there
were no excessively high bacteria counts which a@dié consistent with a sewage
discharge.
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7.5 IMPLICATIONS FOR MANAGEMENT OF THE INLET

When we compare the levels of heavy metal contaioiman the Pauatahanui Inlet to
other estuaries in New Zealand, we find that Renaatui is relatively unpolluted.
The Hatea estuary in Whangarei, the estuaries efAickland Harbour, and the
Wellington Harbour are facing considerable higlearels of contamination than the
Pauatahanui Inlet. However, this comparison needsfgpation and it is emphasised
that:

e« The Pauatahanui Inlet does not receive, and hasrn@ceived, significant
industrial discharges, or overflow discharges ohropal sewage.

* The source of contamination is residential — amdattea of residential land use in
the catchment is increasing rapidly, as more ancerpeople seek the pleasure of
living somewhere like Pauatahanui Inlet.

* Receiving environments of this nature are very marehis part of New Zealand,
and there is high ecological sensitivity in thisea

Due to the lack of industrial or municipal dischesginto the inlet, it is fair to
conclude that the majority of the heavy metal comntation entrained in stormwater
runoff is sourced from motor vehicles. There v small quantities that are
attributable to other sources — for example thera ipossibility that some heavy
metal contamination comes from galvanised iron soof treated timber used in
building.

For this reason, when we assess the current lamdnuthe Pauatahanui Catchment
and the proposed future developments in the catehnme conjunction with the
ecological sensitivity of the receiving environmene can conclude that the future of
the Inlet is threatened by contamination in storteweunoff from urban areas.

As we watch as other estuaries in New Zealand becmore and more degraded
through discharges of an industrial nature, muaicipewage, and contaminated
stormwater, Pauatahanui Inlet presents itself @& rand more pristine. However, if
we continue to compare the Pauatahanui Inlet wdes of the more heavily
contaminated systems, we are unlikely to see tbbl@m until it is too late. This is
why comparison with the ANZECC guidelines is ilalle. These guidelines enable
a fair assessment of the contamination levelseriritet to be made.

It appears that that the biggest threat in termbheavy metal contamination of the
Inlet is transport.
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Until the day arrives when contamination from vésccan be controlled at source,
the most cost effective mechanism of avoidanceedgnor mitigation of the adverse
effects of the discharges of stormwater contamthateh wastes from vehicles, will
be located at the end of the pipe, or at some pdiet the water has left the roadway.
This can be incorporated in roading design for meads, however retrofitting these
methods to existing roads is also able to occuer@lwill be added benefits of these
‘end of pipe’ solutions, in terms of other contaamh discharges (e.g. silt control),
however the remainder (e.g. silt generation) ate tthbe addressed by dealing with
the problem at source. Section 6.7 discusses gt@ten management options.

More detailed monitoring of the streams during fiirevents could aid in isolating
the particular stormwater catchments of concerm, @mvide an indication of the
priority areas. However, worthy of comment is significant cost of this monitoring
in terms of time and analysis, and number of sasnpquired. For example, it may
be more suitable to direct this cost into instalatof more sediment retention basins
on more stormwater outlets to address current, paodntial future contamination.
These are all questions for regulatory authoritbesonsider.

7.51 WHO IS RESPONSIBLE FOR STORMWATER MANAGEMENT IN
NEW ZEALAND?

Management of stormwater discharges is coverettdRMA 1991 in New Zealand,
and responsibility for carrying out the RMA 1991ldzon the shoulders of Regional
and Local Councils (Territorial Authorities).

The RMA 1991 recognises that land use has a majpadt on the surrounding
environment, and gives Regional Councils the resibdity for controlling land use

for “the maintenance and enhancement of the quafityater in water bodies and
coastal water” [sec 30 (c)] [White, 1992]. Regibr@ouncils also have the
responsibility to control land use to avoid andigate natural hazards [30 (c) (4)
RMA 1991].

Territorial Authorities have control over actual potential effects of the use,
development or protection of land, and the powerdsirict subdivisions where
“damage from inundation of any source” could pdysiie suffered or accelerated or
worsened [s106(1)(a)&(b)]. Because stormwaterelated to both land and water
resources, control of it needs to be addressed regional and district planning.
[White, 1992].
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Sections 12 (coastal marine area), 13 (river belds)water use) and 15 (discharges
of contaminants) of the RMA 1991 are managed byored councils, usually with
Resource consents [Wellington Regional Council,9199The Building Act (1991)
and the Local Government Act (1974) can be usetbtdrol urban development in
terms of infrastructure, while sections 9 (land-usetivities) and section 11
(subdivisions) are the parts of the RMA 1991 whiah under the jurisdiction of
Territorial Authorities (Barrell, 1997).

The Wellington Regional Council (WRC) has threeigagl plans that contain rules
about stormwater discharges. These are:

* The Regional Coastal Plan (Operative June 2000)

» The Regional Plan for Discharges to Land (Operddgeember 1999)

* The Regional Freshwater Plan (Operative Decem!:@9)19

The Regional Plans discuss stormwater managemedtaakey tool identified in
pollution prevention is environmental educations discussed earlier, however, the
impact of education on the attitudes towards vehigle is limited.

The Porirua City Council (PCC) has control of stasaer while it is in the
stormwater system and before discharge to a natwaterway. Once the
‘contamination’ enters a natural watercourse, @ @oastal Marine Area (e.g. the
Pauatahanui Inlet), responsibility then falls oa WRC. The WRC can also control
source discharges of contaminants before they reatbrmwater system, as these are
classified in many cases as a discharge to lara manner that may enter water
(WRC pers. Comm. 2000.) .

It is clear that this complex situation therefor@isc for a joint approach to this
problem, at least by the WRC and the PCC.

Other organisations with a role to play in the ng@maent of the Inlet may include the
Department of Conservation (DoC) and the MinisthfFsheries, as DoC manages a
number of reserves in the area, and the Ministr{fieheries has an interest in the
impact on fish life and fisheries stocks. There also a number of local interest
groups.

This co-operative approach has been occurring.example of this is the document
entitled “Integrated Management of the Pauatah&mat” which was published in
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1995 by the WRC, PCC, DoC and MAF Fisheries. Ia ttocument it is noted that
“The risk to the Inlet from the multiplicity of magement agencies has declined and
should not pose a problem in the future”.

This document addresses the management of the imlegeneral, hence the
involvement of the DoC and MAF. Stormwater manageiforms a part of the
overall management of the Inlet, and falls underjthisdiction of the Regional and
City Council. It is one aspect of a large and car@ystem.

7.6 SUSTAINABLE URBAN STORMWATER
MANAGEMENT

The literature on urban stormwater runoff indicatest the way in which stormwater
runoff from non-point sources (predominantly tram$pis currently managed in NZ
(and many other countries in the world) is unsustiale. The research at hand
demonstrates that this is also likely to be the @dPauatahanui. To understand why
this is so, we must first understand what ‘sustalgianeans.

7.6.1 WHAT IS SUSTAINABLE?

‘Sustainable’ is a word that has many definitionghe literature, and its definition
and significance has been widely discussed in cmtijpn with a number of natural
resource management problems. While global repsutsh as Agenda 21 (1991), the
World Conservation Strategy (1980) and the Brumdtld&Report (1987) address
environmental sustainability on a global scaleyrehis little information regarding
what sustainability means in terms of localisedaare- such as a stormwater
catchment. Smitlet al (1993) suggests that sustainability may be ackievieen the
“co-existence of ecological diversity and urbanelepment has been reached”. This
appears to compliment the Resource Management3, Wwhich has the purpose of
promoting the sustainable management of naturalpamgdical resources, prescribing
for the “use, development and protection of nataral physical resources, in a way,
or at a rate, which enables people and communiteprovide for their social,
economic and cultural wellbeing and for their hHeanhd safety” [Ministry for the
Environment 1991]. As this thesis discusses a resomanagement issue in New
Zealand, the RMA definition is the one to be udedughout this research.

Under the RMA, all people are responsible for tlemegations of the future, and
ensuring their wellbeing and health and safety.
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7.6.2 IS CURRENT MANAGEMENT OF THE INLET SUSTAINABLE?

The key findings of this study are consistent wather literature that demonstrates
stormwater runoff from transport sources is a nt@nse of contamination of water
and sediment.

It must be acknowledged that urban developmenthvaille some adverse effects on
the environment, and that even the best manageohetbrmwater cannot eliminate

all of the adverse outcomes. White (1992) andc&&neand Reininga (1999), identify

that the only way to guarantee that the effectsirban development on sensitive
receiving environments can be avoided, is to prevetlormwater discharges

occurring. This may involve elaborate stormwateatment systems, or may mean
that development cannot be permitted in sensitigasa

It is also acknowledged that control of non-poinban stormwater pollution at its
source, in particular emissions from motor vehicled be nearly impossible. In the
foreseeable future the phasing out of vehiclesgkiy unlikely. For this reason, end
of pipe treatments may be the most favourable optoupled with education and
awareness programmes (Author unknown, 1996). Thlk at/ least enable the
generations of today to minimise the problem.

The information presented has indicated that sicamt levels of contaminants are
present in the sediments of Pauatahanui Inlet.s Wais the case in 1990 (Glaskty
al), and appears to be the case today. It canftiteree expected that contamination
will increase in conjunction with future developmesf the sub-catchments of the
Pauatahanui Inlet. Further contamination from texgsdevelopments can also be
expected, and the net effect is compounding leset®ntamination.

Left unchecked, in the face of increasing urbarsadf the catchment, the levels of
pollution entering the Inlet from stormwater ateely to rise. Comparison of current
contamination levels with ANZECC guidelines suggedbat this will impact upon the

ecological diversity of the inlet, and in some areaay already be doing so. This in
turn may limit the enjoyment and use of the intetfiture generations.

7.7 SCIENCE AND PLANNING

This study has been based on the results of fingplsag runs, and the findings of a
sediment investigation. In the terms of some itigatons, this one may be slightly
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more advanced than some initiated, however, intémpon of the results must
consider that:

* The research did not cover seasonal, or diurmat@ns.

* It presented a ‘snap shot’ in time.

* The detection limits of equipment used were, in sorases, higher than the
guideline levels to which the results were goinpéccompared.

While data collection was limited, analysis in tela to other prior research shows
that the measurements were not outside those peddand therefore there is no
reason to doubt the findings of this study. Begrmmind the limitations identified,
this research still presents valuable informationttie authorities responsible for
managing the Pauatahanui Inlet.

Our regulatory agencies need to know, as preciaslypossible, where the main
environmental problems lie. Which catchments aeegloblematic ones? Are there
any characteristics which suggest point sourceacomation? These are just two of
the questions that should be asked before a decmmothe method, means and
magnitude of a pollution prevention or clean-umsigated.

The Australian and New Zealand Guidelines for Frastt Marine Water, which are
used in this research, have been developed arotantical effect’ level. Because it
is most desirable to prevent adverse effects oeoguisefore the event, they have
developed threshold levels that are lower tharlghel at which effects are known to
occur. The severity of the potential impact (eligeversible damage, or a persistent
pollutant) is used to determine the thresholdrigger value. These are the guideline
levels presented alongside the data in Tables 3-12.

In the presentation of the results of the researafertaken, the maximum levels of
contamination found in the Inlet during the 5 sampluns are presented. This is a
very conservative approach. The guidelines therasedve very conservative, plus the
use of the maximum (instead of say, the averageyea more conservative.

This conservative approach (in both the guideliaed this study) stems from the
knowledge that in some systems, it only takes odese’ of the maximum
concentration to efficiently dispatch some speti@s an ecosystem.

Knowledge of the extent of the problem at handpitcise location, and the nature of
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the contaminants involved enables the planning @gento make more informed
decisions, which will result in better environmdnteanagement.

The monitoring undertaken as part of this reseanthenable the Council to make
some important decisions. These decisions sterandravhere to direct future
resources (people and finance) in terms of avojdiagiedying and mitigating the
effects of runoff on Pauatahanui Inlet.

7.8 STORMWATER MANAGEMENT OPTIONS

This section briefly discusses the options avaddbl management of stormwater in
the Pauatahanui Inlet.

7.8.1 PLANNING AND REGULATORY METHODS

Planning and regulatory methods to manage stormuweatieide;

* Land use zoning.

» Controls on discharges and activities (e.g. pomtree discharges from industry
or the use and storage of hazardous substances)gthresource consents or
district and regional plans.

» Urban design initiatives.

* Enforcement of resource consent conditions an@nadyidistrict plan provisions.

Land use zoning, discharge controls (resource cdsisend Regional Plan

performance standards) and enforcement provisiomsgnaplace in the Wellington

Region, and Porirua City, and apply to managemetiieoPauatahanui Inlet. There is
also the opportunity for urban design initiativesid subdivision design initiatives
which emphasise stormwater management, in particolatamination.

7.8.2 EDUCATION

Education of the public and private sector abowt kbieeir household or business can
contribute to pollution, and alternative means \Wwhiéce better for the environment,
can be very successful. Mechanisms are varied auodlly offer a combination of
approaches. They include posters, radio & newspaeertisements, seminars,
brochures, and labelling stormwater drains.
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A variety of educational programmes have been ruand around the Pauatahanui
Inlet, from region-wide programmes instigated by #WRC (e.g. the ‘Drains to
Streams campaign), to those specifically focussedhe Pauatahanui Inlet. The
success of these educational programmes is oftéauttito monitor, however it is
fair to say that general awareness in the comminaisybeen increased as a result.

7.8.3 SOURCE CONTROLS

Catch pits (in stormwater sumps) have proven teftextive at trapping particles of
greater than 250n in size (Jarret & Godfrey, 1988). These requweper
management (cleaning out the sediment and mainter@rthe outlet) to ensure that
the trapped sediments are not re-mobilised durigh Btorm flows, and have an
added sediment control benefit.

Auckland City Council, and other Councils in the ckland Region have been
trialling methods including:

* More frequent street sweeping to pick up partieles debris.

* More regular cleaning of catch pits.

» Retrofitting of filter bags in the catch pit outlet

The success of these trials will be known soon.

Stormwater collection and re-use is another opthrstudy by Watercare Services
Ltd (1996) into future water supply options in Alekd noted that directing
stormwater for non-potable uses would be expensive to the infrastructure
required. However their report further noted theagré may be scope to provide the
required infrastructure with new subdivision deyeshents.

The Watercare Services report also investigategdtential for the use of household
tanks for domestic water supply, which would inntweduce the amount of run-off
into stormwater drains. Such collected water ccaddused for gardens and toilet
flushing if the appropriate plumbing was installmd a dwelling. Concerns about the
potential for airbourne contaminants to contamin#tés water supply were

highlighted. However, this option should not becdisted in Pauatahanui Inlet,
which often experiences water shortages and hassgictions in summer. The
Pauatahanui area experiences less air pollutionghes of Auckland (WRC, 2000).
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Reduction in the area of impervious surfaces inaghoment is another method of
reducing the amount of runoff entering the stornawatystem, and subsequently,
waterways. This requires the integration of stortewassues into initial design of
subdivisions/roads, or alternatively, retrofittireglesigning with stormwater in mind.
Considerations include the soil infiltration andnfall characteristics and availability
of land for such purposes (ARC 1998). In the Whitibea, some consideration has
been given to this aspect of stormwater controlo Tman-made lakes are present in
the western arm of Duck Creek, near the shoppimgr&eand these act as sediment
retention ponds. However, the results of this wtudlicate that there is still a
problem in this catchment, and it is noted thabasaerable amount of runoff will
enter this stream downstream of the ponds, angeirastern arm.

Riparian vegetation plays a number of roles whitha@ce the in stream environment
and mitigate the effects of stormwater runoff. Jdénclude filtering sediment from
overland flow, denitrification of groundwater pritw entering streams and buffering
effects of stream bank erosion. The appropriatthwof a riparian margin depends
on the nature of the site (ARC 1998).

All new high use roads in the Auckland Region h&een required to implement
suitable stormwater quality treatment measuresesi®92. A favoured approach has
been the integration of overland flows through gealsswales and batters, and the
construction of ponds or wetlands above dischargmtp (ARC 1998). The
regulatory framework is in place to enforce simiaeasures on any major roading
developments in the Pauatahanui catchment.

7.8.4 STRUCTURAL SOLUTIONS

Common stormwater treatment devices include (SOMRE 1998):

* Ponds & Wetlands

There are various types of ponds that can be usegdrdvide protection from
increased peak flows and stormwater quality bemefit terms of maintenance of
stormwater quality, all ponds rely on removal o$pended sediment via provision of
a low energy environment where suspended sedimérgeitle.

» Bioretention
Bioretention relies on vegetation cover and langds@a to improve stormwater
quality. Examples include;
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. Vegetative filter strips (strips of dense vegetatmr grass which slow
overland water flows resulting in sediment depositnd filtering)

. Grass Swales, which are open, grassed drains. Hilese soakage and
filtering to occur.

» Sand filtration beds, which rely on filtration die stormwater through a sand
filter.

» Infiltration trenches are rock filled trenches whifill with stormwater and then
empty via soakage of the water into surroundind saimitations include soil
type and porosity

» Oill separators collect hydrocarbons that float lva surface of the water, though
are not usually suitable for general stormwateatinent as by the time the oil
reaches the device, it can be emulsified or coatesediment.

» Coarse sediment traps are usually installed poa final treatment to catch the
larger particles. These work well where thereimited room available for
treatment.

* A variety of proprietary filter devices (e.g. woflters & filter cloths) are
available for various circumstances.

The above are a few examples, and should this meli@o considered, the most
appropriate method would need to be investigatéerd will be site, soil, location
and topographical constraints on the placementrottsiral stormwater management
systems, however there is scope for such mechantsmbe installed in the
Pauatahanui Inlet.

The significant advantage of structural systemsclwiare effectively ‘end of pipe’
solutions, is that they are able to mitigate tHea$ of contamination of stormwater
from vehicle sources, whereas often policy, edocaéind source controls are unable
to do so.
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8. CONCLUSIONS

* Guideline levels for heavy metals (for 99% spegestection, Ministry for the
Environment, New Zealand) in freshwater are beixggeded in the Pauatahanui
Inlet on occasions. These guideline levels hawentset based on protection of
99% of the species present in the freshwater etamys feeding into the Inlet.
Exceedance of these guidelines indicates to thieodties responsible for the
management of the Inlet and its catchments tha ddsspecies is likely to be
occurring based on current levels of heavy metaltarnination. This further
suggests that here may be a loss of biodiversitigeninlet and its catchment as a
result of contaminated stormwater discharges.

* Guideline levels for heavy metals (for 99% spegestection, Ministry for the
Environment, New Zealand) in marine water are deing exceeded in the
Pauatahanui Inlet on occasions. Exceedance of thedelines again indicates to
the authorities responsible for the managementefinlet that loss of marine
species is likely to be occurring, based on currenvels of heavy metal
contamination. This further suggests that here beag loss of biodiversity in the
Inlet as a result of contaminated stormwater disyts

» Heavy metals of concern in both fresh and marindewanclude copper,
chromium, zinc and manganese. Iron levels were alxeeded however the
sources of this may be natural.

» Levels of Nitrogen and Phosphorus exceeded theelyued (MfE) trigger values
for physical and chemical stressors in both maaime freshwater on a number of
occasions, at almost all sites studied. This sstgghat the levels present will be
impacting upon the ecology of the fresh and maraer environment, and
indicates that some management should focus upoimming the inputs of
nutrients into the Inlet and its tributaries. Thplies to both the urban and rural
catchments, however management techniques will neeoe tailored for the
different land use areas, given the different euatrinputs present.

* Sediment cores taken from 4 sites in the Inlet rewggested that the inputs of
heavy metals have varied over time. The Duck Cihgst core recorded the
highest levels of all heavy metals. This core wasated in an area of the inlet
where it is apparent sediment from the nearby DCigdek settles out and deposits
on the bed of the Inlet. It is likely that there ather low energy areas in the Inlet
where similar deposition is occurring, particulaity the vicinity of streams
discharging from the suburban sub-catchments.

* The results of the core sampling are consistent Witdings of other studies
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demonstrating that heavy metals absorb onto suspemarticles, and their
concentration is likely to be higher in areas whigre particles settle out. This
suggests that stormwater treatment mechanisms wieidhce the amount of
suspended particles entering the Inlet (e.g. sadimetention basins/settling
ponds), and means of reducing the velocity of steatar flows to reduce the
amount of particles which become mobile, would pprapriate at this site. Such
mechanisms would work in partnership with mitiggtithe other significant
concern facing the Inlet: increasing sedimentafithimg the inlet and lowering

water levels.

» After rainfall events, contaminants absorbed onpsnded solids particles are
being washed from the suburban zone into the Inlédte discharge also carries
nutrients and bacteria into the Inlet.

* It is most likely that vehicles are the main souofdeavy metal contamination.
This presents a problem for which the solutions difficult to determine,
however a number of options do exist for regulasuthorities.

* Riparian vegetation will help to reduce the nutrierputs into the Inlet and the
streams of its sub-catchments.

The WRC is the regulatory authority to whom it ikely the responsibility for
management of, or co-ordination of management efRauatahanui Inlet will fall.
The WRC has demonstrated a significant commitmeniiironmental management
of the Inlet by commissioning this research, amatiger examples, which will
provide them with a valuable insight into the peohl and potential problems of
contaminated stormwater discharges into this wnand valuable ecosystem.
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APPENDIX 2
WATER QUALITY DATA TABLES



Table 1. Cadmium mg/L

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 3 APRO0O1

BR1 <0.005 <0.005 <0.005 <0.005 <0.005
DC1 <0.005 <0.005 <0.005 <0.005 <0.005
DC2 <0.005 <0.005 <0.005 <0.005 <0.005
HO1 <0.005 <0.005 <0.005 <0.005 <0.005
HO2 <0.005 <0.005 <0.005 <0.005 <0.005
KA1 <0.005 <0.005 <0.005 <0.005 <0.005
PA1l <0.005 <0.005 <0.005 <0.005 <0.005
RA1 <0.005 <0.005 <0.005 <0.005 <0.005
INL1 <0.005 <0.005 <0.005 <0.005 <0.005
INL2 <0.005 <0.005 <0.005 <0.005 <0.005
INL3 <0.005 <0.005 <0.005 <0.005 0.006

INL4 <0.005 <0.005 <0.005 <0.005 0.005

INL5 <0.005 <0.005 <0.005 <0.005 0.006

INL6 <0.005 <0.005 <0.005 <0.005 0.006




Table 2. Chromium mg/L

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 3 APRO0O1
BR1 <0.05 <0.05 <0.05 <0.05 <0.05
DC1 <0.05 <0.05 <0.05 <0.05 <0.05
DC2 <0.05 <0.05 <0.05 <0.05 <0.05
HO1 <0.05 <0.05 <0.05 <0.05 <0.05
HO2 <0.05 <0.05 <0.05 <0.05 <0.05
KA1 <0.05 <0.05 <0.05 <0.05 <0.05
PA1l <0.05 <0.05 <0.05 <0.05 <0.05
RA1 <0.05 <0.05 <0.05 <0.05 <0.05
INL1 - -
INL2 - -
INL3 - -
INL4 - -
INL5 - -

INL6
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Table 3. Copper mg/L

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 3 APR0O0O1

BR1 <0.01 0.03 <0.01 <0.01 <0.01
DC1 <0.01 <0.01 <0.01 <0.01 <0.01
DC2 <0.01 <0.01 <0.01 <0.01 <0.01
HO1 <0.01 <0.01 <0.01 <0.01 <0.01
HO2 <0.01 <0.01 <0.01 <0.01 <0.01
KA1l <0.01 <0.01 <0.01 <0.01 <0.01
PA1 <0.01 <0.01 <0.01 <0.01 <0.01
RA1 <0.01 <0.01 <0.01 <0.01 <0.01
INL1 <0.01 <0.01 0.01 0.01 0.01
INL2 <0.01 <0.01 0.01 0.01 <0.01
INL3 <0.01 <0.01 0.01 0.01 <0.01
INL4 <0.01 <0.01 <0.01 <0.01 <0.01
INL5S <0.01 <0.01 <0.01 0.01 <0.01
INL6 <0.01 <0.01 <0.01 0.01 <0.01
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Table 4. E Coli CFU/100mI

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 | 3APR 2001
BR1 6000 7100 1400 15600 17100
DC1 1200 100 106 100 100
DC2 258 18900 400 23000 2000
HO1 412 10200 300 7400 5100
HO2 900 4900 500 3400 9000
KAl 340 1140 870 4400 2700
PAl 240 1140 420 1140 480
RAl 230 310 720 1200 4400
INL1 <2 32 4 1000 0

INL2 12 6 226 160 320
INL3 <2 5 4 2800 5

INL4 2 3 21 17 0

INLS 10 2 5 195 4

INLG <2 5 4 12 10
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Table 5. Enterococci CFU/100ml

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 | 3APR 2001
BR1 1250 7800 600 9200 2200
DC1 160 7000 200 2000 500
DC2 132 8000 400 3700 1900
HO1 156 10000 200 9300 7200
HO2 236 4700 600 4800 7800
KAl 266 1180 420 2200 1500
PAl 240 980 230 700 660
RAl 490 3000 2800 1500 3700
INL1 <2 58 10 1600 16
INL2 10 8 96 160 740
INL3 <2 1 2 500 31
INL4 6 14 40 22 2
INLS 32 3 6 138 2
INLG <2 20 3 14 48
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Table 6. Total Iron mg/L

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 3 APROO1

BR1 2.2 1.5 1.4 0.82 1.3

DC1 0.07 0.05 0.04 0.04 0.11
DC2 0.23 0.43 0.24 0.56 0.32
HO1 0.11 0.51 0.07 0.14 0.43
HO2 0.76 <0.03 0.91 15 0.13
KA1l 0.15 0.07 0.44 0.19 0.36
PAl 1.3 1.4 0.34 0.58 0.4

RAl 1.2 0.96 0.86 1.2 0.86
INL1 0.76 <0.03 0.91 15 0.13
INL2 0.69 0.17 0.54 2.5 0.18
INL3 0.22 0.03 0.04 1.8 0.22
INL4 0.28 0.78 0.14 1.0 0.34
INL5 0.25 1.3 0.14 0.29 0.59
INL6 <0.03 <0.03 0.03 0.25 0.09
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Table 7. Total Manganese mg/L

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 3 APRO0O1

BR1 0.65 0.35 0.53 0.12 0.32
DC1 <0.03 <0.03 <0.03 <0.03 <0.03
DC2 <0.03 0.05 <0.03 0.04 0.04
HO1 <0.03 0.03 <0.03 <0.03 <0.03
HO2 <0.03 <0.03 <0.03 <0.03 <0.03
KA1l <0.03 <0.03 0.16 <0.03 <0.03
PA1l 0.55 0.33 0.05 0.12 0.03
RA1 0.23 0.12 <0.03 0.03 <0.03
INL1 <0.05 <0.05 <0.05 <0.05 <0.05
INL2 <0.05 <0.05 <0.05 <0.05 <0.05
INL3 <0.05 <0.05 <0.05 <0.05 <0.05
INL4 <0.05 <0.05 <0.05 <0.05 <0.05
INL5 <0.05 <0.05 <0.05 <0.05 <0.05
INL6 <0.05 <0.05 <0.05 <0.05 <0.05
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Table 8. Lead mg/L

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 3 APRO0O1

BR1 <0.05 <0.05 <0.05 <0.05 <0.05
DC1 <0.05 <0.05 <0.05 <0.05 0.07

DC2 <0.05 <0.05 <0.05 <0.05 <0.05
HO1 <0.05 <0.05 <0.05 <0.05 <0.05
HO2 <0.05 <0.05 <0.05 <0.05 <0.05
KA1 <0.05 <0.05 <0.05 <0.05 <0.05
PA1l <0.05 <0.05 <0.05 <0.05 <0.05
RA1 <0.05 <0.05 <0.05 <0.05 <0.05
INL1 <0.05 <0.05 <0.05 <0.05 <0.05
INL2 <0.05 <0.05 <0.05 <0.05 <0.05
INL3 <0.05 <0.05 <0.05 <0.05 0.14

INL4 <0.05 <0.05 <0.05 <0.05 <0.05
INL5 <0.05 <0.05 <0.05 <0.05 <0.05
INL6 <0.05 <0.05 <0.05 <0.05 <0.05
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Table 9. pH

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 | 3APR 2001
BR1 7.0 6.9 7.0 6.9 6.9
DC1 7.4 7.3 7.3 7.3 7.2
DC2 7.5 7.1 7.2 7.0 7.2
HO1 7.7 7.6 7.7 7.5 7.5
HO2 7.6 7.7 7.4 7.2 7.5
KA1l 8.4 8.8 7.6 8.0 8.9
PAl 7.1 7.2 7.2 7.3 7.3
RA1 7.3 7.2 7.1 7.1 7.4
INL1 8.0 8.1 8.1 8.0 8.1
INL2 8.0 8.1 8.0 8.0 7.8
INL3 8.1 8.1 8.0 8.0 8.0
INL4 8.1 8.1 8.1 8.0 8.1
INLS 8.1 8.1 8.1 8.0 8.1
INLG 8.1 8.2 8.1 8.0 8.1
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Table 10. Salinity

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 3 APROO1

BR1 0.3 0.1 0.2 <0.1 0.1

DC1 <0.1 <0.1 <0.1 <0.1 <0.1
DC2 0.7 0.1 0.1 0.1 0.4

HO1 <0.1 <0.1 <0.1 <0.1 <0.1
HO2 <0.1 <0.1 <0.1 0.2 <0.1
KA1l 21.5 0.1 115 16.7 0.2

PAl 7.3 4.3 2.1 8.6 0.3

RAl <0.1 <0.1 <0.1 <0.1 <0.1
INL1 36.2 35.9 35.6 34.7 35.8
INL2 33.1 36.2 32.2 33.4 19.3
INL3 36.1 36.0 34.9 35.6 28.3
INL4 36.3 35.8 35.1 35.2 36.0
INL5 34.8 36.2 35.3 33.9 35.6
INL6 36.1 36.2 36.0 36.2 36.1
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Table 11. Total Nitrogen (mg/L)

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 3 APRO0O1 GUIDELINE
lowland river*
BR1 0.96 1.2 0.83 14 1.8 0.614
DC1 0.15 0.39 0.61 0.7 0.9 0.614
DC2 0.27 1.0 0.29 0.96 0.7 0.614
HO1 0.25 14 0.51 1.1 1.8 0.614
HO2 0.12 0.14 0.12 0.13 0.72 0.614
KA1l 0.46 0.29 0.33 0.22 0.38 0.614
PA1l 0.51 0.40 0.29 0.27 0.23 0.614
RA1 0.58 0.53 0.65 0.46 0.88 0.614
INL1 0.43 0.23 0.42 0.45 0.21
INL2 0.60 0.45 0.35 0.51 0.44
INL3 0.23 0.28 0.38 0.51 0.30
INL4 0.26 0.36 0.23 0.26 0.23
INL5 0.28 0.59 0.23 0.12 0.18
INL6 0.12 0.20 0.11 0.12 0.13
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Table 12. Total Phosphorus mg/L

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001| 27 MAR 2001] 3 APRO01

BR1 0.072 0.067 0.053 0.12 0.16
DC1 0.031 0.056 0.045 0.067 0.048
DC2 0.028 0.095 0.049 0.12 0.051
HO1 0.008 0.063 0.03 0.07 0.078
HO2 0.13 0.026 0.03 0.024 0.061
KA1l 0.024 0.014 0.056 0.12 0.067
PAl 0.036 0.058 0.05 0.059 0.034
RAl 0.07 0.076 0.07 0.092 0.071
INL1 0.059 <0.008 0.081 0.14 0.022
INL2 0.13 0.052 0.067 0.12 0.039
INL3 <0.008 <0.008 <0.008 0.14 0.029
INL4 0.017 0.045 0.017 0.086 0.034
INLS 0.014 0.011 0.039 0.06 0.025
INL6 <0.008 <0.008 <0.008 <0.008 <0.008
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Table 13. Suspended Solids mg/L

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 | 3APR 2001
BR1 11 11 8 11 23
DC1 3 2 4 3 7
DC2 2 18 8 7 13
HO1 24 <2 9 2 2
HO2 2 2 3 14 4
KA1l 9 3 10 - 9
PAl 16 17 15 - 19
RAl 5 5 9 - 12
INL1 45 4 66 - 9
INL2 63 12 120 - 9
INL3 16 4 120 - 5
INL4 15 40 8 - 24
INLS 15 78 10 - 9
INL6 5 3 5 - 25
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Table 14. Zinc mg/L

Site 1 MAR 2001 2 MAR 2001 22 MAR 2001 27 MAR 2001 3 APRO0O1

BR1 <0.03 0.10 <0.03 0.19 0.12

DC1 <0.03 <0.03 <0.03 <0.03 <0.03
DC2 <0.03 <0.03 <0.03 <0.03 <0.03
HO1 <0.03 <0.03 <0.03 <0.03 <0.03
HO2 <0.03 <0.03 <0.03 <0.03 <0.03
KA1 <0.03 <0.03 <0.03 <0.03 <0.03
PA1l <0.03 <0.03 <0.03 <0.03 <0.03
RA1 <0.03 <0.03 <0.03 <0.03 <0.03
INL1 <0.03 <0.03 <0.03 <0.03 <0.03
INL2 <0.03 <0.03 <0.03 <0.03 <0.03
INL3 <0.03 <0.03 <0.03 <0.03 <0.03
INL4 <0.03 <0.03 <0.03 <0.03 <0.03
INL5 <0.03 <0.03 <0.03 <0.03 <0.03
INL6 <0.03 <0.03 <0.03 <0.03 <0.03
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