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1 Introduction

The Healthy Estuary and Rivers of the City: Water quality and ecosystem health monitoring
programme of lhutai was written in 2006". It includes monitoring programmes for four environmental
values. This report summarises data collected in 2008 from the estuary as part of Value B — Healthy
Ecosystems — water quality of the estuary. Other parts of this value include water quality of the Avon
and Heathcote rivers, soft sediments of the estuary and tidal reaches and river habitat and its biota.
These aspects are covered by separate summary reports.

Good water quality is required for the plants and animals that live in the water, and on and in the sea
bed, to function normally. For the water to be of good quality it should not contain unnaturally high
concentrations of nutrients or sediment and must contain sufficient oxygen for living things. High
concentrations of nutrients and sediment and low concentrations of oxygen can be detrimental to the
plants and animals that live in the water, and on and in the sea bed.

The water within the Avon-Heathcote Estuary/lhutai is primarily a mix of the freshwater flowing out of
the Avon and Heathcote rivers, the sea water from Pegasus Bay that flows into the estuary as the tide
rises and the tertiary treated wastewater that is discharged from the oxidation ponds. The wastewater
consists of nutrient enriched freshwater that is discharged into the estuary twice a day around high
tide.

Water quality is monitored? at sites within and just outside the estuary. This is a summary report of the
water quality data collected at these sites in 2008. Along with the water quality data is information on
what the data show. At the end of the report is an overall evaluation of the water quality in the estuary
in 2008. This is the second summary report to be produced. A report including more detailed analysis,
such as analysis of trends over time, will be produced following five years of data collection.

" The report was published in February 2009 — Batcheler, L., Bolton-Ritchie, L., Bond, J., Dagg, D., Dickson, P.,
Drysdale, A., Handforth, D and Hayward, S. 2009. Healthy Estuary and Rivers of the City: Water quality and
ecosystem health monitoring programme of lhutai. Environment Canterbury Report No RO9/8. 60pp.

2 Monitoring is the routine collection of data over time in order to assess the state of the environment and identify
changes over time.
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Ammonia is a non-persistent and non-cumulative toxin to aquatic life. Its’ toxicity is affected by pH and
water temperature and to a lesser degree the salinity.

To assess the potential for the concentrations in the estuary to be toxic to estuarine life, the results
have been compared to the ANZECC (2000) trigger values for toxic chemicals in marine water. The
trigger concentration providing protection for 95% of species was used. The results of the comparison
are presented in Table 1.

Table 1 Percentage of samples exceeding the ammonia nitrogen trigger concentration
providing protection for 95% of species

Percentage of samples

High tide sites

South Brighton@Caspian Street
South Spit

Penguin Street

0 |0 |O |o

Pleasant Point jetty
Sandy Point 25
Humphreys Drive

Beachville Road jetty
Shag Rock

Cave Rock

o |O |o |o

Low tide sites

o

Bridge Street bridge

Ferrymead bridge
Shag Rock 42

The ammonia nitrogen concentrations at some sites in the estuary are potentially toxic to life in the
estuary. Of the sites sampled around high tide it is those sites in proximity to the wastewater discharge
point, i.e. Penguin Street, Pleasant Point jetty, and Sandy Point where the trigger value was
exceeded. At the site closest to the discharge point (Sandy Point), the trigger value was exceeded in
the highest percentage (25%) of samples. The ammonia nitrogen carried out of the estuary by the
outgoing tide caused the concentrations in 42% of the samples from the mouth of the estuary (at low
tide) to be higher than the trigger level. The actual impact of these high concentrations of ammonia
nitrogen on the life in this estuary is largely unknown.

3.5 Nitrate-nitrite nitrogen (NNN)

Nitrate is the common form of nitrogen found in natural waters. Nitrate is changed by biochemical
processes to nitrite when there is no oxygen; when oxygen is present the nitrite quickly forms nitrate.
Nitrate and nitrite are formed during the biochemical breakdown of ammonia nitrogen. Nitrate and
nitrite occur in fertilisers applied to land to enhance plant growth, but fertiliser can dissolve in rain and
flow off the land and into the nearest waterway.
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The nitrate-nitrite nitrogen (NNN) concentrations at high tide are shown in Figure 6 while those at low

tide are shown in Figure 7.

Avon|River i
B 0.05mgiL '”‘*"
min. - max. concentration :
017-097 Pegasus
Bay
[}
0.005-0.15
0.025-0.35
.018-053
0.051-09

[}
<0.005-0.11

-
0.005-0.12
N

Figure 6

W 0.05mglL

min. - max. concentration

0.066 - 043

Figure 7

Around high tide the highest concentrations
of NNN occurred at sites closest to the river
mouths, i.e. Pleasant Point jetty and
Humphreys Drive. NNN concentrations at
Sandy Point and Penguin Street were higher
than those towards the mouth of, and
outside, the estuary.

These results indicate that the rivers are the
major source of NNN to the estuary but the
discharged wastewater does contain some
NNN.

High tide nitrate-nitrite nitrogen concentrations (mg/L)

Around low tide NNN concentrations were
higher in the Avon and Heathcote rivers
than at the mouth of the estuary.

These results indicate that the rivers are
the major source of NNN to the estuary.
The springs that feed the Avon and
Heathcote rivers contain  high NNN
concentrations.

Low tide nitrate-nitrite nitrogen concentrations (mg/L)
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3.6 Dissolved reactive phosphorus (DRP)

Phosphorus naturally occurs in water with the concentrations typically reflecting the concentrations in
the surrounding soil and rock. Phosphorus occurs in fertilisers applied to land to enhance plant
growth, but fertiliser can dissolve in rain and flow into the nearest waterway. Phosphorus is also a
constituent of dishwashing liquid and washing powders and hence is present in the wastewater.

Dissolved reactive phosphorus (DRP) is the dissolved form of phosphorus that is available for plant
growth. The DRP concentrations at high tide are shown in Figure 8 while those at low tide are shown
in Figure 9.

I 0.025 mgiL Avon|River w*{

min. - max. concentration

Around high tide the highest
concentrations of DRP occurred at
Sandy Point. There were higher
concentrations at sites closer to the
wastewater discharge point than at
sites further away, including those
within, at the mouth of, and outside,
the estuary.

0.006 - 0.065

These results indicate that the
wastewater is a major source of DRP
0.013-0.14
0.054 - 0.96 to the estuary.

0.036-0.14

0.021-0.083

0.012- 0045

L|
0.009- 0.038
N

Figure 8 High tide dissolved reactive phosphorus concentrations (mg/L)

Avon|River

B 0.025 mgiL

min. - max. concentration

'*' Around low tide the highest
concentrations of DRP occurred at
the mouth of the estuary. That is,
as the tide goes out it carries the
DRP that was discharged into the
i estuary around high tide, out of the
estuary.

0.021-0.069

The Avon and Heathcote rivers do
not contribute high concentrations
of DRP to the estuary. However,
DRP  concentrations in the
Heathcote River were higher than
those in the Avon River.

0.054-0.15

01-027

Figure 9 Low tide dissolved reactive phosphorus concentrations (mg/L)
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3.7 Chlorophyli-a

Chlorophyll-a concentration is used as a measure of the amount of plant plankton (phytoplankton) in
the water, i.e. the higher the chlorophyll-a concentration the more plant plankton in the water.
Chlorophyll-a concentrations of 5 ug/L can result in discolouration of the water.

Chlorophyll-a concentrations at high tide are shown in Figure 10 while those at low tide are shown in
Figure 11.

Around high tide chlorophyll-a
Avon| River ] concentrations at Beachville Road

* and Pleasant Point jetties were
considerably lower than those at the
other sites.

I1umL

min. - max. concentration

was at Humphreys Drive on 20

October 2008. No discolouration of

the water was noted. On this day

22-188 chlorophyll-a concentrations at other

sites were low which indicates the

high concentration was localised.

ol e 08-22 The highest concentration at South
Brighton, Shag Rock, Cave Rock,

South Spit and Penguin Street was
recorded on 25 February 2008. This
indicates there was a proliferation of
phytoplankton in Pegasus Bay and
near the mouth of the estuary.

Pegasus
| " The highest concentration recorded
02-29

14-135
.

Figure 10 High tide chlorophyll-a concentrations (ug/L)

I 1pgil ‘”*‘
min. - max. concentration .
The median chlorophyll-a
0.08-222 concentration was similar at all low
tide sites.

" The highest low tide concentration
at each site was on 14 January
2008. No discolouration of the

water was noted.

09-98

Figure 11 Low tide chlorophyll-a concentrations (pg/L)
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3.8 Dissolved oxygen saturation

Dissolved oxygen (DO) is essential for aquatic animals, including fish and invertebrates, to survive.
The percent saturation affects the ease with which aquatic animals respire. DO saturation can exceed
100% when oxygen gas is dissolved in the water.

Dissolved oxygen saturations at high tide are shown in Figure 12 while those at the low tide are shown
in Figure 13.

e T Around high tide the median
100 % aaturation S dissolved oxygen saturation was
lowest at Pleasant Point jetty and
highest at Beachville Road.

Pegasus
Bay

61-92 While median DO saturations were
similar, there were differences in
the minimum and maximum values
between sites.

min. - max. saturation

85-109

88- 117

77-112

Figure 12 High tide dissolved oxygen saturation (%)

Around low tide the median
dissolved oxygen saturation at
the mouth of the estuary was
higher than in the Avon and
Heathcote rivers.

100 % saturation

min. - max. saturation

th
eatheote 76, 105

91-112

Figure 13 Low tide dissolved oxygen saturation (%)
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The dissolved oxygen saturations were compared to the ANZECC (2000) South-east Australia trigger
values. For DO saturation there are lower limit values. If the recorded DO saturation is below this
lower limit there is the potential for the fish and other marine life to be affected. The lower limit for
South-east Australia is 80% saturation.

The percentage of samples in which the DO saturation was below a saturation of 80% is given in
Table 2.

Table 2 Percentage of samples with a dissolved oxygen saturation of less than 80%

Percentage of samples

[High tide sites
South Brighton@Caspian Street 0
South Spit

Penguin Street

Pleasant Point jetty 25

Sandy Point

Humphreys Drive

Shag Rock
Cave Rock

8
0
Beachville Road jetty 0
0
0

Low tide sites

Bridge Street bridge 25
Ferrymead bridge 17
Shag Rock 0

These results indicate that DO saturation at some sites within the estuary and at the mouth of the
Avon and Heathcote rivers, has the potential at times to have an impact on fish and invertebrates. The
mobile fish and invertebrates would probably avoid or move away from areas of low oxygen
saturation. The non-mobile animals that live in an estuary are exposed to air when the tide recedes
and have strategies such as retracting into the shell or tube when environmental conditions are
unsuitable. For these animals it is likely that there would be an impact if low DO saturation persists for
a considerable period of time.

3.9 Total suspended solids (TSS)

Total suspended solids (TSS) concentration is a measure of the amount of particles within the water
column. It includes inorganic (non living) particles such as the sand and mud stirred up from the
seabed and soil washed off the land and organic (from living things) particles like detritus (dead plant
or animal material) and live organisms. The particles within the water affect the amount of light that
penetrates into the water and hence the growth of plant plankton and seaweeds. It also affects the
feeding and other behaviours of the animals.

The total suspended solids concentrations at high tide are shown in Figure 14 while those at low tide
are shown in Figure 15.

12 Environment Canterbury Report
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Around high tide the highest total
suspended solids concentrations
were at South Brighton @ Caspian
Street. The TSS at this site
typically consisted of sand stirred
up by wave action. Within the
estuary the highest TSS
concentrations were at Sandy
Point. The TSS at this site likely
consists of inorganic particles from
the seabed and land as well as
organic  particles  from the
discharged wastewater and the
seaweeds growing on the mudflats
(see report on the soft sediments).

Avon River i
B 15 mgn *’
min. - max. concentration
99-23 Pegasus
Bay
25-1500
8.5-92
8.8-350
9.6-56
9.8-40
eathcote
Rive 15- 85
12-330
12-680
i
Figure 14 High tide total suspended solids concentrations (mg/L)

B 15 mgiL

min. - max. concentration

eathcote 29 - 69

Rivei

57-33

Pegasus

10-38

Figure 15

Around low tide there were more
total suspended solids in the
water flowing out of the
Heathcote River than the Avon
River.

Low tide total suspended solids concentrations (mg/L)
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3.10 Metals

Industry and cars are significant sources of metals, with wastewater and stormwater the pathway for
the metals to enter the aquatic environment. Many of the metals are potentially toxic to aquatic life
even at low concentrations. The total chromium, copper, lead and zinc concentrations were measured
at high and low tide on one occasion. The results are presented in Figures 16-19.

3.11 Chromium

high tide concentration
low tide concentration

«0.0011

Pegasus

<0.0011 Bay

0.011

0.0022 <0.0011

eathcote () 0023

Rivel

<0.0011

<0.0011
<0.001T1

=<0.0011

Figure 16 Chromium concentrations (mg/L)

Concentrations  higher than the
detection limit of 0.0011 mg/L
occurred at Sandy Point and
Humphreys Drive at high tide and the
Heathcote River at low tide.

These results indicate that the
wastewater and the Heathcote River
are a source of chromium.

All concentrations were below the
ANZECC (2000) trigger concentration
providing protection for 95% of
species. The trigger concentration is
0.0274 mg/L.

14
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3.12 Copper

high tide concentration

low tide concentration

0.0018

Pegasus
Bay

<0.0011

0.0093

0.0034 <0.0011

thcot
Rivery | 00051 «0.0011

<0.0011
0.0013

=<0.0011

Figure 17 Copper concentrations (mg/L)

3.13 Lead

A - avonli
high tide concentration won|River

low tide concentration

<0.0011

<0.0011 —
Bay

<0.0011

0.013

0.0029 <0.0011

per® 0.0037 <0.0071

<0.0011
<0.0011

<0.0011

Figure 18 Lead concentrations (mg/L)

Concentrations higher than the detection
limit of 0.0011 mg/L occurred at the
Pleasant Point jetty, Sandy Point and
Humphreys Drive at high tide and the
Avon and Heathcote rivers at low tide.

These results indicate that the
wastewater and the rivers are a source of
copper.

All  concentrations higher than the
detection limit were also above the
ANZECC (2000) trigger concentration
providing protection for 95% of species.
The trigger concentration is 0.0013 mg/L.

Concentrations higher than the detection
limit of 0.0011 mg/L occurred at Sandy
Point and Humphreys Drive at high tide
and the Heathcote River at low tide.

These results indicate that the
wastewater and the Heathcote River are
a source of lead.

The lead concentration at Sandy Point
was above the ANZECC (2000) trigger
concentration providing protection for
95% of species. The trigger concentration
is 0.0044 mg/L.

Environment Canterbury Report
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3.14 Zinc

high tide concentration

‘*’ The highest high tide concentration was
at Sandy Point. The highest low tide
concentration was in the Heathcote River.

low tide concentration

0.028

These results indicate that the
Posasus wastewater and the rivers are a source of
zinc.

0.018

The zinc concentration at Sandy Point,
Pleasant Point jetty, Humphreys Drive
and the Avon and Heathcote rivers were
above the ANZECC (2000) trigger
concentration providing protection for
95% of species. The trigger concentration
is 0.015 mg/L.

0.084

0028 0.0061

eathcote
Rive 0.047 0.0054

<0.0042
0.01

0.0055

Figure 19 Zinc concentrations (mg/L)

4 Conclusion

The quality of the water within the Avon-Heathcote Estuary/lhutai is affected by the quality of the water
in the Avon and Heathcote rivers and the quality of the tertiary treated wastewater that is discharged
into the estuary twice a day around high tide.

The rivers are a significant contributor of nitrate-nitrite nitrogen to the estuary. The wastewater is a
significant contributor of ammonia nitrogen and dissolved reactive phosphorus to the estuary. The
ammonia nitrogen concentrations that occur at some sites in the estuary are potentially toxic to
aquatic life. At high tide such toxic concentrations occurred at sites closest to the wastewater
discharge point, while at low tide they occurred at the mouth of the estuary as the wastewater was
carried out of the estuary with the tide.

Dissolved inorganic nitrogen, i.e. nitrate-nitrite nitrogen and ammonia nitrogen, and dissolved reactive
phosphorus are used by plants (plant plankton and seaweeds) for growth. That is, the dissolved
nitrogen and phosphorus enriched waters of the estuary more than likely provide conditions that
enhance the growth of plant plankton and seaweed. Weather and sea conditions, temperature,
sunlight and the availability of other chemicals such as silica and iron also influence such growth. The
prolific growth of seaweeds in certain areas of the estuary is attributed to favourable environmental
conditions in combination with the concentrations of dissolved nitrogen and phosphorus that occur.

It is likely that the discharged wastewater directly or indirectly caused the low dissolved oxygen
saturations. Decaying seaweeds, plant plankton and other organic matter within the water gets broken
down by bacteria. When there is a plentiful supply of food, such as when there are excessive amounts
of seaweed, there will be millions of bacteria. Bacteria need oxygen so when there are millions of
them they will be consuming the oxygen in the water. Hence the amount of oxygen in the water will
decrease.
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The wastewater and the rivers are sources of metals to estuary water. The results for Sandy Point
indicate that wastewater is a source of chromium, copper, lead and zinc. At this site the trigger value
for copper, lead and zinc was exceeded. The results for the rivers indicate that the Heathcote River is
a source of chromium, copper, lead and zinc and the Avon River is a source of copper and zinc to the
estuary. In both rivers the trigger value for copper and zinc was exceeded.

Water quality within the Avon-Heathcote Estuary/lhutai is expected to change once wastewater is no
longer discharged into the estuary. Routine monitoring over time will provide information on what this
change is as it occurs. Such information will be available in future summary reports. When wastewater
is no longer discharged into the estuary, any consequent changes in the presence and abundance of
fish and other life in the estuary will be assessed. This will provide some understanding of the
potentially toxic effect of the concentrations of ammonia nitrogen and possibly DO saturation and
metals, on the life in the estuary.

Environment Canterbury Report 17



	Introduction
	Sampling
	Sampling sites
	Collection of water samples
	Water quality parameters

	Results
	Guideline trigger values
	Water temperature
	Salinity
	Ammonia nitrogen (NH3N)
	Nitrate-nitrite nitrogen (NNN)
	Dissolved reactive phosphorus (DRP)
	Chlorophyll-a
	Dissolved oxygen saturation
	Total suspended solids (TSS)
	Metals
	Chromium
	Copper
	Lead
	Zinc

	Conclusion


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


