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EXECUTIVE SUMMARY 

Lyttelton Port of Christchurch Ltd has approval, under Canterbury Earthquake (Resource Management 
Act Port of Lyttelton Recovery) Order 211, to use clean earthquake rubble from the city of 
Christchurch as fill material to build a 10 ha reclamation in Te Awaparahi Bay adjacent to its 
operations at Cashin Quay.  As a result of concerns regarding potential contamination of harbour 
waters from this material, Cawthron Institute was contracted to assess the quality of water, sediment 
and shellfish from points within and offshore from Te Awaparahi Bay during reclamation construction 
activities which had been in progress for approximately five months.   
 
The survey was carried out on 24 August 2011, with a number of samples being collected and 
analysed for contaminants of potential concern.  The analytical results were compared against 
historical reference data, the available literature and relevant guidelines.   
 
Concentrations of all metal contaminants analysed in both water and sediment samples were within the 
relevant criteria specified by the ANZECC (2000) guidelines and, for water, there was no correlation 
with levels of total suspended solids measured in turbidity plumes associated with reclamation 
activities.  The plumes themselves did not exceed levels of turbidity expected within the Harbour from 
periodic storm events. Measurements of pH showed no deviation from expected levels for Harbour 
waters.  For sediments, both metals and organic contaminants were at low levels and within ranges 
established for Te Awaparahi Bay prior to commencement of reclamation activities.   
 
Although contaminants measured in the tissues of green-lipped mussels collected from Te Awaparahi 
Bay were not able to be compared with a suitable control sample, comparison with local and national 
data-sets for this and another common mussel species indicated that levels did not exceed those 
expected for a slightly to moderately disturbed harbor environment.  As such, the data are consistent 
with a conclusion that reclamation activities are not leading to contamination of shellfish that exceeds 
background levels for Lyttelton Harbour. 
 
The relatively small amount of treated timber incorporated in the rubble fill material does not 
represent a significant source of contamination relative to existing treated wood structures and inputs 
of copper from vessel anti-fouling coatings.  Together with other incidental materials, the long-term 
encapsulation of treated timber within the reclamation will result in very limited future exposure of 
these low-level contaminant sources to Harbour waters.  In considering potential pH effects from the 
introduction of large quantities of concrete rubble to Harbour waters, neither the existing international 
literature, nor records of direct measurement suggests that such effects are occurring. 
 
Although the environmental survey was temporally and spatially limited, the focus on multiple lines of 
evidence, including water, sediment and bioaccumulation analyses has provided a combined data set 
which gives assurance that contamination of Harbour environments from the placement of earthquake 
rubble in Te Awaparahi Bay is not occurring at detectable levels. 
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1. INTRODUCTION 

1.1 Background 

Lyttelton Port of Christchurch Ltd (LPC) has approval, under Canterbury Earthquake 
(Resource Management Act Port of Lyttelton Recovery) Order 211, to use clean earthquake 
rubble from the city of Christchurch as fill material to build a 10 ha reclamation in Te 
Awaparahi Bay adjacent to its operations at Cashin Quay.  Placement of this material within 
the sub-tidal zone adjacent to the shore has been occurring since April 2011, with this activity 
effectively becoming a continuous operation since 7 June.  As a result of concerns regarding 
potential contamination of harbour waters from this material, Cawthron Institute (Cawthron) 
was contracted to implement a sampling survey and assessment of water, sediment and 
shellfish from points within and offshore from Te Awaparahi Bay during reclamation 
construction activities.  The survey was carried out on 24 August 2011 over a high tide. 
 
 

1.2 Scope and limitations 

This report presents the results of sample analyses and discusses these in the context of 
potential contaminant sources in the rubble used as reclamation fill.  Data collected regarding 
turbidity plumes and water movements in Te Awaparahi Bay during the survey will be 
reported separately. 
 
For both practical and safety reasons, sampling was limited to areas outside a floating boom 
and curtain, set to contain floatable debris and limit the propagation of silt plumes.  
Nonetheless, turbidity plumes were able to be identified using continuous turbidity and 
transmissivity readings and these were used to guide the collection of water samples.  This 
information was also used, along with tracking drogue deployments, to collect control samples 
up-current of such plumes on both the flood and ebb tidal phases.  Since the placement of fill 
material will occur over a significant time period, consideration of the results of water quality 
analyses carries the implicit assumption that the day of sampling was reasonably typical in 
terms of the nature of the fill material deposited and the level of construction activity. 
 
Reference data for sediments existed in the form of Te Awaparahi Bay sediment analyses 
carried out on samples collected prior to the commencement of reclamation activities.  
Although it was intended to collect a control sample for shellfish at a point in the harbour 
remote from construction works, this was not possible on the day of the survey and reference 
has been made to existing local, national and international shellfish data.  
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2. METHODOLOGY 

The fieldwork was carried out on Wednesday 24 August 2011 between 09:30 and 15:30 
NZST.  High tide occurred at 12:08 and was 2.1 m relative to chart datum.  The spatial layout 
of sampling locations is plotted in Figure 1.  Coordinates for all sample stations are provided in 
Appendix 1. 
 
 

 
 
Figure 1. Aerial photograph (2010) with overlay showing spatial layout of sample collection in Te 

Awaparahi Bay, 24 August 2011. 
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All field work was undertaken from the University of Canterbury research vessel Rapaki.  The 
work area was limited to outside the floating containment boom placed to prevent the escape 
of floating debris.  The survey vessel was equipped with instrumentation to continuously 
monitor and record turbidity and transmissivity (water clarity) at a depth beneath the surface of 
approximately 1 m.  This allowed the tracking of turbidity plumes propagating from the 
construction activity.  GPS tracking drogues were also deployed throughout the survey to 
indicate near-shore water movements within the Bay.  
 
 

2.1 Water quality samples 

Over the course of five hours during reclamation construction activities, nine discrete seawater 
samples were collected at various points offshore in Te Awaparahi Bay from approximately 
0.5-1 m below water surface level.  Locations for most of the samples were at points close to 
the floating boom (Figure 1).  However, two control samples were also collected at up-current 
locations further offshore.  Sample timing (Figure 2) was mostly predicated by maximum 
water turbidity (as metered by continuous logging equipment on the survey vessel) to ensure 
that the sample was influenced by sediment plumes generated by the placement of earthquake 
rubble. 
 
 

 
 
Figure 2. Timing of water sample collection relative to tidal state on 24 August 2011. 

 
 
As samples were collected, readings of nephelomentric turbidity and pH of surface waters 
were taken (Hach 2100 field turbidimeter and Yellow Springs Instruments Inc WQS 650/600R 
hand-held multi-parameter sensor, respectively).  Values for these parameters were 
subsequently backed up by laboratory measurements on the samples.  During sample 
collection, simultaneous readings of transmissivity and Optical Back-Scatterance (OBS) 
turbidity were also recorded.  The samples were kept on ice for transport back to the laboratory 
for the analysis of water quality parameters.  Chemical analyses were conducted for a suite of 
metals/metalloids comprising arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), nickel 
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(Ni), lead (Pb), zinc (Zn) and mercury (Hg).  While all of these are considered typical of a 
range of anthropogenic sources, their inclusion was not necessarily predicated by an 
expectation of significant levels in the earthquake rubble.  A summary of analytical methods is 
listed in Table 1.  Results of trace metal analyses were compared against national marine water 
quality criteria (ANZECC 2000, Table 3.4.1).   
 
 

Table 1. Summary of laboratory analytical methods used for the nine water samples collected from Te 
Awaparahi Bay. 

 
Analyte Method Number Description 
Trace metals 
(As, Cd, Cr, Cu, Ni, 
Pb, Zn) 

APHA 3030 E and 3125 B 2-
10, 21st ed. 2005. 

Nitric acid digestion, ICP-MS with dynamic 
reaction cell, 2-10 ultratrace. 

Trace metals (Hg) APHA 21st Edn 3112 B Sample digested with HNO3/H2SO4 + 
KMnO4, reduced by acidic solution and the 
Hg vapour released by a nitrogen stream.  
Determined by cold vapour atomic 
adsorption spectroscopy. 

pH APHA 21st Edn 4500 H B Calibrated pH probe (glass electrode). 
Turbidity USEPA Method 180.1 Nephelometric turbidity 
Total Suspended 
Solids (TSS) 

APHA 21st Edn 2540 D Gravimetric determination. Filtered and 
dried at 105°C. 

 
 

2.2 Sediment quality samples 

An Eckman Grab was employed to collect surficial sediment samples from six locations 
outside the floating boom (Figure 1).  While an effort was made to space these sample stations 
along and just offshore from the boom, placement was somewhat restricted by the positions of 
the boom anchors.  Furthermore, the general coarseness of the substrate and the incidence of 
shell fragments in the profile prevented the collection of a suitable sample near the northern 
inshore end of the boom. 
 
The grab contents were checked to ensure they represented undisturbed surface sediments, 
photographed, then sub-sampled into clean polybags from the top 2 cm of the profile with a 
plastic scoop.  A separate composite sediment sample (for analysis of semi-volatile organic 
compounds) was made up with equal quantities from all six individual samples.  This was 
collected into a clean glass sample jar.  All samples were stored on ice for transportation back 
to the laboratory and then at 4ºC until required for analysis.  A summary of analytical methods 
is listed in Table 2. 
 
Results of trace metal and SVOC analyses were compared against national sediment quality 
criteria (ANZECC 2000), where applicable.  These guidelines aim to predict ‘acceptable’ 
levels of contaminants in sediment, above which adverse ecological effects may occur.  The 
criteria are defined as Interim Sediment Quality Guideline-Low (ISQG-low) and Interim 
Sediment Quality Guideline-High (ISQG-high), representing two distinct threshold levels 
above which biological effects are predicted.  The lower threshold (ISQG-low) indicates a 
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possible biological effect and is intended as a trigger value for further investigation, while the 
upper threshold (ISQG-high) indicates a probable biological effect.  It should be noted that the 
guidelines are limited to certain individual analytes, and do not take into account the possible 
synergistic effects of combined contaminants within sediments.   
 
 

Table 2. Summary of analytical methods used for the six sediment samples collected from Te Awaparahi 
Bay. 

 
Analyte Method Number Description 
Trace metals 
(As, Cr, Cu, Pb, Zn) 

USEPA 2002 
mod./APHA metals by 
ICP-OES 

Detected by ICP-OES (inductively coupled 
plasma optical emission spectroscopy) following 
nitric/hydrochloric acid digestion. 

Trace metals (Hg) USEPA 245.5 modified Sample digested with HNO3/H2SO4 + KMnO4, 
reduced by acidic solution and the Hg vapour 
released by a nitrogen stream.  Determined by 
cold vapour atomic adsorption spectroscopy. 

Semi-volatile 
organic compounds 
(SVOC) 

USEPA 3540, 3550, 
3640 & 8270 

Sonication or pressurised fluid extraction using 
Accelerated Solvent Extraction (ASE) technique 
at elevated temperature and pressure.  Detected 
by GC-MS Selected Ion Monitoring mode  

 
 

2.3 Shellfish tissues 

Green-lipped mussels (Perna canaliculus) were collected from the intertidal zone of the reef 
substrate at Battery Point at the eastern end of Te Awaparahi Bay (Figure 1).  Triplicates of 15 
individual shellfish were wrapped in clean aluminium foil, placed in pre-labelled polythene 
bags and stored on ice for transport to the laboratory according to standard sampling protocols 
(USEPA 1995).  Tidal state and weather conditions prevented the collection of a second 
sample from an appropriate control location within Lyttelton Harbour. 
 
In the laboratory, the shellfish were shucked, and individuals from each replicate were 
homogenised into a single sample and tested for concentrations of trace metals (As, Cr, Cu, Pb, 
Hg, Zn).  A composite sample of the combined replicates was analysed for a suite of organic 
compounds comprising polychlorinated biphenyls (BCBs), polycyclic aromatic hydrocarbons 
(PAHs) and organochlorine pesticides (OCPs) (Table 3).   
 
Results of shellfish bioaccumulation analyses were compared against national and 
international food standard criteria in the form of Median International Standards (MIS) for 
Trace Elements in Shellfish (Rasmussen 2000) and the Australia New Zealand Food Standards 
Code Standard 1.4.1 (ANZFSC 2002), respectively.  These guidelines provide maximum 
levels of specified metal contaminants in nominated foods.  Comparison based on a greater 
range of metals and other potential contaminants was able to be made with historical data on 
blue mussels (Mytilus edulis galloprovincialis) from Lyttelton Harbour and with other studies 
concerning P. canaliculus and M. edulis in the literature. 
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Table 3. Summary of analytical methods used for shellfish samples (Perna canaliculus) collected from 
Battery Point, Te Awaparahi Bay. 

 
Analyte Method Number Description 
Trace metals 
(As, Cr, Cu, Pb, Zn) 

AOAC 935.13 mod/APHA 
3120B Acid dig. ICP-OES. 

Detected by ICP-OES (inductively coupled 
optical emission spectrometry) following 
nitric/hydrochloric acid digestion 

Trace metals (Hg) USEPA 245.6 modified Sample digested with HNO3/H2SO4 + 
KMnO4, reduced by acidic solution and the 
Hg vapour released by a nitrogen stream.  
Determined by cold vapour atomic 
adsorption spectroscopy. 

Organic compounds PCB, PAH And OCP in 
Biomatter 

Detected by GC-MS (gas chromatography 
mass spectrometry), following 
acetone/hexane extraction, alumina and 
GPC cleanup 
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3. RESULTS AND DISCUSSION 

3.1 Reclamation construction activity 

On the day of the survey, observed reclamation activity with the potential to directly influence 
water quality was of two types.   

1. A large crane with a suspended tray/bucket was being used to place larger rubble 
(mostly sections of reinforced concrete) out from the shoreline (Figure 3A).  This 
activity generally occurred throughout the monitoring survey but ceased for an hour 
between approximately 10:15 and 11:15.  While this activity undoubtedly led to the 
increased turbidity inside the boom, it did not result in the propagation of plumes 
which were visibly distinct when viewed from sea level. 

2. From 13:00, a bulldozer was employed to push what appeared to be mostly brick 
rubble into the harbour from piles adjacent to the shoreline in the southern part of the 
boomed area (Figure 3B).  This resulted in visibly distinctive shoreline plumes which 
extended out to the floating boom and were detectable via transmissometer readings 
further out into the Bay. 

 

 
 
Figure 3. Reclamation construction activity in Te Awaparahi Bay on the day of the water quality survey 24 

August 2011.  A: Crane and bucket.  B: Edge tipping by bulldozer. 
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3.2 Water samples 

3.2.1 Metals and metalloids 

Results for water quality analyses are presented in Table 4, along with both field and 
laboratory measurements of turbidity.  Also shown are transmissivity readings taken at the 
time of sample collection.  Results for the analysis of cadmium, chromium and mercury are not 
shown as these did not exceed analytical detection limits for any sample (Cd <0.21 g/m3, Cr 
<1.1 mg/m3, Hg <0.1 mg/m3).  Arsenic and copper were detected in separate samples (WQU08 
and WQU05; Table 4) on just one occasion each, but it is noted that these were at levels only 
marginally exceeding analytical detection limits (ADL). 
 
 

Table 4. Contaminants and physical and optical parameters of water samples collected in the vicinity of Te 
Awaparahi Bay during reclamation activities on 24 August 2011.  Values in bold font denote 
where metals were measured above the ADL.  Cadmium, chromium and mercury were below 
ADL for all samples.  Shaded cells represent the two control or reference samples collected further 
off-shore and up-current. 

 

Sample 
Metals/metalloids 

(mg/m3) 
TSS 

(g/m3) 
Turbidity 

(NTU) 
Xmiss 
(%) 

 Arsenic Copper Lead Nickel Zinc  (Lab) (field) (field) 
WQU01 <4.2 <1.1 <1.1 10.8 <4.2 10 2.1 - 48 
WQU02 <4.2 <1.1 1.4 17.3 8.8 18 7.9 7.6 20 
WQU03 <4.2 <1.1 <1.1 12.1 <4.2 16 9.7 8.9 25 
WQU04 <4.2 <1.1 2.7 11.9 7.4 20 10 11.2 19 
WQU05 <4.2 1.2 2.2 9.7 6.7 31 22 16.5 17 
WQU06 <4.2 <1.1 <1.1 12.2 5.7 31 16 15.5 9 
WQU07 <4.2 <1.1 <1.1 10.9 6.6 37 22 21.3 6.5 
WQU08 4.5 <1.1 <1.1 8.6 <4.2 8 3.4 5.1 39 
WQU09 <4.2 <1.1 <1.1 9.0 8.3 25 13 12.7 16.5 

ANZECC (2000)         
95% - 1.3 4.4 70 15     
90% - 3 6.6 200 23     

 

 
 
Concentrations of all metal contaminants analysed were below corresponding trigger values 
listed by ANZECC (2000) for the protection of 95% of species.  This level of protection is 
recommended by ANZECC for slightly to moderately disturbed systems, a category 
considered appropriate for Lyttelton Harbour.  Only nickel was above ADL in all water 
samples.  With regards to nickel, ANZECC (2000) notes that the 95% value “may not protect 
key test species from chronic toxicity” and recommends the 99% protection level (7 mg/m3) as 
being more conservative.  However, nickel results for all samples taken during the survey 
exceed this value, including the control samples, and there was no correlation with plume 
parameters. 
 
Levels in relation to the ANZECC (2000) guideline levels should be interpreted with some 
caution.  Since fine particulate material associated with the earthquake rubble is considered a 
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key potential source of contamination to the harbour, the water samples were not filtered 
before analysis and attempts were made to sample within turbidity plumes propagating from 
reclamation activities.  The preservation, by acidification, of these samples, and their later 
digestion prior to analysis, means that these results represent total recoverable metals in the 
water samples rather than dissolved metals. 
 
Although the trigger values for water recommended by ANZECC (2000) are based on the most 
bioavailable (dissolved) fraction of metals, the guidelines note that non-filtered samples 
represent a conservative first step in comparison to the listed criteria. 
 

“Often, users will find it easier and most economical to compare total unfiltered 
concentrations initially.  Comparison of total concentrations will, at best, 
overestimate the fraction that is bioavailable.  The major toxic effect of metals comes 
from the dissolved fraction, so it is valid to filter samples (e.g. to 0.45 μm) and 
compare the filtered concentration against the trigger value.”  

 
For this reason, it is not considered that exceedance of the 99% trigger value for nickel should 
automatically be cause for concern, especially since the two control samples were at similar Ni 
levels to those taken in close proximity to the construction activity. 
 
Despite the above-noted potential for metals contribution from suspended particulates, there 
was no correlation between detectable metals levels (Pb, Ni, Zn) and total suspended solids 
(TSS) although, in the case of zinc, the three non-detects were from samples with the lowest 
TSS, including the two controls. 
 
 

3.2.2 Suspended particulates 

While the elevated levels of turbidity and TSS measured adjacent to the containment boom 
(Table 4) are undoubtedly due to the reclamation activity observed, these are not considered 
high compared to those which may be attained within Lyttelton Harbour during periodic storm 
resuspension and run-off events.  Further, in regard to the source of this particulate matter, it 
cannot be assumed to derive completely from the earthquake rubble being deposited.  A 
substantial component, if not the major proportion, of suspended material associated with such 
plumes will be made up of existing fine harbour sediments resuspended from the seabed 
during placement of rubble. 
 
 

3.2.3 pH 

Seawater pH is usually in the range 7.7 to 8.4 in marine surface waters and typically between 
8.0 – 8.3 in New Zealand coastal waters. The pH of estuarine waters is more variable than that 
of the open sea (more typically in the range 7.5 - 8.4). In estuaries, pH variability is closely 
linked to salinity changes, photosynthetic processes, and dissolved oxygen cycles. Reduced pH 
is often associated with estuarine freshwater inputs. 
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ANZECC (2000) concedes that no pH guidelines have been developed for New Zealand as yet, 
but provides guidelines for Southeast Australian marine waters which state that the pH should 
not be permitted to vary outside the range 8.0 – 8.4.  The earlier ANZECC (1992) guidelines 
used a criterion whereby, in marine waters, the pH should not be permitted to vary by more 
than 0.2 units from the normal or background values.  
 
Field and laboratory pH measurements for the samples collected were within the ranges 8.0-
8.2 and 8.10-8.17, respectively (Table 4).  These are completely within the acceptable range 
for seawater, consistent with the location in the lower Harbour and the absence of significant 
estuarine character for Lyttelton Harbour as a whole. 
 
 

3.3 Sediment samples 

3.3.1 Field observations 

Photographs of the sediments collected by Eckman Grab from points outside the floating 
containment boom are presented in Appendix 2.  These were visually consistent with samples 
collected from inner Te Awaparahi Bay by Sneddon & Barter (2009) prior to reclamation 
activities, being composed principally of fine grey/brown muds.  The coarser material in the 
north of the Bay which prevented the collection by grab of a suitable sample for the present 
study was also a noted feature of the 2009 investigation.  In the two northern-most samples 
(SED01 and SED02), fine sediments were interspersed with shell fragments and other granular 
material.  Small black particles of what appeared to be coal were also observed in all but 
sample SED05. 
 
 

3.3.2 Sediment metals/metalloids 

The results of sediment analyses for metals/metalloids are presented in Table 5, along with 
pre-reclamation ranges for both Te Awaparahi Bay and inshore Pegasus Bay.  The ANZECC 
(2000) ISQG-Low trigger values (above which an ecological response is considered possible) 
were not exceeded for any of the analytes tested; however, the criterion for mercury was 
equalled, and that for lead almost reached in sample SED06.  Mercury has previously been 
noted in sediments from Te Awaparahi Bay (Sneddon 2010) and elsewhere in the lower 
Harbour (Sneddon & Bailey 2010) and Port (Sneddon 2011).  Levels of both mercury and lead 
recorded for the current study do not exceed those established previously for Te Awaparahi 
Bay sediments (Table 5). 
 
Although arsenic was not analysed in the earlier study of Te Awaparahi Bay sediments 
(Sneddon & Barter 2009) a record of arsenic in Habour sediments west of the Port (Johnstone 
2005) indicates a background range for Lyttelton Harbour of 5-8 mg/kg, indicating no 
elevation in sediments collected for the current investigation. 
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Table 5. Contaminants measured in sediment samples collected from just outside the floating boom in Te 
Awaparahi Bay during reclamation activity 24 August 2011. 

 

Sediments Arsenic Chromium Copper Lead Mercury Zinc 
SED01 8 16 9.9 23 0.07 55 
SED02 8 15 8.2 22 0.07 54 
SED03 7 22 11 26 0.09 67 
SED04 7 20 11 28 0.12 68 
SED05 6 20 10 30 0.09 68 
SED06 7 21 15 49 0.15 93 
Pre-reclamation a - 8.3-22 7-22 12-100 0.03-3.2 c 38-82 
Inshore Pegasus Bay b - 18-22 6-7 11-13 <0.05 39-51 
ISQG-Low 20 80 65 50 0.15 200 
ISQG_High 70 370 270 220 1.0 410 

a. Sixteen sediment samples collected from Te Awaparahi Bay from adjacent to the shoreline out to 600 m from shore 
(Sneddon 2011). 

b. Nineteen sediment samples collected from an area 8 km ENE from Godley Head in water depths of approx. 20 m. 
(Sneddon 2009). 

c. It was indicated by re-sampling that the upper bound of this range for mercury was due to the influence of gross 
particulate material included in the digestion.  Discounting this high value, the range would be 0.03–0.54 mg/kg. 

 

 
 
Similarly, all other metals analysed in the current study recorded values within ranges 
previously established for Te Awaparahi Bay sediments.  The suggestion, in the Table 5 data, 
of a slight gradient in metals content increasing from north to south may relate either to 
changes in sediment texture (increasing fines content), and/or to patterns of deposition 
associated with a gyre set-up by tidal flow past the Cashin Quay breakwater. 
 
 

3.3.3 Sediment organic contaminants 

The list of compounds comprising the SVOC suite covers 71 individual contaminants across a 
range of classes including, organochlorine pesticides (OCPs), polycyclic aromatic compounds 
(PAHs), haloethers, plasticisers and phenols (see Appendix 3).  Within this suite of analytes, 
only 11 PAH compounds occurred above ADL in the composite sample of sediments from the 
six stations (Table 6).  PAHs are compounds formed by the incomplete combustion of organic 
material.  Natural background levels of PAH are found in the environment from events such as 
forest fires and volcanic activity.  However, their widespread occurrence results largely from 
formation and release during the incomplete combustion of coal, oil, petrol and wood.  They 
are also components of petroleum and its products.  The PAHs detected in the Te Awaparahi 
Bay sediment sample were at generally low levels and were within ranges previously reported 
for PAHs in the sediments of near-shore Te Awaparahi Bay with the exception of 
2-Methylnaphthalene, which was not part of the earlier analyte list (Conwell 2008).  It has 
been previously inferred from the apparent presence of coal and coke particulate material in 
these sediments, combined with an observed absence of benthic community effects, that much 
of the measured PAH load may be of limited bioavailability (Sneddon & Barter 2009). 
 



 
 

 
 
 12 Report No. 2015 
 October 2011 

Although ISQG-Low trigger values were exceeded for two low- and two high-molecular 
weight PAHs, it should be noted that the ANZECC sediment guidelines for organic 
contaminants specify that concentrations should be normalised to 1% organic carbon.  
Although organic carbon data was not generated for the sampled sediments, previous organic 
enrichment (AFDW) data for inshore Te Awaparahi Bay (Sneddon & Barter 2009) gives a 
level for total organic carbon1 in the range 1.0-1.7%.  Therefore, application of such 
normalization to the current results would have the effect of shifting guideline-comparable 
results downwards.  Consequently, the comparison in Table 6 is inherently conservative. 
 
 

Table 6. Organic contaminants measured in composite samples of sediments and mussels (~45 individuals) 
collected from Te Awaparahi Bay during reclamation activity. Values in bold font denote 
concentrations above the ADL.  Shaded cells denote exceedance of ISQG-Low in sediments. 

 

 Sediment (mg/kg dry wt) Shellfish 
Analyte 24/08/2011 2008 ANZECC (2000) b tissue 

 
Composite 

 
Pre-reclamation 
Range (n = 4) a 

ISQG-
Low 

ISQG-
High 

 (mg/kg 
wet wt) 

Organochlorine Pesticides      
4,4'-DDD < 0.19    0.0012 
4,4'-DDT < 0.4    0.0027 

Polycyclic Aromatic Hydrocarbons      
Naphthalene 0.11 <0.013 – 0.150 0.16 2.1 < 0.006 
2-Methylnaphthalene 0.24 - - -  
Anthracene 0.10 0.0049 – 0.160 0.085 1.1 < 0.0008 
Phenanthrene 0.44 0.0414 – 0.510 0.24 1.5 < 0.003 
Pyrene 0.63 0.097 – 3.600 0.665 2.6 0.0029 
Fluoranthene 0.61 0.046 – 0.800 0.6 5.1 0.0018 
Benzo[a]anthracene 0.28 0.018 – 0.320 0.261 1.6 0.0011 
Chrysene 0.27 0.027 – 0.370 0.384 2.8 0.0013 
Benzo[a]pyrene (BAP) 0.29 0.065 – 1.600 0.43 1.6 < 0.0008 
Benzo[b]fluoranthene 0.35 0.048 – 0.620 - - 0.0012 
Benzo[g,h,i]perylene 0.24 0.052 – 1.000 - - 0.0012 

Total PAHs 4.05 c  4.00 45.0  
Polychlorinated biphenyls      

PCB-60     0.0019 
PCB-138     0.0014 
PCB-153     0.0015 
Total PCB (Sum of 35 congeners)     < 0.03 

a. Monitoring associated with coalyard stormwater outfall consent (Conwell 2008). 
b. Normalised to 1% organic carbon. 
c. Calculated using values for undetected PAHs at half ADL. 

 
 
In a recent revision of the ANZECC Sediment Quality Guidelines (Simpson et al.2008), the 
trigger values for individual PAHs have been removed for the reason that it is uncommon that 
an individual PAH will, by itself, dominate the total PAHs concentration.  In addition, the 

                                                 
1 The relationship between ash free dry weight (AFDW) and total organic carbon (TOC) can be approximated 
according to the following linear equation:  TOC=0.431(AFDW)+0.034  (Luczak et al. 1997) 



 
 

 
 
 Report No. 2015 13
October 2011  

trigger value (SQG-Low) for total PAHs has been revised upwards, from 4 mg/kg (dry weight) 
to 10 mg/kg, effectively placing sediment PAH concentrations in Table 6 at beneath levels 
where an ecological effect may be expected. 
 
 

3.4 Shellfish samples 

3.4.1 Mussel tissue metals/metalloids 

Results of analysis of the three replicate green-lipped mussel samples for metal and metalloid 
contaminants are listed in Table 7.  Their location at Battery Point at the eastern end of Te 
Awaparahi Bay made them the closest accessible mussel colony to the reclamation works of 
suitable density for sampling.  The choice of P. canaliculus rather than the generally more 
common Mytilus edulis galloprovincialis was due to their accessibility in the less-than-
favourable sea and tidal conditions which also contributed to the failure to locate a suitable 
control sample within Lyttelton Harbor.   
 
Relevant food standards and guidelines concerning metals levels include Standard 1.4.1 for 
Contaminants and Natural Toxicants in Food (ANZFSC 2002), which lists the maximum 
levels (ML) of specified metal and non-metal contaminants and natural toxicants in nominated 
foods.  For the trace metals analysed in shellfish for the current survey, MLs exist for arsenic, 
lead, and mercury.  In addition, the Median International Standards (MIS) list International 
Standards for Trace Elements in Fish and Molluscs (Rasmussen 2000).  The only metal for 
which food standards were exceeded in the P. canaliculus samples was arsenic, with a range of 
2.6 – 3.0 mg/kg wet weight (Table 7).  While the exceedance of the ANZFSC arsenic standard 
(1 mg/kg) was more than marginal, it is noted that the standard refers explicitly to inorganic 
arsenic.  Arsenic species occurring in seafood are predominantly in organic forms such as 
arsenobetaine.  While metabolic pathways for organic arsenic compounds are not well 
understood, it is generally accepted that such compounds in seafood are not very toxic in living 
systems (e.g. Sakurai 2002). 
 
The information available on background metals levels in P. canaliculus suggests that the 
sample was not elevated in mercury, copper, lead or zinc (Table 7).  Some background 
information on metals in blue mussels (Mytilus edulis galloprovincialis) was available from 
earlier studies in Lytttelton harbour (Conwell & Sneddon 2006a; Sneddon & Bailey 2010 - 
Table 8).  Due to physiological factors, overall differences in metals concentrations between 
species should be interpreted with caution, even where taxonomic and trophic differences are 
not pronounced.  For instance, Kelly & McMurtry (2004) report that, while both are filter-
feeding bivalves, oysters and mussels differ in their ability to concentrate trace elements and 
are therefore not directly comparable.  However, they also note that, although slight inter-
species variations may occur, reasonable comparisons can still be made among oyster or 
mussel species.  For this reason, the data for M. edulis is considered relevant and it can be seen 
that metals levels in this species occupy similar ranges to that for P. canaliculus (Table 8). 
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Table 7. Metal concentrations (mg/kg wet weight) in tissues of Perna canaliculus collected from Battery 
Point 24 August 2011, compared to food standards guidelines (shaded cells) and available 
literature. 

 

Sample replicate/ reference Mercury Arsenic Chromium Copper Lead Zinc 
Battery Pt A 0.03 2.6 0.24 1.60 0.30 17 
Battery Pt B 0.03 2.9 0.2 0.81 0.32 19 
Battery Pt C 0.02 3.0 0.18 0.89 0.22 18 

MIS Guideline a 0.5 1.4 1 20 2 70 
ANZFSC (2002) 0.5 1 - - 2 - 
Nielson & Nathan (1972) b 0.09 - - 1.8 1.8 21 
Fenaughty et al. (1988) c 0.03 - - - <0.2 - 
Larcombe et al. (1986) d 0.01-0.05 - - - 0.04-0.27 - 

 
a. Rasmussen (2000) 
b. Mean concentrations from up to 30 sites around New Zealand. 
c. Summary of data collected by MAF (west coast of North Is) from the mid-1970s to late 1980s. Cited in Turner et 

al. (2005). 
d. Collected in 1981 from a North Taranaki area considered to be ‘unpolluted’ Cited in Turner et al. (2005). 

 
 

Table 8. Metal concentrations (mg/kg wet weight) in tissues of Mytilus edulis (blue mussel) collected from 
Lyttelton Harbour prior to reclamation activities, compared to available literature. All values 
mg/kg wet weight. 

 
Location/Reference Mercury Arsenic Chromium Copper Lead Zinc 
Lyttelton Harbour       

Rapaki a 0.024 - 0.34 1.50 0.38 38 
White Patch Pt a 0.024 - 0.27 1.30 0.41 30 
Magazine Bay b 0.016 - - 1.20 0.24 30 

Bluff c 0.023-0.04 3.1-6.5 0.27-0.51 0.58-1.5  8.9-13 
Nielson & Nathan (1972) d 0.23 - - 8.3 0.67 14 
Fenaughty et al. (1988) e 0.02 - - - <0.2 - 
Rasmussen (2000) EDL85 f 0.05 3.74 g 0.73 2.28 1.61 42.92 

 
a. Data from Sneddon & Bailey (2010). 
b. Data from Conwell & Sneddon (2006a). 
c. Data from Conwell & Sneddon (2006b). Samples from Tiwai Point and Dog Is. 
d. Mean concentrations from up to 30 sites around New Zealand. Cited in Turner et al. (2005). 
e. Summary of data collected by MAF (west coast of North Is) from the mid-1970s to late 1980s. Cited in Turner et 

al. (2005). 
f. State Mussel Watch Program Elevated Data Level 85 (85th percentile) for trace elements in Mytilus edulis 

Calculated Using 1977 - 1997 Data for resident populations. Rasmussen (2000) 
g. Value for California Mussels (Mytilus californianus) due to insufficient data for M. edulis. Rasmussen (2000) 

 
 
As a geologically young country of volcanic origin, New Zealand is relatively rich in minerals, 
many of which contribute locally to concentrations in coastal environments.  These geological 
influences can lead to relatively large local variations in levels of some metals (Gillespie et al. 
2011).  Arsenic is frequently associated with geology of volcanic origin and, for this reason, 
elevated As levels are not uncommon in New Zealand environments.  Turner et al. (2005) cite 
a study by Robinson et al. (1995) which reported arsenic levels in mussels from the mouth of 
the Waikato River (which receives large volumes of geothermal, industrial, agricultural and 
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domestic effluent) at over three times the levels for a control estuary (Raglan); however, the 
rivermouth samples were within the As range reported by Kelly & McMurtry (2004) for 
mussels from the Manukau Harbour. 
 
Similar to the occurrence of arsenic, it should be noted that, despite its recognised toxicity, 
mercury is also environmentally ubiquitous and that shellfish contain natural background 
levels that are not necessarily attributable to any environmental contamination. Turner et al. 
(2005) cite Hoggins & Brooks (1973) as estimating background levels of mercury in P. 
canaliculus in New Zealand at 0.02 mg/kg, a value which is consistent with the results of the 
current study. 
 
 

3.4.2 Mussel tissue organic contaminants 

Mussel tissues from Te Awaparahi Bay were analysed for organochlorine pesticides (OCPs), 
polycyclic aromatic hydrocarbons (PAHs) and poly chlorinated biphenyls (PCBs).  Results for 
analytes measured above analytical detection limits are listed along with sediment results in 
Table 6.  Full results are listed in Appendix 3.   
 

(i) PAHs 
Significant bioaccumulation of PAHs can occur in invertebrate species which have limited 
ability to metabolise them.  Bivalves are known to have generally poor physiological 
capability to eliminate PAHs (Ahrens et al. 2005).  Unlike PCBs and some organochlorine 
pesticides, PAHs do not appear to biomagnify in food webs.  However, many PAHs are 
chronically and/or acutely toxic to a range of aquatic organisms (ANZECC 2000). 
 
Of the 11 PAHs detected in sediments, six were also detected in mussel tissues but at relatively 
low levels (Table 6), consistent with both significant retention by sediments and the relative 
exposure of the shellfish sampling site to flushing processes.   
 

(ii) Persistent organochlorine pesticides 
DDT (dichlorodiphenyltrichloroethane) and its breakdown product DDD 
(dichlorodiphenyldichloroethane) were both measured at low levels (0.0027 mg/kg and 
0.0012 mg/kg, respectively) in the mussel tissue sample from Te Awaparahi Bay.  As for some 
other historically used organochlorine pesticides, these are now banned in New Zealand but 
DDT and its congeners are now found ubiquitously in the environment owing to their 
persistence, accumulation in soils and sediments, and particularly their ability to accumulate in 
the fatty tissues of animals (Turner et al. 2005).   
 
Kelly & McMurtry (2004) found that the concentrations of organocholorine pollutants in 
Auckland shellfish samples (mussels and oysters) varied with the sampling locations, the 
season of collection and species, but were generally higher than those in the sediments.  Solly 
& Harrison (1972) reported levels of DDE (dichlorodiphenyldichloroethylene, as the only 
DDT congener detected) in P.canaliculus from the Firth of Thames (Auckland) and the 
Marlborough Sounds of <ADL-0.01 mg/kg and <ADL-0.03 mg/kg, respectively. 
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(iii) PCBs 
The use of PCBs has been banned in New Zealand since 1994, but they were used heavily in 
many types of industry.  Turner et al. (2005) reported that PCBs, being lipophilic and highly 
persistent, are detected in shellfish more frequently and in higher concentrations than the 
surrounding sediments.  Consistent with the current results for P. canaliculus from Te 
Awaparahi Bay (Table 6), it was claimed that the most frequently detected PCB congeners in 
estuarine shellfish are PCB-153 and PCB-138.  The median sum of PCBs in New Zealand 
estuarine shellfish has been measured as 0.00018 mg/kg (wet wt) with a range of 0.00011 – 
0.0129 mg/kg.  Although the results of the current analyses list total PCBs as <0.03 mg/kg, the 
sum of the three congeners detected is 0.0048 mg/kg which is within this range.  The ANZFSC 
(2002) limit for total PCBs in fish is 0.5 mg/kg (no specific limit for molluscs). 
 
 

3.5 Potential contamination sources in earthquake rubble 

3.5.1 Timber treatment chemicals 

It is estimated that up to 5% of the earthquake rubble arriving at Port Lyttelton is timber, with 
a proportion of that being either treated or painted.  In reference to the types of timber 
treatment used historically in New Zealand, Ahrens (2008) notes that: 
 

“Up to recently, there used to be three methods of wood treatment: creosote pressure-

treated wood, pentachlorophenol pressure-treated wood, and inorganic metal-
arsenical (CCA) pressure-treated wood. Over the last two decades, creosote and 
pentachlorophenol have dropped out of favour because of environmental concerns 
about their persistence and toxicity, and CCA has become the prevailing wood-
preservation method in New Zealand.” 

 
It is likely that most framing timbers in the rubble would be copper-chrome-arsenic (CCA) 
treated although some of the older treatments are likely to occur in some proportion of this 
material.  Creosote wood treatments are very high in aromatic hydrocarbons but also contain 
significant levels of phenols, cresols, and xylenols.  These compounds, together with 
pentachlorophenol, (PCP), were effectively covered by the SVOC suite of analytes for which 
the Te Awaparahi Bay sediment sample was tested and the PAH suite used for the mussel 
sample.  Low levels of PAHs consistent with ranges established by previous sampling, and the 
absence of detectable levels of the other organic contaminant classes, suggest that the 
earthquake rubble has not been a significant source of these compounds to Harbour 
environments. 
 
Release of contaminants from treated timber is time- and weathering dependent, with most 
studies in marine environments limited to stable sediments adjacent to treated structures.  In 
marine environments, most leaching has been shown to occur shortly after installation of 
freshly treated timbers.  Higher category treatments are generally reserved for construction 
timbers exposed to water and weather; material within the rubble which can be expected, for 
the most part, to be highly weathered.  While most framing timber in the construction rubble 
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will not be weathered, it will have undergone lower category treatments and its aged nature is 
likely to limit the rate of leaching. 
 
Highly localised effects on sediments have been described in the vicinity of marine pilings as a 
result of such leaching (Weis et al. 1993).  This is consistent with expectations that trace 
metals that are released to the water column will rapidly bind to suspended sediment particles.  
Keeley et al. (2009) noted that oyster racks may be constructed from treated timbers that have 
the potential to leach contaminants into surrounding waters.  However, sediment binding of 
contaminants is likely to reduce the potential for toxic effects on associated biota (Förstner 
1995), especially in well flushed environments.  Weis & Weis (2004) concluded that leaching 
effects are greater when the (CCA-treated) wood is new and are generally very localised to 
wood surfaces and directly adjacent sediments and biota except in very poorly flushed areas.  
The highly flushed environment of Te Awaparahi Bay is unlikely to lead to conditions where 
elevated water concentrations of treatment agents become detectable.   
 
While leaching of metals from treated timbers has been documented for exposed structures in 
marine environments, it should be noted that a significant degree of encapsulation of such 
incidental timber will occur in the Te Awaparahi Bay reclamation.  As such, the amount of 
treated timber surface directly exposed to Bay waters will be limited to the advancing face of 
the reclamation and any such material which floats free.  This surface area is likely to be much 
less than existing exposed treated timber (in the form of wharf, jetty and pile structures) within 
the Harbour as a whole.  Weis & Weis (2004) further reported that most of the harmful 
ecological effects of CCA wood in the aquatic environment appear to be due largely to the 
copper, rather than the arsenic.  This gives some context to the potential problem represented 
by the presence of treated timber in the rubble in light of the potentially more significant 
quantities of copper leaching from anti-fouling coatings on hull surfaces in busy ports and 
marinas. 
 
 

3.5.2 Concrete 

Most research into effects of concrete immersion in seawater has been focused on the potential 
degradation of concrete structures which may lead to a reduction in compressive strength.  The 
action of low pH seawater in sheltered situations associated with the decay of significant 
organic matter has been noted in this context; however, the highly buffered nature of seawater 
in most situations acts to maintain the stability of cured cement surfaces.  Hewlett (2004) notes 
that: 
 

“In normal seawater, some gradual carbonation of set cement occurs, and this may be 
beneficial by the formation of a protective surface skin, but it is doubtful if the free 
carbon dioxide plays more than a minor part in the leaching of lime from concrete.” 

 
In Guidelines for Marine Artificial Reef Materials, ARS (2004) state that un-reacted lime can 
make the surface of uncured concrete toxic to invertebrate organisms for three to 12 months 
but note that the majority of concrete used in reef applications is not used in the ‘green’ or 
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uncured form.  It was further reported that material from demolished concrete culvert 
deposited as artificial reef has developed thriving epifaunal communities equal in biomass and 
diversity to those of nearby natural substrates in less than two months.  In some instances, 
hundreds of thousands of cubic metres of concrete demolition debris has been placed in single 
areas for such reefs.  The Guidelines endorse the use of concrete rubble in the establishment of 
artificial reefs but advise consideration of incidental non-concrete materials which may be 
incorporated. 
 
The absence of any detectable pH effect on Bay waters within turbidity plumes during 
placement of rubble does not confirm that such an effect would not be detectable where high-
contact and residence time conditions occur, such as reclamation pore-waters.  However, it 
does indicate that ecological effects within adjacent Bay and Harbour waters are highly 
unlikely. 
 
 

3.5.3 Other incidental materials 

Although it is understood that processes are in place to ensure the status of the material used in 
the reclamation as ‘clean rubble’, the inclusion of a certain amount of other materials is 
unavoidable.  Paints will be intrinsically incorporated into much of the material from collapsed 
buildings, including an unknown proportion of older coatings which may contain toxic metals 
such as lead.  The prevalence of such paints in the rubble cannot be estimated with existing 
information but it is considered that the rate of leaching of metals from cured paints is likely to 
be very low compared to anti-fouling paints used in marine environments.  Hence it would not 
be expected that detectable increases in metals levels would be recorded from water samples 
collected during material placement.  Over the longer term, the effective encapsulation of 
reclamation material would further attenuate any leaching to Bay waters to negligible levels.  
 
Plastics may be inadvertently incorporated in fill material as electrical ducting, cable sheaving 
and panel products, although it is understood that much of this material would be screened out 
before placement.  Like cured paints, most plastic materials are relatively inert and would not 
be expected to produce a measureable increase in organic or metal contaminants during 
reclamation construction activities, especially as these are expected to represent very small 
surface area exposures relative to the bulk fill material.  In the longer term, there will be 
gradual breakdown of some materials depending on ground conditions (moisture content, 
permeability, redox environment, groundwater flow) but the diffuse nature of such material 
and a high degree of encapsulation, coupled with harbour flushing processes, are expected to 
make such fluxes relatively negligible. 
 
Incidental metals in clean rubble will largely be in the form of concrete reinforcing bar, with 
much of this encapsulated in cast concrete.  Gradual degradation of this iron material will 
occur; however, iron oxides are ubiquitous in marine sediments and are not of particular 
environmental concern.  Exposed metal surface area will not be large and release of other 
metals through corrosion of reinforcing bar will be negligible.  Some elemental copper, in the 
form of cabling, may be present in the rubble.  Although copper is naturally occurring and an 
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essential micronutrient, elevated concentrations are toxic to marine biota, a property exploited 
by the majority of anti-fouling coatings used on vessels.  Copper in the reclamation material is 
not expected to be more than a very small component and will represent a correspondingly 
small exposed surface in the advancing face of the reclamation during construction.  
Attenuation of copper release following encapsulation in the reclamation is also expected to be 
significant. 
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4. SUMMARY AND CONCLUSIONS 

Concentrations of all metal contaminants analysed in water samples were below corresponding 
trigger values listed by ANZECC (2000) for the protection of 95% of species; this level of 
protection being recommended for slightly to moderately disturbed systems, a category 
considered appropriate for Lyttelton Harbour.  Comparison of total recoverable concentrations 
of these metals to guideline values is inherently conservative due to the unfiltered nature of the 
samples and their elevated levels of suspended particulate material. 
 
For metals at detectable levels in water samples, there was no consistent correlation with levels 
of total suspended solids.  Although elevated concentrations of suspended solids were 
identified as plumes propagating from the deposition of fill material, these were not considered 
to be at levels which would exceed those generated in near-shore areas of the Harbour during 
periodic storm resuspension and run-off events.  Measurements of pH showed no deviation 
from expected levels for Harbour waters. 
 
Unlike concentrations in water, accumulation in both sediments and biota tends to integrate 
contaminant inputs over time.  The pre-existence of relevant data for both of these 
compartments, collected in the vicinity prior to reclamation activities, helps to isolate effects 
attributable to the activity from existing contaminant levels arising from a range of historical 
and current inputs. 
 
No sediment metal analytes exceeded ANZECC (2000) trigger levels (ISQG-Low) although, 
for a single sample, this criterion was equaled for mercury concentration.  All metals were 
within ranges established for Te Awaparahi Bay sediments prior to commencement of 
reclamation activities.  Of a comprehensive suite of organic contaminants, only 11 PAH 
compounds occurred above detection limits in the composite sediment sample.  Although four 
of these exceeded the ISQG-Low trigger level, all were within ranges historically established 
for Bay sediments. 
 
Although contaminants measured in the tissues of green-lipped mussels collected from Te 
Awaparahi Bay were not able to be compared with a suitable control sample, comparison with 
local and national data-sets for both P. canaliculus and M. edulis indicated that levels did not 
exceed those expected for a slightly to moderately disturbed harbor environment.  As such, the 
data is consistent with a conclusion that reclamation activities are not leading to contamination 
of shellfish at levels exceeding those of background for Lyttelton Harbour. 
 
The relatively small amount of treated timber incorporated in the rubble fill material does not 
represent a significant source of contamination relative to existing treated wood structures and 
inputs of copper from vessel anti-fouling coatings.  Together with other incidental materials, 
the long-term encapsulation within the reclamation will result in very limited future exposure 
of these low-level sources to Harbour waters.  In considering potential pH effects from the 
introduction of large quantities of concrete rubble to Harbour waters, neither the existing 
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international literature, nor records of direct measurement, suggests that such effects are 
occurring. 
 
The environmental survey described by this report was relatively limited in nature, both 
temporally and spatially.  Water quality sampling carried out over a limited period of time has 
the nature of a ‘snap-shot’, covering instantaneous conditions which may vary widely over the 
longer time periods engendered by the reclamation project.  However, the focus on multiple 
lines of evidence, including sediment analyses and bioaccumulation assays, ensures that 
several potential contaminant pathways are covered and can be cross-referenced to make 
inferences regarding the effect of the activity.  The assessment of this combined data indicates 
that contamination of Harbour environments from the placement of earthquake rubble in Te 
Awaparahi Bay is not occurring at detectable levels. 
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6. APPENDICES 

Appendix 1. Location details of samples collected on 24 August 2011. 
 

Sample Map Grid Coordinates 
 NZMG E NZMG N 
WQ01 2488694.54 5733514.00 
WQ02 2488512.63 5733146.48 
WQ03 2488906.72 5732998.02 
WQ04 2488687.35 5733436.53 
WQ05 2488489.78 5733138.85 
WQ06 2488629.07 5733199.15 
WQ07 2488665.67 5733264.64 
WQ08 2488709.57 5732819.76 
WQ09 2488594.90 5733261.21 

 
 

Sample Map Grid Coordinates Depth 
 NZMG E NZMG N (m) 
SED01 2488685.92 5733428.59 8.4 
SED02 2488639.86 5733349.85 9.0 
SED03 2488617.77 5733278.88 9.4 
SED04 2488593.26 5733236.48 9.5 
SED05 2488563.10 5733201.67 9.6 
SED06 2488512.30 5733162.66 9.8 
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Appendix 2. Photographs of sediments as collected by Eckman Grab. 
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Appendix 3. Results of analysis for organic contaminants in composite samples of sediments and 
shellfish (Perna canaliculus) from Te Awaparahi Bay. 

 
Analyte Sediment Shellfish tissue 
 mg/kg (dry wt) mg/kg (wet wt) 
Haloethers   

Bis(2-chloroethoxy) methane < 0.19  
Bis(2-chloroethyl)ether < 0.19  
Bis(2-chloroisopropyl)ether < 0.19  
4-Bromophenyl phenyl ether < 0.19  
4-Chlorophenyl phenyl ether < 0.19  

Nitrogen containing compounds   
3,3'-Dichlorobenzidine < 1.0  
2,4-Dinitrotoluene < 0.4  
2,6-Dinitrotoluene < 0.4  
Nitrobenzene < 0.19  
N-Nitrosodi-n-propylamine < 0.4  
N-Nitrosodiphenylamine < 0.4  

Organochlorine Pesticides   
Aldrin < 0.19 < 0.0007 
alpha-BHC < 0.19 < 0.0007 
beta-BHC < 0.19 < 0.0007 
delta-BHC < 0.19 < 0.0007 
gamma-BHC (Lindane) < 0.19 < 0.0007 
cis-Chlordane  < 0.0007 
trans-chlordane  < 0.0007 
2,4'-DDD  < 0.0007 
4,4'-DDD < 0.19 0.0012 
2,4'-DDE  < 0.0007 
4,4'-DDE < 0.19 < 0.0007 
2,4'-DDT  < 0.0007 
4,4'-DDT < 0.4 0.0027 
Dieldrin < 0.19 < 0.0007 
Endosulfan I < 0.4 < 0.0007 
Endosulfan II < 0.5 < 0.0007 
Endosulfan sulphate < 0.4 < 0.0007 
Endrin < 0.4 < 0.0007 
Endrin Aldehyde  < 0.0007 
Endrin ketone < 0.4 < 0.0007 
Heptachlor < 0.19 < 0.0007 
Heptachlor epoxide < 0.19 < 0.0007 
Hexachlorobenzene < 0.19 < 0.0007 
Methoxychlor  < 0.0007 
Total Chlordane [(cis+trans)*100/42]  < 0.002 

Polycyclic Aromatic Hydrocarbons   
Acenaphthene < 0.10 < 0.0011 
Acenaphthylene < 0.10 < 0.0011 
Anthracene 0.1 < 0.0008 
Benzo[a]anthracene 0.28 0.0011 
Benzo[a]pyrene (BAP) 0.29 < 0.0008 
Benzo[b]fluoranthene 0.35 0.0012 
Benzo[g,h,i]perylene 0.24 0.0012 
Benzo[k]fluoranthene < 0.19 < 0.0008 



 
 

 
 
 28 Report No. 2015 
 October 2011 

Analyte Sediment Shellfish tissue 
 mg/kg (dry wt) mg/kg (wet wt) 

2-Chloronaphthalene < 0.10  
Chrysene 0.27 0.0013 
Dibenzo[a,h]anthracene < 0.19 < 0.0008 
Fluoranthene 0.61 0.0018 
Fluorene < 0.10 < 0.003 
Indeno(1,2,3-c,d)pyrene < 0.19 < 0.0008 
2-Methylnaphthalene 0.24  
Naphthalene 0.11 < 0.006 
Phenanthrene 0.44 < 0.003 
Pyrene 0.63 0.0029 

Phenols   
4-Chloro-3-methylphenol < 0.5  
2-Chlorophenol < 0.2  
2,4-Dichlorophenol < 0.2  
2,4-Dimethylphenol < 0.2  
3 & 4-Methylphenol (m- + p-cresol) < 0.4  
2-Methylphenol (o-Cresol) < 0.2  
2-Nitrophenol < 0.4  
Pentachlorophenol (PCP) < 6  
Phenol < 0.4  
2,4,5-Trichlorophenol < 0.4  
2,4,6-Trichlorophenol < 0.4  

Plasticisers   
Bis(2-ethylhexyl)phthalate < 0.8  
Butylbenzylphthalate < 0.4  
Di(2-ethylhexyl)adipate < 0.2  
Diethylphthalate < 0.4  
Dimethylphthalate < 0.4  
Di-n-butylphthalate < 0.4  
Di-n-octylphthalate < 0.4  

Other Halogenated compounds   
1,2-Dichlorobenzene < 0.4  
1,3-Dichlorobenzene < 0.4  
1,4-Dichlorobenzene < 0.4  
Hexachlorobutadiene < 0.4  
Hexachlorocyclopentadiene < 1.0  
Hexachloroethane < 0.4  
1,2,4-Trichlorobenzene < 0.19  

Other SVOC   
Benzyl alcohol < 1.9  
Carbazole < 0.19  
Dibenzofuran < 0.19  
Isophorone < 0.19  

Polychlorinated biphenyls   
PCB-18  < 0.0008 
PCB-28  < 0.0008 
PCB-31  < 0.0008 
PCB-44  < 0.0008 
PCB-49  < 0.0008 
PCB-52  < 0.0008 
PCB-60  0.0019 
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Analyte Sediment Shellfish tissue 
 mg/kg (dry wt) mg/kg (wet wt) 

PCB-77  < 0.0008 
PCB-81  < 0.0008 
PCB-86  < 0.0008 
PCB-101  < 0.0008 
PCB-105  < 0.0008 
PCB-110  < 0.0008 
PCB-114  < 0.0008 
PCB-118  < 0.0008 
PCB-121  < 0.0008 
PCB-123  < 0.0008 
PCB-126  < 0.0008 
PCB-128  < 0.0008 
PCB-138  0.0014 
PCB-141  < 0.0008 
PCB-149  < 0.0008 
PCB-151  < 0.0008 
PCB-153  0.0015 
PCB-156  < 0.0008 
PCB-157  < 0.0008 
PCB-159  < 0.0008 
PCB-167  < 0.0008 
PCB-169  < 0.0008 
PCB-170  < 0.0008 
PCB-180  < 0.0008 
PCB-189  < 0.0008 
PCB-194  < 0.0008 
PCB-206  < 0.0008 
PCB-209  < 0.0008 
Total PCB (Sum of 35 congeners)  < 0.03 
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