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Executive summary

Various investigations have reported elevated concentrations of persistent contaminants
in the surface sediments of Porirua Harbour. This report presents the results of a
targeted assessment of sediment quality at selected intertidal locations in Porirua
Harbour in February 2009. The primary focus of the assessment was the southern end
of the Onepoto Arm where sediment contamination is believed to be greatest. However,
intertidal sediment sampling was also undertaken at a few other potential contaminant
“hotspots”, including the mouths of ‘Onepoto’ and Browns streams, and Duck Creek.
In addition, sediment samples were collected from the lower reaches of several streams
discharging into the harbour that receive urban stormwater inputs, including the Porirua
Stream.

The results of this targeted assessment confirm that there is clear evidence of
stormwater-derived contamination at intertidal sites in Porirua Harbour. Zinc is present
above sediment quality guidelines at all 10 sites sampled between the Semple Street
stormwater outfall and the Porirua Stream channel at the southern end of the Onepoto
Arm. Copper, lead and total high molecular weight polycyclic aromatic hydrocarbon
(HMW PAH) concentrations are also present above guideline values at some sites in
this area, and total DDT is present above guidelines at all sites. Although only two
sediment core samples were taken, zinc was present in one at a concentration equal to
the ANZECC (2000) ‘high’ guideline value. This suggests that contamination may
exist to some depth, at least in the vicinity of the Semple Street stormwater outfall.

Sediments at the mouth of the ‘Onepoto’ Stream beside the Porirua Rowing Club
contain concentrations of lead, zinc, total DDT and various PAH compounds above
sediment quality guidelines. Sediments adjacent to the mouths of Browns Stream and
Duck Creek have total DDT concentrations above guideline values, with lead and total
HMW PAH concentrations also above guidelines in the sediments adjacent to the mouth
of Browns Stream.

Stormwater-derived contaminants are also present in the sediments from the beds of
streams that discharge into the Porirua Harbour. Concentrations of total DDT, and to a
lesser extent zinc, exceed sediment quality guidelines in Porirua, Kenepuru and
‘Onepoto’ streams. Sediments in the ‘Onepoto’ Stream also contain concentrations of
several HMW PAH compounds and dieldrin above guideline values.

In most cases, existing sediment contaminant concentrations only exceed ‘alert level” or
‘early warning’ guidelines. This indicates that there is an opportunity for management
intervention to limit the extent of degradation and prevent adverse environmental effects
from occurring.
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Porirua Harbour targeted intertidal sediment quality assessment

1. Introduction

Various investigations have reported elevated concentrations of persistent
contaminants in the surface sediments of Porirua Harbour, in particular the
heavy metals copper, lead and zinc (e.g., Glasby et al. 1990, Botherway &
Gardner 2002, Hooper 2002, Williamson et al. 2005, Stephenson & Mills 2006,
Robertson & Stevens 2008). The highest contaminant concentrations have
generally been recorded in sediments at the southern end of the Onepoto Arm,
with urban stormwater outfalls and the Porirua Stream identified as the primary
contaminant sources (e.g., Glasby 1990, Robertson & Stevens 2008) (Figure
1.1). However, as most of the recent sediment sampling has been focused on
long-term monitoring at representative intertidal and subtidal sites in both arms
of the harbour, the full magnitude and spatial extent of sediment contamination
at the southern end of the Onepoto Arm is relatively unknown. With future
development possible in the southern-most area adjacent to Porirua City, it was
considered necessary to obtain further information on the degree of
contamination present in this area.

This report summarises a targeted investigation of contaminants in surface
sediments at selected intertidal locations in Porirua Harbour in February 2009.
The investigation was carried out by Greater Wellington Regional Council
(Greater Wellington) in association with Porirua City Council. While the
southern end of the Onepoto Arm was the primary focus of the study, some
intertidal sediment sampling was also undertaken at a few other potential
contaminant “hotspots”: the mouth of a stream entering the Onepoto Arm
adjacent to the Porirua Rowing Club, and adjacent to the mouths of Browns
Stream and Duck Creek in the Pauatahanui Arm. In addition, sediment
samples were collected from the lower reaches of several streams discharging
into the harbour that receive urban stormwater inputs, including the Porirua
Stream. The investigation was designed primarily as a screening exercise, with
spatial coverage favoured over sample replication.

Figure 1.1: Outflow from the Semple Street stormwater outfall at the southern end
of the Onepoto Arm of Porirua Harbour
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Porirua Harbour targeted intertidal sediment quality assessment

Sites and methods
Sampling sites

A total of 17 intertidal sites in Porirua Harbour were selected for sediment
sampling (Table 2.1, Figure 2.1). Ten of these sites (POR-A to POR-J) were
located at the southern-most end of the Onepoto Arm, in the area between
several large stormwater outfalls and the outflow from the Porirua Stream. The
other seven sites were located near the mouths of several urban streams that
discharge into the harbour, including an unnamed stream that runs through
Onepoto Park (for the purposes of this report referred to as Onepoto Stream),
and Browns Stream and Duck Creek in the Pauatahanui Arm. Where possible,
sampling sites were the same as the one-off intertidal locations sampled in
February 2004 as part of a joint sediment and shellfish investigation between
GNS Science and Greater Wellington (Figure 2.1, Appendix 1)".

Table 2.1: Site position and collection details for the Porirua Harbour targeted
intertidal sediment quality assessment undertaken in February 2009

Position

Site Location Date (NZMG coordinates)

Easting  Northing
POR-A  Onepoto Arm, adjacent to Porirua Stream, True Right Bank  02/02/09 2664714 6006981
POR-B  Onepoto Arm, adjacent to Porirua Stream, True Right Bank  02/02/09 2664722 6006885
POR-C  Onepoto Arm, adjacent to Porirua Stream, True Left Bank 02/02/09 2664684 6006846
POR-D  Onepoto Arm, adjacent to Porirua Stream, True Left Bank 02/02/09 2664682 6006927
POR-E  Onepoto Arm, midway Porirua Stream & stormwater outfall 02/02/09 2664649 6006897

POR-F  Onepoto Arm, 100 m NE from a stormwater outfall 02/02/09 2664617 6006865
POR-G  Onepoto Arm, adjacent to Porirua Stream, True Left Bank 02/02/09 2664672 6007011
POR-H  Onepoto Arm, 100 m NE of Semple St stormwater outfall 02/02/09 2664615 6006965
POR-I Onepoto Arm, 50 m N of Semple St stormwater outfall 02/02/09 2664560 6006967
POR-J Onepoto Arm, 50 m SE of Semple St stormwater outfall 02/02/09 2664589 6006925
OP-A Onepoto Stream mouth, adjacent to jetty 03/02/09 2664950 6008665
OP-B Onepoto Stream mouth 03/02/09 2664985 6008665
BB-A Browns Bay, 50 m W of stream outflow 03/02/09 2668003 6009539
BB-B Browns Bay, 100 m W stream outflow 03/02/09 2667966 6009593
BB-C Browns Bay, stream channel banks 03/02/09 2668003 6009516
DC-A Duck Creek, 50 m N from creek outflow 03/02/09 2669646 6009491
DC-B Duck Creek, 20 m W of creek outflow 03/02/09 2669614 6009506
SMS043  Porirua Stream, upstream of Kenepuru Stream 02/02/09 2664697 6005900
SMS011  Kenepuru Stream upstream of Porirua S confluence 02/02/09 2664762 6006321
SMS044  Porirua Stream, downstream of Kenepuru Stream 02/02/09 2664711 6006398
SMS045  Onepoto stream, upstream of Onepoto Road 03/02/09 2664954 6008734

Four streambed sites were also selected for sampling: the Porirua Stream
upstream and downstream of the Kenepuru Stream confluence, the lower
reaches of the Kenepuru Stream, and the lower reaches of the Onepoto Stream
(Table 2.1, Figure 2.1).

' This investigation was limited to single composite ‘grab’ samples from 19 sites around the margins of the harbour.
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Porirua Harbour targeted intertidal sediment quality assessment

While streambed sediment sampling had been conducted previously in the
Porirua Harbour catchment in 2005 and 2006 (Milne & Watts 2008), this
sampling had not included the lower reaches of the Porirua and Onepoto
streams. Coordinates of all sampling locations were recorded in the field using
a Global Positioning System (GPS).

2.2 Sample collection

At each of the sites, approximately 10 surface (top 20 mm) sediment samples
were collected into a bucket using a plastic scoop, and then mixed to create a
single bulk composite sample. The bulk sample was mixed thoroughly and
representative sub-samples taken and transferred into two glass sample jars,
one for chemical analysis and the other for particle size analysis. At two of the
sites (POR-H and POR-I), a sediment core sample was collected using a 100
mm diameter by 500 mm deep plastic pipe. The pipe was manually inserted
200 mm into the sediment. The core sample was then released from the pipe
onto a plastic tray (Figure 2.2) and the top 20 mm discarded. The remaining
sediment was then thoroughly mixed and transferred into glass sample jars.
The sediment samples were stored in a refrigerator at 4°C overnight before
being transported to Hill Laboratories in Hamilton for analysis.

Figure 2.2: A sediment core sample taken from site POR-J, prior to removal of the
top 20 mm

Streambed sediment samples were collected as outlined in Milne & Watts
(2008); one composite sample comprising multiple grabs of surface sediment
was collected at each site using a plastic scoop to remove the top 10-20 mm of
streambed sediment, with sampling targeting the finer sediments present at
each site.
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Porirua Harbour targeted intertidal sediment quality assessment

Sample analysis

Details of the laboratory analytical methods are provided in Appendix 2. Each
intertidal sediment sample (sub-2 mm fraction”) was analysed for the
following:

e Particle size distribution;

e Total organic carbon (TOC);

e Total nitrogen and total recoverable phosphorus;

e Total recoverable arsenic, cadmium, chromium, copper, mercury, nickel,
lead and zinc;

e 16 USEPA priority polycyclic aromatic hydrocarbons (PAHs); and

e Organochlorine pesticides (OCPs), including DDT and dieldrin.

Particle size was included in the analyses to assist with characterisation of the
sediments and interpretation of the contaminant data. As noted in subsection
2.4, the TOC content is needed when comparing organic contaminant
concentrations against sediment quality guidelines.

The streambed samples were analysed for the same suite of variables, with the
exception of total nitrogen and total recoverable phosphorus. In addition,
sediment particle size analysis was restricted to five broad size classes
(Appendix 2).

Quality Control (QC) reports were requested at the time of the sediment sample
analyses. These reports provided data from standard analytical QC checks,
including analysis of procedural blanks, duplicates, spiked duplicates and
certified reference materials. Surrogate recovery data for PAH and OCP
analyses were also included in the reports.

Data analysis
Sediment quality guidelines

Both the Australian and New Zealand Environment and Conservation Council
(ANZECC 2000) and the Auckland Regional Council’s (2004) “Environmental
Response Criteria” (ERC)® sediment quality guidelines were used to assess the
potential ecological effects of contaminants in the Porirua Harbour intertidal
sediments (Table 2.2). These guidelines are generally considered to be
reasonably robust, and conservative (i.e., they err on the side of environmental
protection). They are not “pass or fail” numbers, and the developers of the
guidelines emphasise that they are best used as one part of a “weight of
evidence” approach to evaluating potential effects of contaminants on benthic
biota (Stephenson et al. 2008).

2 The exceptions were particle size and PAHs, where the laboratory analysed the samples on an “as received” basis.
3 Note that these guidelines are currently under appeal.
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Table 2.2: Sediment quality guidelines used in this report. Guideline values are
taken from ANZECC (2000) and ARC (2004).

Contaminant ANZECC trigger values ARC ERC thresholds
ISQG-Low  ISQG-High amber red

Metals (mg/kg dry wt):

Arsenic! 20 70

Cadmium 15 10

Chromium 80 370

Copper 65 270 19 34

Lead 50 220 30 50

Mercury 0.15 1

Nickel 21 52

Zinc 200 410 124 150

Polycyclic Aromatic Hydrocarbons

(ua/kg dry wt):2

Naphthalene 160 2,100

Acenaphthalene 44 640

Acenaphthene 16 500

Fluorene 19 540

Phenanthrene 240 1500

Anthracene 85 1,100

Low Molecular Weight PAHs? 552 3,160

Fluoranthene 600 5,100

Pyrene 665 2,600

Benzo[a]anthracene 261 1,600

Chrysene 384 2,800

Benzo[a]pyrene 430 1,600

Dibenzo[a,h]anthracene 63 260

High Molecular Weight PAHs* 1,700 9,600 660 1,700

Total PAHs 4,000 45,000

Organochlorines (ug/kg dry wt):2

Dieldrin 0.02 8 0.72

Endrin 0.02 8

4,4-DDE 2.2 27

2,4'-DDD + 4,4'-DDD 2 20

Total DDT® 1.6 46 3.9

1 Arsenic is, strictly speaking, a metalloid (ANZECC 2000).
2 Normalised to 1% total organic carbon.

3 Low Molecular Weight PAHs are the sum of the concentrations of naphthalene, 2-methyl-naphthalene, acenaphthalene,
acenaphthene, fluorene, phenanthrene and anthracene.

4 High Molecular Weight PAHSs are the sum of the concentrations of fluoranthene, pyrene, benzo[a]anthracene, chrysene,
benzo[a]pyrene and dibenzo[a,h]anthracene.

5 Total DDT is the sum of the concentrations of 2,4'-DDE, 2,4'-DDD, 2,4'-DDT, 4,4'-DDE, 4,4'-DDD and 4,4'-DDT.
The ANZECC (2000) sediment quality guidelines provide low and high values:

1. ANZECC ISQG-Low trigger values — nominally indicative of the
contaminant concentrations where the onset of biological effects could
possibly occur. These values provide an early warning, enabling
management intervention to prevent or minimise adverse environmental
effects.

WGN_DOCS-#651177-V3



Porirua Harbour targeted intertidal sediment quality assessment

2. ANZECC ISQG-High trigger values — nominally indicative of the
contaminant concentrations where significant biological effects are
expected. Exceedance of these values therefore indicates that adverse
environmental effects are probably already occurring, and management
intervention may be required to remediate the problem.

The Auckland Regional Council’s amber and red ERC were derived from the
Threshold Effect Levels and Effects Range Low values (with rounding) of
MacDonald et al. 1994 and Long & Morgan (1990) respectively (Kelly 2007).
These guidelines provide a conservative, yet practical’ early warning of
environmental degradation which allows time for investigations into the causes
of contamination to be carried out and the options for limiting the extent of
degradation to be developed (Kelly 2007, ARC 2004). Note that as these
guidelines were developed for estuarine sediments, they have not been applied
to the streambed sample results.

Condition ratings described by Robertson & Stevens (2008) were used to
interpret nitrogen and phosphorus results, and also sediment organic carbon
content. The ratings are primarily based on a review of monitoring data and
expert opinion, and are designed to be used in combination with a range of
assessments (e.g., benthic fauna, toxicity) when evaluating overall estuary
condition and deciding on appropriate management responses (Robertson &
Stevens 2008).

2.4.2 Data adjustment

For the purpose of calculating Total PAHs, Total Low Molecular Weight
(LWM) PAHSs, Total High Molecular Weight (HMW) PAHs and Total DDT,
any individual compounds reported at a concentration less than the laboratory
detection limit were replaced by a value one half of the detection limit (e.g., a
value of <0.01 became 0.005). The exception was where all individual
compounds were below the level of detection; in these instances the total
concentration has been reported as being below detection.

For comparison of the sediment concentrations of organic contaminants against
the ANZECC (2000) and ARC (2004) guidelines, the concentrations were
normalised to a TOC content of 1%. The exception was where any organic
contaminant was below the level of detection; in these instances no comparison
with the guidelines was deemed necessary as the results were reported as being
below detection.

4 Some of the ANZECC guideline values are not practical. For example, the organochlorine pesticide dieldrin has an ANZECC ISQG-Low
value of 0.02 ug/kg (parts per billion), which is below the analytical detection limits of almost all laboratories, and probably represents a
level that would be present at most rural and urban estuaries in New Zealand. Some other examples of differences between the
ANZECC and ARC ERC guidelines are discussed in ARC (2004).
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Porirua Harbour targeted intertidal sediment quality assessment

3.1

3.1.1

3.1.2

Results

This section summarises the results from the Porirua Harbour targeted
intertidal sediment quality investigation and streambed sediment sampling.
The full analytical results are presented in Appendices 3—5, and their associated
quality assurance results in Appendix 6.

Harbour sediments

For ease of reporting, the sites located at the southern end of Porirua Harbour
(POR-A to POR-J) are referred to as “Area A”.

Sediment particle size distribution

Mean particle size and the percentage of particles <63 pm (i.e., mud fraction)
in the sediments of all the sites are shown in Table 3.1. The mean particle size
for the sediments of sites in Area A ranged from 54.8 um at site POR-B to
251.1 pm at site POR-J. The mean particle size range for sediments at the other
sites was greater, from 171.4 pm at site BB-C (Browns Stream channel
margins) to 309.6 um at site DC-A (Duck Creek).

The sediments at the majority of the sites had a percentage of particles <63 um
of less than 20%, with ranges of 3.3-55.4% in Area A, and 8.3-22.7% across
the other sites. The sediments at several sites contained less than 10% of
particles <63 pum, with most sites classed as very sandy. Site POR-B (adjacent
to the true right bank of the Porirua Stream channel) in Area A was the only
site with sediment containing a significant percentage (55%) of particles <63
um (very sandy mud).

Total recoverable metals

In Area A the total recoverable concentrations of copper, lead, zinc and
mercury were generally higher in the sediments of sites located closest to the
main Semple Street stormwater outfall (POR-I and POR-J) and Porirua Stream
channel (POR-B, POR-C and POR-D) (Table 3.1, Figures 3.1 & 3.2).
Elsewhere in the harbour, the concentrations were highest in the sediments of
sites OP-B (Onepoto Stream mouth) and BB-C (Browns Stream channel
margins).

Total recoverable copper concentrations ranged from 8.5-30 mg/kg in the
sediments from Area A and from 2.7-15 mg/kg in sediments from the other
intertidal sites. The ARC ERC amber threshold for total recoverable copper
was exceeded at three sites in Area A (POR-B, POR-I core and POR-J), but
was not exceeded at any other site.

Total recoverable lead concentrations ranged from 14-34 mg/kg in Area A
sediments, and exceeded the ARC ERC amber threshold at three sites (POR-B,
POR-D and POR-I core). Concentrations in the sediments at the other sites
were slightly lower, ranging from 7-31 mg/kg, with just one site exceeding the
amber threshold (OP-B).
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Figure 3.1: Concentrations of total recoverable copper (Cu), lead (Pb) and zinc
(Zn) in sediments of 17 intertidal sites sampled in the Porirua Harbour in
February 2009, based on the <2 mm fraction of a single composite sample from

each site
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Figure 3.2: Concentration of total recoverable mercury (Hg) in sediments of 17
intertidal sites sampled in the Porirua Harbour in February 2009, based on the <2
mm fraction of a single composite sample from each site

Total recoverable zinc concentrations ranged from 130-410 mg/kg and
exceeded the ARC ERC amber threshold in the sediments of all sites located in
Area A. Sediments at seven sites in this area also exceeded the ANZECC
ISQG-Low trigger value, while the concentration in the core sample from
POR-I (adjacent to the Semple Street stormwater outfall) also exceeded the
ANZECC ISQG-High trigger value. Total recoverable zinc concentrations
were lower at the other intertidal harbour sites, ranging from 44-140 mg/kg,
although the ARC ERC amber threshold was exceeded in sediments from site
OP-B (Onepoto Stream mouth) and site BB-C (Browns Stream channel
margins).

Total recoverable mercury concentrations were generally low with the
exception of site POR-D (Area A), which recorded a concentration equal to the
ANZECC ISQG-Low trigger value of 0.15 mg/kg.

Total recoverable arsenic, cadmium, chromium and nickel concentrations were
below their respective ANZECC ISQG-Low trigger values in the sediment of
all sites.

Nutrients

Sediment nutrient concentrations (total nitrogen and total recoverable
phosphorus) varied across both Area A and the other sites sampled (Table 3.2,
Figure 3.3). Total nitrogen was recorded above the laboratory detection limit in
the sediments of seven of the 12 samples from Area A, with concentrations
ranging from <500-2,500 mg/kg. Site POR-I adjacent to the Semple Street
stormwater outfall was found to exceed the ‘enriched’ condition rating, while
several other sites had ‘low-moderate’ condition ratings. Of the other seven
sites sampled, sediments at only three (OP-A and OP-B at Onepoto Stream
mouth, and BB-C on the channel margins of Browns Stream) recorded total
nitrogen concentrations above the detection limit, with concentrations ranging
from <500-1,300 mg/kg.
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Total recoverable phosphorus was detected in the sediments of all 17 sites
sampled and ranged from 190-630 mg/kg in Area A, and from 140—440 mg/kg
for the other sites. The sites with the highest concentrations were POR-I and
POR-B, which both exceeded the ‘enrichment’ condition rating. The highest
concentrations in the other areas sampled were found at sites OP-A and OP-B
at the Onepoto Stream mouth, which resulted in a ‘low-moderate’ enrichment
condition rating.
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Figure 3.3: Concentrations of total nitrogen and total recoverable phosphorus in
sediments of 17 intertidal sites sampled in the Porirua Harbour in February 2009,
based on the <2 mm fraction of a single composite sample from each site

Total organic carbon

The total organic carbon (TOC) contents in the <2 mm fraction of the intertidal
sediment samples are listed in Table 3.2, along with the concentrations of
selected organic contaminants.

The TOC contents of the sediments ranged from 0.24-2.2% at sites in Area A,
and 0.24-1.9% at the other sites sampled. Overall, TOC contents were

WGN_DOCS-#651177-V3 PAGE 13 OF 71



Porirua Harbour targeted intertidal sediment quality assessment

3.1.5

generally low, with over half of the sites having a TOC content of less than
0.5%. All of the sites were found to have a TOC content with either a ‘good’ or
‘very good’ condition rating, apart from site POR-B in Area A which had a
“fair’ rating (Figure 3.4).
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TOC (%)
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Figure 3.4: Total organic carbon (TOC) contents in sediments of 17 intertidal sites
sampled in the Porirua Harbour in February 2009, based on the <2 mm fraction of
a single composite sample from each site

Polycyclic aromatic hydrocarbons

Total polycyclic aromatic hydrocarbons (PAH), Total low molecular weight
(LMW) PAH and Total high molecular weight (HMW) PAH concentrations
were highest in the sediments of sites POR-I and POR-I core (adjacent to the
Semple Street stormwater outfall) in Area A and site OP-B at the Onepoto
Stream mouth (Table 3.2; Figure 3.5).

Total LMW PAH concentrations ranged from 32-402 pg/kg in sediment
samples from Area A, and from 34-381 ng/kg in samples from the other sites.
Concentrations at all of the sites were below the ANZECC ISQG-Low trigger
value however, samples from sites POR-I and OP-B exceeded ISQG-Low
trigger values for the individual concentrations of phenanthrene and anthracene
respectively.

Total HMW PAH concentrations ranged from 191-1,738 pg/kg in sediment
samples from Area A, and from 36-4,273 pg/kg in sediments from the other
sites. Two sites (POR-I and OP-B) exceeded the ANZECC ISQG-Low trigger
value; site OP-B at the Onepoto Stream mouth also exceeded ANZECC ISQG-
Low trigger values for all six of the individual HMW PAH compounds.

Total PAH concentrations in the sediments ranged from 505-2,761 pg/kg in
Area A, and from 91-5,945 pg/kg in sediments from the other sites. Site OP-B
was the only site to exceed the ANZECC ISQG-Low trigger value of 4,000

ne/ke.
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Figure 3.5: Concentrations of TOC-normalised Total Low Molecular Weight PAH,
Total High Molecular Weight PAH and Total PAH in sediments of 17 intertidal
sites sampled in the Porirua Harbour in February 2009, based a single composite
sample from each site
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3.2
3.2.1

Organochlorine pesticides

Of the 25 organochlorine pesticide compounds analysed, only DDT, DDE and
DDD were consistently found above detection limits in the sediments of all
sites. Total DDT concentrations ranged from <0.99-23.0 pg/kg in Area A, and
from 5.3-32.9 ng/kg at the other sites (Table 3.2, Figure 3.6). All of the sites
that recorded a concentration greater than the laboratory detection limit
exceeded the ANZECC ISQG-Low trigger value and the ARC ERC red
threshold level. Sediments from sites POR-G and POR-J in Area A, site BB-B
in Browns Bay and DC-A and DC-B near Duck Creek recorded the highest
concentrations of Total DDT.

50

777777777777777777777777777777777777777 ISQG High

40t

30

20 -

Total DDT (ug/kg at 1% TOC)

—H—H - {{ ARCERCRed
+ =-H——H —{—| 1SQG Low
0 PP T T S P ST I S
Pa® 0l oD of of 56 X e o) e o) A 0P o @B a0 o
?o‘*?o“?o@vo‘??0\190“?0@9&‘;@\0" vg;,\c%o?* OO e g 00 00

Site

Figure 3.6: Concentrations of TOC-normalised Total DDT in sediments of 17
intertidal sites sampled in the Porirua Harbour in February 2009, based on the <2
mm fraction of a single composite sample from each site

Dieldrin was found at concentrations above the laboratory detection limit in the
sediments from sites POR-B, POR-C and POR-D along the Porirua Stream
channel margins and from site POR-J near the Semple Street stormwater
outfall in Area A. Endrin aldehyde was detected in the sediments from both
sites adjacent to the Onepoto Stream mouth (sites OP-A and OP-B).

Streambed sediments
Sediment particle size distribution

The size distribution of sediment particles in each streambed sample is
presented in Table 3.3. The percentage of mud particles (<63 um) in the
sediments at all the sites was generally low, ranging from 4.9-19.1%. All of
the sites had a large percentage of particles greater than 2 mm (21.7-61.9%)).
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3.2.2 Total recoverable metals

The concentrations of total recoverable copper, lead and particularly zinc were
higher in the sediments of the Onepoto Stream sampling site compared to those
in the sediments from the Porirua and Kenepuru streams (Table 3.3; Figure
3.7). Zinc was the only metal present above ANZECC (2000) guidelines.

Table 3.3: Particle size distribution and concentrations of total recoverable
metals in sediments from four streambed sites sampled as part of the Porirua
Harbour intertidal sediment quality assessment. Sediment quality guidelines for
comparison are ANZECC (2000) - values in amber and red exceed the ANZECC
ISQG-Low and ISQG-High trigger values respectively.

ANZECC trigger values ~ SMS043 ~ SMS011  SMS044  SMS045

Analyte ISQG-Low ISQG-High Poriruau/s Kenepuru S Poriruad/s Onepoto S
Particles >2mm (%) - - 35.7 217 491 61.9
Particles <2 mm, 2500 um (%) - - 21 254 71 215
Particles <500 um, 2250 um (%) - - 12.7 231 16.0 46
Particles <250 um, 263 um (%) - - 30.4 211 22.9 45
Particles <63 pm (%) - - 19.1 8.6 49 75
Metals (ma/kq):

Arsenic 20 70 6.8 5.0 55 6.3
Cadmium 15 10 0.14 0.08 0.08 0.15
Chromium 80 370 15 14 13 14
Copper 65 270 20 12 14 24
Mercury 0.15 1 0.07 0.04 0.08 0.03
Nickel 21 52 12 9.8 11 13
Lead 50 220 40 30 34 37
Zinc 200 410 130 170 430

Total recoverable copper concentrations ranged from 12-24 mg/kg, with the
highest concentration recorded at site SMS043 in the Onepoto Stream. Total
recoverable lead concentrations were similar at each site, ranging from 30-40
mg/kg. Total recoverable zinc concentrations were more variable, ranging from
130-430 mg/kg. Sites SMS043 (Porirua Stream above the Kenepuru Stream
confluence) and SMS045 (Onepoto Stream) recorded concentrations that
exceeded ANZECC ISQG-Low and High trigger values respectively.

WGN_DOCS-#651177-V3 PAGE 19 OF 71



Porirua Harbour targeted intertidal sediment quality assessment

777777777777777777777777777777777777777 1SQG Low
60 | g
2 a0t 1
>
£
>
(&]
20 g
0 T T T T
SMS043 SMS011 SMS044 SMS045
Site
60
opF—————— ] 1SQG Low
40 - g
)
=
2 a0} .
o)
o
20 - g
10 + g
0 : : : :
SMS043 SMS011 SMS044 SMS045
Site
500
40—~ ————————————————-————1————{IsQGHigh
S 300 - g
=
D
£
C
N 200 ———— [ — — — ————————————— — [, — — — — ] ISQG Low
100 + -
0 ; ; ; ;
SMS043 SMS011 SMS044 SMS045
Site

Figure 3.7: Concentrations of total recoverable copper (Cu), lead (Pb), and zinc
(Zn) in sediments of four streambed sites sampled in February 2009, based on
the <2 mm fraction of a single composite sample from each site
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3.2.4

Porirua Harbour targeted intertidal sediment quality assessment

Total organic carbon

The total organic carbon (TOC) contents of the <2 mm fraction of the
streambed sediments were generally low, ranging from 0.70-1.90% (Table 3.4;
Figure 3.8). Site SMS043 (Porirua Stream above the Kenepuru Stream
confluence) was the only site with a TOC content greater than 1%.
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‘ ‘ ‘ ‘
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Figure 3.8: Total organic carbon (TOC) contents in sediments of four streambed
sampled in February 2009, based on the <2 mm fraction of a single composite
sample from each site

Polycyclic aromatic hydrocarbons

Total LMW PAH, Total HMW PAH and Total PAH concentrations were
highest in the sediments of site SMS045 in the lower reaches of the Onepoto
Stream (Table 3.4, Figure 3.9).

Total LMW PAH concentrations in the sediments ranged from 52-211 pg/kg
and were below the ANZECC sediment quality guidelines at all sites. Total
HMW PAH concentrations exceeded the ISQG-Low trigger value at all sites
except the Kenepuru Stream, with concentrations ranging from 639-1,566
pg/kg. The sediments from site SMS045 in the Onepoto Stream also exceeded
ISQG-Low trigger values for the individual PAH compounds of
benzo(a)anthracene and dibenzo(a,h)anthracene. Total PAH concentrations
were below the ISQG-Low trigger value, ranging from 993 pg/kg at site
SMSO011 in the Kenepuru Stream to 2,516 pg/kg at site SMS045 in the
Onepoto Stream.
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Figure 3.9: Concentrations of TOC-normalised Total Low Molecular Weight PAH,
Total High Molecular Weight PAH and Total PAH in sediments of four streambed
sites sampled in February 2009, based on a single composite sample from each

site
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3.2.5 Organochlorine pesticides

Of the 25 organochlorine pesticide compounds analysed, only DDT, DDE and
DDD were consistently found above analytical detection limits in the
sediments of all four streambed sites. Total DDT concentrations ranged from
9.2-22.6 png/kg and exceeded the ANZECC ISQG-Low trigger value at all four
sites (Table 3.4, Figure 3.10). The ISQG-Low trigger value was also exceeded
at all the sites for concentrations of the individual DDT compound 2,4’-DDD +
4,4’-DDD, and at both sites on the Porirua Stream (SMS043 and SMS044) for
concentrations of 4,4’-DDE. Dieldrin was detected at concentrations greater
than the ISQG-Low trigger value at two sites (Porirua Stream downstream of
Kenepuru Stream confluence and Onepoto Stream); the detection limit was too
high to determine whether the trigger value was exceeded at the other two sites.

25

20 -

Total DDT (ug/kg at 1% TOC)

F — T - — - — i — 1SQG Low

T T T T
SMS043 SMS011 SMS044 SMS045

Site
1.8
16 |
%) 14
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© 1.0
[
=<
g 0.8 r
£
§ 0.6 [
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Figure 3.10: Concentrations of TOC-normalised Total DDT and dieldrin in
sediments of four streambed sites sampled in February 2009, based on the <2
mm fraction of a single composite sample from each site
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4, Discussion

Concentrations of one or more contaminants are present above sediment
quality guidelines in the surface sediments of all 10 intertidal sites sampled at
the southern-most end of the Onepoto Arm of the Porirua Harbour. Of the
heavy metals, zinc exceeds the ARC ERC amber threshold at all sites and the
ANZECC ISQG-Low trigger value at seven sites (Figure 4.1). Sediments from
several sites also exceed ARC ERC amber thresholds for copper and lead
(Figures 4.2 and 4.3), and one site exceeds the ANZECC ISQG-Low trigger
value for mercury. Five sites have Total HMW PAH concentrations above the
ARC ERC amber threshold, with one site close to the Semple Street
stormwater outfall recording a concentration above the ANZECC ISQG-Low
trigger value (Figure 4.4). Samples from all 10 sites exceed ARC ERC amber
and ANZECC ISQG-Low trigger values for Total DDT, including the two sites
where core samples were taken (Figure 4.6). There is good agreement between
the present results and those obtained at site S4 in the 2004 investigation
(Table 4.1).

Contaminant concentrations are generally highest in the sediments at sites in
close proximity to the Semple Street stormwater outfall (POR-I and POR-J)
and the Porirua Stream channel (e.g., POR-B, POR-C and POR-D). These
findings confirm earlier conclusions (e.g., Glasby et al. 1990, Botherway &
Gardener 2002, Robertson & Stevens 2008) that stormwater outfalls and the
Porirua Stream are the primary source of contaminants entering the southern
end of the harbour. Although only two sediment core samples were taken, the
presence of zinc at a concentration equal to the ANZECC ISQG-High trigger
value in one suggests that contamination may be present to some depth, at least
in the vicinity of the Semple Street stormwater outfall. Thick black anoxic
sediments are common at most of the sites sampled between the outfall and the
Porirua Stream, with only a very thin oxygenated layer of surface sediment
present (refer Figure 2.2).

Elevated concentrations of one or more contaminants are also present in the
surface sediments of intertidal sites in or adjacent to the mouths of the Onepoto
Stream, Browns Stream and Duck Creek. Sediments from the Onepoto Stream
mouth (especially site OP-B) contain concentrations of lead and zinc, Total
DDT and various PAH compounds above ARC ERC amber and (in the case of
PAHs) ANZECC ISQG-Low sediment quality guidelines (Figures 4.1-4.6).
Total DDT concentrations in sediment samples taken adjacent to the mouths of
Browns Stream and Duck Creek also exceed ARC ERC amber and ISQG-Low
guideline values, with lead and Total HMW PAH concentrations above ARC
ERC amber thresholds at site BB-C adjacent to the Browns Stream channel.
There is good agreement between the present results and those obtained at
these three locations in the 2004 investigation with two exceptions: lead
concentrations are lower in the intertidal sediments adjacent to the mouths of
Onepoto and Browns Bay streams in 2009 than in 2004, while zinc is higher in
2009 than in 2004 in the intertidal sediments at the mouth of Duck Creek
(Table 4.2).
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Porirua Harbour targeted intertidal sediment quality assessment

Contaminant concentrations found in sediment samples from the Porirua and
Kenepuru streambeds are generally within the range of the concentrations
determined from sampling at other streambed locations in 2005 and 2006
(Milne & Watts 2008)°, with zinc and Total DDT concentrations present above
ANZECC ISQG-Low trigger values (Table 4.3). This was the first time
sediments from the Onepoto Stream had been sampled and the results suggest a
localised contaminant source is affecting both the streambed and intertidal
sediments at the stream mouth. As well as exceeding ANZECC ISQG-Low
trigger values for several HWM PAH compounds and dieldrin, the sediment
sample from the Onepoto Stream also exceeded the ANZECC ISQG-High
trigger value for zinc.

The small proportion of fine sediments present at the four streambed sites is
consistent with the findings of previous streambed sampling reported by Milne
& Watts (2008) and suggests that suspended particulates (fine sediments) in
stormwater — and the contaminants attached to them — are not retained in
streams for long, but instead are rapidly flushed through the system and into
the Porirua Harbour, mainly during storms. This is confirmed by the presence
of elevated contaminant concentrations in the surface sediments adjacent to the
mouths of the Porirua, Onepoto and Browns streams and Duck Creek, as well
as in the subtidal basins where the finer (muddier) sediments tend to
accumulate (e.g., Stephenson & Mills 2006, Milne et al. 2009). In addition to
contamination through the deposition of fine sediment particulates from
stormwater, some of the harbour sediment contamination will also be arising
through dissolved elements® that are taken out of solution through sorption and
removal processes when stream storm flows enter saline water.

Although stormwater-derived contamination is clearly evident in the surface
layers of the intertidal (and subtidal) sediments of Porirua Harbour, in most
cases the contaminant concentrations only exceed ‘alert level’ or ‘early
warning’ guidelines (e.g., ARC ERC amber thresholds). This indicates that
there is an opportunity for management intervention to limit the extent of
degradation and prevent adverse environmental effects from occurring. Of the
metals, zinc is possibly the greatest concern because, based on this study alone,
its concentration is above the ANZECC ISQG-Low trigger value in sediments
covering an area of at least 20,000 m” at the southern-most end of the Onepoto
Arm. Moreover, zinc is a persistent contaminant and stormwater quality and
stream investigations to date confirm inputs of this metal are ongoing (e.g.,
Cameron 2001, KML 2005, Milne & Watts 2008), suggesting that sediment
concentrations may increase over time. Managing zinc inputs is not likely to
be easy; work undertaken in Auckland and overseas has identified the key
sources of zinc in urban stormwater as being unpainted galvanized roofs and
vehicle tyre wear (Timperley’, pers. comm. 2008).

The other contaminant of concern is Total DDT (i.e., DDT+DDE+DDD)
because it is widespread throughout the harbour in both the intertidal (this

5 The main exception is PAH concentrations in the Kenepuru Stream; significantly higher concentrations were recorded in streambed
sediments collected in 2005 (see Table 4.3 and Milne & Watts 2008).

& Some contaminants, in particular heavy metals, are present at biologically significant concentrations in both piped stormwater and wet
weather stream flows — see KML (2005) and Milne & Watts (2008).

7 Dr Mike Timperley, Timperley Associates (former Stormwater Action Team Leader, Auckland Regional Council).
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study) and subtidal sediments (see Stephenson & Mills 2006). The consistent
detection of DDT and its derivatives reflects the widespread application of this
pesticide to rural and urban land last century. Although the use of DDT in
agriculture effectively ceased in the 1970s, and its use in urban areas has been
banned since the late 1980s, the streambed sediment results in this study,
together with the results of previous stormwater quality and streambed
sediment investigations (e.g., Cameron 2001, KML 2005, Milne & Watts
2008) confirm inputs to the harbour are ongoing. DDT, DDE and DDD tend to
bind strongly to sediment particles and this — together with the organic carbon
content® of the sediments — is probably limiting their bioavailability and
therefore their impact on the benthic biota.

8 ANZECC (2000) suggests guidelines for organic contaminants should be ‘relaxed’ if the sediment organic carbon content is ‘markedly
higher than 1%” due to the role organic carbon plays in binding with organic contaminants to reduce their bioavailability. This suggests
that exceedance of guidelines in areas with elevated TOC levels may not necessarily be associated with adverse effects on benthic biota.

PAGE 36 OF 71 WGN_DOCS-#651177-V3



Porirua Harbour targeted intertidal sediment quality assessment

5 Conclusion

The results of this targeted assessment confirm that there is clear evidence of
stormwater-derived contamination at intertidal sites in Porirua Harbour located
in close proximity to urban stormwater outfalls and stream mouths.
Concentrations of one or more contaminants are present above sediment
quality guidelines in the surface sediments of all 17 intertidal sites sampled.
Stormwater-derived contaminants are also present in the sediments from the
beds of streams that discharge into the Porirua Harbour.

In most cases, existing sediment contaminant concentrations only exceed ‘alert
level’ or ‘early warning’ guidelines indicating that there is an opportunity for
management intervention to limit the extent of degradation and prevent adverse
environmental effects from occurring. Zinc and DDT are the contaminants of
greatest concern because concentrations are present above their respective
ANZECC ISQG-Low trigger values in both intertidal and subtidal sediments
(zinc over much of the southern end of the Onepoto Arm and DDT throughout
the harbour). Zinc and DDT are persistent contaminants and stormwater and
stream investigations to date confirm inputs of both are ongoing.
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Appendix 1: 2004 Intertidal sediment sampling locations & results

Table A1.1: 2004 intertidal sediment sampling locations and details

Position (NZMG coordinates)

Site Location Date

Easting Northing
S1 Paremata Railway 27/01/2004 2666653 6009511
S2 Papakowhai 3/02/2004 2666004 6008365
S3 Aotea Lagoon 3/02/2004 2665913 6007962
S4 Porirua Stream 27/01/2004 2664603 6006992
S5 Takapuwahia 27/01/2004 2664275 6007600
S6 Whanga Avenue 26/01/2004 2664470 6008132
S7 Onepoto Park 26/01/2004 2664933 6008673
S8 Te Onepoto Bay 29/01/2004 2665806 6009261
S9 "Whitireia Creek" 29/01/2004 2666392 6010384
P1 Horokiri Stream 14/01/2004 2669837 6010642
P2 Motukaraka Point 14/01/2004 2669438 6010675
P3 Kakaho Stream 14/01/2004 2669040 6011345
P4 "Camborne Creek" 14/01/2004 2668097 6011302
P5 Pascoe Avenue 16/01/2004 2667155 6010466
P6 Ivey Bay 16/01/2004 2667370 6009705
P7 Browns Bay 16/01/2004 2667986 6009597
P8 Bradeys Bay 16/01/2004 2668961 6009506
P9 Duck Creek 16/01/2004 2669597 6009501
P10 Pauatahanui Stream 14/01/2004 2670387 6009757
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Appendix 2: Analytical methods

Table A2.1: Intertidal sediment analytical methods

Variable

Method

Detection Limit

Particle Size Analysis

Malvern Laser Sizer particle size analysis.

dual column GC-ECD analysis.

Subcontracted to Earth Sciences Department, N/A
Waikato University, Hamilton
. Catalytic Combustion (900°C, 02?), separation,
Total Or ganic Garbon (TOC) and Thermal Conductivity Detector [Elementar N/A
Total Nitrogen
Analyser]
Total Recoverable digest Nitric / hydrochloric acid
Total Recoverable Phosphorus digestion, ICP-MS, screen level. US EPA 200.2. 40 mglkg dry wt
Total Recoverable Metals g;;t:lstiico&/grgtgi glggszt Nitric / hydrochloric acid N/A
Polvevelic Aromatic Hydrocarbons Sonication Extraction, SPE cleanup, GC-MS
yey y selected ion monitoring quantitation. US EPA N/A
(PAH) 8270C.
Organachlorine pesticides (OCPs) Sonication extraction, SPE cleanup, GPC cleanup, N/A

Table A2.2: Streambed sediment analytical methods

Variable

Method

Detection Limit

Sediment Texture
(2 mm, 500 pm, 250 pum, 63 um
sieves)

Wet sieving, 2mm, 500 pm, 250 um and 63 um
sieves, gravimetry.

0.1 g/100 g dry wt

Acid pretreatment to remove carbonates if present,

dual column GC-ECD analysis

Total Organic Carbon (TOC) Elementar Combustion Analyser. 0.05 g/100g dry wt
Total Recoverable Metals gi(;tglstiicodgrgkgz 3|ggs2t Nitric / hydrochloric acid N/A
Polvevelic Aromatic Hvdrocarbons Sonication Extraction, SPE cleanup, GC-MS

yey y selected ion monitoring quantitation. US EPA N/A
(PAH) 8270C.
Organachlorine pesticides (OCPs) Sonication extraction, SPE cleanup, GPC cleanup, N/A

PAGE 44 OF 71

WGN_DOCS-#651177-V3




}/£ 40 G 39vd EA-LLLLG9#-SD00 NOM

47 (1[4 02z 37 ) 43 66 1] 091 012 00} 14 (dvd) susihd[e]ozueg
0¢ 002 (1[¥4 9 9z 12 €8 1g vl 0L} €8 ¥4 ausdelyjue[elozusg
92 €e 67 62 L€ £t 0z> e 62 144 el 62 aUBoBIYJUY
0Z> VL 9 0Z> 0Z> 0Z> 0Z> 0Z> €8 9y 6¢ 0Z> ausjAypydeusoy
0Z> 29 gl 0Z> 0Z> 0Z> 0Z> 0Z> 1S 43 62 0Z> ausyydeusoy
:(bY/brT) suoq ed0IpAH dnrewoly JljPAdAI0d
002 0Ly 0.2 gl 01z 05) (144 08l 002 (1144 (144 ovl oulz
9. 0l L6 69 g9 98 6y vl €6 8 86 6. [%0IN
G700 2900  6S0°0 700 7800 €500 6200 1700 L0 9900 10 8%00 Ainoss |\
0z €e 8z Gl 0z ¥4 vl 144 ee 1z e ¥4 pea’]
6l 0¢ 8l 68 7l L6 88 L 9l Gl 6l 88 Jaddo)
el Gl 9l £6 L 4! Ll 4! Gl el Ll L wnjwoiyy
Lo 610 910 110 €10 6500 Lo 110 Lo 910 G0 900 wniwpe)
L€ £s 8y 8¢ 1'e 2 v g¢ 1S 'S L8 8y ojussly
(Ww > "proe buosis by/bw) Siels\
062 0€9 0S¥ 0¥g 0s€e 00¢ 06} 062 0Ly 0Ly 098 0e¢ (6/6w) snioydsoyd ajqesanodsl ejo]
el vl 6¢ 4! ] 19 9 g9 el Z8 4! '8 opyel usBolN:uoge)
100> 6900 520 €0> 0S00> 000> 0S00> 1800 8800 710 810 2500 (6 001/6) usBonyu [eyoL.
£e0 60 60 280 6E0 20 €0 250 V'l LVl 44 S0 (%) uog.ed oluebio [ejo
8/ 6. 8/ 0/ 9/ 9/ 08 Gl 89 g9 S 2 (6 001/6) Jonen Mg
raod o jwod 2% Huod owOd  4¥Od IUOd QUOd OUOd SO VO oS
I-40d H-¥0d

"synsax 9z1s ojonted juowrpas 10y § xipuaddy 009

sjinsaJl A1jsiwayo Jusawipas [epipaju] ¢ xipuaddy

Juswissasse Ayjenb Juswipas [epiusiul pajabie) inogJeH eniod



EA-LL11LS9#SD0d NOM 12 40 9% 39Vd
Vi > 0> Vi > 1T 860> 01> 660> Li> 97 8l £z Vi > aaa-+'z
S 0l > V> 0b> 860> O0L> 860> V> 0L>  0b> V> bl> 30042
S 0> V> 0b> 860> O0L> 860> V> 0b>  0b> V> bl> QUEPIOJ-SUEI |
Vi > 0l > V> 0b> 860>  O0b> 860>  Li>  0b>  0b> V> > SUEPIOJ-SID
S 0> V> 0b> 860>  O0L> 860>  Li> 0> 0> V> > (euepury) OHg-ewwed
L'l> 0L > V> 0b> 860>  O0L> 860>  Li>  0L>  0b> V> 1> OHg-eljep
L'l > 0> V> 0> 860>  O0b> 860>  Li>  0b>  0b> V> 1> OHg-e19q
S 0L > V> 0b> 860> O0b> 860>  Li>  0L> 0> V> 1> OHg-eydje
NS 0l > V> 0b> 860>  O0b> 860>  Li>  0b>  0b> V> > uLply

T{WwW Z> 'By/br) Sapidnsay aulojyoouebi0)
o 8IE7 €297 8Ly ove 0z€ 0Ll 69 €eLl 066  OLL 682 (TaX§0="10>) Hvd [e10L
19€ 8lET  819C by 1ee 4% 001 l9¢ 8z/L  ¥86  €0ML 18T (0="TQ>) Hvd [E10L
09 08¢ 0ep Vi 09 €5 gl 85 062 0ge 081 8y ousiid
9. 081 062 gl 44 g} 'S gl 091 i €L 61 aualyjueusyd
0> D 0> 0l > 0> 0>  Ob>  0b>  OL> > €l> 0> ausleyjydeN
0¢ 05} 051 ¥4 0z 9l 9 74 86 ovl VL ¥l aualkd[p*o-¢‘g‘} Jouapuy
0Z> 86 61 0Z> 0z>  0¢>  0Z> 02> 1 1> 8¢ 0Z> auaJonj4
g9 0gy 0tS Y] 69 95 D 79 0g€ 0¥ 0zz Lt auayjueION|
g8 oY 1S 9 0Z> %% 0Z> 88 £e of 74 8¢ susoelyjuelyelozusgig
1g 0Ll 002 9€ 12 8z 96 1g o€l 0Lt 18 %4 auaskiyy
8 68 06 12 gl 8} Tl P ¥9 /8 of 8 auayjuesony[ylozuag
2 051 o€l 8z a4 0z 96 1z 0Ll o€l 98 0z sus|fiad]'y Blozuag
117 (1144 02z Gg ze 6¢ Gl Iy 09} 002 0Ll ye  eusyuelony(fjozueg + auayjuelonjj[glozueg
raod 29 jyod ™ Lod  9u0d  4¥0d 3WOd Q¥Od 0¥Od  €¥0d  v-Od ays
-40d H-40d

Juswissasse Ayjenb Juswipas [epiusiul payabie) inogJeH eniiod



1440 Ly 39Vd EA-LLLLG9#-SD00 NOM
91 €s  ¥8 69 € Gy 67  S§v vl 96 9 €% (Tax50="Ta>) 100 oL
rs §2 29 67 7l Z o %L 66 18  9n 0 (0="70>) 100 B0l

0z>  0z> 02> 02> 02> 02> 02> 02> 02> 02> 02> 02> (271001 (suei+p)) auepiopyg feio]
Cb> o ok> K> 0> 880> 0> 660> bi>  0b>  0k>  Ll> Ll> ooyl
S 0b> K> 0k> 880> 0> 660> K> 0> 0> Lk> Lk 8UaZUBqOI0Y0BXEH
Cl> o 0b> K> 0> 880> 0> 660> bi>  0b> 0> Ll> V> apode Jojyoeiden
L 0k> 1> o> 880> 0> 660> Li> 0> 0> Lk> Lk Jojoeiden
Cb> o 0k> K> 0> 880> 0> 660> K> 0b>  0k>  Ll> Ll> BuojoY Unpu3
Cb> o 0k> K> 0> 880> 0> 860> K> 0b> 0> Ll V> apAeple uupu3
L 0k> 1> ok> 880> 0> 660> Li> 0> 0> Lk> Lk> wpu3
L'l > 0l > L'l > 0lL> 860> 0l > 66°0 > V> 0l> 0L > L > L' > ajeyd|ns ueydjnsopug
Cb> o 0k> K> 0> 880> 0> 860> K> 0b> 0> Ll V> I veudinsopu3
Cb> o 0k> K> 0> 880> 0> 860> K> 0b> 0> Ll V> | ueydinsopu3
K> 0k> Ve o> 880> 0> 680> Li> oz 0b gh 1> upleIq
g8 01> iz 0L> 80> Ol> 660> V> z¢ 9z 69 Li> 1004y
L 0b> 1> 0> 880> 0> 660> K> 0> 0> Lb> Lk aaa-#'v
gl 8z 9t 2 vi 0z es0> 8 kv L8 ¥S > 3007
L 0k> 1> ok> 880> 0> 660> Li> 0> 0> Lk> Lk> 100+
riod %% pyog P9 hyod DUOd  4¥Od  IUOd QUOd OWOd  BOd VO oS
¥0d H-40d

Juswissasse Ayjenb Juswipas [epiusiul pajabie) inogJeH eniod



EA-LLLLG9#SD00 NOM

1240 8¥ 30Vd

0Z> L 09} 99 Gl 0zl ¥l auayjuelonjj[yjozuag
G L 0.2 88 14 05} 144 aua|Aiad]i'y'Blozueg
8¢ 6z 06€ vl 9 082 1z auayjuelonjfozuag + susyjuelonyglozusg
A 8l 06¢ b 8¢ 0z¢e 8z (dvq) auaikd[e]ozuag
0Z> Ll 0e¢ 94 174 0lg 0z ausoelyjue[elozusg
0Z> £s 05 0z> 4 g € auadeBIyUY
0z> 0Z> ¥l 0z> 1z S 0Z> auajAypydeusoy
0z> 0Z> 4! 0Z> 0Z> 1'6 0Z> auayjydeusoy
:(by/brT) suoqied0pAH dnrewoly djdAdAI0d

S 65 oyl 44 €9 oyl z8 ouiz
VL €8 L9 g 'S §'6 ] [9%0IN
600 900 900 €100 0100> 600 2800 Ainoss |\
8 1'6 €z ) b Ie Gl pea’
8y 96 L L2 7 Gl vl Jaddop
68 96 86 67 VL 4} G6 wniwoiyy
2800 €600 1900 €00 6200 9500 Sv0°0 wnjwpeg
92 € 99 62 8y 76 6 olussly
(ww > "pioe buosis by/bw) siels|\

(24 092 0ve vl 0€2 044 08¢ (6/6w) snioydsoyd ajqesanodsl ejo]
€l €9 Gl L9 9/ A L€ ofyes uaBoayN:uogien
1500 > 0500 > €10 0500 > 0500 > 1100 160°0 (6 001/6) usbonu [ejo
Ge0 1£0 61 20 €0 650 £e0 (%) uog.es oluebio [ejo
Gl 8L 99 8. 08 2L Gl (6 001/6) Jopen Aig
g-0a v-0a 0-gg g-ag v-adg g-do v-do a)s

Juswissasse Ayjenb Juswipas [epiusiul payabie) inogJeH eniiod



1.2 40 6V 39Vd

EA-LLLLG9#-SD00 NOM

V> 660 > 0> 660 > 660> V> V> aaa-+'v
9l 9l A 0l 660> | V> 30a-¥'y

V> 660 > 0> 660 > 660 > V> V> 1aa-42
6¢ L€ 0> ¥l 660 > V> Ll > aaa-+'z

V> 660> 0> 660> 660> V> V> 300-¥'C
V> 660 > 0> 660> 660> V> V> auepJojyo-suel |
V> 660 > 0> 660 > 660 > V> V> aueplo|yo-sI)
V> 660> 0> 660> 660> V> V> (suepurt) OHg-ewweb
V> 660 > (s 660> 660 > V> V> OHg-ejep
V> 660> 0> 660> 660> V> V> OHg-e1eq
Ll > 660 > 0> 660 > 660 > V> V> OHg-eydie
V> 660> 0> 660> 66'0 > V> V> uuply
(ww > "by/br) sapronsad aulojydouebiQ

Ll 1'6€C G626 76LL £0z¢ 8'692¢ 682 (7axg0="70>) Hvd el
Ll 1'1€C ¥26€ 7601 £zIe 8'%92¢ 9.2 (0="70>) Hvd [eloL
6¢ 47 0v9 6l Ly 029 1S auaufg

6 8l 174 vl Gl 0¢l Gl auslyjueUayd

0l > 0l > L> 0> 0l > 0> 0> ausfeypydeN
0z> €8 092 9 74 09} Ll auaud[p'o-¢'z'} Jouspul
0z> 0Z> L 0Z> 0z> Ly 0Z> auaion|4
v'e S 0L 6l 1S 08. 55 ausLjueson|4

0Z> 6z /8 0z> 0Z> 1}7 0Z> auadelyjue(y‘elozusqiq
0Z> 6l 00¢ 0l 74 082 Z susshiy)
g-0a v-0a o-ag g-ag v-ag g-do v-do s

Juswissasse Ayjenb Juswipas [epiusiul pajabie) inogJeH eniod



€A-L21159#-8000 NOM

12 40 0§ 39Vd

8. 08 00l vl 0¢ 8¢ £t (Taxs0="1a>)1aaeoL

L9 59 08 79 00 0l 00 (0="1a>) 1ad el
0z> 0Z> 0Z> 0Z> 0Z> 0Z> 0Z> (291001 .(sues+s1o)) suepIoy [ejoL
V> 660 > (s 660> 660> V> V> JojyoAxousa|y
V> 660 > 0> 660 > 660 > V> V> 8UBZUBGOI0|YIBXBH
V> 66°0 > (R 660 > 660 > V> V> apixoda JojyoejdeH
V> 660 > 0> 660> 660> V> V> lojyoeydeH
V> 660> 0> 660> 660 > V> V> 8U0J8Y UMpU3
V> 660> 0l> 660 > 660 > 6S 61 apAyaple ulpu3g
V> 660 > 0> 660> 660 > V> V> uupu3
V> 660 > (s 660 > 660 > V> V> ajeydins ueydjnsopu3
V> 660 > (s 660> 66'0 > V> V> || ueydjnsopu3
V> 660 > 0l> 660> 660> V> V> | ueydjnsopu3
V> 660 > 0> 660> 660 > V> V> uupeig

Zl Zl 8¢ 0 660> V> V> 1aa-v'y
g-0a v-0a o-ag g-ag v-ag g-do v-do s

Juswissasse Ayjenb Juswipas [epiusiul payabie) inogJeH eniiod



Porirua Harbour targeted intertidal sediment quality assessment

Appendix 4: Intertidal sediment particle size results

Result Analysis Report

Sample Hame: SOP Name: Measured:
6781541 PorA Marine Sediment Monday, 16 February 2009 2:11:15 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Monday, 16 February 2008 2:11:16 p.m.
Sample bulk lot ref: Result Source:
200901171 Measurament
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydra 2000G (A) General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 0 0.020 to 2000.000 um 1597 %
Dispersant Mame: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.399 Yo Off
Concentration: Span : Uniformity: Result units:
0.1538 %Mol 1.545 0.491 Valume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0106 melg 56.420 um 119617 um
d(0.1):  48.459 um dio.5): 106.059 d(0.9): 212325 um
—_— e PGl Size Mistribution —
11
10
9
= 8
Cal 7
5]
= 6
=
= 5
= 4
3
2
1
%.01 0.1 1 10 100 1000 3000
Particle Size (um)
—678154.1 Por A, Monday, 16 February 2009 2:11:15 p.m.
S (pm) | Vidume % Sizaipmi | Wolume In % | Siza (umi | Yolume In % Eize [pm) | Vidume In % Size {pm] | Velume In 5| Siza (umi | Wolume [n 3%
0050 0880 F7.000 105000 300000 B40.000
0050 0o 2000 11i7) 44000 1.86 125,000 1224 13 1000000 [l i}
0120 000 2000 [X-2] s3000 41 148,000 1143 o] 2000000 ol
0240 am 7800 169 s2000 625 177,000 945 018
T e e B I
Q700 000 S1.000 077 SA.000 1918 250000 a13 T10.000 om
0950 .o 105000 300,000 240000
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: SOP Name: Measured:
678164.2 Por B Marine Sediment Monday, 18 February 2009 2:24:19 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Maonday, 16 February 2009 2:24:21 p.m.
Sample bulk lot ref: Result Source:
200901 1/2 Measurament
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 2000G (A) General purpose Enhanced
Particle RL: Absorption: Size range: Obscuration:
1.500 0 0.020 to 2000.000 um 1874 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.376 % Off
Concentration: Span : Uniformity: Result units:
0.0526 e ol 3.632 1.35 Valume
Specitic Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.29 g 20.661 um 97 78T um
d(od):  7.355 um dio.5): 54745 um dio.g): 200.702 um
——— ---Particle Size Mstribution _ _ _
B
5
& 4
£
= 3
[=]
=
2
1
%.01 0.1 1 10 100 1000 3000
Particle Size (um)
—678154.2 Por B, Monday, 16 February 2009 2:24:19 p.m.
Sze (pmi | Volums % Sizaipmi | Volume In| Siza {pmi | Wolume In % Siza (prm) | Vlume I Sze fumi | Volume In% Siza (umi | Volume In 3
nasd n.ean F7.000 105,000 00000 0000
0080 o 2000 a7 44000 2 125000 540 1M 1000000 041
0120 omw S.ECD 3 S3.000 es2 143,000 ot 420000 108 2000000 02
0240 e T.BOD B B0 e 17703 e SC00M L
0430 g$ 15,600 122 T4 2;16 210000 123 E20.000 g:‘?
0700 a0 31.000 453 BR000 54 50010 1:51 F10000 0:52
030 .00 105000 300,000 40000
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Result Analysis Report

Porirua Harbour targeted intertidal sediment quality assessment

Sample Mamea: S0P Name: Measured:
B7B154.3 PorC Maring Sedimant Maonday, 16 Feabruany 2008 2:36:31 p.m.
Sample Source & type: Maasurad by: Analysad:
Hill rocloers Monday, 16 Fabruary 2009 2:36:32 pam.
Sample bulk lot ret: Rasult Sourca:
200801 1/3 Edlited
Partlcls Hamsa: Accassory Name: Analysls modal: Sanshivity:
Marine Sedimant Hydro 2000G (A) Gansral purpose Enhanced
Partlcle Ri: Absorpticn: Slze rangs: Chscuration:
1.500 0 0.020 to 2000000 um 1683 %
Dlsparsant Namea: Dlsparsant Ri: Walghtad Resldual: Result Emulation:
Water 1.330 n.2e2 Y Off
Concantration: Span : Uniformity: Result units:
00809 A 2.538 028 Valume
Specific Surface Arsa: Surface Weighted Mean D[2,2]: Vol Weightaed Maan D[4,3]:
0169 mig 3547 um 180,624 um
i) 14502 L ajig: 1152448 Lm ajig): 306TIT um
a Fartlcla Slza Distributlon
7
&
&= 5
E 4
=2
g 3
2
1
0[I.IIZH 0.1 1 10 100 1000 3000
Particle Size (um)
L_E78154.3 Por C, Manday, 16 Febrary 2009 2:36:31 p.m.
[foem] vawme s [Sespm]vomein®] [Boepm]vomelnn] [Goepm]voeeinn] [Eoepm[vamene  [Ezelpm vome
=] -e) el e ferd ] A0 ZEL TR
1200 L] 24 an AL {1k
< = = =] =N -] = e =
1200 1 447 a3 anw 04E
o I I B I I vt B I B B Y e R
=l ] ﬁ 31000 f"; B :i: Zinm ;: SEAL LA E:
0930 sl . et ZELI TR
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: SOP Name: Measured:
6781644 PorD Marine Sediment Monday, 16 February 2009 2:49:20 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Monday, 16 February 2009 2:49:21 p.m.
Sample bulk lot ref: Result Source:
2009011/4 Measurament
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydra 2000G (4) General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 [u] 0.020 to 2000.000 um 1655 %%
Dispersant Mame: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.208 % Off
Concentration: Span : Uniformity: Result units:
0.0860 N ol 2888 0912 Valume
Specitic Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.157 melg 38.255 um 158.248  um
d{0.1): 17.902 um di0.5): 112164 um d(0.9): 341.784 um
. ---Particle Size Mistribution_ _ _ - —
7
6
a’é 5
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2
1
%.01 0.1 1 10 100 1000 3000
Particle Size (um)
—678154.4 Por D, Monday, 16 February 2009 2:49:20 p.m.
Sire (um) | Wedume In % Siza (i | Welume [n 5| Sizaium) | Wolume In 3 Siza [pml| Viduma In % Se fumi | Wolume In% Siza (umi | Wolume In 35
[l ] 0.e80 .00 105000 300000 B40.000
0080 o] 2000 005 44000 268 125000 & 3% 1000000 045
0120 0m 2000 153 s3000 385 142,000 T4 310 200,000 o4
0240 o 1] 7800 3.4 s3000 4.B0 17700 T 220
0430 Ei 15600 :i T40 :;z 210000 ?:? 20,000 :'f;
Q700 000 1.000 198 SR.000 764 250000 ™ 710000 0:69
[l ] .00 105000 300000 BA0.000
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: SOP Name: Measured:
678154.5 PorE Marine Sediment Monday, 16 February 2008 3:01:26 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Manday, 16 February 2009 3:01:27 p.m.
Sample bulk lot ref: Result Source:
200901 1/5 Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 2000G (A) General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 4] 0.020 to 2000.000 um 16.49 9%
Dispersant Name: Dispersant Rl: Weilghted Residual: Result Emulation:
Water 1.330 0.225 Y Off
Concentration: Span : Uniformity: Result units:
01806 =M ol 2.348 0795 Vaolume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.0a72 maig BB.777 um 214.083 um
diod): 57.947 um dio.5): 155.205 um dio.g): 422410 um
g m———rrr Particle Size Distribution___ —
8
7
a‘fg‘ 6
@ 5
E
= 4
o
= 3
2
1
%.01 0.1 1 10 100 1000 3000
Particle Size (pm)
—678154.5 Por E, Monday, 16 February 2009 3:01:26 p.m.
Size [pm | Volums in 3| Siza i | Volume In | Size (um | Violume In 3 Siza (um) | Vielums in 5| Size (i | Valume In 3
50 neal FR.00 105010 B40.000
i1 7] i 2000 e 44.000 o 125010 o 1000000 e
0120 2w S.8C0 o0&t 53000 176 143,000 ae2 2000000 1.4
0240 om T.BOD 15 B.000 aee 177000 845
043 gﬁ 18600 f;? T40 :g 210030 :':
07 om0 51.000 a3 B0 770 2001 6:%
0330 5.000 105000 300010
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: S0P Name: Measured:
6781546 PorF Marine Sediment Monday, 16 February 2009 3:50:20 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Monday, 16 February 2003 3:50:21 p.m.
Sample bulk lot ref: Resul Source:
2009011/6 Measurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 2000G (A) Ganeral purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 [u] 0.020 to 2000.000 um 1730 %
Dispersant Mame: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.302 %o Off
Concentration: Span : Uniformity: Result units:
02023 AT 1.351 0.43 Valume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.0821 meg 115.222 um 235989  um
diod): 109879 um d{o.5):  213.861 um d(0.9): 398.836 um
—_— e .EaIlicle Size [stribution —_ —
12
10
2 8
£
= 6
o
=
4
2
%.01 0.1 1 10 100 1000 3000
Particle Size (um)
—678154.6 Por F, Monday, 16 February 2009 3:50:20 p.m.
S [pm) | Vidume % Siza jpmi | Wolume In 5| Sizaiumi | Yolume In 3% Sza [yl | Welums In 3| Size {pm] | Velume In 5| Siza (umi | Volume In %
050 0880 FR.000 105,000 200000 0000
050 2w 2000 2m 44,000 oo 125000 a0 250000 aa 000000 0o
020 i S.800 (153 53000 o 143,000 i 420000 T 20000000 s
0240 000 7800 [1h | 3000 o2 177000 .56 457
e I I T I I I o [ I I
0700 om0 51000 008 B0 S:-iE- 5101 125 71009 029
0350 .00 105,000 300,000 40000
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: SOP NHame: Measured:
6781547 PorG Marine Sediment Monday, 16 February 2009 4:02:42 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Maonday, 16 February 2009 4:02:43 p.m.
Sample bulk lot ref: Result Source:
200901 1/7 Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 2000G (A) General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 0 0.020 to 2000.000 um 2050 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.335 Yo Ooff
Concentration: Span : Uniformity: Result units:
0.2545 %Mol 1.817 051 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.0807 malg 98.827 um 238.339  um
diod): 91422 um d(0.5): 209997 um 430642  um
11 —_— e ... BaIlicle Size Mistribution ____
10
j¢]
3
32 7
@ 6
E s
= 4
3
2
1
%,01 0.1 1 10 100 1000 3000
Particle Size {um)
—678154.7 Por G, Monday, 16 February 2009 4:02:42 p.m.
Size [yl | Volums In % Siza (umi | Volume In % Siza (pmi | Wolurme [n 3% Siza [yl | Volums In % St [pm) | Wolume In% Siza {pmi | Violurme In %
0050 0.e80 57000 105,000 SO0 B0 000
0080 o 2000 Q0 “o oz 125,000 [+ a3 1000.000 o0
0120 000 2000 0.4 s3m0 0.3 149,000 8 77 2000000 000
0240 o 7800 o5 - O.ES 177.000 118 522
e I I s I e I I <
QD am 1.000 027 BR000 5 250,000 11:59 710000 050
0330 F.om 105000 003 00X
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: S0P Hame: Measured:
672154 .8 ParH Marine Sediment Monday, 18 February 2009 4:15:43 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Monday, 16 February 2009 4:15:44 p.m.
Sample bulk lot ref: Result Source:
2009011/8 Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 2000G (A) General purpose Enhanced
Particle RI: Absorption: Size range: Obhscuration:
1.500 0 0.020 to 2000.000 um 13.60 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.467 Yo Ooff
Concentration: Span : Uniformity: Result units:
0.1542 %Mol 1758 0.68 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
00752 mgig 79.801 um 181.502  um
d(0.1): 65219 um d(0.5): 136.533 um d(0.9): 305267 um
—_— e — .. BaIMICle Size Distribution ____. —
11
10
9
— 8
2 7
[aF]
E 6
= 5
o
= 4
3
2
1
%.01 0.1 1 10 100 1000 3000
Particle Size {um)
—678154.8 Por H, Monday, 16 February 2008 4:15:43 p.m.
Se(pmi| Volums % Siza jpmi | Wolume In % Siza (pmi | Yolume [n 3% Size [pmi| Viodume I Se (um | Yolume In% Size (umi | Volume In %
fulas] 0880 7000 105,000 200000 40,000
0050 000 2000 am e 0.34 125000 1164 am 1000.0C0 053
0120 o 2000 0.40 s 1.61 149,000 1214 217 2000000 135
0240 000 7800 05 G0 3T 177,000 "nw 122
0430 g$ 15.600 ;i T4.000 ::; 210,000 :z 80000 E:‘
0700 2 31.000 CI:III 55,000 10:25 250,000 5:46 710000 IZI:EIJ
0350 .00 105000 300,000 E40.000
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: SOP Mame: Measured:
678154.9 Por H core Marine Sediment Monclay, 16 February 2009 4:27:46 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Monday, 16 February 2009 4:27:47 p.m.
Sample bulk lot ref: Result Source:
2002011/9 Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 2000G (A) General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 1] 0.020 to 2000.000 um 2052 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.290 Yo Off
Concentration: Span : Uniformity: Result units:
0189 %M ol 3.988 1.14 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.103 ey 58.183 um 296.146  um
d(0.1): 35.665 um d(0.5): 178.238 um d(0.9): 742999 L
—_ ---.-Particle Size Ristribution, — —
7
6
a'—p: 5
[ai]
2 4
=
= 3
=
2
1
%.01 0.1 1 10 100 1000 3000
Particle Size (um)
—678154.9 Por H core, Monday, 16 February 2009 4:27:46 p.m.
S [um) | Volums I % Siza (umi | Violume In 5| Siza fumy | Yolume In 3% Siza [yrmi | Voluma In %) Sze (umi | Volume In 5% Siza (umi | Volume In 3%
Q050 0.080 T 105.000 0000 0000
fule. ) 0w 2000 oo 44.000 o 125.000 &e2 SE0000 a5t 000,000 2
012 0.0 2000 oaz2 30 141 18000 TEE 452 200,060 674
0240 oo 7800 20 &m0 Lo 177000 7in a8
0400 gﬁ 1560 :fg 400 i: =000 ;21 520000 ;2
om0 a0 E1.000 D:?Z R0 573 250,000 6;5-‘ T10000 254
0350 .o 105000 300000 40000
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: SOP Name: Measured:
678154.10 Por | Maring Sediment Tuesday, 17 February 2009 1:40:23 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Tuesday, 17 February 2009 1:40:24 p.m.
Sample bulk lot ref: Re sult Source:
2009011410 Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydvo 2000G (A) General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 0 0.020 to 2000.000 um 18.96 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.484 ¥ Off
Concentration: Span: Uniformity: Result units:
0.1441 Vol T.072 1.87 Volume
Specific Suface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.1 me'g 54.313 um 313107 um
d{0.1):  44.572 um d{0.5): 128410 um d(0.9): 952.604 um
—n -----Particle Size Iistribution
B
7
= B
o
Z 5
£
5 4
=l
= 3
2
1
%.01 0.1 1 10 100 1000 3000
Particle Size (um)
| —678154.10 Por |, Tuesday, 17 February 2009 1:40:23 p.m.
Size (urmi | Voluma % Siza (umi | Velume In 5| Siza fumy | Yolume In 3 Siza (urm) | Veluma In % Size(um) | Volume In 5| Sizatum | Volume In %
050 ful=c] 7000 105.000 S0C000 0000
P om 200 [i1s=] 40 145 135000 a0 135 1000000 383
o120 om - k=] 00 am 148,000 am 154 2000000 em
0240 thd 7.B0O . B30 — 177.0M () 500010 e
[iF: =] gi 15.600 ?;; FAO0 :;': 0.0M0 ;?; 520010 ;ﬁ
0700 ™ 31.000 ™ BR000 8;& 250,000 212 Ti0.0m 345
0350 000 105000 200000 SA0.000
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: SOP Name: Measured:
678154.11 Por | core Marine Sediment Tuesday, 17 February 2009 1:52:49 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Tuesday, 17 February 2009 1:52:50 p.m.
Sample bulk lot ref: Result Source:
200901111 Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marnne Sediment Hydro 2000G (A) General purpose Enhanced
Particle RI: Absomption: Size range: Obscuration:
1.500 [i] 0.020 to 2000.000 um 1940 2%
Dispersant Name: Dispersant Rl: Weighted Residual: Result Emulation:
Water 1.330 0.301 Yo Off
Concentration: Span : Uniformity: Result units:
01813 LA 5.115 1.49 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.0205 meg B6.334 um 382.869 um
dio.d): 48.761 um die.5): 192746 um d(0.9): 1034739 um
——n -----Particle Size Pistribution___ -
6
5
* 4
£
= 3
=
- 2
1
%.01 0.1 1 10 100 1000 3000
Particle Size (pm)
—678154.11 Por | core, Tuesday, 17 February 2009 1:52:49 p.m.
Ste () | Vioduma In % Siza (umil | Volume In % Sizaipmi | Volurne In 25 Siza [prm) | Vidluma In % St [m) | Wolume In % Siza (umi | Volume In 25
0050 0.880 Fr.00 105000 S0O0000 B40.000
0080 [ Lax] 2000 on2 44000 1.0 125000 B4 330 1000000 433
0120 i 2000 o7 s3000 182 149000 BE3 a2 200,000 10052
0240 [ Lax] 7800 173 3000 266 177000 &g 353
O30 g$ 15,600 ;i 74000 :;2 210000 i; 80000 ::i
0F0a am .00 085 BR000 504 250000 4z 710020 420
0330 .00 105000 200000 240000
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: SOP Hame: Measured:
678154.12 Por J Marine Sediment Tuesday, 17 February 2009 2:09:19 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Tuesday, 17 February 2009 2:02:21 p.m.
Sample bulk lot ref: Result Source:
200901112 Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 2000G (A) General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 [i] 0.020 to 2000.000 um 1450 9%
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
‘Water 1.330 0.251 Ya Off
Concentration: Span : Uniformity: Result units:
01915 2V ol 1.958 0612 Volume
Specitic Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.0834 g 94 808 um 298 8497 um
dio.a): 85.390 um d(0.5): 251126 um d(0.9): 576.638 um
— Particle Size Pistribution_ _ _ —
9
B
7
& 6
a
E 5
=
= 4
=
3
2
1
%.01 0.1 1 10 100 1000 3000
Particle Size (um)
—678154.12 Por J, Tuesday, 17 February 2009 2:09:19 p.m.
Size (pml | Volums In % Siza jpmi | Volume In % Siza (i | Volume [n 3 Siza (pmi | Volums In% Size (pm) | Volume In % Siza(pumi | Volume In %5
051 n.eal 37000 105000 SO0 B0.000
0osa . 200 — 44, 000 L 125000 el 55000 e 1000000 =
0120 000 2o 053 s3m0 nee 149,000 & 213 2000000 108
0240 o 7800 1.18 o o 177,000 T4 T
0430 g$ 15,600 1; T4.000 1:_; 210000 :?8: 580000 i;
o a0 31.000 251 58,000 3;01 250,000 108 T10:003 250
031 .00 105,000 300,000 BA0,000

PAGE 62 OF 71

WGN_DOCS-#651177-V3



Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: S0P Name: Measured:
678163.1 OP- A Marine Sediment Friday, 13 February 2009 2:40:32 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Friday, 13 February 2009 2:40:33 p.m.
Sample bulk lot ref: Result Source:
200901 0/ Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydra 2000G (&) General purpose Enhanced
Particle RI: Absomtion: Size range: Obscuration:
1.500 L] 0.020 to 2000.000 um 1728 %
Dispersant Mame: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.583 o Off
Concentration: Span : Uniformity: Result units:
0.1310 Vol 1.793 0.49 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0107 mefg 56.020 um 257.300 um
d({0.1): 28.030 um d(0.5): 240.000 urm d(0.9): 458.300 um
2 —_— e ...Particle Size Distribution ____ . _ ____.__
10
a'__g“ 3
@
E 6
=
=
= 4
2
%,01 0.1 1 10 100 1000 3000
Particle Size (um)
—678153.1 OP - A, Friday, 13 February 2009 2:40:32 p.m.
Size (urmd | Volums % Size (umi Size (umi | Volurme In 3% Siza ()| Volums In % Seefum | Vielume In 3 Siza (umi | Volume In %
0050 neal SR00 105000 300000 B40.000
0050 [ 200 44000 e 125000 = SE000 e 100,000 nid
0120 ] 3800 3000 i 143000 e 420,000 CE] 2000000 e
0240 om T.BOD SR oo 177000 8% 00000 655
0.430 Eﬁ 18600 T40 &?: 210,000 Ez 520,000 Zi
0700 om0 51.000 R0 143 5003 135 710000 a7
0350 &.000 105000 200000 240000
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: SOP Name: Measured:
6781632 OP-B Marine Sediment Friday, 13 February 2009 2:52:51 p.m.
Sample Source & type: Measured by: Analysed:
Hill rocgers Friday, 13 February 2008 2:52:52 p.m.
Sample bulk lot ref: Result Source:
20090105 Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sedimant Hydro 2000G (&) General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 [i] 0.020 to 2000.000 um 1977 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.574 %% Off
Concentration: Span : Uniformity: Result units:
0.0738 Zav ol 3.243 0.983 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0211 M 28.493 um 328.274 um
dio.d): B.264 um d(0.5): 237.208 um di0.9): 777.AT2 um
7 —— -.-Particle Size Distribution . —
B
5
&
@ 4
£
=
E 3
=
2
1
EEJ.CH 0.1 1 10 100 1000 3000
Particle Size (ym)
—678153.2 OP - B, Friday, 13 February 2009 2:52:51 p.m.
Size (pm) | Yiolums % Szailpmi | Volume In % Siza (pmj | Yolure In 24 Siza [yl | Volums In % Stz [pm) | Wolume In 3| Siza {pmi | Valume In %
0050 0.880 Sr.0 105,000 000X 40,000
000 om 2000 028 44.000 0ss 125.000 2 SE0000 523 100,000 2%
0120 000 200 ERE] 000 0.2 143,000 4.3 (51 2000000 852
o0 om 7 B0 6.0 &30 nzs 177000 a5 5T
430 gﬁ 15600 3; TA00 3: 210,000 ::: EB0.000 :;
LB 0 i D:?Q =100 178 et T-‘:E-fl VALLLY 348
0350 .o 105000 3.0 BA0000
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Result Analysis Report

Porirua Harbour targeted intertidal sediment quality assessment

Sample Name: SOP Name: Measured:
678153.3BB- A Marine Sediment Friday, 13 February 2009 1:50:15 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Friday, 13 February 2002 1:50:16 p.m.
Sample bulk lot ref: Result Source:
20090101 Edited
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 2000G (A) General purpose Enhanced
Particle RE: Absorption: Size range: Obscuration:
1.500 i} 0.020 to 2000.000 um 1361 %
Dispersant Name: Dispersant Rl: Weighted Residual: Result Emulation:
Water 1.330 0.467 Yo Off
Concentration: Span : Uniformity: Result units:
0.2079 A 2814 0.898 Valume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.0569 g 105.449  um 322.504  um
dioAd): 68.353 um di0.5): 227.553 d{0.9): TO08.7ET um
— -----Particle Sie Mistribution__ -
]
5
® 4
E
= 3
o
=
2
1
%.01 0.1 1 10 100 1000 3000
Particle Size (pm)
—678153.3 BB - A, Friday, 13 February 2009 1:50:15 p.m.
Size [pra) | Yioluma In % Sizadpmi | Volume In % Siza(pmi) | Volurne In 35 Siza [pra) | ¥oluma In % Size (pm) | Volume In % Siza (i | Volume In %
el ] nean .00 105000 300000 B0.000
[ela ] e 2000 e 44000 e 125000 e 350000 oy 1000000 EL
0120 om 2000 024 52000 1.64 14,00 az T 200,000 395
0240 0o 7800 030 2000 282 177,00 a16 6825
043 Ei 15600 ;?: TACO ii 210010 :: BE0.000 ‘:ﬁ
0700 000 .000 0'25 SR.000 i 230000 208 T10.000 240
0330 .00 105000 30003 B40.000
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: S0P Name: Measured:
6781535 BB-C Marine Sediment Friday, 13 February 2009 2:06:01 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Friday, 13 February 2009 2:06:02 p.m.
Sample bulk lot ref: Result Source:
20001 /2 Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 2000G (A) General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 0 0.020 to 2000.000 um 1511 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.395 % Off
Concentration: Span: Uniformity: Result units:
0.1139 A 4.253 1.27 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0109 meg 54.845 um 300246 um
d(0d): 32424 um d{0.5): 171.3%4 um di0.9): 761.388 um
B ——a __Particle Size Distribution _ _ —
5
a——eh 4
g 3
=
=
= 2
1
%.01 0.1 1 10 100 1000 3000
Particle Size (um)
—678153.5 BB - C, Friday, 13 February 2009 2:06:01 p.m.
Sze (umi | Volume % Sizaipmi | Yolume In%:| Siza (pmi | Wlume In % Siza (prm) | Wolume I Sze fumi | Volume In % Siza (umi | Yolume In %
00sD n.cen IR0 105,000 00000 0000
o050 o 2000 oo 44000 1.5 125,000 B4 423 1000000 2mM
012 [l o] 2500 a7 S50 245 1400 [+ 47 200,000 £.40
0240 o 780 230 &3.000 218 177000 Sea 437
0430 g$ 15,600 3:2 74000 ii 210000 2‘: EB0.000 gz
0o [aLa] suoa 1:13 2.0 EED =000 5x 1000 3:19
090 .00 105000 300,000 E40.000
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Porirua Harbour targeted intertidal sediment quality assessment

Result Analysis Report

Sample Name: SOP Name: Measured:
67818368 DC-A Marine Sediment Friday, 13 Febuary 2009 2:18:48 p.m.
Sample Source & type: Measured by: Analysed:
Hill rodgers Friday, 13 February 2009 2:18:47 p.m.
Sample bulk lot ref: Result Source:
200901 0/3 Measurement
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 2000G (A) General purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 0 0.020 to 2000.000 um 17.67 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 0.399 % Off
Concentration: Span : Uniformity: Result units:
0.2079 ¥av'ol 2055 0.635 Vaolume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.0714 mefg 54.090 um 364949  um
diod):  77.051 um d{0.5): 309.640 d(0.9): T13.236 um
. ---.-Particle Size Pistribution_ _ -
a
8
7
2 6
@
2 5
=0
= 4
= 3
2
1
%.01 0.1 1 10 100 1000 3000
Particle Size (pm)
—678153.6 DC - A, Friday, 13 February 2009 2:18:46 p.m.
Size (urml | Velums in 3% Size (umi | Violume In % Siza (umy | Volurme In 3 Siza [yl | Velums 5| Size (] | Yelume In 5| Size (umi | Violurme [n %
Q50 ful=] 7000 105.000 S00.000 0000
QD30 2w 2000 20 44.000 0Eo 125,000 262 SE0.000 355 000000 289
0120 000 2000 [al} s o074 149.000 aT4 10,19 2000000 208
0240 i T.ROD Lz E3.000 o 177.000 o 500000 —
Q430 Ei 15600 :: T4.000 ?; 10,000 :; 20000 ;i
0700 om0 .00 054 55,000 1:5 25000 9.5-’6 71000 42
0250 .00 105000 300,000 40000
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Porirua Harbour targeted intertidal sediment quality assessment

Appendix 5: Streambed sediment sample results

Site SMS043 SMS011 SMS044 SMS045
Dry Matter (g/100 g) 48 62 72 75
Total organic carbon (%) 1.9 0.77 0.7 0.88
Fraction 22 mm 35.7 21.7 491 61.9
Fraction <2mm, =500 pm 2.1 254 7.4 215
Fraction <500 um, 2250 um 12.7 23.1 16 4.6
Fraction <250 um, 263 um 30.4 211 229 4.5
Fraction <63 um 19.1 8.6 4.9 7.5
Metals (mg/kg, strong acid, <2mm):

Arsenic 6.8 5.0 55 6.3
Cadmium 0.14 0.083 0.078 0.15
Chromium 15 14 13 14
Copper 20 12 14 24
Lead 0.071 0.041 0.076 0.031
Mercury 12 9.8 11 13
Nickel 40 30 34 37
Zinc 250 130 170 430
Polycyclic Aromatic Hydrocarbons (pg/kg):

Acenaphthene 3.9 <22 4 <20
Acenaphthylene 74 23 4.2 11
Anthracene 17 8.7 28 32
Benzo[a]anthracene 200 61 120 250
Benzo[a]pyrene (BAP) 260 71 120 270
Benzo[b]fluoranthene + Benzo[j]fluoranthene 260 79 120 260
Benzo[g,h,i]perylene 170 49 70 130
Benzolk]fluoranthene 110 33 50 110
Chrysene 180 69 100 200
Dibenzo[a,h]anthracene 35 <22 24 58
Fluoranthene 370 160 290 310
Fluorene 44 <22 7.5 7
Indeno[1,2,3-c,d]pyrene 180 51 71 150
Naphthalene <15 <11 <10 <10
Phenanthrene 58 42 94 130
Pyrene 320 130 230 290
Total PAH (<D.L. = 0) 2,176 756 1,333 2,208
Total PAH (<D.L. =0.5xD.L.) 2,183 765 1,338 2,214
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Porirua Harbour targeted intertidal sediment quality assessment

Site SMS043 SMS011 SMS044 SMS045
Organochlorine Pesticides (ug/kg, <2mm):

Aldrin <0.99 <0.98 <10 <11
alpha-BHC <0.99 <0.98 <1.0 <11
beta-BHC <0.99 <0.98 <1.0 <11
delta-BHC <0.99 <0.98 <1.0 <11
gamma-BHC (Lindane) <0.99 <0.98 <1.0 <11
Cis-chlordane <0.99 <0.98 <1.0 <11
Trans-chlordane <0.99 <0.98 <1.0 <11
2,4'-DDE <0.99 <0.98 <1.0 <11
2,4'-DDD 1 2.7 54 4.4
2,4'-DDT <0.99 <0.98 <1.0 <11
4,4'-DDE 4.2 15 3.6 1.6
4,4'-DDD <0.99 <0.98 <1.0 <11
4,4'-DDT 7.3 1.4 53 1.6
Dieldrin <0.99 <0.98 1.1 1.3
Endosulphan | <0.99 <0.98 <1.0 <11
Endosulphan I <0.99 <0.98 <1.0 <11
Endosulphan sulphate <0.99 <0.98 <1.0 <1.1
Endrin <0.99 <0.98 <10 <11
Endrin aldehyde <0.99 <0.98 <1.0 <1.1
Endrin ketone <0.99 <0.98 <1.0 <1.1
Heptachlor <0.99 <0.98 <1.0 <1.1
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Porirua Harbour targeted intertidal sediment quality assessment

Appendix 6: Analytical quality control results

The quality control (QC) results of the within-batch (duplicate) and certified reference
material comparisons carried out are presented in Tables A6.1-A6.3. For Tables A6.1—-
A6.2, any difference (%) between the QC (new) result (denoted with a “2”) and the
original result (denoted with a “1”) is expressed as:

100 x (new result - original result)/mean of the two results

Note that the QC data presented in Table A6.2 do not relate to Greater Wellington’s
sediment samples; other sediment samples were analysed by the laboratory in the same
batch as Greater Wellington’s samples and two of these samples were randomly
selected for duplicate total phosphorus analysis.

In summary, the analytical QC results indicate:
e Very good precision for TOC in the within-batch comparisons (Table A6.1).

e Varying levels of precision for total recoverable phosphorus in the within-batch
comparisons, with a very good result in the first comparison and a poor result in the
second (Table A6.2).

e A very good level of agreement with the laboratory’s in-house limits for total
recoverable metal concentrations in certified reference material AGAL 10, but
varying levels of agreement with the “certified” range (Table A6.3) — in most cases
because the digestion method used to obtain the certified values also releases
interstitially bound metals.

No comment on precision or accuracy is made for the organochlorine pesticides or
polycyclic aromatic hydrocarbons; QC checks for these compounds were limited to
procedural blanks and analysis of surrogate recovery data.

Table A6.1: Within-batch comparisons for total organic carbon, <2 mm fraction

Site POR-J SMS045
Result Number 1 2 Diff (%) 1 2 Diff (%)
Total Organic Carbon (%) 0.33 0.31 -6.3 0.88 0.88 0.0

Table A6.2: Within-batch comparisons for total recoverable phosphorus, <2 mm
fraction. Concentrations in mg/kg.

Site Non-GWRC sample Non-GWRC sample
Result Number 1 2 Diff (%) 1 2 Diff (%)
Phosphorus 2,310 2,385 3.2 59 43 -31.4
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Porirua Harbour targeted intertidal sediment quality assessment

Table A6.3: Certified Reference Material (CRM) comparisons for total recoverable metal
and total phosphorus concentrations. Concentrations in mg/kg dry weight.

Result Certified In I_-Io_use Result Certified In I_-Io_use
Range Limits Range Limits

Arsenic 20.2 172+£3.0 16.2-23.1 20.3 172+£3.0 16.2-23.1
Cadmium 9.82 9.33+0.64 7.82-11.03 9.32 9.33+0.64 7.82-11.03
Chromium 448 82+ 11 271.2-71.9 43.5 82+ 11 271.2-71.9
Copper 23.6 232+19 19.6-264 22.2 232+19 19.6-264
Nickel 12.1 178127 9.5-14.0 12.2 178+ 2.7 9.5-14.0"
Lead 40.8 40427 325-484 41.9 40427 325-484
Zinc 55.9 57142 46.1-62.7 55.5 57+4.2 46.1-62.7
Mercury 11.94 116£1.1 10.0-13.6 12.24 116+£1.1 10.0-13.6
Phosphorus 362 350 + 46 301 - 384 N/A N/A N/A

1 The In House Limits for chromium and nickel are lower than the values in the Certified Range because the digestion method used to
obtain the In House results is not as strong as that used to obtain the certified values.
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Water, air, earth and energy — elements in Greater Wellington's logo that combine to create and sustain life. Greater Wellington promotes
Quality for Life by ensuring our environment is protected while meeting the economic, cultural and social needs of the community

For more information, contact Greater Wellington:

Wellington office Masterton office Photo Credit GW/EMI-T-09/136
PO Box 11646 PO Box 41 Southern end of Porirua Date June 2009
Manners Street Masterton 5840 Harbour (Onepoto Arm),

Wellington 6142 T 063782484 Juliet Milne WWW.gW.govt.nz
T 043845708 F 063782146

F 043856960






