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Christchurch City Councilasgranted resource comsits from Environment Canterbury (ECAfg) the
construction, operation and maintenance of a new ocean outfall in 2006. The outfall was formally
commissioned on 10 March 2010. Consent no. CRC051724 retherewmonitoring of effects on the
receivingenvironment. The 2018 survey of the ocean outfall is the second survey carried out since
commissioning irR010. Prior to construction and commissionisgrveys were conducted to obtain
information about thephysical anagthemical properties of surface sediments and biological communities.

The 2018 surveivolvedcollecion of samples of sediment and seabed biota as required by the resource
consent atsites around the outfall and at a control site near the Waimak®&iver mouth. Sediment
samples werexamined for texture, total organic carbon, nitrogen and phosphorus and trace elements.
Sediment coresvere examined for infauna and the epibenthic fauna was examined using dredge tows.

Sediment quality was examinexh whole sediment (<2 mm) with concentration data interpreted from
whole sediment and also using parameter/mud ratitise latter being utilised to normalise the variation
that arisesfrom the variability arising from the amount of mud in the sampl&bke key conclusions from
the examination of the sediment quality data were:

w Whole sediment TOC, cadmium, chromium, copper, lead, nickel and zinc concentrations showed
statistically significant higher concentrations in sediments collected greater thamm2@@/ay
from the outfall, than those collected within 200 m of the diffuser. Similarly the samples collected
further away from the diffuser contained slightly higheercentageof mud on average than
samples collected close to the diffuser. The avexamgeentration differences between the two
groups of sediments were small.

w PCA and cluster analysis of the 2018 sediment quality data showed the outfall sites were different
to the control sites based dihe percentage omud being higher at the contrdlites. Sites to the
north were identified asbeing different to those nearer the outfall and south as a result of
elevated concentrations chromium, nickel, TOC, zinc, phosphorus and lead to the north.

w Examination of parameter / mud ratios showed the resgepf the whole sediment pattern with
higher ratios close to the diffuser. For all parameters a small peak in ratios occurred close to the
diffuser even though the averageercentage omudwas lower close to the diffuser.

w The concentration of all pameters measured for which sediment quality limits were identified
in the resource consent were lower than the identified ANZECC limits. The low concentrations of
trace elements in sediments would indicate that the sediment quality should not be hawng an
adverse effects on sediment infauna.

The examination of the benthic community in 2018 has shown:

w Increases in abundance with distance from the outfall along the NBdiith Transect,
particularly outside the mixing zone.

w Increases in abundance and rigss within distance offshore.

w Abundance and richness was typically higher wlih mixing zone compared to control sites
While abundance increased outside the mixing zone boundaiyness decreased slightly.

w Analysisof the benthic communities as @&hole showed the control sites were significantly
different from the outfall sites and that the three northern sites (N2500, N1000 and N500) were
significantly different from the other outfall sites.
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w Abundance and richness varied significantly betweewespyears but fell within the range of
baseline levels in 2018. Compared with 284 average faunal abundance had decreased by
2018 at all sites, controls included.

w The benthic communities between survey years were significantly different. Somesof thi
difference could be attributed to some degrée variations in the level of resolution for some
taxonomic groups which provided some limitations in the detail of benthic community structure.
However it is not possible to rule out real variations anthic community structure between
surveys.

Overall the weight of evidence, both sediment quality and benthic community structure suggests that the
control sites are different to the outfall sites, and that distant sites to the north of the outfall derelift

to those at the outfall. The changes in both sediment quality and species composition and abundance
suggest the northern sites were likely affected by the outfall discharges. The increases in the numbers of
the polychaete wormHeteromastusare a typical response to the observed outfd#rived organic
enrichment at these sites.
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1. Lbh@&!/ ¢Lhb

1.1 Christchurch City Council Ocean Outfall

Christchurch City Council (C@@psgranted resource consent from Environment Canterbury (ECAN) for

the construction, operation and maintenance of a new ocean outfall in 200@. consent permitted the

discharge of treated wastewater from the Christchurch Wastewater Treatment Plant (CWTP) into Pegasus
Bay. The ocean outfall replaced the discharge of treated wastewater from the treatment plant to the
Avon Heathcote estuary. Prior to that, wastewateRhao SSy RA&AOKI NHSR Ayid2 GKS
when sewage underwent primary treatmehti (G KS WwWaSgl 3S ¥ lehshinGoxidagon 4§ KS &
ponds (Knox & Kilner 1973)

The consent allows for the discharge of up to 518,060ftreated wastevater per day at a peak rate of

6 m® per second into the coastal marine area at no less than 2,730 m seaward of mean high water springs
(MHWS). The term of the consent is for 35 years, from 30 October 200Be outfall was formally
commissioned on 10 Mainc2010. The wastewater discharged through the ocean outfall is treated at the
CWTP From the treatment plant, wastewater is transferred via gravity via subsurface pipeline to Jellicoe
Street then to the New Brightoshore then below the seabed with the pipeline terminating in a diffuser
located about 3,000 m offshore from MHWA& pump station at th@xidationponds is available to pump
wastewater if required.

1.2 Environmental Surveys

Monitoring for effects @ the receiving marine environment in relation to this discharge is required under
consent no. CRC051724Monitoring was required to occur one year after construction and initial
operation ofthe system and thereafter at five yearly intervaRrior to @nstruction and commissioning
surveys wereconducted to obtain information about the physical and chemical properties of surface
sediments andiological communities.An initial examination of the subtidal marine environment off
New Brighton Beach was uedaken inAprikMay 2003 (Kingett Mitchell 2003)The survey design
included a series of four transects (positioneear Jellicoe Street) runningffshore for a distance of
3,600m. Two further surveys of the benthic subtidal environment were undextagrior to construction

of the outfall. As these surveys were carried out at a depth and location matching the proposed outfall
location, they areconsidered baseline surveyS.he first baseline survey was conducted in November
2004 (Kingett Mitchell2004). The 2004 survey was designed to investigate the subtidal marine benthos
in the vicinity of twoproposed locations for the outfall diffuser, at approximately 2,000 m and 3,000 m
offshore from New Brighto®each. The second baseline survey was catrat in April 2007 (Kingett
Mitchell, 2004; Golder Kingettlitchell, 2007).

The first CCC outfall baseline survey coincided with the first baseline survey undertaken for the
neighbouring proposed Waimakariri District Council outfall and consequently tiie monitoring
programmes shared theame control monitoring stations'he second baseline survey carried out in April
2007 replicated the samplecations in the 2004 survey and focussed on the confirmed diffuser location
at approximately 3,000 roffshore.
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1.3 Monitoring Requirements

The resource consent issued to CCC identified that the outfall diffuser design is required to ensure that
wastewater has a median dilution of at least 240 times and a minimum dilution of no less than 61 times
within the nearfield mixing zone The neafield mixing zone is defined as 200 m north and south of the
outfall diffusers, and 200 m east of the diffuser furthest from the shore and 200 m west of the diffuser
closestto the shore.

In regard to consent conditions relevata this report, the conditions for monitoring of receiving
environment marine sediments, benthic invertebrates and epibenthos are summarised below.

w Collect marine sediment, benthic invertebrate and epibenthos samples on two occasions at least 12
months apart, in either February or March prior to commissioning of the outfall; and one year after
commissioning of the outfall and thereafter at five yearly intervals, during either February or March.

w Obtain marine sediment and benthic invertebrate sdegpat 100, 200, 500, 1,000 and 2,500 m
alongshore from the centre point of the diffuser (both north and south) and at 100, 200 and 500 m
inshore and offshore from the diffuser.

w Obtain no less than three replicate surface sediment samples and five refieathic fauna samples
at each sampling location specified in the preceding point and from two sites south of Waimakariri
River.

w For each replicate sediment sample, collect no less than three surface sediment samples to a depth
of 50 mm and combine to fam a single composite sample.

w Sampling of benthic fauna should be made using no less than 13 cm diameter cores and samples are
processed using a 0.5 mm mesh sieVde invertebrates are counted and identified to the lowest
practical taxonomic level.

1 All suface sediment samples collected in accordance with these conditions are analysed for the
determinands presented ifablel.

1 All samples are analysed using appropriate, current and scientifiegihgnised methods by an
accredital laboratory according to International Accreditation New Zealand (IANZ) or equivalent.

w Epibenthic sampling is carried out one year after the discharge from the outfall commences and
thereafter at five yearly intervalsWhere possible, epibenthic samplifggto coincide with sediment
and benthic invertebrate sampling.

w Three epibenthic tows of 200 m each (using a naturalists' dredge) are undertaken perpendicular to
the shore, at control sites and at sampling locations 200 m north and south of the o&géienthic
samples are analysed for species composition and abundance of epibenthic organisms, used to
identify any variation in these parameters over time, identify any relationship between epibenthos
and sediment quality, and noting the presence of aajodmed individuals.

Tablel Sediment sample determinands to be tested during receiving environment monitoring.

Constituent group Constituent Units
. ... |Sediment texture grain sizegravel, sand, mud% dry weigt
Physical characteristic Man-made objects Description only in the >2 mm fraction
Total organic carbon (TOC) %
Organic status Total nitrogen mg/kg as N dry weight
Total phosphous mg/kg as P dry weight

Arsenic, cadmium, chromium, copper, lead,

Metals . : ) .
mercury, nickel ad zinc- strong acid extractio

mg/kg dry weight
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CCC is required to notifCANvithin 10 working days of the detection of any exceedances in the event
that the concentration of any parameter in a single marine sediment sample exceeds a trigger value as
set aut Table3. Within one month of detecting any exceedances CCC is then required to provide a report
to ECANletailing the risk of the exceedances to aquatic communities in $sgBay and anyeasures
proposedby CCC to mitigate the effects of the exceedances on these communities.

1.4 Report Scope and Contents

This report has been prepared to fulfil the requirements of Resource Consent CRC051724 Conditions 23,
24 and 25 for the period prior to ehoperation of theoceanoutfall. The relevant extract from the consent

is included inAppendixl for completeness. The report contains three key sections following this
introduction.

Section2 describes the methodology used to collect sediment and biological samples alonghevith
analyticalmethodsused to examine sediment samples.

Section3 describes the physical environment in Pegasus Bay anddture of the seabed and sediments
in the area off New Brightoand thechemistry of sediments off New Brighton Beach.

Sectiord describes the benthic ecology of the environment off New Brighton. Theniafiiwn includes
a description of the epibenthos (i.e., the fauna present on the seabed) and the infauna (i.e., the fauna
inhabiting the sediment) existing in the study area.

This reportfocuses on the second post commissioning sampling conducted in&tid8ompares the
results with that of the first post commissioning studynfortunately complete sets of raw data from
the earlier three baseline reportsvere unavailable so statistical analysis was limited. Baseline data
from the third (2007) studyhas been included were possible. No baseline datergavailable from te
first (2003) and second (2004) surveys.
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2. a9¢l h5h[hD,

2.1 Survey Design

Sampling sites for 2018 were positioned based on théuwls location of thediffuser (LINZ 2010).
Sedment and benthic biological sampling was carried out at 18 sites in Pegasus Bay, including 16 sites
distributed around the ocean diffuser and awcontrol sites located to theosith of Waimakariri River
(Figurel).

The samplingsites in 2018 are the same sampling sites surveyed in 2004, 2007, 2012 and pre
commissioning surveys and the consent conditions identified sample locations based upon those used in
earlier surveys. Sampling sites were positioned according to consentioosdit 100, 200, 500, 1000,

and 2500m to the north and south (alongshore direction) from the centre point of the diffuser, and at
100, 200, and 500m to the east and west (inshore to offshore direction) from the diffuser.

At each location, replicate sargs were randomly collected by SCUBA divers. In all previous sampling
years replicate sample positions were determined using randayaherated XY coordinates on a
10x10m grid to give distance (in metres) at a bearing between 0 and 360 from the grid, egimichwas

taken to represent the anchqgposition used by SCUBA divers onsikight random sample collection
positions were generated for each site including five for bensi@imple collection and three feurface
sediment sample collectiofFigure2).

The 2018 survey was set up to uke same approachised in alprevioussurveys to datehowever, the

first dive revealed zerwisibility and pitch black conditions so compass bearings could not be used. The
majority of sites revealed the same conditions thus this methodology was amemadediversused the
anchor as the centre point and collected random sampldsearings within approximately 5 metres of
this point. The head diver Dwayne Pool (Matec, Lytelton, pers commexplainedthesezero visibility
conditionsare consistent with diving conditions thesegularly experienceworking up and down the
Canterburycoast

Epifauna dredge tows were made at roughly the same control site sample@7re2@d 2012 and sampling
sites at 200m north and 200m south of the outf&ligurel).

All methods used and identified in the sections below followed those in thepmmissioning surveys
and as outlined in the consent conditis.
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Figurel 2018 sampling sites
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Figure2 Method for location of samples to be collected at each sampling site.

2.2 Sample Collection, Processing and Analysis

2.2.1 Surface Sediments

Three repliate composited sediment samples were collected at each sampling site. For each replicate,
at least three surface sediment samples to a depth of 50mm were collected by SCUBA divers and
combined to form a composite sample. Samples were kept chilled dueingport from thefield then

send via overnight courig¢o Hill Laboratories

Sediment textural analysis

Sediment textires were measuretly wet sieving the subample of each replicate through 2mm and 63

pm mesh sieves. This method partitexhsediments into gravel (>2mm), sa@rhm, >63m), and mud
O3uYy s aAt G FYyR OfFed NBFSNNBR KSNBIFFOSNI A daYdzRé
weight at 60C and the percentage of each fraction was calculated on a dry weight basis. Coarser fractions
(gravels and sands)ere also inspected for the presence of maiade objects.

Sediment chemistry analysis
In the laboratory, the suisample of each replicate was air dried and sieved to <2mm for the purpose of
sediment quality analyses. The parameters analysed were:

1 Total aganic carbon (TO' § Arsenic (As)

i Total phosphorus (TP) T Cadmium (Cd

1 Total nitrogen (TN) 1 Chromium (Ci
1 Copper (Cu)
1 Lead (Pb)
1 Mercury (Hg)
1 Nickel (Ni)
1 Zinc (Zn)

P O Box 2373, Christchurchd®1 Telephone (03) 3792734 Websitewww.bioresearches.co.nz 6
.w{MTmMnMm //KNR&& (/ @KddyNIME h dzll T+ £ €A AR fWdAf 2NV yn nmy FAY L £ ©R2 OE


http://www.bioresearches.co.nz/

Bioresearches *i»

A Babbage Company

TOC (after acid przeatment) and TN were analysed by combustion. Alleotbarameters were
measured by ICRIS after digestion in aqua regia (nitric and hydrochloric acids) (refAppendix3 for

full laboratory reports). The results of statistical analysis of sediment quality atat@rovided in
Appendix4.

2.2.2 Benthic Infauna

Fivereplicate benthic infauna samples were collected from each site for benthic biological assessment.
Benthic infauna samples were collected by SCUBA divers using cylindrical core samplers (130mm
diameter, 150mm deep). Samples were washed through a 0.5mm bucket sieve using fresh seawater and
all material retained in the sieve was fixeddi% glyoxal, 70%thanol, 25% seawater soluticfor further
examination in the laboratory.

Benthic invetebrates weresorted, counted and identified to the lowest practical taxonomic level.
Benthic infaunal data for all samplese provided inAppendix5. The results of statistical analysis of
benthic infaunadata are provided inAppendix4.

2.2.3 Epibenthos

Epibenthic spcies were sampled using a dredge (60cm x 20cm opening and retrofitted with 20mm mesh)
that was towed in a direction perpendicular to the shore. Each tow was 200m ithland carried out

at low speed (<kilometre/per hour). At approximately 100m the boat completely stopped for several
seconds to ensure the dredge was on the bottom. Three toarewarried out at each of thepébenthic
sampling sites. Epibenthic fauaad flora werdixed in5% glyoxal, 70%thanol, 25% seawater solution
Epibenthic organisms were counted and identified to the lowest practical taxonomic level.
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3. {95La9bc¢{

3.1 Environmental Overview

As described previousliKingett Mitchell 2003, 214), the physical marine environment of Pegasus Bay is
a direct response to a rise in sea level during the Holocene peridgtk shoreline hasden extending
seawardssincethe maximum inland sea transgression occurred around 6,500 years|BRef al. 1999).

The seabed haa moderately steep inshore zone and a relatively gentle continental sheljacent to
Jellicoe Street the seabed slopes gently with skeabed reaching only 12 m depth at 2,000 m offshore
and 15 m depth by 3,000 m from the low tideark.

The CCQutfall lies immediately north of the mouth of the Avon Heathcote River, wiscled by the
Avon and Heathcote RiversWithin Pegasus Bay, two processes pakey role in thetransport of
sediment. The first is the input of sediments frorivers that enter the bay and the seconddagshore
transport. A detailed sediment budget analysis carried outlbyns (1995shows that the greater
proportion of locallyderived sediment (in the vicinity of the outfall) is from Waimakariri Riverdg}0
followed by sediment derivedrom longshore currents (28 %) and onshore currents (14 %lhe
prevailing coastal cuent in Pegasus baig in a northerly directionBrodie, 196).

3.2 PhysicalCharacteristics

Spatial distributions

The sediments collected in 28%vere dominated by sands and mudgile amounts of gravelvere <1 %
Gravel naterial >2 mm in size i#hin the samples consisted of shell fragments of a varietyizds No
visible marmade objects were identified in an examination of the > 2 mm fraction ciatiples.Sand

was the dominant sediment fraction, making 80 %- 97 % of the sediments delcted along the outfall
transects, and 8 % - 84 % of the sediments from the south of the mouth of Waimakariri River.
Examination of th&2018 data shows that there was no spatial pattern in the distribution of gravel sized
particles (Figure 3)The 2018data shows that the sediment within 200 m of the outfall contained on
average less mud than ase more than 200 m away (all directions) (5.1 % for <200 m and 10.6 % for
>200m) and the control site samples collected south of the Waimakariri River (2§j6=%0.00). In

2018 he percentage of sand increassthtistically significantlyp=<0.00) towards the outfall (94.9%

for <200 m and9.4% for >200 m) anéh the control site samples collected south of the Waimakariri
River 73.3%).

The sedimentvassandierat the CCQuitfall sites thamat the Waimakariri Control sitegonversely the
percentage of mud was lower at the outfall sites compared to the control sites.
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Figure3  Averagepercentage of sediment size clasg+ standard deviatior) for all sites sampled
near the Christchurch Ciouncilocean outfall and Waimakariri River control sites in
2018
Temporalchanges

A comparison of 2 sediment texture data witlprevioussurveys is presented ihiable2. The average
percentage of mud decreasestiatistically significantly between 2012 and 2018 at sites wif#x0.001)

the 200m mixing zone and beyond the mixing z{pe<0.001) but did ndhcreasesignificantly(p=0.163

at the WaimakaririControl sites The average percentage of gravel did not \&gtistically significantly
between 2012 and 2018 either within the mixing zone or beyond and at the confrbk average
percentage of sand increased statistically sigaiiily between 2012 and 2018 at sites within (p=<0.001)
the 200m mixing zone and beyond the mixing zone (p=<0.001) but did not decrease significantiyljp=0.16
at the Waimakariri Control sites.

Table2 Summary of sediment texturdata for CCC ocean outfall surveys.
Location 100m from Outfalt | 200m from Outfalt | >200m from OutfaH Waimakarirg
Gravels 2018 0.02% 0.00 % 0.01% 0.03%
2012 0.00 % 0.06 % 0.47 % 0.00 %
(>2mm) 2007 0.19 % 0.00 % 0.00 % 0.00 %
2004 0.14 % 0.11 % 0.06 % 0.00 %
Sands 2018 95.50 94.31 89.36 73.32
2012 85.85 80.70 78.02 78.16
(<2mmto | 2007 88 % 80 % 87 % 76 %
>63um) 2004 79 % 84 % 82 % 42 %
Muds 2018 4.48 5.69 10.62 26.65
2012 14.15 19.24 21.51 21.84
(<63um) 2007 11 % 20 % 13 % 24 %
2004 21 % 16 % 18 % 58 %

Notes:Mean valuepresented.These were rounded and are not necessarily equal to 18086122n = 243n = 6 Current sampling is highlighted
in orange ad previous study iblue.
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3.3 Sediment Chemistry Assessment

The purpose of post commissioning surveys, as dictated by resource consent conditions (refer
Appendixl), is to detect changes in sediment quality thatynize attributable to the discharge from the
outfall. However, natural sources of variation need to be understood to identify changes in concentration
that may not be natural (i.e., changes that can be attributed to the outfall). Variations in sediment
chemistryon a regional scale can arise as a result of chainggarticle size, and mineralogy from different
geological formations. At a local scale, variation occurs as a consequence of processes that transport
sediment, such as fluvial deposition, sedb@isturbance by waves and longshore sediment transport
processes.

Detecting changes

Variability in trace element concentrations in coastal sediments studies such as this can be reduced
through a number of techniques, typically grouped into five categorie

1. Mechanical size normalisation.

Extrapolation from regression curves.

Correction for the presence of inert minerals (e.g., quartz).

Chemical extraction of the 'mobile’ component of the element of interest.
Comparisorwith a tracer element.

a ks wn

Of these choices, those that involve no manipulation of the sample are the simplest followed by the
separation of a fine grain size fraction. The latter assumes that only the fine fragtiovolved in the
accumulation of anthropogenic contaminants.

Adopted approach

In the 2018, as with the preommissioning surveys, the direct use of mud content was utilised to compare
concentrations over time. Concentrations of trace elements in sediments (whole and <2 mm) are
controlled, for a significant part, byx¢ average size of the particles in the sample. Smaller particles have
greater surface areas relative to their volume and so the smaller the particle, the greater the influence of
material adsorbed onto them. Adsorption is an important mechanism witlpeetsto sediment
contamination, as the processthe most likely pathway for the removal of dissolved contaminants from
solution in stable environmental conditions, and their subsequent accumulation in sediments. In addition,
particles from an outfall efiched in contaminants are likely to have become enriched as a function of
previous adsorption or in the case of the oxidation ponds taken up by algae in the ponds,thather
being present as specific mineral particles. Therefore, the normalisatidh i sediment quality data
using mud proportions providebetter insight into changes in sediment chemistry thareslanalyss of

raw concentrations.

In the following sections, raw concentration dgieesented in Appendix 8hdsummarised iMTable3 are
examined for each parameter in tur.ack of availability of complete historical data sets has limited the
ability to examine changes over time beyond the last survey. Followingrttggaanination of the mud
normalised concentration dathas been conducted tdetect anychanges either spatially or temporally.
Mud normaligd concentrations are achieved by multiplying the concentration by the reciprocal of the
mud concentration.The purpose of this normalisatios to reduce variabilityvith the aim ofbeingable

to compare sediment samples @imoreeven basis.
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Table3 Summary of average ancentrationsof contaminantsin sedimentsat all sites sampled near the Christchurch C@puncilocean outfall and
Waimakariri River control sites in 2018.
Total Total Recoverable
Tests ggﬁgﬁ Nitrogen Phosphorus Arsenic Cadmium Chromium Copper | Lead Mercury Nickel Zinc
Units g/100g drywt. mg/kg drywt.
Low 20 1.5 80 65 50 0.15 21 200
ANZECQ 15QG m 70 10 370 270 | 220 1 52 410
N 2500 0.17 <0.05 383.33 6.37 0.01 12.90 3.87 10.53 0.04 11.07 | 36.00
N1000 0.21 < 0.06 393.33 6.10 0.02 13.17 4.17 10.93 0.04 11.43 | 37.67
North N500 0.15 < 0.05 386.67 5.93 0.01 13.03 3.87 10.17 0.04 11.30 | 36.33
N200 0.15 < 0.05 373.33 5.43 0.01 12.53 3.77 10.27 0.04 11.03 | 36.33
N100 0.15 < 0.05 356.67 5.43 0.01 12.17 3.73 9.93 0.04 10.73 | 35.00
S100 0.12 <0.05 360.00 4.57 0.02 10.77 2.83 8.60 0.03 9.33 32.67
S200 0.16 < 0.05 38333 4.67 0.02 11.27 3.17 9.10 0.04 9.67 34.00
South S500 0.13 <0.05 366.67 4.67 0.02 11.07 2.87 8.73 0.04 9.03 33.00
Site S1000 0.15 < 0.05 396.67 5.00 0.02 11.43 3.27 9.00 0.04 10.07 | 35.00
S25001 0.19 <0.05 430.00 5.13 0.02 12.50 3.60 10.40 0.04 9.97 36.33
W500 0.13 < 0.05 330.00 4.60 0.01 11.60 3.50 8.50 0.03 9.90 33.67
West W200 0.11 < 0.05 310.00 4.40 0.02 11.57 3.33 8.53 0.04 9.77 32.33
W100 0.11 < 0.05 333.33 4.33 0.02 10.90 2.73 7.87 0.04 8.80 31.67
E100 0.13 < 0.05 373.33 5.07 0.02 11.53 3.17 9.13 0.04 9.20 33.67
East E200 0.22 < 0.05 413.33 5.23 0.02 12.33 3.57 10.53 0.05 9.70 37.33
E500 0.18 <0.05 413.33 5.23 0.02 12.20 3.33 10.03 0.04 9.57 35.67
Control WR1 0.08 <0.05 330.00 3.30 0.02 10.43 3.70 7.67 0.04 8.67 30.33
WR2 0.14 <0.05 366.67 3.53 0.02 10.87 4.23 8.83 0.04 9.13 33.33
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3.3.1

Total Organic Carbon

Table4 provides a summary of total organic carbon (T@&rmation gathered since 2003 at tH@CC
ocean outfalland at the control site south of the Waimakariri River. Median and mean TOC
concentrationsin 2018were slightly lower than those measured in 20d2d the baseline in 2003 and
2004 Further examination of the 2018 sediment TOC data showedthsites aroundhe outfall (within

200 m of the diffuser and >200 m away) contaiff&Cwithin the rangecollected atcontrol site Figure

4a). The net average difference between samples collected close to the difitesemihin 200m) and
further away(>200m) wassmall (+ 0.2 % TOCdhut statistically significant (p=0.019)

The effect of normalising the TOC to mud ligihts the concentrations near the outfall suggesting TOC is
enriched near the outfall, relative to sumiading sedimentsHigure4c).

Figure4d plots the individual data against their sample mud content for 2012 and 2018. The older data
werenot available. The figurdso shows the 95 % confidence intervals (CL) for the 2018 and 2012. When
viewing the figure and the following figures for other parameters, the oveofajhe area betveen the

CIQ &both vertically and horizontally in the figure) between the 2018 and 280i&ey sample data
indicates there is little evidendbat these datasets are distinct from each other.

Table4d Total organic carbon concentrations in sediments collected off New Brighton Beach in 2018,
2012, 2007, 204 and 2003 (all data % dry weight).
. . Mean Number of
Location/Survey Median Range + Std Dev CVv samples

New Brighton 2018 (all samples) 0.11 0.09¢ 0.25 0.11+£0.02 | 22% 48
100-200 m subset 0.10 0.09¢0.13 0.10+£0.01 | 10% 24
500-2500 m subset 0.12 0.10¢ 0.25 0.12+0.03 | 26 % 24
New Brighton 2012 0.15 0.11¢0.29 0.15+£0.04 | 24 % 48
100-200 m subset 0.135 0.11¢0.29 0.15+0.05 | 31 % 24
5002500 m subset 0.15 0.12¢0.22 0.16 £0.04 | 16 % 24
New Brighton 2007 0.16 0.14¢0.31 0.16 +0.03 | 18 % 48
New Brighton 2004 (all samples) 0.15 0.12¢0.40 0.17+0.06 | 35% 90
2000 m subset 0.15 0.12¢0.19 0.15+0.04 | 27 % 45
3000 m subset 0.15 0.13¢0.29 0.17+£0.08 | 47 % 45
New Brighton 2003 0.15 0.12¢0.19 0.15+£0.02 | 13 % 16*
Waimakariri River controR018 0.095 0.07¢ 0.25 0.14+£0.09 | 62 % 6
Waimakariri River control 2012 0.095 0.08¢ 0.20 0.16 £ 0.07 | 60 % 6
Waimakariri River control 2007 0.14 0.13¢0.18 0.14+0.02 | 14 % 6
Waimakariri River control 2004 0.26 0.13¢ 0.49 0.28+0.14 | 50 % 6
Ashley Rver 2007 0.15 0.14¢0.18 0.15+0.02 | 11 % 6
Ashley River 2004 0.13 0.12¢ 0.20 0.14+0.03 | 21 % 6

Notes:*Four samples of mud extractedbim samples were also examined. Current sampling is highlightedriige and previous study biue.
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3.3.2 Nitrogen

Table5 provides a summary of totadllitrogen (TN) information gathered since 2003 at tH@CQocean
outfall and atthe control site south of the Waimakariri River. Median and medrtdncentrations in
2018 wereall lower thanthe detection limit and similar téhose recordedin 2012 and the baseline in
2003 and 2004. Further amination of the 2018 sedimenfNldatawas not warranted given all data were
below the detection limit. The net average difference between samples collected close to the diffuser
(i.e., within 200m) and further away 00m) wasnot statistically signitiant (p=0280).

The effect of normalising theNlto mud againhighlights the concentrations near the outfall suggesting
TNis enriched near the outfall, relative to surrounding sedimeFRigire5c).

Figure5d plots the individual data against their sample mud content for 2012 and 2018. The older data
werenot available. Theverlapping data cloudss defined by 95% (ietween the 2018 and 2012 survey
sample data idicates there is littlevidence that theselatasets are distinct from each other.

Tableb Total nitrogen concentrations in sediments collected off New Brighton Beach in 2018, 2012,
2007, 2004 and 2003l data mg/kg dry weight).

. . Mean Number of
LocatiornlSurvey Median Range +Std Dev samples

New Brighton 2018 (all samples) <500 | <500¢ <1300 | <500+ 200 48
100-200 m subset <500 <500¢ <1300 | <600+ 200 24
500-2500 m subset <500 <500 <500 24
New Brighbn 2012 (all samples) <500 <500¢ 600 <500 48
100-200 m subset <500 <500¢ 600 <500 24
500-2500 m subset <500 <500¢ 600 <500 24
New Brighton 2007 <500 <500 <500 20
New Brighton 2004 <500 <500¢ 900 <500 90
2000 m subset <500 <500¢ 600 <500 45
3000m subset <500 <500¢ 900 <500 45
Waimakariri River control 2018 <500 <500 <500 6
Waimakariri River control 2012 <500 <500¢ 600 <500 6
Waimakariri River control 2007 <500 <500 <500 6
Waimakariri River control 2004 <500 <500¢ 1000 <500+ 700 6
AshleyRiver 2007 <500 <500 <500 6
Ashley River 2004 <500 <500- 600 <500 6
Notes:Current sampling is highlighted amange and previous study bue.
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3.3.3  Phosphorus

Table6 provides a summary dbtal PhosphorugTP) information gathered since 2003 at ti&CC ocean
outfall and at the control site south of th&/aimakariri River. Median and meaR doncentrations in

2018 were alslightly higler than those recorded in 201But slightly lower thartthe baselinevalues from

2003 and 2004Further examination of the 2018 sediment TP data showed that the majdrifyes away

from the outfall (>200 m away) contained TP greater than the range collected at contrdtigiteepa),

while those sites close to the outfall (within 200 m of the diffuser) contained TP withinaw lbee range

at the control. The net average difference between samples collected close to the diffuser (i.e., within
200m) and further away @00m) wasrelatively small (x 17.9 mg/kg dry witand not statistically
significant (p=0.62).

The effect ohormalising the Pto mudwas to sharply increase the contrast between those sites close to
the outfall and those further awaguggesting Fis enriched near the outfall, relative to surrounding
sediments Figure6c).

Figure6d plots the individual data against their sample mud content for 2012 and 2018. The older data
were not available. Thdack of overlap between 2018 and 2012 TP concentrations data for smaller
proportions of mud suggests the 2018 concentrations were higher than in 2012 when sample sites were
less muddy Control sites did not seem to be similarly affected.

Table6 Summary of total phosphorus concentrations in sedimentslexied off New Brighton
Beach in 2018, 2012, 2007, 2004 and 2003 (all data mg/kg dry weight).

: : Mean Number of
LocationiSurvey Median Range + Std Dev CVv samples
New Brighton 2018 (all samples) 380 320¢470 | 381 +27.6| 7% 48
100-200 m subset 370 330¢410 | 372+21.5| 6% 24
500-2500 m subset 390 320-470 | 390+30.5| 8% 24
New Brighton 2012 (all samples) 320 300¢400 | 375+33 | 9% 48
100-200 m subset 320 300¢ 420 365+33 | 9% 24
500-2500 m subset 380 320¢ 430 385+32 | 8% 24
New Brighton 2007 394 341¢451 | 393+x27 | 7% 48
New Brighton 2004 (all samples) 414 344¢582 | 420+42 |10% 90
2000 m subset 380 344¢488 | 394+31 | 8% 45
3000 m subset 447 380¢582 | 444+38 | 9% 45
New Brighton 2003* 735 619¢791 | 720+75 |10% 4
Waimakariri River control 208 360 340-420 367+30 | 8% 6
\Waimakariri River control 2012 345 320¢ 400 348+ 30 | 9% 6
Waimakariri River control 2007 354 341¢ 380 355+14 | 4% 6
Waimakariri River control 2004 480 374¢ 567 475+ 94 | 20% 6
Ashley River 2007 365 349¢ 372 363+ 8 2% 6
Ashley River 2004 343 372¢376 | 346+x22 | 6% 6

Notes:*Four samples of mud extractecbim samples were also examined. Current sampling is highlightedrige and previous study oue.
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3.34 Arsenic

Table7 provides a summary of tota¢écoverable arsenic information gathered since 2003 aGC ocean
outfall and at the control site south of the Waimakariri Rivén.2018, arsenic concentrations wenrell
below the ANZECC ISQG Low trigigeel of 20 mg/kg dry weighiTable3). Median and meararsenic
concentations in 2018 were all slightly higher than those recorded in 2012, but slightly lower than the
baseline values from 2003 and 2004. Further examination of the 2018 sediment arsenic data showed that
all sites around the outfall (within 200 m of the d#fr and >200 m away) contained arsenic greater than
the range collected at control sit€igure7a). The 2012 and 2018 spatial grapkglre7, aand b) showed
similar paterns with the neashore sampletower in arsenic thamwffshore. The net average difference
between samples collected close to the diffuser (i.e., within 2)@nd further away @00m) wassmall

(x 0.16 mg/kg dry wt.)and not statistically significant however the control site was statistically
significantly lower than both the near outfall and distant sites.

The effect of hormalising tharsenicto mud was toshow that fine sediments atites close to the outfall
were enrichedby arseni¢ relative tosurrounding sedimentsHgure7c), particularly at site E100 just
offshore from the outfall

Figure7d plots the individual data against their sample mud content for 2@ 2018. The older data
were not available. The lack of overlap between 2018 and 20%2nicconcentrations data for smaller
proportions of mud suggests the 2018 concentrations were higher than in 2012 when sample sites were
less muddy. Control gi$ did not seem to be similarly affected.

Table7 Summary of arsenic concentrations in sediments collected off New Brighton Beach in 2018,
2012, 2007, 2004 and 2003 (all data mg/kg dry weight).

. : Mean Number of
LocationSurvey Median Range + Std Dev CVv samples
New Brighton 2018 (all samples) 6.0 3.9¢6.8 | 59+0.59| 10 % 48
100-200 m subset 5.9 5.0¢6.6  58+044| 7% 24
500-2500 m subset 6.2 3.9¢6.8 | 6.0+x0.71|12% 24
New Brighton 2012 (all samples) 5.1 43¢7.9 | 51+0.70 | 14 % 48
100200 m subset 4.9 5.3¢7.1 | 5.0£0.65 | 13 % 24
500-2500 m subset 5.2 43¢7.9 | 53+0.7 | 13% 24
New Brighton 2007 6.3 53¢71 | 6304 | 6% 48
New Brighton 2004 (all samples) 6.0 52¢7.2 | 6.0x04 | 7% 90
2000 m subset 5.7 52¢6.6 | 5703 | 5% 45
3000 m subset 6.3 58¢7.1 | 63x04 | 7% 45
New Brighton 2003* 5.6 41¢6.4 | 53+0.7 |13% 16
Waimakariri River control 2018 3.9 3.6¢c45 | 3903 | 8% 6
\Waimakariri River control 2012 3.4 3.1¢3.7 | 3402 | 6% 6
Waimakariri Rivercontrol 2007 4.1 39¢45 | 42402 | 6% 6
Waimakariri River control 2004 4.8 41¢5.7 | 49201 | 2% 6
Ashley River 2007 6.7 6.4¢70 | 6.7£0.2 | 3% 6
Ashley River 2004 5.1 49¢5.2 | 50+06 |12% 6

Notes:*Four samples of mud extractedbim samplesvere also examined. Current sampling is highlightemtamge and previous study biue.
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3.3.5

Cadmium

Table8 provides a summary of totakcoverable cadmium information gathered since 2003 at@C
ocean outfalland at the control site south of the WaimakamRiver. In 2018, cadmium concentrations
werewell below theANZECC I1SQG Low triggeel of1.5mg/kg dry weightTable3). Median and mean
cadmiumconcentrations in 2018 were slightly lower than those measured in 2012 landdseline in
2003 and 2004. Further examination of the 2018 sedinmatimiumdata showed that all sites around

the outfall (within 200 m of the diffuser and >200 m away) contaicedimium belovithe range collected

at control site Figure8a). The net average difference between samples collected close to the diffuser
(i.e., within 200m) and further away @00m) wasvery small (+ 0.02 mg/kg dry wt) but statistically
significant (p=<0.00)).

The effect of normbsing thecadmiumto mudwas to sharply increase the contrast between those sites
close to the outfall and those further away suggesting cadmium is enriched near the outfall, relative to
surrounding sedimenté~igure8c).

Figure8d plots the individual data against their sample mud content for 2012 and 2018. The older data
werenot available.The overlapping datelouds as defined by 95% CL, between the 2018 and 202y
sample data indicatethere is littleevidence that theselatasets are distinct from each other

Table8 Summary of cadmium concentrations isediments collected off New Brighton Beach in

2018, 2012, 2007, 2004 and 2003 (all data mg/kg dry weight).

: : Mean Number of
LocatioriSurvey Median Range + Std Dev CVv samples
New Brighton 2018 (all samples) 0.012 | <0.01¢0.016 | 0.012 £ 0.002 13 % 48
100-200 m subset 0.011 | <0.01¢0.014 | 0.011 £0.001 11 % 24
500-2500 m subset 0.013 | <0.01¢0.016 | 0.013 £0.002 12 % 24
New Brighton 2012 (all samples) 0.016 | 0.01¢0.021 | 0.016+0.003 | 13 % 48
100200 m subset 0.016 | 0.012¢ 0.020 | 0.016% 0.002 | 13 % 24
500-2500 m subset 0.015 | 0.01¢0.021 | 0.015% 0.003| 20 % 24
New Brighton 2007 0.02 0.01¢0.03 0.02+ <0.01 | <50 % 48
New Brighton 2004 (all samples) 0.02 <0.02¢ 0.03 | 0.02+<0.01 | <50 % 90
2000 m subset 0.02 0.01¢0.02 0.02+ <0.01 | <50 % 45
3000 m subset 0.02 0.01¢0.03 0.02+ <0.01 | <50 % 45
New Brighton 2003* 0.01 - 0.01 - 16
Waimakariri River control 2018 0.019 | 0.014¢ 0.023 | 0.018 +0.003| 17 % 6
\Waimakariri River control 2012 0.02 | 0.014¢0.027 | 0.02+0.004 | 20 % 6
Waimakariri River control 2007 0.02 0.02¢0.03 0.02+0.01 | <50 % 6
Waimakariri River control 2004 0.02 0.02¢0.02 0.02 - 6
Ashley River 2007 0.02 0.02¢0.02 0.02+ 0.0 - 6
Ashley River 2004 0.02 0.02¢ 0.04 0.03£<0.1 |<30% 6

Notes:*Four samples of mud extractedbim samples were absexamined. Current sampling is highlightedriange and previous study biue.
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3.3.6

Chromium

Table9 provides a summary of totakcoverable chromium information gathered since 2003 at@@C
ocean outfalland at the control site south of the Waimakariri Rivém.2018, chromium concentrations
werewell below the ANZECC ISQG Low triggeel of80 mg/kg dry weightTable3). Median and mean
chromium concentrations in 2018 were slightly lower than those measured in 2012 and the baseline in
2003 and 2004. Further examation of the 2018 sediment chromium data showed that all sites around
the outfall (within 200 m of the diffuser and >200 m away) contairffedraiumgenerally withn the range
collected at control siteKigure9a). Stesinshorefrom the outfall had chromium concentration below the
range of the contral The net average difference between samples collected close to the diffuser (i.e.,
within 200m) and further away 00m) wassmall (+ 065 mg/kg drywt.) but nearthe outfall sites were
significanty (p=<0.001)ower in chromium concentration thatie distant sites

The effect of normalising thehcomium to mud was to sharply increase the contrast between those sites
close to the otfall and those further away suggestingromium is enriched near the outfall, relative to
surrounding sedimentg=gure9c).

Figure9d plots the individual data againdte¢ir sample mud content for 2012 and 2018. The older data
werenot available.The overlapping data clouds as defined by 95% CL, between the 2018 arsliBGh2

sample data indicates there is ldétevidence that theselatasets are distinct from each other.

Table9

2018, 2012, 2007, 2004 and 2003 (all data mgtky weight).

Summary of chromium concentrations in sediments collected off New Brighton Beach in

: . Mean Number of
LocationlSurvey Median Range + Std Dev CVv samples
New Brighton 2018 (all samples) 11.2 9.8¢12.9 11.2+0.7 6 % 48
100-200 m subset 10.9 9.8¢11.7 10.8+05 | 5% 24
500-2500 m subset 114 | 10.1¢129 | 115+06 | 6% 24
New Brighton 2012 (all samples) 12.0 | 10.6¢14.1 | 11.9+0.8 7% 48
100-200 m subset 11.6 | 10.6¢14.1 | 11.7+0.8 | 7% 24
500-2500 m subset 12.1 11¢13.9 12.1+0.8 | 7% 24
New Brighton 2007 122 | 11.3¢144 | 124108 |6.5% 48
New Brighton 2004 (all samp& 13,5 | 11.6¢18.9 13.8+1.4 | 10% 90
2000 m subset 12.8 | 11.9¢149 | 129+1.2 | 9% 45
3000 m subset 14.5 12.1¢16.6 14215 | 11% 45
New Brighton 2003* 12.8 11.5¢13.5 12706 | 15% 16
Waimakariri River control 2018 11.0 10.6¢12.1 11.2+0.5 5% 6
\Waimakariri River control 2012 10.5 10.0¢11.4 | 10.65+0.55 5% 6
Waimakariri River control 2007 11.8 11.5¢12.7 11.9+£05 4% 6
Waimakariri River control 2004 15.9 13.1¢19.7 13.8+14 | 10% 6
Ashley River 2007 12.1 | 11.4¢12.2 12.0+0.3 |[25% 6
Ashley River 2004 114 | 11.0¢128 | 138+14 | 10% 6

Notes:*Four samples of mud extractedbim samples were also examined. Current sampling is highlightedriige and previous study iue.
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3.3.7 Copper

Table10 provides a summary of totakcoverablecopperinformation gathered since 2003 at theCC
ocean outfallind at the control site south of the Waimakariri River.2018, copper concentrations were
wellbelow theANZECC ISQG Low triggeel of65mg/kg dry weightTable3). Median and mean cqger
concentrations at the outfall sites in 2018 were slightly lower than those measured in 2012 and the
baseline in 2003 and 2004. However thedian and mean copper concentrationem higher at the
control sites in 2018 than recorded in 2012, but lovlesn that found during the baseline in 2003 and
2004. Further examination of the 2018 sediment copper data showed that all sites around the outfall
(within 200 m of the diffuser and >200 m away) contained copper below the range collected at control
site (FigurelOa). The net average difference between samples collected close to the diffuser (i.e., within
200m) and further away @00m) wassmall (x 0.25 mg/kg dry wt.) but the near outfall sites were
significanty lower in copper concentration than the distant sites.

The effect of normalising the copper to mud was to sharply increase the contrast between those sites
close to the outfall and those further away suggesting copper is enriched near tfal,orelative to
surrounding sedimentd{gurel0c).

Figurel0d plots the individual data against their sample mud content for 2012 and 2018. The older data
werenot available.The overlapping data clouds as defined by 95% CL, between the 2018 arsli2a\?
sample data indicates there is litthvidence that theselatasets are distindrom each other.

Tablel0  Summary of copper concentrations in sediments collected off New Brighton Beach in 2018,
2012, 2007, 2004 and 2003 (all data mg/kg dry weight).

. : Mean Number of
LocatioriSurvey Median | Range + Std Dev CVv samples
New Brighton 2018 (all samples) 2.6 23¢42 | 27+03 |12% 48
100-200 m subset 2.5 23¢32 | 26202 | 9% 24
500-2500 m subset 2.7 25¢42 | 28204 | 13% 24
New Brighton 2012 (all samples) 3.4 26¢50 | 3.4+05 | 14 48
100-200 m subset 3.3 2.6¢50 | 3305 | 15 24
500-2500 m subset 3.5 28¢46 | 3504 | 12 24
New Brighton 2007 35 3.1¢44 | 3.6x0.3 8 48
New Brighton 2004 (all samples) 3.7 3.1¢9.2 | 4009 | 225 90
2000 m subset 3.6 3.2¢4.1 | 3.6x055| 15 45
3000 m subset 3.8 35¢58 | 4.0+x06 | 15 45
New Brighton 2003* 3.6 3.2¢39 | 35+0.2 6 16
Waimakariri River control 2018 4.0 3.7¢5.3 | 427+0.7 17 % 6
Waimakariri River control 2012 4.0 3.6¢4.8 | 4.05+£05 | 11 6
\Waimakariri River control 2007 4.7 45¢55 | 48+04 8 6
Waimakariri River control 2004 6.8 46¢9.3 | 6.9+0.3 4 6
Ashley River 2007 3.8 3.5¢4.0 | 3.8+0.2 5 6
Ashley River 2004 35 34¢42 | 36x22 | 61 6

Notes:*Four samples of mud extractedbim samples were also examined. Current sampling isigidgetl inorange and previous study biue.
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Lead

3.3.8

Tablellprovides a summaryfdotal recoverabldeadinformation gathered since 2003 at ti&CC ocean
outfall and at the control site south of the Waimakariri Riveén. 2018, lead concentrations wereell
below the ANZECC I1SQG Low trigtpel of 50 ng/kg dry weight Table3). Median and meariead
concentrationsear the outfalin 2018 weresimilar tothose recorded in 2012, but slightly lower than the
baseline values from 2003 and 2004. Further examinaifathe 2018 sedimenkeaddata showed that
sitesnear theoutfall (within 200 m of the diffus@rcontainedlead withinthe range collected at control
site (Figurella), while sites more distant from the outfall 200 m from the diffuser) contained lead at
concentrations greater than the range collectedtla¢ control site The 2012 and 2018 spatial graphs
(Figurell, a and b) showed similar patterns with thearshoresamples lower iteadthan the offshore.
The net average difference between samples collected close to the diffuser (i.e., withim) 20@ further
away (200m) wassmall (x 062 mg/kg dry wt.)but the near outfall sites wersignifcanty (p=0.003)
lower in lead concentration than the distant sites.

The effect of normalising thkeadto mud was to show that fine sediments at sites close to the outfall
were enriched bylead relative to surrounding sediments$-iure11c), particularly at site E100 just
offshore from the outfall.

Figurelld plots the individual data against their sample mud content for 2012 and 2018. The older data
were not availdle. The lack of overlap between 2018 and 2084 concentrations data for smaller
proportions of mud suggests the 2018 concentrations were higher than in 2012 when sample sites were
less muddy.The ontrol sites did not seem to be similarly affected.

Tablell Summary of lead concentrations in sediments collected off New Brighton Beach in 2018,
2012, 2007, 2004 and 2003 (all data mg/kg dry weight).
: . Mean Number of
LocationiSurvey Median Range + Std Dev Ccv samples
New Brighton D18 (all samples) 9.5 8.2¢114 | 95+£0.7| 7% 48
100-200 m subset 9.2 8.2¢ 9.8 9.2+05| 5% 24
500-2500 m subset 9.9 8.2¢11.4 | 98%x0.7| 7% 24
New Brighton 2012 (all samples) 9.6 7.7¢11.7 | 95+1.0 | 10.5% 48
100-200 m subset 9.2 7.7¢11.7 | 93x11 | 12% 24
500-2500 m subset 9.8 8.1¢11.3 | 9.7+£0.9 9 % 24
New Brighton 2007 10.0 9.2¢11.6 | 10.1+05| 5% 28
New Brighton 2004 (all samples) 115 9.7¢185 | 11.7x14| 12% 90
2000 m subset 10.7 9.7¢12.0 | 10.7£1.0| 9% 45
3000 m subset 11.9 108¢15.3 | 12.0+15| 125% 45
New Brighton 2003* 10.5 9.1¢12.2 | 10.3+0.8| 8% 16
Waimakariri River control 2018 8.4 7.9¢9.7 87+08| 10% 6
\Waimakariri River control 2012 7.8 7.2¢ 9.8 82+1.0 | 12% 6
Waimakariri River control 2007 8.4 8.3¢ 9.6 8.7+05 6 % 6
Waimakariri River control 2004 12.0 9.6¢15.3 | 12.3+2.2| 18% 6
Ashley River 2007 9.1 8.8¢9.3 9.1+ 0.2 2% 6
Ashley River 2004 8.1 7.9¢9.3 8.3£0.5 6 % 6

Notes:*Four samples of mud extractedbim samples were also examined. r@at sampling is highlighted mrange and previous study iue.
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3.3.9

Mercury

Tablel2 provides a summry of totalrecoverable mercury information gathered since 2003 at @@C
ocean outfalland at the control site south of the Waimakariri Rivén. 2018, mercury concentrations
werewell below theANZECC ISQG Low triggeel of 0.15 mg/kg dry weighT éble3). Median and mean
mercury concentrations near the outfall in 2018 were slightly higher compared to those recorded in 2012,
and the baseline values from 2003 and 2004. Furixamination of the 2018 sediment lead data showed
that sites near the outfall (within 200 m of the diffuser) contained mercury at concentrations greater than
the range collected ahe control site Figurel2a), while sites more distant and inshore from the outfall
(>200m from the diffuser) contained mercury at concentrations more similar to the range collected at
the control site. The 2012 and 2018 spatial gragfigurel2, a and b) showed similar patterns with the
nearshoresamples lower in mercury thahoseoffshore. The net average difference between samples
collected close to the diffuser (i.e., within 269 and further away 00m) wasvery small (+ @01 mg/kg

dry wt.) and not statistically significant (p=0.295).

The effect of normalising the lead to mud was to show that fine sediments at sites close to the outfall
were enriched by mercury, relative to surrounding sedimefigirel2c), particularly at site E100 just
offshore from the outfall.

Figurel2d plots the individual data against their sample mud content for 2012 and 2018. The older data

were not availatbe. The lack of overlap between 2018 and 2012 mercury concentrations data for smaller

proportions of mud suggests the 2018 concentrations were higher than in 2012 when sample sites were
less muddy. The control sites did not seem to be similarly affected.

Tablel2  Summary of mercury concentrations in sediments collected off New Brighton Beach in 2018,
2012, 2007, 2004 and 2003 (all data mg/kg dry weight).
. : Mean Number of
LocationSurvey Median Range +Std Dev CVv samples
New Brighion 2018 (all samples) 0.05 0.03¢ 0.06 0.05+0.01| 16 % 48
100-200 m subset 0.05 0.03¢ 0.06 0.05+0.01| 16 % 24
500-2500 m subset 0.05 0.03¢ 0.06 0.05+0.01| 17 % 24
New Brighton 2012 (all samples) 0.039 | 0.028¢ 0.052 | 0.04+0.006 | 15 % 48
100-200 msubset 0.038 | 0.031¢0.051 | 0.04+0.005| 13 % 24
500-2500 m subset 0.04 | 0.028¢0.052 | 0.04+ 0.006 | 15 % 24
New Brighton 2007 0.04 0.02¢ 0.08 0.04+£0.01 | 25% 48
New Brighton 2004 (all samples) 0.04 0.03¢0.07 | 0.04+<0.01|<25% 90
2000 m subset 0.04 0.03¢0.05 | 0.04+<0.01|<25% 45
3000 m subset 0.05 0.04¢0.06 | 0.05+<0.01|<20 % 45
New Brighton 2003* 0.03 0.02¢0.04 | 0.03+<0.01|<33 % 16
Waimakariri River control 2018 0.04 0.04¢ 0.05 0.04 £0.00| 10 % 6
\Waimakariri River control 2012 0.04 0.033¢ 0.04 | 0.04+0.006| 16 % 6
Waimakariri River control 2007 0.04 0.03¢0.04 0.04+0 - 6
Waimakariri River control 2004 0.06 0.05¢ 0.07 | 0.06+<0.01|<16 % 6
Ashley River 2007 0.04 0.04¢ 0.05 0.04+0 - 6
Ashley River 2004 0.035 0.03¢0.05 | 0.04+ <001 | <25 % 6

Notes:*Four samples of mud extractedbim samples were also examined. Current sampling is highlightedriige and previous study iue.
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3.3.10 Nickel

Tablel3provides a summary of totaécoverable nickel information gathered since 2003 at@@&C ocean
outfall and at the control $& south of the Waimakariri Riverdn 2018, nickel concentrations weveell

below the ANZECC ISQG Low trigigerel of 21 mg/kg dry weighfT@ble3). Median and mean nickel
concentrations at the outfall sites iB018 were slightly lower than those measured in 2012 and the
baseline in 2003 and 2004. However the median and mean nickel concentrations were higher at the
control sites in 2018 than recorded in 2012, but lower than that found during the baseline inaP@03
2004. Further examination of the 2018 sediment nickel data showed that sites south and inshore of the
outfall contained nickel below the range collected at control ska&fe 13a), while sites north and
offshore of the outfall contained nickel within the range collectedtla¢ control site. The net average
difference between samples collected close to the diffuser (i.e., withim20&nd further away (200m)
wassmall (£ 0.65 mg/kg dry wt.) bubhé near outfall sites wersignificanty (p=0.008) lower in nickel
concentration than the distant sites.

The effect of normalising the nickel to mud was to sharply increase the contrast between those sites close
to the outfall and those futier away suggestingickelis enriched near the outfall, relative to surrounding
sediments Figue 13c).

Figue 13d plots the individual data against their sample mud ewontfor 2012 and 2018. The older data
werenot available.The overlapping data clouds as defined by 95% CL, between the 2018 arsli2Gh2
sample data indicates there is litthvidence that theselatasets are distinct from each other.

Tablel3 Summary of nickel concentrations in sediments collected off New Brighton Beach in 2018,

2012, 2007, 2004 and 2003 (all data mg/kg dry weight).

: . Mean Number of
LocationiSurvey Median Range + Std Dev CVv samples
New Brighton 2018 (all samples) 9.1 7.5¢11.3 9.0+£08 | 9% 48
100-200 m subset 8.8 7.5¢9.9 87+07 | 8% 24
500-2500 m subset 9.5 8.0¢11.3 93207 | 7% 24
New Brighton 2012 (all samples) 9.8 8.4¢12.7 | 10.1+1.0 | 10% 48
100-200 m subset 9.7 8.4¢12.5 9.8+1.0 | 10% 24
500-2500 m subset 10.25 8.8¢12.7 | 10.3x0.9 | 9% 24
New Brighton 2007 9.7 8.9¢11.2 9.8+06 | 6% 48
New Brighton 2004 (all samples) 10.7 9.4¢15.5 | 109+1.0 | 10% 90
2000 m subset 10.3 9.7¢115 | 104+05 | 5% 45
3000 m subset 11.2 9.7¢13.1 11.1+0.7 | 6% 45
New Brighton 2003* 10.6 9.6¢11.1 | 104+2.0 | 19% 16
Waimakariri River control 2018 9.5 9.1¢ 10.8 98+0.7 | 7% 6
\Waimakariri River control 2012 9.25 84¢10.1 9.2+ 0.9 9% 6
Waimakariri River control 2007 9.8 9.5¢10.4 9.8+ 0.3 3% 6
Waimakariri River control 2004 12.8 10.8¢15.3 | 13.0x2.2 | 17% 6
Ashley River 2007 9.2 8.6¢9.7 9.1£04 | 4% 6
Ashley River 2004 9.1 8.8¢ 10.0 9.2x05 | 5% 6

Notes:*Four samples of mud extractedbim samples were also examined. Current sampling is highlightedriige and previous study biue.
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3.3.11 Zinc

Tablel4 provides a summary of totaécoverablezincinformation gathered since 2003 at tli&CC ocean
outfall and at the control site south of the WaimakarRiver. In 2018, zinc concentrations wereell
below the ANZECC ISQG Low trigigerel of 200 mg/kg dry weighiTable3). Median and mearzinc
concentrations at the outfall sites in 2018 wesienilar tothose mesured in 2012 andlightly lower than

the baseline in 2003 and 2004. However the median and ma@sconcentrations were higher at the
control sites in 2018 than recorded in 2012, but lower than that found during the baseline in 2003 and
2004. Furtheexamination of the 2018 sedimenincdata showed thagenerallysites around the outfall
(within 200 m of the diffuser and >200 m away) contaizéttwithin the range collected athe control

site (Figurel4a). The net average difference between samples collected close to the diffuser (i.e., within
200m) and further away @00m) wassmall (x2.8 mg/kg dry wt.) but the near outfall sites were
significanty (p=<0.001)Jower inzincconcentration tha the distant sites.

The effect of normalising the zite mud was to sharply increase the contrast between those sites close
to the outfall and those further away suggestinigcis enriched near the outfall, relative to surrounding
sediments Eigurel4c).

Figurel4d plots the individual data against their sample mud content for 2012 and 2018. The older data
werenot available.The overlapping data clouds as defined by 95% CL, between the 2018 arsliAa\?
sample data indicates there is litthvidence that theselatasets are distinct from each other.

Tablel4  Summary of zinc concentrations in sediments collected off New Brighton Beach in 2018,
2012, 2007, 2004 and 2003 (all data mg/kg dry weight).
: . Mean Number of
LocatioriSurvey Median Range + Std Dev CVv samples
New Brighton 2018 (all samples) 33 30-40 3425 | 7% 48
100-200 m subset 32 30-34 32+11 | 3% 24
500-2500 m subset 34 31-40 35+2.7 | 8% 24
New Brighton 2012 (all samples) 35 31¢40 34.8+2.0| 6% 48
100-200 m subset 34 31¢40 343+23 | 7% 24
500-2500 m subset 36 33¢ 39 35.3x1.6 | 5% 24
New Brighton 2007 36.5 33.6¢42.9 | 36.6£2.3 | 6% 48
New Brighton 2004 (all samples) 41.2 36.9¢60.4 | 41.7£3.9 | 9% 90
2000 m subset 38.9 36.9¢45.1 | 39.4+2.2 | 6% 45
3000 m subset 41.9 37.9¢51.9 | 42.2+29 | 7% 45
New Brighton 2003* 40.4 30¢ 36 40.1+79 | 4% 16
Waimakariri River control 2018 33 31-37 33524 7% 6
Waimakariri River control 2012 31 8.4¢ 10.1 32+£22 | 7% 6
\Waimakariri River control 2007 35.2 34.6¢39.7 | 56.0+x19 | 5% 6
Waimakariri River control 2004 504 41.1¢620 | 50.4+99 | 20% 6
Ashley River 2007 33.8 33.4¢35 | 34.1+0.7 | 2% 6
Ashley River 2004 34.7 33.9¢39.1 | 35.3t2.0 | 6% 6

Notes:*Four samples of mud extractedofin samples were also examined. Current sampling is highlightediige and previous stydnblue.
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34 Discussion

Constituents in the discharge behave differently when discharged from the diffuser to the sea off New
Brighton. The nawre of these constituents is a function of the CCC wastewater treatment plant processes.
Broadly, these can be grouped as:

w Inorganic particulates(suspended sediment) that will be deposited to the seabed depending
upon their size/density and local seanclitions.

w Organic particulateqe.g., algal cells) which will tend to be transported further than inorganic
particles of the same size.

w Dissolved constituentshat are conservative, stay dissolved and are transported away with local
currents.

w Dissolved costituents that are notconservative that are either taken up by biota (e.g., by
plankton) or undergophysb-chemical changes when the freshwater they are in mixes with
seawater. These may result in removal from solution ,adépending upon conditios)
incorporation into sediment.

All whole sedimentconcentrations recorded in 2018 were below the ANZECC ISQG low trigger values
which suggest no adverse ecological effects would be expected.

When the 2018whole sediment concentrations were considerdte concentrations of phosphorus,
arsenic, lead, mercury at the outfall sites were greater thathe control sites, while concentrations of
cadmium and copper were higher at the control sites than near the outfall. Concentrations of TOC,
chromium, nické and zinc near the outfall were not greatly different from the control sites.
Goncentrations of phosphorus, TOC, cadmium, chromium, copper, lead and nickel were all elevated to
the north, with the >200 m concentrations higher that those near the outfatital nitrogen was highest
close tothe outfall to the south. While the concentratisof arsenic and zinc &ve highest to the south.

These results suggest a northward transportation isttiargesThe concentrations were generally higher
beyond 200 m from the outfall than those closer to the outfallggestinghe majority of contaminants
discharged are either attached to organic particles or dissolved.

To assess the differences bet@n sites within the 2018 data sddll the site data were averaged, and
Primer 7 was used normalise the datiada resemblance matrix calculated using Euclidean distance. The
matrix was then subjected to grouped average clustering with SIMPROF testdefitme statistically
significantly related sites. Additionally the datene subjected to Principal Components Analysis (PCA)

to graphically show the relationship between sit€$g(rel5). Figurel5 shows the control sites (WR1

and WR2) are largely different from the outfall sites based on their increased percentage of mud, copper
and cadmium. Sites to the north of the outf@l500 and N2500) shad similarities andvere different

from other sitesaround the outfal(F)as a result of elevated concentrations chromium, nickel, TOC, zinc,
phosphorus and lead. The sitgsthe inshoregrouping QW200 and W500) were also shown to be
different from other outfall sitegF)in that they had less mercugnd phosphorus.
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Figurel5 Principal Components Analys2®18whole sediment quality data, showing site clustering

and parameter vectors

The whole sediment concentrations of TOC, cadmium, chromium, copper and narieclower in 2018
compared with 2012 while the concentrations of arsenic were greater in 2018. The concentration of
mercury was greater at the outfall sites in 2018 compared to 2012 but similar at greater distance from
the outfall. The concentrations abtal nitrogen, total phosphorus, lead and zinc were not dissimilar

between 2012 and 2018.

The differences between the 2012 and 2018 sediment quality were also compared with a PCA plot
(Figurel6). Figurel6 shows the samples from the outfall area in 2018 were separated from the 2012
outfall sites based on more mercury and nitrogen in 2018 than 2012 and less nickel, chromium, mud, TOC
and copper in 2018 than in 2012. The differences between the caitesin 2012 and 2018 were smaller

but largely the results of greater concentration of TOC and cadmium and more mud in 2618 204.2.

When the whole sediment contaminant concentrations are normalised by percentage mud all
contaminants show eigated levels near the outfall, in comparison to those further afield and at the

control.
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Figurel6 Principal Components Analys2®12 and 2018 whole sediment quality dgtahowing

parameter vectors
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4. . 9b¢lI L/ 9/ h[hD,

4.1 Introduction

The benthic faunal communities were assessed using two sampling techniques which target slightly
different communities. The benthic epifauna includes thegecies living on the surface of the seaped
these often include larger biota that occur in patchy distributions of wide areas. The benthic epifauna
were surveyed by benthigpifaunadredge tows. The benthic infauna includes those species livinghwith

the seabed sedimentghe infauna biotais generally small and thuts distribution varies over a small
scale. The benthic infaunavassurveyed by collecting seabed core samples.

Standard descriptive parameters were used to assess the variation ihibdatinal assemblages and to
examine any changes in the benthic fauna since the surveys conducted prior to commissforamge
of univariatequantitative measures were used to describe the faunal community, including abundance
(number of individuals)species richness (number of species) and species diversity (a measure of the
abundance of species relative to the total species at each sjegcies diversity was calculated using the
ShannorWeinerDiversity Index.ShannoAWiener Diversity Index meases the rarity and commonness
of species in a community and is calculated using the following formula.

H=-1 ilamhy

Here pis the proportion of total number of species made up of ifiepecies.

All benthic fauna data angresentedin Appendixb.

4.2 Benthic Epifauna

The epifaunal taxa present in the vicinity of the outfall and at the Waimakariri River control site consisted
of common species of annelids, ruslcs, crustaceans, echinoder@usd fish; as wélks specimens from

less common phyla that typically reside orwithin the sediment as infauna, including sea anemones
(Cnidaria), peanut worms (Sipuncula), spoon worms (Echiura), and theliierpriapulids (Priapulida).

4.2.1  Spatial Distribution

The abudance of epibenthic species recovered from the tows is presentddlime32 in Appendixs.
Photographs showing the epifaunal organisms collected in each of the dredgeare provided in
Figure29 in Appendix5. The echinodermellaster zelandiag¢sand dollar) was the most abundant
epibenthic species overall and was found in moderate bers at both tow sites near the outfall. Sand
dollars are highly mobile deposit feeders that live on the sand or are buried very shallow in the sand, often
in high densities Molluscs were the most taxonomically diverse epibenthiaugrof epifaunaat the
Waimakariri control sites, however were species poor at the outfall.sitesre was a similar decrease in
species richness of the taxonomic groups of crustacea and polychaetes between the Waimakariri control
sites and the outfall &2s.

Tablel5provides a summary of the epifauna and other species found in the tows undertaken since 2003.
It was noted that the data present in Table 21 of the Golder, 2012 repert incorrect with regard to
average abundance of taxa groupings and total abundance and diversity for data from 2007 and 2012,
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these have been corrected rablel5. Lack of raw data prevented correction of the 2003 and 2004 data
in Tablel5.

In 2018 the proportiosof molluscs and crustaceaene lower at theCCQ@utfall Stes compared with the
Waimakariri river controlites. Conversely the proportion of echinoderms was higher atQ@€ outfall

New Brightorsites compared with the Waimakariri river contrdtess. The abundance of epibenthic fauna
was greater north of the outfall compared with soutioth north and south were lower in abundance of
benthic epifauna when compared to the contrdlVhile the epibenthic dredge tows to the north of the
outfall had slightly lower species richness than the dredge tows collected to the south of the outfall, the
difference wasslight The species richness bénthicepifauna around the outfallvas lowerthan that
recorded atthe Waimakariri River control sites.

Tablel5 Summary of average abundance for epifaunal dredge tow taxa for all surveys of the
ChristchurchCity Councibutfall 2003- 2018.

c| 8 c|8 c|8 c| 8
2 g 2 E 2 g 2| E
Taxa 5282 5282|3223 2s2
Zo S Zod =x|lza|Sx¥|lzo S
™ < < N~ N~ N N [ce] (e0]
o o o o o — — - -
o o o o o o o
(V) (V) (V) AN AN (o] (o] Al Al
Mollusca 7 11 | 49 | 25 | 37.2| 56.7| 65.8/119.0] 0.3 | 11.3
Crustacea 49 | 16 | 26 | 28 | 10.3| 5.7 | 723 |38.0] 0.2 | 1.0
Annelida 0.25 1.2 | 14.0| 23 | 14.0 4.0
Echinodermata 0.25] 5 6.8 | 2.3 |317.7) 24.3] 13.8| 2.7
Fish 2 7 8 8 1.7 | 10| 6.0 | 6.7 1.0
Priapulida 2.7
Sipuncula 0.2 | 0.7
Cnidaria 1 0.71 03| 0.3 0.7
Echiura 0.3
Ctenghore 12 67
Bryozoa 0.5
Total Average Abundanq 64.5] 28 | 34 | 103 | 57 | 84 | 465 | 202 | 14 | 21
Average Number of taxa] 9 10 | 12 10 | 11 17 19 | 20 2 8

Note: values in italics corrected from t28007 and2012 repors based on epibenthic biota data praesed in those reportsCurrent sampling is
in blue.

4.2.2 Temporal Changes

Consistent with previous years the average number of taxa was greater at the Waimakariri Control site
than the CCC outfall New Brightates.

The total abundance of fauna around the outfall 318 wadess tharthat observed in previous sampling
(2003, 2004, 200and 2012. Some of the variation seen between years may be due to the different
dredges used between sampling events. The dredge used in 2018 was slightly smaller in size than in
previous years and likely a different design which may have resulted in it moving diffeaendlys the
seabed.

The proportion by abundance of molluscs and crustaceans has decreased over time 2007 to 2018 at the
outfall sites, while theproportion has remained similar at the Waimakariri control site. Conversely the
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proportion of echinoderms has increased over time 2007 to 2018, at botlC®€ outfall New Brighton
sites and the Waimakariri control site, however the increases at the osifadl are much greatdFigure

17).
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Figurel7 Percentage composition of major taxa groupings in epifauna biota

4.3 Benthiclnfauna

The infaunal taxa present in the vicinity of tCC outfaland at the Waimakariri River control site
consisted of common species of annelids, molluscs, crustaceans and echinoderms; as well as specimens
from less common phyla, including sea anemones (Cnidaria), nemerteans, flatworms (Platyhelminthes)
and horseshoe worms (Phoronida).

In addition to the statistical analysis of the univariate summary statisticabundance, richness and
diversity, the use of multivariate analyses techniques including cluster analysis and-nmetric
multidimensional saling (MDS) were used to allow the patterns in species composition and abundance
data to be observed between sites and over time. These multivariate analyses, however, do not provide
an indication of the statistical significance of the differences ortwias changed between sites or
surveys, to lead to the observed differences. Therefore, a multivariate analysis of variance (MANOVA)
test is required to determine the statistical significance of the degree of difference between the species
abundance andamposition data for the sites. Unfortunately, the assumptions for a MANOVA will never
be satisfied for typical mukspecies abundance data, therefore nparametric MANOVA has been
conducted.

Ordination procedures were carried out using dateragedper site thatwere fourth root transformed
to reduce the dominance of highly abundance species in assessing overall benthic community trends.
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4.3.1  Spatial distributions

Abundance

Average abundance increased with increasing distance from the diffuser alohpttieSouth Transect,
with approximately twicghe number of organisms at the sites >1 km from the diffusenpared to those

at 100 m from the diffusefFigurel8). The exceptioato this pattern were sitesN1000 and S250@vhere
much lower abundances of fauna were recorded, wisctiue to a lower abundance of anneldrmsat
thesesites compared to other locationsSites outside of the 200 m mixing zone had a greater average
abundance than those within 200 m dfd diffuser. There was no clear pattern to the fluctuations in
average abundance along the Wésast Transectalthough the deeper eastern samples were higher in
abundance than the shallowerastern samples The average abundance at control sites siaslar to

the mixing zonesitesbut lower than the more distanbutfall sites The variability gtandard deviatioh
associated with average abundance was biglor some sites, particularly those with high numbers of
organismssuch asite N2500 (Figurel8).

100
S 80 -
n
il
Q
e 60 -
(1]
©
c
5 |
® 40 - T
S I T T T [ ]
a7
V 4
> =]
£ - 7
0 T T T T T T T |/ 4 4
LC PP PRSPPSO SR N o)
Site
[ 2500m N/S  [C—J 1000m N/S [ 500m N/S 200m N/S [ 100m N/S
IR Control 721 s00m W/E [ZZZ]1 200m W/E [EZEZE 100m W/E

Figurel8 Average faunal abundancet(standard deviation for all sites sampled near the
Christchurch CitCouncilocean outfalland Waimakariri River control sites in 281

Sites N2500 and S1000 had the highest average abundances of all sites with an average of 67.4 and 56.6
organisms per replicate respectively. These high abundances were largely due to high nurabeetidf

worms Figure 19), in particular the polychaetdHeteromastus filiformis Similarly lower average
abundances at sites N100, S100, W100 and Wa8@ partially the result of lower numbers of annelid
wormsin particular the polychaetéleteromastus filiformis Capitellidaeworms such asleteromastus

filiformis prefer a muddy sand habitatith mud content of up to 95%, with an optimum range of4@/4

in estuaries and harbours where they can burrow deeply into the sediment up to about 10 cm.
Capitellidaevorm abundance is often high in organically enriched estuarine sedimevtsd content at

sites N2500 and S10@®approximately 12% just within the preferred range Hmteromastus filiformis
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while at sitedN100, S100, W100 and W20@ mud content was approxiately 5%, below their preferred
range.

80
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Figurel9 Average abundance for benthic fauna groups for all sites sampled neaiGhastchurch
CityCouncilocean outfalland Waimakariri River control sites in 281

Speciegichness

Average species richness ranged between 12.8 and 21.0 species per site, with an overall average for all
sites of 15.4 species per samplédésy. = 4.1). There were no distinguishable differences between sites
overallfor average species richnedsowever species richness does not account for changes in species
composition

ShannonWiener Diversity

Species diversity was generally relatively similar at all sites with the exception of N2500 which was much
lower than all other sitesThere was anlmost imperceptible, gradual decrease in diversity with distance
from the outfall along the NorttSouth Transect and similarly away from the outfall along the VEest
Transect fFigure21). Diversity within the mxing zone sites was marginally higher than the average
recorded outside the mixing zone but less than that recoded at the Waimakariri control sites.
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Benthic community structure

To further investigate the patterns in the benthic infauna data as a whole, the data were subjected to
multivariate analysis. Prior to multivariate analysis teplicate benthic infauna data were averaged at
each site. The data were then transformed using a fourth root transformation to reduce the effects of
the very abundant species. A resemblance matrix was then calculated using the Bray Curtis similarity
measure. To determine the similarity of species composition and abundance between sites the
resemblance matrix was then analysed ugignguped average cluster analysis provided by the software
package Primer 7. Similarity profile permutation testing waed to look for statistically significant
evidence of structure between the sites. In addition the data were subjected tamrairic multiple
dimensional scaling (nMDS) to provide a 2D representation of the similarities between sites. The closer
together the points for each sample are, the more similar the benthic infauna community structure is
between the site. The PrimemMDS analysis provides a stress value, which is an indication of how well
the plots fit the real data. Stress values <0.05 prow@geellent representation with no prospect of
misinterpretation, <0.1 corresponds to a good ordination with no real prospect of misleading
interpretation, <0.2 still gives a potentially useful 2D picture, though for values in the upper end of this
range litle reliance should be placed on the detail of the plohe results of theluster analysiare shown

in Figure22 andresults of thenMDS analysis are shovim Figure23, symbok hawe been used to show
statistically significant cluster groups while symbolour has been used to show further site groupings

The 2D stress value of Q&hile on the high sidethe nMDS still gives a useful representation of the
differencesandsimilarities vithin the species composition and abundance data.

Benthic Infauna 2018
Group average

Transform: Fourth root
Resemblance: S17 Bray-Curtis similarity
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Figure22 Dendrogram generated usin@Grouped average Clustering in Primer 7.

The cluster analysis determined that the Waimakariri control sites had a different species caomposit
and abundance from those at teC@utfall. Within the outfall area the sites (N500, N1000 and N2500)
at the northern end of the North South transect were shovsgghificanly different structure to those to
the south and acrosshore. Within this southern group of sites the cluster analysis showssigmificant
structure splitting the sites into three groupings; C1 (sites N100 and N200), C2 (sites S100, S200, S500,
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W100, W200 and W500) and C3 (sites E100, E200, E500, S1082580). This grouping makes sense
geographically with the groupings defining adjacent non overlapping areas.

Benthic Infauna 2018
Non-metric MDS

Transform: Fourth root
Resemblance: S17 Bray-Curtis similarity
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Figure23 nMDSordination plot of the benthic community in the vicinity of Christchurch Gliyuncil
outfall in 2018 with sie clustering outlined.(Note:axis on the plots are not related to any
variable and are numberless)

To assess the species responsible for the differences between sites Primer 7 offers the SIMPER function
the results are present imable28in Appendix4. The differences in community structure are defined by
dissimilarity of species between sites or site groupings contribution. Between the three site groupings
defined above no individual species stands with significantly greater contributions than others, to the
dissimilarities between sites.

The Control sites showed absence of 57 taxa present at otheristiesling the polychaetdricideasp.,
the horseshoe wornPhoronussp., brittle starfish (@hiuroidea), the bivalveDosinia anusand the
Tanaidaceahut the presence of the polychaeteectinaria australiand Hydromedusathat were absent
from outfall sites.In group bwhich included sites N500, N1000 and N25f0speciesrecorded at otler
sites were absent33 of these wereonly recorded & the group csites in low numbersWithin group b
the polychaete wormHeteromastuswere most the abundant followed by the polychaete worm
Prionospio australiensi§&oniadidaeMagelona dakiniNephtyidag the Phoxocephalidaamphipods the
bivalveMyllitella vivensand the horseshoe worRhoronussp. In group ¢33 species were recorded that
were not recorded at other sites albeit at very low numbers. Within group cptiigchaete worm
Heteromastusvere most the abundant, followed by the polychaete waidephtyidag Goniadidaeand
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Prionospio australiensigthe Phoxocephalidaeamphipods, the bivalvedyllitella vivensand Nucula
nitidula.

The differences in species composition and abundance betwiesswgithin the mixing zone out to 200m
from the outfall were compared with those beyond and at the control séed were tested by the
ANOSIMTable29 in Appendix4) and PERMANOVWA&able30 in Appendix4) functions in Primer 7. In

both cases the individual site replicate data were used following the fourth root transformation and
construction of a resemblance matrix based on Bray Csitiglarity. In bth cases the differences
between each group (mixing zone, outside mixing zone and control) were statistically significantly
different from each other at the 0.05% level. The differenwere further analysed witlSIMPERTable

31in Appendix4) to determine the contribution of each species to the dissimilarities between groups.

The differences between the mixing zone sites and those outside the mixing zone near the outfall were
defined bya group of 27 species witthe polychaete wormsHeteromastus filiformisPrionospio
australiensisGoniadidaeMagelona dakiniAglaophamusp., Ampharetidae the crustaced@ anaidacea

the horseshoe wornPhoronussp. and the bivalveNucula nitidulaall shaving increases in abundance
outside the mixing zoneThe differences between the mixing zone sites and control sites were defined
by a group of 25 species withe polychaete worm®rionospicsp., Prionospio australiensi§oniadidae
Oweniapetersonae Sgalionidag Heteromastus filiformisind Scoloplos cylindrifethe bivalvesNucula
nitidula and Serratina charlottagthe sea cucumbeFrochodota dendyand the ribbon worm$Nemertea

all showed higher abundance at the control sites than in the mixing.zdhe differences between those
sitesoutside the mixing zone near the outfall and control sites were defined by a group of 27 species with
the polychaete worm®rionospicp., Oweniapetersonae SigalionidagScoloplos cylindrifesoniadidae

and Ampharetidae the bivalvesSerratina charlottagArthritica bifurca the amphipodHaustoridae the

tanaid Diasterope griseathe sea cucumber§rochodota dendyiParacaudina chilensiznd the ribbon
wormsNemerteathat all showed higher abundance at the control sites tl@nhose outside the mixing

zone near the outfall.Secies such as the bivaliyllitella vivenghe Phoxocephalidae amphipods and

the sea cucumbeeterothyone ocnoidesere all more abundant within the mixing zone sites compared
with other sites.

4.3.2 Temporalchanges

No numericalraw data for the 2004 baselirgtudy wasavailable to compare with the later survey data,
or summary statistic. Were possible 2004 data has been estimated from past régrogtsphs but the
raw data required for statistically testgas not available.

Abundance

Compared to data collected in 29, the average faunal abundance haédcreased by 208 at all sites
along the NorthSouth Transect and ail of the WestEast Transect sitgfigure24). Faunal abundance

had alsodecreased at both control sitesThe most notable decreases in abundance were recorded at
sites N1000, N500, S2500, E20@ WR2. The pattern of general decrease in abundance suggests it is
the result of factors other tharhie outfall, with the exception of Site E2@Be sites closest to the outfall
showed the least change in abundance between 2012 and 28¢ 8omparison to baseline data collected

in 2004,(note this data was estimated from graphs in 2012 repdrd averag abundance of fauna in
2018 wasagainlower than that recorded previously={gure24). The patterns in fluctuating abundance
were similar across all sites over time, decreased between 2004 and 2007, increasedbet007 and
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2012, and decreased between 2012 and 2028 discusseth the 2012report (Golder, 2012the large
increases in abundance in 2012 were the result of very high numbers of juvenile echinoids.
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Figure24 Average faina abundance for all sites sampled near tlénristchurchCity Councibcean
outfall and Waimakariri River control sites i2004,2007, 2012and 2018.

Species richness

Species richness was generddiyer in 2018 compared to 202 (including the ontrol sites),and was
similarlyless than that recorded in 200Bi¢jure25). Thelevel of taxonomic resolution has varied between
surveys whereby a greater number of fauna were identified to genus or speciesne2@4 and 2012

but most fauna could only be identified as far as family level in 268¥ 2018 data seems to be
somewhere in betweer2007 and 2012.In 2012 there was a lack identification to species level with a
large number of geera differentiated nto multiple unknown species, and less grouping into family level.
In 2018 there were less unknown spegigsnera usually only haamaximum of one unknown species

or data were grouped into a higher taxdhe reasorfor this difference in resolution is ndnown but

could reflect the improving scientific knowledge with time, type of species present (i.e., some taxonomic
groups can be more difficult to identify than others based on their size and complexity of morphology),
varying preservation and conditiaf samples for identification or experience of the taxonomist.

Putting aside the taxonomic resolution differentlee changes in species richness may be attributed to
natural variation in spcies composition between year3.here were slightly lower numberof species
recorded in close proximity to the outfall location in 20@807and 2012 however in 2018 the numbers
of species were higher within the 200m mixing zone compaigudthose further away and at the control

In 2004 here wasa pattern of greaterspecies richnessear the outfallalong the westkast transect prior
to construction of the outfall pipelineNo such pattern was evident in 2007, however in 2012 the species
richness was greater at the offshore end of the transect. In 2018 the spadiesss was greatest 100m
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east of the outfall, but flat along the rest of the transect. The patterns over time suggests that species
richness was naturally greater mid transect and that in recent years after the installation of the outfall
this peak in spcies richness has shifted further offshore. T®/ides some suggestion that the pattern

of speciegichness could be a reflection of the impact thie benthos from installatiorand operationof

the outfall.
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Figure25 Averagespecies richness for all sites sampled near @t&istchurchCity Councibcean
outfall and Waimakariri River control sites i2004,2007, 2012 and 2018

ShannonWiener Diversity

Estimation of the 2004 Shannon wiener diversity index values wapossible from the graphs in the
2012 report. Between 2007 and 2012 the diversity on average increased within the mixing zone, but
remained the same at the more distance sites, while the control showed greater incrdas2@18 the
ShannonWiener Diversity was typically slightly higher than that recorded in20the exception was
those sites to the east of the outfalriQure26). Overall the diversity has increased at between 2007 and
2018 at all sites excep2500, W200 and E500.
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Figure26  Average species diversity for all sites sampled near @taistchurchCity Councibcean

outfall and Waimakariri River control sites in 2004, 2Q@012and 2018.

Benthic community structure

@“’\’\»\Q‘”

Multivariate analysis of the three surygears 2007, 2012 and 2018 based on the taxa as reported showed
differences between survey years were greater than differences between sites. For instance, mMDS
ordination showed clear separation of all sites into groups based on survey Fguse@7) with some
additional grouping within years as defined by grouped average cluster an&igsise8). Thedifferent
symbols have been used to show direction from outfall while synsblmiur has been used to show
distance from outfall. The stress value 012 while on the high sidethe mMDS still gives a useful
representation of the differenceand similarities within the species composition and abundance data.

The mMDS and cluster dendragn show that community structure based species is more similar
within years than between years. However there were still statistically significant differences between
siteswithin years. The data suggegteater, most likely natural, factors than theffects of the outfall
operation influence the changes in species composition and abundance over time.
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Figure28 Dendrogram generated usin@rouped average Clustering fepecies dta by site and

years in Primer 7.
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4.4 Summary and Discussion

Abundanceand species richnessere lower inside the 200 m mixing zone and progressively increased
with increasing distance from the dfatl along the NorthHSouth TransectAbundance and species richness
were highest 100 east of the outfallith the exception of this enriched ardmth parameters increased

with increasing distanc&om that the outfall. Overall faunal abundance and speEscrichness was lower

at the control sitescompared toimpact sites Diversity was relatively similar between all sites including
the control sites. These findings suggest that the discharge is having some influence on the abundance
and richness of behic communities, but that the greater impact occurs within the 200 m mixing zone
boundary. This impact takes the form of increased species richness and locally depressed abundance
within the mixing zone Species composition and abundance showed stadiftyisignificant geographical
groupings.Rather than a few key species defining the differences between site groupings, in 2018 a large
number of speciesachcontributed small amounts to the differences

The changes in benthi@mmunities over time, between 2002012and 203, included an apparent
decrease in abundancand species richnedsetween 2004 and 20Q7ollowed by an increase between
2007 and 2012and further decreases between 2012 and 2018 was noted, however, #t some
differences in the benthic taxonomic resolution during each survey may account for some of the observed
differencespatrticularlyin species richnessThe mMDS and cluster dendrogram show that community
structure based orspecies is more similar within years than between years. However there were still
statistically sigificant differences between sites within years.

Epifauna was more abundant in 2012 comparedltather years surveyedh particular due to the high
abundance of sand dollar urching.he epibenthic communities included typical species found in New
Zeahnd subtidal benthic environments and echinoderms, molluscs and crustaceans were the most
common epibenthic species.

Given thegreaterdifference between the benthic communitieser survey yearthan differences within
the survey areait is pesible thatthe majority ofthese changes are the result of natural fluctuasom
benthic populations.Despite this the 2018 survey data suggens outfall may have some influence as
the benthic communities are statistically significantly divisiblehvaitpattern geographically centred on
the outfall.
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The 208 survey of theCCcean outfall is thesecondsurvey carried out since commissioning in 2010.
Thesurvey collected samples of sediment and seabed biota as requiree lbgsburce consent issued to

CCC

The 208 survey has reported on the concentrations of a number of key sediment quality parameters
(e.g., TQC nitrogen and phosphorus) and a range of environmentally important trace elemérits.
measurement of concenditions was undertaken on whole sediment (<2 mm fraction to be ex&rtja

were interpreted on the basis of whole sediment and also following the calculation of pararhetad
ratios, the latter being utilised to normalise the variation that ariseafirthe variability in the amount of
mud in thesamples.The key conclusions are:

w

Whole sediment TOC, cadmium, chromium, copper, lead, nickel and zinc concentrations showed
statistically significant higher concentrations in sediments collected greater 208nm away

from the outfall, than those collected within 200 m of the diffuser. Similarly the samples collected
further away from the diffuser contained slightly highermpercentage oimud on average than
samples collected close to the diffuser. The average concémrdifferences between the two
groups of sediments were small.

PCA and cluster analysis of the 2018 sediment quality data showed the outfall sites were different
to the control sites based aihe percentage ofmud being higher at the control sites. Sites to the
north were identified as different to those nearer the outfall and south as a resuiefated
concentrations chromium, nickel, TOC, zinc, phosphorus and lead to the north.

Examination of parameter / mud ratios showed the reverse of the whole sediment patténn wi
higher ratios close to the diffuser. For all parameters a small peak in ratios occurred close to the
diffuser even though the averageercentage omudwas lower close to the diffuser.

The concentration of all parameters measured for which sediment qualityslivétre identified

in the resource consent were lower than the identified ANZECC limits. The low concentrations of
trace elements in sediments would indicate that the sediment quality should not be having any
adverse effects on sediment infauna.

The examiation of the benthic community in 2018 has shown:

w

Increases in abundance with distance from the outfall along the N®aith Transect,
particularly outside the mixing zone.

Increases in abundance and richness within distance offshore.

Abundance and rictass vere typically higher within the mixing zone compared to control sites
While abundancéncreased outside the mixing zone boundaighness decreased slightly.
Analysisof the benthic communities as a wholhowed the control sites were significantly
different from the outfall sites and that the three northern sites (N2500, N1000 and N500) were
significantly different from the other outfall sites.

Abundance and richness varied significantly between survey years but fell within the range of
baseline levelén 2018. Compared with 2012he average faunal abundance had decreased by
2018 at all sites, controls included.

The benthic communities between survey years were significantly different. Some of this
difference could be attributed to some degree byiations in the level of resolution for some
taxonomic groups which provided some limitations in the detail of benthic community structure.
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However it is not possible to rule out real variations in benthic community structure between
surveys.

The weight ofevidencefrom both sediment quality and benthic community structure suggests that the
control sites are differenfrom the outfall sites, and that distant sites to the north of the outfall are
different from those at the outfall. The changes in both sediment iyand species composition and
abundance suggest the northern sites were likely affected by the outfall dischatgeincreasén the

numbers of the polychaete worrkhleteromastuds a typical response to the observed outfall derived
organic enrichmenat these sites.
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Appendix1 Resource ConseronditionsCRC051724

Receiving Environment MonitoringMarine Sedinents
23

a. The consent holder shall obtain no less than three replicate surface sediment samples at locations 100,
200, 500, 1000 and 2,500 metres along shore from the centre point of the diffuser (both north and south)
and 100, 200 and 500 metres inshoredasffshore from the diffuser.

b. The consent holder shall obtain no less than three replicate surface sediment samples from two sites
south of the Waimakariri River.

c. The collection of sediment samples in accordance with Condition 23(a) and (b) shall occur:

a. On two occasions at least 12 months apart, in either February or March prior to commissioning
of the outfall; and

b. One year after the commissioning of the outfall and thereafter at five yearly intervals, during
either February or March.

a. At each of the eplicate stations identified in Condition 23(a) and (b), a series of no less than three surface
sediment samples are to be collected to a depth of 50 millimetres and combined to form a single sample
for each location.

b. All sediment samples collected in acdance with these conditions shall be analysed for the following
determinands:

Constituent Grouj|Constituent Units
Physical
characteristics

Sediment texture Grain sizgyravel, sand, mud |percent dry weight

Description only in th lesghan
two millimetre fraction
Organic status |Total organic carbon (TOC) percent

milligrams per kilogram as
Nitrogen dryweight
milligrams per kilogram as

Man-madeobjects

Total nitrogen

Total phosphorus

Phosphorus dryeight
Arsenic, cadmium,fcomium, copper, lead, milligrams per kilogram dry
Metals . : . . .
mercury, nickel and zincstrong acid extraction |weight
24 In the event that the concentration of any parameter in a single sample analysed in accordance with

Condition 23(e) exceeds a trigger walspecified below, the consent holder shall:
a. Notify the Canterbury Regional Council within 10 working days of the detection of this
exceedance; and
b. Provide to the Canterbury Regional Council within one month of detecting the exceedence a
report detailingthe risk of the exceedence to aquatic communities in Pegasus Bay and any
measures proposed by the consent holder to mitigate the effects of the exceedence on these
communities.
Trigger Levels:
Parameter Trigger Levels
Arsenic 20 milligrams per kilograany weight Cadmium 1.5 milligrams per kilogram dry weight
Chromium 80 milligrams per kilogram dry weig@ibpper 65 milligrams per kilogram dry weigtgead 50
milligrams per kilogram dry weightlercury 0.15 milligrams per kilogram dry weigRickel 2 milligrams
per kilogram dry weighZinc 200 milligrams per kilogram dry weight

Receiving Environment MonitoringBenthic Invertebrates
25
a. The consent holder shall obtain five replicate sediment samples for the examination of benthiatauna
stations adjacent to the discharge point. Samples to be collected from locations 100, 200, 500, 1,000 and
2,500 metres along shore from the centre point of the diffuser (both north and south) and 100, 200 and
500 metres inshore and offshore from thdfdiser (total 16 sites, 80 samples).
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b. The consent holder shall obtain five replicate sediment samples for the examination of benthic fauna
from two sites south of the Waimakariri River (total two sites, 10 samples).
c. The collection of sediment samples the examination of benthic fauna in accordance with Condition
25(a) and (b) shall occur:
a. On two occasions at least 12 months apart, in either February or March prior to commissioning
of the outfall; and
b. One year after the commissioning of the outfall ahdreafter at five yearly intervals, during
either February or March.
d. Sampling of benthic fauna using no less tharcd3timetrediameter cores and samples shall be
processed using a 0.5 millimetre sieve and the invertebrates collectagtetdand identified to the
lowest practical taxonomic level.

Receiving Environment Monitoring Epibenthos
26
a. Epibenthic tows shall be undertaken perpendicular to thershat the control sites and at sites 200
metres north and 200 metres south of the dait one year after the discharge from the outfall
commences, and thereafter at five yearly intervals. Each tow shall include three runs of 200 metres each.
All samples collected shall be analysed for species composition and species abundance of epibenthic
organisms. Where possible, tows are to coincide with sediment and benthic invertebrate sampling in
Conditions 23 and 25 above.
b. The information collected shall be used for the purposes of:
a. determining the composition and abundance of epibenthic specid¢isa vicinity of the outfall;
b. identifying any variation in the composition and abundance of epibenthic species overtime;
c. identifying any relationship between the composition and abundance of epibenthic species and
sediment quality; and
d. noting the presence of any deformed individuals
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No sample positions were recad in the Golder, 2012 report thismmple positions were taken from
the Golder, 2007 report. Some inacadies in these coordinas have beemmended.

Benthiltgzmpling Latitude Longitude NZTM (Easting) NZTM (Northing)
N100 S43 31.329 E172 46.607 1581961 5181174
N200 S43 31.278 E172 46.585 1581932 5181269
N500 S43 31.123 E172 46.521 1581844 5181556
N1000 S43 30.865 E172 46413 1581698 5182033
N2500 S43 30.089 E172 46.091 1581259 5183468
S100 S43 31.433 E172 46.649 1582019 5180982
S200 S43 31.485 E172 46.671 1582048 5180887
S500 S43 31.640 E172 46.736 1582136 5180600
S1000 S43 31.898 E172 46.843 1582281 5180122
S2500 A3 32.674 E172 47.166 1582720 5178688
E100 S43 31.346 E172 46.789 1582205 5181143
E200 S43 31.331 E172 46.859 1582300 5181172
E500 S43 31.284 E172 47.072 1582587 5181260
W100 S43 31.417 E172 46.468 1581775 5181012
W200 S43 31.432 E172 46.398 1581680 5180983
W500 S43 31.479 E172 46.185 1581393 5180895
WR1 S43 24.560 E172 43.712 1578020 5193692
WR2 S4324.714 E172 43.750 1578073 5193407
e Latitude Longitude NZTM (Easting) NZTM (Northing)

Epibenthic tows

WR1-tow 1 start S43 24.560 E172 43.712 1578020 5193692

WR1- tow 1 end S43 24.560 E172 43.563 1577819 5193691

WR1- tow 2 start S43 24.560 E172 43.712 1578020 5193692

WR1- tow 2 end S43 24.605 E172 43.575 1577836 5193608

WR1- tow 3 start S43 24.560 E172 43.712 1578020 5193692

WR1- tow 3end S43 24.635 E172 43.604 1577875 5193552

WR2- tow 1 start S43 24.714 E172 43.750 1578073 5193407

N200- tow 1 start S43 31.278 E172 46.585 1581932 5181269

N200-tow 1 end S43 31.312 E172 46.444 1581741 5181206

N200- tow 2 start S43 31.278 E172 4685 1581932 5181269

N200- tow 2 end S43 31.348 E172 46.472 1581779 5181139

N200- tow 3 start S43 31.278 E172 46.585 1581932 5181269

N200- tow 3 end S43 31.370 E172 46.507 1581827 5181097

S200- tow 1 start S43 31.485 E172 46.671 1582048 5180887

S20-tow 1 end S43 31.518 E172 46.528 1581856 5180825

S200-tow 2 start S43 31.485 E172 46.671 1582048 5180887

S200- tow 2 end S43 31.554 E172 46.555 1581892 5180758

S200-tow 3 start S43 31.485 E172 46.671 1582048 5180887

S200- tow 3 end S43 31.58 E172 46.597 1581948 5180706
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Appendix3 Laboratory data

o H s H R J Hill Laboratories Limited | T 0508 HILL LAB (44 55522)
A ' a O r a 0 r l es 28 Duke Street Frankton 3204| T +64 7 858 2000
Q ‘ Private Bag 3205 E mail@hilllabs.conz
AN RS

TR ’ E D P TE 5 TE D A N D TR US TE D Hamilton 3240 New Zealand | W www.hill-laboratories.com

Certificate of Analysis Page 10f 3

Client: | Bioresearches Lab No: 1940159 SPv1
Contact: Mark Yungnickel Date Received: | 09-Mar-2018
C/- Bioresearches Date Reported: | 04-May-2018
PO Box 2828 Quote No: 87168
Auckland 1140 Order No:
Client Referenoe: R:Ar;rr-‘ﬁgm;ch City Council Marine Outfall
Submitted By: Mark Yungnickel
Sample Name: E500 A E500 B E500 C E200 A E200 B
07-Mar-2018 07-Mar-2018 07-Mar-2018 07-Mar-2018 07-Mar-2018
Lab Number: 1940159.1 1940159.2 1940159.3 1940159.4 1940159.5
Individual Tests
Dry Matter of Sieved Sample /1009 as revd 77 72 80 76 76
Total Recoverable Phosphorus mg/kg dry wt 400 380 400 400 410
Total Nitrogen* g/100g dry wt <0.05 <0.05 < 0.05 <0.05 <0.05
Total Organic Carbon* 9/100g dry wt 0.13 0.13 0.12 0.11 0.13
Heavy metals, trace As,Cd,Cr,Cu,Ni,Pb,Zn,Hg
Total Recoverable Arsenic mg/kg dry wt 59 6.4 6.1 6.6 6.5
Total Recoverable Cadmium mg/kg dry wt 0.013 0.014 0.014 0.014 0.013
Total Recoverable Chromium mg/kg dry wt 1.4 114 1.4 114 11.7
Total Recoverable Copper mg/kg dry wt 27 27 27 25 28
Total Recoverable Lead mg/kg dry wt 10.6 10.3 10.3 9.7 9.8
Total Recoverable Mercury mg/kg dry wt 0.05 0.06 0.06 0.05 0.05
Total Recoverable Nickel mg/kg dry wt 9.7 95 9.7 9.6 9.9
Total Recoverable Zinc mg/kg dry wt 34 34 34 32 33
3 Grain Sizes Profile
Fraction >/= 2 mm* @g/100g dry wt <01 <0.1 <0.1 <01 <01
Fraction < 2 mm, >/= 63 pm* g/100g dry wt 875 88.4 89.7 929 89.4
Fraction < 63 um* 9/100g dry wt 125 115 10.2 741 10.6
Sample Name: E200C E100 A E100 B E100 C W100A
07-Mar-2018 07-Mar-2018 07-Mar-2018 07-Mar-2018 07-Mar-2018
Lab Number: 1940159.6 1940159.7 1940159.8 1940159.9 1940159.10
Individual Tests
Dry Matter of Sieved Sample ¢/100g as revd 75 74 76 78 76
Total Recoverable Phosphorus mg/kg dry wt 390 360 350 370 360
Total Nitrogen* g/100g dry wt <0.05 < 0.05 < 0.05 <0.05 <0.05
Total Organic Carbon* g/100g dry wt 0.10 0.09 0.09 0.10 0.11
Heavy metals, trace As,Cd,Cr,Cu,Ni,Pb,Zn,Hg
Total Recoverable Arsenic mg/kg dry wt 6.3 59 57 6.1 54
Total Recoverable Cadmium mg/kg dry wt 0.013 0.011 0.011 0.012 0.012
Total Recoverable Chromium mg/kg dry wt 10.7 10 10.4 11.0 10.4
Total Recoverable Copper mg/kg dry wt 24 23 23 24 25
Total Recoverable Lead mg/kg dry wt 9.7 9.7 95 9.8 88
Total Recoverable Mercury mg/kg dry wt 0.05 0.05 0.04 0.05 0.05
Total Recoverable Nickel mg/kg dry wt 9.5 9.0 9.1 9.3 9.0
Total Recoverable Zinc mg/kg dry wt 33 32 32 33 32

(ILAC-MRA) this accreditation is internationally recognised.

w&j"/"m This Laboratory is accredited by Intemational Accreditation New Zealand (IANZ), which represents New Zealand in
iwl— @ the International Laboratory Accreditation Cooperation (ILAC). Through the ILAC Mutual Recognition Arrangement
ﬂ@i The tests reported herein have been performed in accordance with the terms of accreditation, with the exception of
mﬁ:\u" ACCREDITED LABORATORY tests marked *, which are not accredited.
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