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Executive Summary

Gathering of wild kai (food) has always been of artpnce to Mori society. With kai increasingly
susceptible to accumulation of anthropogenic comtants, and in the case of the Te Arawa region,
natural geothermally-derived contaminants, the mi@kimpact on the resident wild kai and, in turn,
on Maori consuming them, is also likely to increase. ldwer, despite the potential for adverse health
effects associated with eating ‘contaminated’ Kkai,date, this issue has received only limited
attention.

Many toxic contaminants are stored in the lipiddbmita and can biomagnify up through the food-
chain, increasing the risk of consuming higher ptey animals, such as eel and trout, which are
often important kai species. Bioaccumulative cortamts that are of potential concern include
organochlorine pesticides (DDTs, dieldrin and Imela polychlorinated biphenyls (PCBs),
pentachlorophenol, dioxins, polycyclic aromatic fo@hrbons (PAHs), and selected heavy metals
such as mercury, arsenic and cadmium associatedyesitthermal activity, as well as lead, copper and
zinc from anthropogenic sources such as urban staten runoff.

The aim of this project was to quantify the riskidoal Maori of consuming wild kai gathered from
the rohe (territory of iwi or hap of Te Arawa, New Zealand. A companion report ([isi et al.
2011) presented data assessing the concentrafiseteoted heavy metal and organic contaminants in
the aquatic environment and how these contamimaedd related to tissue concentrations in resident
kai. This report describes the assessment prooassvas undertaken to quantify the potential risk t
local Maori from the consumption of wild kai gathered freime Te Arawa rohe.

Data on local consumption rates were derived uairguestionnaire on kai consumption rates and
portion sizes. Local average consumption ratesldg)/were calculated as follows: watercress (15.8),
mussels (16.9), koura (2.5), whitebait (5.7), €eb), trout (10.9), kakahi (0.33) (Phillips et &l12).
The total average wild fish consumption rate wag! Iffday. The consumption rates of wild caught
fish were a lot lower than the average New Zealemgsumption rate for total fish (gathered and
bought) of 32 g/day. In contrast, the average tishl consumption rate from our survey was much
higher, at 97 g/day. This indicates that wild caugh represents a relatively small proportiortio#
main source of fish for the local community papamits. The watercress consumption rate of 15.8
g/day was again much lower than the proposed agaragsumption rate of 33 g/day for consumers of
watercress (Golder Associates and NIWA 2009). Meads were calculated at 224 g/meal for trout
and eel, 112 g/meal for smelt and whitebait, 158eg for koura, 144 g/meal for shellfish (mussels,
pipi, kakahi) and 155 g/meal for watercress.

A risk assessment was carried out on the kai cantarhdata using established US EPA formulae.
The risk assessment calculatshsumption limits (meals per month) for the whole catchment using
median (58 percentile) and 95percentile contaminant concentration data to apprate harvesting
of kai with random contamination concentrationst imght be expected from harvesting randomly
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across all sites (median) or predominantly fromrtfest contaminated kai (8%ercentile), that might
be expected from harvesting predominantly at thestntwmntaminated sites. In addition, a risk
assessment was performed for each species harviestedeach site to gain an understanding of
potential “hotspots” in the catchment.

The results of the risk assessment were clearerimg of the whole catchment, if harvesting was
carried out randomly across all si@sl consumption rates were as calculated from thetigmesiire
data, then there ia significant risk to local Te Arawa iwi members associated with comstion of
trout, pipi, mussel and watercress. In the secarmhario, that is, if harvesting were undertaken
predominantly at the most contaminated sied consumption rates were as calculated from the
gquestionnaire data, thens@nificant risk is associated with the consumption of trout, @&l pipi. A

lack of replicate samples across the catchmentyshed calculation of this risk scenario for whitgpa
kakahi, mussel and watercress. However, givenrthetsel and watercress present a risk at median
contaminant concentrations, the risk can only iaseeif these species were harvested from the most
contaminated sites. Based on consumption ratealatdd from iwi participants in our study, the g8sk
associated with consumption of all other kai spedievestigated (koura, eel, smelt, whitebait and
kakahi) are low. Clearly, increased consumptionthefse species could see the risks increase, if
consumption rates exceeded the risk-based consumiphits calculated from our study. The risk of
eating trout in the Te Arawa rohe was greater thther species, with contaminant levels in 9 out of
the 13 trout sampled corresponding to a consumfiitiihof less than 4 meals per month.

A number of potential “hotspots” (areas of increhsisk of consumption of many species) were
evident from the results. The Maketu site was ifiedtas being of concern, with significant risk of
consumption of both pipi and mussels. Waiowhiro eraess samples were also a concern.
Recommended safe consumption rates of all fourispesampled in the lower Kaituna River ranged
from <1 to ca. 3 meals/month. In addition, at tHea® Channel site, kai contaminant concentrations
were such that safe consumption rates for threbeofour species were limited to between 0.7 — 1.4
meals/month. For sites where both trout and kouexrewcollected, the risk associated with
consumption of these species was Rotorua = Upp#urkéa= Rotoiti = Ohau Channel > Okareka =
Tarawera > Rotokakahi = Rotoma > Tikitapu.

Limitations of this study were the small number igfi participants who completed the kai
consumption questionnaire (which therefore limite teliability of the consumption rate estimates)
and the low number of specimens collected of epekiss — typically only a single specimen per site
for larger species such as trout and eel. Becatiskeoinherent assumptions and associated error
involved with any risk assessment process, it wbalk been beneficial to collect multiple specimens
at each site. This would have enabled a more rassgtissment of the risk, associated with consuming
kai gathered from the Te Arawa rohe. However, nihistanding these limitations, this study has
provided a valuable screen of potential risks dased with kai consumption in the Te Arawa rohe.

The major recommendations that can be made fragvsthdy include:

Contaminants in Kai — Arowhenua rohe. Part 2: Riskessment \J



——NIWA_—

laihoro Nukurangi
* communicating the risks identified within the Teata rohe to iwi members and the wider
community

» obtaining larger sample sizes of some kai spedegsravide a more representative spatial
assessment of kai contamination in the region

» obtaining more robust datasets of contaminantglidimg arsenic and mercury speciation

* obtaining more robust consumption data and mea& partions through participation of
larger numbers of consumers of wild kai in complgtihe questionnaire, and

» conducting a risk assessment for total fish diétictvincorporates both wild caught kai and
commercial (i.e., store brought) dietary consumptio

Contaminants in Kai — Arowhenua rohe. Part 2: Riskessment Vi
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1. Introduction

1.1 Background

Wild kai (food), gathered from the sea, rivers, dales, has always been of
significant cultural, recreational and economic amipnce in both traditional and
contemporary Mori society. Today, such resources are increasisghceptible to
contamination, as a consequence of urban expansiotand use changes in
agricultural catchments. In addition to increasipgessures from anthropogenic
contaminants, a unique aspect of the rohe of TewvAréRotorua) is that natural
geothermal activity is an important source of heawmetals into receiving
environments from which kai is harvested. Heavyahebntaminants of particular
concern from geothermal activity are arsenic, mgrcand cadmium. However,
despite the potential for adverse health effecte tmpact of environmental
contamination (both anthropogenic and geothermaljhe resident wild kai and, in
turn, on Miori consuming them, to date, has not been invdstigalthough recent
work has started to address this deficiency (Steetaal. 2010, Stewart et al. in press,
Whyte et al. 2009). As part of a larger researchgmmme, we investigated
contaminant concentrations in kai, and undertoaksla assessment based on local
consumption rates for Maori from the Arowhenua ré@Bewart et al. 2010, Stewart et
al. in press). An important point of differencethre Te Arawa rohe is that a major
source of environmental contaminants entering Haivesting’ environments is via
natural geothermal sources — and hence unlike gmwiressures from catchment
development (i.e., urbanisation, farming etc.),séh@eothermal inputs have been
present ever since adri have been harvesting kai from the rohe.

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 levelsbioaccumulative contaminants as
high as those observed in indigenous populatiosigirg in the northern hemisphere,
where consumption of marine fish and mammals isigaifccant component of
subsistence diets (Hoekstra et al. 2005). Whilgelanammals are unlikely to be a
major source of contaminants in traditionakdvi diets, eel is a popular food for
Maori and large eels are often lipid rich with leveleater than 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, icaginhead, copper and zinc. New
Zealand used a considerable amount of organocklqasticides from the 1940s to

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment 1
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the 1970s. DDT, in particular, was used largelycomtrol grass grubs and porina
caterpillars, with its use restricted in 1970 aimhlfy banned in 1989 (Taylor et al.
1997). Lakes encompassing a wide range of sizesatctdment areas are found in the
Rotorua area. In many of these lakes the effectolafinism is still felt, with locally
hot bottom waters and modified water chemistry assbciated 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 feirekai 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

1.2 Synopsis of Te Arawa contaminant data report

This report is the second of two reports on contamis in kai from the rohe of Te
Arawa. The first is a data report (Phillips et2011), with key findings summarised
below.

A survey of past and present kai consumption pattewas undertaken by
guestionnaire to establish historic and contemgoransumption rates of key species
by local iwi members. The levels of bioaccumulatbestaminants were characterised
in a number of commonly gathered fish/shellfisinfpaw trout, koura, pipi, longfin
eel) and plant species (watercress), as well assnciated aquatic sediments from 23
sites throughout the rohe of Te Arawa.

Local average consumption rates of wild kai rangedh 0.33 g/day for kakahi to

10.88 g/day for trout. Watercress consumption walsutated at 15.8 g/day. The
average total fish consumption rate from the suf@¥yg/day) was much higher than
the average New Zealand (NZ) consumption rate o§/82y, with wild caught kai

comprising only 12% of the total consumption. Tiesult indicates that wild caught
kai is only a small proportion of the main sourdeaguatic food for the local

community surveyed.

The following general conclusions can be made atfmitontaminant concentrations
in the Te Arawa rohe from the first report:

1) sediment contaminant concentrations were genelmlpw the Australian and
New Zealand Environment Conservation Council (ANZBGnterim Sediment
Quality Guideline (ISQG) (ANZECC 2000) guidelin@gth a few exceptions:

a) ANZECC ISQG low values were exceeded for arsenicraarcury at 55% of
sites sampled and for cadmium at 10% sites.

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment 2
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b) The ANZECC ISQG high guideline value was exceedetl5&o of sites for
arsenic and at 25% sites for mercury.

c) These results reflect, to some extent, the inpgeothermally-sourced metals
at our study sites.

2) Contaminant analysis indicated differential uptakespecific contaminants by
different species. For example, pipis and musselsorded much higher
concentrations of arsenic, cadmium, nickel, chreamand lead than other species.
Trout recorded higher levels of DDT, PCBs and mertiian eels.

3) Mercury concentrations were generally highestontttissue.

4) The Upper Puarenga Stream, Ohau Channel and Rditis, consistently
reported elevated sediment and biota concentrattwresnumber of contaminants,
relative to other study sites.

5) Based on the ratio of sediment to tissue metal extnations, bioaccumulation
“hotspots” were identified at Maketu (for shellfjshthe Lower Kaituna site (for
whitebait) and the Ohau Channel (for smelt)

1.3 Aim of this study

The overall aim of this study was to determine tisk to Maori and non-Mori of
consuming key kai species harvested from sitesnardibe rohe of Te Arawa. The
contaminant data from a companion report (Phikipal. 2011, Phillips et al. in prep)
forms the basis for a cumulative risk assessménthiach the implications to human
health are presented in this report. An importapeat of this study was looking at the
potential impacts of naturally occurring (hence htgcally background levels)
contaminants associated with the geothermal agtivitthe area. At many of the
geothermally impacted kai gathering locations,aBsumption was that natural inputs
of contaminants would be more significant than ¢hdeom urbanisation (i.e.,
stormwater runoff etc.).

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment 3
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2. Methods

2.1 Sampling

The focus of this study was the Rotorua districe Arawa Lakes district), New
Zealand, which includes the large town of Rotordaich has a population of 68,600,
of which Maori make up 35% of the population (Statistics Nesaldnd 2006). The
coastal area around the small town of Maketu (f@d0), was also sampled, as it was
identified as an important kai gathering area ferArawa.

The district is characterised by a large numbelakés, varying in depth, area and
trophic status (McColl 1972). The Kaituna Riveraignajor waterway linking Lake
Rotoiti with Maketu on the coast (via the Okerel$jal

Sixteen sites were surveyed for biota (Figure 1jotal of two long fin eelsAnguilla
dieffenbachii), 14 rainbow trout @ncorhynchus mykiss), one composite whitebait
sample (60 individuals), 10 composite koura samffasenephrops planifrons), six
composite samples (between 30 and 60 individudlsinelt Retropinna retriopinna),
one composite watercress sampMadurtium officinale) one composite mussel
(Perna canaliculus), two composite pipi samples (55 individualBpghies australis)
and one composite kakahi samplel{yridella menziesi) were collected. Collections
were undertaken in September 2009 or January otGgpeat samples of pipis at
Maketu). Composite sediment samples were collettmd all sites, at the time of
biota collection. Additional sediment samples wendlected from some locations
(e.g., Sulphur Paint).

2.2 Analysis of contaminants in kai and sediment

All kai samples were analysed for eight selecteal/hienetals; arsenic (As), cadmium
(Cd), chromium (Cr), copper (Cu), lead (Pb), meyditg), nickel (Ni) and zinc (Zn).
Trout and eel samples were analysed for a rangegainochlorine pesticides (OCPSs)
including DDT and DDT metabolites (p,p’-DDT, p,pBE, p,p’-DDD and o,p
isomers), chlordanes (cis/ & trans nonachlor, &gfans chlordane) and chlordane
metabolites (heptachlor, cis/ & trans heptachlarxgge), hexachlorobenzene (HCB),
lindane ¢-hexachlorocyclohexane gftHCH) and dieldrin. Eel and trout tissues were
also analysed for selected PCBs (32 congenersn@rfghm PCB 8 - PCB 209).
Watercress was analysed for the eight heavy metdys

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment 4
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Figure 1: Kai collection sites in the Te Arawa rohe.
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2.3 Risk Assessment

For the risk assessment, kai contaminant conc@ngatwere converted from dry

weight to wet weight concentrations using watertennvalues measured for each of
the various species. Accordingly, unless othenisecified, all concentrations and
kai consumption rates in this report are calculated wet weight basis.

Human health risk assessment is defined by the RIS ds a four step process:

1. Hazard identification. This assesses the likelihood that exposure to specific
chemicals under defined exposure conditions wikepa threat to human
health.

2. Dose-response assessment. Results in the derivation of toxicity values sash
cancer potencies and non-cancer reference dosegalyating the results of
human and animal studies with controlled and gtiedtexposures.

3. Exposure assessment. This covers a range of assessments including caémi
occurrences in fish, geographic distribution of taomnated fish, individual
or population exposure assessment, multiple spesipssure and multiple
chemical exposure.

4. Risk characterization. In general, the risk characterization step of tisk
assessment process combines the information fa@rdhadentification, dose-
response assessment, and exposure assessmerampraleensive way that
allows the evaluation of the nature and extentsbf r

Points 1 and 2 above are continually being modiféed further information is
incorporated and this is carried out by the US ERA other environmental agencies.

Exposure assessment (point 3) in this study waiselindue to the small sample size
and, in the case of larger species, only a sirggeimen collected per site.

Risk characterisation (point 4) was performed bifofeing established US EPA
procedures, calculating risk for both cancer and-cencer health endpoints. Cancer
oral slope factor (CSF) and reference doses (Ri) dhronic non-cancer oral
exposure were obtained from US EPA Integrated Riskmation System (IRIS) (US
EPA 2010), with the exception of CSF and RfD forBB@nd RfD for mercury which
were based on US EPA guidelines (US EPA 2000). &sformation for the heavy
metal lead could be obtained and lindane was niglctid in any sample these two
contaminants were removed from the risk assesscadeulations.

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment 6
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For carcinogenic effects we calculated batigividual contaminant consumption
limits (see Appendix 1 for values) amadditive consumption limits for each species.
An additive risk consumption limit is possible foarcinogenic chemicals as the
effects (i.e., the development of cancer) is thenesalndividual contaminant
consumption limits were calculated using equatidh1? based on US EPA equation
3-1, whileadditive consumption limits were calculated using equaddh2, based on
US EPA equation 3-14 (US EPA 2000):

ARL . BW

(2.3.1) CRji, (individual)
Cm . CSF

ARL . BW

(2.3.2) CRji, (additive) X
mzl Cm . CSF

where

CRim = maximum allowable fish consumption rate (kg/day)
ARL = maximum acceptable lifetime risk level (uagk)

BW = consumer body weight (kg)

Cm = concentration of chemical contaminarnt speciesmg/kg)
CSF = cancer slope factor ([mg/kg-day]

Arsenic concentrations in kai samples were weigtdedording to the US EPA
assumption that 10% of total arsenic {Ass present as toxic inorganic arsenic;{As
in resident freshwater fish, with this modifier piding a protective estimate of health
risk (US EPA 2003). This was supported by a mocemestudy, which concluded that
for freshwater fish, toxic Asaccounted for 10% of total arsenic {fsat the 78
percentile (Schoof & Yager 2007). For marine antuaine fish, the toxic As
proportion is only 2-3% (Schoof & Yager 2007), athetrefore significantly lower
than the 10% approximation used in this risk assess Consequently, this would
reduce the risk for marine or estuarine fish byaetdr of 3-5 where arsenic is the
predominant contaminant. Schoof & Yager (2007) estathat there was “little
correlation between Ag concentrations and Asoncentrationshowever, when only
As,; data are available to assess health risks froen@rén seafood, these data could
support conservative, upper end estimates of tmeepe of Agy likely to be Ag'.
However, without arsenic speciation studies to migitee accurate Agoncentrations,
a conservative approach is usually more prudentasdoeen used for this Te Arawa
kai risk assessment. That is, a 10% approximatfoAsg; that is present as Afer
freshwater kaspecies and 3% for marine species. As a protente@sure, watercress
arsenic concentrations were not adjusted for tbk @ssessment, as arsenic was
assumed to be predominantly inorganic as observedrme plants (Daus et al. 2005,
Zhang et al. 2002).

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment 7
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Body weight (BW) was set at 80 kg based on a previiudy (Kim & Smith 2006).
An “acceptable” lifetime cancer risk (ARL) level #0° (1 in 1,000,000) is considered
by some countries or institutions as negligible (M dlealth Organization 2009) and
a level of 10 (1 in 100,000) is set by US EPA in their “Guidarfoe assessing
chemical contaminant data for use in fish advisdrieJ)S EPA 2000). As such, we set
the ARL at 10 for Te Arawa risk calculations.

For assessment of non-carcinogenic risks an addajproach is only possible if
effects are the same for all contaminants. Orgdondales such as DDT, lindane and
dieldrin cause liver lesions, whereas the heavyalmeercury causes hand tremors
and/or memory problems, while arsenic causes hgijgenentation (US EPA 2010).
As these effects are notably different, non-camgémic risk assessment was calculated
on a single contaminant class basis only, usingatému 2.3.3, based on US EPA
equation 3-3 (US EPA 2000):

RfD. BW
(2.3.3) CRjy, = ———
Cm

where

CRim = maximum allowable fish consumption rate (kg/day)
RfD = reference dose (mg/kg-day)

BW = consumer body weight (kg)

Cm = measured concentration of chemical contamimanta given
species of fish (mg/kg).

The maximum allowable consumption rate GRkg/day) was converted into a more
useful measure of meals/month using equation 2.3.4:

CRjim (kg/day)

(2.3.4) CRjj,y (meals/month) =
im { ) MS . days/month

where
MS = meal size (kg)
days/month = 30

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment 8



——NIWA_—

laihoro Nukurangi

3. Discussion on contaminants in risk assessment

This report is concerned with contaminants thataaleng term risk to human health.
As such, the contaminants selected are environfheptrsistent, have a tendency to
bioaccumulate in biota and are known (or suspecttedg toxic to humans.

Bioaccumulative contaminants that are covered im port are the organochlorine
pesticides (DDTs, dieldrin, lindane and chlordampe)ychlorinated biphenyls (PCBs)
and the heavy metals mercury, arsenic, cadmiur, mickel, chromium and lead.

The Agency for Toxic Substances & Disease RegiySDR) is a federal public
health agency of the U.S. Department of Healthtdmehan Services. The ATSDR has
a toxic substances portal for useful informatioowltoxic substances and how they
affect human health (ATSDR 2010). All contaminatitat are covered in this risk
assessment are included in this portal and a suiefmary of each is supplied below,
supported, where available, with locally relevarfbrmation (e.g., use and potential
sources).

3.1 Organochlorine pesticides

The organochlorine pesticides and PCBs listed abanee all listed under the
Stockholm Convention on Persistent Organic Polist@AOPSs), a global treaty (which
New Zealand ratified in 2004) to protect human tieaind the environment from
chemicals that remain intact in the environment liorg periods, become widely
distributed geographically, accumulate in the féidgue of humans and wildlife, and
have adverse effects on human health and/or theoemvent. Exposure to POPs can
lead to serious health effects including certainceas, birth defects, dysfunctional
immune and reproductive systems, greater susciptitn disease and diminished
intelligence (Stockholm Convention 2010).

3.1.1 DDT (dichlorodiphenyltrichloroethane)

DDT is a pesticide that was used extensively thinoutj the world to control insects
that affect agriculture and horticulture. It isllstised in some countries as a control
measure for insects, such as mosquitoes, that pmlgria. DDT was used largely as
an insecticide to control grass grubs and porin@rp#élars in NZ, with its use
restricted in 1970 and finally banned in 1989 (Dat al. 1997). DDT breaks down
in the environment to DDE (dichlorodiphenyldichletbylene) and DDD
(dichlorodiphenyldichloroethane), all of which pgetdor years.

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment 9
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Exposure to DDT, DDE, and DDD occurs mostly frontirega foods containing low

concentrations of these compounds, particularlytpfish and poultry. High levels of
DDT can affect the nervous system causing excitgbilremors and seizures. In
women, DDE can cause a reduction in the duratiotactation and an increased
chance of having a premature baby (ATSDR 2010). BDdassified by US EPA as a
probable human carcinogen (US EPA 2010).

3.1.2 Aldrin/dieldrin

Aldrin and dieldrin are insecticides with similanesnical structures. Aldrin rapidly

breaks down to dieldrin in the body and in the emwnent. Exposure to aldrin and
dieldrin occurs maostly through eating contamindtemtls, such as root crops, fish, or
seafood. Aldrin and dieldrin accumulate in the badkgr years of exposure and can
affect the nervous system (ATSDR 2010). The US ERA classified dieldrin as a
probable human carcinogen (US EPA 2010).

In NZ, aldrin and dieldrin were introduced in 194 use as stock remedies in sheep
sprays or dips for controlling sheep ectoparasitsglrin was used to control
horticultural pests such as wireworm, soldier fiiddlackvine weevil, and in limited
guantities, to control household spiders. Dieldvias used for controlling carrot rust
fly, crickets and armyworm and was also used forb@r preservation (mostly in
plywood glues) and to mothproof carpets (Bucklanal.€1998).

3.1.3 Lindane (y-hexachlorocyclohexaney -HCH)

Lindane ¢-HCH) is one of eight isomers formed during the afanture of technical
grade (crude) hexachlorocyclohexane (HCH). Technigeade HCH typically
contained about 10-15% of lindane. It is used amsecticide on fruit, vegetables,
and forest crops (ATSDR 2010).

In NZ, lindane was used as an insecticide in afjricel for the control of lice on
cattle, ectoparasites (lice, keds and blowflieskslreep and grass grub in pasture.
Lindane was also used for insect control on vedetaid fruit crops, and as an active
component of fly sprays, flea control and carpethmgroducts for household use.
Technical grade HCH was not officially used in N2galand, although many dip sites
show evidence of its use (Buckland et al. 1998).

Exposure to lindane happens mostly from eatingaromtated food or by breathing
contaminated air in the workplace. Exposure to téglels of lindane can cause blood
disorders, dizziness, headaches, seizures, andehamthe levels of sex hormones.
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The US EPA has determined there is not enough ee@do determine whether
lindane is a human carcinogen (US EPA 2010).

3.14 Chlordane

Technical chlordane is a mixture of chlordane arahynrelated chemicals, of which
the composition varies. Exposure to chlordane ccuanostly from eating
contaminated foods, such as root crops, meats, disth shellfish, or from touching
contaminated soil. High levels of chlordane canseadamage to the nervous system
or liver (ATSDR 2010). The US EPA classes technitébrdane as a probable human
carcinogen (US EPA 2010).

In NZ, chlordane was used as a broad spectrumudigiial insecticide, in the timber
industry as a treatment against termites and barel,as an insecticide in glues used
for the manufacture of plywood, finger jointed dachinated timber (Buckland et al.
1998).

3.1.5 Hexachlorobenzene (HCB)

HCB was widely used as a pesticide to protect dexs of onions, sorghum, wheat
and other grains against fungus. It was also usedatke fireworks, ammunition, and
synthetic rubber (ATSDR 2010). In NZ, HCB was usagerimentally between 1970
and 1972 as a seed dressing fungicide for ceresh dBuckland et al. 1998).
Exposure to HCB occurs primarily from eating contzated food. Much lower
exposures can occur from drinking water and bragthiir contaminated with HCB
(ATSDR 2010).

The main health effect from eating food contamidateth HCB is a liver disease
called porphyria cutanea tarda. The USEPA hasifits$1CB as a probable human
carcinogen (US EPA 2010).

3.2 PCBs

Polychlorinated biphenyls (PCBs) are mixtures oftap209 individual chlorinated
compounds, referred to as congenPiGBs have been used as coolants and lubricants
in transformers, capacitors, and other electricpliment because they have low
flammability and are good electrical insulators GOR 2010).

Exposure to PCBs can be via multiple pathways. kiposure can occur via old
electrical devices (>30 years old) that leak snaafiounts of PCBs and in the
workplace where contact may be made with equiproemtevices containing PCBs.
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Ingestion of PCBs is largely via contaminated féiigh, meat and dairy) and drinking
contaminated well water, while inhalation exposoa® occur by breathing air near
hazardous waste sites (ATSDR 2010).

Health effects that have been associated with expds PCBs include acne-like skin
conditions in adults and neurobehavioral and imnagical changes in children
(ATSDR 2010). The US EPA classifies PCBs as prabdiiman carcinogens (US
EPA 2010).

3.3 Heavy metals

3.3.1 Cadmium

Cadmium is a natural element in the Earth’'s crliiss usually found as a mineral
combined with other elements such as oxygen (cadnaxide), chlorine (cadmium

chloride), or sulfur (cadmium sulfate, cadmium &ldj. All soils and rocks, including

coal and mineral fertilizers, contain some cadmilviost cadmium used in the United
States is extracted during the production of othetals like zinc, lead, and copper.
Cadmium does not corrode easily and has many usdading batteries, pigments,
metal coatings, and plastics (ATSDR 2010).

Exposure to cadmium happens mostly in the workplelcere cadmium products are
made. The general population is exposed from birgathigarette smoke, eating
cadmium contaminated foods or drinking cadmium aomhated water (ATSDR
2010).

Long-term exposure to lower levels of cadmium in, &od, or water leads to
accumulation of cadmium in the kidneys and posdiliiaey disease. Other long-term
effects are lung damage and fragile bones (ATSDROROThe US EPA classifies
cadmium as a probable human carcinogen (US EPA)2010

3.3.2  Mercury

Mercury is a naturally occurring metal which hasesal forms. Mercury combines
with other elements, such as chlorine, sulfur, xygen, to form inorganic mercury
compounds or “salts”. Mercury also forms organicreney compounds of which
methylmercury is the most common. Naturally elegtateercury levels are associated
with geothermal regions, such as those of the TavArrohe (Blomkvist & Lundstedt
1995). Metallic mercury is used to produce chlomgas and caustic soda, and is also
used in thermometers, dental fillings and battefidsrcury salts are sometimes used
in skin lightening creams, antiseptic creams anthoeénts (ATSDR 2010).
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Exposure to high levels of metallic, inorganic,asganic mercury can permanently
damage the brain, kidneys, and developing foethe. detrimental effects on normal
brain function include irritability, shyness, trerapchanges in vision or hearing, and
memory problems (ATSDR 2010). The US EPA does lastsify metallic mercury as

a human carcinogen, but classes methylmercury asmtumc chloride as possible

human carcinogens (US EPA 2010).

3.3.3 Arsenic

Arsenic is a naturally occurring element widelytdimited in the Earth’s crust. In the
environment, arsenic is combined with oxygen, éhirand sulfur to form inorganic
arsenic compounds. Arsenic also forms organic arsemmpounds. Inorganic arsenic
compounds are mainly used to preserve wood, wiip@ochromium arsenic (CCA)
used to make “pressure-treated” timber. Organieracs compounds are used as
pesticides, primarily on cotton fields and orchaf@slSDR 2010). Geothermal
activity in the Taupo Volcanic Zone (TVZ), New Zanll, has resulted in elevated
(0.01-0.1 mg ) levels of arsenic and mercury in many of the aal soils, lakes
and rivers (Robinson et al. 2006b)

Exposure to higher than average levels of arsestaromostly in the workplace, near
hazardous waste sites, or in areas with high rnakevals (e.g., geothermal areas).
When exposed to high concentrations, inorganicnizsean cause death. Exposure to
lower levels for a long time (i.e., chronic expasutan cause discoloration of the skin
and the appearance of small corns or warts (ATSDROR Inorganic arsenic is
classified by the US EPA as a carcinogen (US EPXO20

3.34 Lead

Lead is a naturally occurring bluish-gray metalrfdun small amounts in the Earth’'s
crust. Lead can be found in all parts of our envinent. Much of it comes from
human activities including burning fossil fuels ffpeularly petrol containing
tetraethyl lead additives), mining and manufacuiricead has many different uses. It
is used in the production of batteries, ammunitimetal products (solder and pipes),
and devices to shield X-rays. Because of healthcams, lead from paints and
ceramic products, caulking, and pipe solder has lgeamatically reduced in recent
years. New Zealand has used lead free petrol si8€6 (Ministry of Economic
Development, 2010).

Exposure to lead can be via breathing workplaceonidust, eating contaminated
foods, or drinking contaminated water. Children d¢enexposed from eating lead-
based paint chips or playing in contaminated daélad can damage the nervous
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system, kidneys, and reproductive system (ATSDROR0Ohe US EPA has classified
lead as a probable human carcinogen (US EPA 2010).

3.35 Chromium

Chromium is a naturally occurring element foundadoks, animals, plants, soil, and in
volcanic dust and gases. Chromium is present iretivronment in several different
forms. The most common forms are chromium(0), cliwomill), and chromium(VI).
No taste or odour is associated with chromium camgs. Chromium(lll) occurs
naturally in the environment and is an essentialrient. Chromium(VI) and
chromium(0) are generally produced by industriadcpsses. The metal chromium,
which is the chromium(0) form, is used for makingget. Chromium(VIl) and
chromium(lll) are used for chrome plating, dyes aiginents, leather tanning, and
wood preserving. Chromium(lll) is an essential edetnin humans involved in
glucose, fat and protein metabolism. Food, followgdirinking water and air, is the
main source of exposure of the general population.

Hepatic, gastrointestinal and renal effects are rttest common effects following
ingestion and have been reported in individuals vimgested from 4-29 mg/kg
Chromium(lV) (ATSDR, 2000a). Chromium(ll) is sigméntly less toxic than
Chromium(lV) because it is less readily crossed m@mbranes. It is extremely
unlikely that low level exposure would cause achgalth effects. Chromium is a
common skin sensitiser. Chromium(IV) is classifela human carcinogen based on
excess lung cancer found in heavily exposed workemigh inhalation in chromium
plating and chromate and chromate pigment produdtics EPA 2010).

3.3.6 Zinc

Zinc is one of the most common elements in theh&sadrust. It is found in air, soil,

and water, and is present in all foods. Pure @rabluish-white shiny metal. Zinc has
many commercial uses as coatings to prevent rudtyicell batteries, and mixed with
other metals to make alloys like brass, and brodire. combines with other elements
to form zinc compounds. Common zinc compounds foantlazardous waste sites
include zinc chloride, zinc oxide, zinc sulfatedazinc sulfide. Zinc compounds are
widely used in industry to make paint, rubber, dyesod preservatives, and
ointments. Consumption of excess zinc can causeiaatéethargy and copper

deficiency. There is inadequate information to assearcinogenic potential of zinc
(US EPA 2010).
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3.3.7  Nickel

Nickel combined with other elements occurs natyrall the earth's crust. In the
environment, it is primarily found combined with y@en or sulfur as oxides or
sulfides. Nickel is released into the atmospheringwickel mining and by industries
that make or use nickel, nickel alloys, or nickempounds. These industries also
might discharge nickel in waste water. Nickel iscateleased into the atmosphere by
oil-burning power plants, coal-burning power plardgad trash incinerators. Food is
the major source of exposure to nickel. You may a&le exposed to nickel by
breathing air, drinking water, or smoking tobacoateining nickel. Skin contact with
soil, bath or shower water, or metals containirckeli, as well as, metals plated with
nickel can also result in exposure. Exposure t&atican result in skin allergies. The
most serious harmful health effects from exposwenickel, such as chronic
bronchitis, reduced lung function, and cancer & thng and nasal sinus, have
occurred in people who have breathed dust contaicgntain nickel compounds while
working in nickel refineries or nickel processintums. The US EPA has classified
lead as a probable human carcinogen (US EPA 2010).
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4. Risk Assessment

4.1 Te Arawa contaminant data

For the purposes of the risk assessments, wet twaigtections were made on all dry
weight contaminant data. Median and"gfrcentile values were calculated for each
contaminant for each species of fish, for koura, dlb shellfish and for watercress
across all sites (Table 1). The median value wasea over an arithmetic mean to
remove the potentially large influence of contaminautliers in a relatively small
sample size and is used to determine what likefasninant loads would be expected
from harvesting randomly across all sites. Th& @Brcentile data is a worse case
scenario in which harvesting involved the most aonhated kai, which might be
expected from harvesting occurring only at the ngostaminated sites.

4.2 Te Arawa consumption data

Local average consumption rates (g/day) were catiedl as follows: watercress
(15.8), mussels (16.9), koura (2.5), whitebait Y5&el (9.6), trout (10.9), kakahi

(0.33) (Phillips et al. 2011). These values areebam meal sizes of 224g for trout and
eel, 112g for smelt and whitebait, 1529 for kouiré4g for kakahi, pipi and mussels
and 155¢g for watercress.
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Table 1: Median and 9% percentile contaminant data (mg/kg; wet weight)kai from the Te
Arawa rohe and input data assumptions used iradskssment calculations.

Species Compound Contaminqnt Risk Values "
concentration
(ng/kg wet weight)
CSF
Median® giﬁﬂemne ° ((jmg/ Ke- %V) (Rr;z/kg-day)
ay)
Trout p,p-DDT 0.20 1.31 0.34 80 5.0E-04
n=13 p,p-DDD 0.30 1.72 0.24 80 NA
p,p-DDE 4.0 21.7 0.34 80 NA
Dieldrin 0.04 0.16 16.0 80 5.0E-05
>Chlordanes 0.04 0.44 0.35 80 5.0E-04
HCB 0.05 0.18 1.6 80 8.0E-04
>PCBs 1.4 20.6 2.0 80 2.0E-05
Cadmium 0.00 0.89 NA 80 1.0E-03
Mercury 1220 2340 NA 80 1.0E-04
Arsenic® 5.0 15.2 15 80 3.0E-04
Zinc 4080 6010 NA 80 3.0E-01
Nickel 0.00 0.00 NA 80 2.0E-02
Chromium 0.00 0.00 NA 80 3.0E-03
Eel p,p-DDT 0.18 0.24 0.34 80 5.0E-04
n=2 p,p-DDD 0.18 0.18 0.24 80 NA
p,p-DDE 2.23 2.71 0.34 80 NA
Dieldrin 0.09 0.14 16.0 80 5.0E-05
2Chlordanes 0.06 0.09 0.35 80 5.0E-04
HCB 0.03 0.03 1.6 80 8.0E-04
>PCBs 1.6 2.0 2.0 80 2.0E-05
Cadmium 4.1 4.1 NA 80 1.0E-03
Mercury 564 564 NA 80 1.0E-04
Arsenic® 14.6 19.7 15 80 3.0E-04
Zinc 12700 13600 NA 80 3.0E-01
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Species Compound Contaminant Risk Values "
concentration
(ng/kg wet weight)
CSF
Median® ﬁiﬁﬂemne ¢ (moke- (ko) (ng/kg-day)
ay)
Nickel 0.00 0.00 NA 80 2.0E-02
Chromium 0.00 0.00 NA 80 3.0E-03
Koura Cadmium 1.8 21.2 NA 80 1.0E-03
n=10 Mercury 194 810 NA 80 1.0E-04
Arsenic® 74.0 1133 15 80 3.0E-04
Zinc 13200 16365 NA 80 3.0E-01
Nickel 0.00 0.00 NA 80 2.0E-02
Chromium 0.00 0.00 NA 80 3.0E-03
Smelt Cadmium 4.8 8.3 NA 80 1.0E-03
n=6 Mercury 130 277 NA 80 1.0E-04
Arsenic® 29.3 62.9 NA 80 3.0E-04
Zinc 37000 50900 15 80 3.0E-01
Nickel 87.7 142 NA 80 2.0E-02
Chromium 121 181 NA 80 3.0E-03
Pipi Cadmium 56.7 57.7 NA 80 1.0E-03
n=3 Mercury 111 13.9 NA 80 1.0E-04
Arsenic® 42.5 49.5 1.5 80 3.0E-04
Zinc 8115 8347 NA 80 3.0E-01
Nickel 850 920 NA 80 2.0E-02
Chromium 1288 1404 NA 80 3.0E-03
Kakahi Cadmium 13.8 NA NA 80 1.0E-03
n=1 Mercury 8.0 NA NA 80 1.0E-04
Arsenic® 87.4 NA 1.5 80 3.0E-04
Zinc 12382 NA NA 80 3.0E-01
Nickel 26.2 NA NA 80 2.0E-02
Chromium 47.3 NA NA 80 3.0E-03

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment

18



——NIWA_—

laihoro Nukurangi
Species Compound Contaminant Risk Values "
concentration
(ng/kg wet weight)
CSF
Median® ﬁiﬁﬂemne c ggg)/!‘lg' (ko) (ng/kg-day)
Mussel Cadmium 90.5 NA NA 80 1.0E-03
n=1 Mercury 30 NA NA 80 1.0E-04
Arsenic’ 129 NA 15 80 3.0E-04
Zinc 12373 NA NA 80 3.0E-01
Nickel 1496 NA NA 80 2.0E-02
Chromium 2031 NA NA 80 3.0E-03
Watercress Cadmium 5.9 NA NA 80 1.0E-03
n=1 Mercury 0.00 NA NA 80 1.0E-04
Arsenic 107 NA 1.5 80 3.0E-04
Zinc 11667 NA NA 80 3.0E-01
Nickel 23.0 NA NA 80 2.0E-02
Chromium 57.0 NA NA 80 3.0E-03
Whitebait Cadmium 15.3 NA NA 80 1.0E-03
n=1 Mercury 13.5 NA NA 80 1.0E-04
Arsenic® 81.2 NA 1.5 80 3.0E-04
Zinc 22137 NA NA 80 3.0E-01
Nickel 66.4 NA NA 80 2.0E-02
Chromium 46.1 NA NA 80 3.0E-03

#Local consumption rates are species specific wigdiam consumption of 6.1, 4.0, 4.7 and 6.0 g/day fo
eels, trout, flounder and watercress respectively.

PCSF = cancer slope factor; BW = body weight, RfD ®mefice dose, NA = not applicable.

¢ Median concentration for samples where n=1 aralgguthe concentration of that sample

d Arsenic risk calculation subsequently reduced Hgcaor of 10 for freshwater species and by 3% for
estuarine/marine species (pipi and mussel) foragdessment to reflect an approximate inorganigopor
of total arsenic of 10% and 3% respectively andvide a protective estimate of health risk (US EPA,
2003).
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4.3 Te Arawa catchment risk assessments

Median and 98 percentile contamination data (Table 1) were usedreate risk
assessments for lifetime cancer risk and chronic-camcer risk. Monthly
consumption limits for each kai species sampledhan Te Arawa catchment were
calculated using equations 2.3.2, 2.3.3 and 2r8tHd methods section (2.3).

Median contamination risk data are shown in Tabl€Hzse data approximate the risk
associated with harvesting at all sites surveyediomly. As presented in Table 2,
calculated consumption limits are relatively low &l species. The lower the value
the greater the risk. Lifetime non-cancer risk e tdetermining risk factor for

consumption of trout and eel, whereas lifetime eamisk dominates for consumption
of all other species, although the estimates foitebhit, pipi, kakahi, mussel and
watercress are based on single samples.

Table 2: Risk assessments for theedian contamination profile for each kai species from Te
Arawa rohe (scenario of randomly harvesting kabssmll sites).

Risk Based Consumption Limit ? (meals/month)

Species Cancer Health Non-cancer Health
Endpoint ° Endpoint °

Trout 8.7 0.9
Koura 4.7 8.1
Eel 3.9 1.9
Smelt 2.6 16.5
Whitebait 1.8 79.3
Pipi 2.6 38.8
Kakahi 1.3 57.2
Mussel 29 3.9
Watercress 1.0 43.4

2 The assumed meal size is 224 g for trout andlé@! for smelt and whitebait, 1529 for koura, 14ibig
pipi, kakahi and mussel, and 155¢g for watercress.

® refers to lifetime cancer risk (based on 1 in 000, risk level).

¢ chronic systemic effects.
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Risk assessment calculations using th® @&rcentile contamination data represents a
worse case scenario that approximates the rislkciassd with harvesting from the
most contaminated sites only. Risk assessmentfaiathis “worse case scenario” are
presented in Table 3. For consumption of troutaeel koura the dominant risk factor
is associated with a lifetime non-cancer risk, watmsumption limits of 0.4, 1.2 and
1.6 meals/month respectively. Cancer health enttpaire the greatest risk factor for
consumption of smelt (1.1 meals per month) and @@ meals per month).

Risk assessments for 88" percentile contamination profile for each kai species
from Te Arawa catchment (worst case scenario ofvdsding from the most
contaminated sites).

Risk Based Consumption Limit  (meals/month)

Species d Cancer Health Non-cancer Health
Endpoint ° Endpoint °

Trout 3.1 0.4

Koura 2.9 1.6

Eel 3.0 1.1

Smelt 20 7.4

Pipi 2.2 35.6

& The assumed meal size is 224 g for trout andlégly for smelt and 1529 for koura

b refers to lifetime cancer risk (based on 1 in 000, risk level).

¢ chronic systemic effects.

4 95" percentile values could not be calculated for efmit, watercress, kakahi or watercress as only a
single sampled was analysed.

Clearly the greatest risk overall is if consumptioinkai was only from the most
contaminated sites (85ercentile scenario, Table 3). It is of interesnbte that for
koura, based on median contaminant levels (Tableth®) cancer risk is greatest,
whereas when considering only the most contaminsiied, the non-cancer risk is
greater. This suggests that different contaminanéy be dominant at the most

contaminated sites.

Individual site risk assessments

To ascertain which sites and which kai speciesaffi@ding the highest risk, risk

assessments were undertaken for each individugblsayrsite (Section 4.4). Risk is

defined as having a greater than 1 in 100,000 éahcleveloping a cancer or non-
cancer disease. For each site cancer and non-caskdrased consumption limits

were calculated for each species. In addition,gpsohs showing the proportion that
each contaminant contributes to the overall risk foth cancer and non-cancer
endpoints are presented.
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Summary of individual consumption limits for eachesies at each site for kai
collected from the Te Arawa rohe.

Monthly Consumption Limits (meals/month)

Site Species Carcinogenic Endpoint Non-
Carcinogenic
Endpoint
Ohau Channel Trout 3.9 0.7
Eel 5.2 1.1
Koura 1.4 2.7
Smelt 12.4 9.3
Okareka Trout 8.6 20
Koura 15 225
Puarenga Lower Trout 5.3 26.4
Puarenga Upper Trout 1.2 0.4
Rotokakahi Trout 25 35
Koura 4.5 11.3
Smelt 7.9 94.9
Kakahi 1.3 208.0
Rotoiti Trout 8.8 0.6
Koura (East) 15 1.6
Koura (West) 1.1 3.0
Smelt 4.5 10.9
Rotoma Trout 12.6 52
Koura 1.0 22.9
Rotomahana Trout 7.1 0.5
Smelt 4.1 7.4
Rotorua Trout 6.3 0.9
Koura 13 6.3
Tarawera Trout 59 12.2
Koura 0.9 23.7
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Monthly Consumption Limits (meals/month)
Site Species Carcinogenic Endpoint Non-
Carcinogenic
Endpoint
Tikitapu Trout 7.5 6.0
Koura 21 35.1
Upper Kaituna Trout 7.5 0.7
Koura 2.1 3.1
Lower Kaituna Trout 7.2 0.5
Eel 3.1 6.5
Smeltl 53 34.2
Smelt2 2.0 128.9
Whitebait 1.8 159.3
Maketu Pipi 2.2 35.3
Pipi (repeat) 2.6 38.8
Pipi (2nd
collection) 3.0 124.3
Mussel 2.9 24.6
Waiowhiro Watercress 1.0 398.2

2The assumed meal size is 224 g for trout andlé@l for smelt and whitebait, 1529 for koura, 14y
Eipi, mussels and kakahi, and 155g for watercress.

refers to lifetime cancer risk (based on 1 in ©00,risk level).
¢ chronic systemic effects.
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Ohau Channel

The greatest risk in consuming trout, eel and keouaa associated with a non-cancer
endpoint, with associated consumption limits osl#gan 1 meal/month for trout, less
than 2 meals/month for eel, and three meals/mamtkrfielt. This risk was dominated

by mercury contamination. For koura, arsenic wasrttajor contaminant of concern,

resulting in an excess cancer risk and a consumpiiot of 1.4 meals per month.

Site Picture Kai Harvested

Risk Based Consumption Limit ? (meals/month)

Cancer Health Non-cancer Health

Species Endpoint ° Endpoint “¢

Trout 3.9 0.7

Eel 5.2 1.1

Koura 1.4 2.7

Smelt 12.4 9.3

Contaminant contribution to non-cancer (upper) and cancer (lower) based consumption limits
Trout Eel Koura Smelt Contaminant
Key

p,p-DDT
p,p-DDE
Lindane
Chlordanes
HCB
PCBs
Cadmium
Mercury
Zinc
Nickel
Chromium

@The assumed meal size is 224 g for trout andldélg for smelt and 152g for koufarefers to lifetime
cancer risk (based on 1 in 100,000 risk leVethronic systemic effects.
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Lake Okareka

laihore Mukurangi

The risk based consumption limits for trout (nomazr risk) and koura (cancer risk)
were two and 1.5 meals/month respectively. Mercamg arsenic were the major
individual determinands for each of these risks.

Site Picture

Kai Harvested

Risk Based Consumption Limit

Cancer Health

# (meals/month)

Non-cancer Health

Species Endpoint ° Endpoint °
Trout 8.6 2.0
Koura 1.5 225

Trout

@
&

Contaminant contribution to non-cancer (upper) and

cancer (lower) based consumption limits

Koura

Contaminant
Key

p,p-DDT
p,p-DDE
Lindane
Chlordanes
HCB

PCBs
Cadmium
Mercury

Zinc
Nickel
Chromium

@The assumed meal size is 224 g for trout and f&2koura;” refers to lifetime cancer risk (based on 1

in 100,000 risk level); chronic systemic effects.
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Lower Kaituna River

laihore Mukurangi

Trout, smelt, eel and whitebait were sampled frbm ltower Kaituna River site. A

non-cancer risk based consumption limit of 0.5 wleadnth was calculated for trout,
based on mercury levels. For all other speciesctmeer risk was greater than the
non-cancer risk, with the main determinand beirsgaic.

Site Picture

Kai Harvested

Risk Based Consumption Limit

Cancer Health

# (meals/month)

Non-cancer Health

Species Endpoint ° Endpoint °
Trout 7.2 0.5

Eel 3.1 6.5

Smelt 2.0 128.9
Whitebait 1.8 159.3

Contaminant contribution to non-cancer (upper) and

Key
p,p-DDT
p,p-DDE
Lindane

cancer (lower) based consumption limits

Whitebait Contaminant

Chlordanes
HCB

PCBs
Cadmium

Mercury
Zinc

Nickel
Chromium

@ The assumed meal size is 224 g for trout andaeel,112g for smelt and whitebditrefers to lifetime
cancer risk (based on 1 in 100,000 risk levethronic systemic effects.
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Puarenga Lower

laihoro Nukurangi
g

The greatest risk associated with consumptionoafttirom the Lower Puarenga River
was due to tissue concentrations of arsenic, reguh cancer risk consumption limit

of less than six meals per month.

Kai Harvested

Risk Based Consumption Limit

Cancer Health

Species Endpoint °

& (meals/month)

Non-cancer Health
Endpoint ¢

Trout 53 26.4

Contaminant contribution to non-cancer (left) and c

ancer (right) based consumption limits

Contaminant
Key

p,p-DDT

p,p-DDE
Lindane

Chlordanes
HCB

PCBs
Cadmium
Mercury

zZinc
Nickel
Chromium

@ The assumed meal size is 224 g for tr8ukfers to lifetime cancer risk (based on 1 in 000, risk

level); © chronic systemic effects.
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Puarenga Upper

The greatest risk associated with consumptionaeittirom the Upper Puarenga River
was due to PCBs, resulting in non-cancer risk comgion limit of less than 1 meal
per month. The cancer risk due to mercury is aignificant, with a consumption
limit of 1.2 meals per month.

Site Picture Kai Harvested

Risk Based Consumption Limit ? (meals/month)

Cancer Health Non-cancer Health
Species Endpoint ° Endpoint “°
Trout 1.2 0.4

Contaminant contribution to non-cancer (left) and c ancer (right) based consumption limits

Contaminant
Key

p,p-DDT

p,p-DDE
Lindane

Chlordanes
HCB

PCBs
Cadmium
Mercury

Zinc
Nickel
Chromium

® The assumed meal size is 224 g for tr@uefers to lifetime cancer risk (based on 1 in @00, risk
level); ¢ chronic systemic effects.
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Lake Rotokakahi

laihore Mukurangi

For all kai species collected from this site, theeagest risk associated with
consumption was due to the concentrations of arsenibiota tissue, resulting in
cancer endpoint consumption limits ranging from h&als/month for kakahi to 7.9
meals/month for smelt.

Kai Harvested

Site picture
Risk Based Consumption Limit # (meals/month)
Cancer Health Non-cancer Health
Species Endpoint ° Endpoint
Trout 2.5 3.5
Koura 45 11.3
Smelt 7.9 94.9
Kakahi 1.3 208.0

Trout

Contaminant contribution to non-cancer (upper) and

Koura Smelt

44
¢00

cancer (lower) based consumption limits

Kakahi Contaminant

Key
p,p-DDT
p,p-DDE
Lindane

Chlordanes
HCB

PCBs
Cadmium
Mercury

Zinc
Nickel
Chromium

3 The assumed meal size is 224 g for trout, 112grfelt, 152g for koura and 144 g for kak&hiefers to
lifetime cancer risk (based on 1 in 100,000 riskelE © chronic systemic effects.
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Lake Rotoiti
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An increased cancer risk was associated with copsam of more than 4.5
meals/month of smelt and approximately one mealimar koura. This risk was
predominantly due to arsenic. For trout, a greader-cancer risk was identified with a
calculated consumption limit of less than one nmeaith. The main determinand for

this non-cancer risk in trout was mercury.

Site Picture Kai Harvested

Risk Based Consumption Limit ® (meals/month)

Cancer Health Non-cancer Health
Species Endpoint b Endpoint cd
Trout 8.8 0.6
Koura (West) 1.1 3.0
Smelt 4.5 10.9

limit

Trout Koura Smelt

000
€00

Contaminant contribution to non-cancer (upper) and cancer (lower) based consumption

Contaminant
Key

p,p-DDT

p,p-DDE
Lindane

Chlordanes
HCB

PCBs
Cadmium
Mercury

Zinc
Nickel
Chromium

2 The assumed meal size is 224 g for trout andlddiy for smelt and 152g for koufrefers to lifetime

cancer risk (based on 1 in 100,000 risk leVethronic systemic effects.
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Lake Rotoma

An increased cancer risk was associated with coimguno more than one meal per
month of koura. This risk was attributable primarib the tissue concentrations of
arsenic. In contrast, for trout, a greater non-eamisk was identified, with mercury
being the major determinand. The calculated confompimit for trout (based on

this non-cancer risk) was less than six meals/month

Site Picture Kai Harvested

Risk Based Consumption Limit # (meals/month)

Cancer Health Non-cancer Health
Species Endpoint b Endpoint cd
Trout 12.6 5.2
Koura 1.0 22.9

Contaminant contribution to non-cancer (upper) and cancer (lower) based consumption limit

T K Contaminant
rout oura Key

p,p-DDT
p,p-DDE
Lindane
Chlordanes
HCB

PCBs
Cadmium

Nickel
Chromium

2 The assumed meal size is 224 g for trout and I&2koura;® refers to lifetime cancer risk (based on 1
in 100,000 risk level); chronic systemic effects.
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laihore Mukurangi
Lake Rotomahana

A non-cancer endpoint was identified as the gredkrfor trout, with a consumption
limit of less than one meal/month (equate to onalnezery two months), due to
elevated mercury concentrations. An increased camisk was identified if

consumption of smelt was greater than four mealstmoThis increased risk was

attributed to arsenic contamination of smelt.

Site Picture

Kai Harvested

Risk Based Consumption Limit

Cancer Health

 (meals/month)

Non-cancer Health

Species Endpoint b Endpoint ed
Trout 7.1 0.5
Smelt 4.1 7.4

Contaminant contribution to non-cancer (upper) and

cancer (lower) based consumption limit

Contaminant Key

Trout Smelt

0
¢O

p,p-DDT

p,p-DDE
Lindane

Chlordanes
HCB

PCBs
Cadmium

Nickel
Chromium

2The assumed meal size is 224 g for trout and Ir.‘112§rnelt;b refers to lifetime cancer risk (based on 1
in 100,000 risk level); chronic systemic effects.
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Lake Rotorua

laihore Mukurangi

An increased cancer risk was associated with copsam of more than 1.3
meals/month of koura from this site, due exclusivi tissue concentrations of
arsenic. For trout, a greater non-cancer risk vedsutated, due to mercury, resulting

in a consumption limit of approximately one mealftio

Site Picture

Kai Harvested

Risk Based Consumption Limit # (meals/month)

Cancer Health Non-cancer Health
Species Endpoint ° Endpoint ©°
Trout 6.3 0.9
Koura 1.3 6.3

Trout Koura

00
o

Contaminant contribution to non-cancer (upper) and cancer (lower) based consumption limit

Contaminant Key

p,p-DDT
p,p-DDE
Lindane
Chlordanes
HCB

PCBs
Cadmium
Mercury

Zinc
Nickel
Chromium

2 The assumed meal size is 224 g for trout and f&2koura;® refers to lifetime cancer risk (based on 1

in 100,000 risk level); chronic systemic effects.
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Lake Tarawera

Cancer endpoints were determined as the greatefaiisboth trout and koura, with
risk-based consumption limits of 5.9 meal/month &s$ than one meals/month for
trout and koura, respectively. Arsenic was the amimant primarily responsible for
these risks. Consumption limits were much lessriotise based on non-cancer
endpoints, with respective limits of 12 and 24 meat month for trout and koura.

laihoro Nukurangi
o=

This non-carcinogenic risk was largely attributatolenercury.

Site Picture

Kai Harvested

Risk Based Consumption Limit ? (meals/month)

Cancer Health Non-cancer Health
Species Endpoint ° Endpoint “°
Trout 5.9 12.2
Koura 0.9 23.7

Contaminant contribution to non-cancer (upper) and
consumption limit

Trout Koura

cancer (lower) based

HCB

Zinc
Nickel
Chromium

Contaminant

Key

p,p-DDT

p,p-DDE
Lindane

Chlordanes

PCBs
Cadmium
Mercury

2 The assumed meal size is 224 g for trout and f&2koura;® refers to lifetime cancer risk (based on 1

in 100,000 risk level); chronic systemic effects.
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laihore Mukurangi
Lake Tikitapu

A consumption limit of approximately 4 meals/mondh koura was calculated in
association with an increased cancer risk. This pvasarily due to elevated arsenic
levels. For trout, a greater non-cancer risk wasrdgned, due predominantly to the
tissue concentration of mercury, resulting in astonption limit of 6.0 meals/month.

Site Picture Kai Harvested

Risk Based Consumption Limit ® (meals/month)

Cancer Health  Non-cancer Health
Species Endpoint ° Endpoint “¢
Trout 7.5 6.0
Koura 4.1 35.1

Contaminant contribution to non-cancer (upper) and cancer (lower) based consumption limit

Contaminant
Trout Koura Key

p,p-DDT
p,p-DDE
Lindane
Chlordanes
HCB

PCBs

‘ Cadmium

Nickel
Chromium

2 The assumed meal size is 224 g for trout and I&2Roura® refers to lifetime cancer risk (based on 1
in 100,000 risk level); chronic systemic effects.
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An increased cancer risk was associated with copsom of more than two
meals/month of koura from this site, due to arsepnittamination. For trout, a greater
non-cancer risk was identified (attributable priifyato mercury), resulting in a

consumption limit of less than one meal/month.

Site Picture

Kai Harvested

Risk Based Consumption Limit

Cancer Health

% (meals/month)

Non-cancer Health

Species Endpoint " Endpoint *°
Trout 7.5 0.7
Koura 2.1 3.1

Contaminant contribution to non-cancer (upper) and

Trout Koura

cancer (lower) based consumption limit

Contaminant
Key

p,p-DDT

p,p-DDE
Lindane

Chlordanes
HCB

PCBs
Cadmium

Nickel
Chromium

3The assumed meal size is 224 g for all trout &b ¥or koura® refers to lifetime cancer risk (based on

1in 100,000 risk levelf; chronic systemic effects.

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment

36



laihore Mukurangi
Maketu

For both pipis and mussels, cancer endpoint risk®\attributable exclusively to the
tissue concentrations of arsenic, resulting in aonion limits of approximately two
and three meals/month for pipis and mussels, réspBc The non-cancer risk was
attributable to chromium, although the risk wasyerv for both species.

Site Picture Kai Harvested

Risk Based Consumption Limit ? (meals/month)

Cancer Health Non-cancer Health
Species Endpoint Endpoint ¢

Pipi 2.2 35.3

Mussel 2.9 24.6

Contaminant contribution to non-cancer (upper) and cancer (lower) based consumption limit

. Contaminant

Pipi Mussel Key
p,p-DDT
p.p-DDE
Lindane
Chlordanes
HCB
PCBs
Cadmium
Mercury

Zinc
Nickel
Chromium

2 The assumed meal size is 144 g for pipi and msisseéfers to lifetime cancer risk (based on 1 in
100,000 risk level) chronic systemic effects.
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Waiowhiro Stream

For watercress collected from this site, based @arecer endpoint, a consumption
limit of one meal/month was determined, which wadsikbatable to arsenic. In
contrast, the non-cancer risk was very low, witoasumption limit of approximately
400 meals per month.

Kai Harvested

Risk Based Consumption Limit # (meals/month)

Cancer Health Non-cancer Health
Species Endpoint " Endpoint “°
Watercress 1.0 398.2

Contaminant contribution to cancer based consumptio n limit

Contaminant
Key

p,p-DDT

p,p-DDE
Lindane

Chlordanes
HCB

PCBs
Cadmium
Mercury

Zinc
Nickel
Chromium

2 The assumed meal size is 155 g for watercfemsfers to lifetime cancer risk (based on 1 in 000,
risk level);© chronic systemic effects.
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Predominant contaminants associated with risk

For most kai species analysed a potential canadpagnt, due primarily to arsenic,
was identified (Table 6). However, for trout a geganon-cancer risk was identified at
three sites (Upper Puarenga Stream, Lake Rotokakadlie Tarawera), where
determinands to this risk were a combination ofemics PCBs and a range of
organochlorine pesticides. For smelt, the non-cans& was greater in the Ohau
Channel, with mercury the main determinand. Forotliler sites where smelt was
sampled a cancer risk was predominant, with argémeienain determinand. Finally, at
the two sites where eels were collected, both camaoel non-cancer risks was
associated with consumption

Percentage of sites where cancer and non-canéeidastified for each species, as
well as predominant contaminant associated with ris

Species Cancer Non-cancer
% of sites Determinand % of sites Determinand
contaminant(s) contaminant(s)
Trout 23 arsenic, PCBs, 77 mercury
p.p.-DDE, p,p-
DDD, dieldrin
Eel 50 arsenic 50 mercury
Smelt 75 arsenic 25 mercury
Whitebait 100 arsenic - -
Koura 100 arsenic - -
Kakahi 100 arsenic - -
Pipi 100 arsenic - -
Mussel 100 arsenic - -
Watercress 100 arsenic - -

Potential risks versus current consumption rates

Local consumption rates and meal sizes were cadmlifsom the interview data, with

results presented in Table 7. The average totald@sumption rate (97 g/day) for
people who contributed to the questionnaire is miigiher than the New Zealand
‘average’ consumption rate of 32 g/day (Kim & Smi@06). In contrast, the total
average wild fish consumption rate was 12.4 g/dagicating that wild caught kai

represents a relatively small proportion of themsource of aquatic food for the local
community.
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Table 7: Kai consumption rates and meal sizes of Te Arawagzants.

Consumption rate

Kai species average meal size g/month  meals/month
per sitting (g)

total fish? 224.0 2910 13.0
watercress 154.7 473.1 3.1
mussels 144.4 508.8 35
eel 223.7 288.3 1.3
trout 223.9 326.3 15
pipi 144.5 508.8 35
koura 152.0 76.0 0.5
kakahi 144.5 9.9 0.1
whitebait 111.8 62.2 0.6
smelt 111.8 62.2 0.5

%includes fish from all sources.

The distribution of each species for all sites asrthe risk-based consumption limit
(i.e., meals/month) categories is shown in Figude Bhese data clearly show that
trout represents the highest potential risk to nores's, with most trout caught having
a consumption limit of less than four meals per thorMost other kai species
analysed were in the category of 1-4 allowable m@alr month. Koura, smelt and
trout from some sites were in the 4-8 meals pertmoategory.
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Figure 20: Distribution of allowable number of meals/month &arch kai species.
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We considered two possible harvesting and consemgtenarios in determining the
potential risk of contaminants to members of theArawa iwi. The first is where
consumption of kai occurs from sites randomly tigtoaut the rohe of Te Arawa, and
the second is where the risk of consumption is ¢migugh consumption of kai from
the most contaminated sites. The first scenarioappsoximated by a risk assessment
of the median (5D percentile) concentrations of contaminant in bi@amparisons of
the consumption limits based on the endpoint etthdpithe highest risk (i.e., either
cancer or non-cancer risk), using the median contam concentration data, with
actual consumption rates enabled assessment dirghescenario (Table 8). This
shows that if harvesting was carried out randonusoss all sites and consumption
rates were as calculated from the kai consumptata,dhen there is a significant risk
to members of Te Arawa iwi associated with consimnpof trout, pipi, mussel and
watercress. The current and calculated risk basedumnption rates for eel are also
reasonably close (1.3 meals/month actual versiskad-based limit of approximately
2 meals/month).
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Table 8: Comparison of risk-based consumption limits feedian contaminant concentration

data and actual consumption rates for survey fgatits. Bold indicates exceedance
of consumption limit.

kai species risk-based consumption actual consumption rate

limit (meals/month) for Te Arawa

(meals/month)
Trout 0.9 1.5
Koura 4.7 0.5
Eel 1.9 1.3
Smelt 2.6 0.6
Whitebait 1.8 0.6
Pipi 2.6 35
Kakahi 1.3 0.1
Mussel 2.9 35
Watercress 1.0 3.1

The second scenario, where harvesting consistsaphynof the most contaminated
sites, is defined by the 9%ercentile contaminant concentrations (Tablefhi was
to occur, then a significant health risk is appafenthe consumption of trout, eel and
pipi. A lack of replicate samples precluded caltata of this risk for whitebait,
kakahi, mussel and watercress.

Table 9: Comparison of allowable consumption limits f@5" percentile contaminant
concentration data and actual consumption ratesuitwey participants. Bold indicates
exceedance of consumption limit.

kai species risk-based consumption actual consumption rate

limit (meals/month) for Te Arawa

(meals/month)
Trout 0.4 15
Koura 1.6 0.5
Eel 11 1.3
Smelt 2.0 0.6
Pipi 2.2 35
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To assess which sites are of concern across therdwa rohe, a summary of risk-
based consumption limits (meals/month for eachhefrhost widely sampled species
(trout, eel, koura, smelt) in this study is showrFigures 21 to 24. Each figure gives a
pictorial account, binned into categories of congtiom limits, for ease of
interpretation.

A number of potential “hotspots” i.e., area of eased risk for many species, were
evident from the results. The Maketu site is of aan, with significant risk from
consumption of both pipi and mussels (less than éalsimonth). Waiowhiro
watercress samples are also a concern. Consungitiath 4 species sampled in the
lower Kaituna River ranged from <1 meal/month tb Bieals/month. Similarly, 3 of
the 4 species sampled from the Ohau Channel weoeliatited to between 0.7 — 1.4
meals/month. For sites where both trout and kowsewollected, the risk associated
with consumption of these species was Rotorua =eUpgaituna = Rotoiti = Ohau
Channel > Okareka = Tarawera > Rotokakahi = Rotermiitapu.

The geothermal waters in the Taupo Volcanic Zon¥ZjTare high in mercury
compared to other natural waters in New Zealandigtberg & Zobel 1973).
Previous studies have analysed concentrations taf toercury in rainbow trout
(Brooks et al. 1976) or it's more bioavailable formethyl mercury (Kim,1995, Kim
& Burggraaf 1999). Concentrations of mercury inutrdlesh from our study were
similar to these literature values. The author® aalculated consumption limits,
although some differences in methods for calcugtihese limits makes direct
comparison difficult. The current average consuoiptirate of Te Arawa study
participants across all lakes is 1.5 meals of tpmrtmonth. On the basis of the risk
assessment undertaken in this report, consumpfidgroat should be limited to less
than one meal per month when harvested from sitgeaximity to the upper and
lower Kaituna River, the Ohau Channel, upper PugaeBtream and lakes Rotoiti,
Rotomahana and Rotorua. A precautionary approaatidioe taken to other sites in
these waterbodies. Kim (1995) recommended a cortsumfrequency of one meal
every three weeks from Lake Rotomahana (based I30ay meal size) for a 70 kg
male or one meal per month for a 50 kg female. Gopsion should be limited to
between 1 and 4 meals per month of trout cauglakies Rotokakahi and Okareka.

Few studies of metal concentrations in koura apfgehave been published (Turner et
al. 2005). From our risk assessment data it cantasconcluded that koura from Lake
Tarawera (at least in the vicinity of our studyesihould be consumed less than once
a month in order to avoid increased risk of can8esites in the upper Kaituna River,
Ohau Channel and in lakes Rotorua, Rotoma, Raiaili Okareka, koura should be
consumed no more than four times per month, or paceveek. Current consumption
rates on average are 0.5 meals per month.
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Eels harvested from the Lower Kaituna and the GPfaannel should not be harvested
more than four times per month, although this agsioh is based on a limited sample
size. Bioaccumulation of mercury in eels is relatied age of the fish, with
progressively higher tissue concentrations witlmdasing age (Kim, 1995). Therefore,
our results may to some extent reflect age-reldiffdrences. In a study of South
Island rivers, Redmayne et al (2000) found thatcomgr concentrations (measured as
methyl mercury) in long-finned eels linearly varitwboth length and age for a given
river, but also exhibited differences between caieiis.

Previous reports of arsenic accumulation in wags<srin the TVZ identified the
hyper-accumulation properties of watercress anderothquatic plants, with
concentrations in the plants of 100-50,000 times i the ambient water (Robinson
et al. 2006a, Robinson et al. 2003). The conceotrsitreported in these are
considerably higher than that reported in our st(@$1 mg/kg). It should be noted
that any arsenic toxicity from consuming watercredis depend on the amount and
frequency eaten, how the watercress is preparedt whs consumed with and the
chemical form of arsenic in the plant (Robinsonale006a). Risk-based consumption
limits for watercress are currently being exceeldgdjuestionnaire participants from
the Te Arawa rohe, although this is based on aleiecgmposite sample from
Waiowhiro Stream.
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Figure 21:

Trout consumption limits (meals per month) basethighest risk factor endpoint.
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Figure 22:

Koura consumption limits (meals per month) basetighest risk factor
endpoint.
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Figure 24: Smelt consumption limits (meals per month) basetighest risk factor endpoint.
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5.  Summary and Conclusions

The following summarises the basis to and result®w assessment of risk of
contaminants in kai in the Te Arawa rohe:

* Local average consumption rates (g/day) were catledl as follows:
watercress (15.8), mussels (16.9), koura (2.5)telhit (5.7), eel (9.6), trout
(10.9), kakahi (0.33) Total fish consumption (9day) was much higher than
the NZ ‘average’ consumption category of 32 g/d&yn(& Smith 2006). Of
this amount 13% comprised traditionally harvestietl, findicating that wild
caught kai represents only a small proportion efttital “food basket” for the
local community. Watercress consumption was caledlat 15.8 g/day and
was again much lower than the proposed averageuswi®n rate of 33
g/day for consumers of watercress (Golder Assaxiatel NIWA 2009).

* Meal sizes were calculated at 224 g/meal for tend eel, 112 g/meal for
smelt and whitebait, 152 g/meal for koura, 144 ghier shellfish (mussels,
pipi, kakahi) and 155 g/meal for watercress.

A risk assessment was carried out on the contarmndss, using established US EPA
formulae. The risk assessment calculated consumpiiits (as meals per month) for
each species for the whole catchment, using contarhi concentration data to
approximate harvesting of kai with random contaramaconcentrations that might
be expected from harvesting randomly across akgjbased on the median or"50
percentile) or predominantly harvesting from the sm@ontaminated sites (95
percentile).

Based on calculated consumption rates from ourysgmdup, the results of the risk
assessment were clear:

» If harvesting was carried out randomly acrossitdissnvhere kai species were
collected, then there is a significant risk to memnsbof Te Arawa iwi
associated with consumption of trout, pipi, mussel watercress.

 However, if harvesting were undertaken predomiyandt the most
contaminated sites, then a significant risk is appafor the consumption of
trout, eel and pipi. A lack of replicate samplesghnded calculation of this
risk for whitebait, kakahi, mussel and watercréssyever given that mussels
and watercress were identified as being at riskedian contaminant levels,
this risk will be greater if only harvested fronetimost contaminated sites.
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e The risk of eating trout in the Te Arawa rohe wasager than other species,
with contaminant concentrations in 9 of the 13 treampled resulting in a
consumption limit of less than 4 meals per month<(bmeal per week).

« A number of potential “hotspots” i.e., areas ofreased risk for many species,
were evident from the results. The Maketu sitefisamcern, with significant
risk of consumption of both pipi and mussels. Wdiow watercress samples
are also a concern. Consumption of all four spes@spled in the lower
Kaituna River ranged from <1 meal/month to threealsienonth. Similarly,
three of the four species sampled from the Ohawm@#avere also limited to
between 0.7 — 1.4 meals/month. For sites where ottt and koura were
collected, the relative risk associated with constion of these species was in
the order: Rotorua = Upper Kaituna = Rotoiti = Of@Zhannel > Okareka =
Tarawera > Rotokakahi = Rotoma > Tikitapu.

Any conclusions made from this study need to beamind certain limitations,
specifically:

« a small sample size of people completed the kaswmiption questionnaire
(n=19) and so calculation of consumption rates wohe improved by
including more participants

« for large biota (i.e., eel and trout) the sampleemfconsisted of a single
specimen, so caution must be taken when applyimgwoption limits on a
site by site basis

e not all contaminants were analysed in all kai sg®ce.g., PCBs were only
analysed in trout and eels (since these represémdughest bioaccumulation
risk based on their high lipid levels).

The results from this study clearly illustrate tieeed to more accurately assess the risk
of consuming wild kai in the rohe of Te Arawa by:

» collecting samples from more sites, species antd mitltiple specimens at
each site, so a more statistically robust spasiséssment can be made of risk

e expanding the contaminant dataset to include:

0 PCB analyses in all large freshwater fish
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0 metal speciation studies on arsenic and mercuoy aff least a subset of
each kai species at representative locations eiseuarine, river, marine -
to more accurately gauge risk

« obtaining a more robust dataset of kai consumptidhe region, by including
more consumers of wild kai, in the questionnaiecpss

« calculation of site-specific consumption rates, akhivould increase reliability
of risk estimates (for sites that are subject tular harvesting), and

e conducting a risk assessment for total fish dietctvlincorporates both wild
and commercial dietary consumption.

Notwithstanding these limitations, this study ha®vided a valuable screen of
potential risks associated with kai consumptiothaTe Arawa rohe.
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8. Abbreviations

ANZECC

DDD

DDE

DDT

y-HCH

HCB

ISQG

kg

mg

mm

PCB

Mg

US EPA
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Australian and New Zealand Environmental Conseaat
Council.

Dichlorodiphenyldichloroethane.

Dichlorodiphenyldichloroethylene.

Dichlorodiphenyltrichloroethane.

Gamma-hexachlorocyclohexane = lindane.

Hexachlorobenzene.

Interim sediment quality guidelines.

kilogram(s).

milligram

millimetre(s).

Polychlorinated biphenyl.

microgram.

United States Environmental Protection Association
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Anthropogenic

Aquatic
Bioaccumulation

Bioavailable

Catchment

Chronic toxicity

Concentration

Congener

Contaminant

Determinand

e '.'I\'r f - .l""'Ir'ij‘l —

laihoro Mukurangi

Effects, processes, or materials that are deffirced
human activities.

Dwelling in water.

Accumulation of a chemical by an aquatic organism.

That fraction of a chemical which is available for
uptake for an organism. Only a small fraction af th
metals found in soils and in natural waters is
bioavailable.

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 resultann
undesirable change to the physical, chemical, or
biological environment. Also called pollutant or
toxicant.

A variable associated with either increased or
decreased risk.
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Dioxins

Geothermal

Guideline

Hazardous

Iwi

Kai

Median

Organochlorine

ppb

ppm

Risk Assessment

Rohe

e '.'I\'r f - .l""'Ir'ij‘l —

laihoro Mukurangi

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).

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.

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 mgm=1ug L™
1 part per million =1 gm=1mg L~

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.
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Screen

Sediment

Species

Total metal

Toxic substance

Toxicity
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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.

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

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.
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Appendix 1a: Lower Kaituna consumption limit calculatidns

Species Compound
Trout p,p-DDT
p,p-DDD
p,p-DDE
Lindane
Dieldrin
Chlordanes
(total)
HCB
PCBs (total)
Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Eel p,p-DDT
p,p-DDD
p,p-DDE
Lindane
Dieldrin
Chlordanes
(total)

HCB

PCBs (total)
Cadmium
Mercury
Arsenic* (10%)
Zinc

Nickel
Chromium
Copper

Smeltl Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Smelt2 Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Whitebait Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Contaminant

Concentration

(mg/kg wet weight) day)-1
3.05E-05 0.34
1.69E-04 0.24
4.14E-03 0.34
0.00E+00 13
3.50E-05 16
5.71E-05 0.35
2.68E-05 16
3.23E-03 2
0.00E+00 NA
2.12E+00 NA
4.23E-03 15
3.46E+00 NA
0.00E+00 NA
0.00E+00 NA
1.92E-01 NA
2.50E-04 0.34
1.80E-04 0.24
2.76E-03 0.34
0.00E+00 13
2.81E-05 16
2.51E-05 0.35
2.13E-05 16
1.09E-03 2
7.62E-03 NA
1.64E-01 NA
2.03E-02 15
1.18E+01 NA
0.00E+00 NA
0.00E+00 NA
2.31E-01 NA
6.69E-03 NA
6.27E-02 NA
2.72E-02 15
3.55E+01 NA
5.44E-02 NA
2.51E-02 NA
5.23E-01 NA
8.32E-03 NA
1.66E-02 NA
7.24E-02 15
2.35E+01 NA
9.77E-02 NA
1.12E-01 NA
5.43E-01 NA
1.53E-02 NA
1.35E-02 NA
8.12E-02 15
2.21E+01 NA
6.64E-02 NA
4.61E-02 NA
4.98E-01 NA

Input Data/Assumptions

CSF (mg/kg-

BW (kg)
80
80
80
80
80

80
80
80
80
80
80
80
80
80
80

80
80
80
80
80

80
80
80
80
80
80
80
80
80
80

80
80
80
80
80
80
80

80
80
80
80
80
80
80

80
80
80
80
80
80
80

RfD
(mg/kg/day)
5.00E-04
NA

NA
3.00E-04
5.00E-05

5.00E-04
8.00E-04
2.00E-05
1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

5.00E-04
NA
NA
3.00E-04
5.00E-05

5.00E-04
8.00E-04
2.00E-05
1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA
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Daily Consumption Limits

Monthly Fish Consumption

(g/day) Limits (meals/month)
Non Cancer Non Cancer

ARL Cancer Risk Risk Cancer Risk Risk
1.00E-05 770715 1310215.6 175710.6
1.00E-05 19688.1
1.00E-05 568.6
1.00E-05
1.00E-05 1430.1 114407.4 15343.0
1.00E-05 40055.4 700969.8 94005.8
1.00E-05 18626.0 2384129.0 319731.2
1.00E-05 123.9 495.6 66.5
1.00E-05
1.00E-05 3.8
1.00E-05 126.0
1.00E-05 6932.7 929.7
1.00E-05
1.00E-05
1.00E-05
TOTAL 53.8
1.00E-05 9428.2 160279.2 21494.8
1.00E-05 18527.5 NA
1.00E-05 852.6 NA
1.00E-05
1.00E-05 1777.3 142181.3 19067.7
1.00E-05 90939.5 1591442.1 213425.4
1.00E-05 23451.4 3001774.5 402562.5
1.00E-05 365.8 1463.1 196.2
1.00E-05 10505.1 1408.8
1.00E-05 48.8 6.5
1.00E-05 26.3
1.00E-05 2039.2 2735
1.00E-05
1.00E-05
1.00E-05
TOTAL 23.4 3.1
1.00E-05 11956.5 3207.2
1.00E-05 127.5 34.2
1.00E-05 19.6
1.00E-05 675.2 181.1
1.00E-05 29431.4 7894.7
1.00E-05 9565.2 2565.8
1.00E-05
1.00E-05 9612.0 2578.3
1.00E-05 480.6
1.00E-05 7.4
1.00E-05 1020.3 273.7
1.00E-05 16375.9 4392.7
1.00E-05 2139.4 573.9
1.00E-05
TOTAL 7.4 2.0
1.00E-05 5224.8 1401.5
1.00E-05 594.0 159.3
1.00E-05 6.6
1.00E-05 1084.1 290.8
1.00E-05 24092.0 6462.4
1.00E-05 5203.9 1395.9
1.00E-05

& Additive cancer risk consumption limits and greateon-cancer risk consumption limits indicatedlack box
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Appendix 1b: Ohau Channel consumption limit calculatibdns

Species Compound

Trout p,p-DDT
p,p-DDD
p,p-DDE
Lindane
Dieldrin
Chlordanes (total,
HCB
PCBs (total)
Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Eel p.p-DDT
p,p-DDD
p,p-DDE
Lindane
Dieldrin
Chlordanes (total,
HCB
PCBs (total)
Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Koura Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Smelt Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

& Additive cancer risk consumption limits and grsat@on-cancer risk consumption limits indicatecblack box

Contaminant
Concentration

4.18E-04
6.13E-04
4.60E-03
0.00E+00
1.55E-04
5.83E-04
1.47E-04
6.60E-03
0.00E+00
1.58E+00
6.36E-03
4.98E+00
0.00E+00
0.00E+00
5.53E-01

1.14E-04
1.81E-04
1.71E-03
0.00E+00
1.50E-04
9.77E-05
3.44E-05
2.07E-03
5.83E-04
9.63E-01
8.87E-03
1.37E+01
0.00E+00
0.00E+00
3.55E-01

1.43E-03
5.76E-01
7.57E-02
1.42E+01
0.00E+00
0.00E+00
3.29E+00

1.71E-03
2.31E-01
1.15E-02
3.65E+01
1.48E-01
0.19225

0.326825

Input Data/Assumptions

CSF (mg/kg-
(mg/kg wet weight) day)-1

0.34
0.24
0.34
13
16
0.35
16
2
NA
NA
15
NA
NA

NA
NA
15
NA
NA
NA
NA

RfD

(mg/kg/day) ARL

5.00E-04
NA

NA

3.00E-04
5.00E-05
5.00E-04
8.00E-04
2.00E-05
1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

5.00E-04
NA

NA

3.00E-04
5.00E-05
5.00E-04
8.00E-04
2.00E-05
1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
0.003
NA

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05

1.00E-05

1.00E-05
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(g/day)
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Non Cancer

Cancer Risk Risk

5634.9
5440.8
511.5
321.9
3920.6

3397.6
60.6

83.9

29.1

20589.1
18392.2
1378.9

334.3
23404.9
14553.2
193.3

60.1

38.8

7.0

7.0

46.2

46.2

95793.1

25750.6
68610.1
434892.0
242.5

51

4823.2

350014.7

26746.6
409586.6
1862809.8
773.0
137199.5
8.3

1753.1

55841.2
13.9

1694.7

46755.6
34.7

657.0
10808.4
1248.4

Monthly Fish Consumption
Limits (meals/month)

Cancer Risk

3.9

5.2

1.4

12.4

Non
Cancer
Risk
12846.6

3453.4
9201.2
58322.6
32,5

646.8

46939.8

3586.9
54928.9
249818.0
103.7
18399.6
1.1

235.1

11021.3
2.7

334.5

12541.7
9.3

176.2
2899.3
334.9
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Appendix 1c: Okareka consumption limit calculatidns
Monthly Fish
Daily Consumption Limits Consumption Limits
Input Data/Assumptions (g/day) (meals/month)
Contaminant
Concentration CSF (mg/kg- RfD Cancer Non Cancer Cancer Non Cancer
Species Compound (mg/kg wet weight) day)-1 BW (kg) (mg/kg/day) ARL Risk Risk Risk Risk
Trout p,p-DDT 7.96E-05 0.34 80 5.00E-04 0.00001 29555.1  502437.3 67381.0
p,p-DDD 3.01E-04 0.24 80 NA 0.00001 11074.1
p,p-DDE 1.21E-03 0.34 80 NA 0.00001 1938.4
Lindane 0.00E+00 13 80 3.00E-04 0.00001
Dieldrin 0.00E+00 16 80 5.00E-05 0.00001
Chlordanes
(total) 5.33E-06 0.35 80 5.00E-04 0.00001 428443.8 7497766.3 1005511.8
HCB 3.13E-05 1.6 80 8.00E-04 0.00001 15972.7  2044505.9 274185.0
PCBs (total) 8.59E-04 2 80 2.00E-05 0.00001 465.6 1862.2 249.7
Cadmium 0.00E+00 NA 80 1.00E-03 0.00001
Mercury 5.30E-01 NA 80 1.00E-04  0.00001 15.1
Arsenic* (10%) 6.75E-03 1.5 80 3.00E-04 0.00001 79.0
Zinc 3.86E+00 NA 80 3.00E-01 0.00001 6221.4 834.3
Nickel 0.00E+00 NA 80 2.00E-02 0.00001
Chromium 0.00E+00 NA 80 3.00E-03 0.00001
Copper 2.89E-01 NA 80 NA 0.00001
TOTAL 64.5 8.6
Koura p,p-DDT 3.40E-01 80 0.0005 1.00E-05 0.032
p,p-DDD
p,p-DDE
Lindane
Dieldrin
Chlordanes
(total)
HCB
Cadmium 1.14E-02 NA 80 1.00E-03 0.00001 NA 7024.3 1386.4
Mercury 7.02E-02 NA 80 1.00E-04 0.00001 NA 113.9 22.5
Arsenic* (3%) 7.02E-02 15 80 3.00E-04 0.00001 7.6
Zinc 1.72E+01 NA 80 3.00E-01 0.00001 1398.5 276.0
Nickel 0.00E+00 NA 80 2.00E-02 0.00001
Chromium 0.00E+00 NA 80 3.00E-03 0.00001
Copper 8.42E+00 NA 80 NA 0.00001
TOTAL 7.6 1.5
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Appendix 1d: Puarenga Lower consumption limit calculatibns

Species Compound
Trout p,p-DDT
p,p-DDD
p,p-DDE
Lindane
Dieldrin
Chlordanes
(total)
HCB
PCBs (total)
Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Contaminant
Concentration

6.83E-05
1.23E-04
6.35E-04
0.00E+00
0.00E+00

4.64E-06
7.20E-05
8.44E-04
7.07E-04
4.07E-02
1.22E-02
4.71E+00
0.00E+00
0.00E+00
1.63E-01

Input Data/Assumptions

CSF (mg/kg-
(mg/kg wet weight) day)-1

0.34
0.24
0.34
13
16

0.35
16

Daily Consumption Limits ~ Monthly Fish Consumption

(g/day) Limits (meals/month)
RfD Non Cancer Non Cancer
(mg/kg/day) ARL Cancer Risk Risk Cancer Risk Risk
5.00E-04 1.00E-05 34428.0 585276.3 78490.3
NA 1.00E-05 27097.4
NA 1.00E-05 3705.5
3.00E-04 1.00E-05
5.00E-05 1.00E-05
5.00E-04 1.00E-05 492864.2 8625124.0 1156699.7
8.00E-04 1.00E-05 6939.7 888275.9 119125.1
2.00E-05 1.00E-05 473.7 1894.7 254.1
1.00E-03 1.00E-05 113131.3 15171.8
1.00E-04  1.00E-05 196.5
3.00E-04 1.00E-05 43.7
3.00E-01 1.00E-05 5090.9 682.7
2.00E-02 1.00E-05
3.00E-03 1.00E-05
NA 1.00E-05

TOTAL 39.2 5.3
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Appendix 1e: Puarenga Upper consumption limit calculatfons

Species Compound
Trout p,p-DDT
p,p-DDD
p,p-DDE
Lindane
Dieldrin
Chlordanes
(total)
HCB
PCBs (total)
Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Contaminant

Concentration

(mg/kg wet weight) day)-1
5.26E-05 0.34
2.25E-04 0.24
1.91E-02 0.34
0.00E+00 1.3
4.93E-05 16
6.04E-06 0.35
2.32E-05 1.6
4.16E-02 2
6.19E-04 NA
2.62E+00 NA
1.65E-03 1.5
7.57E+00 NA
0.00E+00 NA
0.00E+00 NA
2.89E-01 NA

Input Data/Assumptions

CSF (mg/kg-

RfD

(mg/kg/day) ARL

5.00E-04
NA
NA
3.00E-04
5.00E-05

5.00E-04
8.00E-04
2.00E-05
1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

——NIWA_—

laihoro Nukurangi

Daily Consumption Limits ~ Monthly Fish Consumption

(g/day) Limits (meals/month)
Non Cancer Non Cancer
Cancer Risk Risk Cancer Risk Risk
44707.2 760021.7 101925.1
14834.7
122.9
1014.6 81171.0 10885.7
378391.1 6621844.5 888043.5
21583.2 2762652.7 370494.3
9.6 38.4 5.2
129149.7 17320.0
3.1 0.4
322.9
3170.0 425.1
8.6 1.2
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Appendix 1f: Lake Rotokakahi consumption limit calculatins

Species Compound
Trout p,p-DDT
p,p-DDD
p,p-DDE
Lindane
Dieldrin
Chlordanes
(total)
HCB
PCBs (total)
Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Koura Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Smelt Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Kakahi Cadmium
Mercury
Arsenic* (3%)
Zinc
Nickel
Chromium
Copper

Contaminant

Concentration

(mg/kg wet weight) day)-1
1.48E-03 0.34
1.43E-03 0.24
2.56E-02 0.34
0.00E+00 1.3
1.00E-04 16
5.47E-05 0.35
5.09E-05 1.6
1.39E-03 2
0.00E+00 NA
3.06E-01 NA
1.96E-02 1.5
3.43E+00 NA
0.00E+00 NA
0.00E+00 NA
2.25E-01 NA
4.90E-04 NA
1.40E-01 NA
2.36E-02 1.5
1.29E+01 NA
0.00E+00 NA
0.00E+00 NA
2.90E+00 NA
1.81E-03 NA
2.26E-02 NA
1.81E-02 1.5
4.47E+01 NA
7.77E-02 NA
1.30E-01 NA
3.77E-01 NA
1.38E-02 NA
8.01E-03 NA
8.74E-02 1.5
1.24E+01 NA
2.62E-02 NA
4.73E-02 NA
3.57E-01 NA

Input Data/Assumptions

CSF (mg/kg-

RfD
(mg/kg/day)
5.00E-04
NA

NA
3.00E-04
5.00E-05

5.00E-04
8.00E-04
2.00E-05
1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

ARL

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

laihoro Nukurangi
Monthly Fish
Daily Consumption Limits Consumption Limits
(g/day) (meals/month)

Cancer Non Cancer Cancer Non Cancer

Risk Risk Risk Risk
1590.2  27032.6 3625.3
2326.2
91.8
497.6 39804.1 5338.1
41776.9  731096.2 98046.0
0832.2  1258523.1 168778.2
287.3 1149.1 154.1

261
27.3

6992.1 937.7
18.4 2.5

163218.4 32214.2

57.2 11.3
226

1862.1 367.5
22.6 4.5

44124.0 11835.8

353.9 94.9
29.4

536.5 143.9

20591.2 5523.4

1853.2 497.1
29.4 7.9

5781.1 1204.4

998.6
6.1

1938.4 403.8

61022.9 12713.1

5069.6 1056.2
6.1 1.3
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Appendix 1g: Lake Rotoiti consumption limit calculatiohs

Species
Trout

Koura
(Rotoiti East)

Koura
(Rotoiti West)

Smelt
(Rotoiti West)

Compound
p,p-DDT
p,p-DDD
p,p-DDE
Lindane
Dieldrin
Chlordanes
(total)

HCB

PCBs (total)
Cadmium
Mercury
Arsenic* (10%)
Zinc

Nickel
Chromium

Cadmium
Mercury
Arsenic* (3%)
Zinc

Nickel
Chromium
Copper

Cadmium
Mercury
Arsenic* (3%)
Zinc

Nickel
Chromium
Copper

Cadmium
Mercury
Arsenic* (10%)
zZinc

Nickel
Chromium
Copper

Contaminant

Concentration

(mg/kg wet weight) day)-1
1.65E-04 0.34
3.68E-04 0.24
1.43E-03 0.34
0.00E+00 1.3
7.61E-05 16
4.96E-05 0.35
1.55E-04 1.6
1.33E-03 2
0.00E+00 NA
1.68E+00 NA
4.95E-03 15
4.29E+00 NA
0.00E+00 NA
0.00E+00 NA
1.85E-03 NA
1.00E+00 NA
7.23E-02 15
1.54E+01 NA
0.00E+00 NA
0.00E+00 NA
6.00E+00 NA
1.76E-03 NA
5.27E-01 NA
9.76E-02 15
1.15E+01 NA
0.00E+00 NA
0.00E+00 NA
5.86E+00 NA
2.95E-03 NA
1.97E-01 NA
3.15E-02 15
3.74E+01 NA
2.36E-02 NA
4.92E-02 NA
3.94E-01 NA

Input Data/Assumptions

CSF (mg/kg-

RfD

(mg/kg/day) ARL

5.00E-04
NA
NA
3.00E-04
5.00E-05

5.00E-04
8.00E-04
2.00E-05
1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

——NIWA_—

laihoro Nukurangi
Monthly Fish
Daily Consumption Limits Consumption Limits
(g/day) (meals/month)

Cancer Non Cancer Cancer Non Cancer

Risk Risk Risk Risk
14232.2  241946.8 32447.0
9064.9 NA
1640.5 NA
657.2 52573.3 7050.5
46107.2  806876.6 108208.8
3234.3 413984.4 55518.7
300.9 1203.4 161.4
48 06 |
107.7
5591.1 749.8
65.6 8.8
43315.1 8549.0
8.0 1.6
7.4
1559.3 307.8
7.4 1.5
45528.5 8985.9
15.2 3.0
5.5
2083.5 411.2
5.5 1.1
27081.2 7264.3
406
16.9
641.4 172.0
67702.9 18160.7
4874.6 1307.6
16.9 4.5
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Appendix 1h: Lake Rotoma consumption limit calculatiéns

Species Compound
Trout p,p-DDT
p,p-DDD
p,p-DDE
Lindane
Dieldrin
Chlordanes
(total)
HCB
PCBs (total)
Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Koura Cadmium
Mercury
Arsenic* (3%)
Zinc
Nickel
Chromium
Copper

Contaminant

Concentration

(mg/kg wet weight) day)-1
0.00E+00 0.34
2.18E-05 0.24
7.49E-04 0.34
0.00E+00 1.3
0.00E+00 16
0.00E+00 0.35
3.84E-05 1.6
1.16E-03 2
1.15E-03 NA
2.06E-01 NA
3.91E-03 15
3.29E+00 NA
0.00E+00 NA
0.00E+00 NA
1.40E-01 NA
1.85E-02 NA
6.88E-02 NA
1.04E-01 15
1.19E+01 NA
0.00E+00 NA
0.00E+00 NA
4.70E+00 NA

Input Data/Assumptions

CSF (mg/kg-

RfD

(mg/kg/day) ARL

5.00E-04

5.00E-04
8.00E-04
2.00E-05
1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

——NIWA_—

laihoro Nukurangi

Monthly Fish

Daily Consumption Limits Consumption Limits

(g/day)
Cancer
Risk

152898.1
3142.8

13011.3
345.0

136.4

94.1

5.1

(meals/month)

Non Cancer Cancer Non Cancer

Risk Risk Risk
1665443.6 223349.6
1380.0 185.1
69434.1 9311.7
38.9 5.2
7290.6 977.7
12.6
4331.3 854.9
116.2
2013.1 397.3
1.0

& Additive cancer risk consumption limits and greateon-cancer risk consumption limits indicatedlack box

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment

68



——NIWA_—

laihoro Nukurangi
Appendix 1i: Lake Rotomahana consumption limit calculatfons
Monthly Fish
Daily Consumption Limits Consumption Limits
Input Data/Assumptions (g/day) (meals/month)
Contaminant
Concentration CSF (mg/kg- RfD Cancer Non Cancer Cancer Non Cancer
Species Compound (mg/kg wet weight) day)-1 BW (kg) (mg/kg/day) ARL Risk Risk Risk Risk
Trout p,p-DDT 1.20E-03 0.34 80 5.00E-04 1.00E-05 1961.2  33339.8 4471.1
p,p-DDD 1.10E-03 0.24 80 NA 1.00E-05 3025.4
p,p-DDE 5.95E-03 0.34 80 NA 1.00E-05 395.6
Lindane 0.00E+00 1.3 80 3.00E-04 1.00E-05
Dieldrin 0.00E+00 16 80 5.00E-05 1.00E-05
Chlordanes
(total) 5.12E-06 0.35 80 5.00E-04 1.00E-05 446301.6 7810278.0 1047422.2
HCB 4.49E-05 1.6 80 8.00E-04 1.00E-05 111255  1424059.9 190978.1
PCBs (total) 7.50E-04 2 80 2.00E-05 1.00E-05 533.0 2132.0 285.9
Cadmium 0.00E+00 NA 80 1.00E-03 1.00E-05
Mercury 2.16E+00 NA 80 1.00E-04  1.00E-05 3.7
Arsenic* (10%)  7.20E-03 15 80 3.00E-04 1.00E-05 74.1
Zinc 4.37E+00 NA 80 3.00E-01 1.00E-05 5492.2 736.5
Nickel 0.00E+00 NA 80 2.00E-02 1.00E-05
Chromium 0.00E+00 NA 80 3.00E-03 1.00E-05
Copper 2.57E-01 NA 80 NA 1.00E-05
TOTAL 53.1 7.1
Smelt Cadmium 8.02E-03 80 1.00E-03 1.00E-05 9969.5 2674.2
Mercury 2.92E-01 80 1.00E-04 1.00E-05 27.4 7.4
Arsenic* (10%)  3.47E-02 15 80 3.00E-04 1.00E-05 15.4
Zinc 5.29E+01 NA 80 3.00E-01 1.00E-05 453.8 121.7
Nickel 1.26E-01 NA 80 2.00E-02 1.00E-05 12714.7 3410.6
Chromium 1.46E-01 NA 80 3.00E-03 1.00E-05 1645.0 441.2
Copper 5.84E-01 NA 80 NA 1.00E-05
TOTAL 15.4 4.1
& Additive cancer risk consumption limits and gresat@on-cancer risk consumption limits indicatecblack box
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Appendix 1j: Lake Rotorua consumption limit calculatins
Monthly Fish
Daily Consumption Limits Consumption Limits
Input Data/Assumptions (g/day) (meals/month)
Contaminant
Concentration CSF (mg/kg- RfD Cancer Non Cancer Cancer Non Cancer
Species Compound (mg/kg wet weight) day)-1 BW (kg) (mg/kg/day) ARL Risk Risk Risk Risk
Trout p,p-DDT 2.94E-04 0.34 80 5.00E-04 1.00E-05 7990.9 135845.9 18218.1
p,p-DDD 4.89E-04 0.24 80 NA 1.00E-05 6818.0
p,p-DDE 3.33E-03 0.34 80 NA 1.00E-05 706.9
Lindane 0.00E+00 1.3 80 3.00E-04 1.00E-05
Dieldrin 1.59E-04 16 80 5.00E-05 1.00E-05 315.1 25211.3 3381.0
Chlordanes
(total) 3.39E-04 0.35 80 5.00E-04 1.00E-05 6746.9 118071.3 15834.3
HCB 1.62E-04 1.6 80 8.00E-04 1.00E-05 3077.2 393884.8 52823.2
PCBs (total) 6.42E-03 2 80 2.00E-05 1.00E-05 62.3 249.1 33.4
Cadmium 0.00E+00 NA 80 1.00E-03 1.00E-05
Mercury 1.22E+00 NA 80 1.00E-04  1.00E-05 6.6 09 ]
Arsenic* (10%) 0.00E+00 15 80 3.00E-04 1.00E-05
Zinc 3.87E+00 NA 80 3.00E-01 1.00E-05 6201.9 831.7
Nickel 0.00E+00 NA 80 2.00E-02 1.00E-05
Chromium 0.00E+00 NA 80 3.00E-03 1.00E-05
Copper 2.47E-01 NA 80 NA 1.00E-05
TOTAL 46.8 6.3
Koura Cadmium 1.19E-03 80 1.00E-03 1.00E-05 67428.1 13308.2
(Rotorua East) ~ Mercury 2.49E-01 80 1.00E-04  1.00E-05 32.2
Arsenic* (3%) 8.42E-02 15 80 3.00E-04 1.00E-05 6.3
Zinc 1.11E+01 NA 80 3.00E-01 1.00E-05 2162.4 426.8
Nickel 0.00E+00 NA 80 2.00E-02 1.00E-05
Chromium 0.00E+00 NA 80 3.00E-03 1.00E-05
Copper 4.98E+00 NA 80 NA 1.00E-05
TOTAL 6.3 1.3

& Additive cancer risk consumption limits and grsat@on-cancer risk consumption limits indicatecblack box

Contaminants in kai — Te Arawa rohe. Part 2: Riskéssment 70



Appendix 1k: Lake Tarawera consumption limit calculatidns

Species Compound
Trout p,p-DDT
p,p-DDD
p,p-DDE
Lindane
Dieldrin
Chlordanes
(total)
HCB
PCBs (total)
Cadmium
Mercury
Arsenic* (10%)
Zinc
Nickel
Chromium
Copper

Koura Cadmium
Mercury
Arsenic* (3%)
Zinc
Nickel
Chromium
Copper

Contaminant

Concentration

(mg/kg wet weight) day)-1
2.96E-04 0.34
2.14E-04 0.24
9.79E-04 0.34
0.00E+00 13
3.35E-05 16
1.27E-05 0.35
1.04E-04 1.6
4.06E-04 2
0.00E+00 NA
8.82E-02 NA
1.08E-02 15
4.24E+00 NA
0.00E+00 NA
0.00E+00 NA
2.09E-01 NA
6.20E-03

6.66E-02

1.21E-01 15
1.39E+01 NA
0.00E+00 NA
0.00E+00 NA
4.34E+00 NA

Input Data/Assumptions

CSF (mg/kg-

RfD

(mg/kg/day) ARL

5.00E-04
NA
NA
3.00E-04
5.00E-05

5.00E-04
8.00E-04
2.00E-05
1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05

TOTAL

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL

——NIWA_—

laihoro Nukurangi

Monthly Fish

Daily Consumption Limits Consumption Limits

(g/day)

Cancer
Risk
7955.8
15589.7
2403.2

1492.4
179533.8

4827.4
985.7

44.0

4.4

(meals/month)

Non Cancer Cancer Non Cancer

Risk Risk Risk
135248.8 18138.0
119390.0 16011.2
3141840.9 421346.6
617910.8 82866.9
3942.7 528.8
90.7 12.2
5654.0 758.2

5.9
12910.4 2548.1
120.1
1721.4 339.7

0.9
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Appendix 1l: Lake Tikitapu consumption limit calculatidhs
Monthly Fish
Daily Consumption Limits Consumption Limits
Input Data/Assumptions (g/day) (meals/month)
Contaminant
Concentration CSF (mg/kg- RfD Cancer Non Cancer Cancer Non Cancer

Species Compound (mg/kg wet weight) day)-1 BW (kg) (mg/kg/day) ARL Risk Risk Risk Risk
Trout p,p-DDT 2.01E-04 0.34 80 5.00E-04 1.00E-05 11702.8  198946.8 26680.4

p,p-DDD 2.14E-03 0.24 80 NA 1.00E-05 1555.8

p,p-DDE 5.06E-03 0.34 80 NA 1.00E-05 464.9

Lindane 0.00E+00 1.3 80 3.00E-04 1.00E-05

Dieldrin 1.27E-04 16 80 5.00E-05 1.00E-05 393.8 31500.4 4224.5

Chlordanes

(total) 4.32E-05 0.35 80 5.00E-04 1.00E-05 52941.9 926482.4 124248.9

HCB 2.08E-04 1.6 80 8.00E-04 1.00E-05 2406.3 308003.7 41305.8

PCBs (total) 4.84E-03 2 80 2.00E-05 1.00E-05 82.6 330.3 443

Cadmium 0.00E+00 NA 80 1.00E-03 1.00E-05

Mercury 1.78E-01 NA 80 1.00E-04  1.00E-05 44.9 60 |

Arsenic* (10%) 0.00E+00 15 80 3.00E-04 1.00E-05

Zinc 3.82E+00 NA 80 3.00E-01 1.00E-05 6288.8 843.4

Nickel 0.00E+00 NA 80 2.00E-02 1.00E-05

Chromium 0.00E+00 NA 80 3.00E-03 1.00E-05

Copper 3.82E-01 NA 80 NA 1.00E-05

TOTAL 55.7 7.5

Koura Cadmium 2.35E-02 80 1.00E-03 1.00E-05 3404.8 672.0

Mercury 4.50E-02 80 1.00E-04  1.00E-05 177.6

Arsenic* (3%) 2.55E-02 1.5 80 3.00E-04 1.00E-05

Zinc 1.35E+01 NA 80 3.00E-01 1.00E-05 21.0 1776.4 350.6

Nickel 0.00E+00 NA 80 2.00E-02 1.00E-05

Chromium 0.00E+00 NA 80 3.00E-03 1.00E-05

Copper 6.85E+00 NA 80 NA 1.00E-05

TOTAL 21.0 4.1
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Appendix 1m: Upper Kaituna consumption limit calculatiéns

Contaminant

Input Data/Assumptions
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Monthly Fish
Daily Consumption Limits Consumption Limits
(g/day) (meals/month)

Concentration CSF (mg/kg- RfD Cancer Non Cancer  Cancer

Species Compound (mg/kg wet weight) day)-1 BW (kg) (mg/kg/day) ARL Risk Risk Risk
Trout p,p-DDT 2.29E-04 0.34 80 5.00E-04 1.00E-05 10263.3  174476.8

p,p-DDD 8.12E-05 0.24 80 NA 1.00E-05 41067.9

p,p-DDE 4.01E-03 0.34 80 NA 1.00E-05 587.4

Lindane 0.00E+00 1.3 80 3.00E-04 1.00E-05

Dieldrin 0.00E+00 16 80 5.00E-05 1.00E-05

Chlordanes

(total) 1.05E-04 0.35 80 5.00E-04 1.00E-05 21779.7  381143.9

HCB 1.70E-05 1.6 80 8.00E-04 1.00E-05 29347.9  3756537.0

PCBs (total) 4.59E-03 2 80 2.00E-05 1.00E-05 87.2 348.9

Cadmium 0.00E+00 NA 80 1.00E-03 1.00E-05

Mercury 1.52E+00 NA 80 1.00E-04 1.00E-05 5.3

Arsenic* (10%) 2.36E-03 15 80 3.00E-04 1.00E-05 225.9

Zinc 4.08E+00 NA 80 3.00E-01 1.00E-05 5885.6

Nickel 0.00E+00 NA 80 2.00E-02 1.00E-05

Chromium 0.00E+00 NA 80 3.00E-03 1.00E-05

Copper 2.15E-01 NA 80 NA 1.00E-05

TOTAL 56.2 7.5

Koura Cadmium 1.56E-03 80 1.00E-03 1.00E-05 51369.5

Mercury 5.02E-01 80 1.00E-04 1.00E-05 15.9

Arsenic* (3%)  5.02E-02 15 80 3.00E-04 1.00E-05 10.6

Zinc 1.18E+01 NA 80 3.00E-01 1.00E-05 2039.7

Nickel 0.00E+00 NA 80 2.00E-02 1.00E-05

Chromium 0.00E+00 NA 80 3.00E-03 1.00E-05

Copper 6.58E+00 NA 80 NA 1.00E-05

TOTAL 10.6 2.1
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Non Cancer
Risk
23398.8

51114.5
503782.3
46.8

789.3

10138.7
3.1

402.6
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Appendix 1n: Maketu consumption limit calculatiohs
Monthly Fish
Daily Consumption Limits Consumption Limits
Input Data/Assumptions (g/day) (meals/month)
Contaminant
Concentration CSF (mg/kg- RfD Cancer Non Cancer Cancer Non Cancer
Species Compound (mg/kg wet weight) day)-1 BW (kg) (mg/kg/day) ARL Risk Risk Risk Risk
Pipi Cadmium 5.67E-02 80 1.00E-03 1.00E-05 1411.5 294.1
Mercury 1.42E-02 80 1.00E-04 1.00E-05 564.6 117.6
Arsenic* (3%) 5.02E-02 1.5 80 3.00E-04 1.00E-05 10.6 2.2
Zinc 0.00E+00 NA 80 3.00E-01 1.00E-05 2957.4 616.1
Nickel 0.00E+00 NA 80 2.00E-02 1.00E-05 1882.0 392.1
Chromium 0.00E+00 NA 80 3.00E-03  1.00E-05 169.4
Copper 0.00E+00 NA 80 NA 1.00E-05
TOTAL 10.6 2.2
HCB
Pipi Cadmium 5.41E-02 80 1.00E-03 1.00E-05 1478.7 308.1
(repeat) Mercury 1.11E-02 80 1.00E-04 1.00E-05 722.2 150.4
Arsenic* (3%) 4.25E-02 1.5 80 3.00E-04 1.00E-05 12.5 2.6
Zinc 0.00E+00 80 3.00E-01 1.00E-05 2866.4 597.2
Nickel 0.00E+00 NA 80 2.00E-02 1.00E-05 1725.1 359.4
Chromium 0.00E+00 NA 80 3.00E-03  1.00E-05 186.3
Copper 0.00E+00 NA 80 NA 1.00E-05
TOTAL 12.5 2.6
Pipi Cadmium 5.78E-02 80 1.00E-03 1.00E-05 1384.1 288.3
(2nd collection)  Mercury 7.16E-03 80 1.00E-04 1.00E-05 1117.0 232.7
Arsenic* (3%) 3.66E-02 1.5 80 3.00E-04 1.00E-05 14.6 3.0
Zinc 6.79E+00 80 3.00E-01 1.00E-05 3537.0 736.9
Nickel 3.77E-01 NA 80 2.00E-02 1.00E-05 4244.4 884.3
Chromium 4.02E-01 NA 80 3.00E-03  1.00E-05 596.9
Copper 5.91E-01 NA 80 NA 1.00E-05
TOTAL 14.6 3.0
Mussel Cadmium 9.05E-02 80 1.00E-03 1.00E-05 NA 884.1 184.2
Mercury 2.95E-02 80 1.00E-04 1.00E-05 NA 270.8 56.4
Arsenic* (3%) 3.88E-02 1.5 80 3.00E-04 1.00E-05 13.8 2.9
Zinc 1.24E+01 NA 80 3.00E-01 1.00E-05 1939.8 404.1
Nickel 1.50E+00 NA 80 2.00E-02 1.00E-05 1069.7 222.8
Chromium 2.03E+00 NA 80 3.00E-03 1.00E-05 118.1 24.6
Copper 7.20E-01 NA 80 NA 1.00E-05
TOTAL 13.8 2.9
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Appendix 1n: Waiowhiro Stream consumption limit calculati@ns

Contaminant

Concentration

Species Compound (mg/kg wet weight) day)-1

Watercress Cadmium 5.93E-03 NA
Mercury 0.00E+00 NA
Arsenic* (3%) 1.07E-01 15
Zinc 1.17E+01 NA
Nickel 2.33E-02 NA
Chromium 5.74E-02 NA
Copper 5.15E-01 NA

Input Data/Assumptions

CSF (mg/kg-

BW (kg)
80
80
80
80
80
80
80

RfD

(mg/kg/day) ARL

1.00E-03
1.00E-04
3.00E-04
3.00E-01
2.00E-02
3.00E-03
NA

1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
1.00E-05
TOTAL
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Monthly Fish
Daily Consumption Limits Consumption Limits
(g/day) (meals/month)

Non Cancer
Cancer Risk Risk
13489.5
5.0
2057.1
68571.4
4184.0
5.0

Cancer Non Cancer

Risk Risk
2610.9
1.0
398.2
13271.9
809.8
1.0
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