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Specialists in research, survey and monitoring

Summary

Marine areas adjacent to the former Fruitgrowers Chemical Company (FCC) site were
sampled in Spring 2009. Sampling included:

e Pesticides in sediment (shallow 0-2 cm, deep 10-20 cm);

e Pesticides in molluscs (mudflat snail, topshell snail, cockle);

e Total organic carbon (TOC) in shallow and deep sediments;

e Particle analysis from selected shallow and deep sediments;

e Invertebrate community composition and abundance from surface and within
sediment samples; and

e Macroalgal distribution and percentage cover.

The sampling regime was based on recommendations made in the site auditors report
(Pattle Delamore 2009). Where possible, sites previously sampled were adopted for on-
going monitoring.

Three of 26 deep marine sediment samples adjacent to the FCC met the DDX (DDT, DDE,
DDD) Soil Acceptance Criteria (SAC), while approximately 70% or 18 of 26 samples for ADL
(aldrin, dieldrin, lindane) achieved the SAC.

In sediments where the SAC was exceeded, DDX and ADL concentrations were dramatically
lower than values recorded prior to remediation.

Small increases in ADL and DDX were recorded at some sites. Reasons for these relatively
small increases are most likely related to re-contamination of remediated sediment from
the FCC site during remediation and via natural movement of marine sediments from
offshore and adjacent areas. Highest DDX and ADL values were recorded from the West
Stream, West estuarine stream channel, a low-lying area in the central area of the West FCC
shore, and southern parts of the East FCC shore.

Moderate levels of nutrient enrichment occurred in Eastern and Western FCC marine
sediments. Enrichment of sediment is probably from water runoff via the numerous
seepages flowing from the FCC site. Enrichment has not resulted in anaerobic conditions or
a change in community composition; however, numbers of some species may be elevated
due to nutrients and their effect on environmental variables such as food availability.

Present levels of pesticide in marine sediments have not resulted in a decrease in
invertebrate community diversity or abundance.
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ADL and DDX levels in cockles were comparable to other areas in New Zealand considered
representative of contaminated sites. These sites have usually been located close to large
cities or development. Contaminants in cockles were, however, relatively low when
compared to many contaminated sites overseas and were below the US and Canadian limits
for the protection of human health.

ADL and DDX levels in mudflat snails from the West FCC shore were unusually high relative
to previous samples. This was in contrast to contaminant levels recorded from the sediment
snails were living on (i.e. DDX and ADL values declining in sediment). The reason for this
result remains a mystery.

The second sampling event is due in Spring 2010. These data will provide more information
on contaminant levels and the reasons for those patterns.
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1.0 Background

Historic environmental investigations carried out at Mapua have found elevated
concentrations of contaminants in marine sediments adjacent to the FCC site. The major
contaminants of concern were organochlorine pesticides (OCPs), which include DDT, DDD
and DDE (collectively known as DDX), and aldrin, dieldrin and lindane (collectively known as
ADL). A decision was made to remediate the site to prevent further effects on the marine
environment. Following initial trials, remediation works commenced in October 2004 and
were completed in early 2008. The remediation Validation Report was submitted to MfE in
December 2008. The site has remained vacant since remediation was completed.

During the works, two areas of foreshore adjacent to the FCC site were included in the
remediation:

e the tidal beach in Mapua Channel located to the east of FCC East; and

e the tidal mudflats in Waimea Inlet located to the south of FCC Landfill, including a
tidal channel that crosses the mudflats (the “swale”). Also included was a section of
the tidal creek running along the north-west edge of FCC Landfill. This Stream carries
stormwater from adjacent housing developments.

The extent of contamination at these locations was broadly defined by previous
investigation results and additional sampling during the remediation works. Based on the
pre-remediation results, a surface layer of contaminated sediment was excavated down to
the low tide contour in East FCC. In the west, the creek (for most of its length adjacent to
the site), part of the foreshore, and part of the tidal swale were excavated and backfilled.
The removal of contaminated sediments was completed in a series of cells, each backfilled
with imported gravels after validation sampling from the base of the excavation. The
resource consent required that excavated cells were sampled and backfilled within one tide.
Consequently, the excavations were backfilled before the validation test results were
received.

In June 2009, the audit report for the remediation of the former Fruitgrowers Chemical
Company site, Mapua, was completed (Pattle Delamore Partners Ltd. 2009). The auditor
provided a comprehensive document that included a variety of recommendations with
respect to monitoring marine sediments and biota. The general recommendations are
outlined below, while the full recommendations can be viewed in Chapter 6 of the audit
report).

The auditor has stated with respect to the marine sediments that:

“It is considered that remediation to the extent practicable has been broadly achieved in the
marine foreshore areas. The benefits of further remediation are likely to be outweighed by
the additional disruption and impacts to the environment. It is clear that the remediation in
these areas has not been successful in meeting the SACs for DDX and ADL. However, re-
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deposition of non-complying sediment from the surrounding marine environment probably
meant that compliance with the SACs could not be achieved within the foreshore surface
sediments. In addition, re-contamination of the deeper backfill material has occurred during
the remediation works. The mechanism(s) for this are not clear, but site runoff is probably a
major contributor. While contamination remains within the backfilled material, there is
evidence that the surface sediment quality has been improving since completion of the
remediation. A key aspect of the foreshore remediation is the removal of the site as a source
of ongoing sediment contamination. This will allow natural attenuation processes to slowly
improve the foreshore sediment quality over the coming years. Apart from localised effects
on the marine ecosystem, the effects of the residual sediment contamination on other
receptors are not likely to be significant. In the case of risks to human health via seafood
consumption, additional data is required to confirm this as the current dataset is limited.”

The auditor stated with respect to monitoring that:

“Sediment and snail sampling should continue, following a review of the sampling design to
ensure it is adequately quantifying the risk via seafood consumption and is properly
representing the quality of the surface sediments. The health and diversity of the foreshore
ecosystems should be benchmarked relative to suitable control sites elsewhere in the
Waimea Inlet. The information will contribute to assessing the significance of the residual
contamination in the foreshore sediments and the local effects of contaminated
groundwater discharge. The current annual monitoring of sediment and biota by TDC should
be continued and expanded.

The aim of the monitoring will be to:

1. confirm OCP concentrations in snails (as appropriate bio-indicators) remain below
levels that might present an unacceptable risk to human health;

2. confirm apparent improving trends in the chemical quality of shallow sediment using
a larger sample set; and

3. provide additional information on localised effects of nutrients in groundwater
discharges on the foreshores (see Section 7.10.2 of the audit report).”

The present document presents data collected during the first sample event during Spring
2009 and provides a comparison, where possible, with data collected previously by various
authors.

2.0 Site history

The following section on the history of operations at the site has been extracted from the
auditors report.
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FCC operated an agrichemical formulation plant on FCC East and West from 1932 until 1988,
producing pesticides, herbicides and fungicides that were used throughout the country. The
north-eastern portion of FCC East was operated by a subsidiary company, originally known
as Lime and Marble Limited and later as Mintech Ltd. The Mintech site was generally used
for processing non-toxic minerals but also included the FCC micronising plant and some
biocide preparation. Facilities used for agrichemical formulation and storage were operated
on both FCC East and West.

From the 1950s, a number of areas were either in-filled or reclaimed, including: low lying
areas of FCC East; the area now known as FCC Landfill, reclaimed from the Waimea Inlet;
and the eastern portions of FCC East, reclaimed from the Mapua Channel. The fill material
used contained waste material from site operations.

FCC ceased operations in 1988 and by 1996 TDC had either inherited or acquired the FCC
portions of the site, i.e. FCC Landfill, FCC West and FCC East. FCC Landfill was inherited first,
in the early 1990s. In May 1992, TDC installed a clay cut-off wall along the southern edge of
FCC Landfill to reduce leachate migration into the Waimea Inlet. From the early 1990s
onwards, the site was the subject of a number of environmental investigations and
assessments. It was clear from the investigation results that some form of remediation or
management of residual contamination at the site was required. Elevated contaminant
concentrations were detected in soil on and adjacent to the site, groundwater and in nearby
marine sediments. The major contaminants of concern which drove the need for
remediation were organochlorine pesticides. Other contaminants included heavy metals,
organonitrogen pesticides, organophosphorous pesticides, petroleum hydrocarbons, acid
herbicides and elemental sulphur.

The peak soil concentrations were typically found in the vicinity of historical process areas.
Marine sediments appear to have been contaminated from site runoff and drainage,
including from the landfill, to the nearby estuary and Mapua Channel — see next section.

A decision was made to remediate the site after initial plans for capping the site were set
aside. Soil treatment trials to select an appropriate technology were carried out in 1999 —
2000. Resource consents for the remediation were granted in November 2003.

3.0 Previous estuarine contaminant studies

Woodward Clyde (1996) presented contaminant monitoring data for a variety of biota
sampled from estuarine habitats adjacent to the FCC site (east, west and general area). The
species sampled included mudflat snail (Amphibola crenata), cockle (Austrovenus
stutchburyi), green-lipped mussel (Perna canaliculus), and Pacific oyster (Crassostrea gigas).
Most sampling occurred from areas adjacent to the FCC site between 1993 and 1996.
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Landcare Research scientists sampled contaminants from sediments at upper and lower
catchment positions of the western mudflat channel, as well as a western mudflat site (Tahi
Street) and eastern site located adjacent to the FCC site (O’Halloran and Cavanagh 2002;
Cavanagh and O’Halloran 2003). These authors also sampled contaminants from mudflat
snail (Amphibola crenata), crab (Grapsid family), short-finned eel (Anguilla australis), cockle
(Austrovenus stutchburyi), and Pacific oyster (Crassostrea gigas). They also collected
samples from a control channel and a control mudflat site.

The authors reported that crabs and cockles did not accumulate high levels of
organochlorine contaminants compared to snails (Amphibola). The authors reported that,
apart from eels, snails accumulated much higher concentrations of organochlorine
contaminants compared to other organisms sampled. Cavanagh and O’Halloran (2003)
recommended that snail (Amphibola) was the most appropriate bioindicator to assess the
success of remediation of the FCC site and its associated contaminated areas. The authors
also recommended that some “opportunistic sampling be conducted of higher animals such
as eels inhabiting the drain”.

TDC has sampled contaminants from sediments and snails on a number of occasions since
2005 (Easton 2005; 2007a; 2007b; 2008; 2009; 2009a, 2010). Two sets of sampling sites
have been used in repeat monitoring programmes. Sample of sediment and snail
contamination were collected along the western estuary parallel to Tahi Street (Easton
2007b, 2009). Another set of sample sites were repeat monitored for snail and sediment
contamination as part of the consent condition 522/19 requiring testing of the sediments
and macroinvertebrates 12, 24 and 36 months after the coastal marine area remediation
(Easton 2007a, 2008, 2009a). It is the latter set of samples that the site auditor suggested
should be repeat sampled on at least two more occasions prior to a review of monitoring.

TDC sampled snails (Amphibola crenata) from the West FCC site and from a control site
located further westward in the Waimea Inlet. Following remediation of the east FCC tidal
shore, mudflat snails failed to recolonise. The author instead sampled a topshell (Diloma
subrostrata). This species was also sampled from a control area located further eastwards in
Waimea Inlet. D. subrostrata lives on a combination of rock, shell and soft substrata.
Bioaccumulation levels recorded for this species were consistently lower than levels
recorded for Amphibola samples collected from the west FCC site.

Following the present studies sampling regime the TDC sampled sediment and mudflat snail
contaminants from JMB 084 located at the West FCC shore in January 2010 (Easton 2010).
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4.0 Review of biological sampling

The auditor recommended that:

Prior to undertaking the next sediment and snail monitoring round, an appropriately
qualified person should review the monitoring programme to confirm that the current
programme is sufficient and appropriate given the altered habitat and different species that
have re-colonised East FCC. The review should assess the previous reports on the subject,
including that by Landcare Research (2002), and take into account recent monitoring data
and the likely site use. Consideration should be given to the need for confirmatory sampling
of other biota and extending the programme to improve its statistical robustness. The
review should also consider whether the sampling is properly representing the quality of the
surface sediments.

Davidson (2009) provided a review report and concluded that:
1. West FCC site: no change to the existing sampling protocol.

2. East FCC site: (1) collect an additional one or up to two mudflat snail composite
samples; (2) at present, one topshell sample is collected from the East FCC site. It is
recommended that two topshell samples from the East FCC site be collected on the
first sample occasion (i.e. one sample from hard substrata and one sample from soft
substrata).

3. East FCC site: one cockle sample should be collected from the East FCC site on each
sample event.

5.0 Methods (present study)

Three broad types of monitoring were conducted in the marine environment adjacent to the
FCC site, Mapua: (1). organism and sediment contaminant sampling (OPC’s), (2)
environmental variable sampling (total organic carbon, particle size analysis, redox cores),
and (3) biological community sampling (invertebrate density and size, macroalgae cover). A
summary of the laboratory methods and tests are displayed in Appendix 6.

5.1 Mollusc and sediment contaminant sampling

On 20" October 2009, sediment and invertebrates were sampled from the estuary adjacent
to the FCC site and controls and sent to Hill Laboratories for analysis. Sediment was
collected from two strata, (1) surface (0-2 cm) and (2) deep (10-20 cm) (Table 1, Figures 1
and 2). Surface samples were collected using a stainless steel sampler from undisturbed
substratum at each sample site. Deep sites were sampled by first extracting a core of
sediment followed by the collection of the sample using a stainless steel sampler. All
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samples were placed in containers supplied by Hills Laboratories. Samplers were thoroughly
washed between each sample and site.

An additional three contaminant samples were collected from the stream flowing adjacent
to the West FCC site on the 10™ November 2009. All stream sediment samples were
collected from the surface layer (Table 1, Figure 1).

A variety of invertebrates were collected for contaminant analysis from FCC impact and
Waimea Inlet control sites on 20" October 2009 (Table 2, Figures 3 and 4). At one control
site and two impact sites (West FCC and East FCC), the mudflat snail (A. crenata) was
collected for analysis. The topshell (Diloma subrostrata) was sample from an East FCC site.
Based on the review by Davidson (2009), topshell that lived on (a) mud or (b) rock
substratum were collected and kept separate for analysis. In addition, a cockle sample was
collected from the East FCC site and an appropriate control located adjacent to Hunter
Brown Reserve, some 1.4 km south-east of Mapua (Table 2, Figures 3 and 4).

Invertebrates were collected by hand using a haphazard sampling technique from an area of
approximately 10m? at each site. The only exception was the composite mudflat snail
sample collected at the East FCC site (see yellow area in Figure 3). At this site, mudflat snails
were rare; therefore the whole shoreline was used to provide sufficient snail specimens for
analysis.

All invertebrates were kept in seawater for a period of 24 hours prior to transportation to
Hill Laboratories to enable sediment purging from their digestive tracts prior to analysis.
Fresh seawater was replaced periodically during this period to ensure their survival during
this process.
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Table 1. Sediment contaminant and environmental variable monitoring sites located at East and West (FCC) impact and control sites.

Site number Coordinates Strata OCP surface OCP deep TOC (surface) TOC (deep) Particle (surface)

West control JME 080 41° 15.482'S, 173° 5.540'E | 0-2 cm & 10-20 cm 1 1 1 1 1
Impact (west) JME 083 41° 15.463'S, 173° 5.819'E | 0-2 cm & 10-20 cm 1 1 1 1 1
Impact (west) JME 081 41°15.484'S, 173° 5.821'E [ 0-2cm & 10-20 cm 1 1 1 1 1
Impact (west) JME 082 41° 15.501'S, 173° 5.825'E | 0-2 cm & 10-20 cm 1 1 1 1

Impact (west) West FCC new 1 (west) 41° 15.471'S, 173° 5.849'E | 0-2 cm & 10-20 cm 1 1 1 1

Impact (west) West FCC new 2 (middle) | 41° 15.473'S, 173° 5.867'E | 0-2 cm & 10-20 cm 1 1 1 1 1
Impact (west) West FCC new 3 (east) 41° 15.480'S, 173° 5.879'E | 0-2 cm & 10-20 cm 1 1 1 1

Impact (west) JME 084 41° 15.484'S, 173° 5.859'E | 0-2 cm & 10-20 cm 1 1 1 1

Impact (west) West FCC Stream 1 (lower) | 41° 15.446'S, 173° 5.839'E 0-2cm 1 1 1
Impact (west) West FCC Stream 2 (middle){ 41° 15.433'S, 173° 5.863'E 0-2cm 1 1 1
Impact (west) West FCC Stream 1 (upper)| 41° 15.425'S, 173° 5.877'E 0-2cm 1 1

Impact (east) JME 088 41° 15.418'S, 173° 6.089'E | 0-2 cm & 10-20 cm 1 1 1 1 1
Impact (east) JME 087 41° 15.421'S, 173° 6.093'E [ 0-2 cm & 10-20 cm 1 1 1 1

Impact (east) JME 086 41° 15.423'S, 173° 6.097'E | 0-2cm & 10-20 cm 1 1 1 1

Impact (east) East FCC New 1 (north) 41° 15.408'S, 173° 6.098'E | 0-2 cm & 10-20 cm 1 1 1 1 1
Impact (east) East FCC New 2 (south) 41° 15.428'S, 173° 6.083'E | 0-2 cm & 10-20 cm 1 1 1 1

Impact (east) JME 090 41° 15.436'S, 173° 6.079'E | 0-2 cm & 10-20 cm 1 1 1 1 1
East control Hunter-Brown 41° 16.187'S, 173° 6.497'E [ 0-2 cm & 10-20 cm 1 1 1 1 1
TOTAL SAMPLES 18 15 18 15 10
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Figure 1. Location of sediment contaminant sites at West FCC location. Insert is West control site (1% bay to the west of West FCC).
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Figure 2. Location of sediment contaminant sites at East FCC location. Insert is East control site at Hunter-Brown Reserve.
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Figure 3. Location of invertebrate contaminant samples collected from West FCC site and West control site.
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Table 2. Invertebrate contaminant sample sites located at impact (FCC) and control sites.

Type Site number Coordinates Samples per site
West control JME 080 (Amphibola) 41° 15.482'S, 173° 5.540'E 1
West FCC JME 084 (Amphibola) 41° 15.484'S, 173° 5.859'E 1
East FCC (soft) East FCC New 2 (south soft) (Diloma) 41° 15.438'S, 173° 6.076'E 1
East FCC (rocky) East FCC New 2 (south rocky) (Diloma) | 41° 15.438'S, 173° 6.076'E 1
East FCC (composite) East FCC (Amphibola) Whole area 1
East FCC (JME 090) East FCC (cockle) 41° 15.436'S, 173° 6.079'E 1
East control Hunter-Brown (cockle) 41° 16.190'S, 173° 6.497'E 1
TOTAL SAMPLES 7

5.2 Environmental variable sampling

Total organic carbon (TOC), particle size analysis and redox data were collected from impact
and control sites on the 20" October and 10™ November 2009 (Table 1, Figures 1 and 2).
Apart from deep stream sites, total organic carbon samples were collected from shallow and
deep strata at all sites sampled for sediment contamination, while sediment for particle
analysis was collected from approximately 50% of all samples (Table 1). When collected,
particle analyses were performed on a combination of both surface and deep samples.
Sediment was collected using the sample methods used during the collection of sediment
contaminant samples.

At each contaminant sample site (n = 18), a 15 cm deep by 13 wide core sample was
collected to assess the redox layer. Each core was photographed and notes taken on colour
and odour.

5.3 Biological community sampling

A variety of biological sampling was conducted at FCC and control sites in Spring 2009.

5.3.1 Macroalgae cover

On one occasion at two control sites (3 September) and on three occasions at impact sites (3
and 16 September, 10 November 2009), photographs of macroalgae cover were collected.
At each site, a reference point that could be easily relocated was chosen. At the West FCC
site, a total of three fixed point locations were selected, while two fixed points were chosen
at the East FCC site (Table 3, Figure 5). On each occasion, a series of photographs were
collected spanning the adjacent estuarine area. Photographs were rendered into a
panoramic photograph using Autostitch. It is noted that this process may result in a small
level of distortion and image-bending.
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On 16" September 2009, the percentage cover of macroalgae over the substratum were
estimated from a series of contiguous 1m? quadrats deployed perpendicular to the
shoreline from fixed points (Table 4, Figure 6). The start of each series of quadrats was
positioned near or at mean high water or at the foot of the rock embankments. The series of
guadrats extended 10 m to 14 m distance from the point of origin. A photograph of
representative quadrats was collected from each series of quadrats at each site.

5.3.2 Epifauna and infauna invertebrate density and size

Macroinvertebrates were sampled from four impact and two control sites on 16"
September 2009 (Table 5, Figure 7). At each site, surface counts of conspicuous
macroinvertebrates were collected from 14 replicate, haphazardly deployed 1m? quadrats.
Only macroinvertebrates that were living on the surface or partially visible from the surface
were counted.

Three replicate core samples (13 cm wide by 15 cm deep) were collected at each site (Table
5). Cores were processed on-site through a 1 mm mesh size sieve and the contents
preserved in 70% isopropyl alcohol (IPA) for later sorting and identification.
Macroinvertebrates were identified to the most practical taxonomic level by Rod Asher of
the Cawthron Institute. All cockles obtained from core samples were measured for
maximum length. To increase the sample size, additional cockles were collected and a
representative sub-sample was also measured.
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Table 3. Macroalgae photo-points at Mapua FCC impact and control sites.

Location Site Description Coordinates

West control | North Located at seaward edge of rushes 41° 15.487'S, 173° 5.544'E
West FCC Western| At imbedded marble rocks at foot of bank | 41° 15.458'S, 173° 5.825'E
West FCC Middle | At imbedded marble rocks at foot of bank | 41° 15.461'S, 173° 5.859'E
West FCC Eastern | At imbedded marble rocks at foot of bank | 41° 15.463'S, 173° 5.897'E

East FCC Drain On top of storm water pipe 41° 15.408'S, 173° 6.095'E
East FCC South At southern end of shoreline rock wall 41° 15.442'S, 173° 6.072'E
East control 12 m seaward of large tree lucerne 41° 16.187'S, 173° 6.492'E

Table 4. Macroalgae transects at Mapua FCC impact and control sites.

Location Description Coordinates Quadrats in series
West control North | Transect located north side of rushes, start at rush edge | 41° 15.487'S, 173° 5.544'E 10
West control South| Transect located south side of rushes, start at rush edge | 41° 15.494'S, 173° 5.545'E 10
West FCC West Start on imbedded marble rock 41° 15.461'S, 173° 5.859'E 13
West FCC East Start on imbedded marble rock 41° 15.461'S, 173° 5.884'E 14
East FCC North 16 m south of storm water pipe 41° 15.414'S, 173° 6.093'E 13
East FCC South 16 m north from end of shoreline rock wall 41° 15.430'S, 173° 6.081'E 13
East control West 12 m seaward of large tree lucerne 41° 16.187'S, 173° 6.492'E 13
East control East 12 m seaward of large tree lucerne 41° 16.189'S, 173° 6.496'E 13
TOTAL QUADRATS 99

Table 5. Invertebrate infaunal and epifaunal sites from FCC impact and control sites.

Location Site Core replicates Surface m? replicates Coordinates
West control JME 080 3 14 41° 15.482'S, 173° 5.540E
West FCC West FCC (new2) 3 14 41° 15.473'S, 173° 5.867'E
West FCC West FCC (new3) 3 14 41° 15.480'S, 173° 5.879E
East FCC East FCC (newl) 3 14 41° 15.408'S, 173° 6.098'E
East FCC East FCC (new 2) 3 14 41° 15.428'S, 173° 6.083E
Huunter-Brown East Control 3 14 41° 16.187'S, 173° 6.497'E
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6.0 Results

6.1 Mollusc and sediment contaminant sampling

Contaminants in estuary and stream sediment varied with depth, both between and at the
same sites, as well as at the same depth between sites (Figure 8, Table 6, Appendix 6). ADL
(aldrin, dieldrin, lindane) exceeded the Soil Acceptance Criteria (SAC) at seven of 16 shallow
impact sites and four of 13 deep impact sites. No elevated ADL values were recorded from
control sites at either depth strata. The highest ADL value was recorded from JME 090
located close to the rock wall at the southern end of the East FCC site (Figures 2 and 8). The
second highest ADL value was recorded from East FCC new2 (south), also located in the
southern half of the East FCC shore close to the rock wall (Figures 2 and 8). All three shallow
sediment sites sampled from the West FCC stream recorded values between 0.6 and 0.8
mg/kg dry weight. Deep stream sediments were not sampled during the present study. At
seven impact sites, ADL was recorded below the SAC at both shallow and deep substrata. At
another four sites, either the deep or the shallow sample was recorded below the SAC
(Figure 8). DDX (2,4 DDT; 4,4 DDT; 2,4 DDD; 4,4 DDD; 2,4 DDE; 4,4 DDE) was recorded above
the SAC from a deep sample collected from the West Control site (0.09 mg/kg; Table 6,
Figure 8). DDX exceeded the SAC at all 16 shallow impact sites and 10 of the 13 impact deep
sample sites (Table 6, Figure 8). The sites that were below the SAC were all located at the
West FCC location (Figure 1). The highest DDX values were recorded from Stream (upper),
JME 090 (East FCC), East FCC new?2 (south) and Stream (lower) sites (Figure 8).

Comparison of DDX, dieldrin and aldrin levels sampled from the same sites on five occasions
between 2005 and 2009 revealed high levels at particular sites in 2005 and 2008. Samples
collected in 2008 and 2009 showed dramatically lower values (Figures 9 and 10, Table 7).
Highest mean values for the sites sampled on all occasions between 2005 and 2009 showed
peaks for DDX and dieldrin in 2005 and highest lindane levels in 2007 (Figure 10). In the
three sample events between 2008 and 2009, values for DDX, dieldrin and lindane were
dramatically lower than values recorded in 2005 and 2007. Despite this large decline, mean
values for DDX (0.3984 mg/kg) and dieldrin (0.03986 mg/kg) remained above the SAC for
the entire period including the two 2009 samples. The mean concentration of lindane,
however, was below the SAC in 2008, 2009a and 2009b. Aldrin, the third component of ADL,
has not been reported in figures as concentrations were typically below laboratory
detection limits. A sample collected in January 2010 at one West FCC site (JMB 084) after
the present study, produced slightly higher values for DDX (0.49 mg/kg) and dieldrin (0.014
mg/kg) (Easton 2010, Table 7).
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Table 6. Summary of ADL and DDX levels and their component analytes sampled in 2009 from impact (FCC sites) and control sites.

SURFACE (0 - 2 cm) SAC West West FCC West FCC West FCC West FCC West FCC West FCC West FCC East FCC East FCC East FCC East FCC East FCC East FCC East West FCC West FCC West FCC
Test Control JME 083 JME 081 JME 082 newl (west) new2 (middle) new3 (east) JME 084 JME 088 JME 087 JME 086 newl (north) new2 (south) JME 090 Control Streaml (low) Stream?2 (middle) Stream3 (upper)
Aldrin < 0.0010 < 0.0011 0.001 < 0.0010 < 0.00099 < 0.0011 < 0.00099 < 0.00099 < 0.0011 < 0.00098 < 0.0010 < 0.0010 < 0.00099 0.0016 < 0.00099 0.0088 0.0047 0.0075
Dieldrin < 0.0010 0.023 0.015 0.0028 0.0027 0.024 0.0036 0.0025 0.0044 < 0.00098 0.0013 0.0038 0.005 0.16 < 0.00099 0.076 0.054 0.05
gamma-BHC (Lindane) < 0.0010 0.001 0.001 < 0.0010 < 0.00099 0.0022 < 0.00099 < 0.00099 < 0.0011 < 0.00098 < 0.0010 < 0.0010 < 0.00099 < 0.0010 < 0.00099 0.0038 0.0025 0.0028
2,4-DDD < 0.0010 0.084 0.065 0.018 0.014 0.19 0.014 0.014 0.014 0.0038 0.0031 0.014 0.0073 0.39 < 0.00099 0.34 0.19 0.36
4,4 DDD < 0.0010 0.2 0.16 0.046 0.033 0.53 0.031 0.051 0.033 0.015 0.014 0.038 0.025 1 < 0.00099 0.93 0.3 1.1
2,4 DDE < 0.0010 0.038 0.027 0.0062 0.0039 0.041 0.006 0.0038 0.0021 < 0.00098 < 0.0010 < 0.0010 < 0.00099 < 0.0010 < 0.00099 0.2 0.11 0.18
4,4 DDE < 0.0010 0.21 0.16 0.039 0.057 0.48 0.047 0.054 0.037 0.011 0.0068 0.038 0.018 0.11 < 0.00099 1.2 0.32 1.2
2,4 DDT < 0.0010 0.025 0.091 0.0073 0.002 0.008 0.0032 0.0028 0.019 0.015 0.0018 0.034 0.01 0.029 < 0.00099 0.041 0.027 0.12
4,4 DDT 0.0014 0.1 0.015 0.04 0.031 0.094 0.023 0.016 0.12 0.059 0.014 0.16 0.084 0.21 < 0.00099 0.2 0.14 2.4
ADL (aldrin, dieldrin, lindane) * | 0.01 ND 0.02455 0.017 0.0038 0.00369 0.02675 0.00459 0.00349 0.0055 ND 0.0023 0.0048 0.00599 0.1621 ND 0.0886 0.0612 0.0603
DDX * 0.01 [ 0.0039 0.657 0.518 0.1565 0.1409 1.343 0.1242 0.1416 0.2251  0.10429  0.0402 0.2843 0.1448 1.7395 ND 2.911 1.087 5.36
DEEP (15 - 20 cm) West West FCC West FCC West FCC West FCC West FCC West FCC West FCC East FCC East FCC East FCC East FCC East FCC East FCC East
Test Control  JME 083 JME 081 JME 082 newl (west) new2 (middle) new3 (east) JME 084 JME 088 JME 087 JME 086 newl (north) new2 (south) Control
Aldrin < 0.00098 < 0.0011 0.0025 < 0.00099 < 0.0011 < 0.0010 < 0.00099 < 0.00099 < 0.0010 <0.0010 <0.0010 < 0.0010 0.0072 0.028 < 0.0010
Dieldrin 0.0027 0.0055 0.011 0.0015 < 0.0011 < 0.0010 < 0.00099 < 0.00099 0.0063 < 0.0010 0.0083 0.024 0.1 0.3 < 0.0010
gamma-BHC (Lindane) < 0.00098 < 0.0011 0.0021 < 0.00099 < 0.0011 < 0.0010 < 0.00099 < 0.00099 < 0.0010 < 0.0010 < 0.0010 < 0.0010 < 0.0010 0.0026 < 0.0010
2,4-DDD < 0.00098 0.022 0.081 0.044 < 0.0011 0.0012 < 0.00099 < 0.00099 0.0049 0.0028 0.016 0.0035 0.086 0.47 < 0.0010
4,4 DDD 0.0071 0.054 0.15 0.15 0.012 0.0025 < 0.00099  0.0021 0.0062 0.0036 0.035 0.0069 0.11 1.2 0.0026
2,4 DDE 0.024 0.0075 0.031 0.013 < 0.0011 < 0.0010 < 0.00099 < 0.00099 0.0044 0.0011 0.0046 < 0.0010 < 0.0010 < 0.0010 < 0.0010
4,4 DDE 0.001 0.046 0.18 0.11 0.0026 0.0029 0.0013 0.0036 0.031 0.013 0.2 0.014 0.31 0.37 0.0011
2,4 DDT 0.056 0.017 0.15 0.022 < 0.0011 < 0.0010 < 0.00099 < 0.00099 0.014 0.011 0.091 0.004 0.35 0.17 < 0.0010
4,4 DDT 0.0015 0.11 0.72 0.4 0.0035 0.0014 < 0.00099 0.001 0.078 0.053 0.32 0.024 0.99 0.85 0.002
ADL (aldrin, dieldrin, lindane) * | 0.01 | 0.00368 0.0066 0.0156 0.00249 ND ND ND ND 0.0073 ND 0.0093 0.025 0.1077 0.3306 ND
DDX* 0.01 | 0.09009 0.2565 1.312 0.739 0.01975 0.00855 0.003775 0.008185 _ 0.1385 0.0845 0.6666 0.0529 1.8465 3.0605 0.0072
Notes:
1 For multiple analyte totals, the concentration detected below the LOR is assumed to have a concentration of 0.5 the LOR
SAC Soil acceptance criteria
LOR Limit of laboratory reporting
ND Not detected above LOR's

|Va|ue exceeds Soil Acceptance Criteria (SAC)
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Figure 9. Levels of DDX (2,4DDT; 4,4DDT; 2,4DDD; 4,4DDD; 2,4DDE; 4,4DDE), dieldrin and
lindane (mg/kg dry weight) recorded from the same control and impact sites in 2005,

2007, 2008, 2009a and 2009b (present study).
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Table 7. Summary of DDX, dieldrin and lindane levels from surface samples collected between 2005 and October 2009 from impact (FCC)
and control sites. Only sites common to all studies have been included.

Location DDX (mg/kg) Dieldrin (mg/kg) Lindane (mg/kg)
2008 2009a 2009b 2010 2005 2007 2008 2009a 2009b 2010 2005 2007 2008 2009a

Control West (1 bay west of FCC) | 0.0056 | ND ND | 0.005 | 0.0039 - ND ND ND ND - ND ND ND

JME 084 (West FCC snail sample site) 10m (2005, (West FCC 1.64 | 16.6 | 0.987 | 0.23 | 0.1416( 0.49] 0.022 | 0.19 | 0.025(0.009|0.0025 | 0.014| 0.003 [ 0.008| 0.003 ND

2007), 40 m (2008), 45m (2009) from MHWS

JME 083 (at concrete bridge) West FCC 12 3.9 1.8 [0.129 | 0.657 0.0018( 0.08 |0.067|0.005| 0.023 0.007 [ 0.003|0.0057 ND

JME 081 (40 m down ditch) West FCC 0.26 | 1.43 2 0.62 | 0.518 0.129 | 0.08 | 0.06 | 0.02 | 0.015 - 0.004 | 0.0039| 0.0016

JME 082 (80 m down ditch) West FCC 0.17 | 0.42 | 0.41 | 0.12 | 0.1565 0.0035( 0.013 | 0.013| 0.004 | 0.0028 0.0005( 0.004| ND ND

JME 090 East FCC 0.63 | 2.12 | 0.187| 0.13 | 1.7395 0.12 | 0.071 | 0.026  0.006| 0.16 - 0.68 ND ND

JME 088 (top of beach) East FCC 2735 | 2.4 |0.477| 0.3 |0.2251 77.13 | 0.58 |0.078(0.054|0.0044 0.36 ND ND ND

JME 087 (10 m down beach) * East FCC 5.2 0.24 | 0.24 |0.016 | 0.1043 1.3 (0.0108| 0.28 | 0.005| ND 0.004 | ND ND ND

JME 086 (15 m down beach) 2 East FCC 0.34 | 0.023| 0.044 | 0.013 | 0.0402 0.15 | 0.0057|0.004( ND |0.0013 0.004 | ND ND ND

Control East (Hunter-Brown) - - - - ND - - - - ND - - - -

Notes:

1 10m (2005, 2009b), 5m (2007), 4.8m (2008), 8m (2009a)

2 22m (2005), 15m (2007, 2009a, 2009b), 10.5m (2008)

Source for data before October 2009 Easton (2009)

Source after October 2010 Easton (2010)

2009b Present report

|Values greater than Soil Acceptance Criteria (SAC)
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Figure 10. Mean DDX (2,4DDT; 4,4DDT; 2,4DDD; 4,4DDD; 2,4DDE; 4,4DDE), aldrin and
lindane (mg/kg dry weight) recorded from the same control and impact sites sampled in
2005, 2007, 2008, 2009a and 2009b. Note: x axis values are variable between and within
graphs. Error bars +/- 1 se.
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A variety of molluscs were tested for pesticide contamination from five impact and two
control samples (Table 8). Levels of ADL in cockles sampled at the East FCC impact site were
relatively low (0.0033 mg/kg). DDX levels for this cockle sample was three times higher than
the control site, but was dramatically lower than the value recorded for mudflat snail (Table
8). Mudflat snail ADL and DDX concentrations from the West FCC site (JME 084) were the
highest values recorded in the present study with DDX values being the second highest since
2005 (i.e. 22.09 mg/kg compared to 51.14 mg/kg in 2007) (Table 9). This represented a six
fold increase between the February 2009 sample and the October 2009 sample. Dieldrin
also showed an increase over the same nine month period, however, lindane was not
detectable. A sample collected by TDC in January 2010 confirmed higher values for snails at
JMB 084 comapred to early 2009, however, values for both DDX and dieldrin were lower
than the values recorded during the present study (Table 9).

Mudflat snails had not been sampled at the East FCC site since 2005 (Easton 2005). DDX and
dieldrin levels both declined over this period, with DDX levels showing a 3.5 fold decline
between sample occasions (Table 9).

Topshells (Diloma) were sampled from rock and soft substrata during the present study
based on a recommendation by Davidson (2009). Slightly higher values of DDX were
recorded from topshells living on soft substrata; however, higher levels of ADL were
recorded from hard substrata topshells (Table 8). ADL and DDX levels for topshells were
lower than levels recorded for mudflat snails at the East FCC beach. DDX levels in topshells
at the East FCC beach exhibited a 5.8 fold increase between February 2009 (0.025 mg/kg)
and October 2009 (0.1465 mg/kg), but concentrations were well below peaks recorded in
2007 (0.543 mg/kg) (Table 9).
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Table 8. Pesticide concentrations in molluscs sampled from impact and control sites on 20 October 2009.

Location West West FCC East FCC East FCC  East FCC East FCC East
Site Control JME 084 Composite new?2 (north) new2 (south) JME 090 Control
Species Amphibola Amphibola Amphibola Diloma Diloma Cockle Cockle
Substrata Soft Soft Soft Rocky Soft Soft Soft
Pesticides (mg/kg)

Aldrin < 0.00050 < 0.0015 < 0.00050 < 0.00050 < 0.00050 < 0.00050 < 0.00050
Dieldrin 0.002 0.52 0.23 0.031 0.027 0.0028 < 0.00050
gamma-BHC (Lindane) < 0.00050 < 0.0015 < 0.00050 < 0.00050 < 0.00050 < 0.00050 < 0.00050
2,4-DDD < 0.00050 1.8 0.12 0.0095 0.013 0.0012 < 0.00050
4,4 DDD 0.015 5.9 0.46 0.067 0.082 0.0044 0.00069
2,4 DDE < 0.00050 0.18 0.0069 0.0019 0.0036 < 0.00050 < 0.00050
4,4 DDE 0.068 11 0.013 0.058 0.08 0.0041 0.0011
2,4 DDT < 0.00050 0.11 0.31 0.0011 0.0017 < 0.00050 < 0.00050
4,4 DDT 0.012 3.1 0.23 0.009 0.0088 0.00081 < 0.00050
ADL (aldrin, dieldrin, lindane) * 0.0025 0.5215 0.2305 0.0315 0.0275 0.0033 ND
DDX * 0.09575 22.09 1.1399 0.1465 0.1891 0.01101 0.00279
Notes:

1 For multiple analyte totals, if below the LOR it is assumed to have a concentration of 0.5 the LOR
ND Not detected above LOR's

Scale All values presented as mg/kg

LOR Limit of laboratory reporting
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Table 9. Historical pesticide concentrations in molluscs recorded from impact and control sites sampled between 2002 and 2010.

Location  Species Substrata DDX (mg/kg) Dieldrin (mg/kg) Lindane (mg/kg)
2005 2007 2008 2009a 2009 2010 2005 2007 2008 2009a 2009b 2010 2005 2007 2008 2009a 2009b

Control West Amphibola Soft 0.11 - - - 0.09575 0.007 - - - 0.002 - - - - ND
JME 084 West FCC Amphibola Soft 6.2 51.14 10.34 35 2209 132|0.364 2.18 0.48 022 052 0397 - - - - ND
Composite  East FCC Amphibola Soft 3.96 - - - 1.1399 1 - - - 0.23 - - - - ND
New2 (north) East FCC Diloma Rocky - 0.543 0.078 0.025 0.1465 - 0.027 0.01 0.005 0.0031 - 0.001 ND ND ND
New2 (south) East FCC Diloma Soft - - - - 0.1891 - - - - 0.0027 - - - - ND
JME 090 East FCC Cockle Soft - - - - 0.01101 - - - - 0.0028 - - - - ND
Control East Cockle Soft <0.011! - - - 0.00279 - - - - ND - - - - ND
Note:
1 O'Halloran and Cavanagh (2002)
- No data supplied
2 Easton (2010)
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6.2 Environmental variable sampling

6.2.1 Total organic carbon

For each impact and control site, total organic carbon (TOC) values were higher from surface
sediments compared to sediments sampled from 15-20 cm depth (Figure 11, Appendix 6).
Apart from the deep sample collected from JME 082, all TOC values in the West FCC estuary
were below or very close to the control value (Figure 11). At East FCC sites, values from
deep sediments were mostly higher than the control value, but dramatically lower than
surface sediment values at the same sites.

TOC values for most impact surface sediments were elevated compared to control values
(Figure 11). The exceptions were sites West FCC (new3), located at the east end of the
shore, and East FCC (JME 086), being the most distant sites to the FCC site and were close to
the low water mark. The highest value from an estuary site was recorded from West FCC
(new2) located approximately 25 m from the FCC edge and situated centrally along the site.
Samples collected from the stream showed the highest values of all being > 2 g/100g dry
weight (Figure 11).

6.2.2 Particle size

Of the total samples collected (10 shallow, 7 deep), percent volume of particles >2000 pm
ranged from 0 to 72.6% (see Appendix 7). In general, deep samples supported the highest
percentage of very coarse material. Field observations suggested that the surface layer at all
sites was characterised by relatively fine material with deeper sediment often, but not
always, dominated by pebble substrata (4-64mm). Most deep samples collected from the
East FCC site had a relatively high proportion of this coarse material as the substrata used to
replace substrata during remediation was very coarse.

For the purpose of analysing the finer sediment particles, this coarse material was excluded
from the following calculations. The size of particles < 2000 um (i.e. gravel size and below)
varied with depth and between sites (Figure 12). In general, particle size < 2000 um was
dominated by a greater proportion of coarse material (i.e. 1000-2000 um) at the deep strata
(10-20 cm) compared to shallow strata (0-2 cm) where silt substrata represented a
dramatically greater proportion (Appendix 8). Five of the seven deep sites supported > 50%
gravel substrata compared to all of the shallow samples being < 35% gravel (Figure 12). Fine
particles between 1-63 um (silt) represented < 30% composition at only six of the ten
shallow sites, whereas at deep sites, all sites had composition < 30% silt. Sand (63-1000 um)
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was represented by similar proportions at both shallow and deep samples with the mean for
all sites being 46% for shallow sites and 42% for deep sites.
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Figure 11. Total organic carbon (g/100g dry weight) recorded from control and impact
sites. Top graph = shallow, bottom graph = deep. Green = controls, light yellow = West FCC,
dark yellow = East FCC sites.
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Figure 12. Particle size composition (um) recorded from control and impact sites.
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6.2.3 Redox

One redox core sample was collected from each of the sediment contaminant sampling sites
(Table 1, Figures 1 and 2). Photographs of all cores have been included in Appendix 5. One
core sample was collected from each of the two control sites (i.e. West and East controls).
The West Control site showed no sign of any redox layer (i.e. distinct black colouration or
layer), while the East Control site showed a mild discolouration, but no defined redox or
anaerobic layer (Photo 1). No anaerobic smell was detected from either sample.

Photo 1. Core samples collected from West Control site (left) and East control site (Hunter-
Brown)(right) on 20 October 2009.

A total of seven redox core samples were collected from the West FCC impact shore (one
per site; Appendix 5). Site JME 081 sampled from mid-way down the estuarine stream
channel showed little or no discolouration, while all other samples showed mild to
moderate discolouration. Site JME 082 showed the strongest discolouration of any West
FCC impact estuary sites (Photo 2). This site was the further-most site into the estuary on
the edges of the stream channel (Figure 1). The core showed a relatively even discolouration
from near the surface to the bottom of the core, however no strong smell was associated
with the core indicating only a moderate level of enrichment.
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Photo 2. Core samples collected from West FCC (JME 082) (left) and West FCC (new3)
(right) on 20 October 2009.

A total of six redox core samples were collected from the East FCC impact shore (one per
site; Appendix 5). All cores apart from JME 090 located at the southern end of the beach
showed little or no discolouration (Photo 3). JME 090 was located in an area of the shore
where sediments were finer than the rest of sample sites located along this shore. The
anaerobic layer was apparent very close to the surface and was represented by a strong
black colour and a characteristic enriched odour (Photo 3).

Photo 3. Core samples collected from East FCC (JME 090) (left) and East FCC (new1) (right)
on 20 October 2009.
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One core was collected from each of three sample sites located in the West FCC stream
channel (Appendix 5). Cores showed streaky discolouration with odour present (photo 4).
All samples showed mild effects of nutrient enrichment. Core samples were characterised
by small coarse material from the remediation (i.e. small cobbles, pebbles, gravels with fine
substrata between; photo 4).

Photo 4. Core samples collected from Stream middle (left) and Stream upper (right) on 10
November 2009.
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6.3 Biological community sampling

6.3.1 Macroalgae cover

Photographs collected from comparable tidal heights at impact and control sites showed
more macroalgae at sites adjacent to FCC sites (Photo 5).

Photo 5. Panoramic photos (September 2009). From top: West control, West FCC middle,
East FCC south, and East control (Hunter Brown).
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Macroalgal cover was particularly apparent at the West FCC new2 (middle) where a green
cover of mostly Enteromorpha sp. was observed (Photo 6).

Photo 6. Enteromorpha sp. recorded from the West FCC (new2 middle) site close to the
edge of the embankment.

Mean percentage cover values recorded from the four impact and four control series of
guadrats also showed greater cover of macroalgae at impacts sites compared to control
sites (Figure 13, Appendix 1). The West FCC sites (east and middle) had the highest mean
values (Figure 13), ranging from 1-98% cover for individual quadrats (Appendix 1). The East
FCC site had the second highest values, ranging from 1-30 % cover. Values at the two control
sites were low, with the highest individual quadrat value of 10% cover.
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Figure 13. Mean percentage cover of macroalgae recorded from 14 contiguous 1m?
quadrats deployed at each impact and control site. Error bars are +/- 1 standard error.

6.3.2 Epifauna and infauna invertebrate density and size

The mean number of macroinvertebrate species recorded from three replicate core samples
collected at sites in September 2009 varied from 2 to 6 species (Figure 14, Appendix 2).
Highest number of species from core samples occurred at one control site (East control) and
one impact site (East FCC new1), while the lowest value was recorded from the second east
impact site (East FCC new2). An intermediate but relatively consistent number of species
were recorded from the western control and impact sites (3-3.3 species per site; Figure 14).

The mean number of individual macroinvertebrates recorded from impact and control sites
also varied (Figure 14, Appendix 2). The highest values were recorded from one control site
(East control) and one impact site (West FCC new2), while the lowest value was at the
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second control site (West control). Intermediate and relatively consistent densities were
recorded from the remaining impact sites (West FCC, East FCC (new1 and new?2)).

Mean number of species per core

West control
West FCC (New2) -
West FCC (new3) -

East FCC (newl)
East FCC (new2)
East control
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Mean number of core sampled individuals (per m2)

West control
West FCC (New?2) -
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East FCC (newl) A
East FCC (new2) A
East control

Figure 14. Mean number of invertebrate species (top) and mean number of individual
invertebrates per m? averaged from three replicate core samples collected at impact
(yellow) and control (green) sites sampled on 16 September 2009.
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The mean density and composition of macroinvertebrates recorded from surface counts at
East and West sites exhibited distinct differences (Figure 15, Appendix 3). Eastern sites were
dominated by cockle (C. stutchburyi) and topshell (D. subrostrata), while western sites were
dominated by mudflat snail (A. crenata) and spire shell (Zeacumantus subcarinatus). Some
species were present at both West and East FCC sites. These species were, however, more
abundant at either East or West sites, but not both.

Densities of topshell remained relatively consistent between East impact and control sites,
whereas densities of mudflat snail were higher from the West impact sites compared to the
West control site (Figure 15, Appendix 3). The spire shell was more abundant the West
control site compared to the two West impact sites and cockles were more abundant at the
East control site, especially compared to the East FCC (new1) site.

The mean size of cockles collected from one impact and one control site was virtually
identical (Figure 16, Appendix 4). Overall, cockles at both sites were relatively small, ranging
in size from 3-29 mm at the control site and 2.5-32 mm at the East FCC impact site. A small
number of cockles were recorded from West FCC infaunal core samples, but cockles were
small, ranging from 3.5-13 mm.

The mean size of mudflat snails was comparable between the West control and the East FCC
impact site (Figure 16, Appendix 4). The mean size of mudflat snails at impact site West FCC
JME 084 was nearly half that of the West control and East FCC impact site. This result was
reflected in the size ranges, with the West impact site supporting a smaller range of
individuals down to 6 mm compared to the smallest size at the other two sites being 14-15
mm (Appendix 4).
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Figure 15. Mean number of conspicuous invertebrates recorded from surface 1m? counts
at impact (yellow) and control (green) sites sampled in 16 September 2009.
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Figure 16. Mean size of cockles (top) and mudflat snails (bottom) from impact (yellow) and
control (green) sites sampled on 16 September 2009.
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7.0 Discussion

7.1 Organism and sediment contaminant sampling

DDX and ADL concentration in sediment varied depending on location. At West FCC sites,
highest concentrations were recorded in or near the stream channel that crosses the
estuary and within the stream proper. A site located centrally on the West FCC shore (FCC
West new2 middle) also shower higher contaminant levels than sites located in areas away
from channels or standing water. West FCC newl (west), West FCC new3 (east) and West
FCC JME 084 all had relatively low concentrations of ADL and DDX. At these sites, the Soil
Acceptance Criteria (SAC) for ADL was achieved and DDX levels were at their lowest for any
impact site in the present study.

CH2M Hill (2007) sampled sediment OCP’s from three sites along the stream. Authors
reported the SAC was exceeded at all sites and reported highest concentrations of DDX and
ADL near the mouth of the stream where it entered the estuary (DDX 3.296 mg/kg, ADL
0.105 mg/kg). In the present study, stream samples also exceeded the SAC, however,
highest OCP values were recorded from the upper stream site (DDX 5.36 mg/kg, ADL 0.0603
mg/kg), with the downstream site having comparable levels to the CH2M Hill (2007) study
(DDX 2.9 mg/kg, ADL 0.0886 mg/kg). The reason for the higher DDX value recorded at the
upstream site in the present study compared with the 2007 sample may be related to the
presence of a contaminant “hotspot” buried close to the stream edge (see Audit section
6.7.3.2).

The elevated OCP levels in the West FCC stream were noted by the auditor and their
presence have been confirmed during the present study. The auditor stated that these
“hotspots” could be remediated, however, he stated that this was not warranted as they
presented no particular risk as creek-bed gravel and vegetative cover prevents sediment
mobilisation and hence the pathway to potential receptors. The auditor recommended that
the Site Management Plan ensure measures be established to control excavation in the area
and to prevent the creek from being eroded.

At the East FCC shore, highest sediment concentrations of ADL and the second highest
values for DDX were recorded. Unlike West FCC sites where ADL levels were higher from the
shallow strata, higher values at the East FCC sites were recorded from the deep strata.
Higher ADL and DDX concentrations at East FCC were recorded from the southern half of the
shore. The redox core at JME 090 also indicated the greatest effect from nutrient
enrichment compared to northern East FCC cores and West FCC cores. This nutrient
enrichment was presumably from nutrients introduced via water seepage from the FCC site.
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Water seepage channels arising from the foot of the rock wall occur regularly along this
shore and carry water from the FCC site across the mudflat towards the Mapua Channel.

Despite elevated ADL and DDX above the SAC recorded during the present study, levels
were dramatically lower than values recorded historically from this area. For example, 2005
DDX levels at JME 088 (East FCC) were 273 mg/kg compared to October 2009 when values
were 0.225 mg/kg. This represents a 1213 fold decrease following remediation of
contaminated estuarine sediments. At JME 084, DDX in 2007 and 2008 was 16.6 and 10.34
mg/kg respectively compared to 0.1416 mg/kg in October 2009. Interestingly for JME 090,
highest DDX values were recorded in the present study and in 2007 (2.12 and 1.73 mg/kg
respectively).

In the 2009 Audit of the remediation, the auditor stated that the SAC for DDX and ADL in
estuarine sediments was not met (Pattle Delamore 2009). The present study confirms that
three of the 26 marine sediment samples adjacent to the FCC met the DDX SAC, while
approximately 70% of ADL samples achieved the SAC. The auditor stated that re-deposition
from adjacent non-complying sediment from the surrounding marine environment was one
of the primary reasons for recontamination of remediated estuarine sediments. Sampling of
West FCC site from offshore of the remediated beach (site JME 084) confirmed that the
surface layer of this non-remediated substrata is contaminated with variable levels of OCP’s
(DDX 0.14-1.34 mg/kg, ADL 0.003-0.026 mg/kg). Sampling of these non-remediated
sediments also confirmed that deeper material exhibited relatively low levels of
contamination, often achieving the SAC.

The auditor also stated that there was evidence that re-contamination of deeper backfill
material had occurred during remediation works and that this may have been due to runoff
from the site during remediation works. CH2M Hill (2007) first raised the issue of runoff
from the FCC land during remediation works and recommended a variety of measures to
minimise recontamination of the estuary sediments. Based on DDX and ADL levels recorded
from particular remediated sites sampled during the present study, it appears that some
recontamination has occurred. For example, DDX and ADL increased in October 2009
compared to most previous results in the stream (3 sites), the East FCC site (JME 090) and
for mudflat snails at West FCC (JME 084). An increase in OCP concentrations above estuary
background concentrations recorded from offshore sediment samples suggests runoff of
OCP’s from FCC land has occurred. Possible mechanisms for this increase include (a) runoff
during remediation works after the CH2M Hill (2007) data were collected, (b) variable OCP
concentrations in sediment at sample sites resulting in variable results from sites, (c)
groundwater seepage from the FCC site into the stream and low lying estuarine flats, and (d)
recontamination from adjacent non-remediated marine sediments that have OPC’s.
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Comparison between the present sample and the next sample due in 2010 will help assess
the source or sources of recontamination.

Of interest during the present study was a DDX result exceeding the SAC at the deep West
Control site. This was unexpected and cannot be explained by cross contamination during
sampling as this site was the first location sampled for OCP’s. It is possible that the elevated
DDX in deep sediments relates to the historical impact of the FCC site during its operation. It
is possible that the FCC site resulted contamination over a large spatial scale in Waimea
Inlet.

DDX and ADL concentrations in cockles at East FCC were elevated above the control values,
but were comparable to higher values recorded from other studies located in estuaries close
to large cities such as the Avon Heathcote (Thomson and Davies 1993) and Manukau
Harbour (Hickey et al. 1995). At the East FCC shore, both cockles and topshells had lower
levels of DDX and ADL compared to mudflat snails. This confirms the conclusion by
O’Halloran and Cavanagh (2002) that mudflat snails represent the best candidate mollusc to
monitor contaminants at Mapua. Of particular note in the present study was an increase in
DDX and dieldrin in mudflat snails at the West FCC site between February 2009 and October
2009. DDX recorded on October 2009 (JME 084 at 22.09 mg/kg) represented the second
highest value after 2007 (51.15 mg/kg) recorded during the five sample events, while the
dieldrin value in the present study was the highest recorded (0.52 mg/kg). Snails at this site
were very abundant, but were all small in size. As these are mostly juvenile snails, it is
unlikely they have migrated into this area from elsewhere, therefore the OCP
concentrations in the flesh will have been received from the surface layer of estuarine
sediment. The reason for the increase in ADL and DDX between 2008, early 2009 and the
present study is unknown as sediment levels were declining over the same period, achieving
the SAC for both dieldrin and lindane.

7.2 Environmental variable sampling

7.2.1 Total organic carbon

Total organic carbon values (TOC) were highest from the surface layer of sediment
compared to samples collected from 10-20 cm depth. TOC values from most impact sites
were elevated well above control sites. These data suggest that enrichment of sediment is
likely and the most probable source is soluble nutrients in the water seeping from the
adjacent FCC site. The highest value for an estuarine site was recorded from a low lying area
that received seepage from adjacent areas (West FCC new2 middle). TOC values from the
surface sediments of the stream adjacent to the West FCC site were the highest recorded in
the present study (> 2 g/100g dry weight). The catchment of the stream includes storm-
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water including nutrients from urban properties. Presumably, seepage of nutrient-rich
water from the West FCC site would also enter the stream. Flushing of the stream is limited
and only occurs on large tides or during flood events.

7.2.2 Particle size

The East FCC sample sites were mostly located on remediated shores, whereas the West
FCC sample sites were located in substrata offshore of remediated sediment. The sediment
used to replace contaminated estuarine sediments during remediation was composed of
gravels, pebbles and small cobbles. At East FCC, sample sites with coarse material were
dominant below the immediate surface of the beach. It was not surprising therefore that
sample sites in East FCC shore were dominated by substrata > 2 mm. For practical reasons,
this coarse material was excluded from the analysis of fine substrata < 2 mm. As expected,
and based on field observations, surface sediment contained a greater proportion of silt
material than deeper substrata. Although present at shallow sites, coarse substrata in the
sand and gravel size range represented a greater proportion at deeper sites.

No obvious pattern between particle size and contaminant levels was apparent. Some sites
had higher levels of OCP’s at the surface compared to deeper samples; however, some of
the highest OCP values were recorded from deep compared to the surface samples.

7.3 Epifauna and infauna invertebrate density and size

Distinct differences between the environmental variables at western and eastern sites
probably have considerable influence on species composition and abundance. It is probable
that most of the biological differences between western and eastern sites were due to these
environmental differences. Eastern impact and control sites are located on the edge of a
channel swept by very strong and regular tidal currents, whereas western impact and
control sites are located in sheltered embayments.

It is difficult to distinguish between the importance of environmental factors and the
potential effect of pesticides on invertebrate density, presence/absence, and size (Liess and
Carsten 2005). Each site has a unique set of environmental variables that largely determine
species composition and abundance. In addition, estuarine environments are notoriously
patchy, with relatively high variation being common place, even between sites situated in
close proximity (Robertson et al. 2002). Further compounding this variability is the
vulnerability of species to pesticides and a lack of information on the effects of pesticides on
marine invertebrates.

Based on invertebrate data collected during the present study, sites exhibited both
differences and similarities between impact and control locations. The number of species
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recorded from one eastern impact site (East FCC new2) was well below the number
recorded from the other eastern impact site (East FCC new1) and the eastern control site.
The reason for this difference is difficult to establish, however, DDX values were higher at
the East FCC (new2) compared to the other impact site located at the northern end of the
shore. Whether this result is related to the heavily contaminated surge chamber that was
removed from the southern end of the beach during remediation is unknown.

The number of species recorded at the west impact and control sites was comparable;
however, the density of invertebrates was considerably higher at impact sites, especially
West FCC (new2). This result was due to the high numbers of mudflat snail and estuarine
snail (Potamopyrgus estuarinus) recorded from the impact sites compared to the control
site. The high numbers of estuarine snails and small mudflat snails at western impact sites
may be related to differences in habitat composition combined with relatively high total
organic carbon values recorded from surface sediments. The enriched sediments at this
impact site may support higher numbers of snails due to an enhanced food source
compared to the control site where snail numbers were comparatively low.

Of interest was the topshell (D. subrostrata) at the two eastern impact sites and the
associated control. At these sites, densities were almost identical. Similarly, the mean size of
cockles recorded from eastern impact and control sites were almost identical. In contrast,
sizes of mudflat snails varied between the West JME 084 site and the West control and East
FCC sites. The West JME 084 site supported large numbers of small individuals compared to
less common, larger animals found at the other two sites. JME 084 may represent an ideal
habitat for juvenile settlement and growth, with individuals moving away as they reach a
larger size. It is also possible that high densities may limit the size that individuals can grow
due to overcrowding.

Overall, the composition, abundance and size of macroinvertebrates were distinctly
different between east and west sites. Differences between impact and control sites were
most likely due to enrichment of sediments and natural environmental variation between
sites. Despite this environmental variability, some components of the invertebrate
community were strikingly similar. The presence of contaminants and nutrient enrichment
as indicated by TOC and redox results shows that sites adjacent to the FCC site are not
natural when compared with the control sites, however, contaminant and enrichment was
not at levels resulting in a mass reduction in the diversity, abundance and size of
macroinvertebrates.
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7.4 Macroalgae cover

Macroalgae blooms are traditionally indicative of nutrient enrichment. A localised
macroalgae bloom was recorded from the West FCC site with relatively minor levels of
macroalgae being recorded from the East FCC shore. The macroalgae present in the West
FCC shore was dominated by Enteromorpha sp., a species usually associated with freshwater
flows into a marine environment. This species therefore confirms the presence of
freshwater seepage from the West FCC site into the estuary. The spatial scale and the
guantity of macroalgae growth was best described as a localised bloom with a high
percentage cover, but relatively low biomass of macroalgae when compared to some
blooms in estuaries around New Zealand. In particular locations these blooms can become a
nuisance as algae decomposes and smells. The relatively small spatial scale and low biomass
suggest that nutrient enrichment is not excessive in this area. It is probable that the
macroalgal bloom will be seasonal at the West FCC site, with biomass declining in the

summer and winter months.
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Environmental

Appendix 1. Estimated percentage cover of macroalgae present at impact and control

sites in 16" September 2009.

Meters West FCC East FCC
Middle East North South

0 1 20 60 75 30 20 3 0
1 0 8 80 65 15 10 3 1
2 0 4 75 65 10 10 2 0
3 0 0 75 50 25 20 6 1
4 0 0 98 60 5 8 6 1
5 0 0 65 20 8 1 2 1
6 0 0 65 15 20 20 2 1
7 0 0 50 15 5 35 2 2
8 0 0 75 5 1 30 8 8
9 0 0 65 8 2 25 6 8
10 0 0 20 10 3 10 4 8
11 0 0 3 5 2 5 4 8
12 0 0 0 1 3 2 2 10
13 0 0 0 6 4 0 5 4
Mean % 0.07 2.29 52.21 28.57 9.50 14.00 3.93 3.79
Range 0-1% 0-20% 0-98% 1-75% 1-30% 0-30% 2-8% 0-10%
N 14.00 14.00 14.00 14.00 14.00 14.00 14.00 14.00
SD 0.27 5.59 32.69 27.52 9.38 11.09 1.98 3.72
Std. error 0.07 1.50 8.74 7.36 2.51 2.96 0.53 1.00

:I Photo points
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Appendix 2. Density of macroinvertebrates recorded from core samples (16"h September 2009). Densities converted to per m? values.

General Group Taxa Common Name East control East FCC East FCC
Per m? Std. dev. 95% Perm’ Std.dev. 95% | Perm’® Std.dev.  95%
Sipuncula Themiste sp. (ex Dendrostomium) Peanut worm 39.73 v 34.40 19.86 79.45 ' 91.03 52.55
Gastropoda Potamopyrgus estuarinus Estuarine snail
Gastropoda Amphibola crenata Mud snail " 1086 " 34.40 19.86
Gastropoda Diloma subrostrata Top shell f 39.73 " 68.81 39.73
Gastropoda Diloma zealandica Top shell f 19.86 " 34.40 19.86
Gastropoda Cominella glandiformis Mud flat whelk [ 19.86 " 34.40 19.86
Bivalvia Austrovenus stutchburyi Cockle f 734.94 " 396.77 229.08 " 119.18 " 157.66  91.03 [ 635.63 ' 396.77  229.08
Polychaeta: Spionidae Scolecolepides benhami Worm " 30.73 " 34.40 19.86
Polychaeta: Spionidae Boccardia acus Worm " 99.32 " 34.40 19.86
Polychaeta: Nereidae Nereidae (juvenile) Rag worms [ 30.73 " 34.40 19.86
Polychaeta: Nereidae Nereidae (unidentified) Rag worms " 1086 " 34.40 19.86
Polychaeta: Nereidae Nicon aestuariensis Rag worms
Polychaeta: Nereidae Nereis cricognatha Rag worms
Polychaeta: Maldanidae |Maldanidae Bamboo worm
Polychaeta: Pectinidae |Pectinaria australis Worm " 5059 " 59.59 34.40
Isopoda Eurylana cookii Isopod f 19.86 " 3440 19.86
Amphipoda Amphipoda A (Phoxocephalidae) Hopper [ 30.73 " 34.40 19.86
Decapoda Helice crassa Mud crab f 99.32 " 68.81 39.73 " 119.18 " 0.00 0.00
Cirripedia Austrominius modestus (ex Elminius) Barnacle i 79.45 " 34.40 19.86
Insecta Dolichopodidae larvae Fly larvae
Acaria Spider (terrestrial) Spider [ 10.86 " 34.40 19.86
Number of species 8 9 3
Mean number of species 5.00 6.00 2.00
N 3 3 3
SD 2 1 1
Standard error 1.15 0.58 0.58
Mean number of individuals per m? 1053 596 695
N 15 18 6
SD 245.57 39.73 349.92
Standard error 63.41 9.36 142.85
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Appendix 3. Surface 1m’ quadrat counts of macroinvertbrates from impact and control sites (16th September 2009).

General Group Taxa Common Name West control Total[Mean density per m? |Std. dev. |Std. error
1]2]3]4a]5]6]7]8]9]10]11]12]13]14

Gastropoda Amphibola crenata Mud flat snail 15 4 6 6 5 17 8 13 10 10 11 16 15 13} 149 10.64 4.34 1.16

Gastropoda Zeacumantus subcarinatus Spire shell 0 21202 03 2 9235 9 0]58 4.14 6.21 1.66

Bivalvia Austrovenus stutchburyi Cockle 0 00O O0OO0OOOOOOOO 0 1] 1 0.07 0.27 0.07

General Group Taxa Common Name West FCC (new2) Total |Mean density per m? |Std. dev. |Std. error
1[2]3]4]5]6]7]8]9]10[11]12][13]14

Gastropoda Amphibola crenata Mud flat snalil 52 44 40 29 37 39 72 47 54 66 81 59 58 83] 761 54.36 16.56 4.43

Gastropoda Zeacumantus subcarinatus Spire shell 0 00O O10O0O0O0O1O0 0] 2 0.14 0.36 0.10

General Group Taxa Common Name West FCC (new3) Total |Mean density per m? |Std. dev. |Std. error
1]2]3]4a]5]6]7]8]9]10]11]12]13]14

Gastropoda Amphibola crenata Mud flat snail 45 37 47 43 36 43 37 45 25 36 35 49 38 38| 554 39.57 6.22 1.66

Gastropoda Zeacumantus subcarinatus Spire shell 00 0OO0OOOOOOOOOTU O0OT11] 12 0.07 0.27 0.07

Bivalvia Zenostrobus pulex Little black mussel] 0 0 0 0 0 0 4 5 0 2 0 O O O} 11 0.79 1.67 0.45

General Group Taxa Common Name East control (Hunter-Brown) Total[Mean density per m? |Std. dev. |Std. error
1]2]3]4a]5]6]7]8]9]10]11]12]13]14

Gastropoda Amphibola crenata Mud flat snail 001 0O0O0O0OOO0O1IO0O0TUO0TGO0O 2 0.14 0.36 0.10

Gastropoda Diloma subrostrata Top shell 6 24 26 21 31 27 10 24 12 21 32 14 13 24] 285 20.36 8.05 2.15

Bivalvia Austrovenus stutchburyi Cockle 1 0 3586 50000 3 0 2 17] 95 6.79 15.42 4.12

General Group Taxa Common Name East FCC (new1) Total |Mean density per m? |Std. dev. |Std. error
1[2]3]4]5]6]7]8]9]10[11]12][13]14

Gastropoda Amphibola crenata Mud flat snalil 0O 00O O0OO1O01O0O0O0TU0TG0TO0| 2 0.14 0.36 0.10

Gastropoda Diloma subrostrata Top shell 8 14 19 10 26 4 44 8 36 25 5 17 23 21} 260 18.57 11.73 3.14

General Group Taxa Common Name East FCC (new?2) Total |Mean density per m? |Std. dev. |Std. error
1]2[3]4]5]6]7]8]9]10[11]12]13]14

Gastropoda Amphibola crenata Mud flat snail 0 00OO0O0OOOOU OO OO OO OOU S5O0 5 0.36 1.34 0.36

Gastropoda Diloma subrostrata Top shell 11 12 18 32 38 44 13 37 15 12 12 12 9 11| 276 19.71 12.24 3.27

Bivalvia Austrovenus stutchburyi Cockle 0 0O0OO O OO OO 0 1316 0 17| 46 3.29 6.58 1.76
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Appendix 4. Cockle and mudflat snail measurement data (16th September 2009).

Site East FCC JME 090 East FCC West FCC JME 085 West control
Species Cockle Cockle Amphibola Amphibola Amphibola
3 25 14 6 15
3 4 14 7 15
3.5 4 15 7 17
4 4 16 7 18
4 4 17 7 18
6 5 17 8 18
9 5 17 9 19
11 5.5 18 9 19
11 6 18 9 19
12 6 18 9 19
13 6 18 9 19
14 6 19 10 19
14 7 19 10 19
14 7 19 10 19
14 7 19 10 19
14 8 20 11 20
15 8 20 11 20
15 9 20 11 20
15 10 20 11 20
15 10 21 12 20
16 11 21 12 20
16 11 21 12 20
16 11 21 12 20
16 12 22 12 20
17 12 22 12 20
17 12 22 12 20
17 13 24 12 20
17 13 12 20
17 14 12 20
17 15 12 20
18 16 12 20
18 16 12 20
18 17 13 20
18 17 13 20
18 17 13 21
18 17 13 21
18 17 13 21
18 175 13 21
18 175 13 21
18 18 13 21
18 18 13 21
18 18 13 21
19 19 13 21
19 20 13 21
19 20 13 21
19 20 13 21
19 20 13 21
19 20 13 21
19 20 14 21
19 20 14 21
19 21 14 21
20 21 14 21
20 21 14 21
20 21 14 21
20 21 14 21
20 21 14 21
20 21 14 22
21 22 14 22
21 22 14 22
21 22 14 22
21 22 14 22
22 22 15 22
22 23 15 24
22 23 15
22 23 15
22 23 15
22 23 15
22 24 15
23 24 15
23 24 16
23 24 16
23 24
23 24
23 24
23 24
23 25
23 25
23 25
23 25
23 25
23 25
24 25
24 25
24 25
24 26
24 26
24 26
25 26
25 26
25 26
25 26
25 26
26 26
26 26
26 26
26 26
26 27
26 27
26 27
26 27
27 27
27 27
27 27
29 27
27
27
27
28
28
28
30
32
Total 104 112 27 71 63
Mean size 19.29 19.26 18.96 12.24 20.16
SD 5.61 7.57 2.50 2.34 1.50
se 0.55 0.72 0.48 0.28 0.19
Size range 3-29 mm 2.5-32 mm 14-24 mm 6-16 mm 15-24 mm
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Appendix 5. Photographs of core contaminant sediment samples (20 October 2009).

West control

West FCC JME 081
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West FCC JME 082

West FCC JME 083
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West FCC JME 084

West FCC (new1)
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West FCC (new2)

West FCC (new3)
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East FCC (JME 086)

East FCC (JME 087)
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East FCC (JME 088)

East FCC (JME 090)
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East FCC (new1)

East FCC (new2)
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East control (Hunter-Brown)

Stream (low)
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Stream (middle)

Stream (upper)
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Appendix 6. Hill Laboratories results sheets.

F.J Hill Laboratories Limited | Tel  +64 7 858 2000

?rl Hill Laboratories =i [niEs.

FFT™FFR TFSTIMG BETTER RESULTS  Hamihon 3240, New Zedand | Web  waw Rillials co.nz

ANALYSIS REPORT Page 10f7

Client: |Davidson Environmental Lid Lab No: 3o BPv
Contact: | R Davidson Date Registered: | 22-Oct-2009
CI- Davidson Environmental Lid Date Reported: 23-Mow-2000
PO Box 858 Quote Mo: Irs03
Nelson 7040 Order Mo:
Client Reference:
Submitited By: R Davidson
Sample Name: FCC West FCC West JMEDS3 Suface . JMEDES Deep | JMEDS1 Swiface
Control Suface Control Deep | 20-0c20019 3:35 | A0-0ct-2009 352 20-0ct-2009 3:32
20-0ct-2009 00 | 20-0ct-2009 3205 pem pm pem
pm pm
Lab Number: TITA TITM.2 TITN.3 TITTO4 TITN.E
Indidcual Tests
Total Organic Camon ' 100 dry wt| 0.3 [ 10 0. 078
Organochionne Pesticides Trace in Soil
Aldrin migg dry wi <= 0.0010 « 000038 «=0.0011 =0.0010 0.00a
aipha-BHC Mgy dry wt < 000D < [LOISE <001 <0.0010 < [1.0K0SS
beta-EHC mgg dry wt < 0.0010 = [LOOCRE < 0.0011 < 0.0010 « 0.00088
oelE-BHC mgig dry wi < 0.0010 « 000038 «<0.0011 <0.0010 « ([0.D0055
gammaBHC (Lindane) mgg dry wt < 0.0010 = [LOOCRE 0LooMa < 0.0010 0.0010
cis-chiordane migg dry wt «=0.0010 « 000098 «=0.0011 =0.0010 « (0.000595
trans-chiondane migig dry wt <0.0010 = 000098 <0.0011 <0.0010 < (0.0005%5
2.£-D00 Mg dry wt <0000 0.0071 0084 (1> 0065
4,£-D00 Mgy dry wt < 00010 oo 0.z 0054 016
2.4-D0E mgg dry wt < 0.0010 00040 0.038 00075 0.0e7
4,£-DDE Mgy dry wt = 00010 0056 0. 0046 016
24-D0T mgg dry wt =0.0010 (5l 5y £ 0025 o.m7 0.010
4,8-D0T mig dry wt D.oon4 Doe 0.10 0.1 0.0
Diedrin migig dry wi <0.0010 oioozy 0023 DU00S5 0015
Endosutfan | mgg dry wt < 0.0010 = [LOOCRE < 0.0011 < 0.0010 « 0.00088
Endosulfan I migig dry wt «=0.0010 « 000098 «=0.0011 =0.0010 « (0.000595
Endosulfan sulphake mgg dry wt =0.0010 = 000038 =0.0011 =0.0010 = (0.00055
Endrin migg dry wi <= 0.0010 « 000038 «=0.0011 =0.0010 « [0.00055
Endrin aidehyde Mgy dry wt < 00010 < [LOOOSE .00z <0.0010 0.0
Endrin Ketone mgg dry wt < 0.0010 = [LOOCRE < 0.0011 < 0.0010 « 0.00088
Heptachior Mgy dry wt = 00010 < [LOOOSE =0.001 = 0.0010 = (100098
Heptachior epomdde mgg dry wt < 0.0010 = [LOOCBE <0.0011 < 0.0010 « 0.00058
Haxachiombanzens migg dry wt «=0.0010 « 000098 «=0.0011 =0.0010 « (0.000595
Msmmychior Mgy dry wt < 000D < [LOISE <001 <0.0010 < [1.0K0SS
Tolal Chiordane [{cis+ians) mgg dry wt < 0.0020 < 0.0020 < 0.0020 < (0.0020 = D000
100:42]
Sample Name: | JMEDG1 Deep | JMEDG2 Surface JMEDE2 Deep West FCC 1 West FCC 1
20-0c-2009 353 | 20-0ct-2009 3:32 | 80m 2-Oct-2009 . (Wesl) Suface | [West) Deap
pm pm 4:00 pm 20-0ci-2009 4-30 | 20-0ci-2000 4:30
pm pm
Lab Number: TITNE 77T TITN.E 7377019 737701.10
Indidcual Tests
Total Organic Camon ' 100 dry wt| 0.4 [ 11 (= 0.0
Organochionne Pesticides Trace in Soil

o This Laborstory |5 accredited by Infematonal Accreditaton New Zesiand (WWKE), which represents New Zeaiand in the inemational
=ik " R Labomiony Accrediaton Cooperation (ILAG).  Though i ILAC Mutual Recognition Amangement (ILAG-MRA) tis accredinton s
m o f{F}  imemasonaily moognised.

B I The tests reported Rensin Favwe been pertmied In SCCORIERCE Wi the terms of accreditaion, Wi e SXCEpton of 5t marked *, which
YR Tab neary e not accredied.

.
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Sample Type: Sediment

Sample Mame: | JMEDE1 Desp | JMEDS2 Surface | JMEDEZ Desp West FCC 1 West FCiC 1
20-0ct-2009 3:53| 20-0ct-2009 3:32  80m 20-0ct-2009| (Wesl) Suface [West) Deap
pm pm 4100 pm A-0cH2009 4230 | 20-0c-2009 4:30
Lab Number- TITT.E TIT0LT TIT.E ?37%1.‘9 73?:]1:.11]
Organochionne Pesticides Trace In Soil
Aldrin mgkg dry wt 00025 < 00010 < (000099 < 0.00099 =001
aipha-BHC migg dry wt = [0.00099 < 00010 = [0.00099 < 0.00099 =001
beta-BHC migig dry wi = 000099 = 00010 = (000093 = 0.00099 =001
deita-BHC mgig dry wt < 000099 < 00010 = (000099 < 0.00099 =001
gamma-8HC [Lindane) mgig dry wt 0oz < 00010 oo < (0.00099 =001
cis-chiordane mgig dry wt < 000099 < 00010 = (000099 < 0.00099 =001
rans-chiordane mgg dry wi = [0.00099 = 00010 = [1.00099 = (0.00099 = 0001
24-D00 mgg dry wt 0.081 LS 0.044 0.014 =001
4, £-DD0D migg dry wi 015 DLodE 015 0.033 0.0m2
24-DDE migig dry wi 0.031 D062 0.013 00033 =001
4, 4-DDE mgig dry wt 018 0.o3s o1 0.057 00026
24-DOT mgig dry wi 015 00073 002 D000 =001
4,4-D0T mgg dry wt o.mz D040 0.40 0.031 0.0035
Diedcirin migg dry wt 0.0 D003 0oms D007 =001
Endosutfan | migig dry wi = 000099 = 00010 = (000093 = 0.00099 =001
Endosutfan I migg dry wi < (0.0009% < 00010 < (0.000599 < (0.00085% =001
Endosuifan sulphae mgig dry wt < 000099 < 00010 < [0.00099 < (0.00099 =001
Endrin mgig dry wt < 000099 < 00010 = (000099 < 0.00099 =001
Endrin aidehyde mgg dry wi 0.io=0 = 00010 = [1.00099 = (0.00099 = 0001
Endrin Ketone mgg dry wt = 0.00099 = 00010 = (0.000599 = 0.0009% =001
Heptachion migg dry wi = (0.0009% < 00010 < (0.00095 < (0.000859 =001
Hieptachion epadds mgig dry wt < 000099 < 00010 < [0.00099 < (0.00099 =001
Hesachkambenzens mgig dry wt < 000099 < 00010 = (000099 < 0.00099 =001
Mamimeychior mgig dry wi = [0.00099 = 00010 = [0.00099 = (0.00099 =001
Total Chiordane [jis+ians ) migg dry wi = (.00 = 0.0020 = (.00 = [0.0020 = OO0
10042]
Sample Mame: West FCC 2 West FCC 2 WestFOC 3 | West FGC (East) JMEBEDDEY Sunface
[Middie) Suface | (Middie) Deap {Easl) Surface Deep 20-0ct-2009 3:33
H0-0ct-2008 4:30 | 30-0ct-20049 4:30 | 20-0ct-2009 4:30 | A0-Oct-2008 4:30 M
pm pm pm pm
Lab Number: T3 Tarroiaz TITTO.13 73770114 T3TT01.15
Indivichial Tests
TolE Organic Cabon g’ﬂIﬂ{I‘gl'ltl 19 012 0.3 0.087 e
‘Onganochionne Pesticides Trace In Soil
Aldrin mgig dry wt =0.0011 < 00010 = (000099 < 0.00099 = (0.00099
aigha-BHC mgig dry wi = [0.0011 = 00010 = [0.00099 = (0.00099 = (000099
beta-BHC mgg dry wt =0.0011 = 00010 = (0.000599 = 0.0009% = (0.000599
etz BHC mig dry wt =0.0011 < 00010 < (0.00099 < 0.00099 = (000099
gEmma8HC [Lindane) migig dry wi oipz2 = 00010 = (000093 = 0.00099 = (000099
cis-chiordane mgig dry wt =0.0011 < 00010 = (000099 < 0.00099 = (0.00099
trans~chiordane mgig dry wt < ([.0011 < 00010 < [0.00099 < (0.00099 < (0.00099
2.4-DD0D mgig dry wt 019 D2 0014 < 0.00099 0014
4, 8-DD0D migig dry wt 0.5 D005 0.031 < 0.00099 0.051
2 4-DDE mgig dry wt 0.0 < 00010 0.0DE0 < 0.00099 0.00E3
4, 8-DDE migg dry wt 048 00023 0047 013 0054
24-D0T migig dry wi 0.i00E0 = 00010 0.o0E2 = 0.00099 00028
4, 8-D0T migg dry wi 0.084 00014 0.023 < (0.00085% 0046
Diedcirin mgig dry wi 0o = 00010 00036 = (0.00099 00025
Endosutfan | mgg dry wt =0.0011 = 00010 = (0000599 = (0.0009% = (0.00099
Endosutfan 1l migg dry wt =0.0011 < 00010 = [0.00099 < 0.00099 =(0.00099
Endosulfan sulphae migig dry wi =0.0011 = 00010 = (000093 = 0.00099 = (000099
Endrin mgig dry wt =0.0011 < 00010 = (000099 < 0.00099 = (0.00099
Endrin aidehyde mgig dry wt < ([.0011 < 00010 < [0.00099 < (0.00099 00087
Endrin Ketone mgig dry wt =0.0011 < 00010 = (000099 < 0.00099 = (0.00099
Lab No: 737701 w1 Hill Laboratories PageZof T
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Sample Type: Sediment

Sample Name: Wiest FCC 2 West FCC 2 WestFOC 3 | Wesl FOC (East) JMEIDS4 Suiface
[Midie) Surface | (Middie) Deep | (East) Surface Deep 20-0c3-2009 3:33
A-0ct-2009 4:30 | A0-0ct-2009 4:30 | A0-0ct-2009 4:30  20-0ct-2009 430 pm
pm pm pm pm
Lab Number: IO TITTOAZ TITTHAZ TITION. 14 TATTONAS
Organcchionne Pesticides Trace In Soll
Heptachion Mg dry Wt <0011 < 00010 < 000099 < 000099 < 0.00099
Heplachior epadie migig dry wt <=0.0011 < 00010 < 0.000%9 < L0009 < (0.000%9
Hexachkrmbenzene miig dry wt <0.0011 < 00010 < (00099 < [L.000% < (000099
Miahosychion Mg dry wt <0.0011 < 00010 = (0.00099 = 0.00099 < (0.00099
Tota Chiordane [{is+rans | migig dry wt < .00 «< (D20 < .00 < 0.DX20 = D0
10042
Sample Mame: | JMEDDE4 Deep | JMEDSS High JMIEDEE High JMEDET Mid JMEIET Mid
20-0ct-2009 355 Sunface Desp 20-0ct-2009 Surface Desp
pm 2-0ct-2009 5:50 5250 pm 20-0ct-2009 600 | 20-0ct-2009 6:00
pm pm pm
Lab Number: TITT0116 TITNAT TITTON18 TITT01.19 TATT01.200
Indndcual Tests
Tota Organic Carbon 9/100g dry wt 0.1 16 082 0.7 0.40
Organcchionne Pesticides Trace In Soill
Aldrin miig dry wt < [.0003% < 00011 < 0.00M0 < ([.00056 = 000D
apha-BHC moAg drywt| = 0.0009% <0001 < 0.0010 < 0.00098 = 00010
beta-BHC migig dry wt < [0.0009S < 00011 < 0.0010 < [L.0003E = ILD0D
elE-BHC migug dry wi < (0.00099 = 0.0011 = 0.0010 < (0.000SE6 = D000
gammaHBHE (Lindane) migig dry wt < 000093 < 00011 < 0.0010 < [.00096 = ILDMD
cis-chiordane mgig dry wt < (.0003% <=0.0011 =0.000 < (.00088 =000
trans-chiordane migig dry wt < ([0.000ES < 00011 < 0.0HD < [L.000EE = MDD
2.4-DD0D migig dry wt < [0.0009S 0014 O.oo4a 000348 .00
4,£-D00 Mg dry wt o021 0.033 L0052 ams 0.0035
2.4-DDE miig dry wt = [0.0009% 00021 00044 = (00096 0.0o1
4.5-DDE mgig dry wt L0035 ooay 0.031 0011 0.013
2.£DOT migig dry wt < 000093 il ] il k] oms [iligh]
4.5-DOT miig dry wt 0000 0.1z 0078 005 0.053
Déeicirin moAg drywt| = 0.0009% CLO044 [.0053 = 0.00098 = 00010
Endosutfan | miig dry wt < [0.0009% < 00011 < 0.0010 < [L.0003E = ILD0D
Endosulfan I migug dry wi < (0.00099 = 0.0011 = 0.0010 < (0.000SE6 = D000
Endosutfan sulphae migig dry wt < [.0009% < 00011 < 0.0010 < [.00096 = DD
Endrin mgig dry wt < (.0003% =0.0011 <0.000 < (.00038 =00
Endrin aidehyde migig dry wt < ([0.000ES < 00011 < 0.0HD 0005 = MDD
Endrin Ketone migig dry wt < [0.0009S < 00011 < 0.0010 < [L.0003E = ILD0D
Heptachion moAg drywt| = 0.0009% <0001 < 0.0010 = 0.00098 = 00010
Heplachior epoxe miig dry wt = [0.0009% = 00011 = 0.0010 = (00096 = ILD0D
Hexachkrobenzene mgig dry wt < (.0003% =0.0011 <0.000 < (.00038 =00
Meshoeychion migig dry wt < 000093 < 00011 < 0.00M0 < (00096 = ILDMD
Tota Chiordane [{cis+rans | miig dry wt < [.0020 < 0020 < [.0020 < 0.0E20 = LD
10042
Sample Mame: | JMEDSS Low JMEDBE Deep | East FOC Mew 1| East FOC Mew 1| East FCC Mew 2
Surface Low Desp Surface Dieeg
20-0ct-2009 6:00  20-0ct-2009 5251 | 20-0ct-2009 6:14 | 20-0ct-2009 614 | 20-0ct-20096:15
pm pm pm pm pm
Lab Number: T30 TIT0.22 TIT.23 TITT01.25 TIFT0NAT
Indirdchual Tests:
Total Organic Carbon g'1mgu'yllt| 0.3 013 11 0. e
Crgancchionne Pesticides Trace In Soill
Aldrin mgig dry wt <0.000 < 0.0010 <0.000 < 0.000 < (0.000%2
apha-BHC migig dry wt < 0.00M0 < 00010 < 0.00M0 < 0.0 < (0.000%9
beta-BHC miig dry wt < 0.00M0 < 00010 < 0.00M0 < 0.000 < (000099
oeliE-BHC mgg dry wi = 0.0010 = 0.0010 = 0.0010 = 0.0010 <=(0.00059
gamma-BHC (Lindane) migig dry wt < 0.0010 < 00010 < 0.0010 < 0.000 < (0.000%9
cs-chiordane migug dry wi = 0.0010 = 0.0010 = 0.0010 = 0.0010 <=(0.00059
frans-chiordane migig dry wt < 0.0010 < 00010 < 0.0010 < 0.000 < (0.000%9
Lab No: 737701 w1 Hill Laboratories Page3of T
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Sample Type: Sediment

Sample Name: | JMEDSSLow | JMEDSS Deep | East FCC Mew 1| East FCC New 1 | East FCT New 2
Surface Low Desp Surace Desp Surtace
20-0ct-2009 6:00 | 20-0ct-2009 5:51 | 20-0ck-2009 6:14 | 20-0ct-2009 614 | 20-0ct-20095:15
pm pm pm pm pm
Lab Number-| 737701.21 7ITTOI.22 TITTO1Z3 TITTOZE TITTONET
‘Cirganochionne Pesticioss Trace In 5ol
4000 Qg dry we GTT Vg 006 0014 00035 00073
4.£-D0D mag dry wt 0o 0035 0.033 00063 0.025
2.4-DDE mokgarywt| <0000 00046 =0.0010 = 0.0010 =0.00099
4,5-DDE Mg dry wt 00063 020 0.034 o004 0018
2.4-DOT g dry wt 00013 0.0o1 0.034 00040 0010
4,£-D0T Mg dry wt 0o 0.3z 0.6 0.0z 0.084
Diidrin mag dry wt 00013 0.00&3 0008 0.o0i7 0.0050
Endosulfan | mokgarywt| <0000 <0.0010 =0.0010 < 0.0010 < 0.00099
Endosuifan [I mokgdrywt| <0000 =0.0010 =0.0010 = 0.D010 = 000052
Endosuifan sulphak mokgarywt| <0000 = 00010 =0.0010 = 0.0010 =0.00099
Endrin moAgarywt| <0000 = 0.0010 =0.0010 < 0.0010 = 0.D0099
Endrin aidshyde mokgdrywt| <0000 =0.0010 =0.0010 = 0.0010 0.0055
Endrin Ketone: mokgarywt| <0000 <0.0010 = 0.0010 < 0.0010 < 0.00099
Haptachior mokgdrywt| <0000 = 0.0010 =0.0010 < 0.D010 = 000059
Heptachion epaxie mokgarywt| <0000 <0.0010 =0.0010 = 0.0010 =0.00099
Hexachiombanzens mokgdrywt| <0000 =0.0010 =0.0010 = 0.0010 = 0.00053
Msychior mokgarywt| <0000 <0.0010 <0.0010 < 0.D010 < 0.D0099
Total Chiordane jcis+iaEns | moAgarywt|  <0.0020 = 0.0020 = 0.D@E0 < 0.DI20 =000
100:42]
Sample Name: | East FCC Mew 2 | JMEDS0 Surface | JMEQSO Deep | East Condrol East Control
Deep H-Det-2009 6:15 | 20-0ct-2000 617 Hunder Brown | Humder-Brown
20-Dct-2009 6:15 pm pm Surface Desp
pm P-Dc-2009 7200 | 20-Dci-2009 707
pm pm
Lab Number-| 73770128 73770129 73770130 73770131 73770132
Inchicual Tests
Toial Organic Cabon o/ 100g dry Wt | 045 066 [ AT 1076
Crganochicnne Pesticices Tracs In Sol
Aldrn Mg dry wt 00072 00016 0.028 = 0.00098 =0.0010
aipha BHC mokgdrywt| <0000 = 0.0010 =0.0010 =0.00099 =0.0010
beta-BHC mokgarywt| <0000 <0.0010 0002 =0.00099 <0.0010
gl BHE mokgdrywt| <0000 =0.0010 =0.0010 =0.00099 =0.0010
gEmmE-BHC [Lindane) mokgarywt| <0000 <0.0010 00025 < 0.00099 «<0.0010
cis-chiomane moAgarywt| <0000 = 0.0010 =0.0010 =0.00099 =0.0010
frans-chiordane mokgdrywt| <0000 =0.0010 =0.0010 =0.00009 =0.0010
2.£-00D mgkg dry wt 0.086 0.3 0.47 <0.00099 <0.0010
4,£-D0D mog dry w o1 10 12 = 0.00099 0.0025
2.4-DDE mokgarywt| <0000 <0.0010 =0.0010 =0.00099 <0.0010
4,5-DDE Mg dry wt 0.3 o1 0.3 =0.00009 0001
2.£-DOT g dry wt 0.: 0.0z 017 =0.00009 =0.0010
4,4-D0T Moy dry wt 0m (&S] 0Es = 0.00098 0.0020
Dicidirin mag dry wt 010 0.16 0. =0.00099 =0.0010
Endosulfan | mokgarywt| <0000 <0.0010 =0.0010 = 0.00099 =0.0010
Endosuifan [I mohgdrywt| <0000 =0.0010 =0.0010 = 0.00099 =0.0010
Endosulfan sulphae mokgarywt| <0000 <0.0010 =0.0010 =0.00099 <0.0010
Endrin moAgarywt| <0000 = 0.0010 =0.0010 =0.00099 =0.0010
Endrin aidshyde mokgarywt| <0000 <0.0010 <0.0010 < 0.00099 «<0.0010
Endrin Ketone: mokgarywt| <0000 <0.0010 =0.0010 <0.00099 <0.0010
Haptachior mokgdrywt| <0000 =0.0010 =0.0010 = 0.00099 =0.0010
Haptachion epasiie mokgarywt| <0000 = 00010 =0.0010 =0.00099 =0.0010
Hexachiombanzens moAgarywt| <0000 = 0.0010 =0.0010 =0.00009 =0.0010
Msaychior mokgdrywt| <0000 =0.0010 =0.0010 =0.00099 =0.0010
Total Chiordane jcis+i@Ens | molgarywt|  <0.0020 = 0.0020 = 0.D@E0 < 0.DI20 =000
100:42]
Lab Ho: 737701 w1 Hill Laboratories Paged4 of 7
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Sample Type: Shellfish

Sample Name: | East FCC Cockle|  East Control
JMIEDS] Hunier Binown
Cockles
Lab Number:|  737701.38 737701.38
Indrddua Tests
Dy Matier 9/100g 3 e | 16 14 - - -
‘Organcchionne Pacticides In Blomatter
Aldrin mgkg|  <0.00050 = [LO00SD - - -
aipha-BHC mgkg|  <0.00050 « 0LOOCS0 - - -
beta-EHC mgkg « [1.00050 = 000050 - - -
deiE-BHC mgkg| <0.00050 -« 000050 - - -
gammra-BHC [Lindana) mgkg| =0.00050 = 0.00050 - - -
cis-chioniane mgkg| <0.00050 « 000050 - - -
frans-chiondane mgkg|  <0.00050 < 000050 - - -
24-000 mgkg 0002 < 000050 - - -
4,£-D00 mgikg 00044 000063 - - -
2.4-DDE mgkg| =0.00050 = 000050 - - -
4,4-DDE mgikg 00041 0.0011 - - -
24007 mgkg| <0.00050 « 0.00050 - - -
4.4-00T mgkg 0.00081 < 000050 - - -
Dledeirin mgikg 00028 « 0LOOCS0 - - -
Endosultan | mgkg|  <0.00050 « 000050 - - -
Endosulfan Il mgkg|  <0.00050 < 000050 - - -
Endosultan sulfaie mgkg| =0.00050 = 0.00050 - - -
Endrin mgkg| <0.00050 « 000050 - - -
Endrin aidetyde mgkg|  <0.00050 « 0LOOCS0 - - -
Endrin Ketone mgkg| <0.00050 < 000050 - - -
Haptachion mgkg|  <0.00050 -« 0LOO0S0 - - -
Haptachion epaxdoe mgkg| =0.00050 = 000050 - - -
Haxachiambanzene mgkg|  <0.00050 -« 0LOO0S0 - - -
MansyChion mgkg| <0.00050 « 0.00050 - - -
Told Chiordane [[cis+ians| 10042]  ma'kg <0.000 < 00020 - - -
| Sample Type: $nits
Sample Mame: |  West FCC WestFCC | East FOC Mew2  EastFCC Mew2 | EastFCC
Control JMEDES Soft Ciloma Rocky Dlloma Amphinoia
Amphiboia Amphiboia 20-Oct-2009
H-Oct-2008 HHOC-2008
Lab Number:| 737701.33 T3TT00.34 7ITT0N.35 73770136 TITTOAT
Inddus Tests
Dy Matter Q100g 35 reva | 17 16 7] 25 18
‘Cnganochionine Pesticides n Blomatter
Aldrin mgkg|  <0.00050 < 00015 < 000050 = 000050 < 000050
apha-BHC mgkg| <0.00050 <0015 <(0.00050 < (.00050 <(0.00050
beta-BHC mgkg|  <0.00050 <0015 < 0.00350 < 000050 < 0.00050
oeitz-BHC mgkg|  <0.00050 <0015 <0.00050 < 000050 <0.00050
gamma-BHE [Lindane) mgkg|  <0.00050 <0015 < 0.00350 < 000050 < 0.00050
cis-chiontane mgkg| <0.00050 = 00015 < 0.00050 < .00050 < [0.00050
frans-chiondane mgkg| <0.00050 <0015 < (0.00050 < (.00050 < (000050
24000 mgkg|  <0.00050 18 0013 0.00%5 oz
4.4-000 mgkg 0.ms 59 0.0e2 0.067 046
2.4-DDE mgkg| <0.00050 018 00055 00013 0.0053
4.4-D0E mgikg 0.065 1 0.080 0055 044
24-D0T mgkg| <0.00050 oM 00017 0.0011 0013
44007 mgkg oMz 31 00058 0.0090 031
Coetalrin mgkg 0.0020 0.52 0.027 .03 03
Endosultan | mgkg|  <0.00050 <0015 < 0.00350 < 000050 < 0.00050
Endosuttan Il mgkg| =0.00050 = 00015 = (0.00050 = 0.00050 = (000050
Endosultan suffae mgkg|  <0.00050 <0015 < 0.00350 < 000050 < 0.00050
Endnini mgkg| <0.00050 = 00015 < 0.00050 < .00050 < [0.00050
Lab No: 737701 w1 Hill Laboratories PageSof 7
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Sample Type: Snails

Sample Name:|  WestFCC WestFCC | East FCC Mew2 EastFOC New2 | EastFCC
Controi JMEDBA Softioma | Rocky Dlloma Amphincia
Amphiboia Amphibola 20-0ct-2009
H-Oek-2009 HHDek-I000
Lab Number-| 737701.33 73ITT01.34 TITTO135 T3TT01.36 TITTONET
‘Cirganochicnng Pesticioss In Blomatier
Endrin adehyde mgkg| < 0.00050 =005 = 0.00050 = 000050 = 0.00050
Endrin Ketone mykg| <0.00050 =0.0015 = 000050 = 0.00050 = 0.D0050
Haptachion myky| <0.00050 =0.0015 = 0.00050 = 0.00050 =0.D0050
Heptachior epaxde mgkg|  =0.00050 =0.0015 = 0.00050 =0.00050 = 0.D00S0
Heaclmbanzens mykg| <0.00050 <0.0015 < 000050 < 0.00050 < 0.D0050
MsmyChior mgkg|  =0.00050 =0.0015 = 0.00050 = 0.00050 = 0.D00S0
Tolal Chiordane [[eis+tans 7 10042]  mokg| =000 =000z =0.DE0 = 0.D0 =000

Analyst's Comments

Attached are the particle size results The samples hawe particles greater than 2mm and therefore the results are made up
of a combination of |asersizer results and sieving results. The excel spreadsheet has the final results. Also induded are the
|asersizer results which only show the results of part of the sample which was less that 2mm.

Appendix Mo.1 - Particle Size Results
Appendix Mo 2 - Particle Size Results
Appendix MNo_3 - Particle Size Results
Appendix Mo 4 - Particle Size Results
Appendix Mo.5 - Particle Size Results
Appendix Mo 6 - Particle Size Results
Appendix Mo.T - Particle Size Results
Appendix Mo.B - Particle Size Results
Appendix Mo B - Particle Size Results
Appendix No.10 - Particke Size Results
Appendix Mo.11 - Particke Size Results
Appendix Mo.12 - Particle Size Results
Appendix Mo.13 - Particke Size Results
Appendix Mo. 14 - Particke Size Results
Appendix Mo.15 - Particke Size Results
Appendix Mo, 16 - Final Results

SUMMARY OF METHODS

T followng ebies) pves @ Sriel Sescepios of he mehods ceed ko comduc] Be srelses bor e job Thoe Setecion imds ghees belcw ere haose sfsrmethe 0 8 ety clesn Mo
Chetsctoz bmds mmy S higher for ndeidue semoes should mcfice] semple ba sl shia, o B e modic cegqueses Sl diuions ba perfonmes Suieg enskyss .

Sample Type: Sediment

Tesat Method Deacripiion Default Detection Umit | Samplas
Emdmonmental Solids Sample Alr dried at 35°C and skeved, <2mm fraction. - 1-23, 25,
Preparation 27-32
Omganachianne Pesticides Trace In Sall | Sonication exracion, SPE cleanup, GPC cleanup (I required), - 1-23, 25,
dual column GC-ECD anaysls 27-32
Particle stze analysis” Mavem |aser Shrer particie sre analysls. Subcanmiracied o - 16, 1112,
Earth Sciences Department, Wallaho Uiniversity, Hamiban. 17-18, 23,
25, 29-31
Totd Organic Carbon A prefregiment 1D rEmove carbonaies I present, Blementar [L050 g/M100g dry wt 1-23, 25,
Combustion Anafyses. 7.32

Sample Type: Snails
Test

Method Deacripiion

Dwefault Detection LUmit | Samplas

LabMNo: 7370w 1

Hill Laboratories

Page G of 7
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Sample Type: Snails

Tesat Method Deacripiion Default Detection Umit | Samplas
Hamogenisation of Blaiogical sampies | MIncing, chapping, o blending of sampile to form homogenous - 3339
Tor Ceganics Tests" ‘sampie Tracton.

Shucking of Shelfish” Removal of Bs5ue from shell. Araiysls performed at Hil - 3339

Lasoraionies - Food & Bioanalylical Diviskon, Walkaio Innowvation

Omganachikonne Pesticioes In Blomatier | Sonicaion edacion, SPE cleanup, GRG cleanup, dual column - FER ]
GC-ECD analysls
Dy Matter [Enmv) Cried & 103°C [removes 3-5% more water than ardry) for 13hr, | 010 gM00gas mwd | 33-39

gravimetry. LIS EPA 3550,
These samples were collected by yourselves (or your agent) and analysed as received at the laboratory.

Samples are held at the laboratory after reporting for a length of time depending on the preservation used and the stability of
the analytes being tested. Once the storage perioed is completed the samples are discarded unless othenwise advised by the
chent.

Thiss report must not be reproduced, except in full, without the written consent of the signatory.

Ara Heson BSc (Tech)
Client Sarvices Manager - Environmental Division

LabMNo: 7370w 1 Hill Laboratories Page T of 7
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Appentdlx Mo - Particle Size Resulis - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
7377011 FGC W est Control Suriece Merine Sadiment Tuesday, 17 November 2009 11:32:11 a.m.
Sample Source & type: Measured by: Anahysed:
rodigers Tuesdey, 17 November 2008 11:32:12am.
Sample bulk lot ref: Result Source:
200811681 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle Rl: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um 23 %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 0BG % Ot
Concentration: Span : Uniformity - Result units:
0.0%99 %¥ol 3785 1.06 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0.185 mig 0.726 um 255370 um
d{1): 8918 um &{L5): 18RS um d{0e): GOT.TEE  um
g Particle Size Distribution
5
E 4
@
E 3
=]
= 2
1
q.']. m 01 1 10 100 1000 3000
Particle Size (pm)
[ 7377017 FCT West Control Surface, Tuesday, T7 November 2000 113277 am.

Operator notes:

Maivo= instaments Lid
Makam, UK

B410m
100000 ;:
00000
Masiorsizoe 2000 Var. 5.22 Fila name Hill
Sarial Numbaer : M L0214 Racord Mumbar: 218

Davidson Environmental Ltd., P. O. Box 958, Nelson 7040
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Appentlx MNo_2 - Particle Sire Resulis - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
737701 2 FCG West Gonirol Gontrol Merine Sadiment Tuesday, 17 November 2009 11:40:33 a.m.
Sample Source & type: Measured by: Anahysed:
rodigers Tuesdey, 17 November 2008 114034 am.
Sample bulk lot ref: Result Source:
20081182 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um 22 EE %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 0.FEa % Ot
Concentration: Span : Uniformity - Result units:
0.0B58 %¥ol 3.028 D865 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0216 mig 27752 um 209859 um
d{1): =003 um {0L5): 1580M6  um d{0e): 480645 um
Particle Size Distribution
6
5
£ 4
@
E 1
=
2
1
q.']. m 01 1 10 100 1000 3000
Particle Size (pm)
[ 737701 2 FCC West Control Control, Tuesday, 77 November 2009 11:40:33 a.m.
BALI
2000 g 00 :i 1000000 E:
2500 — 5000 o 200000
7500/ M
15500 = 74000 z'.n
1000 = 0 -
7000 15000
Operator notes:
Makvom Insiramens Lin Masiorsirar 2000 Var. 522 Fila namee Hil
Makvam, LK Barial Numbar : MAL1OZ144 Racord humbar 210
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Appentlx Mo, - Particle Size Resulis - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
7377013 JMEQBS Surface Merine Sadiment Tuwesday, 17 November 2009 11:48:16 a.m.
Sample Source & type: Measured by: Anahysed:
rodigers Tuesdey, 17 November 2008 11:48:18 am.
Sample bulk lot ref: Result Source:
2008911673 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um 175 %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 1.532 % Ot
Concentration: Span : Uniformity - Result units:
0.0%54 %¥ol 2823 [FResr) Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
015 mig 30985 um 3TEO09  um
i 1): 13.367 um d{os): 282852 um d{ne): B6R.428 um
Particle Size Digtribution
6
5
£ 4
@
5 3
=]
=
2
1
q.']. m 01 1 10 100 1000 3000
Particle Size (pm)
7377013 JMEDET Surface, Tussday, 17 Movember 2000 11:48.16 am.
[Vamw |
[ BALI
2000 'Ilz 1000000 :’:
2500 e 200000
7500/
15500 =
1000 =
7000
Operator notes:
Makvom Insiramens Lin Masiorsirar 2000 Var. 522 Fila namee Hil
Makvam, LK Barial Numbar : MAL1OZ144 Racord humbar 220
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Appentlx Mo.d - Particle Sire Resulis - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
737701 4 JMEQES Deep Merine Sadiment Tuwesday, 17 November 2009 11:58:10 a.m.
Sample Source & type: Measured by: Anahysed:
rodigers Tuesdey, 17 November 2008 1156211 am.
Sample bulk lot ref: Result Source:
2008911674 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle Rl: Absorplion: Size range: Obscuration:
1.500 o D.020 in 2000000 um 1848 %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 2010 % Ot
Concentration: Span : Uniformity - Result units:
0.1666 %¥ol 233 DEs2 Yolume
Specific Surface Anea: Surface Weighted Mean D3,2]: Yol Weighted Mean D[4,3]:
0.o9 mig BE64E um 538335 um
din1): 4614 um dl0s): HFeaw  um d{og): 1091.551  um
g Particle Size Distribution
8
7
— 6
#
@ 5
5 4
[=]
= 3
2
1
q.l.'l. m 01 1 10 100 1000 3000
Particle Size (pm)
7377014 JWEDET Deap, Tuesday, 17 Movembar 2009 11:56.10 am.
(Voo |
[ ]
2000 'Ilﬁ 1000000 I;f;
:ﬂ' = 200000
288
15500
1000 E
000
Operator notes:
Makom nsemens Lid Mastorsiar 2000 Var. 522 Fila name: Hil
Mabam, LUK Barial Numbar : MA L1044 Fiacord Mumbar- 221
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Appentlx Mo - Particle Size Resulis - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
7377015 JMEQS1 Surface Merine Sadiment Tuwesday, 17 November 2009 2:08:22 pum.
Sample Source & type: Measured by: Anahysed:
rodigers Tuesdey, 17 November 2008 2-08-23 p.m.
Sample bulk lot ref: Result Source:
20081185 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um 208 %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 1276 % Ot
Concentration: Span : Uniformity - Result units:
0.0753 %¥ol 3333 1.13 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0.278 mig 6346 um ITESTE  um
d{ni):  &168 um &{0L5): ZFEITE  um d{0e): 9835860 um
Particle Size Digtribution
&
5
i 4
@
E 1
=
2
1
q.l.'l. m 01 1 10 100 1000 3000
Particle Size (pm)
737701 5 JMEDET Surface, Tuesday, 17 November 2000 20877 pm.
[Vamw |
[ BALI
2000 g 1000000 ;_:
2500 = 200000
7500/
290
15500
1000 =
7000
Operator notes:
Makvom Insiramens Lin Masiorsirar 2000 Var. 522 Fila namee Hil
Makvam, LK Barial Numbar : MAL1OZ144 Racord humbar 222
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Appentlx MNouG - Particle Size Resulis - Page 1 of 1

MASTERSIZER <zcadp

Result Analysis Report

Sample Mame: S0P Hame : Me asured:
TITT0.6 JMEDE1 Deep Marine Sadiment Tuesdey, 17 November 2009 2-15:37 p.m.
Sample Source & type: Measured by: Anahysed:

rodgers Tueeday, 17 Movember 2009 2:15:39 p.m.
Sample bulk lot ref: Result Source:
200911876 Maasurement
Particle Name: Accessory Name: Analysis model: Senasitivity:
Marine Sedimant Hydro 200005 (A) Ganerel purpose Enhanced
Particle Rl: Absorption: Size range: Obscuration:
1.500 o 0.020 to 20000000 um 2036 %
Dispersant Mame: i Al: Weighted Residual: Result Emulation:
Water 1.330 2708 % O
Concentration: Span : Uniformity: Result units:
0.Zre3 A 1.881 0.552 Yolume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D{4,3]:
00614  mAg B7.709 um E11.566 um

a@{0.4): 104544 um

o{0.5): 555860 wm

o0.8): 1165855 wum

Valume (%)
= I L3 e A = & E S

‘ill.m

iR 1 10

Particle Size (pm)

100 1000 3000

7 37701.6 JMEDET Deap, Tuasday, 17 November 2009 21547 pJm.

Operator notes:

Maivo= instaments Lid
Makam, UK

KEE
[T=3] Er ]
2000 :g ] : 1000000 I:
2900 = E:T] = 2000000
TE0 — =00 s
15500 — 4000 um
000 = 00 i
7000 N0
Mastorsirar 2000 Var. 522 Fila namer kil
Barial Mumbar : MR L1024 R Mumbar 22

Davidson Environmental Ltd., P. O. Box 958, Nelson 7040
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Appentlx No.T - Particle Size Resulis - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
TITT01.11 FGC 2 West (2) Mid surface  Marine Sadiment Tuwesday, 17 November 2009 2:24:10 pum.
Sample Source & type: Measured by: Anahysed:
rodigers Tuesdey, 17 November 2008 2-24:11 pm.
Sample bulk lot ref: Result Source:
20091187 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle Rl: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um 215 %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 0.e3a % Ot
Concentration: Span : Uniformity - Result units:
0.0382 %¥ol 11448 374 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0.479 mig 12.533 um B1.535 um
d{1): 4826 um d{05):  21.805 um d{ne): 254451 um
Particle Size Distribution
45
4
a5
i 3
E 25
E 2
15
1
05
q}.ﬂ'l 01 1 10 100 1000 3000
Pariicla Size (pm)
[ 730111 FOU 2 West (Z) Mid surface, Tuesday, T7 Movember 2008 22410 p.m.
[Vamw |
[ BALI
2000 — 1000000 =
| S
7500/ —
:x 1742,
00 =4
Operator notes:
Makvom Insiramens Lin Masiorsirar 2000 Var. 522 Fila namee Hil
Barial Numbar : MAL1OZ144 Racord humbar 224

Makam, UK

Davidson Environmental Ltd., P. O. Box 958, Nelson 7040
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Appentlx Mo.B - Particle Size Resulis - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
T3ITT01.12 FCC 2 (Mid) Deap Merine Sadiment Tuesday, 17 November 2009 2:32:04 pum.
Sample Source & type: Measured by: Anahysed:
rodigers Tuesdey, 17 November 2008 2-32-D6 p.m.
Sample bulk lot ref: Result Source:
200891168 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle Rl: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um 22 %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 o2 % Ot
Concentration: Span : Uniformity - Result units:
0.0876 %¥ol 2325 0755 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0.185 mig 0702 um 178,432 um
d{n1): 3T um {0L5): 152866 um d{ne): 365727 um
Particle Size Digtribution
8
7
— 6
#
@ 5
E 4
=]
- 3
2
1
q.']. m 01 1 10 100 1000 3000
Particle Size (pm)
[ 73701 72 FCC 2 (Mid) Deop, Tuesday, 17 November 2000 2324 pm_
BALI
[ =]
1000000
200000 e
Operator notes:
Makvom Insiramens Lin Masiorsirar 2000 Var. 522 Fila namee Hil
Makvam, LK Barial Numbar : MAL1OZ144 Racord humbar 225

Davidson Environmental Ltd., P. O. Box 958, Nelson 7040
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Appentdlx Mo 9 - Particle Sire Resulis - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
TITT01 17 JMEDESR High Surface Merine Sadiment Tuesday, 17 November 2009 2:42:05 pum.
Sample Source & type: Measured by: Anahysed:
rodigers Tuesday, 17 November 2008 2-42-07 p.m.
Sample bulk lot ref: Result Source:
2008911688 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle Rl: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um Z2EE %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 D486 % Ot
Concentration: Span : Uniformity - Result units:
0.0360 %¥ol 5.506 237 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0.516 mig 11634 um 58.706 um
dln1): 443 um &{s): 22051 um 125843 wum
Particle Size Distribution
45
4
a5
-y 3
#
@ 25
E
5 2
= 15
1
05
q}.ﬂ'l 01 1 10 100 1000 3000
Pariicla Size (pm)
73770117 JMEDRHE Hiph Surface, Tuesday, 17 Movember 2009 #4205 p.m.

[Vikorrs I
[ BALEH
2000 ﬂ 0 :: 100100 3‘:
2900 =5 o = 00100
T N
1808 1%
0 1830 Lom am
1,000 = BN am
7000 00
Operator notes:
Mahom st Lil Masirsr B0 Var. 527 Fila name Hil
Barial Numbar : MAL1Z944 Floord Numbar- 25

Makam, UK

Davidson Environmental Ltd., P. O.

Box 958, Nelson 7040
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Appenidlx No.10 - Particle Size Results - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
T3TT01.18 JME 068 High Deep Merine Sadiment Tuesday, 17 November 2009 2:48:16 pum.
Sample Source & type: Measured by: Anahysed:

rodigers Tuesdey, 17 November 2008 248017 p.m.
Sample bulk lot ref: Result Source:
200911810 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um AT w%
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 S.384 % Ot
Concentration: Span : Uniformity - Result units:
01687 %¥ol 1.874 0.558 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0.11 mig 54325 um ET4.847 um

i 1): IF.2T5 um d{0L5): 640207 um d{ne): 1291.186 wum

=

Valume (%)
- i LS e A S =] S S

T
%.m 0 1 10 100 1000 3000
Particle Size (pm)
737707118 JME 085 High Deop, Tuesday, 17 Movember 2000 4016 p.m.
[Voa )
(=4 B41.000
200D I:I'_: 44000 E f0L0m g:
2900 oz 000 54 00000
TED 1000
15,500 i: 4000 E
.00 BR.000
AN = B0 ne
Operator notes:
Makom nsiraments Lid Masiorsinor 3000 V. 537 Fila name: Hil
Maka, UK Sariall Numbar : MAL1D2144 FRacord Mumber 227

Davidson Environmental Ltd., P. O. Box 958, Nelson 7040 Page 80 of 91



Appentdlx No.11 - Particle Size Results - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
73770123 East FGC New 1 Suriace Merine Sadiment Wednesday, 18 November 2000 822328 8.m.
Sample Source & type: Measured by: Anahysed:
rodigers Wednesday, 18 Movembear 2009 322329 a.m.
Sample bulk lot ref: Result Source:
200911811 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle Rl: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um 1965 %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 D448 % Ot
Concentration: Span : Uniformity - Result units:
0.0409 %¥ol 5.006 182 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0.386 mig 15.542 um ©1.086 um
i 1): 5.436 dls):  3AE1e um d{ne): 234834 um
Particle Size Distribution
4
a5
3
£ 25
@
5 2
= 15
1
05
q}.ﬂ'l 01 1 10 100 1000 3000
Pariicla Size (pm)
[ 7377071 23 East FCU New 1 Suriace, Wednesday, T8 Nowember 3000 022378 am.

Operator notes:

Maivo= instaments Lid
Makam, UK

Voo x|
D BAL00
2000 :i 000 :':
- 00000
50
jaz
;Hm =
- e
e
Maskrsirar 2000 Var. .32 Fila namer Kl
Sarial Numbar : MAL10ZH44 Facer Mumbar 228
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Appenidlx No.12 - Particle Size Results - Page 1 off 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
73770125 East FGC New 1 Deep Merine Sadiment Wednesday, 18 November 2000 8:31 24 5.m.
Sample Source & type: Measured by: Anahysed:
rodigers Wednesday, 18 Movembear 2009 3:3125a.m.
Sample bulk lot ref: Result Source:
2008118M2 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle Rl: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um 2417 %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 2612 % Ot
Concentration: Span : Uniformity - Result units:
0.1203 %¥ol 27 DETS Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
016 mig 37600 um 57 AGT um
d{n1): 12280 um {0L5): 545038 um 122273 um
g Particle Size Distribution
8
7
— 6
#
@ 5
5 4
=]
= 3
2
1
q.']. m 01 1 10 100 1000 3000
Particle Size (pm)
[ 73770125 East FCC New 1 Deep, Wednesday, T8 November 2008 93124 am.

Operator notes:

Maivo= instaments Lid
Makam, UK

B410m
100000 Iﬂ
00000
Masiorsizoe 2000 Var. 5.22 Fila name Hill
Sarial Numbaer : M L0214 Raoord Mumbar: 220
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Appenidlx No.13 - Particle Size Results - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
TITT01 29 JMEDSD Suriace Merine Sadiment Wednesday, 18 November 2000 2:40:06 a.m.
Sample Source & type: Measured by: Anahysed:
rodigers Wednesday, 18 Movembear 2009 3040007 a.m.
Sample bulk lot ref: Result Source:
200911813 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle Rl: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um 2025 %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 DEz2 % Ot
Concentration: Span : Uniformity - Result units:
0.0578 %¥ol 3052 1.51 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0.282 mig 21300 um 154874 um
d{i):  &S73 um a{s):  azZet um d{ne): 33467  um
Particle Size Distribution
55
5
45
— 4
£ a5
@
E 3
5 25
- 2
15
1
05
q}.ﬂ'l 01 1 10 100 1000 3000
Pariicla Size (pm)
737701 78 JMEDA] Sudace, Wednesday, 18 November 2009 50006 am.
[Vamw |
[ BALI
2000 g 00 ﬁ 1000000 g
2500 = 5000 o 200000
7500/ M
15500 ﬁ 74000 E
21000 B0
7000 = 15000 e
Operator notes:
Makvom Insiramens Lin Masiorsirar 2000 Var. 522 Fila namee Hil
Makvam, LK Barial Numbar : MAL1OZ144 Racord humbar 230
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Appenidlx No.14 - Particle Size Results - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
TITT01.30 JMEDDO Deep Merine Sadiment Wednesday, 18 November 2000 84727 a.m.
Sample Source & type: Measured by: Anahysed:
rodigers Wednesday, 18 Movembear 2009 94728 a.m.
Sample bulk lot ref: Result Source:
200911814 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle Rl: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um ZE %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 1.087 % Ot
Concentration: Span : Uniformity - Result units:
0.0670 %¥ol 4.353 14 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0.263 mig 21201 um 3T0.443 um
d{1): 6206 um {0L5): 223858 um d{ne): BELO44  um
Particle Size Distribution
5
45
4
— a5
£ 3
@
E 25
B 2
15
1
05
q}.ﬂ'l 01 1 10 100 1000 3000
Pariicla Size (pm)
73770130 JMETHD Doeep, Wednesday, 18 MNovember 2000 0:47 .27 am.
[Vamw |
ﬁ [E] |$ﬁ AT
(L] pE=]
:ﬂ' 7 0
790
e I
7000 .
Operator notes:
Makvom Insiramens Lin Masiorsirar 2000 Var. 522 Fila namee Hil
Makvam, LK Barial Numbar : MAL1OZ144 Racord humbar 231
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Appenidlx No.15 - Particle Size Results - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
73770131 Eesl Gontrol Hunter Brown  Marine Sadiment Wednesday, 18 November 2000 8:54:458.m.
Sample Source & type: Measured by: Anahysed:
rodigers Wednesday, 18 Movembear 2009 9:54:46 a.m.
Sample bulk lot ref: Result Source:
200911815 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle Rl: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um Zipd %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 0.EBS % Ot
Concentration: Span : Uniformity - Result units:
0.1190 %¥ol 1.578 0.438 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0167 mig 3010 um 205241 um
dl1): 12085 um {L5): 214581  um d{oe): 350773 um
Particle Size Distribution
14
12
E 10
E 8
=3
B [
4
2
'E'J.m 01 1 10 100 1000 3000
Particle Size (pm)
[ 73770137 East Condrol Hunfer Brown Surface, Wadnesday, TE November 2009 55445 am.
BALI
(]
me
Operator notes:
Makvom Insiramens Lin Masiorsirar 2000 Var. 522 Fila namee Hil
Makvam, LK Barial Numbar : MAL1OZ144 Racord humbar 232
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F.J Hill Laboratonies Limited

B’  Hill Laboratories ==,

RET™FR TFSTIMG BETTER RESULTS  Hamifon 3240, New Zedand | Wed  wawhilliabs co.nz

Tal  +B4 7555 2000

Fax 64 7858 2001
Email makniHabs oz

ANALYSIS REPORT Page 1 of 2
Chient: |Davidson Environmental Lid Lab No: T427B0 EPv
Contact: | R Davidson Date Registered: | 11-Mov-2004

Ci- Davidson Environmental Lid Date Reported: 24-MNov-2008

PO Box 058 Quote Mo: 385856

Nelson 7040 Order Mo:

Client Reference: | Mapua Stream
Submitted By: R Davidson
Sample Name: | Stream Low 17m | Stream Middle Shream Upper
Suface 56m Surface 34m Surface
A0-Nov-2009 2:43  10-Mow-200% 2:52  10-Nowv-2009 3:102
pm pm pm
Lab Number: TaITA01 T437BO.2 T427B0.3

Indrdcual Tests:
Tolal Organic Camon 9/100g dry wt 22 24 25 -
Organochionne Pesticidss Trace In Sal
Addrn Mg/ dry at 00063 00047 LO07S -
apha-BHC moAgarywt| = 0.00009 < [.00099 = 0.00096 -
peta BHC mohgdrywt|  =0.00099 = 000099 =0.00098 -
el EHE moigdrywt| = 0.00099 < 000099 = 0.00056 -
gEMma-BHC [Lindane) Mg dry 00038 00025 n.0ma -
cs-chiomane moigdrywt| <0.00099 < 000095 = 0.00096 -
frans-chiondane moAgarywt| = 0.00009 < 000099 = 0.00056 -
24000 Mg/ dry wt 03 019 0% -
4,£-D0D Mg dry wt 0.m 0.30 11 -
2.£D0E Mg dry wt 0.2 o 0.18 -
4,4DDE mag/ig dry wt 1z 0.3z 12 -
25007 mag/ig dry it 004 noer 012 -
44007 Mg/ dry i 0.z 014 24 -
Dieirn Mg dry wt 0.076 0054 0.050 -
Endosuttan | mohgdrywt|  =0.00099 = 000099 =0.00098 -
Endosuttan [1 mohgdrywt| <0.00099 < 0.00095 =0.00096 -
Endosuttan sulphae mokgdryat| <0.00099 < 0.0009G = 0.00098 -
Endrin moigdrywt| <0.00099 < 000095 = 0.00096 -
Endrin adshyde moAgarywt| = 0.00009 < 000099 = 0.00056 -
Endrin Ketone mohgdrywt| <0.00098 <0.00095 < 0.00096 -
Haptachior moAgarywt| = 0.00009 < [.00099 = 0.00096 -
Heplachion epaxide mohgdryat|  =0.00099 = 000095 =0.00098 -
Heaciombenzens mohgdrywt| <0.00099 <0.00095 =0.00096 -
Meeshmychior mohgdryat|  <0.00099 < 000035 = 0.00058 -
Tod Chiondane [jcis+ans|  moAgdrywt|  <0.0020 < 0.0020 < (0.0020 -
10043
Analyst's Comments
Appendix No.1 - Particle Size Analysis Report
Appendix No.2 - Particke Size Analysis Report

LEERN | L

. ._.\_ n N

L This Labhoratory |s accredited by nal Act M (W), which

Hew

In the

nal

Cooperaton (ILAZ). Through fe ILAC Mubusl Recogrition Aramgement (ILAC-ARA) this acoredistion s

L recogrised.
%_,-;Q“} {I " Thetesk reporbsd hersin Fayse been periomed In sccordance with the berms of aocrediation, with the esception of iesis marked *, which

™ 1b2 PEIMY are not accredisd.
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SUMMARY OF METHODS

Ton tlzeng mhies) pves 8 Sriwl Seecephios of he mehods sed b= cordurl Be arelvees o e job The Seisciion imds preee below @ hose sfurmetds 0 @ ey Cleen e
Dhwinetoos imia mmy Sa higher for ndvidual iempls should musficest maple be oosleble, of B Be o sequne Sl diviion ba perbrmed duisg ke,

Sample Type: Sediment

Particle size analysis”

TotE Organic Carbon

Test Method Deacripiion Default Detection Umit | Samplas
Emdmonmental Solids Sample Alrdried at 325°C anid skeved, <2mim fraction. - 1-3
Preparation

‘Sonication exiracion, SPE cleanup, GPC cleanup (I required),
dual coiumn GC-ECD andysks

Mavem Laser Sizer panticie size analysis. Subconiracied o
Earth Sclences Department, Walkaho Uiniversity, Hamiban.
Acid prefreaiment i remiove carbonaies If present, Blementar
(Combustion Anatyses.

- 1-3
- 1,3

O050gi00goywt |13

These samples were collected by yourselves (or your agent) and analysed as received at the laboratory.

Samples are held at the laboratory after reporting for a length of time depending on the preservation used and the stability of
the analytes being tested. Once the storage periced is completed the samples are discarded unless othenwise advised by the

chient.

Thiss report must not be reproduced, except in full, without the written consent of the signatory.

Ara Heron BSc (Tach)

Client Sanvices Manager - Envronmental Division

Lab No: 742780v 1

Hill Laboratories

Page 2 of 2
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Appentdlx No.1 - Particle Size Analysls Report - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
T4Z7e0.1 Sweam Low 17m Surizce Merine Sadiment Wednesday, 18 November 2009 1122:21 am.
Sample Source & type: Measured by: Anahysed:
rodigers Wednesday, 18 Movember 2009 11222222 am.
Sample bulk lot ref: Result Source:
200891261 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um 1823 %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 ez % Ot
Concentration: Span : Uniformity - Result units:
0.0415 %¥ol 12,478 338 Yolume
Specific Surface Anea: Surface Weighted Mean D3,2]: Yol Weighted Mean D[4,3]:
0.355 mig 16.906 um 179.869 um
d{1):  sa8o01 um &{05): 46149 um d{ne): G0EST6  um
Particle Size Distribution
a5
3
-y 25
#
@
e 2
.
B 15
1
05
q}.ﬂ'l 01 1 10 100 1000 3000
Pariicla Size (pm)
I T4Z7E0.1 Siream Low 17m Sunace, Wednesday, 18 November 2009 112221 am.
(Voo |
[ ]
2000 g 0 E 1000000 ::
2900 — T D 200000
TE00 00
e a8
v 2 | w2
000 = 1500 .
Operator notes:
Makom nsemens Lid Mastorsiar 2000 Var. 522 Flia nams: Hil
Mabam, LUK Barial Numbar : MA L1044 FRaoond Membar: 2313

Davidson Environmental Ltd., P. O.

Box 958, Nelson 7040

Page 88 of 91



Appentdlx No_2 - Partice Sire Analysls Report - Page 1 of 1

MASTERSIZER <zcadp

Result Analysls Report

Sample Name: S0P Name : Measured:
T4Z760.3 Sweam Upper 84m Surface  Marine Sadiment Wednesday, 18 November 2009 11:30:51 am.
Sample Source & type: Measured by: Anahysed:
rodigers Wednesday, 18 Movembear 2009 11-30:52 am.
Sample bulk lot ref: Result Source:
2008912672 Messurameant
Particle Name: Accessory Name: Analysis model: Sensitivity:
Marine Sediment Hydro 200003 (A) Ganeral purpose Enhanced
Particle RI: Absorption: Size range: Obscuration:
1.500 o D.020 in 2000000 um 21.58 %
Disperzant Mame - Dizper=zant Rl- Weighted Residual: Regult Emulation:
W ater 1.330 0244 % Ot
Concentration: Span : Uniformity - Result units:
0.0B62 %¥ol E.485 1.86 Yolume
Specific Surface Amea: Surface Weighted Mean D[3,2]: Vol Weighted Mean D[4,3]:
0212 mig 28325 um 303.619 um
i 1): 9.383 dls): 13351 um d{ne): B72629 um
4 Particle Size Distribution
a5
3
£ 25
s 2
=
g 15
i
05
q}.ﬂ'l 01 1 10 100 1000 3000
Pariicla Size (pm)
3y, T8 Nowvemnbe

Operator notes:

Maivo= instaments Lid
Makam, UK

Masiorsizoe 2000 Var. 5.22
Sarial Numbaer : M L0214

Flia rama: Hll
Reoord Membr: 24

Davidson Environmental Ltd., P. O. Box 958, Nelson 7040

Page 89 of 91



Appendix 7. Percentage of total sample > 2000 pum.

Sample Name >2000

737701.1 FCC West Control Surface 29.73
737701.2 FCC West Control Control 6.96
737701.3 JMEO83 Surface 18.72
737701.4 JMEQ83 Deep 72.56
737701.5 JMEO81 Surface 35.53
737701.6 IMEO81 Deep 60.47
737701.11 FCC 2 West (2) Mid surface 0.00
737701.12 FCC 2 (Mid) Deep 0.00
737701.17 JMEO88 High Surface 0.00
737701.18 JME 088 High Deep 56.22
737701.23 East FCC New 1 Surface 8.85
737701.25 East FCC New 1 Deep 62.04
737701.29 JMEO90 Surface 15.25
737701.30 JMEQ90 Deep 54.80
737701.31 East Control Hunter Brown Surface 2.28

Appendix 8. Summary of % composition of particle < 2000 um

% Clay |% Silt |% Sand |% Gravel
Sample Name
737701.1 FCC West Control Surface 0.11 20.20 50.00 29.73
737701.2 FCC West Control Control 0.22 27.72 65.05 6.96
737701.3 JMEQS83 Surface 0.03 18.96 62.31 18.72
737701.4 JMEQ83 Deep 0.01 3.21 24.18 72.56
737701.5 JMEOQ81 Surface 0.09 22.14 42.27 35.53
737701.6 JIMEO81 Deep 0.00 3.16 36.34 60.47
737701.11 FCC 2 West (2) Mid surface 0.23 71.32 28.45 0.00
737701.12 FCC 2 (Mid) Deep 0.15 26.49 73.36 0.00
737701.17 JMEO88 High Surface 0.50 77.39 22.12 0.00
737701.18 JME 088 High Deep 0.08 5.46 38.26 56.22
737701.23 East FCC New 1 Surface 0.32 55.85 34.92 8.85
737701.25 East FCC New 1 Deep 0.11 6.93 30.96 62.04
737701.29 JMEQ90 Surface 0.24 36.12 48.44 15.25
737701.30 JMEQ90 Deep 0.27 15.01 29.91 54.80
737701.31 East Control Hunter Brown Surface 0.12 19.13 78.44 2.28

Davidson Environmental Ltd., P. O. Box 958, Nelson 7040
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