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Executive Summary

Traditionally, indigenous New Zealandabti had their own knowledge systems conveying hiogv t
environment contributed to health and well-beindldWai (food), gathered from the sea, rivers, and
lakes, has always been of significant culturalreattonal and economic importance in both tradéion
and contemporary Bbri society. Today, such resources are increasisiggeptible to contamination,
as a consequence of urban expansion or land usgeaha agricultural catchments. In the Te Arawa
lakes region, naturally elevated levels of heavyameoccur as a consequence of geothermal activity
and are also a significant source of contaminatiokai. The impact of environmental contamination
on the resident wild kai and, in turn, oraddi consuming them, however, has not been investilgtm
date.

Many toxic contaminants are stored in the lipidsbwfta and can biomagnify up through the food-
chain increasing the risk of consuming higher pr@ga animals, such as eel and trout.
Bioaccumulative contaminants that are of potemtigicern include organochlorine pesticides (DDTS,
dieldrin and lindane), polychlorinated biphenylsC@3), pentachlorophenol, dioxins, polycyclic
aromatic hydrocarbons (PAHS), and selected heawglseuch as mercury, arsenic, cadmium, lead,
copper and zinc.

A survey of past and present kai consumption patewas undertaken by questionnaire (kai
consumption survey; n=19), to establish historid aontemporary consumption rates of key species.
The levels of bioaccumulative contaminants weregattarised in a number of commonly gathered kai
species, as well as in associated aquatic sedinfemis up to 23 sites throughout the Te Arawa rohe.
In addition, hair samples were collected from goesiaire participants, as well as from a reference
group (non Te Arawa, limited or no wild kai consump, representative of the “average” New

Zealand population) (n=29). These samples wereys@alfor mercury and selenium to provide a
measure of human exposure to mercury; which was asa@ “model” bioaccumulative contaminant.

Local average consumption rates of wild fish aneeitebrate species ranged from 0.33 g/day for
kakahi to 10.9 g/day for trout, whereas for watessrthe calculated consumption rate was 15.8 g/day.
The total average wild fish consumption rate wast IfZday.The consumption rates of wild
caught fish were a lot lower than the average Nealahd consumption rate for total fish (gathered
and bought) of 32 g/day. In contrast, the averagal fish consumption rate from our survey was
much higher, at 97 g/day. This indicates that waddght kai represents a relatively small proportibn
the main source of aquatic food for the local comityu

The average concentration of mercury in hair samplas 2.73 mg/kg and was higher than the study
reference group and New Zealander's who consumankdls of fish per month. In comparison, it
was much lower than previous studies in the geothby-influenced Rotorua region, where
concentrations as high as 39 mg/kg were recordetenBim concentrations were also higher
compared with the reference group.
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Highest total DDT ¥DDT) concentrations (dry weight) were detected riout from the Upper
Puarenga Stream site (141 pg/kg), with high leadéds in lakes Rotokakahi and Rotomahana. The
concentrations oEDDT were generally much lower in eels. The highastcentrations oEDDT
found in eels were from the Lower Kaituna RiveegiLt4 pg/kg). Other organochlorine pesticides
were either below the limits of detection, or meaduin much lower concentrations than any of the
DDT congeners.

Mercury concentrations were generally highest ioutirtissue, with the highest concentrations
observed at the Upper Puarenga Stream site (19gingfke highest concentrations of mercury in
koura were recorded from the Rotoiti East site (@08/kg). Arsenic, cadmium and nickel
concentrations were highest in pipis and mussdleated from the Maketu site. Concentrations of
arsenic and cadmium were higher in koura thanherdireshwater kai species, while pipi and mussels
recorded highest levels of all species sampledo@ium was not detected in trout, koura or eels but
was found in pipis and mussels at concentrationging from 3.2 to 11.0 mg/kg. Copper
concentrations were higher in koura than any ofipeccies, with the highest concentrations ranging
from 16 mg/kg in Lake Rotokakahi to 54 mg/kg in kaRkareka. Highest concentrations of lead were
recorded in smelt from the Lower Kaituna River. Zooncentrations were highest in smelt collected
from Lake Rotomahana (290 mg/kg), with high concitns in kakahi (Lake Rotokakahi), whitebait
(Lower Kaituna River) and watercress (Waiowhirce&tn, Rotorua) also.

Exceedance of ANZECC ISQG (interim sediment quaditydelines) low values was observed for
arsenic and mercury at 55% of sites sampled andddmium at 10% of the sites. The ANZECC
ISQG high guideline value for arsenic was exceeutetb% of sites and at 25% of sites for mercury.
Based on the ratio of sediment to tissue metal exinations, bioaccumulation “hotspots” were
identified at Maketu (for shellfish), the Lower Kama site (for whitebait) and the Ohau Channel (for
smelt). The relative risk of consumption of kaileoted from these sites, based on levels reconded a
how much is normally consumed by iwi participamggresented in a separate report.
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1. Introduction

Traditionally, indigenous New Zealandabti had their own knowledge systems
conveying how the environment contributed to heaittd well-being. Wild kai (food),
gathered from the sea, rivers, and lakes, has alvomgn of significant cultural,
recreational and economic importance in both i@t and contemporary ari
society. Levels of wild caught kai have declinegasiily through time, due to lower
abundance, concerns over contamination and eastes®to store-bought fish etc.
(Tipa et al. 2010a, Tipa et al. 2010b). Today swebhources are increasingly
susceptible to contamination, partly as a consezpieh urban expansion or land use
changes in agricultural catchments. In the Te Aréakas region, naturally elevated
levels of heavy metals occur as a consequenceathgmenal activity and are also a
significant source of contamination in kai. Whileould be argued that contamination
of wild kai has the potential to have a direct iipan the physical health of adri,
the effect of contamination of an important cult@etivity on wellbeing is also likely.
Maori associate their well-being as individuals, @sdmembers of family and tribal
groups, with maintaining the health of the natwalironment (Durie 1994, Durie
1998, Panelli & Tipa 2007, Panelli & Tipa 2008).

A recent review of wild food in New Zealand (Turreral. 2005) identified gaps in

the knowledge of contaminants in non-commerciadwdught foods, especially in

terms of consumption levels (and hence exposureestilting draft position paper

(NZFSA 2005) identified the need for informationdaeducation on contaminants in
kai. Prior to this study, the impact of environnmantontamination on the resident
wild kai and, in turn, on Mori consuming it, has not been investigated, alghou

recent work has started to address this defici¢8tgwart, M. et al. 2010, Stewart, M

et al. in press, Whyte et al. 2009). Furthermoreijerexisting consumptive advice is

available for some kai species of relevance ] this advice is based on average
national consumptive patterns and doesn’'t accaumpdtentially higher consumption

rates of specific types of kai traditionally haressby Maori.

The majority of the international research in theaaof contaminants in the traditional
diets of indigenous peoples has primarily focusedhe levels and health effects of
exposure to heavy metals and organochlorine contarts through the consumption
of marine fish and mammals in the subsistence dittadigenous people from the
northern hemisphere, for example, the Northern &uirtants Programme (NCP) and
the Effects on Aboriginals from the Great Lakes iEsvment (EAGLE) project.
Research to date has shown that certain indigemonsmunities have elevated
contaminant concentrations due to exposure threlugih traditional diet (Hoekstra et
al. 2005, Johansen et al. 2004, Odland et al. 20@8, Oostdam et al. 2003, Van
Oostdam et al. 1999).
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As many toxic contaminants are stored in the ligiflbiota they can be biomagnified
up the food-chain. It is unknown whether contempokaaori communities have been
exposed, through their diet of wild kai, to levelshioaccumulative contaminants as
high as those observed in indigenous populatiosigirg in the northern hemisphere.
While large mammals are unlikely to be a major sewf contaminants in traditional
Maori diets, eel is a popular food ofadki and large eels are often lipid rich with
levels greater than 20% (Sumner & Hopkirk 1976).

Bioaccumulative contaminants that are of potentahcern are organochlorine
pesticides (DDTs, dieldrin and lindane), polychiated biphenyls (PCBs),
pentachlorophenol and dioxins, polycyclic aroméaydrocarbons (PAHS), as well as
certain heavy metals such as mercury, arsenic, icagnhead, copper and zinc. New
Zealand used a considerable amount of organocklqasticides from the 1940s to
the 1970s. DDT, in particular, was used largelycomtrol grass grubs and porina
caterpillars, with its use restricted in 1970 amalfy banned in 1989 (Taylor et al.
1997). Lakes encompassing a wide range of sizesatdment areas are found in the
Rotorua area. In many of these lakes the effectolofinism is still felt, with locally
hot bottom waters and modified water chemistry asgbciated biota (McColl 1975).
Metals such as mercury and arsenic can also emiterthe foodchain from elevated
environmental levels from geothermal inputs asgediawith volcanism, when
compared with non-geothermal lakes. Therefore eirelkai species are likely to be
naturally higher from such lakes. Urban contamorattan also result in increased
levels of metals, especially through diffuse sosmgch as stormwater

The boundaries of the Te Arawa region covers a &ed of approximately 905,000
hectares and which extend from Ngakuru (south dbf@) in the south, through the
Rotorua lakes area, and down the Kaituna Rivermh& dea at Maketu. Te Arawa
arrived at Maketu around 1350 (Stafford 1967). Trawa is a confederation of iwi
which are descended from the crew of the Arawa €aRoom Maketu the voyagers
and their succeeding generations moved inland giegphe central part of the North
Island. This means Te Arawa have resided in th@rfatarea for centuries and the
lakes of the region were and remain taonga (treaydor Te Arawa. They are the
foundation of their identity, cultural integrity,aivua, tikanga and kawa. The lakes of
the Rotorua district remain the centre of Te Arastilement. For centuries the lakes
have also been the mainstay of their economy atakes and their margins were an
important source of freshwater fish, invertebrateaterfowl, and plants. The coastal
areas around Maketu are also an important sounsenhe kai (kaimoana).

This report describes the results of a survey tesdiraditionally associated with the
gathering of kai by local Maori. The rohe of Te Wea was selected because of
potential contaminant issues associated with gewothe activity and increased
urbanisation of many lake catchments. In additibvere has been an increase in
interest in harvesting of traditional species asged, in part, with the Te Arawa
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settlement (and associated customary fisherieg)irffeatary Commissioner for the

Environment 2006), as well as renewed interestraditional harvesting methods

(Kusabs, ILA. & Quinn 2009). The levels of bioacedative contaminants were

characterised in a number of commonly gathered @ramd plant species, as well as
in associated aquatic sediment samples. A sintilmlyshas also been conducted with
the Arowhenua hapu in Temuka as part of our oveeakarch project (Stewart, M. et
al. 2010, Stewart, M et al. in press).

A companion report then uses a risk assessmenbagprbased on established US
EPA formulae (US EPA 2000), to calculate consunmptimits for the whole region
by species and for each species at each site niiiecations of these results foralgri
and non-Mori communities are also discussed.

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 3



—NIWA_—

Taihoro Nukurangi

2. Methods

2.1

Survey design

Information on kai harvesting information (i.etesand species) was collated from the
results of focus groups and individual interviewghwmembers of the indigenous
Maori population (Te Arawa) (n=19) located in the &of region. Analysis of this

information allowed for the design of a samplingginee that characterised

contaminant concentrations in kai of direct releero iwi participants and the

associated environment (i.e., sediment). In addit@ survey of past and present
consumption patterns was undertaken by questionnaith this same group, to

establish historic and contemporary consumptioresrabf key species. This

questionnaire was adapted from a range of othéliestyincluding diet surveys, fish

consumption surveys, traditional use surveys, signa the health of indigenous
communities and perception/preference surveys).

2.2 Kai consumption survey
The kai consumption survey aimed to characterighvidual food consumption
patterns (Appendix 1). Participants were askecttwesthe frequency of consumption
of a range of foods purchased, along with thosedséed from the wild. In addition,
they were asked to identify the portion size ofc#je food types eaten per meal.
Consumption frequency categories ranged from less bnce per month to one or
more times per day. Meal sizes were assessed pgitgyial assessment of pre-
weighed portion sizes of selected food groups @dhl refer to Appendix 1 for
category descriptions).
Table 1: Meal sizes (g) for selected food groups.

Food Less than A Between B Between C More than

group/Category A A&B B&C C

Vegetables® <50 (25)° 50 75 100 150 200 >200 (300)

Fish (any 50 100 150 200 300 400 >400 (450)

species)

Mussels (fresh <75 (50) 75 110 150 185 225 >225 (250)

or marine)

Scallops 50 100 150 200 250 300 >300 (350)

Whitebait <150 (75) 150 225 300 400 500 >500 (550)

! Also used to quantify water cress consumption.
2 Values in parentheses indicate numbers used iulesibns for larger and smaller than size

portions
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2.3 Te Arawa consumption data

The kai consumption survey provided details of ity of consumption and size of
meals consumed. Using these data, consumption weses calculated for individual
participants and individual food groups. For thepmses of this study, we focused on
total fish (all sources e.g., supermarket, takeaveand fishing), traditionally harvested
fish (total of all species), as well as individuallculations for trout, koura, eel and
watercress. Meal size was calculated using theweighed portion allocations (Table
1). Frequency of consumption was calculated as eurabtimes consumed per day,
which was recorded as: special occasions (6 tireasfy= 0.02; less than 1/month (9
times/year) = 0.03; 1-3 times/month = 0.07; 1l/weel0.13; 2/week = 0.27; 3-4
times/week = 0.47; 1/day = 1.0; 2/day = 2.0; 3/da$.0. Consumption rate (g/day)
was then calculated as the amount consumed (g/madt)plied by frequency of
consumption (number of times/day).

24 Sampling Design

24.1 Site and kai information

Kai harvest information from the individual inteews was compiled to determine the
most popular kai gathering sites and species hearost often, both historically
and currently. This information is presented in [EaB. A number of kai species
identified by the survey participants are no longamnvested. These are included in the
footnote of Table 2.
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Table 2:  Kai harvest frequency information at individuaksitin the Te Arawa rohe compiled from individudemiews.

Kai® Rotorua Rotoiti Rotoma Tarawera Rotokakahi Coast( incl Streams (incl Ohau Channel TOTAL
Maketu) Kaituna)

Trout 3 3 4 2 1 1 1 15
Koura 4 5 1 3 1 14
Pipi 9 9
Inanga (Whitebait) 1 4 1 1 1 1 9
Eel 1 3 1 2 1 8
Cockles 6 6
Tuatua 6 6
Kahawai 6 6
Kina 6 6
Paua 6 6
Mussels 6 6
Crayfish 6 6
Watercress 2 4 6
Snapper 6 6
Kakabhi 1 3 1 5
Morihana (goldfish) 1 1 1 1 1 5
Puha 3 2 5
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Kai® Rotorua Rotoiti Rotoma Tarawera Rotokakahi Coast( incl Streams (incl Ohau Channel TOTAL
Maketu) Kaituna)

Flounder 5 5
Tarakihi 5 5
Kingfish 4 4
Moki 4 4
Pupu (mudsnail) 2 1 3
Shark 3 3
Oysters 3 3
Hapuka 3 3
Gurnard 3 3
Trevally 3 3
Seaweed 2 2
Mullet 2 2
Lampreys 1 1
TOTAL 16 25 3 9 4 101 4 3 162

#Kai species for which sampling frequency from iitews was zero included butterfish, muttonbirdgegbone, toheroa.

Contaminants in kai — Te Arawa rohe. Part 1: Dapdrt 7
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Contaminants of concern

A survey of the literature revealed a number ofedént types of contaminants that
have previously been identified in the Te Arawaerofihe contaminants and their
potential sources are listed in Table 2.

Potential sources of contamination in the Te Araolee.

Contaminant Potential source Reference
Mercury, arsenic, boron, Geothermal activity (natural) (Blomkvist & Lundstedt 1995,
chloride Brooks et al. 1976, Kim, J. &

Burggraaf 1999a, Kim, J.P.
1995b, Robinson, B.H. et al.
1995, Weissberg & Zobel
1973)

PCPs, dioxin Legacy of timber mill activities  (Gifford, J. S. et al. 1996,
Gifford, J.S. et al. 1993,
Gifford, J.S. et al. 1995)

zinc, copper, lead, cadmium Stormwater (Macaskill et al. 2003)

DDT Insecticide use (Solly & Shanks 1969)

Sampling sites and kai species

In part, because of the high costs of chemicalyseal the number of sites, the species
collected from each site and the range of contaménanalysed had to be carefully
planned and controlled to meet objectives of thejgot and budgets. Popular
harvesting sites and/or those sites close to knaweas of contamination were
preferentially selected. Fig. 1 shows the locatibthese sites, while Table 4 presents
further details of each site. The final selectiomswcomplied and finalised in
consultation with the Te Arawa Lakes Trust. Sampddections were undertaken
between September to November 2009, with repegblssgrat Maketu carried out in
January 2010. Composite sediment samples werectadldrom all sites, at the time
of biota collection.
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Figure 1: Map of sampling sites in the Te Arawa region. $iteations are indicated by site
name. See Table 4 for site details.
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Table 4: Kai sampling sites and species from the Te Arawa (@=1 unless otherwise stated).
Site ID Site location Site name GPS Coordinates  Samples obtained
(number
on Figure
1)

2 Maketu Estuary Maketu E 2813700 Pipi*
N 6376450 Sediment’
Mussel*
1 Kaituna River Lower Lower E 2811000 Whitebait"
Kaituna N 6377950 Sediment
Smelt*
Eel
Trout
17 Kaituna River Upper Upper E 2803600 Sediment
Kaituna N 6349550 Koura
Trout
3 Ohau Channel Ohau E 2802500 Trout
Channel N 6345550 Sediment
Koura®
Smelt*
Eel
10 Lake Rotoma Rotoma E 2824950 Trout
N 6343360 Sediment
Koura®
7 Lake Rotoiti 1 Rotoiti East E 2811200 Trout
N 6345500 Sediment
Koura®
8 Lake Rotoiti 2 Rotoiti West E 2809240 Sediment
N 6347630 Koura®
Smelt*
12 Lake Rotorua 2 E 2798000 Trout
N 6339500 Sediment
13 Lake Rotorua 5 E 2796300 Sediment
N 6342400
14 Lake Rotorua 8 E 2800000 Koura®
N 6342400 Sediment
18 Waiowhiro 1 E 2793250 Sediment
N 6338540 Watercress
19 Waiowhiro 2 E 2794030 Sediment
N 6339220 Watercress
1 Lake Okareka E 2804400 Trout
N 6331800 Koura'
Sediment
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Site ID Site location Site name GPS Coordinates Samples obtained
(number on
Figure 1)
5 Puarenga 1 E 2794515 Trout
N 6331730 Sediment
6 Puarenga 2 E 2794750 Trout
N 6331215 Sediment
16 Lake Tikitapu E 2801800 Trout
N 6328800 Koura®
Sediment
15 Lake Tarawera E 2807700 Trout
N 6327400 Koura
Sediment
9 Lake Rotokakahi E 2801800 Trout
N 6327000 Koura®
Smelt*
Kakahi
Sediment
11 Lake Rotomahana E 2809600 Trout
N 6320800 Smelt
Sediment

" Composite samples. See text for details.
2 Composite sediment samples collected at each site.

2.5 Analysis of contaminants in kai and sediment

Organochlorine pesticides (OCPs) and polychlorohatéphenyls (PCBs), were
analysed using a procedure based on acceleratednsoéxtraction (ASE), gel
permeation chromatography, silica/alumina columnrogtatography and gas
chromatography-mass spectrometry (GC-MS), closadloWing the published
methods of United States Environmental Protectigerty (US EPA 1977, US EPA
1986) and National Oceanic and Atmospheric Admiaigin (NOAA 1993).

Quantitative analysis of PCBs and OCPs was caroetl by capillary gas
chromatography using a mass selective detect@l@tt®d ion mode (GEMS-SIM),

on an Agilent 6890 GC with 5975B MSD in splitlesgection mode using a 30 m x
0.25 mm i.d. DB-5ms GC column with helium carriesgFinal concentrations have
been corrected for surrogate recoveries, with detedimits for individual OCPs
ranging between 0.05-0.2 pg/kg dry weight and dietedimits for PCBs ranging
between 0.1-0.3 pug/kg dry weight. Detection lindfstotal congeners (e.ggDDTS)
were set at the highest detection limit of an imdial congener from that series.
Method performance was assessed by incorporatsgrihlysis of in-house reference
standards, standard reference material and GC ciac#ards.
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The analysis of metals in fish, watercress andnsexdti samples was carried out by a
commercial laboratory (Hill Laboratories 2010), ngsilANZ accredited procedures

involving acid digestion and analyses by ICP-MSe Hmalysis of pentachlorophenol

(PCP) was carried out on sediments only.

All kai samples were analysed for eight selecteal/henetals; arsenic (As), cadmium
(Cd), chromium (Cr), copper (Cu), lead (Pb), meydiig), nickel (Ni) and zinc (Zn).

In addition, trout and eel samples were analyse@ fange of OCPs including DDT
and DDT metabolites (p,p’-DDT, p,p’-DDE, p,p’-DDDnd o,p isomers), chlordanes
(cis/ & trans nonachlor, cis/ & trans chlordanedl @hlordane metabolites (heptachlor,
cis/ & trans heptachlor epoxide), hexachlorobenze(i¢CB), lindane Y-
hexachlorocyclohexane of-HCH) and dieldrin. Eel and trout tissues were also
analysed for selected PCBs (32 congeners rangang FCB8 - PCB209). Watercress
was analysed for the eight heavy metal contaminamiis

The full dataset of contaminant concentrations€tagon dry weights) is provided in
Appendices 3a-3f. Moisture content, calculated framginal dry weight/wet weight
data, was used for subsequent wet weight correctibanalytical data.

2.6 Analysis of mercury in hair

We collected hair samples from participants ofkaeconsumption survey, as well as
from a reference group (non-Te Arawa, limited or wid kai consumption,
representative of the “average” New Zealand popmnat These samples were
analysed for mercury and selenium to provide a oreasf human exposure to a
“model” bioaccumulative contaminant (mercury). $@len is known to be protective
of the effects of mercury toxicity. Hair samplesreecollected using a standard
protocol modified from Hill Laboratories (2000), iM#dton, New Zealand. Hair was
cut from the nape of the neck at the back of thedheo that the total hair sample
corresponded to the thickness of a match (aboug)0.Bhe strands were cut close to
the scalp and aimed to be at least 6 cm long §6ide). To identify the direction that
the hair had been growing, a cotton string wasdiedind the proximal end of the hair
sample. Gloves were worn and a new pair used fon gair sample collection. The
hair sample was collected into a pre-labelled ska&levelope or plastic bag after
attachment of cotton. Hair treatments, such ashisaand dyes, can extract elements
from the hair, resulting in low concentrations. dmhation on what, if any, hair
treatment had been applied, and how long ago veasgathered, along with gender,
age, residential location and occupation.

Samples were subsequently sent to the Universityamiberra, Australia, for analysis
of mercury and selenium. Selenium was analysediigis concentrations can offer
protection from the effects of mercury (Berry & Rain 2008). The analysis protocol
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involved initial weighing of the samples, freezeidg and weighing again to assess
moisture content. Samples were then weighed inforaL Teflon (FEP) digestion
bomb. Re-distilled analytical grade nitric acidngL) HNO; was added to the samples.
The bombs were then pressure capped, placed in M MiErowave oven and
digested at approximately 150°C for 45 minuteseAdligestion, samples were diluted
and analyzed by reaction cell-inductively couplethsma mass spectrometry
(DRC-ICPMS) for all relevant isotopes of Se and Haqy potential interference
elements were also measured.
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3. Results and discussion

3.1 Sampling

Twenty-four sites were surveyed and the followingnibers of biota samples were
collected: two long fin eelAnguilla dieffenbachji 14 rainbow trout @ncorhynchus
mykis$; one composite whitebaiG@alaxiassp) (60 individuals); 10 composite koura
(Paranephrops planifrons six composite smelt Retropinna retriopinng two
watercress Nasturtium officinalig one composite musselPérna canaliculug two
composite pipi Paphies australis and one composite kakatichyridella menzieki
Biometric data for each kai species is shown inékulices 2a-2e, while sediment size
proportion data are shown in Appendix 3f.

3.2 Te Arawa consumption data

Local average consumption rates of individual wild ranged from 0.33 g/day for
kakahi (freshwater mussels) to 10.9 g/day for trOtable 5). The total average
consumption of traditionally harvested fish (eefl &rout combined) of 12.41 g/day is
much lower than the average New Zealand fish coptomrate of 32 g/day for total
fish (traditional and non-traditional species) (Kith & Smith 2006). It is higher than
a comparable study recently undertaken in the Aemwh rohe, where consumption
rates for traditionally harvested species wereddday (Stewart, M. et al. 2010). On
the other hand, total fish consumption by Te Ardieditional and non-traditional) is
97.0 g/day, which was much higher than the New &ehlalue (Table 5). This result
suggests that wild caught fish represents only allsproportion of the total fish
consumption by the local community that we surveydtercress consumption was
calculated at 15.8 g/day and was again much loWwan tthe proposed average
consumption rate of 33 g/day for consumers of watss (Golder Associates and
NIWA 2009). The maximum local consumption rategef (93.3 g/day) and trout (40
g/day) (Table 5) are above the average New Zediahdconsumption rate for total
fish (32 g/day). Comparable rates for the Arowheiwiawere 20 g/day and 13.3
g/day for eel and trout respectively.

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 14



—NLWA_—

Taihoro Nukurangi

Table 5: Consumption rates (g/day) for different food catéggo
Measure Food category Traditionally harvested fish
species
Watercress Mussels ' Koura Whitebait  Allfish > Total® Eel Trout  Kakahi

Mean 15.77 16.96 2.53 5.65 97.04 12.41 9.61 10.88 0.33
Median 7.33 5.00 3.13 2.50 80.00 5.00 5.00 5.00 0.00
Minimum 1.25 0.74 0.00 0.00 2.50 1.67 0.00 0.00 0.00
Maximum 90.00 86.33 12.50 70.00 303.33 95.00 93.33 40.00 2.50

! Marine and freshwater (kakahi) species.

% Includes all sources (e.g., supermarket, takeawagtaurant).

® Traditionally harvested species only.
3.3 Mercury in hair

The concentrations of selenium and mercury (onyangright basis) for 12 of the 18
participants are presented in Table 6. Insufficieample was obtained from 6
participants. The average concentration of mer€2ry mg/kg) was higher and more
variable than that found for the study referenaaigr(0.80 mg/kg) (Figure 2, n=29) or
for New Zealanders who consume 1-4 fish meals martim(Airey 1983). However, it
was much lower than a previous study in the geotaly-influenced Rotorua region
(Siegel & Siegel 1985), where concentrations ah ks 39 mg/kg were recorded.
Selenium levels were similar (mean = 0.68 mg/kghtise measured in the reference
group (mean = 0.56 mg/kg) (Figure 4).
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Table 6: Concentrationsyg/g, dry weight) of mercury (Hg) and selenium (8ehair samples
from Te Arawa participants.

Participant # Age Se Hg
(mg/kg) (mg/kg)

1 52 0.01 0.25
4 25 0.64 0.64
5 73 0.60 0.60
6 56 0.69 0.85
7 33 1.40 0.87
8 41 0.47 1.15
9 54 0.47 1.32
10 60 0.68 0.79
11 63 0.81 0.01*
12 36 0.55 2.64
13 40 0.59 6.07
17 70 0.33 2.53
Mean 48.92 0.68 2.73
Median 44.00 0.55 2.73
Minimum 33.00 0.33 0.01
Maximum 70.00 1.45 8.66

" low level may be indicative of small sample size.

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 16



Figure 2:

3.4

3.4.1

—NLWA_—

Taihoro Nukurangi

Mercury and selenium concentrations in hair of Trawla participants and the study
reference group.
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Te Arawa Contamination Data

All kai contaminant data (biota and sediment sas)ptee reported on a dry weight
basis.

Organochlorine Pesticides

Muscle tissue concentrations of total polychlorat biphenyls (PCBs) (29
congeners)xDDT (which comprises p,p’-DDT + o,p’-DDT + p,p’-DDE o,p’-DDE

+ p,p’-DDD + o,p’-DDD), total chlordanes (sum ofcéngeners), hexachlorobenzene
(HCB), lindane and dieldrin are shown for trout &edis (Table 7).

The highest concentrations BDDT (generally >85% of which is pp’-DDE) for trout
was recorded for Upper Puarenga Stream (141 ugkti),high levels also recorded
from Lake Rotokakahi (78 pg/kg) and Lake Rotomah@2apg/kg). Concentrations
of pDDE in trout ranging from 1.82-73.9 ug/kg (wetight) have been recorded from
New Zealand streams (Buckland et al. 1998). Theceatnations ofEDDT in eel
(Table 7) were lower than for trout at comparahbkess(n=2), with the highest
concentration in eels being from the lower KaitiRiger (14 pg/kg). Levels ranging
from 0.67-155 pg/kg have been reported from a stidyels throughout New Zealand
(Buckland et al. 1998), while levels ranging fromd®-153.34 pg/kg wet weight have
been recorded elsewhere (Ferrante et al. 2010yestigg that the levels recorded
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from our study are low. Other organochlorine pédtis were either undetected or
detected in much lower levels than any of the Ddhgeners (Table 7). Chlordane
concentrations ranged from <0.2 — 2.1 pg/kg, whith highest concentration recorded
in trout from the Ohau Channel (2.1 ng/kg) (TableDieldrin concentrations ranged
from <0.2 — 0.6 pg/kg, with highest levels agaiooreled from the Ohau Channel in
both trout and eels (0.6 pg/kg for both speciegldiin concentrations of 0.021-1.12
ng/kg and 0.24-11.4 pg/kg have been recordeddat aind eels from throughout New
Zealand, respectively (Buckland et al. 1998).

HCB concentrations ranged from <0.1 — 0.65 pg/kgont and <0.1 — 0.14 pg/kg in
eels (Table 7). Highest levels were recorded inttfoom the Ohau Channel, lakes
Rotorua, Rotoiti and Tikitapu. Concentrations raggirom <0.01-0.17 pg/kg have
been recorded for New Zealand trout (Buckland .€1298). Lindane was not detected
in any biota sample (limit of detection 0.2 pg/k@hncentrations of 2.50-25.48 pg/kg
have been recorded from European eels (Ferrardé 2010), while concentrations
ranging from <0.01-0.083 pg/kg have been recordedNéw Zealand eels (Buckland
et al. 1998).

PCBs were analysed in trout and eel. Total conagafrs ranged from 0.41 — 41.63
ng/kg (Table 6) in trout, with the highest levelthe Upper Puarenga Stream site
(41.63 ng/kg). Concentrations ranging between (b24@/kg have been recorded fro
New Zealand trout (Buckland et al. 1998). Level®els were lower, ranging from
1.09 — 2.07 pg/kg. These values are within theeafdl.29-18.5ug/kg (wet weight)
recorded for New Zealand eels (Buckland et al. 1988 much lower than values
from international studies (e.g., 980 — 6300 pdtkgCanadian eels (Castonguay &
Dutil 1989) or 37.12-518.32 pg/kg for European @étsrante et al. 2010)).
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Table 7: Organochlorine concentrations in trout and eeluds§ig/kg dry weight) collected
from each individual site (n=1).

Site Total Total Chlordane HCB  Lindane Dieldrin Total PCB
DDT

Trout

Lower Kaituna 23 0.1 0.14 <0.2 <0.2 3.23
Ohau Channel 21 21 0.53 <0.2 0.6 6.60
Okareka 6.6 <0.1 0.13 <0.2 <0.2 0.86
Puarenga Stream

Lower 4 <0.1 0.34 <0.2 <0.2 0.84
Puarenga Stream

Upper 141 <0.1 0.17 <0.2 0.4 41.63
Rotokakahi 78 <0.1 0.14 <0.2 0.3 1.39
Rotoiti 6 <0.1 0.47 <0.2 0.2 1.33
Rotoma 3.7 <0.1 0.19 <0.2 <0.2 1.16
Rotomahana 32 <0.1 0.17 <0.2 <0.2 0.75
Rotorua 14 1.1 0.55 <0.2 0.5 6.42
Tarawera 4.6 <0.1 0.32 <0.2 <0.2 0.41
Tikitapu 23 <0.1 0.65 <0.2 0.4 4.84
Upper Kaituna 20 0.4 <0.1 <0.2 <0.2 4.59
Eels

Lower Kaituna 14 <0.1 <0.1 <0.2 <0.2 1.09
Ohau Channel 7.9 0.3 0.14 <0.2 0.6 2.07

3.4.2 Heavy Metals

Biota

Total concentrations of eight heavy metals; ars¢Ag), cadmium (Cd), chromium
(Cr), copper (Cu), lead (Pb), mercury (Hg), niciei) and zinc (Zn), were measured
in all fish, invertebrate, watercress, and sedinsantples collected.

Mercury concentrations were generally highest autirwith a median value of 4.10
mg/kg and a range of 0.19 — 19 mg/kg (Table 8)hviRuarenga Stream Upper
recording the highest value. The Puarenga Streaheasily influenced by natural
geothermal inputs at Whakarewarewa thermal areh §aiNgapuna) and the water is
warm, acidic and enriched with heavy metals (Kus&tshaw 2008). (Kim, 1995a)
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reported methyl mercury levels in trout rangingfr6.07 to 4.13 mg/kg from various
Rotorua lakes (most of the mercury is likely to peesent as methyl mercury
(Redmayne et al. 2000). Median mercury concentiatia koura were 0.194 mg/kg
(with a range of 0.77 — 6.5 mg/kg) (Table 9), 0.08g/kg in smelt (range of 0.096 —
1.6 mg/kg) and 0.615 mg/kg in eel (range of 0.7B.8 mg/kg) (Table 10) and
undetectable in watercress (<0.010 mg/kg). Few iesudirectly report mercury
concentrations in these species, although (Redmayred. 2000) reported methyl
mercury concentrations of between 0.8 and 5.0 méskgeels from South Island
rivers. Levels in koura ranged between 0.024 arid@.mg/kg in geothermally
influenced lakes in the Rotorua district (Kim & Bgraaf 1999b). Levels up to 0.4
mg/kg in smelt have also been reported (Kim & Buagd) 1999b). A single whitebait
sample from the Lower Kaituna in our study recordedhlue of 0.073 mg/kg (Table
10). Fenaughty et al. (1988) recorded values of-0013 mg/kg from the West Coast
of the South Island. Pipis and mussels in our stedgrded mercury at median values
of 0.086 mg/kg and a value of 0.030 mg/kg for glermussel sample, respectively
(Table 10). Comparable results for mussels haven beported from the Bay of
Islands (0.01 — 0.06 mg/kg) (Whyte et al. 2009)ckmound levels have been
estimated as 0.02 mg/kg in pipi and 0.02 mg/kgreeg-lipped mussels (Hoggins &
Brooks 1973).

Arsenic levels were highest in pipis and musselecded from Maketu (median of 11
mg/kg, range of 9.7 — 13.0 mg/kg) (Table 11). Pfpien Maketu analysed as part of
Bay of Plenty Council’s shellfish surveillance pragmme recorded lower levels (0.88
mg/kg) (Scholes 2010). Levels in mussels from thg &f Islands range between 1.56
and 2.97 mg/kg wet weight) (Whyte et al. 2009). Hiarsenic levels were also
recorded for koura from Lake Tarawera (7.8 mg/Kgghle 9) and for whitebait from
the Lower Kaituna (4.4 mg/kg) (Table 10). In comgan, the watercress sample had
relatively low levels of arsenic (1.1 mg/kg) frorhet one site it was collected
(Waiowhiro), with eels and trout tissue having eVewer levels (Tables 10 and 8).
Arsenic levels in watercress are well below thosported in other studies of
geothermal waters (Robinson et al. 2006), whereldeup to 138 mg/kg wet weight
have been reported.

Cadmium concentrations were again highest in gipisdian of 0.44, range of 0.42 -

0.46 mg/kg) and mussels (0.49 mg/kg) (Table 115 woura from lakes Tikitapu and

Rotoma also recording high levels (median of 0.0aAhge of 0.003 - 0.12 mg/Kkg).

Mussels from elsewhere in New Zealand have recocdedentrations between 0.09
and 0.75 mg/kg (Whyte et al. 2009). Levels in watess, smelt and eels were similar.
Levels in trout (<0.002 — 0.0056) were much lowert for other fish species. Levels
in eels from Lake Ellesmere (South Island) havenbeported between 0.01 — 0.07
mg/kg (Fenaughty et al. 1988).
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Chromium was not detected in trout, koura or eet,vias recorded in pipis (median
of 10 mg/kg, range of 3.2 — 11 mg/kg) and mussElsnig/kg) and in watercress (0.59
mg/kg), whitebait (0.25 mg/kg) and smelt (media® &5, range of 0.12 — 1.0 mg/kg).
Pipis from Maketu analysed as part of Bay of Plédtuncil’'s shellfish surveillance

programme recorded lower levels (0.05 mg/kg wetgh#i(Scholes 2010). Levels
between 25 and 28 mg/kg have been reported forrevags (Edmonds & Hawke

2004)

Copper levels were much higher in koura than in @iimgr species, with a median of
29 mg/kg and a range of 16 — 54 mg/kg, with high=stls recorded in Lake Okareka
(Table 9). In comparison, highest levels of othmecées were: trout (2.1 mg/kg from
Upper Puarenga Stream), smelt (3.2 mg/kg from LR&®mahana), watercress (5.3
mg/kg) and eel (1.4 mg/kg from Ohau Channel). Lewelpipis and mussels ranged
between 3.9 and 5.4 mg/kg and were much higher tthase reported as part of Bay
of Plenty Council’s shellfish surveillance programi@.5 mg/kg wet weight) (Scholes
2010). Watercress from streams in Wellington regmbievels between 0.32 and 1.01
mg/kg wet weight (Edmonds & Hawke 2004)

Highest lead concentrations were recorded from eblit (0.55 mg/kg) and smelt
(median of 0.10 mg/kg, range of 0.059 — 0.83 mg/kgpd levels in watercress were
also high (0.38 mg/kg). In comparison, highest lleva koura were 0.063 mg/kg
(Lake Rotoma), 0.013 mg/kg in eel (Ohau Channet) @mre near detection limits
(0.01 mg/kg) in trout. Levels between 0.01 and O0na®kg wet weight have been
reported in watercress from Wellington streams (&dts & Hawke 2004).
Comparative values for eels from lake Ellesmerebateveen 0.06 and 0.20 mg/ kg
(Fenaughty et al. 1988). Levels ranging from 0.08.38 mg/kg (pipis) and 0.46
mg/kg (mussels) were recorded in our study. PimisnfMaketu analysed as part of
Bay of Plenty Council’s shellfish surveillance pragime were lower (0.022 mg/kg
wet weight) (Scholes 2010).

Nickel was below the level of detection in troubuka or eel samples. Highest levels
were recorded in mussel (8.1 mg/kg) and pipi sasptdlected from Maketu (range
of 3.0 - 7.2 mg/kg). Lower levels (0.18 mg/kg wegight) of nickel were reported in
pipis from Maketu analysed as part of the Bay oé&nBl Council's shellfish
surveillance programme recorded (Scholes 2010).ItSand whitebait also recorded
higher levels (maximum of 0.77 and 0.54 mg/kg, eesipely), as did watercress (0.24
mg/kg). Levels between 0.05 and 0.24 mg/kg wet htelgave been reported in
watercress from Wellington streams (Edmonds & Ha2@@4).

Zinc concentrations were highest in smelt collechenn Lake Rotomahana (290
mg/kg), with high levels also in kakahi (170 mg/kgyhitebait (130 mg/kg and
watercress (120 mg/kg). This is a remotely locdtde and the source of zinc is
therefore not anticipated to be from stormwateiofijrwhich might be expected in a
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more urbanised catchment. Koura from Lake Okarekarded concentrations up to
110 mg/kg. Eel, trout, mussel and pipi samples welaively low in zinc (Tables 8-
11). Zinc levels in pipis from Maketu recorded lovevels (4.3 mg/kg wet weight) in
a recent shellfish surveillance survey (ScholeD20levels between 2.26 and 24.00
mg/kg wet weight have been reported in watercressn fWellington streams
(Edmonds & Hawke 2004).

When all metals were considered, high concentratweere most commonly recorded
for trout in Lake Rotoma, Puarenga Lower, Lake Riotmd the Upper Kaituna site.

For koura, both sites in Lake Rotoiti, the Uppeiiti@a site, the Ohau Channel and
Lake Okareka most commonly recorded high levelsetals.

Sediments

Sediment heavy metal concentrations for the sitherevkai was harvested in this
study were compared with the Australian and New lafeh Environment
Conservation Council (ANZECC) Interim Sediment QualGuidelines (ISQG)
(ANZECC 2000) (Table 11). Low and high ISQG haveerbeset by ANZECC,
corresponding to the effects range-low and effesntge-median adapted from Long et
al (1995). The low ISQG value of 20 mg/kg for aisemas exceeded at a number of
sites and the high 1ISQG value of 70 mg/kg was ekeeeat lakes Rotomahana,
Rotorua (site 5) and Tarawera (Table 12). The IB®G value for mercury was also
exceeded at a number of sites, and the high ISQ& veas exceeded in lakes Rotoiti
(both sites) and Rotomahana (Table 12). The ISQ@evéor cadmium was also
exceeded in Lake Rotomahana.
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Table 8: Metal concentrations in trout (mg/kg dry weight)ibgividual site.
Site/Metal Arsenic Cadmium  Chromium Copper Lead Merc  ury Nickel Zinc
Lower Kaituna 0.22 < 0.0020 <0.10 1 <0.010 11 <0.10 18
Ohau Channel 0.23 < 0.0020 <0.10 2 <0.010 5.7 <0.10 18
Okareka 0.28 < 0.0020 <0.10 1.2 <0.010 2.2 <0.10 16
Puarenga Lower 0.57 0.0033 <0.10 0.76 <0.010 0.19 <0.10 22
Puarenga Upper 0.12 0.0045 <0.10 2.1 0.01 19 <0.10 55
Rotoiti 0.15 < 0.0020 <0.10 0.94 <0.010 5.1 <0.10 13
Rotokakahi 0.53 < 0.0020 <0.10 0.61 <0.010 0.83 <0.10 9.3
Rotoma 0.19 0.0056 <0.10 0.68 <0.010 1 <0.10 16
Rotomahana 0.28 < 0.0020 <0.10 1 <0.010 8.4 <0.10 17
Rotorua <0.10 < 0.0020 <0.10 0.83 <0.010 4.1 <0.10 13
Tarawera 0.33 < 0.0020 <0.10 0.64 <0.010 0.27 <0.10 13
Tikitapu <0.10 < 0.0020 <0.10 1.2 <0.010 0.56 <0.10 12
Upper Kaituna 0.11 < 0.0020 <0.10 1 <0.010 7.1 <0.10 19
Table 9: Metal concentrations in koura (mg/kg dry weight)ibgividual site.
Site/Metal Arsenic Cadmium Chromium  Copper Lead Merc  ury Nickel Zinc
Okareka 4.5 0.073 <0.10 54 0.022 0.45 <0.10 110
Rotoiti East 4.7 0.012 <0.10 39 0.02 6.5 <0.10 100
Tarawera 7.8 0.040 <0.10 28 <0.010 0.43 <0.10 90
Ohau Channel 4.6 0.0087 <0.10 20 0.028 35 <0.10 86
Rotoma 6.2 0.110 <0.10 28 0.063 0.41 <0.10 71
Rotokakahi 1.3 0.0027 <0.10 16 <0.010 0.77 <0.10 71
Tikitapu 1.3 0.120 <0.10 35 0.033 0.23 <0.10 69
Upper Kaituna 29 0.009 <0.10 38 <0.010 29 <0.10 68
Rotoiti West 5 0.009 <0.10 30 0.012 2.7 <0.10 59
Rotorua East 4.4 0.0062 <0.10 26 <0.010 1.3 <0.10 58
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Table 10: Metal concentrations in smelt, whitebait, eel, kikand watercress (mg/kg dry
weight) by individual site.

Site/Metal Arsenic  Cadmium Chromium  Copper Lead Merc  ury Nickel Zinc

Whitebait

Lower Kaituna 4.4 0.083 0.25 2.7 0.55 0.073 0.36 120

Smelt

Lower Kaituna 1.3 0.032 0.12 2.5 0.83 0.3 0.26 170

Ohau Channel 0.6 0.0089 1 1.7 0.069 1.2 0.77 190

Rotomahana 1.9 0.044 0.8 3.2 0.22 1.6 0.69 290

Rotoiti West 1.6 0.015 0.25 2 0.059 1 0.12 190

Rotokakahi 0.77 0.0077 0.55 1.6 0.1 0.096 0.33 190

Eel

Lower Kaituna 0.88 0.033 <0.10 1 0.012 0.71 <0.10 51

Ohau Channel 0.35 0.0023 <0.10 1.4 0.013 3.8 <0.10 54

Kakahi

Rotokakahi 12 0.19 0.65 4.9 0.3 0.11 0.36 170

Watercress

Waiowhiro 11 0.061 0.59 5.3 0.38 <0.010 0.24 120
Table 11: Metal concentrations in pipis and mussels from MakKeng/kg dry weight). Replicate

sampling is indicated in brackets.

Site/Metal Arsenic Cadmium Chromium Copper Lead Merc  ury Nickel Zinc
Pipi (1) 13.0 0.44 11 54 0.11 0.11 6.6 63
Pipi (2) 11 0.42 10 5.3 0.18 0.086 7.2 65
Pipi (3) 9.7 0.46 3.2 4.7 0.084 0.057 3.0 54
Mussel (2) 7 0.49 11 3.9 0.46 0.16 8.1 67

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 24



—NIWA_—

Taihoro Nukurangi

Table 12: Metal concentrations in sediment (mg/kg dry weidhdyn individual sites in the Te
Arawa Regionwith the ANZECC-ISQG guidelines as reference (ANZECC @00
Levels exceeding the ISQG-low are underlintbse exceeding 1ISQG- high are in

bold.
Site/Metal Arsenic  Cadmium  Chromium Copper Lead Merc  ury Nickel Zinc
Lower Kaituna 14 0.023 0.82 1.3 24 0.052 0.32 17
Maketu 3.7 <0.010 1.9 0.67 1.5 0.026 1.2 9.7
Ohau Channel 25 0.041 1.7 2 24 0.51 0.82 26
Okareka 63 0.14 2.8 8.6 18 0.11 1.5 53
Puarenga
Downstream 13 0.053 2.8 2.9 54 0.025 0.67 31
Puarenga
Upstream 15 0.067 21 3.2 5.2 0.033 0.82 32
Rotoiti Sitel 59 0.066 1.6 4.8 34 1.7 0.87 32
Rotoiti Site2 54 0.046 1.2 4.3 3 1.9 0.8 26
Rotokakahi 19 0.081 3.2 45 9.6 0.07 1.6 32
Rotoma 68 0.51 2.7 8.4 18 0.19 1.9 55
Rotomahana 260 0.19 18 12 5.7 1.8 2 35
Rotorua Site 2 64 0.11 7 9 11 0.85 1.6 51
Rotorua Site 5 95 0.095 5.2 8.6 7.1 0.78 1.4 51
Rotorua Site 8 52 0.098 55 8.2 7.6 0.81 1.4 49
Sulphur Point 1 1.9 0.012 1.3 5.7 8.4 1.2 0.34 12
Sulphur Point
2&3 55 0.08 3.3 8.5 6.4 53 0.59 20
Tarawera 880 25 1.4 4.3 55 0.15 1.6 58
Tikitapu 14 0.09 2.7 7.3 26 0.12 1.7 52
Upper Kaituna
River 8 0.016 0.82 1 1.8 0.039 0.36 17
Waiowhiro 16 0.21 6.4 14 29 0.083 1.6 130
ANZECC 1SQG-
Low 20 15 80 65 50 0.15 21 200
ANZECC 1SQG-
High 70 10 370 270 220 1 52 410

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 25



—NLWA_—

Taihoro Nukurangi

3.4.3 Evidence for bioaccumulation

The ratio of sediment to biota tissue contaminavels can provide insight into
whether or not bioaccumulation is occurring, thgrgintentially representing a
significant risk to consumers. Species are exptserbntaminants via a number of
pathways, including through food consumption (disethrough prey consumption,
filtering particles from the water column or direoigestion of sediment). If
contaminant levels in biota are greater than thabnded in sediment, this suggests
bioaccumulation is occurring, although without exang levels in water and food
sources at the same time, it's not possible toraete what the major contaminant
source is. However, such a comparison is useful identifying “hotspots” of
contamination for further investigation.

Table 13 presents the results of this analysis.sAdls recorded accumulation of at
least some metals (tissue/sediment ratios of grehts 1). It is evident that the
Maketu site is a contaminant hotspot, with ratiosager than 1 for almost all (87%)
metals in both pipis and mussels. Lead was the onétal not found to be
bioaccumulated. Cadmium was the most highly accated! The Lower Kaituna site
is also suggested as a hotspot, in particular fotelait, with accumulated cadmium,
copper, mercury, nickel and zinc. Smelt from thea@iChannel also appears to be a
hotspot.
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Table 13: Ratios of biota to sediment metal concentrationspecies collected from each site in
the Te Arawa rohe. Numbers in bold indicate ragjesater than 1.

Site and Arsenic  Cadmium Chromium Copper Lead Mercury Nickel Zinc  Proportion

species/Metal of biota:
sediment
ratios>1

Waiowhiro

Watercress 0.069 0.290 0.092 0.379 0.013 0.060 0.150 0.923 0

Maketu

Pipi (1) 3.51 88.00 5.79 8.06 0.07 4.23 5.50 6.49 87.5

Pipi (2) 2.97 84.00 5.26 7.91 0.12 3.31 6.00 6.70 87.5

Pipi (3) 2.62 92.00 1.68 7.01 0.06 2.19 2.50 5.57 87.5

Mussel 1.89 98.00 5.79 5.82 0.31 6.15 6.75 6.91 87.5

Lower Kaituna

Whitebait (1) 0.31 3.61 0.30 2.08 0.23 1.40 1.13 7.06 62.5
Whitebait (2) 1.08 9.20 0.33 4.48 0.49 3.54 0.45 13.40 62.5
Smelt 0.09 1.39 0.15 1.92 0.35 5.77 0.81 10.00 50
Trout 0.02 0.04 0.06 0.77 0.00 211.54 0.16 1.06 25
Eel 0.06 1.43 0.06 0.77 0.01 13.65 0.16 3.00 37.5

Ohau Channel

Koura 0.18 0.21 0.03 10.00 0.01 6.86 0.06 331 37.5
Smelt 25.00 0.04 1.70 2.00 2.40 0.51 0.82 26.00 62.5
Trout 0.01 0.02 0.03 1.00 0.00 11.18 0.06 0.69 12.5
Eel 0.01 0.06 0.03 0.70 0.01 7.45 0.06 2.08 25
Rotomahana

Trout 0.00 0.01 0.00 0.08 0.00 4.67 0.03 0.49 12.5
Smelt 0.01 0.23 0.04 0.27 0.04 0.89 0.35 8.29 12,5
Rotoiti

Koura (east) 0.09 0.26 0.04 9.07 0.01 3.42 0.06 3.85 37.5
Koura (west) 0.08 0.14 0.03 6.25 0.00 1.59 0.06 1.84 37.5
Smelt 0.03 0.23 0.16 0.42 0.02 0.59 0.14 5.94 12.5
Trout 0.00 0.02 0.03 0.20 0.00 3.00 0.06 0.41 12.5

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 27



—NIWA_—

Taihoro Nukurangi

Site and Arsenic Cadmium  Chromium  Copper Lead Mercury Nickel Zinc Proportion

species/Metal of biota:
sediment
ratios>1

Rotokakahi

Kakahi 0.63 2.35 0.20 1.09 0.03 1.57 0.23 5.31 50

Smelt 0.04 0.10 0.17 0.36 0.01 1.37 0.21 5.94 25

Koura 0.07 0.03 0.02 3.56 0.00 11.00 0.03 2.22 37.5

Trout 0.03 0.01 0.02 0.14 0.00 11.86 0.03 0.29 12.5

Okareka

Koura 0.07 0.52 0.02 6.28 0.00 4.09 0.03 2.08 375

Trout 0.00 0.01 0.02 0.14 0.00 20.00 0.03 0.30 12.5

Rotoma

Koura 0.09 0.22 0.02 3.33 0.00 2.16 0.03 1.29 37.5

Trout 0.00 0.01 0.02 0.08 0.00 5.26 0.03 0.29 12,5

Rotorua

Koura (east) 0.07 0.06 0.01 2.89 0.00 153 0.03 1.14 375

Trout 0.00 0.00 0.01 0.10 0.00 5.97 0.03 0.32 12.5

Tarawera

Koura 0.01 0.02 0.04 6.51 0.00 2.87 0.03 1.55 375

Trout 0.00 0.00 0.04 0.15 0.00 1.80 0.03 0.22 12,5

Tikitapu

Koura 0.09 1.33 0.02 4.79 0.00 1.92 0.03 1.33 50

Trout 0.00 0.01 0.02 0.16 0.00 4.67 0.03 0.23 12,5

Upper Kaituna

Koura 0.36 0.56 0.06 38.00 0.00 74.36 0.14 4.00 375
Trout 0.01 0.06 0.06 1.00 0.00 182.05 0.14 1.12 25
Puarenga Lower

Trout 0.04 0.06 0.02 0.26 0.00 7.60 0.07 0.71 12,5
Puarenga Upper

Trout 0.01 0.07 0.02 0.66 0.00 575.76 0.06 1.72 25
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4. Conclusions

This report is the first part of two reports cotleely used to determine the human
health risk to local Mori of eating wild harvested kai (food) in the rabfeTe Arawa.
Part one (this report) describes the results afraey of contaminants in kai species
from important kai gathering locations, identifidalectly by participants from the Te
Arawa iwi. This project is part of a larger resémaprogramme aimed at determining
the potential risks to iwi associated with consuopbf wild kai. Key findings from
this report are:

» overall fish consumption by participants was simita the average New
Zealand high consumption rate

e traditionally harvested fish formed only a smalimmonent of overall fish
consumption

* mercury and selenium levels measured in hair saripten 12 participants
were slightly higher than the study reference grfrapresentative of a group
for whom wild kai is a negligible component of theliets and who live
outside the study area), but lower than previoudiss in the Rotorua District

e contaminant analysis indicated differential uptakepecific contaminants by
different species. For example, pipis and mussslsrded much higher levels
of arsenic, cadmium, nickel, chromium and lead tbémer species. Trout
recorded higher levels of DDT, PCBs and mercury thther species

» the Upper Puarenga Stream site, as well as Ohaon€hand Rotoiti sites,
consistently reported high levels of a number afitaminants; in sediment
and biota

e pipis and mussels from Maketu also recorded higéléeof some metals

* hotspots for bioaccumulation of metals included Btak(for shellfish),the
Lower Kaituna site (for whitebait) and the Ohau @&l site (for smelt).

The overall aim of this project was to determine tblative risk of consumption of kai
species from sites where they have been harvedted. contaminant data and
consumption rates presented in this report fornbtmas for a risk assessment, which
Is presented in a separate report (Phillips eR@11). That report also includes a
discussion of the implications of these resultsMaori and non-Mori consumers of
wild kai.

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 29



—NLWA_—

Taihoro Nukurangi

5. Acknowledgements

We are grateful to all Te Arawa participants fogithcontributions to this study. We
thank the Te Arawa Lakes Trust, especially Heratlsmivilly Emery and Roku
Mihinui for their efforts in garnering enthusiasmdaparticipation, disseminating
knowledge about the project and for their genetgdpsrt. We also thank Eddie
Bowman, Joe Butterworth and lan Kusabs for samplieeation. This research was
funded by the Health Research Council of New Zehlabontract HRC/207. Kai
consumption data were collected under Ethics ApgdrmMEC/07/07/088.

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 30



6.

—NLWA_—

Taihoro Nukurangi

References

Airey, D. (1983). Total mercury concentrations imnfan hair from 13 countries in
relation to fish consumption and locatiofhe Science of the Total Environment
31(2) 157-180. wttp://dx.doi.org/Doi:10.1016/0048-9697(83)90067-0>

ANZECC (2000). Australian and New Zealand guiddifier fresh and marine water
quality. National Water Quality Management Strat@gper No. 4, Australian and
New Zealand Environment and Conservation Councidl akgriculture and
Resource Management Council of Australia and Nealatel, Canberra, Australia.
No.p.

Berry, M.; Ralston, N. (2008). Mercury Toxicity atfte Mitigating Role of Selenium.
EcoHealth 5(4)456-459. fttp://dx.doi.org/10.1007/s10393-008-0204-y

Blomkvist, D.; Lundstedt, L. (1995). Sediment intigation of the Rotorua lakeblo.
38 p.

Brooks, R.R.; Lewis, J.R.; Reeves, R.D. (1976). ddey and other heavy metals in
trout of the central North Island, New ZealatNkw Zealand Journal of Marine
and Freshwater Research.:1#B3-244.

Buckland, S.; Jones, P.; Ellis, H.; Salter, R. @9®rganochlorines in New Zealand:
Ambient concentrations of selected organochlorines/ers.No. p.

Castonguay, M.; Dutil, J. (1989). Distinction beeme American eels Apguilla
rostrata) of different geographic origins on the basis béit organochlorine
contamination levelsCanadian Journal of Fisheries and Aquatic Sciendés
836-843.

Durie, M. (1994). Whaiora: &bri Health Development. Oxford University Press,
Auckland. p.

Durie, M. (1998). Te mana te kawanatanga. Oxford/&msity Press, Auckland. p.

Edmonds, C.; Hawke, R. (2004). Microbiological antktal contamination of
watercress in the Wellington region, New Zealan2080 surveyAustralian and
New Zealand Journal of Public Health 28(2P—26.

Fenaughty, C.M.; Tracey, D.M.; Lock, J.W. (1988gaty metal and organochlorine
concentrations in New Zealand aquatic fish, criesias, and molluschlo. 44 p.

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 31



—NLWA_—

Taihoro Nukurangi

Ferrante, M.C.; Clausi, M.T.; Meli, R.; Fusco, Glaccari, C.; Lucisano, A. (2010).
Polychlorinated biphenyls and organochlorine pektin European eel (Anguilla
anguilla) from the Garigliano River (Campania regitialy). Chemosphere 78(6)
709-716. wttp://dx.doi.org/DOI:10.1016/j.chemosphere.2009.11.026>

Gifford, J.S.; Buckland, S.J.; Judd, M.C.; McFada®.N.; Anderson, S.M. (1996).
Pentachlorophenol (PCP), PCDD, PCDF and pesticidecantrations in a
freshwater lake catchmei@hemosphere 32(113097-2113.

Gifford, J.S.; Hannus, I.M.; Judd, M.C.; McFarlafeN.; Anderson, S.M.; Amoamo,
D.H. (1993). Assessment of chemical contaminanteenLake Rotorua catchment.
No.93, p.

Gifford, J.S.; Judd, M.C.; McFarlane, P.N.; Anderso S.M. (1995).
Pentachlorophenol (PCP) in the New Zealand envismmassessment near
contaminated sites and remote freshwater lakesicological and Environmental
Chemistry 4869-82.

Golder Associates and NIWA (2009). Trace elements/atercress in the Tarawera
River.No. 16 p.

Hill Laboratories (2000). Hair Analysis Technicabfd CT.RJH.2223 Version 2, Issue
Date 22 February 2000lo. p.

Hill Laboratories (2010). Retrieved 3rd August)1R, from http://www.hill-
laboratories.com/

Hoekstra, P.F.; O'Hara, T.M.; Backus, S.M.; Han@s, Muir, D.C.G. (2005).
Concentrations of persistent organochlorine comants in bowhead whale
tissues and other biota from northern Alaska: logilons for human exposure
from a subsistence diet. Environmental Research 98(3) 329-340.
<http://dx.doi.org/DOI:10.1016/j.envres.2004.09.012>

Hoggins, F.E.; Brooks, R.R. (1973). Natural dismersof mercury from Puhipuhi,
Northland, New ZealandNew Zealand Journal ofMmarine and Freshwater
Research 7(1 & 2)125-132.

Johansen, P.; Muir, D.; Asmund, G.; Riget, F. (200Bluman exposure to
contaminants in the traditional Greenland di&tience of The Total Environment
331(1-3) 189-206. fttp://dx.doi.org/DOI:10.1016/j.scitotenv.2004.03.029>

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 32



—N-IWA_—

Taihoro Nukurangi

Kim, J.; Burggraaf, S. (1999a). Mercury bioaccurtiola in Rainbow Trout
(Oncorhyncus mykiysind the trout food web in lakes Okareka, OkaraWwera,
Rotomhana and Rotorua, New ZealawWwhter, Air and Soil Pollution 115%35-
546.

Kim, J.P. (1995a). Methylmercury in rainbow troncorhynchus mykissrom
Lakes Okareka, Okaro, Rotomahana, Rotorua and EasawNorth Island,
New ZealandThe Science of the Total Environment:1829-219.

Kim, J.P. (1995b). Methylmercury in rainbow tror(corhynchus mykissfrom
Lakes Okareka, Okaro, Rotomahana, Rotorua and EasawNorth Island,
New ZealandThe Science of the Total Environment.:1839-219.

Kim, J.P.; Burggraaf, S. (1999b). Mercury bioacclation in rainbow trout
(Oncorhynchus mykisand the trout food web in lakes Okareka, OkasraWera,
Rotomahana and Rotorua, New ZealaWater, Air and Soil Pollution 11535-
546.

Kim, N.; Smith, J. (2006). Review of science relgtio discharges from the Kinleith
Pulp and Paper milNo. 83 p.

Kusabs, I.; Shaw, W. (2008). An ecological overvieinthe Puarenga Stream with
particular emphasis on cultural valubs. 42 p.

Kusabs, I.A.; Quinn, J.M. (2009). Use of a tradiib Maori harvesting method, the
tau loura, for monitoring &ura (freshwater crayfish, <i>Paranephrops
planifions</i>) in Lake Rotoiti, North Island, Ne#ealand New Zealand Journal
of Marine and Freshwater Research 43(B)3—-722.

Long, E.; Macdonald, D.; Smith, S.; Calder, F. @P9ncidence of adverse biological
effects within ranges of chemical concentrationsiarine and estuarine sediments.
Environmental Management 19(B81-97.
<http://dx.doi.org/10.1007/bf02472086

Macaskill, J.B.; Bowman, E.; Golding, L.A.; Horro¥,; Phillips, N. (2003). Rotorua
City urban stormwater quality and prediction of ieawmental impacts: Technical
Addendum. Hamilton, NIWA. HAM2002-020111 p.

McColl, R. (1975). Chemical and biological conditsoin lakes of the Volcanic
Plateauln: Jolly, V.; Brown, J. (eds). New Zealand lakes, pp1-139. Auckland
University Press, Auckland.

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 33



—N-IWA_—

Taihoro Nukurangi

NOAA (1993). Technical Memorandum NOS ORCA 71. Skmgpand analytical
methods of the national status and trends prog&tramal benthic surveillance and
mussel watch projects 1984-1992. Vols Il & IV. p.

NZFSA (2005). Review of Non-Commercial Wild FoodNiew ZealandNo. 28 p.

Odland, J.O.; Deutch, B.; Hansen, J.C.; Burkow, (ZD03). The importance of diet
on exposure to and effects of persistent organiicitpots on human health in the
Arctic. Acta paediatricia 921255-1266.

Panelli, R.; Tipa, G. (2007). Placing well-beingcognizing culture-environment
specificity. Ecohealth 4(4)445-460.

Panelli, R.; Tipa, G. (2008). Beyond foodscapesnsatering geographies of
Indigenous well-being-ealth and Place 15(2)155-465.

Parlimentary Commissioner for the Environment (Q08&storing the Rotorua Lakes:
The ultimate endurance challengia. 50 p.

Phillips, N.; Stewart, M.; Olsen, G.; Hickey, C.0@2). Contaminants in kai — Te
Arawa rohe. Part 2: Risk Assessmédraft report No.p.

Redmayne, A.; Kim, J.P.; Closs, G.; Hunter, K. (@00 Methyl Mercury
bioaccumulation in long-finned eels, Anguilla dexibachii, from three rivers in
Otago, New Zealand'he Science of the Total Environment:2&2-47.

Robinson, B.; Kim, N.; Marchetti, M.; Moni, C.; Sdeter, L.; van den Dijssel, C.;
Milne, G.; Clothier, B. (2006). Arsenic hyperaccuation by aquatic macrophytes
in the Taupo Volcanic Zone, New Zealardgnvironmental and Experimental
Botany 58(1-3)206-215.

Robinson, B.H.; Brooks, R.R.; Outred, H.A.; KirkmahH. (1995). Mercury and
arsenic in trout from the Taupo Volcanic Zone andikéto River, North Island,
New ZealandChemical speciation and bioavailability 7(B7-32.

Scholes, P. (2010). Bathing and Shellfi sh Suraede Report 2009/201(No.
Environmental Publication 2010/18.

Siegel, B.Z.; Siegel, S.M. (1985). Mercury in humhair: Uncertainties in the
meaning and significance of 'unexposed' and 'expase sample populations.
Water, Air, & Soil Pollution 26(2)191-199.

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 34



—N-IWA_—

Taihoro Nukurangi

Solly, S.R.B.; Shanks, V. (1969). Organochloringeitticides in rainbow trout from
three North Island lakesNew Zealand Journal of Marine and Freshwater
Research 3585-590.

Stafford, D. (1967). Te Arawa: a history of the weaPeople. Reed Books, Auckland,
New Zealand. p.

Stewart, M.; Hickey, C.; Phillips, N.; Olsen, G.0). Contaminants in Kai —
Arowhenua rohe. Part 2: Risk Assessmabiat. HAM2010-11657 p.

Stewart, M.; Phillips, N.; Olsen, G.; Hickey, C.ip&, G. (in press). Organochlorines
and other Bioaccumulative Contaminants in Wild Gaugpod as a Human Health
Risk to the Indigenous Maori Population of Soutmi&ebury, New Zealand.

Sumner, J.L.; Hopkirk, G. (1976). Lipid compositiohNew Zealand eeldournal of
the Science of Food and Agriculture: 8833-938.

Taylor, R.; Smith, I.; Cochrane, P.; Stephenson,@bbs, N. (1997). The State of
New Zealand’'s Environment 199¥o. p.

Tipa, G.; Nelson, K.; Downs, S.; Home, M.; Phillip&é (2010a). A survey of wild kai
in the Arowhenua Rohé&o. p.

Tipa, G.; Nelson, K.; Emery, W.; Smith, H.; PhiligN. (2010b). A survey of wild kai
in the Te Arawa roheéNo. HAM2010-096p.

Turner, N.; Cressey, P.; Lake, R.; Whyte, R. (2088view of nhon-commercial wild
food in New ZealandNo. 181 p.

US EPA (1977). Method 600/4-81-055. Interim methfmishe sampling and analysis
or priority pollutants in sediments and fish tiss(iRevised October 1980 (NERL).

p.

US EPA (1986). Method 503/6-90-004. Analytical noeth for US EPA priority
pollutants and 301(h) pesticides in estuarine aadna sedimentNo. p.

US EPA (2000). Guidance for Assessing Chemical &@oitant Data for Use In Fish
Advisories. No. EPA 823-B-00-008. Volume 2: Risk sAssment and Fish
Consumption Limits - Third EditiorNo. p.

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 35



—NLWA_—

Taihoro Nukurangi

Van Oostdam, J.; Donaldson, S.; Feeley, M.; Trembia (2003). Toxic Substances
in the Arctic and Associated Effects: Canadian isr@ontaminants Assessment
Report Il - Human Health. 127 p.

Van Oostdam, J.; Gilman, U.A.; Dewalilly, E.; Usher, Wheatley, B.; Kuhnlein, H.;
Neve, S.; Walker, J.; Tracy, B.; Feeley, M.; Jerpiie Kwavnick, B. (1999).
Human health implications of environmental contaamis in Arctic Canada: a
review.The Science of the Total Environment:2BE82.

Weissberg, B.G.; Zobel, M.G.R. (1973). Geothermarcury pollution in New
ZealandBulletin of Environmental Contamination & Toxicolo@® 148-155.

Whyte, A.L.H.; Raumati Hook, G.; Greening, G.E.bBé-Smith, E.; Gardner, J.P.A.
(2009). Human dietary exposure to heavy metalsh@aconsumption of greenshell
mussels (Perna canaliculus Gmelin 1791) from thg &aslands, northern New
Zealand. Science of the Total Environment 407(14)4348—-4355.
<http://dx.doi.org/DOI:10.1016/j.scitotenv.2009.04.011>

Contaminants in kai — Te Arawa rohe. Part 1: Dapd®t 36



7. Abbreviations

ANZECC

ASE

DDD

DDE

DDT

DRC-ICPMS

EAGLE

y-HCH

GC-MS

SIM

HCB

ICP-MS

1ISQG

kg

mg

mm

NCP

PCB
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Australian and New Zealand Environmental Consemat
Council.

accelerated solvent extraction.
dichlorodiphenyldichloroethane.
dichlorodiphenyldichloroethylene.
dichlorodiphenyltrichloroethane.

dynamic reaction cell-inductively coupled plasmaass
spectrometry.

Effects on Aboriginals from the Great Lakes Envimamt.
gamma-hexachlorocyclohexane or lindane.
gas chromatography - mass spectrometry.
selected ion mode.

hexachlorobenzene.

inductively coupled plasma mass spectrometry.
interim sediment quality guidelines.

kilograms

milligrams

millimetres

Northern contaminants programme.

polychlorinated biphenyl.
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PCP pentachlorophenol

ppb parts per billion =pg/kg.

ppm parts per million = mg/kg.

TOC total organic carbon.

Hg microgram (i.e., 18 g).

US EPA United States Environmental Protection Agency.
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Anthropogenic

Aquatic
Bioaccumulation

Biomagnification

Catchment

Chronic toxicity

Concentration

Congener

Contaminant

Detection limit

Dioxins
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Effects, processes, or materials that are deffineed
human activities.

Dwelling in water.
Accumulation of a chemical by an aquatic organism.

The increase in concentration of a substance up the
food chain.

An area of land from which water from rainfall
drains toward a common watercourse, stream, river,
lake, or estuary.

Long-term effect on an organism, usually caused by
toxic substances.

The measure of how much of a given substance
there is mixed with another substance.

In chemistry, congeners are related chemicals, e.g.
There are 209 congeners of polychlorinated
biphenyls (see PCB).

Any substance (including gases, odorous
compounds, liquids, solids, and micro-organisms) or
energy (excluding noise), or heat, that resultarin
undesirable change to the physical, chemical, or
biological environment. Also called pollutant.

A value below which the laboratory analyst is not
confident that any apparent concentration is real.

The by-products of various industrial processes
(such as bleaching paper pulp, and chemical and
pesticide manufacture) and combustion activities
(such as burning rubbish, forest fires, and waste
incineration).
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Geothermal

Guideline

Hazardous

Indigenous

Iwi

Kai

Median

Organochlorine

ppb

ppm

Risk Assessment

Rohe

Runanga
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Relating to the internal heat of the Earth. Theewat
of hot springs and geysers is heated by geothermal
sources.

Numerical limit for a chemical, or a narrative
statement, recommended to support and maintain a
designated water use.

Having the capacity to adversely affect eitherthea
or the environment.

Native, or belonging naturally to a given region or
ecosystem, as opposed to exotic or introduced (can
be used for people, animal, or plant species on eve
mineral resources).

A Maori tribal group.
Traditional Maori food.

In statistics, the middle score in a range of saspl
or measurements (that is, half the scores will be
higher than the median and half will be lower).

A chemical that contains carbon and chlorine atoms
joined together. Some organochlorines are persisten
(remain chemically stable) and present a risk & th
environment and human health, such as dioxin, DDT
and PCBs.

1 part per billion =1 mg m= 1pg L™
1 part per million=1gm=1mg "

The determination of a quantitative or qualitative
value of risk related to a concrete situation and a
recognised threat.

The geographical territory of an iwi or a hapu.

The governing council or administrative group of a
Maori hapu or Iwi.
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Screen

Sediment

Soluble

Species

Stormwater

Total metal

Toxic substance

Toxicity

Vascular

—NLWA_—

Taihoro Nukurangi

A low-cost monitoring method used to make an
initial assessment.

Particles or clumps of particles of sand, clay, sit
plant or animal matter carried in water.

Fraction of material that passes though a filter
(international convention uses a 04/, membrane
filter).

One of the basic units of biological classificatién
species comprises individual organisms that arg ver
similar in appearance, anatomy, physiology, and
genetics, due to having relatively recent common
ancestors; and can interbreed.

Flow of water from urban surface areas after edinf

The concentration of a metal in an unfiltered samp
that is digested in strong acid.

A material able to cause adverse effects in living
organisms.

Is the inherent potential or capacity of a matdna
cause adverse effects on living organisms.

Containing vessels which conduct fluid.
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9. Appendices

Appendix 1:  Kai consumption survey Consumption 8yrguestionnaire (extract).
Appendix 2:  Biometric data.

Appendix 3:  Contaminant data.
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Appendix 1: Extract of Kai Consumption Survey questionnaireTferArawa.

D. DIET AND LIFESTYLE

28.How would you describe your eating patte(Rlzase mark one box only):

Eat all foods, including fish and animal products

Eat eggs, dairy products, fish and chicken butdhadliother meats
Eat eggs, dairy products and fish but avoid alltsea

Eat eggs and dairy products but avoid all meatsiahd

Eat eggs but avoid dairy products, all meats astd fi

Eat dairy products but avoid eggs, all meats astd fi

Eat no animal products

Other(please specify)

N

29 For the foods that you have purchased over theg/éast on average, how
often have you eaten these fooéease answer by ticking the appropriate

boxes.
FOODS YOU NEVER | Less| 1-3 1 2 3to 5-6 1 2 3or
PURCHASED than | times | time | times 4 times | times | times | more
once times times
AND EAT Per month Per week Per day

CEREALS, SNACKS

Sultana Bran, All
Bran, Bran Flakes

Weetbix, Weeties

Cornflakes,
Nutrigrain,
Special K

Ricies,

Porridge

Muesli

Rice

Pasta or noodles

Crackers, crispbread,

Biscuits

Cakes, pastries, fruit
pies & tarts

Meat pies, pasties,
quiche, savouries

Pizza

Hamburgers

Chocolate

Flavoured milk drinks
(Milo etc.)

Nuts

Peanut butter

Potato crisps,
Twisties etc.

Jam, marmalade,
honey etc.

Vegemite, marmite
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DAIRY PRODUCTS

Cheese

Ice-cream

Yogurt

Beef

Veal

Chicken

Lamb

Pork

Bacon

Ham

Corned beef,
luncheon, salami

Sausages, saveloys

Fish (steamed, grilled,
baked)

Fish, fried (including
take- aways)

Fish tinned

FRUIT

Tinned or frozen fruit

Fruit juice

Oranges or other
citrus

Apples

Pears

Bananas

Watermelon, rock
melon, honey dew

Pineapple

Strawberries

Apricots

Nectarines, peaches

Avocado

VEGETABLES

Potatoes — roasted,
fried (incl. chips)

Potatoes cooked
without fat

Tomato sauce, tomato
paste, dried tomatoes|

Fresh or tinned
tomatoes

Peppers

Lettuce, rocket, other
salad greens

Cucumber

Celery

Beetroot

Carrots

Cabbage or brussel
sprouts

Broccoli

Silverbeet or spinach
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VEGETABLES
(cont.)

Peas

Green beans
Bean sprouts
Baked beans
Soy beans, tofu
Other beans (chick
peas, lentils)
Pumpkin

Onion or leeks
Garlic (not garlic
tablets)
Mushrooms
Courgettes
Puha
Kamokamo
Watercress

30.Over the last year, on average, how often did yinkdeer, wine and / or spiritsPlease answer by
ticking the appropriate boxes.

ALCOHOL NEVER | Less| 1-3| 1 2 3to | 5-6 1 2 3 or
YOU than | times | time | times 4 times | times | times | more
PURCHASED s times times
& DRANK Per month Per week Per day

Beer (low alcohol)
Beer (full strength)
Red wine

White wine

Port, sherry etc.
Spirits, liqueurs etc.

E. KAIMOANA / KAl AWA / KAI ROTO

This section will help us understand your eatingigoas with respect to kaimoana, kai
awa and kai roto

31. Do you eat kai moana, kai awa and or kai roto?
%] Yes [ ]No Go to Question 43

32. How often do you eat different types of kaimoanRIzase answer by ticking
the appropriate boxes.
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Kai NEVER Less 1-3 1 2 3to 5-6 1 2 3or
than times | time | times 4 times | times | times | more
once times times

Kakahi
Morihana
Koura
Watercress
Puha

Pipi
Cockles
Snapper
Toheroa
Tuatua
Inanga
Lampreys
Mutton birds
Pupu
Tuna (Eel )
Flounder
Hapuka
Mullet
Kahawai
Kingfish
Gurnard
Moki
Shark
Tarakihi
Trevally
Kina

Paua
Mussels
Crayfish
Oysters
Seaweed
Freshwater  crayfish
Other (please specif
type)
Watercress
Puha

<

33. How do you normally get the majority of your kainmaa kai awa or kai
roto?

[ ] Caught by me or someone else from my household
[] Getgiven it from someone else (no money is paid)

[] 1know where the kai | was given was gathered from
Please name the place(s)

[] 1don't know where the kai | was given was gathdrech.
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Buy it: please name the place(s)

34.  What quantities of kaimoana, kai roto or kai awaydu usually eat?

For each of the examples shown on this page, amg&ehow much
would you usually eat at a main meal. When anisgehe question
think of the amount of food that you ate, not hofteilm you might

have eaten it. Please tick the box that is closest to the totabanh
that you ate.

34.2 When you ate vegetables did you usually eat?

[] L] [] L] L] L] []
Less than A Between A B Between c More than
A &B B&C c

34.3 When you ate mussels did you usually eat?

[] L] [] L] L] L] []
Less than A Between A B Between c More than
A &B B&C c

34.4  When you ate fish, did you usually eat?
A B
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[] L] [] L] L] L] []
Less than A Between A B Between c More than
A &B B&C c

34.5 When you ate whitebait, did you usually eat?

[] L] [] L] L] L] L]
Less than A Between A B Between c More than
A &B B&C c

34.6 When you eat koura, how many would you (as an indidual)
usually eat at a meal?

one koura

2 — 3 koura

4 — 5 koura

More than 5 koura

L0000

35.  What parts of the different species of kaimod&aaawa or kai roto do
you usually eatPlease tick the appropriate boxes.

36.1 For fish (e.g., snapper, trout, moki, groper etdick all the parts you
eat.

[] 1:fish heads
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2: fish eyes
3. fins

4. fish fillets
5. fish tails

000

35.2 For eels —tick all the parts you eat

1: heads
2. fillets

L]

36.3For koura — tick all the parts you eat

[] 1:heads
[] 2. tails
[] 3.legs etc.

36 Did you give away or sell any kaimoana, kai ydkai awa gathered
from the sites listed above

[] Yes
Please also tick the locations from which you gegtiai and then gave
it away.
] Rivers and streams
] River estuaries and mouths
] Lakes
] Coastline
] Sea waters
] Ohau Channel
] Other — please list the sites
[] No
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Appendix 2a: Biometric data for trout collected from Te Arawaian in September and November

2009.

Site length (mm) weight (g) % moisture
Lower Kaituna 510 1216 80.8
Ohau Channel 355 656 72.2
Ohau Channel 515 1592 72.5
Okareka 515 1339 76.0
Puarenga Stream lower 215 125 78.6°
Puarenga Stream lower 175 63 a
Puarenga Stream upper 565 1342 86.2
Rotokakahi 565 2845 63.1
Rotoiti 505 1822 67.0
Rotoma 530 1490 79.4
Rotomahana 485 1385 74.3
Rotorua 390 810 70.2
Tarawera 515 1775 67.3
Tikitapu 495 1612 68.2
Upper Kaituna 525 1370 78.5

& two small trout from Puarenga Stream lower podtednalyses.
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Appendix 2b: Biometric data for koura collected from Te Arawagiom in September and November

2009.
Size (mm) Total
Site <70 70-110 >110 # flesh wet flesh dry % moisture
weight (g) weight (g)
Ohau Channel 1 10 7 18 100.2 16.5 83.5
Okareka 0 5 8 13 106.4 16.6 84.4
Rotoiti East 1 18 8 27 118.9 18.3 84.6
Rotoiti West 0 25 0 25 105.0 20.5 80.5
Rotoma 1 15 1 17 53.6 9.0 83.2
Rotorua East 2 28 1 31 134.3 25.7 80.9
Tarawera 0 19 3 22 86.5 13.4 84.5
Tikitapu 6 4 0 10 28.6 5.6 80.4
Upper Kaituna 2 5 0 7 24.9 4.3 82.7
Rotokakahi 2 18 3 23 63.9 11.6 81.8
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Appendix 2c: Biometric data for eel collected from Te Arawa myin September 2009.

Site Lower Kaituna Ohau Channel
Species Eel Whitebait Eel
Length (mm) 365 40-60 565
Weight (g) 127 60 458
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Appendix 2d: Biometric data for smelt and whitebait collectednfr Te Arawa region in September
and November 2009.

Site species wetweight (g) dryweight(g) % moistur e length (mm) #
Lower Kiatuna smelt 25.7 4.7 81.9 35-65 30
Lower Kiatuna smelt 110.0 23.0 79.1 55-100 35-40
Ohau Channel smelt 200.0 38.5 80.8 35-75 50-60
Rotomahana smelt 139.0 254 81.8 40-60 60
Rotoiti West smelt 196.0 38.6 80.3 ND* ND
Rotokakahi smelt 311.3 73.3 76.5 ND ND
Lower Kiatuna whitebait 39.3 7.25 81.6 40-60 60
#ND = not determined.
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Appendix 2e: Biometric data for pipi, mussel and kakahi collécteom Te Arawa region September
and November 2009 and January 2010.

Site Sample flesh wet flesh dry % length #
weight (g) weight (g) moisture (mm)

Maketu® pipi 236.0 30.4 87.1 35-55 55

Rotokakahi® kakahi 346.0 25.2 92.7 70 40

Maketu® pipi 191.0 24.0 87.4 40-55 47

Maketu® mussels 150.0 27.7 81.5 50-100 40

acollected 15 September 2009.
® collected 11 November 2009.
® collected 28 January 2010.
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Appendix 2f; Sediment size proportion data from Te Arawa region.

Site 2000-63 um <63 um Total % Total
(%) (%) Organic
Carbon?
Lower Kaituna 88.4 116 100.0 1.0
Maketu 98.0 2.0 100.0 0.32
Ohau Channel 93.0 7.0 100.0 1.8
Okareka 88.3 11.7 100.0 51
Puarenga Stream downstream of mill 90.6 9.4 100.0 0.84
Puarenga Stream upstream of mill 86.0 14.0 100.0 2.6
Rotoiti Sitel 42.5 57.5 100.0 6.3
Rotoiti Site2 22.5 77.5 100.0 5.7
Rotoma 97.5 2.5 100.0 4.6
Rotomahana 47.5 52.5 100.0 2.8
Upper Kaituna River 98.2 1.8 100.0 0.31
Rotokakahi 45.6 54.4 100.0 4.1
Rotorua Site 2 421 57.9 100.0 5.0
Rotorua Site 5 58.4 41.6 100.0 6.5
Rotorua Site 8 57.1 42.9 100.0 5.2
Sulfur Point 2&4 72.5 27.5 100.0 4.9
Sulfur Point 1 93.6 6.4 100.0 1.8
Waiowhiro 83.0 17.0 100.0 3.7
Tarawera 33.3 66.7 100.0 3.8
Tikitapu 55.0 45.0 100.0 2.8

#g/100g (dry weight)
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Site Lower Ohau Okareka Puarenga Puarenga Rotokakahi Rotoit Rotoma  Rotomahan Rotorua  Tarawer  Tikitapu Upper Lower Ohau
Kaituna  Channel Trout Stm Stm Trout i Trout Trout a Trout Trout a Trout Trout Kaituna  Kaituna  Channel
Trout Trout Lower Upper Trout Eel Eel
Trout Trout
o,p-DDE 0.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.0 0.0 0.0
p.p'-DDE 22 17 5.0 3.0 139 69 4.3 3.6 23 11 3.0 15.9 18.7 12.0 6.7
0,p-DDD 0.1 0.0 0.1 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
p,p-DDD 0.9 2.2 1.2 0.6 1.6 3.9 11 0.1 4.3 1.6 0.7 6.7 0.4 0.8 0.7
0,p-DDT 0.1 0.2 0.1 0.1 0.1 0.3 0.0 0.0 0.0 0.2 0.1 0.0 0.1 0.1 0.0
p,p'-DDT 0.2 15 0.3 0.3 0.4 4.0 0.5 0.0 4.7 1.0 0.9 0.6 1.1 1.1 0.5
Total DDT 23 21 6.9 4.2 141 78 6.0 3.8 32 14 4.6 23 20 14 7.9
DDT/Z DDT (%) 1.07 8.17 6.21 9.18 0.31 5.48 8.40 0.00 14.63 8.14 20.79 2.80 5.78 8.22 5.93
heptachlor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
heptachlor epox 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
trans-chlordane 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.1
cis-chlordane 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.1
trans-nonachlor 0.1 0.8 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.4 0.0 0.0 0.3 0.1 0.2
cis-nonachlor 0.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.2 0.0 0.1
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Site

Lower
Kaituna
Trout

Ohau
Channel
Trout

Puarenga
Stm
Upper
Trout

Tikitapu Upper Lower
Trout Kaituna Kaituna

Total Chlordane

lindane

hexachlorobenz
ene

dieldrin

0.3

0.0

0.14

0.2

2.1

0.0

0.53

0.6

0.0

0.0

0.17

0.4

Trout Eel
0.1 0.5 0.1
0.0 0.0 0.0
0.65 0.08 0.09
0.4 0.0 0.1
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Appendix 3c: PCB concentrations (ug/kg dry weight) in biota frdmArawa region.

Site Lower Ohau Okareka Puarenga Puarenga Puarenga Rotokakahi Rotoiti Rotoma Rotomahana Rotorua Tarawera Tikitapu Upper Lower Ohau

Kaituna Channel Trout Stm Lower  Stm Upper  Stm Upper Trout Trout Trout Trout Trout Trout Trout Kaituna Kaituna Chan-
Trout Trout Trout Trout Repeat Trout Eel nel
Eel
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18 0.0 0.3 0.0 0.0 0.2 0.1 0.1 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.1 0.1
28 0.2 0.9 0.1 0.0 0.8 0.5 0.1 0.1 0.1 0.3 0.5 0.0 0.0 0.1 0.2 0.5
52 0.3 14 0.3 0.7 1.2 0.8 0.4 0.1 0.2 0.3 35 0.1 0.2 0.3 0.5 0.5
49 0.4 1.6 1.0 2.4 2.8 2.3 0.7 0.1 0.6 1.1 4.8 0.1 0.1 0.2 1.3 0.9
44 0.0 0.2 0.0 0.0 0.3 0.2 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
66 0.1 0.5 0.1 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.3 0.1 0.4
121 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
101 1.0 21 0.1 0.1 0.7 0.7 0.2 0.3 0.1 0.1 14 0.1 11 1.6 0.2 0.6
86 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.1 0.0 0.0 0.1
110 0.5 1.4 0.0 0.0 0.3 0.3 0.1 0.2 0.0 0.0 1.0 0.0 0.5 0.9 0.1 0.3
77 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
151 0.3 0.5 0.1 0.0 0.1 0.1 0.0 0.1 0.0 0.0 0.3 0.0 0.3 0.4 0.0 0.1
118 1.0 1.8 0.1 0.1 16.7 16.8 0.2 0.2 0.2 0.1 1.1 0.1 0.9 1.8 0.4 0.6
153 4.3 4.5 0.6 0.2 94.4 92.9 0.7 0.9 1.4 0.3 29 0.2 4.1 54 0.6 1.5
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Site Lower Ohau Okareka Puarenga Puarenga Puarenga Rotokakahi Rotoiti Rotoma Rotomahana Rotorua Tarawera Tikitapu Upper Lower Ohau

Kaituna Channel Trout Stm Lower  Stm Upper  Stm Upper Trout Trout Trout Trout Trout Trout Trout Kaituna Kaituna Chan-
Trout Trout Trout Trout Repeat Trout Eel nel
Eel

105 0.2 0.6 0.0 0.0 3.3 3.5 0.0 0.1 0.0 0.0 0.3 0.0 0.2 0.6 0.1 0.2
141 0.5 0.5 0.1 0.1 11 11 0.1 0.3 0.1 0.1 0.4 0.1 0.5 0.6 0.1 0.2
138 2.8 3.5 0.3 0.1 56.2 56.7 0.4 0.6 0.8 0.2 2.2 0.1 2.7 3.9 0.5 1.0
126 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
187 0.9 0.9 0.2 0.0 8.1 8.0 0.2 0.2 0.3 0.1 0.6 0.1 0.7 11 0.1 0.3
128 0.3 0.5 0.0 0.0 6.8 6.6 0.0 0.1 0.1 0.0 0.3 0.0 0.4 0.6 0.1 0.1
156 0.3 0.2 0.0 0.0 6.5 6.2 0.0 0.1 0.1 0.0 0.1 0.0 0.2 0.3 0.1 0.1
180 2.0 14 0.3 0.1 63.5 61.1 0.3 0.4 0.9 0.1 0.9 0.1 1.9 2.0 0.2 0.5
169 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
170 1.0 0.8 0.1 0.1 30.3 28.5 0.1 0.2 0.4 0.1 0.5 0.1 0.9 1.0 0.1 0.3
195 0.1 0.1 0.0 0.0 1.9 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
194 0.2 0.1 0.0 0.0 6.0 5.8 0.1 0.0 0.1 0.0 0.1 0.0 0.2 0.2 0.0 0.1
206 0.0 0.0 0.0 0.0 1.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
209 0.0 0.0 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-:;%aBI 16.8 23.9 3.6 3.9 302.4 2955 3.8 4.0 5.6 2.9 21.6 1.2 15.2 21.4 4.7 8.2
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Appendix 3d: Heavy metal concentrations (mg/kg dry weight) iotdifrom Te Arawa.

Site/Species Arsenic  Cadmium Chromium  Copper Lead M ercury  Nickel Zinc

Waiowhiro watercress 1.1 0.061 0.59 53 0.38 <0.010 0.24 120
Maketu pipi 13 0.44 11 54 0.11 0.11 6.6 63
Lower Kaituna whitebait 4.4 0.083 0.25 2.7 0.55 0.073 0.36 120
Lower Kaituna whitebait(2) 4 0.046 0.62 3 0.73 0.092 0.54 130
Lower Kaituna smelt 1.3 0.032 0.12 25 0.83 0.3 0.26 170
Ohua Channel smelt 0.6 0.0089 1 1.7 0.069 12 0.77 190
Rotomahana smelt 1.9 0.044 0.8 3.2 0.22 1.6 0.69 290
Rotoiti West smelt 1.6 0.015 0.25 2 0.059 1 0.12 190
Rotokakahi smelt 0.77 0.0077 0.55 1.6 0.1 0.096 0.33 190
Rotokakahi kakahi 12 0.19 0.65 4.9 0.3 0.11 0.36 170
Ohau Channel koura 4.6 0.0087 <0.10 20 0.028 3.5 <0.10 86
Okareka koura 4.5 0.073 <0.10 54 0.022 0.45 <0.10 110
Rotoiti East koura 4.7 0.012 <0.10 39 0.02 6.5 <0.10 100
Rotoiti West koura 5 0.009 <0.10 30 0.012 2.7 <0.10 59
Rotoma koura 6.2 0.11 <0.10 28 0.063 0.41 <0.10 71
Rotorua East koura 4.4 0.0062 <0.10 26 <0.010 1.3 <0.10 58
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Site/Species Arsenic Cadmium Chromium  Copper Lead M ercury  Nickel Zinc
Tarawera koura 7.8 0.04 <0.10 28 <0.010 0.43 <0.10 90
Tikitapu koura 1.3 0.12 <0.10 35 0.033 0.23 <0.10 69
Upper Kaituna koura 29 0.009 <0.10 38 <0.010 29 <0.10 68
Rotokakahi koura 1.3 0.0027 <0.10 16 <0.010 0.77 <0.10 71
Lower Kaituna trout 0.22 < 0.0020 <0.10 1 <0.010 11 <0.10 18
Ohau Channel trout 0.23 < 0.0020 <0.10 2 <0.010 5.7 <0.10 18
Okareka trout 0.28 < 0.0020 <0.10 1.2 <0.010 2.2 <0.10 16
Puarenga Lower trout 0.57 0.0033 <0.10 0.76 <0.010 0.19 <0.10 22
Puarenga Upper trout 0.12 0.0045 <0.10 2.1 0.01 19 <0.10 55
Rotokakahi trout 0.53 < 0.0020 <0.10 0.61 <0.010 0.83 <0.10 9.3
Rotoiti trout 0.15 < 0.0020 <0.10 0.94 <0.010 5.1 <0.10 13
Rotoma trout 0.19 0.0056 <0.10 0.68 <0.010 1 <0.10 16
Rotomahana trout 0.28 <0.0020 <0.10 1 <0.010 8.4 <0.10 17
Rotorua trout <0.10 < 0.0020 <0.10 0.83 <0.010 41 <0.10 13
Tarawera trout 0.33 < 0.0020 <0.10 0.64 <0.010 0.27 <0.10 13
Tikitapu trout <0.10 < 0.0020 <0.10 1.2 <0.010 0.56 <0.10 12
Upper Kaituna trout 0.11 < 0.0020 <0.10 1 <0.010 7.1 <0.10 19
Lower Kaituna eel 0.88 0.033 <0.10 1 0.012 0.71 <0.10 51
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Site/Species Arsenic Cadmium Chromium  Copper Lead M ercury  Nickel Zinc
Ohau Channel eel 0.35 0.0023 <0.10 1.4 0.013 3.8 <0.10 54
Maketu pipi repeat 11 0.42 10 5.3 0.18 0.086 7.2 65
Maketu pipi second collection 9.7 0.46 3.2 4.7 0.084 0.057 3 54
Maketu mussel second collection 7 0.49 11 3.9 0.46 0.16 8.1 67
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Appendix 3f; Heavy metal concentrations (mg/kg dry weight) totdl organic carbon (g/100g) in sediment fromAFfawa region.

Site/Metal Manganese Total Arsenic  Cadmium Chromium Copper Lead Mercury Nickel Zinc

Organic

Carbon
Maketu 170 0.32 3.7 <0.010 1.9 0.67 1.5 0.026 1.2 9.7
Lower Kaituna 160 1 14 0.023 0.82 1.3 24 0.052 0.32 17
Upper Kaituna River 270 0.31 8 0.016 0.82 1 1.8 0.039 0.36 17
Rotoiti Sitel 580 6.3 59 0.066 1.6 4.8 34 1.7 0.87 32
Rotoiti Site2 420 5.7 54 0.046 1.2 4.3 3 1.9 0.8 26
Ohau Channel 160 1.8 25 0.041 1.7 2 24 0.51 0.82 26
Rotorua Site 2 400 5 64 0.11 7 9 11 0.85 1.6 51
Rotorua Site 5 430 6.5 95 0.095 5.2 8.6 7.1 0.78 1.4 51
Rotorua Site 8 380 5.2 52 0.098 55 8.2 7.6 0.81 1.4 49
Sulphur Point 1 5.3 1.8 1.9 0.012 1.3 5.7 8.4 1.2 0.34 12
Sulphur Point 2&3 52 4.9 55 0.08 3.3 8.5 6.4 5.3 0.59 20
Waiowhiro 180 3.7 16 0.21 6.4 14 29 0.083 1.6 130
Puarenga Downstream 890 0.84 13 0.053 2.8 2.9 54 0.025 0.67 31
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Taihoro Nukurangi

Site/Metal Manganese Total Arsenic Cadmium  Chromium Copper Lead Mercury Nickel Zinc
Organic
Carbon
Tarawera 15,000 3.8 880 25 1.4 4.3 55 0.15 1.6 58
Rotokakahi 560 4.1 19 0.081 3.2 45 9.6 0.07 1.6 32
Okareka 2,800 5.1 63 0.14 2.8 8.6 18 0.11 1.5 53
Rotomahana 310 2.8 260 0.19 18 12 5.7 1.8 2 35
Tikitapu 460 2.8 14 0.09 2.7 7.3 26 0.12 1.7 52
Rotoma 1,400 4.6 68 0.51 2.7 8.4 18 0.19 1.9 55
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