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Executive Summary

Wild kai (food), gathered from the sea, rivers, dakkes, has always been of significant cultural,
recreational and economic importance in both tiauitt and contemporary ari society. Today,
such resources are increasingly susceptible taounation, as a consequence of urban expansion or
land use changes in agricultural catchments. Theadtnof environmental contamination on the
resident wild kai and, in turn, onadri consuming them, however, has not been invesiig 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 patevas undertaken by questionnaire (Kai
Consumption Survey; n=12), to establish historid eontemporary consumption rates of key species.
The levels of bioaccumulative contaminants wererattarised in a number of commonly gathered
kai; shortfin eel Anguilla australis) longfin eel Anguilla dieffenbachji brown trout Salmo truttd,
black flounder Rhombosolea retiarja and watercress Nasturtium officinaly from 12 sites
throughout the Arowhenua rohe (Waihi River, WindbesTemuka River, Te Nga Wai, Opihi River
(below Pleasant Point), Ohapi Creek, Orari Ohdpéefrmouth), Opihi River (upstream), Doncaster,
Washdyke Creek, Opihi River (lagoon) and Washdykgopn), as well as in associated aquatic
sediments. In addition, hair samples were collefitemh 12 participants and analysed for mercury and
selenium to provide a measure of human exposurendrcury; which was used as a “model”
bioaccumulative contaminant.

Local average consumption rates of wild kai werewated as 6.1, 4.0 and 4.7 g/day for eels, trout
and flounder, respectively. Watercress consumptias calculated at 6.0 g/dayhe consumption
rates of wild caught fish were a lot lower than #verage New Zealand (NZ) consumption rate of 32
g/day. In contrast, the average total fish consionptate from the survey was 43 g/day, puttingéhes
rates into the NZ high consumption category andnligbting that wild caught kai is only a small
proportion of the main source of aquatic food far tocal community.

All contaminant data is reported on a dry weigldida

The average concentration of mercury in hair saspfe).86 Lg/g was similar to that found for both

the study reference group and to New Zealanders ednsume 1-4 meals of fish per month. By

comparison, it was much lower than previous stuttighe geothermally-influenced Rotorua region,

where concentrations as high as 39 ug/g were redo8klenium concentrations were similar between
Arowhenua participants and the reference group.

Contaminants in Kai - Arowhenua rohe Part 1: Data Report iv
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Three sites had markedly higher total DDIDDT) concentrations present in eel fillet, namely
Winchester (538 pg/kg), Ohapi Creek (917 pg/kg) Bodcaster (914 pg/kg). The concentrations of
2DDT in trout and flounder were generally much lowlean for eels. The highest concentrations of
2DDT found in trout was from Temuka (81 pg/kg) amdflounder from Washdyke Lagoon (141

pa/kg). Other organochlorine pesticides were eitidow the limits of detection, or measured in
much lower concentrations than any of the DDT coege

Polychlorinated biphenyls (PCBs) were analysedeis enly. Total concentrations ranged from 1.4 -
161 pg/kg, with the most elevated levels found ahd&aster and Winchester (161 and 67 pg/kg
respectively). PCBs were never manufactured in Né&saland, but were imported and used
extensively in the electricity industry as insulgtifluids or resins in transformers and capacitors.

The concentrations of mercury were generally highresel fillet, with a median value of 1.05 mg/kg.
The mercury concentrations were lower in trougfjlilwith a median of 0.47 mg/kg. Concentrations
were lower again in flounder fillet (median 0.18/ky) and virtually undetectable in watercress. The
source of mercury in the Arowhenua study area deam. Unlike parts of the North Island of New
Zealand, South Canterbury does not have any idnigf geothermal inputs, which are considered to
be natural sources of mercury and arsenic to laleiger systems.

Interestingly, tissue concentrations of arseniceweslow detection limits for eels, but presentidoth
flounder and trout, with median concentrations dd90and 1.55 mg/kg, respectively. Watercress
contained relatively low concentrations of arsefmedian 0.33 mg/kg). The arsenic found in biota
could be caused by the multitude of contaminatexeghdip sites in the area, particularly given the
absence of any identifiable geothermal activityoPto the 1950’s sheep dips were arsenic-based and
there are now thought to be over 50,000 contantrstieep-dip sites in New Zealand.

Watercress recorded a median lead concentratidnOomg/kg, which was consistently higher than
observed in fish. The highest lead result in fi§l0.47 mg/kg was recorded in a flounder from Opihi
River mouth.

Watercress had much higher cadmium concentratiwans fish with most fish concentrations below
detection limits (0.002 mg/kg). Zinc and copper aamtrations were reasonably consistent among
each species, with watercress recording the higbesls. Nickel was present in low concentrations i
all fish species, usually below detection limitsl(éhg/kg), but was detected in all watercress sasypl
with a median level of 1.2 mg/kg. Chromium was waifty undetectable in all fish species but
recorded in watercress at a median level of 0.6/kgng

Only one site contained sediment heavy metal cdaratgons that exceeded the Australian and New
Zealand Environment Conservation Council (ANZEC@gtim Sediment Quality Guidelines (ISQG).
Doncaster recorded a zinc concentration of 220 ggtlst above the low-ISQG value of 200 mg/kg.
Four sites, Washdyke Lagoon (§1§/kg), Washdyke Creek (318/kg), Doncaster (3.8g/kg) and

Contaminants in Kai - Arowhenua rohe Part 1: Data Report \%
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Winchester (1.61g/kg) had total organic carbon normalised sedinvamicentrations cEDDT that
reached or exceeded the ANZECC low-ISQG guidelirke ®ug/kg.

It would appear that high sedimeXiDDT concentrations translates to higpDT concentrations in
eel and flounder, but not trout. A similar infereffor metals in watercress could not be made based
on the available data.

The overall aim of this project is to determine thkative risk of consumption of kai species frates
where they are or have been harvested. The cordatnilata and consumption rates presented in this
report form the basis for a risk assessment, wiichresented in a separate report (Stewart et al.
2010).

Contaminants in Kai - Arowhenua rohe Part 1: Data Report vi
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1. Introduction

Traditionally, indigenous New Zealand abti 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 almgn of significant cultural,
recreational and economic importance in both ti@dit and contemporary Adri
society. Levels of wild caught kai have declineekslily throughout time, due to less
abundance, concerns over contamination and easies® to store-bought fish etc.
(Tipa et al. 2010a, Tipa et al. 2010b). Today swebources are increasingly
susceptible to contamination, as a consequencerlmnuexpansion or land use
changes in agricultural catchments. While it coodd argued that contamination of
wild kai has the potential to have a direct impawcithe physical health of adri, the
effect of contamination of an important culturatiaty on wellbeing is also likely.
Maori associate their well-being as individuals, asdmembers 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 (Turretral. 2005) identified gaps in
the knowledge of contaminants in non-commerciadwdught foods, especially in
terms of consumption levels (and hence exposurelesilting 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 Nbri consuming them, has not been investigated.
Furthermore, while existing consumptive advicevailable for some kai species of
relevance to Mori, this advice is based on average national copsve patterns and
doesn’t account for potentially higher consumptiates of specific types of kai
traditional harvested by #bri.

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 dietadigenous people from the
northern hemisphere, for example, the Northern &uirtants Programme (NCP) and
the Effects on Aboriginals from the Great Lakes iEmwment (EAGLE) project.
Research to date has shown that certain indigewousmunities have elevated
contaminant concentrations due to exposure threlugih traditional diet (Hoekstra et
al. 2005, Johansen et al. 2004, Odland et al. 2068, Oostdam et al. 2003, Van
Oostdam et al. 1999).

As many toxic contaminants are stored in the ligifibiota they can be biomagnified
up the food-chain. It is unknown whether contempokdaori communities have been

Contaminants in Kai - Arowhenua rohe Part 1: Data Report 1
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exposed, through their diet of wild kai, to levelshioaccumulative contaminants as
high as those observed in indigenous populatiosigirgy in the northern hemisphere.
While large mammals are unlikely to be a major sewf contaminants in traditional
Maori diets, eel is a popular food ofaeki and large shortfin eels are often lipid rich,
where levels can exceed 20% (Sumner & Hopkirk 1976)

Bioaccumulative contaminants that are of potentiahcern are organochlorine
pesticides (DDTs, dieldrin and lindane), polychiated biphenyls (PCBs),
pentachlorophenol and dioxins, polycyclic arométydrocarbons (PAHS), as well as
certain heavy metals such as mercury, arsenic, icagnhead, copper and zinc. New
Zealand used a considerable amount of organochklqésticides from the 1940s to
the 1970s. DDT, in particular, was used largelycémtrol grass grubs and porina
caterpillars, with its use restricted in 1970 airhify banned in 1989 (Taylor et al.
1997). Canterbury is a region with a large agriugaltand horticulture industry, where
the application of organochlorine pesticides wadespread. Although a nationwide
survey on organochlorines, including PCBs, wasi@arout in 1995 (Buckland, S. J.
et al. 1998a), the region of South Canterbury wesuded from this study. In
addition, sheep dips were arsenic-based until 804, with organochlorine (e.g.,
dieldrin, lindane and DDT) and organophosphate.,(el@zinon) insecticides used
after this time (ECan 2010b). There are thoughb¢oover 50,000 contaminated
sheep-dip sites in New Zealand (MfE 2006). Metslssh as mercury and arsenic, can
enter the food-chain from a combination of natufalg., geothermal) and
anthropogenic inputs (e.g., landfills and other taomnated industrial sites).
Cadmium, lead, copper and zinc are associated wfihn contamination, usually as
diffuse sources e.g., stormwater run-off.

This report describes the results of a survey tesdiraditionally associated with the
gathering of kai by local &bri. The concentrations of potentially bioaccumiviat
contaminants were characterised in a number of amtyrgathered animal and plant
species, as well as in associated sediments. A aoiop report (Stewart et al. 2010)
then uses a risk assessment, based on establi$h&dPA formulae (US EPA 2000),
to calculate consumption limits for the whole reghy species and for each species at
each site. The implications of these results faoMand non-Mori communities are
also discussed.

Contaminants in Kai - Arowhenua rohe Part 1: Data Report 2
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2. Methods

2.1

2.2

Table 1:

Survey design

Information on kai harvesting information (i.etesand species) was collated from the
results of focus groups and individual interviewghwmembers of an indigenous
Maori population (Arowhenua) located in South Carteyb Analysis of this
information allowed for the design of a samplinginee that aimed to characterise
contaminant concentrations in kai and the assatiet@ironment (sediment) of direct
relevance to members of Arowhenua iwi. In additiansurvey of past and present
consumption patterns was undertaken by questiann@ai consumption survey,
n=12) with this same group, to establish historid aontemporary consumption rates
of key species. This questionnaire was adapted feomange of other studies
(including diet surveys, fish consumption surveyaditional use surveys, surveys of
the health of indigenous communities and percefiiieference surveys).

Kai consumption survey

The kai consumption survey (n=12) aimed to charesete individual food
consumption patterns (Appendix 1). Participantsewasked to score the frequency of
consumption of a range of foods purchased, alotig thbse harvested from the wild.
In addition, they were asked to identify the portsize of specific food types eaten
per meal. Consumption frequency categories ranged fess than once per month to
one or more times per day. Meal sizes were assessag pictorial assessment of pre-
weighed portion sizes of selected food groups @ dblsee Appendix 1 for category
descriptions).

Meal sizes (g) for selected food groups.

Food Group Less than A Between B Between C More than

A A&B B&C C

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

Fish (any
species)

50 100 150 200 300 400 >400 (450)

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

or marine)
Scallops

Whitebait

50 100 150 200 250 300 >300 (350)

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

#Also used to quantify watercress consumption.
® Values in brackets indicate numbers used in cafituis for larger and smaller than size portions

Contaminants in Kai - Arowhenua rohe Part 1: Data Report 3
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2.3 Sampling Design

2.3.1 Site and kai information

Kai harvest information from the individual questnaires was compiled to determine
what were the most popular kai gathering sitesveimdh species were harvested most
often. This information is presented in Table 2.nMeéhistorically harvested kai
species included in the survey were not currentyvésted by the interview
participants. These are included in the footnot&atfle 2.

All harvesting sites identified in the region ah®wn in Figure 1.

Contaminants in Kai - Arowhenua rohe Part 1: Data Report 4
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Figure 1: Map of all harvesting sites in Arowhenua regiomiifeed during focus group,

interviews and questionnaires.
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Table 2: Kai harvest frequency information at individuaksiin Arowhenua region compiled from questionnaire.

Kai® Opihi Opihi Opihi Orari Orari Ohapi Temuka Waihi Te Hae Jacks Washdyke Otaio TOTAL

River River River River River Creek River River Hae Te Point River

upstream  below SH Mouth Upstream Mouth Moana

of SH bridge of SH

bridge bridge
Watercress 6 7 3 3 4 2 5 3 2 35
Eel 7 4 3 2 2 2 5 3 3 1 1 1 34
Trout 5 3 2 1 2 1 5 2 1 1 1 1 25
Whitebait 1 4 6 3 3 2 19
Flounder 1 2 5 1 2 2 1 3 17
Herrings 2 3 1 1 1 9
Lampreys 1 1 1 1 2 1 1 8
Mussels 5 1 6
Kahawai 2 1 1 4
Mullet 1 1 1 4
Oysters 1 2 1 4
Shark 2 1 3
Puha 3 3
Paua 3 3
Seaweed 1 1 2
Crayfish 1 1
Kina 1 1
TOTAL 21 24 28 8 16 5 25 9 6 19 14 3 178

®Common names only used in questionnaire. Kai speftie which sampling frequency from interviews wesro included muttonbirds, cockles,
freshwater mussels, tuatua, freshwater crayfigremgvone, toheroa, pupu, hapuka, kingfish, snapuai, tarakihi, trevally.

Contaminants in Kai - Arowhenua rohe Part 1: Data Report
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2.3.2 Contaminants of concern

Information was available from the Environment @abury (ECan) website on
identifying contaminated sites (ECan 2010a), wlileey stated:

In order to identify sites that may be contaminaté@an uses the Ministry for the
Environment's Hazardous Activities and Industriest (HAIL) which lists 53 specific
land uses that have the potential to cause contatnoim of sites.

Some common examples of local land uses which aeg contamination are:

. sheep dips (contaminated with arsenic and oihezcticides);
. timber treatment sites;

. former gasworks;

. closed landfills;

. fuel service stations;

. horticultural sites.

ECan were contacted in order to gather additiontdrimation about contaminated
sites in the Arowhenua region via the Listed Largk WRegister (LLUR). However,
further discussions with ECan (Mongilo 2009) ab&nbwn present and historic
contaminated sites, only supplemented the infoonatilready obtained from the
ECan website. ECan does not hold any informationsites east and north-east of
Temuka (circled, see Figure 2), suggesting theselldmot be highly contaminated
areas. An old sheep scour at Winchester was itkohtiTwo sites below Temuka
warranted analysis for pentachlorophenol (PCP) tdua historic timber treatment
facility that was located near the banks of the dlkenRiver. As the Temuka River
feeds into the Opihi River below site 19 (Table s site would make a useful
reference site for comparisons of PCP contaminafibe Washdyke area has 25 sites
under scrutiny by ECan, mostly due to possible ammation from fuel stations and
fuel storage facilities. In addition, this area whlasught to have once contained a wool
scour and an historic timber treatment facilityggesting kai and sediments may also
be contaminated by PCP. The two coastal sites suthmaru could be contaminated
by tetraethyl lead (petrol additive and bioaccuraurleand lead acetate. There was no
information for the rural sites northwest of Timdiite Nga Wai & Opuha; Figure 2),

Contaminants in Kai - Arowhenua rohe Part 1: Data Report 7
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suggesting these may have lower contamination ¢kizer sites and hence be suitable
as reference sites for comparative purposes.

Contaminants in Kai - Arowhenua rohe Part 1: Data Report 8
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2.3.3  Proposed sites of collection and types of kai

Due to budgetary constraints, the number of sifescies collected from each site and
contaminants analysed from each species were atestriPopular harvesting sites
and/or those sites close to known areas of conttramwere preferentially selected.
A total of 15 sites in the region were identifieasbd upon the survey information (as
described earlier in Table 2) and the informatiopmied by ECan on contamination
in the Arowhenua Region (Section 2.3.2). The lissites and analyses (Table 3) was
prepared in consultation with Te Runanga o Arowkernn addition, a rural site and
coastal site in areas far removed from urban infteewere included as reference sites
with anticipated low levels of contaminants foredir comparison.

Contaminants in kai — Arowhenua rohe. Part 1: [Report 10
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Proposed subset of sites and species to be safiopledntaminants from Arowhenua

Area

Site location

GPS Coordinates

Species

Opihi River

Opihi River

Opihi River

Orari River

Temuka River

Jacks Point

Washdyke

Waihi River

Ohapi Creek

Rural Inland
Sites

upstream of SH1
bridge

downstream SH1
bridge, below
Pleasant point

river mouth,
Horseshoe bend

river mouth, Orari

Ohapi

Temuka River

Jacks Point

Caledonia ground

Washdyke lagoon

bridge near Doncaster

Washdyke Creek

Waihi River

Winchester

Ohapi Creek

Te Nga Wai (Opawa

Crossing)

Opuha

Confirmed on site

E2372225
N5659139

E2377978
N5657081

E2382708
N5661494

E2371649
N5661078

E2371316
N5640379

E2371805
N5642410

E2370242
N5647982

E2369627
N5648533

E2370373
N5647189

E2372095
N5668310

E2371802
N5667852

E2378046
N5662521

E2340502
N5662460

E2348140
N5678827

eel, watercress

eel, watercress, whitebait

eel, watercress, flounder, yellow
eye mullet?, & whitebait

eel, watercress, trout, flounder,
& whitebait

eel, watercress, trout, &

whitebait

mussels & paua

mussels & paua

flounder, eel, & whitebait

flounder & eel

flounder & eel

eel, watercress, trout

eel, watercress, trout

eel, watercress

eel, watercress

eel, watercress

2referred to as mullet in Table 2.

Contaminants in kai — Arowhenua rohe. Part 1: [Report
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2.4 Sample preparation

Eels, trout and flounder were partially thawed,gheid and measured. Clean fillets of
fish or eel muscle tissue were carefully removenfreach individual, avoiding the
gut. Otoliths were removed from 9 eels for accuge determination. Watercress
was cut, while frozen, into small pieces. All saegpWere weighed, frozen and freeze
dried with a shelf temperature of -20°C. Biomei@ta for eel, trout/flounder and
watercress are shown in Appendix 2.

Each sediment composite was allowed to thaw arekgdlan a shallow plastic tray. All
large stones and plant material were removed ared dédiment thoroughly
homogenized before freeze drying. Freeze driedvsmti was sieved dry through a 2
mm stainless steel sieve and all material greatar 2 mm discarded. A sub-sample
of the freeze dried (<2 mm) sieved sediment wasuspended in Nanopure water,
sonicated for 1 hour and wet sieved through a 63ryton mesh. The <63m
fraction was oven dried and a gravimetric analpgiformed. Sediment size analysis
data and total organic carbon (TOC) are shown ipefylix 2.

2.5 Analysis of contaminants in kai and sediment

Organochlorine pesticides (OCPs) and polychlorohatephenyls (PCBs), were
analysed using a procedure based on acceleratednsoéxtraction (ASE), gel
permeation chromatography, silica/alumina columnrogtatography and gas
chromatography-mass spectrometry (GC-MS), closallowing 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 carri@sgFinal 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 pg/kg dry weight. Detection linofstotal congeners (e.gxDDTSs)
were set at the highest detection limit of an imdlial congener from that series.
Method performance was assessed by incorporatsgrihlysis of in-house reference
standards, standard reference material and GC clac#ards.

The analysis of metals in fish, watercress andnsexdi samples was carried out by a
commercial laboratory (Hill Laboratories 2010), Ifeling established procedures
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involving acid digestion and analyses by ICP-MSe Hmalysis of pentachlorophenol
(PCP) was carried out on sediment only using estedd procedures (Hill
Laboratories 2010).

Fish and sediment samples were analysed for a rah@CPs including DDT and
DDT metabolites (p,p’-DDT, p,p’-DDE, p,p’-DDD and,m isomers), chlordanes
(cisltrans nonachlor, cis/trans chlordane) and rdaloe metabolites (heptachlor,
cis/trans heptachlor epoxide), hexachlorobenzene CBjiH lindane -
hexachlorocyclohexang-HCH) and dieldrin. The samples were analysed fghte
selected heavy metals; arsenic (As), cadmium (€djmium (Cr), copper (Cu), lead
(Pb), mercury (Hg), nickel (Ni) and zinc (Zn). Ed$sue was also analysed for
selected PCBs (32 congeners ranging from PCB 8 B R(09). Watercress was
analysed for the eight heavy metals only.

The full dataset (based upon dry weight) is shawAppendices 3a-3f.

2.6 Analysis of mercury in hair

Hair samples were collected using a standard pobtonodified from Hill
Laboratories (2000). Hair was cut from the napthefneck at the back of the head so
that the total hair sample corresponded to thektigiss of a match (about 0.5 g). The
strands were cut close to the scalp and aimed tt st 60 mm long (if possible).
To identify the direction that the hair had beewvgng, a cotton string was tied
around the proximal end of the hair sample. Glavee worn and a new pair used for
each hair sample collection. The hair sample wéleated into a pre-labeled sealed
envelope or plastic bag after attachment of cotktair treatments, such as bleaches
and dyes, can extract elements from the hair, tegulin low concentrations.
Information on what, if any, hair treatment had roepplied, and when, was also
gathered, along with gender, age, residential loeatnd 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 & Btain 2008). The analysis protocol
involved initial weighing of the samples, freezgidg and weighing again to assess
moisture content. Samples were then weighed infonaL Teflon digestion bomb.
Re-distilled Merck Supapure nitric acid (1 mL) wadded to the samples. The bombs
were then pressure capped, placed in a microwaee and digested at approximately
150°C for 45 minutes. After digestion, samples wdiheted and all relevant isotopes
of Hg and Se analyzed by Dynamic Reaction Cell-ttigely Coupled Plasma Mass
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Spectrometry (DRC-ICPMS). Any potential interferenelements were also
measured.

2.7 Arowhenua consumption data

The kai consumption survey provided details of fiestpy 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 individealculations for trout, eel, flounder and
watercress. Meal size was calculated using theveighed portion allocations (Table
1). Frequency of consumption was calculated as eurmbtimes 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; 1/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).
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3. Results and discussion

3.1

Figure 1:

Sampling

As an initial screening exercise, fish were cobécts single animals and where
possible specimens were chosen that would reflduat wvould realistically be
consumed. All fish were caught by electric fishteghniques, with the exception of
Opihi river mouth and Orari Ohapi, where nets wesed to catch trout. Watercress
was harvested by hand, avoiding roots. Twelve gfggure 3) were surveyed and a
total of 9 shortfin eelsAnguilla australis) 1 longfin eel Anguilla dieffenbachjij 5
brown trout Galmo truttd and 4 black flounder Rhombosolea retiarja were
collected (Table 4). Collections were undertake®009 either between $2nd 14
May, or on the "8 June. Composite watercress samphasfurtium officinalg were
collected from 8 sites between™and 14' May. Composite sediment samples were
collected from all sites, at the time of biota eotion. Biometric data for each kai
species are shown in Appendices 2a-2c, while thclgasize distribution data for
sediments are shown in Appendix 2d.

No coastal sites were sampled due to high swellthershore at both survey times.
Whitebait was out of season.
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Table 4: Sampling sites and spediésirvested from Arowhenua Region in May/June 2009.
Site location GPS Coordinates Samples obtained Comments
Waihi River E2372095 watercress Upstream of wool

N5668229 scour
sediment
eel
trout
Winchester E2372170 watercress Exact location
N5667920 obtained from
sediment Arowhenua
eel
trout
Temuka River E2371649 watercress
N5661079
sediment
eel
trout
Te Nga Wai E2340457 watercress Chose Te Nga Wai
N5662437 over Opuha as rural
sediment reference site for
logistical reasons
eel
Opihi River (below E2371924 watercress
Pleasant Point) N5659077
sediment
eel
Ohapi Creek E2378025 watercress
N5662540
sediment
eel
Orari Ohapi (River E2382582 watercress No watercress
mouth) N5661627 sampled due to
sediment flooding and
scouring of River
eel banks
trout
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Site location GPS Coordinates Samples obtained Comments
Opihi River E2368692 watercress Site location
(upstream) N5659135 obtained from
sediment Arowhenua
eel
Doncaster E2369612 sediment Drain discharging
N5648525 light brown
eel unknown material
into creek.
flounder
Washdyke Creek E2370545 sediment No eels and only
N5647090 juvenile flounder
Opihi River (lagoon) E2378010 sediment No eels found
N5657250
trout Trout substituted for
mullet as mullet is a
flounder marine fish
watercress
Washdyke lagoon E2370242 sediment, eel,
N5647982 flounder

# whitebait was excluded from study because it wasobseason at time of collection.

3.2 Arowhenua consumption data

Local average consumption rates of harvested kee welculated as 6.1, 4.0 and 4.7
g/day for eels, trout and flounder respectivelyl€eb). Watercress consumption was
calculated at 6.0 g/daylhese consumption rates are markedly lower thamagee
New Zealand consumption rate of 32 g/day for thsll (Kim & Smith 2006) and the
proposed average consumption rate of 33 g/daydosumers of watercress (Golder
Associates and NIWA 2009). Even the maximum localstimption rates of 20.0,
13.3 and 13.3 g/day for eels, trout and floundspeetively, were still well below the
average New Zealand fish consumption rate. In eshtrthe average total fish
consumption from the survey was 43 g/day, puttowal consumption rates into the
New Zealand high category of 43 g/day (Kim & Sm2®06) and highlighting that
wild caught kai is only a small proportion of theaim source of fish for the local
community.
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Table 5: Consumption rates (g/day) of wild kai from ArowhanRegion for different food
categories (n=13).

Measure/ Traditionally harvested fish species
Food category  Watercress Mussels  All fish Total® Eel Trout Flounder
mean 6.0 11.1 43 5.8 6.1 4.0 4.7
median 4.7 3.8 27 45 3.8 3.3 3.3
minimum 0.0 0.0 5.0 3.3 0.0 0.0 0.0
maximum 15.0 60.0 187 12.8 20.0 13.3 13.3

& Sum of all traditional fish harvested.

Meal sizes were calculated at 213 g/meal for ah fspecies and 175 g/meal for
watercress.

3.3 Mercury in hair

The concentrations of mercury and selenium forlallparticipants (on a dry weight
basis) are presented in Table 6. The average ctvatien of mercury was similar to
that found for the study reference group (Figure=29) and for New Zealanders who
consume 1-4 fish meals per month (Airey 1983). dntast, mercury and selenium
concentrations for the Arowhenua region were mushel than previous studies in
the geothermally-influenced Rotorua region (Siegel Siegel 1985), where
concentrations as high as 3@/g were recorded. Selenium concentrations were
similar between Arowhenua participants and thereefee group (Figure 4).
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Table 6: Concentrationsyg/g, dry weight) of selenium (Se) and mercury (Hghair samples
of Arowhenua participants.

Participant # Age Se Hg
1 52 0.01 0.25
2 25 0.64 0.64
3 73 0.60 0.60
4 56 0.69 0.85
5 49 0.42 1.02
6 60 0.01 1.34
7 80 0.01 0.51
8 46 0.01 0.79
9 44 0.60 2.16
10 57 2.97 0.04
11 58 0.32 1.26
12 49 0.44 0.90
mean 54 0.56 0.86
median 54 0.43 0.86
minimum 25 0.01 0.04
maximum 80 2.97 2.16
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Figure 4: Comparisons of mean mercury (Hg) and selenium ¢8egentrations in hair samples
of Arowhenua participants with selected referencaigs.
3.4 Arowhenua contamination data

All kai contaminant data was measured and is redavh a dry weight basis.

3.4.1  Organochlorine pesticides

Concentrations of total DDTZPDT = p,p’-DDT + o,p’-DDT + p,p’-DDE + o0,p’-
DDE + p,p’-DDD + 0,p’-DDD), total chlordanes (surh@® congeners), HCB, lindane
and dieldrin are shown for eels (Table 7), troua[€ 8), flounder (Table 9) and
sediment (Table 10). PCBs were analysed in eejsand are shown in Table 2.

Three sites had markedly highedDT concentrations in eel tissue (Table 7), namely
Winchester (538 pg/kg), Ohapi Creek (917 pg/kg) @whcaster (914 pg/kg).
Winchester and Ohapi Creek are predominantly raneés, while Doncaster is part of
the Washdyke industrial area, adjacent to the majon in the region, Timaru. The
tissue concentrations &DDT for trout (Table 8) and flounder (Table 9) were
generally much lower than for eels. The highestusconcentrations &DDT for
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trout was from Temuka (81 pg/kg) and in floundesnir Washdyke Lagoon (141
Hg/kg).

Other organochlorine pesticides were either untietiecor detected at much lower
concentrations than any of the DDT congeners (BaBl&0). Dieldrin concentrations
ranged from <0.2 to 40 pg/kg in eel tissue, with kiighest concentration recorded at
Doncaster. Other sites, with elevated eel dielddncentrations relative to the other
sites, were Ohapi Creek (14.8 pug/kg) and Winchdstér ug/kg) (Table 7). Dieldrin
tissue concentrations ranged from 0.3 to 2.5 pggkdrout (Table 8) and 0.5 to 2.7
ug/kg for flounder (Table 9).

Total chlordane (sum of six congeners) concenmmatianged from <0.1 - 25.6 pug/kg
in eels (Table 7), <0.1 - 0.2 pg/kg in trout (TaB)eand <0.1 - 1.7 pg/kg in flounder
(Table 9). Doncaster (25.6 ug/kg, eel) and Winave@.7 ug/kg, eel) were the two
most contaminated sites.

Hexachlorobenzene (HCB) concentrations ranged fr@hi - 1.06 pg/kg in eels
(Table 7), below detection limits (<0.1 pg/kg) iout (Table 8) and <0.1 - 0.12 pg/kg
in flounder (Table 9). The most contaminated sitese Doncaster (1.06 ug/kg, eel),
Winchester (0.60 pg/kg, eel) and Waihi River (O.&kg, eel) (Table 7). Lindang-(
hexachlorocyclohexaney-HCH)) was not detected in any biota sample (liwiit
detection 0.2 pg/kg).

Doncaster, Washdyke Lagoon and Ohapi Creek, had highest sediment
concentrations oEDDT, with 26.5, 25.7 and 7.0 pg/kg respectively{lEal0). The
relationship of sediment contamination to fish eomihation is discussed in section
3.5.

Sediment organochlorine concentrations normalisedl% Total Organic Carbon
(TOC) of =DDT were compared with the Australian and New Zedl&nvironment
Conservation Council (ANZECC) Interim Sediment Qual Guidelines
(ISQG)(ANZECC 2000) (Table 11). Low- and high-ISQBave been set by
ANZECC, corresponding to the effects range-low affdcts range-median adapted
from Long et al (1995). Four sites had TOC nornealissediment=DDT
concentrations that reached or exceed the ANZEQE U8~ guideline (1.6ug/kg);
Washdyke Lagoon (83g/kg), Washdyke Creek (3i8)/kg), Doncaster (3.8g/kg)
and Winchester (1.69/kg).
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342 PCBs

Polychlorinated biphenyls (PCBs) were analysedeintissue only, with a total of 32

congeners included in the PCB suite. Total conasiotis ranged from 1.4 - 161

ung/kg (Table 7), with the most elevated levels fbat Doncaster and Winchester
(161 and 67 pg/kg, respectively). PCBs were ne@rufactured in New Zealand, but
were imported and used extensively in the eletyriaidustry as insulating fluids and

resins in transformers and capacitors (Bucklancho8iJ et al. 1998b). As Doncaster
is an industrial site, high relative levels of PCBe not a surprising result, however,
Winchester is a small rural town, so elevated katlthis location (relative to other
rural sites in the area) was an unexpected resdtcauld reflect an unknown or

unrecorded source of PCBs in this area.
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Table 7: Organochlorine concentrations in eels (ng/kg drighv at individual sites in the Arowhenua Region.
Eel Waihi River  Winchester Temuka Te Nga Wai Opihi River  Ohapi Creek  Orari Ohapi  Opihi River Doncaster Washdyke
below PP upstream Lagoon
>DDT 160 538 148 52 37 917 55 57 914 100
>Chlordanes 1.2 3.7 0.7 0.1 <0.1 0.7 <0.1 0.1 25.6 2.9
HCB 0.58 0.60 0.21 0.23 <0.1 0.41 <0.1 0.31 1.06 <0.1
lindane <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
dieldrin 1.6 5.6 0.6 0.6 <0.2 14.8 1.5 1.1 40 1.3
>PCBs 9.1 67 8.6 24 5.6 19.5 3.6 1.4 161 17.6
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Table 8: Organochlorine concentrations (ug/kg dry weightyrgut from individual sites in the
Arowhenua Region.

Trout Waihi River  Winchester Temuka  Orari Ohapi Opihi River Mouth
DDT 64 64 81 9.6 14
>Chlordanes <0.1 0.2 <0.1 <0.1 <0.1
HCB <0.1 <0.1 <0.1 <0.1 <0.1
lindane <0.2 <0.2 <0.2 <0.2 <0.2
dieldrin 0.3 25 0.7 0.7 0.4

Table 9: Organochlorine concentrations (ug/kg dry weightjlaunder from individual sites in

the Arowhenua Region.

Flounder Orari Ohapi Doncaster Opihi River Washdyke
Mouth Lagoon
2DDT 33 67 51 141
>Chlordanes <0.1 1.7 <0.1 15
HCB <0.1 0.12 <0.1 0.10
lindane <0.2 <0.2 <0.2 <0.2
dieldrin 0.5 2.7 0.7 21
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Table 10: Organochlorine concentrations (pg/kg dry weight3ediment from individual sites in the ArowhenuayiRe™.
Waihi River Winchester Temuka Te Nga Wai Opihi River below PP Ohapi Creek
> DDT 0.3 1.9 0.8 0.6 <0.2 7.0
> Chlordane <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
HCB <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
lindane <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
dieldrin <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Orari Ohapi Opihi River upstream Doncaster Washdyke Creek Opihi River Mouth Washdyke Lagoon
> DDT <0.2 <0.2 26.5 2.5 1.2 25.7
> Chlordane <0.1 <0.1 0.1 <0.1 <0.1 0.1
HCB <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
lindane <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
dieldrin <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
& pentachlorophenol and 2,3,4,6-tetrachlorophenoéwet detected in any sediment (LOD 50 pg/kg).
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Total Organic Carbon normalised sedim&fDT concentrations with ANZECC
ISQG-Low and ISQG-High Guidelines (ANZECC 2000).

Site IDDT (1% TOC)*?
Waihi River 0.5
Winchester 1.6
Temuka 0.8
Te Nga Wai 1.0
Opihi River below PP <0.2
Ohapi Creek 1.3
Orari Ohapi <0.2
Opihi River upstream <0.2
Doncaster 3.3
Washdyke Creek 3.8
Opihi River Mouth 1.2
Washdyke Lagoon 8.3
ANZECC-Low 1.6
ANZECC-High 46.0

& Concentrations below detection limits not TOC nalised.
®Values in bold exceed ANZECC I1SQG-Low guideline.

Heavy metals

The analysis of 8 heavy metals; arsenic (As), cadm(iCd), chromium (Cr), copper
(Cu), lead (Pb), mercury (Hg), nickel (Ni) and zifzn), was carried out on all fish
tissue, watercress, and sediments.

Mercury contamination was generally highest in tesdue, with a median value of
1.05 mg/kg and a range of 0.12 - 1.9 mg/kg (Talle The mercury concentrations
were lower in the flesh from trout, with a medidr0at7 mg/kg and a range of 0.21 -
2.1 mg/kg (Table 13) and lower still in floundessiie (median 0.18 mg/kg; range 0.11
- 0.48 mg/kg; Table 14). Mercury was generally belide limits of detection in
watercress, with a range of <0.010 - 0.014 mg/lkap(@ 15). The source of mercury in
these kai is unclear. Unlike parts of the Northansl of New Zealand, South
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Canterbury does not have any identifiable geotheimnpats, which are considered to
be natural sources of some heavy metals to lakeiaerdsystems.

The concentration trend in fish tissue was diffefen arsenic, indicating differential
uptake between the three fish species. In corttvasercury, arsenic was undetectable
in eel tissue (Table 12), with highest concentregion trout (median 1.55 mg/kg;
range < 0.1 - 3.7 mg/kg; Table 13), and lower catre¢ions in flounder (median 0.59
mg/kg; range 0.28 - 2.2 mg/kg; Table 14). The catration of arsenic in watercress
ranged from <0.1 - 0.68g/kg, with a median concentration of 0.33 mg/k@g{é
15).

The arsenic found in biota could be caused by thkitode of historic sheep dip sites
in the area, particularly given the absence ofidastifiable geothermal activity. Prior

to the 1950’s sheep dips were arsenic-based (ECHDb? and there are now thought
to be over 50,000 contaminated sheep-dip siteeim Realand (MfE 2007).

Lead concentrations in eel tissue ranged betwe@nd 0.2 mg/kg, with a median
value of 0.026 mg/kg (Table 12). The maximum cotre¢ion was from Doncaster.
Lead concentrations in trout were generally lowsant those for eels, with many
results below detection limits (0.01 mg/kg). Thexmaum lead concentration of 0.038
mg/kg was observed in a trout from the Winchester(§able 13). For flounder, half
the samples had lead concentrations below deteétidts (0.01 mg/kg) with the
highest level (0.17 mg/kg) recorded in a floundenf Opihi River mouth (Table 14).
Concentrations of lead in watercress ranged fr@s @ 1.6 mg/kg, with a median of
1.0 mg/kg (Table 15). The watercress lead levels2vigpically much higher than
those observed in the fish, with median conceminatibetween 10 to 40-fold higher
than those in edible fish tissue (Tables 11-14).

Cadmium was virtually undetectable in all fish asad (Tables 11-13). The
maximum fish tissue concentration of 0.041 mg/kgsviar an eel collected from
Opihi River upstream. Watercress had much highgémaam concentrations than fish,
with a median of 0.145 mg/g and a range of 0.0022 mg/kg (Table 15).

Zinc concentrations were reasonably consistent gm@&@ach species. Zinc
concentrations in eels ranged from 22 - 46 mg/kip & median value of 34 mg/kg
(Table 12) and in trout zinc ranged from 14 - 20kggwith a median of 16 mg/kg
(Table 13). Zinc in flounder ranged from 25 - 34/kggwith a median value of 31
mg/kg (Table 14). Watercress had the highest legélginc, ranging from 35-71
mg/kg with a median of 43 mg/kg (Table 15).
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Copper concentrations were again reasonably censiamong each species. In eel,
copper concentrations ranged from 0.56-1.10 mgit) a median of 0.87 mg/kg
(Table 12) and in trout the concentrations wer¢him range 0.9-1.7 mg/kg, with a
median value of 1.2 mg/kg (Table 13). Flounder bapper concentrations of 0.7-1.2
mg/kg, with a median of 1.2 mg/kg (Table 14). Asetved for zinc, watercress had
the highest levels of copper, ranging from 5.0-18d@kg and a median of 8.3 mg/kg
(Table 15).

Nickel was present in low concentrations in alhfispecies, often below detection
limits (0.1 mg/kg) (Tables 11-13). However, a camcation of 0.45 mg/kg for nickel

in flounder from Opihi River Mouth (Table 14) wascorded. Nickel was detected in
all watercress samples, ranging from 0.2-2.9 mg/fith a median of 1.2 mg/kg (Table
15).

Chromium was virtually undetectable in all fish cigs at the detection limit (0.1
mg/kg) (Tables 11-13). The one exception was @ehf¥Washdyke, with chromium at
a level of 0.3 mg/kg (Table 12). Chromium concditres in watercress ranged
between 0.22-1.40 mg/kg, with a median level o7 Orfyy/kg (Table 15).

Sediment heavy metal concentrations for the siteeravkai was harvested in this
study were compared with the Australian and New lafeh Environment
Conservation Council (ANZECC) Interim Sediment QumalGuidelines (ISQG)
(ANZECC 2000) (Table 16). Low and high I1ISQG havesbeset by ANZECC,
corresponding to the effects range-low and effeantge-median adapted from Long et
al (1995). These sediment guidelines were only &ded on one occasion. The low
ISQG value of 200 mg/kg for zinc was exceeded atdaster, with a value of 220
mg/kg (Table 16).
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Metal Waihi River  Winchester Temuka Te NgaWai Opihi River Ohapi Orari Ohapi  Opihi River  Doncaster Washdyke median
below PP Creek upstream Lagoon
arsenic <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.11 <0.10 <0.10 <0.17 -
cadmium 0.0029 0.0065 0.0026 0.0045 0.011 0.0029 0.0065 0.041 0.0033 < 0.0033 0.0045
chromium <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.11 <0.10 <0.10 0.3 0.3
copper 1.10 0.89 0.60 1.10 0.83 1.10 0.84 0.59 0.56 0.92 0.87
lead 0.014 0.054 0.028 0.019 0.029 0.017 0.024 0.014 0.2 0.062 0.026
mercury 0.87 14 1.4 1.2 1.9 0.9 0.78 1.3 0.37 0.12 1.05
nickel <0.10 <0.10 <0.10 0.12 <0.10 <0.10 0.15 <0.10 <0.10 0.17 0.15
zinc 22 35 32 40 32 40 40 24 33 46 34
29
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Table 13: Metal concentrations in trout (mg/kg dry weightorfr individual sites in the
Arowhenua Region.
Metal Waihi River Winchester Temuka Orari Opihi median
Ohapi River
mouth
arsenic <0.1 0.27 2 1.1 3.7 1.55
cadmium 0.002 <0.0020 <0.0020 < 0.0020 <0.0020 0.002
chromium <0.10 <0.10 <0.10 <0.10 <0.10 -
copper 1.7 15 0.9 1.0 1.2 1.2
lead 0.02 0.038 <0.010 <0.010 <0.010 0.029
mercury 0.48 0.3 2.1 0.21 0.47 0.47
nickel 0.13 <0.10 <0.10 <0.10 <0.10 0.13
zinc 14 16 15 20 19 16
Table 14: Metal concentrations in flounder (mg/kg dry weiglitpm individual sites in the

Arowhenua Region.

Metal Orari Ohapi Doncaster Washdyke Opihi River median
Lagoon mouth
arsenic 0.28 0.74 2.2 0.44 0.59
cadmium < 0.0020 < 0.0020 <0.0020 <0.0020 -
chromium <0.10 <0.10 <0.10 <0.10 -
copper 1.2 1.2 0.7 1.2 1.2
lead <0.010 <0.010 0.01 0.17 0.09
mercury 0.48 0.15 0.21 0.11 0.18
nickel <0.10 <0.10 <0.10 0.45 0.45
zinc 34 32 29 25 31
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Table 15: Metal concentrations in watercress (mg/kg dry wgiflom individual sites in the Arowhenua Region.

Metal Waihi River  Winchester Temuka  Te Nga Wai Opihi below PP Ohapi Creek  Opihi