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EXECUTIVE SUMMARY

This report presents the scenarios for the development of Environmenta Performance
Indicators for toxic contaminants for incluson in the Minigry for the Environment’s overdl
Environmenta Performance Indicator (EPI) Programme.  An initid lig of priority toxic
contaminants was developed based upon a number of overseas examples as well as other
relevant toxic contaminant and pollutant release inventories and regigers in the USA and
Canada. This framework was evaluated based upon the specific knowledge of the toxic
contaminants either unique to or absent from the New Zedland environment.

In the development of the toxic contaminant indicators for the overdl EPl programme, Stage 1
indicators were developed with a view to take full advantage of existing monitoring and data
collection programmes, or for which data collection could be readily established. Stage 2
contaminants were those for which development or research would be needed before their
incluson in the programme could be conddered. The extent of funding avalable for
environmenta indicators in New Zedand will dictate, in practical terms, the options for the
selection of indicators that might form the core group of the toxic contaminant indicators. This
has influenced the hierarchicd approach taken in the overdl sdection and staging of the
indicators.

A wide range of potentid toxic contaminant indicators were identified. This was reviewed,
and a lig of 9 contaminants were identified which would be suitable to the New Zedand
context. It was dso noted that it would not be practica to implement such an extengive list of
toxic contaminant indicators a the commencement of an EPI programme as it would likely
result in sgnificant ddays in the implementation of the overal programme. The indicators
chosen are mainly state indicators. While the importance of pressure and response indicators
is acknowledged, the need to sdlect indicators which will be integrated into an overdl EPI
programme and be required to comment, at least initidly, on the state of the New Zedand
environment on aregiona and nationd levdl.

The toxic contaminant indicators chosen have been divided into two groups, Group 1 and
Group 2. Group 1 are recommended to be implemented at the outset of the EPl programme
and Goup 2 to be established a some later date following a further review further prior to
ther incluson in the overdl EPI programme.

The recommended Group 1 indicators included: specific agpects of air qudity, freshwater (eds
/ sentind organisms), maine (sentind organisms) and human (breest milk).  Also
recommended within this group the establishment of a toxic contaminants register or amilar
inventory, either as a subset of a larger chemica register or as a one deding specificaly with
toxic contaminants.
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1. INTRODUCTION
1.1 ENVIRONMENTAL PERFORMANCE INDICATORS

There is an ever-increasing public avareness in New Zedand of environmental issues.
Frequent media coverage in relation to matters such as landfill operations, dredging activities,
land contamination and even in reaion to specific substances such as 1080 (sodium
fluoroacetate) are a testament of New Zealander’s concern about their environment. Even
New Zedand's core agriculture-related sectors have fallen under the public’seye asis evident
by concerns rdating to the discharge of pesticides, agriculturd wastes, and wool scouring, the
discharges from which have been shown to have a high toxicity to some native species.

Undergtanding the condition of the New Zedand environment, being able to identify the causes
of problems and then determining a solution to these problems is an essentid undertaking

fraught with difficulties. The inter-related nature of the environment and its components, dong
with the addition of the effects of human activities, meansit is a complex system to understand
and interpret.  And so, Smple questions regarding the hedth and date of ar, water or

ecosystems are very difficult to answer.

One means of providing this information is to develop understandable measures or indicators
which ether angly or in combination provide information on the qudity of the environment.

Indicators are used extensvely by our society as measures of society’s heath. People accept
indicators such as blood pressure monitoring as part of their dally lives. These measures can
then serve as reference points for future measurements.  Using these measures over time,

decison makers or managers can determine the effectiveness of environmenta management
decisions and determine whether additiond (or less) intervention isrequired. As environmenta
indicators are a decison making toal, it is essentid that the indicators which are used are both
relevant to the questions being asked and readily understandable.

Toxic contaminants are released to the environment by a wide range of activities, many of
them an integrd part of our everyday lives. Thisreport describes indicators which can be used
for the development of indicators of toxic contaminants for incluson in the Minigry for the
Environment’s (MfE) Environmenta Performance Indicator (EP1) Programme.

1.2 TOXIC CONTAMINANTS

Chemicds within the environment represent a range of contaminant types from the extremely
toxic (e.g., ‘sheep dip’ - dbendozal) to those with a comparatively low toxicity (e.g., anmonia
in discharges from wastewater trestment plants, farms etc.,) which may differ greetly in their
overal mass load to the environment. While some bioaccumulate strongly in organisms (e.g.,
organochlorines), others induce specific bio-chemica responses and yet others show effects
largely by mortdity on sengtive species. The varied nature of these toxic contaminants
presents a challenge in detecting their presence and effects in the environment.
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Toxic contaminants are commonly defined as those chemicals which give rise to some leve of
adverse biologica effects to the living components of naturd systems or humans, and can be
liquid, gaseous or solid/particulate. The word ‘toxic' in a strictly scientific sense, means the
ability to cause mortdity (i.e, death). However, it is now common practice to cal any
contaminant which produces an adverse biologica effect ‘toxic'.

For the purposes of this document which focuses on the environment, the definition of toxic
contamination has been limited to chemicas or contaminants which adversdly effect biologica
or human systems.

Toxic contaminants are a now amgor category of stress on the ‘natura’ environment largely
as a consequence of human activity. It is important to understand that toxic contaminants are
not necessarily gatic in the environment but can move through various states, phases or media
and through various trophic levels in an ecosysem. If a contaminant is short-lived it may be
broken down before its toxicity @an be redised, or if a toxic contaminant is not mobile it is
unlikely to be taken up by organisms. However, if the contaminant is stable and mohile it has
amuch grester chance of affecting organisms.

In certain cases, toxic contaminants that dissolve in fats may be retained for significant periods
of time by organisms. Hence toxic contaminants will be subject to bioaccumulation i.e,, an
increase in concentration from the environment to the organism and biomagnificetion i.e, the
tendency of contaminants to concentrate from one link in afood chain to the next.

In congdering sustainable environmental management, it must be remembered that there are
many beneficid aspects to the use of toxic chemicds particularly in the management of pests
which destroy food harvests or carry diseases The use of toxic contaminants should
accordingly be assessed in terms of a costs and benefits evaluation. For example, the use of
DDT is banned in most developed countries on the bads that in those countries the
environmenta cost associated with its use greatly outweighsits benefits. However DDT is il
used extensvely in developing countries because it ill the most effective means of mdaria
control. In this case, the human hedth benefit is consdered to outweigh adverse
environmentd effects.

1.3 ROLE OF DECISION MAKERS

Regiond and Territorid Authorities, dongsde centrd government have an integrd role in
resource management as set out in the Resource Management Act 1991. Part of this process
entails the sdection and implementation of environmenta performance indicators as a bass for
decisons rdaing to sustainable management of resources. The information needs of the
decison maker in this regard will drive the desgn of the overdl toxic contaminant indicator
programme. The information generated by the programme represents a distilled and concise
indication of the state of the New Zedland environment.

Who is the decison maker? The decison maker is not represented by a single individua but
rather represents a decison making process. Decisons concerning the state and therefore the
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overdl management of the New Zedand environment requires distilled information as to the
actud dae of the environment. Decisons are made involving consultation and informed
options and it is this process which required appropriate information such as that provided by
indicators. Anindicator is atool which alows the decison maker to determine whether things
are getting better or worse.  For example, is the ar qudity with New Zedand's urban areas
improving or getting worse?

The role of the decision making mechanism isto drive the design of theindicator programmein
S0 far as the information which is generated alows for informed policy to be developed or to
measure the success of existing environmenta policy and laws.

1.4 THE PURPOSE AND STRUCTURE OF THISREPORT

In this report and other documents such as report on the State of the New Zedand
Environment and Proposals for Air, Freshwater, and Land (MfE, 19973, b), MfE sets out its
rationde for the development of a range of EPI scenarios for New Zedand. This report
presents the scenarios for the development of Environmenta Performance Indicators for toxic
contaminants in the following manner:

Section 2 provides an overview of MfE’ s indicators programme.

Section 3 discusses the relevance of toxic contaminants in the development of an EMI
programme, describes key concepts surrounding toxicity and the identification of
priority contaminants overseas and in New Zedand.

Section 4 presents background information relevant to the discussion of indicators for
toxic contaminants. In particular, the fate of toxic contaminantsin the environment.

Section 5 presents and discusses aspects of a number of overseas indicator
programmes. Information is dso provided in relation to severd internationa and locd
monitoring programmes that have relevance to indicators programmes.

Section 6 summarises what is currently being done to monitor toxic contaminants in
New Zedand.

Section 7 identifies a preliminary list of potentia indicators for toxic contaminants for
New Zedland.

Section 8 sets out options funding and implementation of  toxic contaminant indicators
in New Zedland.
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2. EPI PROGRAMME
2.1 INTRODUCTION

Following the release of the October 1997 document entitled Environmental Performance
Indicators Discussion Document, MfE convened a series of meetings throughout New
Zedand to discuss issues raised within the document and to solicit a response from the public
at large concerning the overal content. The public was encouraged to prepare submissons
and comment on the materid which was presented. An overdl summary of the submissions
received was prepared (Roxborough, 1997) and those matters of direct relevance to the
establishment of toxic contaminant indicators (TCIl) as part of an overdl New Zedand EPl are
outlined below.

2.2 OVERVIEW OF SUBMISSIONS
221 Genera

There was a generd agreement amongst the submissons that a nationdly consstent and
common database for indicators of ar, water and land was a postive undertaking for New
Zedand. There was specific comment made that properly established and implemented TCls
would offer an opportunity to provide a widdly usesble, cost effective mechanism to measure
the state of the New Zedand environment at large, and to a lesser degree the performance of
legidation and regulatory bodies.

In balance, it was noted that an ecosystem focused programme dedling primarily with the life
supporting capacity of the environment hed the potentid to limit information sharing (by other
organisations) through the excluson of human effects in the overdl EPI programme. It was
noted that there is an interdependence of ecosystern and environmenta hedlth, and socid and
economic well-being.

Broadly, the use of a Pressure-State-Response framework for the development of the EPI
programme was supported.

2.2.2 Toxic Air Contaminants

Generdly, comments were made in relation to the sdection of appropriate air toxics as
indicators. This was related both to the relevance of the indicator within a city or region and
the scade of the monitoring or programme.

There was some discussion relating to the precise methodology of any air toxics monitoring
programme &s it related to capitd cost of equipment and maintenance. It was noted that
PM> 5 should be consdered as Stage | indicator based upon its emergence oversess as a
criticd air toxic. Further, there was discusson reating to the adoption of available red-time
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particulate monitoring technology. Hydrocarbons, VOC's, PAH's, dioxins, pesticides and
metals were specificaly discussed in terms of their appropriateness as Stage 1 air indicators.
It was adso recommended that indicators generally be linked to meteorologica measurements.

There was support for vehicle emissons and vishility as Stage 2 indicators.  Vishility was
generaly accepted as a mgor indicator but it was noted that more work was required to
clearly establish a definition for thisindicator.

In relaion to the implementation of a monitoring network in New Zedand, it was
recommended that sengtivity be gpplied in the level and type of monitoring for cities reflecting
the specific nature of the conditions (i.e., smog issues within Christchurch). As a follow-on
from this it was recommended that basdines levels be established within the natura
environment to alow for appropriate conclusons to be drawn from fluctuations.

2.2.3 Water

In the development of water-related toxic contaminated indicators for New Zedand, there
was a view that the indicators chosen be internationaly consstent to enable comparisons
between other international programmes.

Groundwater, it was noted, isa sgnificant drinking water source and this should be reflected in
the development of groundwater TCls. There was support for the divison of freshwater
indicators into two broad categories - those describing the life supporting capacity of aguetic
ecosystemns, and those which reflect human uses and values. It was recommended that the link
between groundwater and surface water should be reflected by appropriate indicators. 1t was
aso noted that the inclusion of pressure indicators was important.

Comments of a specific nature included are summarised below

Table2.1 Summary of Submissons relating to Water Toxic Contaminant
Indicatorsfor Water

The monitoring of toxic contaminants was | - Support for the use of periphyton in rivers as

essential.  TCls for water should include TCls. It was noted that interpretation of data

dioxins, metals, hydrocarbons, pesticides, and could be problematic. Macroinvertebrate

geothermal indicators. indicators (e.g., MCI's) were viewed as
important.

Support for the use of eel as Stage 2 river TCls.
- Groundwater state indicators be developed

General agreement that TCls be adopted for which are consistent with drinking water.

metal s, organic solvents and toxic compounds.
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224 Land

It was noted in rdation to soil hedth that indicators would not be sufficiently sendtive to
differentiate between land which is degrading, recovering from degradation and has aready
degraded. In responseto this, it was recommended that further research be undertaken in this
area

It was noted that the use of soil biologica properties as Stage |l indicators are specifically
relevant in the context of contaminated land as they are often directly affected (negatively and
positively) by contaminants (pesticides, etc.). Asagenerd comment, it was noted that specia
consderation isrequired in the understanding of proposed indicators and their meaning.

2.3 INFORMATION NEEDSAND MANAGEMENT

Although it was recognised that Councils undertake a wide range of monitoring, it was noted
that there are cost issues which must be addressed regarding the use of Council collected
information in aNationd EPI programme.

While it was noted that any collection and collation of existing data centrdly would be
beneficid, an effective information management system would aso need to be developed -
both qudity control and qudity assurance - for the collection, collation, management and
interpretation of data. There was interest in a mechanism which would be put in place to
support such a programme.

Comments were provided concerning a proposed cearing house system for information
management. It was noted that the system would be better able to succeed if there was a
‘buy-in" from the participating parties. This would be through the dissemination of standards
throughout the widest range of potential users and providers, consultation a the system
development stage and voluntary compliance mechaniams.

Given the need for data trackability and overdl qudity assurance, it was recommended to
have a data reference capability. Of particular note was the recommendation that any system
adopted could be enhanced by the recording of other peripherd sources of data to support
additiona indicators or uses which may develop over time.
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3. TOXIC CONTAMINANTS
3.1 THE NEW ZEALAND SITUATION

The RMA (1991) definition of “contaminant” includes:

“ any substance (including gases, liquids, solids, and micro-organisms) or energy
(excluding noise) or heat, that either by itself or in combination with the same,
similar, or other substances, energy or heat -

@ When discharged into water, changes or is likely to change the physical,
chemical, or biological condition of water; or

(b) When discharged onto land or into air, changes or is likely to change the
physical, chemical, or biological condition of the land or air onto or into
which it isdischarged:” .

The New Zedand HSNO Regulations which will define a ‘hazardous contaminant for the
purpose of the HSNO Act (1996) are currently being drafted. The HSNO Act defines a
“hazardous substance’ as:

“ any substance with one or more of the following intrinsic properties:.. .- toxicity
(both acute and chronic); - eco-toxicity;”

In addition, the recently published guiddines on timber trestment chemicas do not define
“toxic contaminant” (MfE/MoH 1997).

It has been proposed (MfE 1994) that the following criteria based on acute toxicity (adopted
from OECD guiddlines) be used to define a hazardous contaminant. The threshold for various
contaminants with toxic properties is presented in Table 3.1. A contaminant is conddered
hazardousiif it meets any one of the threshold levels.

3.2 TOXICITY
3.2.1 Introduction

Toxic contaminants are defined in a variety of ways with various quditative and quantitative
descriptions within arange of monitoring and assessment programmes.

While chemica measurements can be made to establish the concentration of contaminants
present, adverse effect measurements on living organisms are required to establish thresholds
for effect. The toxic potentid of a chemica is governed by its concentretion & the sSte of
effect and the length of time the organisms ae exposed. Appropriate risk assessment of
chemicds rdlies on having data on both toxicity and likey exposure concentrations.
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Quantitetive or numerica definitions encompass dermd, inhaation, ord and aguatic exposure
limits. Quditative or narrtive definitions are based upon toxicological and environmenta fate
characteristics.

TABLE 3.1: HSNO Regulations- Definition of hazardous contaminants.

Criteria Threshold Leve

Acute Toxicity (oral or dermal) | | by js|ess than 5000 mg contaminant / kg body weight of test animal.

Acute Toxicity (inhalation- | | cojislessthan 50 mg contaminants/ | air.
gases and vapours®)

Acute Toxicity (inhalation- | | coj isless than 12.5 mg contaminants/ | air.
dusts and mists?)

Skin Irritation The pH islessthan 2 or greater than 11.5 or
Draize Grade is greater than 1.5 for either erythema or oedema.
Eyelrritation The pH islessthan 2 or greater than 11.5 or Draize Grade is greater than 1

for either corneal opacity or iritis or Draize Grade greater than 2 for either
conjunctival redness or chemosis.

Or results in the following | - Sensitisation: Any positive reaction on challenge.

effects . M utagenicity: Any positive reaction in vivo or in vitro assays.
Reproductive/ Developmental / Ter atogenic Effects (statistically
significant biological effect).

Chronic Toxicity (statistically significant biological effects).

Or any other statistically significant biological effect.

Gases. iscompletely gaseous at 20 °C at astandard pressure of 101.3 kPa. Vapoursat 50 °C have a
vapour pressure greater than 300 kPa

Dusts and mists: the test atmosphere contains greater than 90% particles with an aerodynamic
diameter of lessthan 10 microns.

Statistically significant biological effect: a doseresponse effect above arecognised background
history for thetest animals. Statistical significanceisto P < 0.05.

Toxic contaminants have the &bility to cause an adverse effect or negdtive response in
organiams (including people) and it is this toxic response characterigic which serves as a
criterion for the determination of whether a contaminant is toxic.

3.2.2 Factorsinvolved in Defining Toxicity

A toxic response may be in the form of an acute or chronic effect. There are a number of
factors which are used to define toxicity and these are discussed in the following sections. Itis
important to recognise the exposure routes for ar toxics fal into two broad categories - direct
exposure (mainly through inhaation) and deposition (to skin, plants, water and soil). It isaso
important to recognise the time scde of effects. These can range from immediate (Say
breathing acid gas causing choking) to extremely long term (say alifetime exposure to benzene
or heavy metals reducing life expectancy).

Acute Toxicity
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A toxic response may bein the form of an acute or chronic effect. Acute effects occur within
a raively short period of time, usudly within days of exposure. Lethdlity is the end-point
normaly associated with acute toxicity where the benchmarks of toxicity are the LCxg (the
concentration lethal to 50% of the test organisms) and L D5, (the lethal dose to 50% of the test
organisms). Acute toxicity is usualy determined in controlled laboratory anima exposure
dudies. The smdler the amount of the chemica which causes the toxic effect, the more ‘toxic’
the substance.

Acute toxicity can be further defined in terms of the route of exposure as follows:

Ord and dermd toxicity.
Respiratory toxicity.
Aqudic toxicity.
Phytotoxicity.

Chronic Toxicity

Chronic toxicity refers to long term effects (months or years) resulting from ether a short
exposure to a chemical which has long term hedlth effects (e.g., cancer) or after along period
of exposure, typicaly continuous exposure to low leves of toxic chemicds. As part of the
mandate of the World Hedlth Organisations (WHO) - International Agency for Research on
Cancer (IARC), carcinogenic data for a wide range of individua contaminants has been
reviewed. WHO has assgned contaminants that have been evaluated into a series of
carcinogenic classes (Table 3.2).

TABLE 3.2: IARC carcinogenic classes.

Classification by Group Characteristics
Group 1 Carcinogenic to humans.
Group 2A Probably carcinogenic to humans.
Group 2B Possibly carcinogenic to humans.
Group 3 Not classifiable asto carcinogenicity to humans.
Group 4 Probably not carcinogenic to humans.

The IARC has categorised more than 600 contaminants. This classfication system is followed
by both the USEPA and Hedth and Wdfare - Canada.

Mutagenicity is another factor which is consdered in the assessment of contaminant toxicity.
Mutagenic contaminants are those which are capable of causng damage to genetic materid
(i.e, DNA). Asmany mutagenic agents are consdered potentialy genotoxic, teratogenic and
carcinogenic, the carcinogenic classficaions typicdly provide suiteble classfication of this
class of contaminants.
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Endocrine Disrupting Chemicals are exogenous natura or anthropogenic agents that
produce reversible or irreversble adverse effects by interfering with the synthesis, storage,
release, secretion, transport, clearance, binding action, or eimination of endogenous hormones

in the bodly.

A growing body of scientific research indicates that some chemicas and pesticides may
interfere with the normd functioning of human and wildlife endocrine systems which control
processes such as reproduction and development.  These endocrine disruptors may therefore
cause avariety of problems with development, behaviour and reproduction in a wide range of
Species.

Although some pegticides and indudtrid chemicals have undergone extensve toxicological
testing, it is unclear whether this testing has been adequate to detect the potentia for these
chemicals and pesticides to be endocrine disruptors. There is widespread agreement that the
development of screening and testing programs is appropriate if the identification and control
of potentia endocrine disruptorsisto be achieved.

The USEPA's Office of Prevention, Pedticides and Toxic Substances (OPPTS) has
established the Endocrine Disruptors Screening and Testing Advisory Committee (EDSTAC)
to provide advice and counsd to the Agency on a dirategy to screen and test chemicals and
pesticides that may be the cause of endocrine disruption in humans, fish and wildlife.

Persistence is a characterigtic of the toxic contaminant’s environmental behaviour rather than
adirect characterigtic of toxicity. Persstent chemicals are of concern because they have the
potentid to accumulate to high concentrations with extended use. Persstence is commonly
defined by an environmenta hdf-life which isthe timeit takes for hdf of the chemica’sorigind
chemica mass to disgppear from the environment. Definitions for persstence within the
environment adopted by various agencies are set out below in Table 3.3.

The British Columbia - Ministry of the Environment (Canada) has defined toxic and persstent
contaminants using the criteria set out in Table 3.4.

TABLE 3.3: Definitions of persistence.

Agency Definitionsfor Persistence Details of Definitionsfor
Per sistence

Great Lakes Water Quality Hdf-lifein water 8 days
Agreement (GLWQA)
Ontario Ministry of the Half-lifein water, sediment, soil 50 days
Environment (MOE)
German Federa Environment Air 10 days
Agency
Environment Protection Act Air 30 days
(EPA) - Canada - Air Resources
Branch (ARB) - Environment
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|| Canada

TABLE 3.4: British Columbia Ministry for the Environment (Canada) - Toxic
contaminant definitions.

Primary Toxic Criteria

Oral dosage of 50 mg/kg resultsin LD 5.
Dermal dosage of 200 mg/kg resultsin LD g.

Inhalation of 1500 mg/mB over 4 hours exposure resultsin LD 5.

Aquatic 96 hour LCs0>10 g/n? (organisms).
Human toxicity - IARC category 1 or 2A.

Supplementary Criteria

Aquatic 14 day EC50 >100 g/n? (plant growth and biomass yield).

Contaminants listed as group C agent (cause reproductive toxicity).

Contaminants which exhibit non-carcinogenic chronic toxicity as determined by approved bioassay.
Carcinogenic potential in non-human biota a concern - contaminants classified as IARC group 2B.

Persistence
T1/2 >30daysinair.

T1/2 >50 daysin soil, sediment, water or other media
BCF >100in freshwater fish.

LDgo:  Dosagelevel resulting in @ 50% mortality level in asample group.

Bioaccumulation is the ability of a contaminant to bioaccumulate (accumulate in an organism
to higher concentrations than present in environmenta media) and/or biomagnify (accumulate
to higher concentrations at higher trophic levels). These properties are generally related to the
chemicd’s affinity for fatty tissues and are therefore inversdy related to its water solubility.

This solubility is generally expressed as an n-octanol/water partition coefficient (K g\y) and the
proposed threshold criteria for this value is 1000 (i.e., log Koy >3) (MfE, 1994).

3.3 OVERSEASDEFINITIONSOF TOXIC CONTAMINANTS

Two examples of internationa regulaions governing toxic contaminants are the Clean Water
Act and the Clean Air Act in the United States, implemented to cortrol the introduction of
contaminants to the American environment.

The USEPA Clean Water Act regulates the discharge of conventiona pollutants and toxic
contaminants. Section 307 of this Act requires the regulation of toxic pollutants. By 1977, the
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Act specificaly identified 129 toxic contaminants referred to as the ‘priority pollutant list’.
Priority pollutant lists are discussed in greater detail in Section 3.3 below.

Section 112 of the USEPA Clean Air Act regulates toxic contaminants that are harmful to
human hedth. Toxic contaminants are aso regulated in the United States by additiond
legidation namely, the Toxic Substances Control Act (TSCA), the Resource and
Conservation Recovery Act (RCRA), the Comprehensve Environmentad Rehabilitation
Compensation and Liability Act (CERCLA), the Superfund Amendments and Re-
authorisation Act (SARA) Title 111, and the Safe Drinking Water Act (SDWA), and the
Federa Insecticide, Fungicide and Rodenticide Act (FIFRA).

The OECD classfication criteria for the aquatic environment is set out in Table 35. A amilar

type of classfication system is likely to be adopted in New Zedland as part of New Zedand
HSNO regulations.

TABLE 35: OECD aquatic acutetoxicity criteria.

Criteria

Toxicity Test Very Toxic Toxic Harmful
96h L Csp fish x £1.0mg/l 1.0<x £ 10 mg/l 10<x £ 100 mg/l
or
48h EC0 Daphnia x £ 1.0 mg/l 1.0<x £ 10 mg/l 10<x £ 100 mg/l
or
72h ECsp algae x £1.0mg/l 1.0<x £ 10 mg/l | 10<x £100 mg/
Bioaccumulation Kow > 1000 unless Biologica Concentration Factor (BCF) is< 100
Bio-degradation BODs/COD ratio < 0.5

X: concentration of the contaminant

Using the criteria in Table 3.5, the OECD classfication system classfies any contaminant
which meets one of the following criteria as “ dangerous to the environment”:

Table3.6 OECD Contaminant Criteria.

Classification Description
Very Toxic - acute aquatic toxicity only
Toxic - aquatic acute toxicity plus bio-accumulating
Harmful - aquatic acute toxicity plus bio-accumulating and not readily
biodegradable
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These criteria can dso be gpplied to other media, particularly soil.  However, additiona
factors such as mobility in soil, mineralisation and adsorption to soil particulate matter must
also be considered.

3.4 PRIORITY LISTS

From the above discussion it is clear that many factors have to be consdered when
conddering the risks of the wide range of chemicd contaminants now present in the
environment. The sheer number chemicals produced and released to the environment and our
limited economic capacity to ded with these problems has led to the formulation of ‘chemicd
priority ligts to provide a systematic means of dealing with environmenta contamination.

Regulatory agencies have employed toxic contaminant definitions (Section 3.2) to develop
‘toxic contaminant lists for a variety of regulatory and legidative purposes. Most commonly,
the lists are used as ‘priority lists which identify the chemicas of greatest concern for that
given agency or country. While some priority ligts are quite extensve (such as the 129
chemica USEPA priority pollutant list), others are quite short (such as the United Kingdoms
“Red Lig” of 22 chemicds).

Successful prioritisation of toxic chemicds relies upon the avallability of data on the toxicity
and environmental behaviour of chemicals. In addition, there is limited informetion on the
extent of the use of many chemicasin globad commerce,

In a different approach, the OECD has developed a “High Production Volume® ligt of
chemicas which ligts 4,103 chemicas which are manufactured or used in quantities of over
1,000 tonnes per year by a least one member country. This assessment focuses initidly on
the possible dose of the chemica. From available toxicity persstence and accumulation data,
the OECD has identified a sub-set of these chemicds for further investigation due to their
potentia to cause environmenta or human toxicity.

A smilar study has recently been released by the USEPA on the 2,863 organic chemicds
produced or imported at or above 1 million pounds per year (USEPA, 1998). This report
adso extensvely screened available information sources for basic data on the human and
environmental toxicity and chemicd properties (Screening Information Data Set, SIDS,
OECD 1990) of these compounds This report concludes:

“43% of the US HPV chemicals (1,216 of 2,863) are identified as having no
SDStest data (i.e., no basic screening data) of any type available and only 7%
of the chemicals (202 of 2,863) are reported as having data available for all of
the SDSdata types. .... “

To provide a means of effectively prioritisng chemicd priorities, the USEPA has recently
rdeased a “Waste Minimisation and Prioritisstion Tool” (USEPA, 19978). This sysem
accesses a database containing persistence bioaccumulation and toxicity (PBT) data on 879
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chemicds. To quantify chemicd risks the PBT data is combined with production use or
discharge data. However in the absence of production or use data, the program provides a
relative level of concern for each chemica to produce a screening level assessment of potentia
chronic risks that chemica's may pose to human health and the environmentt.

Identifying the priority for toxic contaminantsis acomplex matter asit is completely dependent
upon the objectives of the prioritisation. For this reason, lists of priority contaminants
developed for the assessment of effectsin terrestria and marine ecosystems will differ between
each other as well as between those created solely for the consderation of human toxicity.
Overdl, the development of any ligt for the purpose of assessing nationd environmenta hedlth
must take into account a wide range of clearly defined factors. Key factors relevant to toxic
contaminants in each of the core media of the environment are set out in Table 3.6.

TABLE 3.6: Key toxicity factorswithin media.

Air Water
Phytotoxicity : Aquatic Toxicity
Derma Toxicity : Oral Toxicity
Respiratory Toxicity

Aquatic Biota

Terrestrial Biology . Oral Toxicity
Phytotoxicity : Bioaccumulation Factor
Dermal Toxicity
Oral Toxicity Human
Bioaccumulation Factor : Oral Toxicity

Inhalation Toxicity

3.5 RELEASE INVENTORIES

Another approach to toxic contaminant monitoring is the establishment of release or emisson
inventory programmes or registers.  These programmes require reporting to centra
government on the importation, use and discharge of specified chemicas to the environment.

The mogt extengve current programme is the USEPA Toxics Reease Inventory (TRI) which
lists over 650 chemicads whose use, transfer and disposal must be reported to the federa
government. The TRI was established under Section 313 of the Emergency Planning and
Community Right-to-Know Act 1988. The am of the inventory is to assure that locdl
communities have access to information on toxic contaminants in their local environment. To
this end, daa is readily accessble on the World-Wide Web a
http:/Mww.epa.gov/enviro/html/trigitris-overview.html. Data can be accessed on a nationd,
regiona or loca basis.
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The Canadian Nationd Pollutant Release Inventory (NPRI) list 176 chemicds that must be
reported if used or released in quantities grester than 10 tonnes per year. To facilitate
reporting, as with the USEPA TRI, data may be submitted on-line a a World-Wide Web site.

The Audrdian Nationd Environmenta Protection Council (NEPC) has produced a Draft
National Environmenta Protection Measure which includes designation of the chemicals to be
reported in the Nationd Pollutant Inventory. This ligt includes 95 high production/use
chemicds and wastes as well as toxic contaminants.

Rdease inventory programmes are inva uable informeation collection systems for the monitoring
of stresses on the environment. As such, they provide ideal databases for the development of
pressure indicators. The accumulated data can aso be used to assess national impacts of
contaminants

The development of a Smilar pollutant inventory system has the potentid to assst New
Zedand authorities in the management of toxic contaminants in the environment. The MfE is
currently conducting a scoping study to determine the possible need and options for the
development of arelease register or inventory (or the like) for New Zedland.

3.6 WHAT ARE NEW ZEALAND'S PRIORITY TOXIC
CONTAMINANTS?

|dentifying the specific prioritisation for toxic contaminants must take into account the toxicity
to biologica systems, effects on human health, persstence and accumulation, as discussed in
previous sections. In addition, their prevdence and usage in New Zedand must be
considered. A contaminant which has not been imported, produced or used in New Zedland
would not likely be on a New Zedand priority pollutant list. The exception for this would be
in the case of trans-boundary pollutant migration (e.g., Audrdian emissons) or globa re-
digribution of contaminants (e.g., PCBs). There are a number of chemicd compounds
(specifically manufactured pesticides) which have not been imported or used in New Zedand
in large amounts (eg., Toxaphere and Mirex). In contrast, Substance 1080 (sodium
fluoroacetate) is widdy used in New Zedand but is used in only limited amounts in other
countries and so does not feature on many existing priority or emission lists used by overseas
agencies.

In order to address New Zedand's priority toxic contaminants, a list cross-referencing toxic
contaminants from overseas examples has been compiled. This has been overlaid with input
from New Zedand researchers to ensure that toxic contaminants unique to, or absent from,
New Zedand are consgdered. This ligt is presented in a series of tables organised by
contaminant groups in Appendix A.

The broad contaminant groups are:

Persistent Organic Pollutants (POPs).
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Metals. ]
Polycyclic Aromatic Hydrocarbons (PAHS).

Pesticides/Herbicides.

Phthal ates.

Others (Asbestos, Substance 1080, Paper Industry Chemicals).
Ammoniaand Nitrate.

For comparative purposes, the New Zedland list has been compared to a variety of other
chemicd prioritisation systems as described previoudy. Most notable are the USEPA Priority
Pollutants Ligt released in 1989. The ligt is dso compared with the relevant toxics and
pollutants release inventory and register lists for the USA and Canada. These lists specify the
chemicals for which reeases to the environment must be reported to federa governments on
an annud basis.

To give some estimate of possible use in New Zedland, chemicas have been marked for their
presence on the 1997 OECD High Production Volume (HPV) list. These are chemicals that
are manufactured or imported in quantities in excess of 1,000 tonnes in 1997 by at least one
OECD member gate. In addition some chemicals have been identified as warranting the
gathering of further information (i.e, Screening Information Data Set (SIDS)) for more
detailed risk andlyss.

The rationde for atoxic contaminant’ sincluson on thelis is st out below

3.6.1 Persistent Organic Pollutants (POPs)

While POPs are no longer imported into, or used in large volumes within New Zedand, they
are of condgderable concern internationdly. A sgnificant internationd tresty on the regulation
of POPsisto be negotiated in 1998. Many of the POPs are also proven or are suspected of
being endocrine disrupting chemicds. The internationd concern for POPs can be seen in
focus in USEPA and OECD research and regulation.  Further information on POPs is
available from the United Nations Environment Programme (UNEP) on the World-Wide Web

a (http://irptc.unep.ch/pops).

Of particular note within New Zedland are recent human milk survey results in New Zedand
which have shown POPs occur in the human environment (Hannah et al. 1994). Certain
POPs have dso been demongtrated to accumulate in New Zedland wildlife species such as
Hectors dolphin (MfE 19974).

Findly, while the use of POPs has been greatly decreased world-wide, there are ill believed
to be ongoing sources. There are consderable stockpiles of POPs in New Zedland in
varioudy secure repogtories. The phenomenon of regiond and globa redigtribution of these
chemicds is not fully understood. Until more New Zedand trend data is available for these
environmental contaminants it would seem prudent to continue to undertake research and
investigationsin this area.
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3.6.2 Metals

The metds liged in Appendix A are those that commonly occur in the environment due to
human activity. In particular copper, chromium and arsenic (arsenic is a metaloid but is
included here for convenience of discussion) are included due to their prevaence in the timber
treatment sector within New Zedand (MfE 1997a, c¢). Other metds arise from other
processes and are applied to land in sewage dudge. Mercury is a sgnificant contaminant in
geothermal aress as a result of geotherma power generation. Metals in the New Zedand
environment were reviewed extensively by Smith et al. (1990).

3.6.3 Poalycyclic Aromatic Hydrocar bons (PAHS)

This group of chemicds has been identified by MfE as being a sgnificant toxic contaminant
within New Zedland (MfE 1997a, b, d). A subset of the PAHs are known carcinogens. The
ligt included in Appendix A are the USEPA 16 priority PAHs.  Scope exids for limiting this
group for anaytica purposes to afew specific and indicative PAH compounds.  The toxicity,
prevalence and on-going sources of PAHs warrant continued monitoring in terms of their
prevalence in, and loadings to, the environmen.

3.6.4 Pesticides/Herbicides

The usefulness of these compounds isrooted in their toxicity to specific organisms and as such,
are used in the control of those organisms. Exposure of non-target species can cause
environmental damage. Typicaly environmental damage caused by these compounds tends to
be in acute toxicity events where the compounds are present at high concentrations for
relatively short periods of time.

3.6.5 Phthalates

These ubiquitous chemicds are used predominantly as plagticisers. The ability of many of this
group to act as endocrine disrupting chemicals has focused congderable attention on their
effects in the environment and on human hedth. Due to their ubiquitous occurrence and the
absence of quantifiable risk data which these chemicals pose to the environment and humans,
these chemicals feature in many current priority lists (e.g., USEPA, OECD, NPRI - Canada).

3.6.6 Others
3.6.6.1 Asbestos

The human hedth implications of this contaminant has been, and remains to be, widdy
accepted. It isnot generaly considered to be of environmental concern
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3.6.6.2 Substance 1080

This compound has had widespread use in New Zedand for the control of possum. Due to
1080's high public profile and extensive use throughout New Zedland, this chemicd warrants
itsincluson on any priority lig.

3.6.6.3 Paper Industry Chemicals

These are of concern in only afew specific locations within New Zedand. The use of EDTA
has recently increased condderably due to limitations in the use of chlorine and chlorine
dioxide.

3.6.6.4 Ammonia and Nitrate

Ammonia and nitrate are two key contaminants produced by the agricultural sector, natural
resource industries (such as meat works and dairy) and by wastewater trestment plants. The
effects of devated concentrations of ammonia and nitrate are widespread around New
Zedand. Nitrate is of concern principaly in relation to groundwater quaity and drinking water
qudity (refer New Zedand Drinking Water Guidelines). Ammonia is capable of exerting
toxicity in surface waters.

3.7 DEVELOPING A NEW ZEALAND PRIORITY LIST
3.7.1 Introduction

It is obvious from the materid presented above that there are a large number of toxic
contaminants that can be identified as requiring further information and potentialy, assessment.
Monitoring and assessment of dl such toxic contaminants would be prohibitive due to the
logigtics of data acquidtion, programme cost, and information management needs. It is
necessary to prioritise chemicas to ensure that the monitoring of toxic contaminants in New
Zedand is focused to provide information on those contaminants which potentidly have the
mogt sgnificant effect on ecosystem or human hedth.

As noted earlier, other countries have developed priority pollutant lists and in many cases
thee ligs ae extensve. The USEPA priority pollutant lis contans a tota of 235
contaminants covering a wide range of toxic contaminants. Other countries and assessment
programmes have reduced the number of toxic contaminants being monitored to provide a
more managesble basis for regiond, nationd, and internationa programmes. The Great Lakes
Programmeis briefly discussed below.
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3.7.2 Great LakesProgram

In developing the Greet Lakes Strategy, Environment Canada and the USEPA focused the
drategy on those toxic contaminants that had been identified for “priority action” as aresult of
an asessment involving multiple screening criteria and processes.  These were contaminants
present in water, sediment or biota that were imparting a toxic effect, ether sangly or
synergidticaly, on biota or humans. Two leves of contaminants were identified as set out in
Table 3.6.

Leve one contaminants were identified which would receive the greatest atention and would
be the focus of management to diminate them from discharges to the Great Lakes. The leve
two toxic contaminants were which were identified by the United States and Canada as having
the potentia to impact the environment of the Greet Lakes through use or release. Reduction
initiatives are encouraged for these contaminants. Consultation associated with the list occurs
through the biennia State of The Lakes Ecosystem Conference (SOLEC).

TABLE 3.7: Great LakesLevel 1 and Levea 2 toxic contaminants.

Leve Contaminant

ONE - Aldrin/dieldrin

- Benzo(a)pyrene
Chlordane
DDT(including DDD & DDE)
Hexachlorobenzene
Alkyl-lead
Mercury and compounds
Mirex
Octachlorostyrene
PCBs, PCDD (Dioxins) and PCDF (Furans)
Toxaphene

TWO - Cadmium and cadmium compounds
- 14-dichlorobenzene
3,3 -dichlorobenzidine
Dinitropyrene
Endrin
Heptachlor and (heptachlor epoxide)
Hexachlorobutadiene and hexachl orocyclohexane
Pentachlorobenzene
Pentachl orophenol
Tetrachlorobenzene (1,2,3,4- and 1,2,4,5)
Tributyl-tin
PAHs

3.7.3 Advancing a Priority List for New Zealand

To provide an initid evaduation of a priority list of toxic contaminants for New Zedand, a
ranking of the contaminants in the primary lig was undertaken through consultation with
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project members. Each contaminant was ranked from 1 (leest sgnificant) to 5 (very
ggnificant) as atoxic contaminant in each of the key media

Air

Terestria Biota
Freshwater
Freshwater biota
Marine water
Marine Biota

Experts in the areas of air, terredtria biota, freshwater, freshwater biota, marine water and
marine biota conducted the preliminary assessment which was based upon the overal
knowledge of each expert in their specific fidd of expertise and media knowledge for each
condituent. Where the expert had no specific knowledge of a condtituent or ranking, no
ranking was completed.

The ranking identified a primary series of key toxic contaminants for which contributors
conddered there was aufficient knowledge to promote ther incluson in monitoring
programmes and environmenta assessments. A second series of congtituents was identified
for which there were intermediate rankings recorded, and a third ranking which included those
condtituents of either low ranking or for which there was little specific knowledge. It is
emphasised that any hierarchicd ligt such as this should be viewed as dynamic and thet it will
change as more environmenta or toxicologica information becomes available on any given
contaminant.

The toxic contaminants identified from the Category 1 list are shown in Table 3.8.
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TABLE 3.8: Preliminary category onetoxic contaminantsin New Zealand.

Preliminary Category One
Toxic Contaminants

Examples

Metals

Arsenic, cadmium
Copper
Chromium

Lead

Mercury

Zinc.

Polyaromatic Hydrocarbons

PAHs (16 two to fivering PAHS)

Polychlorinated Biphenyls

Specific priority congeners

Organochlorine Pesticides

DDT
Diddrin
Chlordane

Volatile Aromatic Hydrocarbons

Benzene
Ethylbenzene
Toluene
Xylene

Volatile Chlorinated Aromatics

Chlorobenzene

Chlorophenols

Pentachlorophenol

Oxygenated Compounds

2,3,7,8-Dioxin and -Furan congeners

Miscellaneous Compounds

Cyanide
Nitrate
Ammonia
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4. TOXIC CONTAMINANTS, MEDIA AND
MONITORING

4.1 INTRODUCTION

As discussed in Section 3, toxic contaminants have a wide variety of chemica and physica
properties which influences their effects on and fate in the environment. These differing
properties result in different chemicals or dlasses of chemicads accumulating in different parts,
or ‘compartments, of the environment. The extent to which this behaviour has been
investigeted in the past and can be predicted for the future greetly aids in monitoring, as
programmes can focus on key areas or environmental compartments to evaluate environmenta
trendsin contamination.

In terms of the monitoring of toxic contaminants, the air and water are of particular significance
as they represent the two mgor environmental “mobile phases’. The bulk transport of
contaminants within and between regions must occur viathese media  The significance of air
and water trangport of contaminants on an intra-hemispheric basis has been compared by
Iwata et al. (1993). While the effect of damming rivers on the trangport of contaminants has
been demongtrated by Giesy et al. (1994a). In contrast soils and aquatic sediments act asthe
magjor ‘store houses' or reservoirs of a range of contaminants. For example, New Zedand
soils ill contain significant levels of DDT group compounds which are dowly being released
to the environment.

Classcdly, toxic contaminant indicators involve the measurement of the contaminant in the
media (eg., ar, water, oil ec.,) or organisms within the media (eg., invertebrates, fish,
mamma, birth etc.,). The data obtained provides a measure of the state of that environmental
compartment or component. Other indicators can be devel oped that address pressure on the
environment (e.g., various components of a TRI). These classicd date indicators form the
backbone of most environmental monitoring in New Zealand at present (refer Section 6).

The monitoring of the State of the environment is clearly the most direct method of addressing
current contamination levels. However, these measures do have some disadvantages in a
management framework. Firgly, they do not alow the prediction of future impacts in that a
current chemica concentration cannot be used to estimate future levels if continuing inputs are
occurring to the system. Secondly, state monitors are relatively dow to react particularly for
chemicds that remain in the environment for a long time. This means tha in a management
framework dterations in state monitors do not provide a rapid enough indication of societies
response to environmental contamination. Therefore state indicators do not indicate pressure
on the environment and they are generdly too dow to indicate response mechanisms?.
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42 AIR
4.2.1 Background

Mog of the environmental toxic contaminants in the environment can occur in gaseous or
particulate form in the ar. For much of the time, and in mogt places, the concentrations of
these contaminants are well below levels which would cause any sgnificant risk to the
environment or to humans. However there are circumstances when concentrations can be
higher and present significant risks.

Many of the risks associated with exposure to toxic chemicas are not well understood, and
the range of potentid contaminants is very wide and growing. This is an important generd

point about toxic contamination which must be recognised. The sate of knowledge is such
that risk levels are continualy being developed and revised, and new contaminants are
frequently added to the ligt.

Furthermore, there is substantia uncertainty about the risks, and by no means consensus.
Dioxin is a good example - there are some who hold thet there should be no dioxin in the
environment whatsoever, as a sngle molecule can cause a cdl mutation. However there are
otherswho argue that zero risk is unattainable, and there is a maximum dioxin level which does
not significantly add to the overdl level of risk due to combined environmentd factors.

4.2.2 Sourcesof Toxic Contaminantsto Air in New Zealand

The sources of toxic contaminants to air in New Zealand fal into four broad categories, each
of which may require a different type of indicator.

4.2.2.1 Point sources

These are typicadly specific industrid sources, many of which are regulated by a resource
consent issued under the Resource Management Act (1991) and subject to specific
monitoring.  Where a dgnificant discharge is recognised, it will usudly be subject to
monitoring. However there are circumstances where monitoring will not be adequate, and
these include cases where the discharge is not known, and cases where a number of smdler
industries can produce a sgnificant cumulative effect. Enissons potentidly incude amost
every toxic contaminant.

4.2.2.2 Mobilesources

Vehicles (eg., cas, trucks, ships, arcraft) are recognised internationaly as the mgor
contributor to air contamination, including toxic contaminants. Emissons of toxic corntaminants
include volatile hydrocarbons (toluene, benzene, 1, 3 butadiene, and others), combustion
products (PAH's, etc.), fuds additives (heavy metds, MTBF, and others) and ancillary
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emissions (metals and rubber from tyre wear). The measurement of any of these components
of vehicdle emissons would provide a suitable indicator for toxic contamination from this

source. The proposed stage one indicators for air monitoring in New Zealand are CO, PM 1,

NOy, Og, and SOy. Measurement of any of the above toxic contaminant parameters could
be eadly integrated with sampling for the proposed stage one indicators.

4.2.2.3 Pesticide and Herbicide Spraying

The use of pedicides and herbicides in agriculture and horticulture poses a sgnificant
environmenta and hedlth threat principaly due to the requirement that the chemicals used be
toxic. The inappropriate use of such chemicas or inability to control their spread from the
point of gpplication represent the most significant sources of risk.

The sources include horticultural spraying, both fixed and aerid, forestry spraying, roadside
oraying and even private garden spraying. Typicd contaminants include insecticides (eg.,
diazinon, madathion, chlorpyriphos, mevinphos), herbicides €.9., 2,4-D, 2,4,5-T, triazines,
triazoles, dipyridilium), fungicides (eg., ethylenethiourea, mancozeb, dicarboximides) and
miscellaneous metas (e.g., tin, mercury, copper, arsenic). A more comprehensve lig is
contained in the Standards New Zedland document NZS 8409 Agrichemica User's Code of
Practice.

4.2.2.4 Natural

‘Natural’ sources of air toxics are not usudly included (e.g., they are specifically omitted from
the USEPA ligts of toxic sources). However it may be relevant to include these in the New
Zedand case because of the high keve of geothermd activity in many parts of the country.
Active geotherma sources can emit high levels of mercury, arsenic, boron and other metals
(Timperley et al., 1997). Due to human use of many of these geotherma resources it can
often be difficult to distinguish the ‘naturd’ from the anthropogenic component of the
emissons.

4.2.3 Typesof Monitoring

Monitoring of toxic emissonsto ar in New Zealand has focused on the use of concentration
or dtate monitoring (See section 6). These existing monitoring programmes have amassed a
sgnificant database of information that will be invalugble in the development of environmentd
performance indicators

4.2.3.1 Biomonitoring

Due to the reatively rapid movement of air masses it can be difficult to effectively monitor the
concentrations of toxic contaminants in air to gain an effective picture of contaminant levels.
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For this reason recent interest has focused on the use of biomonitoring to provide along term
(months - years) integrative picture of the presence of toxic contaminantsin air.

The use of vegetation as passve monitors of air contamination has been investigated by severd

groups. Thiswork focused on the ability of waxy pine needles to absorb organic contaminants
from air. One attractive feature of his method is that the years ‘new’ needles are easly

identified and so only those needles recently exposed can be selected for andyss.

As with other biomonitoring procedures this method is attractive in that it provides integration
over time rather than requiring expensive operation and maintenance of ambient air sampling
equipment. It also has the potential disadvantage of being biased by loca sources, and cannot
provide any information on the nature of short term pesks on synergidic effects, and
potentidly suffers for confounding effects due to differing absorption rates due to undetermined
factors.

Research has been carried out on air pollution bio-indicators by Landcare Research for a
number of years. Preiminary results have indicated that some lichens have specific vaue as
bio-indicators of generd ar pollution aswell asto indudtrid aress.

A range of plants have been used in biomonitoring Sudies. Lichens and bryophytes have been
extensvely used. The use of bryophytes lichens gymnosperms and other plants for
monitoring metals, organic pollutants, gaseous pollutants, radionuclides has been reviewed in
detail by MARC (1985, 1986). In New Zedand lichens, bryophytes and other plants have
been used in relation to the assessment of potentid air toxics arising in paticular from large
point sources such asindustry and power stations.

4.2.3.2 Biomarkers

In addition to the specific measurement of air-borne toxic contaminants, thereisalso alinkage
between air-borne toxic contaminants and acute and chronic hedth effects in humans. The
key area of interest here is the use of biomarkers to predict chronic adverse hedth effects - in
particular asthma, lung cancer and cardiovascular problems - of particular concern with regard
to urban ar pollution and hedlth is the adsorption of PAHS to respirable particulates which are

metabolised by cytochrome P50 dependent mixed function oxygenase in tissues.

In addition to in-vivo assessment of physiologica response to toxic contaminants, test systems
are being evaduaed which can be utilised to determine the relative toxicity of extracts of
particulate atmosphere pollutants. These extracts can be gpplied to whole anima and in-vitro
models to assess the toxicity of complex mixtures. This provides a linkage between toxic
contaminants and epidemiologicd studies (Adonis et al. 1997). In-vitro and whole animd

models are being set up in New Zedland for routine measures such as induction of cytochrome
P450 and immunatoxicologica parameters.
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4.3 LAND
431 Soil

The land environment is susceptible to the accumulation of toxic contaminants. Depostion of
contaminants on particles settling from the ar and in rain water act as on ongoing source of
many contaminants. In addition many toxic chemicas are gpplied to the land during norma
agriculturd practices. The passage of water through soils has the capacity to leach chemicas
deeper into the soil and in some cases into ground water. This passage of contaminants
through soil is countered by the tendency of contaminants to adhere to soil particles and so
remain stationary. The balance between these leaching and absorption phenomena determine
the rate of passage of a chemicd through the soil.

Soil contains many species and large numbers of bacteria which are essentid to the hedlth and
function of the soil. Some of these bacteria are dso able to breakdown some contaminants
and therefore reduce leves of soil contamination.

The presence of toxic contaminants in soils can lead to transfer of these chemicds into
vegetation and animas. As many of these products are human food items there exists the
possihility of exposure of humans as wdl as wildlife. In addition the diet of many mammas
and birds can contain 2-10% soil on adry weight basis (Beyer et al. 1994).

4.3.1.1 Soil Contamination

The key causes of soil contamination in New Zedland fdl into four groups:

Agriculturd use of pesticides and fertilisers.

Roadsde depostion of contaminants originating from motor vehicles.

Atmospheric depogtion of contaminants from short range (e.g., spraydrift) or long
range atmaospheric transport.

Loca contamination caused by specific indudtrid activity.

Agricultural use of pesticides and fertilisers, has resulted in the contamination of farmland
with DDT and other organochlorine pesticides. In addition the use of phosphate based
fertilisers has resulted in elevated cadmium concentrations in aress.

Theinfluence of roadside deposition, arisng from vehicle emissons has been sudied in New
Zedand by Ward et al. (1977a, b), Fergusson et al. (1980), Callins (1984) and Kennedy et
al. (1988). Use of lead in petrol in New Zedland resulted in lead concentrations adjacent to
roads which declined exponentidly with distance away from the road.

Contamination by indugtry is, adte or catchment specific activity. The most wel known
examples of dte specific contamination in New Zedand are associated with the timber
trestment industry (MfE 1997¢). A number of other industries are known to have historicaly
resulted in soil contamination. These included gasworks (MfE 1997d) and battery smelters
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and factories (Ward et al. 1975, Chee 1982, Graham 1993). Specific emissons from other
indudtries such as metd amelters and paper mills are generdly monitored only in the media to
which the industry emits (i.e,, ar or water).

Contamination associated with homes in urban areas in New Zealand is a less
gppreciated source of genera contamination of New Zedand soils. Lead in garden soils has
been examined in a number of studies because of concerns arisng from the remova of lead
based paints from houses (Jordan & Hogan 1975, Kjellstrom et al. 1978, Kennedy et al.
1988). Contamination aso arises from the disposa of rubbish and cod ash and backyard
incinerator ash in gardens.

4.3.1.2 Summary

Any examination of soil quality whether it be in remote, rurd or urban areas needs to teke into
account specific factors such as soil organic matter content and soil particle sze as both
factors influence the accumulation and retention of contaminants.  Soil sampling requires
precise sampling and anayss techniques (depth, soil fraction tested, extraction techniques) to
enable direct comparison between studies.

4.3.2 Vegetation

The effects of contaminants on vegetation are wel known. This is particuarly the case in
relation to globa and regiona examples such as the effects of sulphur dioxide and acid rain in
North America and northern Europe.

Plant indicator species which are senditive to a particular contaminant have been used to detect
elevated concentrations of contaminants through observations of the extent of injury to the
plant (e.g., leaf necrosis etc., or damage a the celular levd).

On agloba basis there have been avast array of biomonitoring studies to assess the extent of
accumulation of contaminants such as radio-nuclides, amospheric deposition of metas and
organic compounds from urban and industria sources.

4.3.3 Teredrial Biota

Terredtrid biota are commonly monitored as pat of contaminated Stes monitoring,
investigation and remediation to determine levels of exposure to soil contamination (Talmage &
Walton, 1991).

Work on earthworm biomarkers in New Zealand is reported in Eason et al. (1997). Asan
example of biomarkers in earthworms Neutral-red retention by coelemocyte lysosomes has
been shown to be a suitable biomarker for organophosphate and polyaromeatic hydrocarbon
contamination in soils. Biomarkers are consdered to be more senstive indicators of exposure
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than factors such as growth and survivdl and combine both the features of chemica
measurement and toxicology. As such this biomarker, for example, provides an indication of
ub-lethd effects ariging from soil contamination.

Bird eggs have proved to be a useful tissue for monitoring of toxic contaminants. The mgor
advantage of usng eggs is the redive ease of collecting samples  The Canadian EPI

programme includes the monitoring of DDE and PCBs in the eggs of cormorants (see Section
5.2) to monitor persstent organic contaminants in the Canadian freshwater and marine
ecosystems. In the New Zedand context this form of investigation is currently being used by
the Department of Conservation and ESR to determine levels of toxic contaminants in New
Zedand abatross. This data is readily comparable with data recently published for the North
Pacific Ocean (Jones et d. 1996a) and plans are currently being developed to organise a
globad monitoring programme using abatross eggs (JP. Giesy, Michigan State Universty,

Personal communication).

In New Zedland, work on the use of terrestrial biota as indicators has focused on particular
environmental species and issues (e.g., Eason & Rumpf, 1995). For example:

Earthworms - Ubiquitous, saprophagous (being developed internationally
with asimple biomarker test).

Springtails - Key speciesinvolved in soil processes, saphrophagous

Lacewings - Important in agricultural land, predator

Mallard Duck - Mobile herbivore

Starling - Mobile omnivore common in farm land

Skylark - Mobileinsectivorous/granivorous bird

Mice - Granivorous animal

A range of studies have been carried on the value of terrestrid biota as indicator species.

44 FRESHWATER
441 Introduction

Freshwaters in New Zedland support a diverse range of biologica resources and provide for
human activities and requirements such as swimming, fishing, drinking water and commercid,
recregtiona, cultura activities and commercid fisheries.

Rivers and sireams are important resources in New Zedland. In urban areas waterways are
subject to stormwater run-off and the pressures associated with people living dong their
margins. In agricultural aress rivers are subject to the extraction of water for agricultural uses
and aso recave runoff from agriculturd lands which may contain pesticide and fertiliser
residues

L akes provide reservoirs for hydro-electric power generation agricultura uses and recreationd
resources. The lakes throughout New Zedand vary dramaticdly in their physical and chemica
characteridtics, flushing characteristics and inputs of man-made contaminants.
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442 Water

Concentrations of organic chemica contaminants are generdly low in water due to adsorption
of contaminants onto sediments, this is particularly the case for the highly lipophilic organic
contaminants. In addition discharges to water in New Zedland tend to be at relatively low
loading levels therefore water soluble contaminants are generaly consderably diluted in
receiving waters.

A table which summarises the sources of contaminants to the aguatic environment in New
Zedand is presented in Table 5.3 as pat of the discussons in Section 5.5.1 relating to
monitoring programmes in New Zedand.

443 Sediments

An equilibrium exists between sediments and water with the concentration of man-made
organic compounds in sediment depending upon ther haf life and ther n-octanol/water
partitioning coefficient (as a measure of affinity for organic matter). As such sediments act as
the ultimate repository for many contaminants and also provide an ongoing reservoir from
which contaminants can re-enter the food chain. This is particularly the case for estuarine
sediments where the rapid dianges in physica and chemicd properties due to the trangtion
form fresh to st water result in the flocculation and precipitation of organic metter
concentrating contaminants in these sediments.

Sediments are an important link between benthic hedth and food-chain trandfer of
contaminants.  Many organisms a lower trophic levels est by passng large quantities of
sediment through their bodies and in the process extract and concentrate contaminants from
sediments . In addition resuspension of sediments by floods or sorms can result in transport
of particle bound contaminants into the wider environment. While the dow natura burid of
contaminated sediments does occur such mixing events and *bioturbation’ by living organisms
contribute Sgnificantly to the ongoing presence of contaminantsin the ecosystem.

444 Freshwater Biota

New Zedand's river and lakes support both significant recrestiond and commercid fisheries.
Therefore the qudity of our river systems impacts directly on the economic state of the nation.
In addition our rivers support a number of smal endangered fish species whose protection is
an environmentd priority.
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4.4.4.1 Biomonitoring

There have been a number of biomonitoring studies in New Zedand involving the use of
freshwater organisms. These have included the accumulation of contaminants in eds and the
effects of those contaminants on the organisms (Jones, et al 1995; Jones, 1996b). Successful
utilisation of freshwater organisms in bio-monitoring programmes requires a knowledge of the
organism involved in relaion to the contaminant(s) being monitored. Consderable work has
also occurred in relation to trout and other invertebrates such as mussels (refer Sections 6 and
7).

4.4.4.2 MacroinvertebrateIndices

Macroinvertebrate indices provide information on the overdl hedth of aguatic ecosystems.

Although naot directly related to toxic contaminants indicator selection and monitoring, they

represent generic ecologica monitoring which can be linked to any environmenta indicator
programme.  For indtance, stream invertebrate monitoring is widely undertaken in New
Zedand with the Macroinvertebrale Community Index (MCI) and the Quantitative
Macroinvertebrate Community Index (QMCI), an index developed for organic pollution
biomonitoring (Stark 1993) Recent studies of invertebrates undertaken by NIWA sampled at
9 dtesin 3 Coromande streams with heavy metal contamination have showed that the QMCI
could not distinguish between reference and polluted stream sites, suggesting the this index was
not suitable for heavy metal impact detection. Rather, abundance, species richness and

numbers of EPT taxa were best the indicators of effects. These findings suggest that while
QMCI may be very vauable in the New Zedand EPI programme as an indicator of aguatic
community integrity there is a need to develop smilar indicators that are relevant to toxic
contaminants

4443 Biomarkers

A number of different biomarkers have been utilised in freshwater organisms. Biomarkers may
be specific to different groups of chemicds (e.g., acetyl cholinesterates for organophosphates,
cytochrome P4501A for dioxin like compounds vitellogenin in fish or fish hepatocytes for
endocrine disruptors) or non-specific as in the case of scope for growth or Fish Hedlth Profile
analyses. The latter can be utilised for monitoring changes in genera water qudlity.

45 ESTUARIESAND COASTAL WATERS

45.1 Introduction

As with freshwater, most contaminants are present in low concentrations in open ocean and
coadtd waters. This arises because of the affinity of most contaminants for particulate matter
and the uptake of contaminants by plankton.
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Estuaries and coastd waters in New Zedland support a diverse range of biologica resources
and provide for human activities and requirements such as swimming and other forms of
recregtion, fishing, and commercid, recreationd, culturd and commercid uses of fisheries and
shell fisheries resources.

452 Water

There has been rddively little direct monitoring of contaminants in New Zedand coadtd
waters.  Smith (1986) reviewed available information on metas in New Zedand coasta
waters. As noted earlier, concentrations of contaminants are typicaly low in water. Assuch
relaively specidised sampling and measurement techniques need to be used to accurately
identify the concentrations of metas and organic compounds in marine waters.  Studies
investigating and monitoring of metals in New Zedand coastal weters have been undertaken
by Dickson & Hunter 1981; Hunter 1983; and POAL (1990).

45.3 Sediments

As with freshwater sediments, coasta sediments act as sinks for many contaminants. The
presence of elevated concentrations of contaminants in sediments may result in changesin the
abundance and diversity of benthic invertebrates inhabiting sediment, through acute toxicity
resulting in desth or through chronic effects such as imparment to reproductive systems.
These effects may have implications to the integrity of ecologica systems or to the viability of
commercial speciesin those aress.

There has been a sgnificant amount of monitoring of sediment qudity within the New the
Zedand coagtd environment. Table 4.1 provides a summary of publications relating to
sediment contamination in New Zedand estuarine and coastd sediments. (Smith 1986,
Stoffers et al. 1986, Glasby et al. 1988, Kennedy 1993, Williamson et al 1996; Burggraaf
et al. 1994 etc.,). In generd this work has focused on locations adjacent to urban aress,
ports and marinas. Techniques for monitoring in coasta sediments in New Zedand has been
reviewed by ARC (1989).

Monitoring sediments for contaminants in the coasta zone provides direct information about
the flux/transport of contaminarts from land based sources to the marine environment. It dso
provides information about the potentid effects on organisms inhabiting the sediment.

TABLE 4.1: Summary of Studies measuring metals and organic compoundsin New
Zealand coastal sediments.

Contaminant Reference

Metals - Stofferset al. (1986) Glashy et al. (1988)
Kennedy (1993)
Williamson et al. (1996)
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POAL (1990), efc.

Organaochlorine Compounds, PAHS, etc. - POAL (1990), etc.
Burggraaf et al. (1994)
Simpson, et al. (1995)
Fox, et al. (1988)
Holland, et al. (1993)

Dioxins, PCBs - Joneset al. (19964, b)

4.5.4 Biological Resources

Dueto their biologicd ‘richness estuarine and coastal waters act as va uable feeding breeding
and nursery areas for many fish gpecies. In addition the richness of these environments makes
them vauable habitat for migratory birds and they provide sgnificant recreationd and
commercid shdll fisheries to humans.

Key biologica resources within the coastd environment are plankton, benthic invertebrates
(induding commercid shdlfigh), fish, sea-birds and mammas. In New Zedand, fisheating
Sea-hirds and marine mamma's are some of the key top predatorsin marine ecosystems.

Monitoring of the direct bioaccumulation of contaminants in marine organismsin New Zedand
has been carried out across a range of marine ecosystems. Examples of such studies are
summarised in Table 4.2.

Careful selection of the target tissues for andyss, and a sampling strategy based on knowledge
of uptake, depuration, and metabolic transformation rates in the chosen species are required
for reliable monitoring. The retention times (e.g. hdf-lives) of contaminants in fish can vary
greatly. PAHs, for example, are taken up and lost rapidy compared with some
organochlorines. Since fish are mobile species, able to move from polluted to unpolluted areas
relatively quickly, these factors are important background information for monitoring
programme design. Monitoring objectives therefore need to be carefully defined, and a
sampling strategy based upon the physico-chemica behaviour of key contaminants and the
biology of the target fish species.
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TABLE 42: Summary of Studies measuring metals and organic compoundsin New
Zealand marine organisms.

Organism Contaminant Reference
Molluscs Metals Kennedy (1986)
Metals, organochlorines Purchase & Fergusson (1986)
ARC (1992).
POAL (1996), €tc.
Amphipods Metals Rainbow et al. (1993)
Crustaceae Organochlorines Day (1996)
Barnacles Metals Zaukeet al. (1992)
Fish Organochlorines, dioxins, PCBs Day (1996)
Holland (1993)
Birds Dioxins, PCBs, organochlorine Jones (1998a)
pesticides
Mammals Dioxins, PCBs, organochlorines, Jones et al. (1998b, c)
PCBs Day (1996)
Jones, et al. (1996¢)

Marine mammals have many desrable characteristics for the monitoring of contaminated
environments.  These species are long lived and have a high lipid content facilitating the
accumulation of high concentrations of lipophilic contaminants. Many species cover large
ranges thus integrating levels of contamination over wide spatial and tempora ranges.

46 GROUNDWATER

Close (1992, 19933, 1993b) has examined and reported on pesticide contamination of
groundwater in New Zedland. Close (1993b) examined pedticides in 82 wells from six areas
around New Zedland. A totd of seven pesticides were detected in atotd of six wells. An
exceedence of USEPA drinking water guidelines for arazine was found in one well. The
percentage of wels with detectable pesticides (11%) was compared with other overseas
surveys even though the various studies had differing objectives and sampling srategies by
Close (1993b). The comparison indicated that the incidence of pesticide detection was lower
thaninarange of studiesin the United States.

47 HUMAN COMPARTMENT

The easest and mogt extensvely used sampling method for assessng contamination of the
human population, particularly for organic contaminants, is the analysis of breast milk. While
this method has previoudy focused on organic contaminants some recent studies have dso
focused contamination with heavy metadls. Milk is a particularly suitable medium for analyss of
arange of contaminants asit is ‘desgned’ to transfer awide range of necessary nutrientsto the
growing infant. The occurrence of a range of chemicds in human milk has been recently
reviewed (Somogyi & Beck 1993). Other gpproaches to the contamination of the human
environment include analyss of blood serum (Patterson, et al. 1988) and hair. Some studies
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have dso usad the andyss of tissue samples from human cadavers (Graham, et al. 1986,
Beck, et al. 1990, Ryan 1986) however ethica congderations make these studies difficult.

The greatest advantage with the breast milk survey method is the relative ease with which
samples can be obtained. In addition there have been severd World Hedlth Organisation
(WHO) sponsored globa surveys of the contamination of breast milk. These reports provide
avauable bass for comparison of New Zedand to the rest of the world and, given continued
effort, will provide an indicator of trendsin contamination of the human environmen.

The breast milk surveys conducted by the Minigtry of Hedlth revedled that samples from New
Zedand mothers had smilar contaminant concentrations to those collected in other western
countries (Bates et al. 1990). The levels of PCBs dioxins and most organochlorine pesticides
were in the low end of the range for overseas studies. One exception was DDE, a metabolite
of DDT, which in the high end of the range for overseas sudies.
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5. TOXIC CONTAMINANT INDICATOR
PROGRAMMESAND CASE STUDIES

5.1 INTRODUCTION

There are numerous examples of international, nationa and regiona programmes which,
regardless of the specific rationd for their origina implementation, provide a vast resource in
terms of accessible information. In many cases, availability and presentation of thisinformation
to the public and decison makers is enhanced by its presentation on the World-Wide Web.

This section overviews a number of programmes and case studies that relate to toxic
contaminants in various compartments of the environment. Detailed descriptions of these case
sudies are presented in Appendix B. These examples dthough not necessarily developed
specificaly as indicator programmes, provide information which can be eadily extracted and
used to develop specific indicators and programmes. Smilarly, there are a number of efforts
underway in New Zedand which provide information on the hedth of the New Zedand
environment and are highlighted as a key component in the development of toxic contaminant
indicators.

5.2 INTERNATIONAL AND NATIONAL PROGRAMMES

5.2.1 The International Joint Commisson on the Great Lakes (International
Indicator Programme)

Background

Indudtridisation in the Great Lakes region together with a dow water turnover has led to the
accumulaion of high levels of a wide range of toxic contaminants within the Great Lakes
ecosystem. The Internationd Joint Commission (1JC) was established by the United States
and Canada to administer the use and preservation of the Great L akes.

Adverse effects of chemicd contamination in the Great Lakes ecosystemn were firgt noted in
the 1960s and early 1970s with the depletion of lake trout (Salvelinus namaycush) and the
virtud dimination of fisheating water birds. Contaminants of particular concern in the Greet
Lakes ecosystem are PCBs, dioxins and a range of pesticides and other organic compounds
that are spread throughout the lakes. Heavy metas are dso of concern in some locations.

Extensve monitoring and research has been carried out on the Great Lakes ecosystem,
especidly on the concentrations of contaminants in the tissues of wildlife. Wildlife tissue banks
have been established for the identification of long-term trends in contamination (Turle, et al.
1991) (Wdler et al. 1995) and data has shown an gpparent leveling-off in the decline in
contaminant concentrations (Stow 1995).

! Also see Appendix B.
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The 1JC identified in 1996 a range of indicators to evauate the progress of the Great Lakes
Water Quality Agreement (sgned in 1972). The sdection process placed an emphasis on
integrative indicators of ecosystem integrity with very few chosen which were directly related
to water quaity. Theindicators selected included the following:

Table5.1: Integrative indicators of ecosystem integrity identified by the 1JC
(1996).

Beach closings due to persistent toxic contaminantsin relation to swimming.

Reductions in loadings and concentrations of chemicals, and expenditures for public waste water
treatment in relation to aesthetics and perception.

Contaminant levelsin tissuesin relation to wildlife health.

Number of closures due to persistent toxicsin relation to commercial and subsistence fishing.

Canada introduced two environmenta indicators of the contamination of aquatic food chains
with organic contaminants. These both use double-crested Cormorant eggs which have a
nationrwide didribution Thisis particularly important in alowing comparison between regions.
The specific toxic contaminant indicators chosen are:

1 DDE and PCBs concentration in double- crested Cormorant eggs.
2. Dioxins and furan concentrations in double-crested Cormorant eggs .

The Cormorant is near the top of the aquatic food chain which means it acts as an integrator
and concentrator of contaminants over relatively wide areas. These indicators are of
consderable relevance to the Great L akes as the organic contaminants monitored are currently
the mgor cause for concern in this ecosysem. The United States has not yet established
federal indicators pertaining to the Greet Lakes.

5.2.2 International Mussel Watch Programme (International Monitoring
Programmey’

5.2.2.1 United States | mplementation of the Mussd Watch Programme

A mussdl watch programme established by the USEPA in 1970 led to the National Oceanic
and Atmospheric Adminigration (NOAA) initiating the Nationa Status and Trends (NS&T) -
Mussel Watch Programme in 1986. This programme samples and andyses bivave samples
from 200 coadtd dites on a biennid basis (Lauengtein, 1995). Aswdl as immediate sample
andyds, sub-samples of tissue are archived for possible future andysis. This procedure is a
critical component of this monitoring programme as it alows for retrogpective andysis of any
“new” environmenta hazards and dso dlows for the re-anadlyss of previous samplesin light of
recent advancesin technology (Lauengtein, 1995).

% Also see Appendix B.
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The NS& T programme also monitors sediment concentrations of contaminants at some of the
same sSites (see Section 5.2.3), and includes The Benthic Surveillance Programme which
monitors chemica concentration in fish tissues and biologica responses of the fish to that
contamination.

The NS&T program has atota of 240 sSites throughout each of the states with a coagtline.
The Mussdl Watch Programme messures arange of chemical contaminants in both mussdl and
oydser tissues, including 16 metds, 24 PAHs, 6 DDT group compounds (DDT and
breakdown products), 11 chlorinated pesticides, 18 PCBs and organotin compounds such as
TBT.

5.2.2.2 International Implementation

The International Mussel Watch Programme involves the Inter-Governmenta Oceanographic
Commission (I0C) of UNESCO, UNEP and NOAA. The initid phase of this programme
was launched in Latin America and the second phase is curently being formulated for the
Asa/Pacific region.

5.2.3 Arctic Monitoring and Assessment Programme (AMAP) (International
M onitoring Programme)®

The Arctic Environmental Strategy has included monitoring of toxic contaminants in the Arctic
snce 1991. The contaminants programme is managed by a range of governmenta and
environmental agencies in Canada, Denmark/Greenland, Finland, lceland, Norway, Sweden,
Russa, and the United States. The programme includes the monitoring of a number of
organochlorine compounds, heavy metals, radionuclides and hydrocarbons in wildlife species
and in native community breast milk.

This programme has raised a number of issues relating to the carrying out of monitoring
programmes that endeavour to assess the effects of contaminants on people and wildlife. As
with al such programmes, the key issue revolves around establishing cause and effect. Thisis
epecidly difficult when effects are at ether chronic or lower levels. Data generated by the
AMAP and other Arctic studies have been centrd to the development of our understanding of
the long range amospheric trangport of contaminants. Information and reports on this
programme are available at http:/Aww.gridano/amap/.

5.2.4 National Status and Trends Program: Sediment (M onitoring Programme)*

The Nationa Oceanic and Atmospheric Adminigtration (NOAA) - National Status and
Trends (NS&T) Program has monitored coastd sediment contamination since the mid-1980s

% Al'so see Appendix B.
* Also see Appendix B.
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and provides a picture of coasta sediment contamination on aregiona and nationa bass. The
data has linked contaminant concentrations to adverse effects in anumber of specific locations.
Thiswork is specificaly focused on toxic contaminants in the coasta environment, in particular
harbours and estuaries (O’ Connor, 1990).

The NS& T Program measures the concentration of a number of metals (cadmium, chromium,
copper, lead, mercury, slver and zinc) and organic compounds (DDT, chlordane, PCBs and
PAHS) in sediments.  This data provides information on the spatid distribution of these key
contaminants. There are however, consderable difficulties in using this deta for the assessment
of tempord trends.

5.25 Freshwater USGS NWQAP Programme (M onitoring Programme)

Beginning in 1986, the United States Geologicd Survey (USGS) have been developing a
Nationd Water Quality Assessment (NAWQA) Program to evauate contaminants in tissues
of biologica organisms. The gods for the full-scale programme are to provide a description of
current water qudity conditions, an indication of long term trends, and an identification and
description of explanation of the mgor factors that affect observed water-quality conditions
and trends.  Specific components of the programme include:

Tissue analysis of biological organisms to measure the occurrence of toxic or potentialy toxic
compounds, including trace elements and organic compounds.

Biological monitoring to determine the occurrence and distribution of waters contaminated by faecal
materid.

Ecological surveys to assess the relations between the physical and the chemical characteristics of
streams

Ecological surveys to assess the relations between the functional or structural aspects of the
biological community.

A further objective of the program is to define and quantify biological processesthat affect the
physical and chemica aspects of water quaity.

The USGS programme provides a comprehengive review of the monitoring being undertaken
in the United States and provides guidance on the sdection of biomonitoring organisms and is
of particular value in the development of a New Zedand toxic contaminant indicators (TCIs)
as pat of an EPl. Information on the NAWQA programme, including study design and
results, are avalable a http://Mmwwwi/rvares.er.usgs.gov/inawgalnawvga homehtml on the
World-Wide Web.

5.2.6 USEPA Environmental Indicators (National Indicator Programme)

The USEPA has developed an indicators programme that is focused on providing information
in relation to a series of specific objectives that relate to the provison of clean water for human
and ecosystem hedlth. To date, the focus of the programmes has not been on the direct
measurement of toxic contaminants in waters athough this is changing with the introduction of
key contaminants, especidly toxic metals, into a number of indicator programmes. The
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messurement of toxic contaminants in shelfish (as integrators) is undertaken for Sx
contaminants - copper, mercury, lead, PAHs, DDT and PCBs. Point sources of toxic
contaminants are monitored through the USEPA Permit Compliance System (PCS).

Contaminated sediments are used to indicate potentia risk to ecological and human health by
focusing on the risk to benthic organisms (such as shdllfish) exposed to the sediments, and the
risk to human consumers of those benthic organisms.  Stes are classified into 3 Tiers where
Tier 1 represents a Site where associated adverse effects are probable; Tier 2 represents asite
where associated adverse effects are possible but expected infrequently, and Tier 3 represents
a ste where there is no indication of adverse effects. Data is collected as part of the Nationa
Sediment Inventory (NSI), and contains some 230 different chemicas or chemica groups
including mercury and PAHs.

5.3 REGIONAL INDICATOR PROGRAMMES
5.3.1 Introduction

A number of individud states in the United States and provinces in Canada have their own
indicator programmes which can be geogragphicdly considered regiona programmes. In
addition, there are a number of ecosystem specific indicator programmes in the United States
and Canada. Other detalls surrounding these case sudies are presented in Appendix B.

5.3.2 Stateof Minnesota

The Minnesota Department of Natural Resources operates an EPl programme to assess the
condition of the Stat€'s environment. This programme identified that much of the State's
environmentd information was incondstent and incomplete, not enabling overdl statements to
be made about the Minnesota environment. Minnesota established an Environmental
Indicators Initiative which was an inter-agency effort sponsored by the Environmental Qudity
Board and funded by the legidative Commission on Minnesota resources. A task force was
established in 1993 to guide the initiative. The am of the initiative is the set up of an integrated
st of indicators that are scientificaly valid and robust and are of sgnificance to the public and
decison-mekers. The initiative will review and catalogue exising monitoring data and then
develop a st of indicators to assess the state of the environment through and evauation of
health and overd| trends.

A number of reports are in preparation including environmentd indicators fact sheets to assst
in the use and interpretation of specific indicators. The Minnesota EPI can be found on the
World-Wide Web at http://mww.dnr.state.mn.ug'ai.html
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5.3.3 State of North Caroalina

The State of North Caroling, initiated the concept of an EPI programme for the state in 1988.
In 1992, the State Center for Hedth and Environmental Statistics within the Department of
Environment, Hedth, and Natua Resources (DEHNR) began developing the indicators
programme and has been running snce 1993. The initid programme was limited to arr, water
and wagte with a strong indicator emphasis on use and impairment of use.

Contaminants such as carbon monoxide are monitored as part of North Carolina s ambient air
quality monitoring network. Datais entered into the USEPA Aerometric Information Retrieva
System and assessed for exceedence of air quality standards and air qudlity trends. The
DEHNR dso monitors radioactivity as there are a number of nuclear power plants, research
reactors and fabrication plantsin the State.

In relation to drinking water, maximum contaminant levels (MCLS) are set under the Federa
Safe Drinking Water Act in the US.  Contaminants such as trihadlomethane and lead are key
toxic contaminants monitored and compared to the MCL s in the Drinking Water Act.

5.3.4 California Environmental Protection Agency

The Cdifornia Environmenta Protection Agency (CAEPA)
(http:/Mmww.fsu.edu/~cpm/segip/states/CA/intro.html), has an indicators programme that
encompasses the areas within its regulatory scope.

In relation to weter, the State Water Resources Control Board, collects information in a
number of areas. For most where data is collected on a random basis (eg., fish and muss
tissue contaminants), the data are not suitable for trend analysis. The primary source of data
appropriate for use as an indicator is the data on rate of occurrence and remediation of leaking
underground storage tanks.

Cdifornia has maintained a toxic release inventory database since the federd Toxic Release
Inventory (TRI) programme was started in 1987. The data base dlows trendsin awide range
of ar quaity emissions (including toxic contaminants) to be tracked.

5.3.5 Chesapeake Bay Programme

As part of the Chesgpeske Bay Programme, an EPl programme is used to evauate the
progress of the Chesapeake Bay restoration effort and to pass make available to the public
and other interested parties the information obtained in the programme. Toxics are identified
as an area of focus in addition to nutrients and living resources. The EPl programme tracks a
number of toxic contaminant-related indicators, such as the pesticide collection, disposal and
container recycling programmes, trends in rainfal metd concentrations, and bad eagle
population counts.
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The Chesapeske Bay Programme can be found on the World-Wide Web at
http://www.chesapeakebay .net/bayprogram/measure/  and the EPI Programme a
http://www.chesapeakebay .net/bayprogram/measure/indicatr/indover.html.

54 THE NEW ZEALAND SITUATION
5.4.1 Introduction

Within New Zedand, there are numerous toxic contaminant monitoring programmes which are
ether currently underway or have been completed and are a source of vauable information
about the New Zedand environment. A number of specific regiona and nationd monitoring
initiatives are highlighted in this section as key components in the development of TClsin the
New Zedand environmen.

Most of the data on contaminants and measurements of their effects on resdent biotain New
Zedand comes from a wide variety of studies undertaken by various university, research and
management organisations. Hickey (1995) reviewed toxicity testing and other contaminant-
related studiesin New Zedand. Information from this review is presented in Table 5.2 aong
with additiond the information avalable from various publications in rdation to mgor
contaminant sources and environmenta monitoring studies.

Other potentia sources of this type of information are Regiona and Didtrict Councils, port
companies and consultancy organisation reports dedling with environmenta impact sudies and
discharge monitoring programmes. The potentid limitation of these sources for usein an EMI
programme is their lack of externd catdoguing at libraries etc. as well as thair diverse data
acquistion methods.  Some specific examples of Regiond Council studies are reviewed in
Section 6.2.1 and for specific case studiesin Section 6.2.3.

In the case of consultancy reports and the like, while this information would be vaudble, it is
typicaly collected to address a specific issue thereby making it difficult to harmonise with data
acquidition qudity control and assurance methods within a structured EPI programme.
Further, issues are likely to arise with respect to the ability to use such data collected for
purposes other that for which it was collected.

54.2 Water

Mog of the nationd water quality monitoring programmes in New Zedand have addressed
conventional water quaity condtituents (e.g., nutrients, suspended solids) and physical habitat
changes as ether specific studies (e.g., ‘100 Rivers Study), on-going river (eg., (Smith &
McBride 1990)) or lake programmes. Only MfE's Organochlorines Programme (see Section
6.3.3) has addressed a contaminant, or in this case group of contaminants, issue on a nationd
basis.
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TABLES52: Major aguatic contaminant sources and environmental monitoring
studiesin New Zealand®.

Industry

Contaminants

Agriculture (dairy, tannery, piggery,
horticulture)

ammonia, hydrogen sulphide, Cd, pesticides

Mining

heavy metals, suspended solids

Forestry (pulp and paper, timber
treatment forestry operations)

resin acids, chlorinated organics, dioxins.
Cu, Cr, As, PCP, chlordane

Geothermal

Hg, As, B

Stormwaters

heavy metals, PAH, suspended solids

Harbour Dredging

heavy metals, organics

Municipal Wastes

ammonia, hydrogen sulphide, pesticides

Municipal Wastes

various

Estuarine Sediments various
Marine Biota various
Marine Waters various
Freshwater Sediments various
Freshwater Biota various
Freshwaters various
Groundwater various
Estuarine Birds various
Source Reviews various

See Appendix C for complete reference list.

5.4.3 Shdlfish Quality

While a Mussdl Watch Programme of the scale described in Section 5.2.2 has not been
edablished in New Zedand, there are studies involving the use of fresh water mussdls for
biomonitoring of contaminants (eg., Wakato River monitoring of geotherma (Hickey et al.
1995) and organochlorines (Hickey et al. 1997) contaminants). As well, there are a number
of programmes initiated by the Auckland Regiona Council which use oysters and mussdls for

contaminant biomonitoring (refer ARC 1992).

reviewed as case sudies in Section 6.2.3.

5.4.4 Food Quality

Specific examples of other sudies are

There have been a number of well known surveys to evauate long term trends or the nationa
digribution of contaminants in New Zedand foodsiuffs. While these studies are amed
directly & estimating human exposure to contaminants, by virtue of their nationa scae they
aso provide vauable information on the contamination of the environment.

® Full reference citations presented in Appendix C.
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MfE dso caried out an extensve andyss of the New Zedand diet as a part of the
Organochlorines Programme.  The data from this study is scheduled for release in the second
haf of 1998.

5.4.4.1 Total Diet Surveys

The 1997/98 New Zedand Totd Diet Survey (NZTDS) is the fifth such study of its kind in
New Zealand. Its primary focus is to assess the pesticide and contaminant element intakes
from foods consumed by the average New Zealander. As such, foods are andysed on the
bass of amount consumed. The previous four surveys have been carried out jointly by the
Ministry of Hedth (formerly the Department of Hedlth) and ESR (formerly DSIR Chemigtry
Divison).

The firg survey was carried out in 1974 and involved andlysis of a rdaively smdl number of
food group composites. The 1982 survey was Smilar, but the energy content of the diet was
recaculated to give intake estimates for other age/sex groups. The 1987/88 survey saw a
change in survey design to an andysis of a large number of individud foods. This increased
the flexibility of the survey and dlowed caculaion of estimated dietary intakes for a wider
range of age/sex groups (ESR/MoH, 1994). The 1990/91 survey adopted a similar approach
for food sdlection (Vannoort et al., 1995a, b; Hannah et al., 1995; Pickston & Vannoort,
1995), and thisisto be used asthe basis for the 1997/98 survey.

Recent NZTDSs consdered a wide range of nutrient eements (thirteen nutrient elements in
1987/88, and deven nutrient elements plus one vitamin in 1990/91) in addition to pesticides
and contaminant dements.  The 1997/98 NZTDS is focused more on contaminants in food,
with only two nutrient ements of specid interest (sdenium and iodine) being consdered. The
range of pesticides screened for has increased consigtently with each NZTDS. The survey is
conducted in accordance with the recommendations of the FAO/WHO Joint Expert
Committee on Pedticide Resdues and in agreement with the objectives of the Joint
FAO/WHO Globa Environmental Monitoring Systems (GEMS; FAO/UNEP/WHO, 1985).
The objectives of the 1997/98 NZTDS are numerous. These are:

To assess the health implications of the chemical quality of
the New Zealand food supply (based on the NZTDS food
list, which represents at least 70% of the most consumed
food items) for selected pesticide residues, contaminant
elements and trace elements.

To estimate the potential dietary intakes of selected
pesticide residues, contaminant elements and trace
elements by interpreting data from the NZTDS in terms of
simulated ‘typical’ diets of a number of New Zealand
population groups. The project will:

1. Assess the chemical status of the New Zealand food
supply.

2. Indicate any potential intake concerns.

3. Demonstrate trendsin dietary exposure.

To contribute data to WHO GEM S/Food
programme, so that accurate international
comparisons can be made of New
Zealand dietary exposure to
contaminants.

To provide, where appropriate, data on
the contaminant and nutrient content of
food, suitable for incorporation into the
New Zealand Food Composition
Database for use by interested parties.

To make data on the contaminant and
nutrient content of food available to
stakeholders in a timely manner during
the course of the NZTDS.
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5.4.4.2 Foods

Foods to be andlysed have been divided into two categories. The first are Nationa Foods
(66) which are not expected to exhibit any regiona variability and include processed foods
such as biscuits, breskfast cereals and beverages, which are uniformly available New Zedland
wide. Nationd Foods will be sampled in a single location (Pdmerston North) on two
occasons. The second are Regional Foods (48) which may be expected to demonstrate
vaidion in pesticide, contaminant and nutrient level depending on the location in which the
food was produced. Regiona foods include meat, fruit and vegetables. Regional foods will
be sampled in each of four locations (Auckland, Napier, Christchurch and Dunedin) on two
occasions.

5.4.4.3 Mercuryin Fish

A number of overseas counties who import fish from New Zedand have drict limits on the
alowable concentrations of mercury in fish and fish products. The concentration of mercury is
measured in fish being exported to ensure that it complies with these regulations. As noted
earlier in Section 4, the concentration of mercury varies by sze and age in a number of fish
species. As such, the data may not provide an accurate measure of the mercury available to
domestic consumers of fish products (Kjelstrom et d. 1990; Kjellstrom et d. 1986; Mitchell
et a. 1982).

The export surveys of mercury in fish do however provide data o the concentrations of
mercury in a range of fish species caught around the New Zealand coastline but does not
provide information on the effects of localised contamination of the environment by mercury.

5.4.4.4 Contaminantsin Meat

The Minigtry of Agriculture and Forestry - Regulatory Authority undertakes resdud chemica
monitoring of meat and urine randomly sdlected at export daughterhouses, domestic abattoirs,
deer daughtering premises, and on-fam. While the mgority of testing is related to the
detection of disease and veterinary products, anaysis is dso undertaken for pesticides and
other environmenta contaminants. A summary of the environmental contaminants included in
the MAF contaminants surveillance programme are described below in Table 5.3.
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Table5.3 Environmental Contaminants included in the MAF Contaminants
Surveillance Programme.

Environmental Contaminants
DDT & metabolites : Heptachlor
HCH (aand b) : Heptachlor epoxide
Lindane . PCBs
HCB : Oxy-chlordane
Aldrin : Endosulfan sulphate
Diddrin

The results of the 1 October 1996 - 30 September 1997 and 1 October 1996 - 31
December 1997 meat production periods illustrate the nature of information produced for a
limited number of toxic contaminants. In these periods, 4,589 and 705 animds respectively
were randomly sampled a export daughterhouses, domestic abettoirs, deer daughtering
premises, and on-farm to assess their chemica resdue satus. A range of 86 different
compounds were analysed in totd.

For the 1 October 1996 - 30 September 1997 period, of the 300 pigs sampled for mercury
resdue andysis, 8 (2.67%) were reported with resdues in kidney tissue above the Mean
Residue Leved (MRL) of 0.03 mg/kg. Residues of DDE were identified in one lamb (0.13%
of totad sampled) a a concentration greeter that the MRL of 5.0 mg/kg. Trace levels of
heptachlor epoxide were aso found in one lamb (0.13%) and one pig (0.13%). The New
Zedand MRL for this compound is 0.001 mg/kg.

During the firs quarter of the 1996-97 meat production year (1 October 1996 - 31
December 1997), atota of 7,387 anaytica tests were performed. Kidney samplesfrom 84
pigs were tested for mercury and no residues above the MRL of 0.03 mg/kg were identified.
Organochlorine compounds were screened for in the fat of 230 animas. Residues of DDE
above the New Zealand MRL of 5.0 mg/kg were found in one lamb (0.44%).

The anaysis results are for animas sourced from across New Zedand throughout al regions.
The overal number of toxic substances which are andlysed for as part of this surveillance is
limited but the relevance of a database such as this obviousin the context of TCls.

5445 Vertebrate Pesticides Database

The Department of Conservation and Landcare are collaborating in the development of a
Nationa database on vertebrate peticides (e.g., Substance 1080) in wildlife. This database
dready contains extensve information of pesticide resdues in birds and other wildlife for the
period 1990 to 1998.
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545 Air

A review of air qudity data (continuous, 24 hour, 7 day a week sampling ) collected in
Auckland and Christchurch by the New Zedand Health Department was prepared by Graham
(1993). Data examined covered the period from 1964 to 1988. The review highlighted the
effects of the phase out of lead in petrol which began in July 1986. Declining concentrations
were apparent by September of that year and by 1987 the reductions were marked (refer so
Taylor (1993) for further discusson on this subject). Concentrations of lead in air have
reduced to such an extent since 1987 that it is no longer regarded as an environmenta threet in
ar. Leadisaso discussed in Section 5.4.6.2.

54.6 Humans
5.4.6.1 Breast Milk surveys

Breast milk surveys have been previoudy undertaken in New Zedand (Bates, et al. 1990)
and the Minigry of Hedth is currently planning another survey for sampling in 1998. These
surveys have focused on residue of organic contaminants particularly the difference in DDT
resdues between urban and rurd populations. Surveys were conducted using standard
protocols outlined by WHO.

5.4.6.2 Blood surveys

The Biochemistry Department of Princes Margaret Hospital in Christchurch has undertaken an
andlysis of blood lead levels of New Zedlanders on an extensive basis Snce 1974. Wamdey
et al., (1993) reported on the trends in blood lead levels in Christchurch over the period up to
1988. The long term survellance data showed downward trends in red cel lead
concentrations in both males and femaes. Reductions in lead levels in petrol which occurred
immediatdy prior to the review by Wamdey et al. (1993) were not yet reflected in red cell
blood lead levels.



Page 48

6. PREFERRED INDICATORS
6.1 INDICATORS

The stress caused by toxic contaminants on ecosystems are best indicated by the direct effects
those stresses have on the biologica components of those ecosystems. As an essentid step,
the presence of contaminants should be determined by chemicd anayses. However, the
andys's does not provide any information about effects on individua organisms or populations
or ecosystems.

Upgraded environmentd information and the prediction and prevention d ecosystem hedlth
degradation requires the establishment of key indicators and standards which can measure
improvements or deterioration in the environment over time. As such, environmentd indicators
provide environmental monitoring and input to the development of nationd policies for the
susgtainable management of air, land and waterways.

Population monitoring provides evidence of pressures of possble changes within ecosystems,
but rardly gives indications of thelr causes. A combination of chemicd andyss, biomarker
(physiologica changes in response to a toxicant in an individua) and populaion monitoring
alows links to be made between cause and effect and recognises that there are differencesin
the availability of toxic contaminants from different media, and potentia synergistic effects from
mixtures of contaminants.

6.2 SELECTING INDICATORS

Indicators are classfied as Pressure, State or Response Indicators. The indicators are
categorised within the Pressure-State-Response system.  Activities exert pressures on the
environment (e.g., the discharge to the environment of a toxic contaminant). The pressures
change the gate of the environment (i.e, the concentration of the toxic contaminant in a
particular compartment of the environment). The response to the change in the dtate is
society’s response to the gtate of the environment. In addition, indicators are identified as
Stage 1 or Stage 2 indicators.

Stage 1 indicators are those indicators that can be readily developed from existing monitoring
programmes or data collection or indicators for which data collection could be established.

Stage 2 toxic contaminant indicators are indicators for which development or research would
be needed before their inclusion as part of the overdl EP!.

The extent of funding available for environmenta indicators in New Zedand will dictate, in
practical terms, the options for the selection of indicators that might form the core group of the
toxic contaminant indicators (TCIs). These options are:
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Use currently available toxic contaminant monitoring progressve data and ‘modify’
those current programmes to provide the required EPI information.

After identifying ‘useable Stage 1 indicators, identify additiond key indicators and
add theseto the TCls.

Develop long term/range integrative indicators that can be andysed rdativey
infrequently.

There are a range of monitoring activities across a range of media that have the potentia to
form the bads for regiond or nationd TCls. The level of monitoring being carried out in
relation to toxic contaminants differs in the different media and aso a the leve or type of
monitoring or data collection being carried out. There are a number of specific monitoring
activities that can or should dlow the incluson of toxic contaminants into a regiond/nationa
indicators programme.

6.3 CHARACTERISTICSOF INDICATORS

It is important in the selection of any specific indicator as part of an assessment programnme
that the suitability of the indicator for inclusion in the programme be assessed.  The suitability
can be assessed by pre-determining a set of sdection criteria againgt which the potentid
performance indicator is assessed and evauated. Indicators suggested in the following
sections have been sdected on a priority bass taking account of their suitability and
practicability to contribute to overal EPI gods.

In smple terms, indicators should be;

Measurable with available technology.
Measurable at a reasonable cost.
Scientifically defensble

Easy to interpret and understand.

In relation to scientific vaidity, aseries of criteriathat should be consdered include:

What is the quality of the data obtained?

Istheindicator sengtive to pressure?

Istheindicator anticipatory (e.g., early warning sysem)?

Is the indicator timely (i.e, is the time from collection of sample to action short
enough?)?

What are the costs and resources required to obtain the data?

Isthe indicator necessary to characterise/assess an outcome or progress?
Istheindicator or outcome readily understandable by the public?

These are noted as a series of acceptable criteria for the New Zealand programme, and are
adopted here.
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6.4 POTENTIAL INDICATORS
6.4.1 Introduction

In the following sections, potentia TCls for a New Zealand EPI are described. The potentia
indicators in each media compartment are described and the potential use of each indicator is
identified and a commentary on including that indicator into a nationd indicators programme is
provided.

The preferred indicators below focus on Stage | indicators and most are state indicators. The
use of Stage 2 indicators such as biomarker and organism hedth impacts in relation to
environmenta monitoring is identified in the following section. There are, however, currently
dill difficultiesin linking ‘hedth effects to contaminant exposures. For example, the exposure
of fish to pulp and paper mill effluents results in the induction of specific cytochrome P450
enzymes. However, the exact nature of the chemica(s) causing the induction is unknown as
are the long term effects on individua fish and fish populations.

6.4.2 Air

Air indicators can be developed at two levels.
Indicators (measures) of ar toxics that provide information on likely human hedlth.

Indicators (measures) of air toxics thet provide information about ecosystem hedth
(Thisincludes animds, plants, and deposition to land and water surfaces).

There are a number of ar qudity monitoring programmes that collect data on toxic
contaminants in the ar around New Zedand. Air qudity can be benchmarked aganst
internationa air quality sandards and those st in Regiond Air plans where Councils have
adopted standards or guiddines that involve toxic contaminants. However it is important to
note that asthisis avery new and difficult topic, there are few of these at present.
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Biologicd indicators (of air toxics) are discussed further in Section 7.4.3 below. Potentid air
indicators that could be used within New Zedand include:

I ndicator

Type

Comment

Toxic Release Inventory emissions to
air (of identified toxic contaminants)

Pressure

Assessment of all potential toxic emissions
to air by area and by time within New
Zedland. This would form the primary
quantified pressure indicator, which for
some toxic substances with some focused
research, could also become the primary
state indicator.

Measurement of air quality (e.g., lead)
at selected sites. (Measurement of
priority toxic compounds in air - see
below)

Pressure

Comparison to risk assessment criteria
(where known). Comparison of quality
against international and New Zealand air
quality guidelines (% exceedence by time
and by location principleindicator).

Surveys of animal and vegetation
damage (diseases, burn-out, unusual
effects)

Response

Similarly data on any instances of out-of-
the-ordinary diseases or burnt vegetation
effects can be compiled. This is a poor
surrogate indicator, since not every part of
the country can be surveyed regularly, but
iS an appropriate response measure.

Surveys of health impacts (asthma,
spray drift effects, skin rashes, etc.,)

Response

Since for many potentially toxic
contaminants measurements are
impossible to obtain, a surrogate response
indicator is some trend in the known (or
suspected) effects. The Ministry of Health
has recognised this and is attempting to
formulate programmes for national data
collection.

The lig given below is the currently assessed priority list for toxic contaminants that might be
present in New Zedand' sair. Theligt is not comprehensve and will need continud review (a
leest annualy) and is based completely on some rather subjective current factors - such as
what has been measured overseas, what has gppeared in the New Zedand media, what has
had previous effects, and what is achievable. Monitoring would continue to be largdly carried
out by Government (Minigtry of Hedth, Minigry for the Environment) and Regiond Councils.
Key toxic contaminants that should be included in the air programme would be:

6.4.2.1 First Tier

Volatile hydrocarbons (mainly berzene, toluene, 1,3 butadiene and other compounds

found in fuds).

Heavy metds (mainly mercury, arsenic, and other metas found in trangport fuels))

PAHSs (mainly from trangport emissons).

Organochlorines (mainly dioxins and compounds used in timber treatment).
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Pedticides (mainly the components in spray drift, as identified in the NZ Standards
reference document).

6.4.2.2 Second Tier

Specific compounds found inusein NZ. It isdifficult to fully identify these at present.
These will be an outcome of the development of a nationa toxic contaminant register
(TCR) or thelike.

It is recommended in the first instance that evaluation of trends and changes in data would be
carried out on an annud basis.

The potentia for stage two indictors of toxic contaminartsin air is emphasised. Consderable
advances are being made in relaion to the use of biomarkers of contaminant exposure in
humans. There are dso developed linkages between acute effects in animas in-vitro test
systems as predictors of chronic adverse hedth effectsin humans.

Note that a very important feature of this recommendation is the need for a detailed, regularly-
updated TCR. Without thisis it impossible to determine just whet is being released into the
environment, and thus, what are the nmeasurement priorities. Also, because of the cost and
complexity, it will be difficult to measure dl the potentia toxic contaminants in the air or other
parts of the environment. The TCR will provide a key indicator (perhaps the only one) of the
release of toxicsinto the environment. As such, thisis viewed as a key component of the EPI
programme.

Overdl it is recommended thet air quality TCls be set up utilisng the following:
A TCR or the like be used as afirst stage basis for EPI programme.
Measurement at existing monitoring Sites for specific toxic substances.

It is not difficult to establish a preiminary TCR usng exiging or reedily avalable information
(e.g., Council records, import statistics, mgjor industry surveys, etc.). Once an initid register
IS et up, it can be refined annudly.

6.4.3 Land
6.4.3.1 Soil Quality

The ability of soils to accumulate toxic substances is well known. In New Zedand this has
been seen in contaminated Stes (refer MfE/MoH  1997c) and in the accumulation of
contaminants adjacent to roads, in pastures and generaly through urban aress. Soil
contamination is very dte specific.  As such it is extremdy difficult to messure soil
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contamination on a nationd bads in an impartid manner. Monitoring programmes can be
established to monitor long term trends in soil quadity arisng from aeria depostion. Thisis not
consdered to be warranted in New Zealand.

There are a number of potentid pressure indicators that provide information on what toxic
substances are entering the terrestria environment asawhole. These include;

Indicator Type Comment
Inventory of the application of Pressure Estimates of the land area used for the application
sewage sludge and effluent to land. of sewage sludge will provide an estimate of

contaminant loadings to land from this source.

Data on the expected levels of toxic contaminants
in the sludge/effluent would provide a more
robust indicator of pressure as alterations in
contaminant levels may be expected with different

treatment systems.
Inventory of fertilisers applied to Pressure | Some fertilisers are known to contain elevated
land. levels of heavy metals.
Inventory of pesticide/herbicide us Pressure Estimates of type and amount applied and area
by agriculture sector. applied to land.

Ovedl, a series of pressure TCls are recommended as pat of the overdl EPl. These
measures, coupled with the TCR, would provide pressure indicators about the movement of
toxic substances to land and the biological components of that system.

6.4.3.2 Vegetation

The key limitation to the development of nationa vegetation indicators of environmenta qudity
is the need to identify widespread plant species and the need to be able to interpret the
identified response seen in the plant. As discussed, there have been a number of
environmental monitoring programmes that have used plants. These have occurred in North
Americaand Europe/Scandinavia principaly in response to acid rain and other air issues.

In generd, plants are relaively poor indicators of toxic contaminants. This is due to the tight
regulation of the passage of such contaminants across the root barrier.  Exceptions to this
would be the passve uptake of organicsinto leaf cuticle and the active uptake of some heavy
metals by some plant species.
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Potential vegetation indicators that could be used within New Zedand include:

Indicator Type Comment
Assessment of Pinusradiata | State | Use of needles as overal integrator and indicator of air
needle health at selected sites quality. This would require a specific knowledge of the link
around New Zealand. between overall air quality and toxic contaminants within air.
Assessment of particular | State | Use of lichens (abundance and diversity) as an indicator of
crustose lichen distribution overall air health at specific sites. This would require a
and health at selected sites. specific knowledge of the link between overall air quality and

toxic contaminantsin air.

Measurement of selected toxic State | Toxic contaminant concentration an absolute measure of

contaminants in plant tissue airborne deposition of toxic contaminant and uptake from soil.
(e.g., herbage) as an indicator

of uptake.

M easurement of toxic| State | Toxic contaminants reflect deposition and movement of
contaminants in vegetables as contaminants into food chains including humans.

part of on going diet surveys.

Although plant species that could be utilised include widespread forest species, native or
introduced plants or agricultura crops (e.g., grain), there gppears to have been insufficient
work in New Zedand to date to identify a sufficiently robust terrestrid plant indicator of
overd| environmentad or air qudity.

As such, vegetation is seen as a generic indicator of overdl ar quaity rather than toxic
substances in particular.  Uptake by plants from soil isavery ste specific factor and assuch is
highly unlikely to provide suitable information for a national EPl programme.  No specific
indicator is recommended however, information on toxic contaminants in some vegetables and
frutsin New Zedland could be obtained from the Nationa Diet Survey.

6.4.3.3 Animals

Animds have the potentid to provide an integrated or specific response to environmenta
qudity - typicdly soil qudity). Although, New Zedand has naturdly no endemic terredrid
mammals, there are (as described in Section 4) a range of introduced bird (e.g., Sparrow,
pigeon) and mammal species (e.g., mice, hedgehogs) that could be used as indicators of
exposure to toxic contaminants. There are adso a range of native bird gecies (eg., gull
species) and other organisms (e.g., earthworms) that have potential as well.

The use of birds has a particular advantage in that eggs can be collected without sacrificing
adult birds. Another species with considerable utility as an indicator species would be the
harrier hawk. This species is a high level predator and so feeds over an extended area
providing good integration. In addition the availability of accidentaly killed (automobile)
specimens would provide a good source of specimens for andyss.

The key limitation to the development of nationd animd indicators of environmenta qudity is
the need to identify widespread anima or bird species and the need to be able to interpret the
identified regponse seen in the organism.  There have been a number of monitoring
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programmes utilisng organisms as noted above but few appear to have been incorporated into
indicator programmes.

Overdl, there appears to have been insufficient work in New Zedand to date to identify a
auffidently robust terrestria organism or organisms to provide information as an indicator of
overal environmenta qudity. However, as indicated above, there are severa options that
have potential as State indicators. These include bird eggs and the collection of dead harrier
hawks.

In these cases and in the potentia case of other bird species such as gulls and sparrows as an
indicator of environmental qudity in the New Zedand environment, further evauation will be
required to assess their viability. The use of biochemical markers in animas is recommended
as a Stage 2 indicator to be dedlt with &t alater date.

Potentid animd indicators that could be used within New Zedand include:

Indicator Type Comment

Measurement of selected toxic State
contaminants in bird species as an
overall indicator of environmental
health. Eggs would be the
preferred tissue for measurement.

Use of birds (e.g., gulls) isarelatively site specific
monitoring tool. Different species can be selected
to selectively monitor different environmental
compartments

Analysis of toxic contaminants in State This species is widely distributed and road killed
harrier hawk carcasses individuals are generally not difficult to obtain.
Measurement of selected toxic State Use of mammals such as mice and hedgehogsis a

contaminants in mammal species as
ageneral indicator of environmental
health.

highly site specific monitoring tool. Terrestrial
animals including both vertebrate and invertebrate
species can be effective sentinel species for toxic
contaminants through the sampling of wild
animals in the field and measurement of body
burden (chemical analysis); assessment of effects;
using caged animals and carrying out laboratory
testing.

Assessment of meat quality from State Two options for monitoring. Thefirst is as part of

grazing animals in New Zealand.
Sheep and cows are the key animals
due to their widespread distribution
in New Zealand.

MAF meat quality surveys. The second is by
specific sampling of tissue from designated
properties. The former can represent random and
or biased sampling. The second method of
sampling allows systematic and repetitive
sampling to be carried out over time. The latter
allows specific trend assessment to be carried out.

Measurement  of  biochemical State Measurement of effects of complex mixture when

markersin selected species. the total range of chemicals present is unclear.
Recommended as a Stage |1 indicator.

Measurement of selected toxic State Use of earthworms is a highly site specific

contaminants in earthworms as an
indicator of soil health.

monitoring tool.
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6.4.4 Freshwater
6.4.4.1 Water

Toxic substances are typicdly trandgent in freshwaters. Many substances have very short
resdence times within water. As a result, monitoring of freshwaters often reflects short term
events within catchments feeding the water body. This needs to be reflected in the use of
water as an indicator. However, the Nationd Water Quality Monitoring Programme has
shown the capability of well designed and managed water quaity monitoring programmes.

Examples of potentia water qudity performance indicators in the freshwater environment
indude:

Indicator Type Comment

Compilation of al Regional Council State Comparison against regional or national toxics

water quality toxics monitoring data. guidelines provides an indicator of exceedence

If no specific toxics monitoring is of guidelines in relation to ecosystem health;

being carried out, then a limited recreational use; and in relation to use by

number of specific sites could be stock and other agricultural uses. If a

established in degraded waterwaysin benchmark programme is established then

major urban waterways. This would trends over time would be the main purpose of

allow a benchmark programme for the programme.

improvement to be established.

Measured quality of wastewater State Testing of a selected range of wastewater

treatment plant discharges to the treatment plant discharges to the freshwater

freshwater and marine environments. and marine environments in New Zealand is
carried out.

Inventory of toxic waste discharges State/ TCR data provides the best pressure

to freshwater Pressure indicators. Such indicators will depend on the
implementation of a New Zealand TCR
programme

There are a number of water quality monitoring programmes that collect data on toxic
contaminants in freshwater around New Zedand. Water quality can be benchmarked against
internationa criteria and guiddines for toxic contaminants and those set in Regiond Plans
where Councils have adopted standards or guiddines that involve toxic contaminants. Thereis
however, only alimited amount of toxic contaminant monitoring currently underway.

The exising monitoring programmes carried out by Regiond-Digtrict Councils and or NIWA
should be examined to identify a series of representative Stes that include a balanced range of
gtes throughout New Zedand. In this case the Nationd Water Quality Monitoring
Programme may not contain sufficient Stesto provide information relating to Stes with possible
dress from the presence of toxic contaminants. This would provide an existing series of Stes
that contaminants are being monitored for. It is likdy however that some additiond toxic
contaminants may need to be incorporated into the existing programmes.  This may require a
limited amount of additiond monitoring to be carried out by Councils within thar existing
progranmes. The use of the National Water Quality Monitoring Programme would require
the addition of new condtituents to the monitoring programme and testing. Monitoring would
continue to be carried out by Councils (to consistent methodology) and the data provided to a
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centraised database. Key toxic contaminants that should be included in the freshwater quality
indicators programme would include ammonia nitrogen, selected metas, sdected organic
compounds such as PAHs.

It is recommended in any freshwater programme that the evaluation of trends and changesin
datawould initidly be carried out on atwo yearly basis.

Given the very limited amount of toxic substance monitoring in the existing Regiona Council
monitoring programmes (refer Section 5.4), it is unlikely that toxic substances measurement in
water could be utilised immediately as an indicator. Ammonia nitrogen is the only common
toxic substance included in Council monitoring programmes and the National Water Qudlity
Monitoring Programme.

It is dso recommended, however, that loads and quaity of municipal wastewater treatment
plant discharges be used as an indicator of pressure on the freshwater (and aso the marine)
environment. Many sewage trestment plants have resource consents that require flows and
loads of key condituents to be determined. A smal proportion have toxic substance
monitoring programmes.

6.4.4.2 Sediment

As discussed in Section 4, freshwater sediments provide integrated data on the presence of
toxic contaminants in aquatic environments. The accumulated toxic contaminants in sediment
reflect catchment or Site specific activities. Sampling location and the collection of systematic
data is typicdly the key to the collection of useable information. As described in Section 4,
sediment sampling is carried out in severd large United States environmenta monitoring
programmes. In the larger of New Zedland rivers, monitoring sediment quaity could provide
useful information about overdl environmenta qudity. It should be noted however, that few of
New Zedand's urban centres are located inland. The mgority are located on the coast or on
magor harbours and estuaries. Potentid sediment indicators that could be used within New
Zedland include:

Indicator Type Comment
Compilation of dl Regional Council | State | Comparison against international recognised
sediment quality toxics monitoring data. If sediment quality guidelines would provide an
no specific toxics monitoring is being indicator of exceedence of guidelines in relation
carried out, then a limited number of to ecosystem health. If a benchmark programme
specific sites could be established in is established then trends over time would be the
degraded waterways in major urban main purpose of the programme.
waterways. This would allow a benchmark
programme for improvement to be
established.

Ovedl it is conddered that given the sengtivity of carrying out repetitive measurements of
contaminants in sediments that a nation-wide sediment quality indicators programme is not
warranted.




Page 58

The existing monitoring programmes carried out by Regiond-Digtrict Councils and or NIWA
should be examined to ascertain whether a small series of representative Sites can be identified
to provide indicator of regiond trends as a reflection of overal catchment inputs to specific
rivers located in urban areas.  Key toxic contaminants to be included in any freshwater
sediment programme are. selected metals, selected organic compounds such as PAHs and
organochlorines. It is recommended in the firg instance that evauation of trends and changes
in datawould be carried out on atwo yearly basisif such a programme were devel oped.

6.4.4.3 Freshwater Organisms

Freshwater organisms can provide integrated data on the presence of specific toxic
contaminants in aguatic environments.  The meaningful use of freshwater organisms does
however require species specific knowledge of uptake and bicaccumulation.  Similar
understanding of biochemical ecotoxic response measures is dso required. A wide range of
indicator species can be used for contaminant biomonitoring in tissues, which would be
suitable for bioaccumuletive organic contaminants and heavy metals. Taxa used for tissue
bicassessment in United States freshwater monitoring programme are summarised in Table 6.1
following.

TABLE 6.1: National target taxa list for tissue bioassessment in the water-quality
assessment program®.

Group Taxon
Molluscs - Corbicula fluminea (Asiatic clam)
Insect Larvae - Trichoptera (Caddisflies)

Hydropsyche sp.
Brachycentrus sp.

Limnephilus sp.
Chironomidae (Midges)
Chirononomus sp.
Plecoptera (Stoneflies)
Peridae

Perlodidae
Pteronarcyidae

Fish - Carp (Cyprinus carpio)

- White sucker (Catostomus commersoni)
L ongnose sucker (Catostomus catostomus)
Largescale sucker (Catostomus macrocheilus)
Channel catfish (Icatalurus punctatus)
Largemouth bass (Micropterus salmoides)
Brook trout (Salvelinus fontinalis)
Brown trout (Salmo truta)
Bluegill (Lepomis macrochirus

Vascular Plants - Pond-weed (Potimogeton sp.)
Hydrilla (Hydrillaverticillata)

® See also Appendix D, The U.S. Geological Survey’s National Water-Quality Assessment (NAWQA)
Program for Evaluating Contaminants in Tissues of Freshwater Biological Organisis (Crawford & Luoma,
1994).
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I nvertebrates

Potential freshwater indicator species for New Zealand would include molluscs (freshwater
mussdl), invertebrates (various), freshwater crayfish, fish (eels, bullies, trout) and vascular plants

(i.e., oxygen weed, Potomogeton). Of dl the freshwater invertebrates in New Zedand,

freshwater mussdls have been specificaly identified as being a potentid indicator in relation to
the presence of toxic contaminantsin New Zedand. It islikely that mussdls have potentid asa
regiona indicator especidly in the centrd North idand of New Zedand and the Wakato
River.

The ability to use exiding monitoring programmes in a number of regions needs to be
asessed.  The need to supplement this work to obtain sufficient data to assess qudity using
such an indicator needs to be determined. There are however, a number of potentia
performance indicators that involve invertebrates.

Theseinclude:
Indicator Type Comment
Measurement of specific toxic State Any species specific invertebrate monitoring
contaminants in specific programme would require understanding of
invertebrate species as measure of uptake and effects of uptake on that species.
toxic contaminant distribution in Likely to be of limited use. No such monitoring
New Zealand freshwater systems. appears to have occurred in New Zealand.
M easurement of toxic State Applicability for certain toxic contaminants has
contaminants  using  sentinel been shown in certain parts of New Zealand.
organisms (eg., freshwater
mussels).
Measurement  of  biochemical State Measurement assumes knowledge of toxic
markersin selected species. contaminant presence and response in species.
Recommended as Stage |l indicator.
Fish

In New Zedand, salmonids (trout species) and eds represent likely indicator gpecies in
relation to toxic contaminants. Eels represent along lived hardy species of freshwater fish that
may be a suitable indicator species. They are widdy didributed, long lived, reatively
sedentary and are of congderable cultura and commercid dgnificance.  Their ability to
accumulate environmental contaminants has been demondtrated and they also gppear to be
amenable to caging which permits good control over actud exposure. Samonid species have
been included in a number of overseasindicator programmes.
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Potentid fish indicators that could be used within New Zedand include:

I ndicator Type Comment

M easurement of specific toxic State Any species specific fish  monitoring

contaminants in specific fish species as programme would require understanding of

measure of toxic contaminant distribution uptake and effects of uptake on that species.

in New Zealand freshwater systems. Purpose would be trend analysis Trout are
likely to be key species.

Measurement of biochemical markers in State Measurement assumes knowledge of toxic

selected species. contaminant presence and response in
species. Recommended as a Stage |l indicator.

Assessment of condition and other State Provides an indication of overall exposure to

features such as tumours. toxic contaminants.

Some assessment will be required to determine specific programme details surrounding the use
of exiging monitoring programmes in a number of regions, as well as the need to supplement
thiswork to obtain other data.

Closure of fisheries due to the presence of toxic substances occur oversees. However, in
New Zedand there are no current closures of the fishery nor are there likely to be any. As
such, the frequency of closure of the fishery due to contamination is not viewed as an
gppropriate indicator for New Zedand. Further, the assessment of fish condition is
problematic as such conditions are potentialy a response to a wide variety of environmenta
gtuations. The presence of tumours etc., would be primarily indicative of highly impacted
sysemsonly.

Overdl, eds or trout are likey to be useful Stage 1 indicators of the presence of toxic
substances in the freshwater environment. No systematic nationa monitoring occurs at present
and as such a programme would need to be co-ordinated. Measurement of biochemica
markersisidentified as a stage 2 indicator.

6.4.5 Marine Environment
6.4.5.1 Water

The concentrations of toxic contaminants in the water-column are likdy to be highly varigble,
and in mogt places extremdy low. Monitoring data would be difficult to interpret and its
asociated “noiss” would mean it is likely to be of little use for detecting tempora trends. For
these reasons, monitoring methods which “integraie’ and “accumulate’ contaminant sgnals
from the water column are preferred. Contaminant levels in sediments and biota are therefore
preferable indicators for the marine environment.

An dternative, increasingly used method for measuring dissolved contaminant levels in the
water column is the “Semi-Permesble Membrane Device’ (SPMD).  Hydrophobic
contaminants are concentrated from the surrounding water by diffuson into a lipid-filled
membrane tube. Deployments of severd weeks are possble, enabling time-integrated
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measures of contaminant levels to be made. Contaminant concentrations in the water column
can be edtimated if contaminant uptake and equilibration times are known. SPMDs offer
many of the advantages of biologicad monitors (e.g., shelfish) without the disadvantage of
biologicd varigbility inherent in biomonitoring approaches. Their prime disadvantages are
membrane fouling during deployment and their reatively recent development, which means
they are less wdl established than shdllfish monitoring. Trids of SPMDs have recently been
carried out in New Zealand, dthough results are not yet avalable. This method is well worth
pursuing to complement biomonitoring techniques. It is equaly gpplicable to the freshwater
environment, and has even been used for ar monitoring oversess.

Potentid marine water indicators that could be used within New Zedand include:

I ndicator Type Comment

Compilation of al Regiona Council State Comparison against regional or national
water quality toxics monitoring data. toxics guidelines for aquatic toxicity
If no specific toxics monitoring is provides an indicator of exceedence of
being carried out, then a limited guidelinesin relation to ecosystem health.

number of specific sites could be If a benchmark programme is established
established adjacent to major urban then trends over time would be the main
areas. Thiswould allow a benchmark purpose of the programme. Comparison
programme for improvement to be against regional or national toxics guidelines
established. for recreational quality provides an indicator

of exceedence of guidelines in relation to
recreational use.

Quality and measured quality of Pressure Testing of a selected range of wastewater
wastewater treatment plant treatment plant discharges to the marine
discharges to the marine environment in New Zealand is carried out.
environment.

Inventory of toxic contaminants Pressure Dependent of the establishment of a New
discharged to the marine environment Zealand toxic contaminant inventory.

There is currently little toxic substance monitoring in marine waters. No specific indicator is
recommended usng marine waters in New Zedand. The possbility of increasing monitoring
effort in New Zedland in this area should be assessed and its technical value confirmed.

6.4.5.2 Sediment

Coadtd sediments are the ultimate recipients of hydrophobic contaminants. The accumulation
of contaminants in estuarine sediments is well documented in New Zedand. Sediments are
heterogeneous materidls and subject to three-dimensond mixing and redigribution via
processes such as bioturbation, wave-action, and current-induced eroson. They are therefore
complex media to sample and a sediment monitoring progranme would need to take into
account of these features. They offer a practica gpproach for monitoring trends in contaminant
exports from land over time, and for spatid characterisation of contaminant leves (eg.,

relaing to catchment uses). The potentia for biologica impacts can be inferred by comparing
contaminant levels with overseas Sediment Qudity Guiddines.
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Potentia marine sediment indicators that could be used within New Zedand include:

I ndicator Type Comment

Compilation of al Regional Council State Comparison against international
sediment quality toxics monitoring data. If recognised  sediment  quality
no specific toxics monitoring is being guidelines  would provide an
carried out, then a limited number of indicator of exceedence of
specific sites could be established in areas guidelinesin relation to ecosystem
known to be degraded (e.g., adjacent to health. If a benchmark programme
major urban centres) This would allow a is established then trends over time
benchmark programme for improvement to would be the main purpose of the
be established. programme.

6.4.5.3 Marine Organisms

Invertebrates

Marine invertebrates, in particular bivaves (eg., musss, oydsers), are among the most
suitable biologicd indicators for toxic contaminants. They accumulate most organic
contaminants and metals from the water column, sediments, and food sources by filter-feeding
and/or particle ingestion. They offer advantages of many species being sessle, relaively
resstant to pollution, transplantable, and (depending on sampling strategy) contaminant levels
in their tissue generdly reflect changes in water column/sediment/food contaminant levels.
These advantages have lead to their adoption world-wide for pollution monitoring (eg.,
Mussd Watch programmes).

The Auckland Regiond Council has run such a programme for 11 years in the Manukau
Harbour, using naturaly resdent Pacific oysters (Crassostrea gigas) to measure spatia and
tempord trends in organic and heavy metd contaminants. Potentia marine invertebrate
indicators that could be used within New Zedand include:

I ndicator Type Comment
M easurement of specific toxic | State Any species specific invertebrate monitoring
contaminants  in  specific  marine programme would requires an understanding of
invertebrate species as measure of toxic contaminant uptake and depuration in order that
contaminant distribution and temporal contaminant burdens be correctly interpreted.
trends in New Zealand benthic marine and effects of uptake on that species. Likely to
systems be of limited use. Limited monitoring appears to

have occurred in New Zealand.

Use of transplanted sentinel organisms| State Monitoring has been carried out in various
(e.g., mussels and oysters) locations in New Zeadland. Has capability
potential to be reproducible and part of Regional
Council monitoring programmes. Interpretation
requires knowledge of contaminant uptake &
depuration characteristics of sentinel organisms.
Measurement of biochemical markers in | State Measurement assumes knowledge of toxic
selected species. contaminant presence and response in species.
Recommended as a Stage | indicator.
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It is envisaged that, as overseas, such monitoring would best be done using smilar deployment
and andys's methods as those used in the globa ‘mussd watch’ programme.  Contaminant
levels are generdly lower in New Zedand than in many oversess settings and therefore,

methods need to reflect this difference (i.e., more sengitive analytica methods). More refined
trend detection than is used in some overseas programmes is needed, as the scale of New

Zedand's geography and range of issuesis generdly smdler. Internationa  collaboration will

provide data quality comparable to the rest of the world. Absolute concentration comparisons
will depends very much on the sentind anima used, where and how it is deployed and

sampled etc.

Fish

Fish have been used in the monitoring of toxic contaminants in the estuarine and marine
environments, paticulaly oversees (eg, NOAA Benthic Survellance Programme).
Monitoring has included both toxic contaminant bio-accumulation and the monitoring of effects
via the examinaion of fish hedth and hisopathology (e.g., lesons, tumours, ec.,). Gross
pathological disorders reported in overseas programmes reflect the sampling of extremely
contaminated environments of a severity not found in New Zedand. Effects in New Zedand
fish are more likely to be subtle disorders, which may be more difficult to measure and link
with environmenta contaminants. The maringestuarine fish mogt likely to be useful for
contaminant monitoring in New Zedand are flatfish (eg., flounder), which live in intimate
contact with the sediment and feed on sediment-dwelling prey. They are therefore susceptible
to contaminant exposure, epecialy in near shore estuarine locations.  Potentid marine fish
indicators that could be used within New Zedland include:

I ndicator Type Comment
M easurement of specific toxic | State Any species specific fish monitoring programme
contaminants in specific marine fish would require understanding of uptake and
species as measure of toxic contaminant effects of uptake on that species.
distribution and trends in New Zealand Understanding of the habitat preferences and
marine systems. movement of fish required to interpret data

Purpose would be trend analysis and spatial
comparisons. Flounder and snapper (not sure
about snapper - less likely to be exposed to
contaminants than flatfish) are likely to be key

species.
Measurement of biochemical markers in | State Measurement assumes knowledge of toxic
selected species. contaminant presence and response in species.

Recommended as a Stage || indicator.

Assessment of condition and other | State Provides an indication of overall exposure to
features such as tumours. toxic contaminants (refer to comments above
regarding freshwater fish).

In New Zedand, flounder and snapper are the two most well studied fish species in terms of
biocaccumulation. FHounder are especidly important as they have also been used in a number
of overseas monitoring programmes. They are dso of culturd, commercid, and recregtiond
importance.



Page 64

It is recommended that flounder be used in any estuarine monitoring programme.  Although
fish do not appear to be used by Councils on aregular basis in monitoring programmes, a
amal programme of sample collection and analysis for organochlorines and other sdected
organic compounds can be readily developed. Research on the effects of chemica
contaminants on flounder is currently being carried out in a collaborative project by NIWA
and ESR.

Mammals

Although no environmenta indicators as such have been developed usng marine mammas
severd long term monitoring programmes are in place from which useful indicators can may be
extracted. Inthe internaiond context the work of Tanabe s group at Ehime University stands
out as a dgnificant contribution to the understanding of the globa contamination of marine
mammals, and therefore the marine environment, with chemica contaminants (Tanabe, 1994).
In particular this group has focused on long term trends in chemicd contamination in the
Southern Ocean and in the North Pecific.

Trend information is now available for organochlorine contaminants in marine mammals over
approximately a twenty year span.  This data demongtrates a dow but significant decrease in
contamination in me marine mammas in the North Pecific. The potentia anima indicators
that could be used within New Zedland include:

I ndicator Type Comment
M easurement of specific toxic | State Any species specific monitoring programme
contaminants in specific marine mammals would require understanding of uptake and
as measure of toxic contaminant effects of uptake on that species. Purpose
distribution and temporal trends around would be trend analysis Dolphin and whale
New Zealand. strandings are likely to be the key species.

Measurement of biochemical markers in | State Measurement assumes knowledge of toxic
selected species. contaminant presence and response in species.
Recommended as a Stage || indicator.

A condderable amount of information is avalable on the concentrations of organic
contaminants in New Zedland marine mammals back to the late 1980s (Buckland et al. 1990;
Joneset al. In Press). This datawould represent a vauable basdline for future monitoring.

6.4.6 Groundwater

Sampling and andyss are keys to ensuring the qudity and robustness of indicators of
groundwater quality that are being used to show change in relation to specific objectives and
gods. New Zedand caries out extendve groundwater monitoring organised on a regiond

bass  This existing monitoring sysem has the potentiad to be used to devdop a
regiond/nationa monitoring system.
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Possible indicators of groundwater qudity include:

I ndicator Type Comment
Measurement of specific toxic contaminants in State Exceedence of New Zeadand
groundwater as a measure of toxic contaminant Drinking Water  Guidelines
distribution in groundwater around New Zealand. Data would provide measure of
to be compiled from Regiona Council data or from very performance.
specific sampling programme.

The exiging monitoring programmes carried out by Regiond-Digtrict Councils should be
examined to identify a series of representative Stes throughout New Zedand. The use of the
exiging programme would provide an exiding series of dtes that contaminarts are being
monitored for. It is likely however that some additional toxic contaminants may need to be
incorporated into the exiging programmes.  This may require a limited amount of additiona
monitoring to be carried out by Councils within ther existing programmes. Monitoring would
continue to be carried out by Councils (to consistent methodology) and the data provided to a
centralised data base. Key toxic contaminants that could be included in the groundwater
qudity indicators programme would include ammoniaca nitrogen, selected metas, selected
organic compounds such as PAHs.

It is recommended in the first instance that evaluation of trends and changes in data would be
carried out on atwo yearly bass.

6.4.7 Human Exposure

One of the key gods of environmental management is to protect human headth. To assess our
performance in protecting humans from exposure to toxic chemicals it is necessary to monitor
levels of these contaminants in the human population. Obtaining samples of the human
population can be difficult and costly therefore the most benefit needs to be derived from these
sudies.

Higtorical and current studies have focused on the use of blood, breast milk and dietary
urveys to esimate this exposure. Continuation of these studies is recommended but an
integrated assessment of which chemicas should be monitored to obtain maximum benefit
from the surveys is suggested.

The current breast milk and diet sudies are being carried out with an approximate five year
cyde time. This is conddered adequate given the rate of change in chemica concentrations
observed in these studies and in overseas programmes.
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Recommended human exposure indicators include;

I ndicator Type Comment
Measurement of contamination in breast State Breast milk surveys are on-going. Data is
milk. internationally comparable.
M easurement of specific toxic State Diet surveys are ongoing. Substantial data
contaminantsin diet in relation to intake of base exists for comparative assessment. Date
contaminants. would provideinformation on dietary intake.
M easurement of specific toxic State Data to be compiled form routine regional
contaminants in drinking water suppliesin monitoring. Data would provide information
relation to intake of contaminants. on dietary intake.

6.4.8 Media Summary

A number of specific media orientated performance indicators have been identified that should
be considered as part of a New Zedand toxic contaminants assessment programme.

A summary of selected media and media compartment indicators is presented in Table 6.2.
The suggested ranking of priorities for the implementation of these indicators is dso presented.

There are a number of indicators which are @ther in the initid investigation and research stages
or are being used overseas but have not been used or adapted for New Zedland. 1t would be
advantageous during discussons regarding specific nature of any EPl programme to view the
programme as dynamic. A staged approach alows for new tools to be considered or used
which are being developed as pat of internationd research as wdl as, through various
research programmes within New Zedland.

There are a number of TCls that could be utilised as part of a New Zedand EPI. In the
following section, the indicators are discussed further in relation to two key matters:

Firgly, should the indicator be included in a core of a set of indicators initidly used in
New Zedland.

Secondly, given that there is an extengve list of contaminants that have been identified
within the New Zedand environment and that comprise the list of priority contaminants
within New Zedand, can key toxic contaminant indicators be identified that provide
data on ther own in relation to the overdl presence of toxic contaminants in the
environment (or in aparticdar environmental compartment)?
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TABLE 6.22 A summary of sdected media and media compartment indicators, and
prioritiesfor implementation.

Media Stage | Primary Secondary
I mplementation I mplementation
P-S-R Indicator
Overall Environmental - TRI or similar register 4
Pressure
Air Pressure/ | - Specific air monitoring 4
State
Terrestrial State - Vegetable part of National 4
Vegetation Diet Survey
Animals State - Bird eggs- tissue burden 4
(MAF monitoring)
Harrier Hawk / Skylark 4
carcasses -tissue burden
Meat - tissue burden (MAF 4
monitors)
Land Pressure | - Sewage sludge use 4
Fertiliser use 4
Pesticide/Herbicide use 4
Fresh-water Pressure | - Specific site water quality 4
assessment
Wastewater loads and quality
4
Fresh-water State - Eel, trout - tissue burden 4
Organisms - Mussels - tissue burden 4
Fresh- Pressure | - Specific site sediment quality 4
water/Marine assessment
Sediment
Seawater Pressure | -  Wastewater loads and quality 4
Marine State - Mussel - tissue burden 4
Organisms - Flounder - tissue burden 4
Groundwater State - Ground water quality 4
Human State - Diet survey 4
Compartment - Drinking water survey 4
Breast Milk Survey 4

6.5 PREFERRED INDICATORS FOR THE  TOXIC
CONTAMINANTSINDICATOR PROGRAMME

6.5.1 Introduction

This report has reviewed and identified a wide range of potentid indicators that could be
incorporated into the New Zedand EPI programme. A number of the toxic contaminant
indicators discussed have been used in oversess indicator programmes. However, as has
become clear through the review process, there are as yet few examples of overseas EPI
programmes which have been able to provide direct information into management decison
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making. Rather, the information provided must be viewed within the specific context for which
it has been collected in order to facilitate the management of toxic contaminants in the
environment. As these programmes develop, evidence will accumulate as to the trends
(negative or pogitive) of toxic contaminantsin particular environmental compartments.

The establishment of EPl programmes, and more particularly indicator programmes involving
or induding toxic contaminant indicators, is a sgnificant undertaking both in terms of the
logidtics involved and the potentid expense.  To facilitate this process, the lig of potentid
indicators has been reviewed further. The list provided in Table 6.2 should be regarded as an
ideal list which could be expanded over time. However, it would not be practicd to
implement such an extengve lig of toxic contaminant indicators at the commencement of any
EPI and any attempt to do so may result in significant ddaysin the implementation of any EF.

When the toxic contaminant indicators are initiated, it will be important thet the programme is
badanced in tha it should provide a whole picture as far as possble of the different
compartments of the New Zeadland environment. That is, it encompasses the terrestrid,
aguetic, arr and human environment. This will provide managers with a complete picture in
relaion to the gtate of the New Zedand environment at both the regiona and nationd levdl.
This has been taken into account in refining the list of indicators.

Specific gtes and timing of sampling for the toxic contaminants indicators are not provided
here. It is envisaged that the toxic contaminants indicators sampling will be integrated into the
entire EPl sampling/analysi's programme and that the final selection of toxic substances would
be confirmed aong with the methods involved by an gppropriate review committee. Comment
is provided on further refinement of the list of contaminants, where possible,

While the advantages of response and pressure indicators are acknowledged the above
condraint has resulted in the initid choice of mainly state indicators. Furthermore, the desire
for an immediate and cost effective implementation of sdected indictors has resulted in the
choice of mainly measures of chemica concentrations rather than measures of chemica effect.
The advantage of biologicd measures of chemical effect are recognised and it is strongly
recommended that the next effort within the EPI programme be towards the implementation of
indicators based upon measures of biological effects.

6.5.2 Preferred Indicators

Set out below is acommentary on the refined list of preferred indicators.
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6.5.2.1 Air Indicators

Indicator 1. Measurement of toxic contaminantsin urban air.

Air qudity in urban environment is a ggnificant issue in parts of New Zedand and
involves both human and environmental hedth. Air quadity issues encompass a range
of contaminants and these were described in Section 6.4.2. A fird tier ligt of toxic
contaminants was identified that included hydrocarbons, organochlorines and metals.
It is congdered that an air indicator should include three groups of compoundsinitidly:

volatile hydrocarbons (e.g., benzene, 1,3-butadiene, toluene, formadehyde,
ethene, propene, n-butene, trichloroethylene, dioxins).

PAHSs (e.g., benzo(a) pyrene, totdl).

metals (e.g. mercury, cadmium, lead, zinc, chromium, arsenic).

For each of these categories, measurement methods often employed are able to
provide data on a range of compounds without much more expense than on a single
one. As these chemica groups contain numerous individua chemicals, the specific
indicator compounds should be confirmed but the compounds selected should reflect
the key sources contributing contaminants to the atmosphere and should reflect key
issuesin New Zedand. Datafrom a New Zedand toxic contaminants register (TCR)
or the like, would assst in this decison.

Monitoring will need to be carried out on aregular bass a dtes located in key urban
aress. Sites should be linked to key long term monitoring Sites dready established
where ever possible as part of other regional monitoring programmes. Integration with
exiging programmes will need to be reviewed in more details prior to the initiation of
an indicator These programmes would provide data on other key arborne
contaminants and meteorologica conditions relevant to the interpretation of collected
data The location and sampling frequency will need to be confirmed.

6.5.2.2 Terredrial Indicators

A range of potentia indicators were identified that could be utilised to identify the presence of
toxic contaminants in the terrestria environment. At this stage two indicators have been
identified.

Indicator 2. Meat contaminant surveys.

Monitoring of contaminants in meet is carried out by the Minigtry of Agriculture and
Fisheries on an on-going basis as a requirement for export quaity assessment. As
such, this programme is aready established and therefore presents an opportunity in
the indicators programme to have an indicator that provides data on the flow of
contaminants from the agriculturd environment to animals.  Given the importance of
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agriculture in New Zedand, it is conddered that the indicator has the potentia to
provide vauable information on the state of part of the New Zedland environment.

To utilise the Minigtry’ s meat monitoring programme, areview will be necessary of the
range of contaminants examined in the programme and how data collected in the
programme could be utilised. Based upon the review, the use of the data may need to
be limited. However, because of its scde it provides vauable data on the genera

qudity of a component of the terrestrid environment. It should be noted that a single
contaminant indicator has not been identified. The use of the ‘mest’ indicators would
utilise any avalable daa The programme would however be limited to the
contaminarts that provided sufficient data to dlow tempora comparisons. The data
obtained would include POPs, other pedticides and some metds (in particular
mercury) with emphasis on the organic compounds.

Prior to any use of such an indicator, discussons will need to be held with the Ministry
in relaion to access to data and the andytical programme. Data management within
the programme to develop output in relation to environmental quaity will need to be
examined.

It is recognised that this potentid indicator only provides informetion in relaion to
agriculturd animas and agriculturd land. This is seen as a deficiency and effort will
need to be made within the EPI programme to identify state indicators and more
particularly effects indicators that focus on wildlife as the natura terrestria environment
is akey component of the New Zedand environment.

Indicator 3. Groundwater quality.

Groundwater qudity has been identified as a preferred indicator as groundwater is an
important resource in New Zedand and reflects the overadl nature of activities in the
terrestrid environment. As identified in Section 6.2, there is substantial monitoring of
groundwater qudity in New Zedland which can be utilised to establish an indicator
with minima expenditure.

As such, groundwater quality represents an environmenta quality indicator that can be
edtablished rdatively eadly and provide information on akey compartment of the New
Zedand environment. However, prior to its incluson in any EPI programme, further
work will be required to:

Review the monitoring carried out by Regiond Councils further.

Review what contaminants are being measured.

Identify where monitoring is being carried out (e.g., aquifer, location). At this
dage no specific ligt is provided. However the list of key indicator
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contaminants will depend upon the purpose of any groundwater indicator.
Key contaminants are likely to include ammonia (agriculture, landfills), nitrate
(drinking water), copper (timber treatment) and hydrocarbons (fud).

Confirm whether an indicator can be edtablished based upon existing
resources and informeation collection.

Further comment is provided on both of these indicators later in this section.

6.5.2.3 Aquatic Environments

Freshwater I ndicators

The review of freshwater indictors identified severa possible indicators. At this Stage
it was consdered that the use of freshwater quaity and sediment qudity in relation to
toxic contaminants would not provide sufficient robust data to augment a nationa EPI.
Although no specific water quality monitoring has been proposed, it should be
emphasised that ammonia which is an important aguatic toxic substance in New
Zedand is dready included in the EPIP and the National Water Quality Monitoring
Network. As organisms that live in freshwater can provide an integrated picture of the
presence of toxic contaminants, the preferred indicator utilises a freshwater organism.
The organisms recommended for use are:

Indicator 4a. Freshwater eels.
Indicator 4b. Sentinel biomonitoring species (mussels and or e€ls).

Eds are found throughout New Zedand, are of cultural significance as a food source
and are congdered to be environmentaly tolerant. Further, of dl of the fish species
found in New Zedland they are the most well understood in terms of bioaccumulation.

A second indicator option involves the use of sentind freshwater organisms that can be
transplanted to provide an indication of the presence of toxic contaminants. The New
Zedand freshwater mussd which has dready received consderable use as a sentind

gpecies in the Waikato and Bay of Plenty (e.g., Waikato and Tarawera Rivers) and is
recommended as a species for use. Eds have aso been caged and utilised as sentingl

organiams in these locations. Findly, eds have aso been utilised within the current
organochlorines programme.

A wide range of contaminants were identified in the preliminary priority pollutant list
ealier inthisreview.

Insufficient work appears to be carried out systematicaly enough by Regiond Councils
to develop an indicator around existing monitoring. How existing Council work can be
fitted into any proposed programme or vice versa, needs to be determined. The fina
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identification of what contaminants should be monitored will require confirmetion of the
key contaminant issues. However aninitid list would comprise:

Mercury asthe key metd.
Benzo(a) pyrene as akey PAH.
DDE and PCBs as key POPs.

The specific contaminants included will depend on the nature of the andytica work
caried. For example dl 16 USEPA priority PAHS may be determined at the same
time. The devdlopment of a TCR and identification of specific issues will assg in
developing thislist. Protocols and monitoring strategies will need to be established for
I ndicator 4.

Following the implementation of the freshwater state indicator organism or organisms
that the development of effects indicators be developed for the freshwater
environment. Effects based monitoring such as biomarkers will fit well with indicator
4,

Macroinvertebrate monitoring will be a key indicator in any freshweater indicator
programme. Macroinvertebrate monitoring is well established and understood in New
Zedand and currently represents the most effective monitoring tool for state of
freshwater environments in New Zedland. Although macroinvertebrate monitoring
per-s2 has limited ability to identify cause and effect (i.e, in reaion to toxic
substances), the use of macroinvertebrates should be linked into any toxic contaminant
monitoring programme.

Marine Indicators

As with freshwaters, the review identified a series of possible indicators. Two indicators were
identified for the marine environment. Thee are

Indicator 5. Sentinel species (mussels).
Indicator 6. Estuarine sediments.

Because of the vaiability in esuarine and maine invertebrate didribution and
availability it is congdered that the use of a sentind invertebrate species such as
mussdls is the most appropriate indicator of water borne contaminants in the coastal
environment. Mussdls are dready utilised around New Zedand as sentingl organisms.
The use of mussds would provide a programme that would parale the Internationa
Mussel Watch Programme.

It is dso recommended that further evauation be carried out following theinitiation of
the New Zedland EPI programme regarding the use of marine mamma (e.g., dolphin
gpecies or fur sedl) contaminant data to provide a measure of the state of the overal
inshore coasta environment in New Zedland.
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In relaion to the key indicator toxic contaminants that should be measured in Indicator
5, anumber of key contaminants can be identified. These are:

Lead and mercury as the key metds (the incluson of other metals needs to be
clarified due to control of bioaccumulation by organisms).

Benzo(a) pyrene asthe key PAH.

DDE and PCBs as key POPs.

The incluson of other contaminants should be reviewed. As sediments are the most
ggnificant repogtory of toxic contaminants in the estuarine and marine environment,
monitoring of sediment quality at carefully sdected locations is recommended to
provide further information on the quality of the inshore environment.

A number of specific issues arise in the use of sediments as an indicator in relation to
toxic contaminants. These are;

Sediment qudlity will be highly varigble in relation to contaminant sources.
Sediment qudity will be highly variable in relaion to sediment properties.

To reduce effort, a risk or key stes should be included in the programme. An
extendve lig of contaminants can be included; however there are only a smdl suite of
contaminants thet are typicaly present in estuarine - marine sedimentsin New Zedand.
The following toxic contaminant indicators have been sdected:

As, Cu, Cr, Cd, Pb, Hg, Zn, Ni.

DDT asthe key POP.

Benzo(a) pyrene asthe key PAH.

Ammonia (because of its role in sediment toxicity).

Seven metas have been identified &t this stage each of which important contaminantsin
relation to the qudity of the New Zedand environment: As, Qu, Cr in relaion to the
timber trestment industry; Cu, Pb, Zn in rdation to trangport; Cu, Cr, Ni in relaion to
tanning and metd indudriess Cd and Hg as they are important environmenta
contaminants. In order for a reduced ligt of these contaminants to be developed, a
review of specific sources, locations and extent of contamination in New Zedand
would need to be undertaken.

Protocols (in particular for sediments) and monitoring Strategies will need to be
established for Indicators 5 and 6.
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6.5.2.4 Human Exposure

The evauation of the human environment identified two key indicators both of which are
dready utilised in New Zedland to assess the state of human hedth. These are:

Indicator 7. Diet survey for metals and POPs, pesticide residues and PAHS.
Indicator 8. Human milk for POPs, metals and pesticide residues.

Human diet and breast milk surveys are carried out about every 5 years in New
Zedand. As noted earlier in the review this work is on-going and provides data that
dlows tempora comparisons and aso comparisons with smilar overseas data.

It should be pointed out that diet surveys do not provide a specific picture of the Sate
of the New Zedand environment as not dl of the foods examined are grown in New
Zealand. However as with the MAF neat quality monitoring, the data provides
vauable information on the contaminant levels in an important component of the New
Zedand environment.  Further review of the use of diet survey information is
recommended at some stage.

Although the diet survey incorporates a range of metals, the TCls should initidly be
focused on As, Cd, Pb and Hg due to their greater toxicological importance.

6.5.2.5 Pressure

Thelast ‘group’ of indicators are pressure indicators. Thet is.
Indicator 9. Establishment of a toxic contaminantsregister for New Zealand.

The establishment of a New Zedand release register has been given consderable
emphads in this review as it would provide the principa information to provide long
term direction to the toxic contaminant indicators within the EPI programme. MfE has
dready carried out scoping work in relation to inventories. It is recommended that
initidly protocols for the collection of data should be established for:

Measurement of metals, PAHs and POPs in sewage.
Measurement of metas, PAHs and POPs in sawage sudge applied to land.

These two components of the register would provide information on waste load
movement within the terrestrid and aguatic environments from urban centres
throughout New Zedland and would represent the smplest components of a this type
of programme to edablish. As such, it is consdered more important that this
component of the EPIP covers a wider range of contaminants within the groups
identified above. Following an initid period of data collection, it is envisaged that any
list could become more focused and reduced.
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Given the importance of agriculture in New Zedland, it is dso recommended that a
pesticides inventory (importation etc.,) be established, by the appropriate agency, as
one of the first components of aTCR.

Protocols and monitoring strategies will need to be established for any data collection
carried out for Indicator 9. It is acknowledged that there is Sgnificant adminidtretive
work required to establish and implement a register or part of it. As such, specific
components have been recommended in order to identify a priority ligt for the initid
establishment of such aregigter.

6.5.3 ShortList

In Section 6.5.2, atotd of 9 TCIswere identified. Within thislist a number of indicators were
identified that required significant review prior to implementation. As such, the indicators are
further divided into two groups.

Group 1

Air Qudlity

Freshwater (eds/ senting organisms)
Marine (sentingl organisms)

Human (breast milk)

Toxic contaminants register or the like

It is consdered that atota of five TCls provide a core set of indicators which can be used to
implement or include toxic contaminants with the overadl New Zedand Environmenta
Performance Indicator Programme.

Group 2

Land (mest qudlity)

Land (groundweter qudlity)
Marine (sediments)
Human (diet survey)

Group 2 TCls should be reviewed further prior to their incluson in the overdl EMI
programme. Other possble preferred indicators identified in Section 6 should also be
reviewed over time.
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7. EPI MONITORING PROCESS
7.1 INTRODUCTION

The process of indicator monitoring a a nationd level within New Zedand necessitates co-
operaion between centrd government and those groups currently involved and potentidly
involved in monitoring. It would be neither cost effective or practica to establish a centralised
‘authority’ to perform indicator monitoring. This having been said, centrd government needs
to recognise the national dtrategic relevance of indicators as a measure of the state of the New
Zedand environment and ensure that an appropriate level of funding is available to meet the
needs of any ultimately developed indicator programme.  Similarly, those agencies currently
involved in monitoring need to recognise the advantages of the indicators programme to
regiond environmenta management programmes (e.g., Sate of the environment reporting by
Regiond Councils) and become involved in the indicators progranme.

It may be that the programme developed does not entall a complex monitoring programme,
relying rather on a smple gpproach but even so, there will be some additiona cost to central
government. Resources will need to be committed for the overall management of information -
data collection, collation, interpretation and dissemination. In addition, there may be some
cost implications in the ‘obtaining’ data the collection of which has been funded by other
SOurces.

In the following sections, a range of draegies for the implementation of environmenta
indicators programmes for toxic contaminants are described. It must be remembered that the
toxics indicatiors programme is and must be an integrated component of the larger
environmenta indicators programme.

7.2 MONITORING STRATEGY
7.2.1 Possible Strategies

There are a number of strategies that can be adopted for TCls as part of an EPl which differ
in scae between those programmes utilisng only a limited range of currently available data and
information, and those programmes entailing a broad range of Centra government hitiated
monitoring programmes. In the previous section, the potential  options for toxic contaminant
indicators were discussed.  As noted, there a range of possible indicators that could be used
to record and track environmenta well-being within New Zedand in relation to toxic
contaminants.

Centralised

Central government accepts the drategic nationa vaue of indicators and dlocates funding for
the acquisition of necessary data and the centra information processing. This may include the
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acquiring data from other monitoring agencies such as Regiond Councils as well as the
initiation of programmesto obtain data not currently being collected. The time and location for
collecting this data may be under centrd government control while exising monitoring
programmes continue to be under the control of other monitoring agencies. To ensure
indicator programme continuity, it would be beneficid for the acquisition of necessary data to
remain a central government role to ensure programme continuity shoud Council monitoring
schemes alter.

Not surprisngly, the use of centralised resourcing is the most resource intensve option
avalable for TCls however, it provides centrd government with the grestest chance of
maintaining a cohesve indicators programme. It is centrd to the use of performance
indicators, that monitoring data be consstent over extended periods of time i.e, a least
decades.

Existing Data Collation/M anagement

In any scenario involving the utilisation of exigting data collection sources, a centra body using
limited resource will ‘acquire datafrom any existing and sources. Therole of the centra body
would be primarily one of data collection, collation and interpretation. The lack of control
over daa acquidtion would mean that there could be no guarantee of the continuity of
indicator data collection. Comparability of data between locations and over time would rely
on the good will of those doing the monitoring, presumably Regional Councils and Territoria
Authorities.

This option offers the least chance of both a rationaised and consistent programme over time.
With no guidance on monitoring methods or data handling there may be problems with
comparing data across regions and over time. To some extent this may be dleviated by co-
ordination between monitoring agencies but the ‘burden’ of such co-ordination may be cost
effective only between adjacent regions, not on a nationd scae.

Co-oper ative

The co-operdive drategy will involve making the best posshble utilistion of exiding
programmes utilisng dready collected information. The programme would offer flexibility,
dlowing for deta from newly initiated programmes to be included. The need for additiona
programmes would be strategic based upon an identified lack d specific informetion. Any
indicator programme of this nature would be designed with the view to limit the need for new
programmes implementation until the use of exiging information was investigated thoroughly.

This option is consdered to offer the greatest flexibility which is viewed as an integrd
component to a successful indicators programme. However, there needs to be a clear
recognition and understanding of the contributions made by al parties.
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This option will dlow the bes utilisstion of exigting data and will offer the best opportunity to
develop the indicators programme in a coherent fashion over time as environmenta
management issues and priorities will change in New Zedand. An environmentd indicator
programme must recognise these changes and dter accordingly in a carefully managed fashion.

In this scenario, centra government is seen as performing a co-ordinating and directing role in
the indicators programme as well as a data collection/dissemination role. Direction setting
would be done in consultation with end-users and could involve the use of an ‘expert group’
or co-ordinating committee. The use of a co-ordinating committee would provide ample
opportunity for the needs and management requirements of monitoring agencies to be included
in the indicators programme.

Existing Data Collation and M anagement

In this scenario, acentra body using limited resource will acquire deta from any existing and/or
available source. The role of the central body would be primarily one of data collection and
collation. The lack of control over data acquisition would mean that there could be no
guarantee of the congstency of data collection or the continuity of indicator collection.
Comparability of data between locations and over time would rely on the good will of those
doing the monitoring, presumably Regiona Councils and territorid authorities.

Integration

The find nature of the fina toxic contaminants indicators programme will be dependent upon
the structure of the rest of the EPI programme. For example:

Aquatic/water quality monitoring as part of fresh water indicators programme may
include generd water qudity monitoring (incdluding ammoniacd nitrogen) and
macroinvertebrate monitoring to assess overal aguatic hedth. Sites selected for toxic
contaminants monitoring would be a sub-set of the sites used for more widespread
assessment.

Air monitoring may include indicators of generd ar quaity such as particulae
monitoring. Sites sdected for toxic contaminants monitoring would be a sub-set of the
Stes used for more widespread assessment.

As such the development of any toxic contaminant indicators programme will need to be
developed in conjunction with other programmes. Integration will reduce the overdl effort
required by agencies carrying out the monitoring.

Overall, there are a number of dirategies that can be adopted for the implementation of TCls
as part of an overal EPI. These range from entirely centralised collection of new data through
to the collation of existing monitoring programme data.  Given that New Zedland has a
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regionaised environmenta management system (in terms of permitting, monitoring €tc.,) it is
consdered sengble to use the existing regiond authority capability as the core source of
informetion for the toxics contaminant indicators programme. In section 6 of this document,
the current monitoring carried out by Councils and other parties was described. There are a
number of areas where comprehensive monitoring is currently being carried out throughout
New Zedand. Good examples include groundwater quaity. In the following section, the
importance of QA/QC and effective data management is described as a key need to ensure
that such nationd programmes are as effective as possible.

7.2.2 Who Should Monitor?

The drategic nationd vaue and use of indicators most clearly benefits centrd government
however it is acknowledged that most monitoring data is currently collected by
regiond/territoria authorities.

The key use of the information to regiond/territoria authorities lies in regiond date of the
environment reporting (e.g., some Councils produce annud state of the environment reports)
and mogt are able to use information from indicators programmes producing data in their
region to identify environmental changes that may or may not support Regiona Policy
statement policies and objectives.

These authorities typicaly have limited budgets and must design monitoring programmes that
meet thelr immediate resource management requirements

Some portions of the proposed toxic contaminant indicators programme are clearly the
respongbility of centrd government, for example the devdopment of a nationd toxics
contaminants register (TCR) or the like.

This report favours a co-operative approach b monitoring as such the responshility for
monitoring and sampling designs and QA/QC would rest between centrd and locd
governmert.

7.2.3 Frequency

It is not a requirement of an indicators monitoring programme that al indicators be measured
a the same time. It many cases it is dso not necessary to carry out monitoring to a gtrict
timetable.

The frequency of monitoring will vary greetly according to the contaminant of interest and the
data currently collected. For example, there is little reason to monitor organochlorines on an
annud bagis as the persgtent nature of these compounds means that significant dterations in
environmenta concentrations are unlikely to occur within a5 - 10 year time frame. In contrast
monitoring of PAHs in ar may be desrable on an annua bass. Alterations in management
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practices (eg., mandating efficient wood burners) may have a dgnificant impact on such
indicators within aone year time frame,

It is important that the objective of including any particular indicator within the indicators
programme be assessed carefully to ensure that its inclusion is practicdly and technicaly
defensble. For example the monitoring of some organic compounds in marine bivalves may
be of little use as along term indicator of ther presence in the marine environment if traditiona
sngle point in time sampling is used as ther hdf life is very short and the monitoring may only
reflect trandent trends rather than long-term ones (refer Section 4).

Smilarly it would seem obvious to monitor pressure indicators in the form of a TCR on an
annua bass as thiswould fit well with current structures for business reporting.

It is recommended that find decisons on the monitoring frequency could be made by an
indicators co-ordinating committee.

7.2.4 \Whereto monitor?

The integrative monitors outlined focus on obtaining a naiona picture of levels of toxic
contaminants. This is particularly the case for the diet and breast milk surveys and for the
organochlorines programme.  To obtain this retiond picture sampling effort has to be rdlatively
widely dispersed over the whole country.

Locations for monitoring will be very dependent upon the objectives established for the
incluson of particular indicators within the programme. For example it is likely that a number
of possble indicators (eg., groundwater quality, drinking water qudity) will involve
widespread sampling locations and some will involve focused and localised sampling (e.g., use
of freshwater and marine mussels biomonitors; urban air quality monitoring).

For each possible indicator it will be necessary to review existing national sampling effort and
locations and based upon that review identify whether the existing sampling digtribution is
aufficient to meet the objectives established for that indicator. Thisis generdly not a problem
for integrative measures as concentrations are relatively consstent between adjacent regions.

725 DATA MANAGEMENT
7.2.6 Introduction

Large amounts of data are collected in indicators programmes. In discussing informetion
management it has to be remembered that the toxics indicator programme is a component of a
wider environmenta performance indicator system.

There many large indicator programmes particularly in North America that have grappled with
data management to develop effective data management systems.  Systems such as those
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provided by the Canadian Government and the Status and Trends Programme in the United
States are examples.

The means of processing data will depend on the process determined for the entire indicators
programme.

7.2.7 Quality Management

For environmental programmes, qudity management conssts of al activities conducted to
ensure that data acquired provides avalid representation of actual conditions.

Quality assurance (QA), quality control (QC) and standard operating procedures (SOP) are
separate components of a monitoring programme.  Together they minimise and quantify the
errors that are introduced from the sampling through to the reporting stages, and dlow the
tracking of errors that might occur. The purpose of quaity management is to produce data of a
known quality.

Qudity management will be one of the most important festures of the indicators programme.
Key areas of quality management of the Indicators programme are:

Sampling/monitoring procedures.

Tegting laboratory QA and certification of data
Reporting of data.

Data management.

Short-term and long-term dtatistica interpretation of data.

As far as possble, sampling/monitoring protocols should be standardised adthough this could
be difficult to achieve due to the large number of groups that are likely to be involved with
these activities. Standard testing laboratory QA procedures are covered by l|aboratory
certification and do not vary gregtly from one laboratory to another. Standard protocols for
data reporting and data management will require development. It is not uncommon for the
datistical interpretation of data to be contentious, especidly in relation to the anayss of long-
term data. It is, however, such data interpretation that affords the ‘big-picture’ information
regarding patterns and trends which is at the heart of the Environmenta Indicators Programme.
Accurate long-term ddidical andyds of environmentd data is heavily rdiant on qudity
sampling, testing, data reporting and data management.

7.2.8 Interpretation

It will be necessary to develop methodologies for the assessment of trends in data over time,
Such assessment procedures are relatively well developed and the nationd water qudity
monitoring programmes have provided a consderable amount of information in relation to such
asessment and associated methodology. A smilar exercise will be needed prior to the
implementation of al indicator programme components thet involve the collection and
interpretation of data to ensure that Satigticaly the programme (individua indicator) objectives
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can be met. The means of processing data will depend on the process determined for the rest
of the EPI programme. The preferred mode seems to be the “ Data clearing house”. In this
model a central agency will have access to data held by various providers. Access will be
tightly controlled to maintain the intellectud property of the supplier.

7.3 COMMUNICATION AND REPORTING
Communication

Extensve communication and reporting is a cornerstone of any successful indicators
programme. In particular there is a need to involve the public a large in this process. It is
therefore foreseen that severd pathways of dissemination will be required.

Three types of information need to be available and/or disseminated. These are firdly the raw
data obtained from the indicators programme; secondly reports summarising data a points in
time and trends over time (e.g., every two or five years) and thirdly summarised informeation
required for public consumption and informetion.

The extendgve use of the World-Wide Web will be a key pathway for dissemination as
outlined in the “Clearing House” network (MfE 1997) proposd. It should however be
recognised that ‘net users il represent a somewhat biased audience athough the breadth of
the audience is increesing deedily. So, while the World-Wide Web will be a key
dissemination tool others may aso be required. Possible methods could include:

In the case of toxic contaminants sold to the public, such as pedticides herbicides
solvents and fuds information could be provided at point of sde.

Indluson of brief summay information on a regiond bads with annud rating
informetion.

Didribution of “Bulletins” such as those prepared for the organochlorines programme.

In the public context, it is interesting to note that the Toxics Release Inventory Ligt (United
States) was enacted under the “Emergency Planning and Community Right to Know* Act.
This stresses that loca communities have a right to know what is being discharged to their
environment. As such in the New Zedand context it may be desirable to request that industry
include discharge information in their norma annua reports.

The sdected TCls will need to need to address key aspects of data management and
dissamination indluding:

Standardised data forms for providers of data to forward data electronically to the
centralised data system.
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A data system that dlows the inclusion of commentary and other data (Site information
efc.) that provides users with further information that might assg in identifying its
suitability in other Stuations (collectively referred to as meta-data).

An interfaceable (able to be queried) data system that alows appropriate access to
data
Security for data systems.

Competibility of terminology used in the indicators programme and deta system.

Reporting

A methodology (guiddines) will need to be established for the toxic contaminants indicator
programme to identify how data collected in the programme will be interpreted and reported.
It is likely however that guideines for interpretation and reporting will be developed for the
grester EPI programme as the approach used will have commonality with other indicator
programmes.

As noted in the previous section there will be a need to produce status reports on the overal
EPI programme and or sections of that programme. These reports will need to be

communicated to regiona authorities, the public and other interested parties. They should dso
be available through the Internet.

7.4 TRAINING

Following the development and dissemination of necessary guidance documentation to assst in
the development of congstent methodology for the toxic contaminant indicators programme, it
islikely that some form of training programme will need to be devel oped.
The training programme will ensure thet:

Data collectors understand the purpose of indicator information collection.

Sample collection techniques are being implemented appropriately.

Anaytical methods are being used appropriately.

Reporting of datais accurate and correct.
Training programmes will need to be tallored to specific indicators (e.g., ar, biomonitoring,
groundwater). Typicdly such training would be implemented by a training team established by

the agency responsible for the co-ordination of the EPI programme. Funding would need to
be sourced from the agency respongble for the EPl programme.
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7.5 COST IMPLICATIONS

A range of activities have been identified for which cepitd (establishment costs) and
operationa costs would need to be met. The key cost centres that would need to be funded
in reation to any potentid toxic contaminants indicators programmes. A number of these
identified cost areas may be incorporated within generd EPl programme funding.

The recommended approach that has been discussed in the previous sections is one of what
can be conddered a baance of cost/effort with the highest potentid for beneficia output in
relation to the overal EPI programme. A hierarchica or developing approach to the toxic
contaminant indicators programme has dso been suggested which will dlow the programme to
be developed as information from this and other indicators programmes alows the programme
to mature in terms of its content and robustness.

The key identified cost centres are:

As pat of the overdl EPI, the establishment of a TCls committee or management
group (possible inter-agency, sub-committee of another EPl programme committee).

The development of the toxics release inventory.
The confirmation of specific indicatorsas TCls.

The identification of the monitoring location, frequency and sampling/andytica
methodology for that indicator.

The confirmation of datistica and interpretationd approach.

The identification and implementation of guidance documentation for participating
organisations and interest groups.

The development of an inter-agency training group to facilitate competible information
gathering throughout New Zedand.

The development of a centraised data collection and storage data-base. Associated
with this would be the establishment of dectronic communication systems, Internet
Stes etc.

The development of a standardised periodic assessment and reporting system
(induding peer review).

The development of a mechanism for dissemination of TCl information within the
overadl EPI.
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The TCls must be seen in relation to the rest of the EPl programme. The integration of the
various indicator options will have a wide range of financa implications This will be
particularly so where the collection of TCI samples and EPI can be co-ordinated thereby
reducing costs. The mgor cost of the TCls as part of the EPI will however remain as the cost
of the analyses themsdlves. Opportunities to reduce these costs do exist with large sample
gzes and innovative new technologies. Where access to currently gathered data is expected
then some form of cost sharing may be required.
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8. FURTHER WORK/RECOMMENDATIONS

The principa recommendation arisng from the assessment of TCls is the high priority that
should be given to investigate the establishment of a toxic contaminant register or the like for
New Zedand. Such an inventory will be indispensable in developing pressure indicators for
toxic contaminants.

As was noted in submissions to the EPl draft document current proposa for EPIs and for
these toxic contaminant indicators are heavily focused on date indicators. Systems and
methods for the development of pressure and response indicators require further atention.

In the current report indicator proposds for toxic contaminants rely on measuring
concentrations of contaminants in exposed media. In the case of exposed animds there is
congderable scope for measuring the biologicd effects of contaminants. This ‘ effects based’
gpproach is more in line with the intent of the Resource Management Act. However, to date
such ‘biomonitoring’ systems for effect are fill being developed. Further investigation of these
methods

The mgority d the indicators proposed here are indicators of state assessed by measuring
chemica concentrations. Thereis clearly a need to further investigate indicators thet reflect the
effect of chemicad contaminants on the environment and human hedth.  Such monitoring is
mandated by the RMA and would be invaluable in the indicators programme.

It should be emphasised that any development of an EPI programme would be best
implemented in a staged fashion. As was discussed earlier in Chapters 4 and 7, there are a
number of indicators which are ether in the initid investigation and research sages or are being
used overseas but have not been used or adapted for New Zedand. It would be
advantageous during discussions regarding specific nature of any EPI programme to view the
programme as dynamic. A staged approach alows for new tools to be considered or used
which are being developed as pat of internationd research as wdl as, through various
research programmes within New Zedand.

It has been recommended that TCIs be included in aNew Zedand EPI via the implementation
of four indicators in addition to the devdlopment of a TCR. These are the measurement of
toxic contaminants in:

Air
Freshwater edsor mussas

Marine senting organisms (mussels)
Human breast milk

Other TCls have been identified for incluson inthe EPI a alater date.
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10. GLOSSARY

Air quality
The condition of the air we breathe.

Air toxics
A number of airborne compounds which may have adverse effects on human hedth.

Acute exposure
Exposure to achemical for 14 days or less.

Alkanes
Chemicd classfication rdating to the structure of hydrocarbons.  dkanes have carbon atoms
arranged in chains and contain no double or triple bonds.

Alkenes
Chemicd classficaion rdating to the structure of hydrocarbons. akenes have carbon atoms
arranged in chains and contain one or more double bonds.

Alkyl
Chemicd classfication of hydrocarbon groups attached to compounds.  akyl groups have
carbon atoms arranged in chains and contain no double or triple bonds.

Alkynes
Chemicd dassfication rdating to the structure of hydrocarbons.  dkynes have carbon atoms
arrange in chains and contain one or more triple bonds.

Ambient air
The surrounding air.

Aromatics

Chemica dassfication relating to the structure of hydrocarbons aromatic hydrocarbons have
carbon aoms arranged in rings with some of the dectrons shared over the whole ring, for
example benzene and naphthaene.

Aryl
Chemicd classfication of hydrocarbon groups attached to compounds. ayl groups have
carbon atoms arranged in arométic rings.

Biomagnify
To become more concentrated in tissues as a contaminant is passed through the food chain
i.e, from s0il to plantsto grazing animas and finaly to humans and birds.

Bioconcentration Factor
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The number of times more concentrated a contaminant is in an organism than the surrounding
media

Bioassay
Exposing test organisms to samples (of water, sediment etc) and comparing their response
with organisms exposed to control or reference treatmert.

Bioconcentrate
To become more concentrated in the tissues of plants and animals.

Biodegradable
Able to be broken down into basic compounds by micro-organisms.

Biogenic emissions
Emissions from naturdl sources including vegetation and soil.

Carcinogen
A chemica capable of inducing cancer.

Carcinogenic
Able to induce cancer.

Chronic exposure
Exposure to a chemical for 365 days (1 year) or more.

CRI
Crown Research Ingtitute, New Zedand

Diffuse emissions
Emissions of wastes from sources other than point sources.

Dusts

Are discrete particles suspended in air, originating from the attrition of solids (primary dusts) or
the dirring up of powders or other findy divided materids (secondary dusts). Duds
encountered in the workplace typicaly contain particles covering awide range of Sizes.

Ecotoxic
Toxic to the environment.

ECs0 & ECyg

The effective toxicant concentration resulting in a 50% or 10% response (respectively) of a
given parameter at a specific time of exposure (eg., reduced growth or reproduction).
Effective concentration (EC) refers to a range of effect measures (e.g., mortdity, growth
reduction) and thus the terminology may include lethad  concentration (LC) vaues.
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Emissions
Substances being released to the environment.

Emissionsinventory
Substances being released to the environment.

Fugitive emissions
Substances that escape from a source not associated with a specific process but scatter
throughout the plant, e.g., leaks from equipment, dust blown from stockpiles.

Fumes

Are arborne particulates with diameters generdly less than 1 um. They may be formed by
both therma mechanisms (e.g., condensation of volatilised solids, or incomplete combustion)
and chemica processes (e.g., vapour phase reactions). Agglomeration of fume particles may
occur, resulting in the formation of much larger particles.

Genotoxic
Genetic materid.

Halocarbon
A hydrocarbon with some hydrogen atoms replaced by halogen atoms such as chlorine or
fluorine.

Halogenated
Containing one or more haogen atoms, i.e,, fluorine, chlorine, iodine, bromine or agtatine.

Histopathology
Medicine concerned with cause, origin and nature of disease in animal or plant tissues.

Heavy metals
Metas such as lead, arsenic, chromium and nickd.

Herbicide
Chemica poison used to destroy plants, especialy weeds.

Hydrocarbons
Substances composed of carbon and hydrogen only.

Indicator
Something that actsasasign.

Inorganic
Chemicas not containing carbon-carbon bonds.
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Inventory
A detailed, completeligt.

lon

An aom or group of atoms which have gained or lost one or more eectrons and thus, carry a
positive or negative charge.

Lethality

The end point normaly associated with acute toxicity.

L owest observed effect concentration (LOEC)

The lowest measured concentration of an effluent or a toxicant that causes a dgnificant
observed effect on a test organism. The effect measured may differ between tests (eg.,
lethdity, growth reduction).

Macroinvertebrate
Freshwater insects, molluscs, crustaceans, annelids, hydroids and flaworms living amongst
aurficial stream bed substrate or on instream vegetation.

Media
The surrounding in which an organism naurdly lives or grows or an environmenta
compartment.

Micrograms per cubic metre (ug/ms)
One millionth of agram of asubstance in a cubic metre of air.

Milligrams per cubic metre (mg/ms)
One thousandth of agram of a substance in a cubic metre of air.

Mists
Are droplets of liquid suspended in air. They may be formed by the condensation of a vapour,
or mechanicd actions such as the atomisation of liquidsin spray systems.

M obile source
A source of wasteswhich isin motion during its norma operating mode.

M utagen
A substance that causes mutations - changes to the genetic materid in the body.

Nanograms per cubic metre (ng/ms)
One hillionth of agram of a substance in a cubic metre of ar.

No observed effect concentration (NOEC)
The highest measured concentration of an effluent or a toxicant that causes no observed effect
on atest organism.
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Organic
Chemicals containing carbon-carbon bonds.

Organatin

An organic compound containing bondsto tin.

Oxidant, oxidising agent

An oxidant is a substance that accepts electrons during chemical reections.

Oxygenates or oxygenated hydrocarbons
Compounds that contain carbon, hydrogen and oxygen, for example acohols.

PAH
Polycyclic aromatic hydrocarbon.

Periphyton
Group of organisms that grow on surfaces of stable objects in water and includes bacteria,
protozoa, fungi and agae.

Persistent
Does note breakdown easily in the environmertt.

Pegticide
Chemica poisons used to kill pests. Includes herbicides, insecticides and fungicides.

Photochemical reactions
Chemicd reactions that occur in the presence of sunlight.

Photochemical smog
Air pollution formed from the chemicd reaction of nitrogen oxides and reective organic
compounds in the presence of sunlight to produce “secondary” pollutants such as ozone.

Phytotoxicity
Toxicto plants.

Picograms per cubic metre
1 thousand billionth of agram of a substance in a cubic metre of air, soil or water.

PMip& PMys

Particles less than 10 micrometers in diameter (a micrometer is one millionth of a metre); dso
known as “respirable particles’.

Point sour ce emissions
Emissions of wastes from significant, fixed sources such aslarge industrid premises.

Pollutant
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A chemicd that may reduce the qudity of the environment.

Possible car cinogen
Compound that has shown some evidence for carcinogenity in animas but for which there is
no human data

PPB
Parts per billion.

PPHM
Parts per hundred million.

PPM
Parts per million.

Precur sor
A substance which may participate in, or influence, a reaction in the air to produce another
substance.

Probable car cinogen
Compound that has shown some evidence of carcinogenity in humans, or, lacking adequate
data on humans, there is sufficient evidence of carcinogenity in animas.

Reference toxicant

A gandard chemical used to measure the senditivity of the test organisms in order to establish
confidence in the toxicity deta obtained from the test materia. In most instances atoxicity test
with areference toxicant is performed to assess the senditivity of the test organisms a the time
the test materid is evaluated, and the precision of results obtained by the laboratory for that
chemical.

Respirable dust
Corresponds to the fraction of totd inspirable dust that is able to penetrate and deposit in the
lower bronchioles and dveolar region.

Response
Reaction by organism or environment.

Risk factor for carcinogens
The extra risk of getting cancer due to exposure to a particular level of a carcinogenic
substance; set by the USEPA or the WHO.

ROC
Photochemicaly-reactive organic compound. ROCs are those VOCs which are precursors to
ozone.
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Solvent
A substance that dissolves or dilutes another for the purpose of the NPI, asolvent isavolatile
substance composed of hydrocarbons, for example, methylated spirits, petrol, kerosene.

Sour ces of emissions
An activity or process that can lead to the release of a pollutant to the air.

Standard
The legdly permitted concentration of a toxicant in the water. Determined from a considered
judgement of the criteria

Taxa
Species or group of species.

Terpenes
A cdlass of volatile aromatic hydrocarbons.

Threshold effect concentration (TEC)
Calculated as the geometric mean of the NOEC and LOEC.

Toxicity test

The means to determine the toxicity of a chemicd or an effluent using living organisms. A
toxicity test measures the degree of response of an exposed test organism to a specific
chemicd or effluent.

Trivalent
An atom able to bond with three other atoms.

TSP
Tota suspended particles.

USEPA
United States Environmental Protection Agency,

Volatile
Readily evaporates at room temperature.

Volatile organic compounds

Large and diverse group of chemicas, including hydrocarbons oxygenates and halocarbons,
induding 1, 3-butadiene, benzene toluene, xylenes, styrene, some PAHSs, formadehyde,
methyl ethyl ketone, methyl isobutyl ketone, dichloromethane, dichlorobenzene,
tetrachloroethylene and acrylonitrile.

WHO
World Hedlth Organisation.
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WHO guideline values
An indication of the concentrations of a substance to which people may be exposed without
adverse hedlth effects; set by the WHO.
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REVIEW OF PRIORITY TOXIC CONTAMINANTS
LISTS

1. POPs

2. Metals

3. PAHs

4. Solvents

5. Agricultural Chemicals
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TABLE 1. POPs

Type Chem

POPS DDT
Aldrin
Dieldrin
Endrin
Chlordane
Heptachlor
HCB
Mirex
Toxaphene
PCBs
PCDD (2,3,7,8-TCDD)
PCDF (2,3,7,8-TCDF)

Herbicides  Simazine
atrazine
trifluralin
malathion
parathion
2,4-D
2,45-T
paraquat
diquat

CAS

50-29-3
309-00-2
60-57-1
72-20-8
57-74-9
76-44-8
118-74-1
2385-85-5
8001-35-2
1336-36-3
1746-01-6
51207-31-9
122-34-9
1912-24-9
1582-09-8
121-75-5
56-38-2
94-75-7
93-76-5
4685-14-7
231-36-7

EPA  CERCLA PSL

X X X X X X X

X X X X

‘97
13
25
18
39
20
30
93

31
6
66

267
143
238

Canada

NPRI
Canada

TRI
USA

X

x X

X X X X X X

x

OECD
HPV
X

X X X

Rationale

POP, EDC
POP, EDC
POP, EDC
POP, EDC
POP, EDC
POP, EDC
POP, EDC
POP, EDC
POP, global ti
POP, cancer |
POP, cancer |
POP, cancer |

abundance
abundance
abundance
abundance
abundance
abundance

CAS Chemical Abstracts Registry number.

EPA Priority Chemical List (1989).

CERCLA ’97 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The top 275

chemicals are ranked from based on toxicity likelihood of human exposure and prevalence at ‘ Superfund’ sites.

PSL Canada Priority Substances List under the Canadian Environmental Protection Act (CEPA).
NPRI Canada - National Pollutant Release inventory. This inventory system does not include releases of
pesticides/herbicides or currently unregistered chemicals such as PCBs
OECD HPV list This list is from the Organisation for Economic Cooperation and Development (OECD): “X”
chemicals produce or imported in quantities of at least 1,000 tonnes by a member country in 1997. “S’ chemicas
prioritised for the collection of a Screening Information Data Set (SIDS) to permit a more comprehensive risk

assessment.

WMPT Score = The chemicals score extracted from the US EPA Waste Minimisation and Prioritisation Tool
(WMPT) based on the Persistence, Bioaccumulation and Toxicity to humans and ecosystems

EDC: Endocrine Disrupting Chemical
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TABLE 2: Metals

Type Chem

Metals Lead
Mercury
Cadmium
Arsenic
Copper
Zinc
Chromium

CAS

7439-92-1
7439-97-6
7440-43-9
7440-38-2
7440-50-8
7440-66-6
7440-47-3

EPA CERCLA PSL

XX X X X X X

‘97

Canada

NPRI
Canada
X

X X X X X X

TRI
USA

X

X X X X X X

OECD
HPV
X

S

X 0 X

Rationale

Toxic
Toxic
Toxic
Toxic
Toxic
Toxic
Toxic

CAS Chemical Abstracts Registry number.

EPA Priority Chemical List (1989).

CERCLA '97 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The top 275

chemicals are ranked from based on toxicity likelihood of human exposure and prevalence at ‘ Superfund’ sites.

PSL Canada Priority Substances List under the Canadian Environmental Protection Act (CEPA).
NPRI Canada - National Pollutant Release inventory. This inventory system does not include releases of
pesticides/herbicides or currently unregistered chemicals such as PCBs
OECD HPV list This list is from the Organisation for Economic Cooperation and Development (OECD): “X”
chemicals produce or imported in quantities of at least 1,000 tonnes by a member country in 1997. “S’ chemicas
prioritised for the collection of a Screening Information Data Set (SIDS) to permit a more comprehensive risk

assessment.

WMPT Score = The chemicals score extracted from the US EPA Waste Minimisation and Prioritisation Tool
(WMPT) based on the Persistence, Bioaccumulation and Toxicity to humans and ecosystems
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TABLE 3 PAHs

Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources
Cancer, ongoing sources

Type Chem CAS EPA CERCLA ‘97 PSL NPRI TRl OECD Rationale
Canada Canada USA HPV
PAHs naphthalene 91-20-3 X 72 ) X S
acenapthylene 208-96-8 X )
acenapthtene 83-32-9 X 155 ) X
fluorene 86-73-7 X 260 )
phenanthrene 85-01-8 X 232 ) X
anthracene 120-12-7 X 265 ) X X X
fluoranthene 206-44-0 X 96 )
pyrene 129-00-0 X 236 )
benzo(a)anthracene 56-55-3 X 38 )
chrysene 218-01-9 X 116 ) PAHs
benzo(b)fluoranthene 205-99-2 X 9 )
benzo(k)fluoranthene 207-08-9 X 59 )
benzo(a)pyrene 50-32-8 X 8 )
indeno(123cd)pyrene 193-39-5 X 177 )
dibenzo(ah)anthracene 53-70-3 X 17 )
benzo(ghi)perylene 191-24-2 X )

Cancer, ongoing sources

CAS Chemical Abstracts Registry number.

EPA Priority Chemical List (1989).

CERCLA ’97 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The top 275
chemicals are ranked from based on toxicity likelihood of human exposure and prevalence at ‘ Superfund’ sites.

PSL Canada Priority Substances List under the Canadian Environmental Protection Act (CEPA).

NPRI Canada - National Pollutant Release inventory. This inventory system does not include releases of
pesticides/herbicides or currently unregistered chemicals such as PCBs

OECD HPV list This ist is from the Organisation for Economic Cooperation and Development (OECD): “X”
chemicals produce or imported in quantities of at least 1,000 tonnes by a member country in 1997. “S’ chemicals
prioritised for the collection of a Screening Information Data Set (SIDS) to permit a more comprehensive risk
assessment.

WMPT Score = The chemicals score extracted from the US EPA Waste Minimisation and Prioritisation Tool
(WMPT) based on the Persistence, Bioaccumulation and Toxicity to humans and ecosystems
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TABLE 4: Solvents
Type Chem CAS EPA CERCLA PSL NPRI TRI OECD Rationale
‘97 Canada Canada USA HPV

Solvents hexachlorobutadiene 87-68-3 X 19 (2) X S common
benzene 71-43-2 X 5 T X X S petroleum, «
toluene X X S petroleum, «
xylenes 1330-20-7 83 N X X X petroleum,
trichlorobenzene 12002-48-1 X X X
tetrachloroethylene 127-18-4 X 33 T X X X

Other asbestos 132207-33-1 X 86 X human tox
Substance 1080 62-74-8 X abundance,
PCP 87-86-5 X 45 X toxic, dioxin
endosulfan 115-29-7 X 53 X
alachlor 15972-60-8 X
nemagon (DBCP) 96-12-8 54 X
methyl bromide 74-83-9 X X S
Bis(2-ethylhexyl) phthalate 117-81-7 X X S EDC
Butyl benzyl phthalate 85-68-7 X S EDC
Di-n-butyl phthalate 84-74-2 X X S EDC
Diethyl phthalate 84-66-2 X X EDC
Dimethyl phthalate 131-11-3 X X X EDC
Di-n-octyl phthalate 117-84-0 X X EDC

CAS Chemical Abstracts Registry number.

EPA Priority Chemical List (1989).

CERCLA '97 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The top 275
chemicals are ranked from based on toxicity likelihood of human exposure and prevalence at ‘ Superfund’ sites.

PSL Canada Priority Substances List under the Canadian Environmental Protection Act (CEPA).
NPRI Canada - Nationa Pollutant Release inventory. This inventory system does not include releases of
pesticides/herbicides or currently unregistered chemicals such as PCBs
OECD HPV list This list is from the Organisation for Economic Cooperation and Development (OECD): “X”
chemicals produce or imported in quantities of at least 1,000 tonnes by a member country in 1997. “S’ chemicals
prioritised for the collection of a Screening Information Data Set (SIDS) to permit a more comprehensive risk
assessment.
WMPT Score = The chemicals score extracted from the US EPA Waste Minimisation and Prioritisation Tool
(WMPT) based on the Persistence, Bioaccumulation and Toxi city to humans and ecosystems

EDC: Endocrine Disrupting Chemical

TABLES5:  Agricultural Chemicals
Type Chem CAS EPA CERCLA ‘97 PSL Canada NPRI TRI OECD Rationale
Canada USA HPV
Agric. Chlorothalonil 1897-45-6 X Abundance
Chemicals diazinon 333-41-5 100 X X EDC
dinoseb 88-85-7 X X Abundance
isazophos 42509-80-8
lindane(gamma-HCH) 58-89-9 X 32 X X  POP
permethrin 52645-53-1 X
phorate 298-01-2 206
benomyl 17804-35-2 X
carbaryl 63-25-2 X
maneb 12427-38-2 X X
metolachlor 51218-45-2
oryzalin 19044-88-3 X
chlorfenvinphos 470-90-6
chlorpyriphos 2921-88-2 120
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Paper
Industry

coumaphos
cyhalothrin
cypermethrin
deltamethrin
dichlofenthion
propetamphos
nonyl phenols
alkys phenols
resin acids
chlorinated guiacols etc
chloroacetic acids
chloro resin acids

56-72-4

91465-08-6
52315-07-8
52918-63-5
97-17-6

31218-83-4
25154-52-3

&)

S

EDC
EDC
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TABLES:  Agricultural Chemicals (Cont’d)

diterpene hydrocarbons
EDTA 60-00-4 S
Mining cyanide 57-12-5 269 X toxic

CAS Chemical Abstracts Registry number.

EPA Priority Chemical List (1989).

CERCLA '97 Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). The top 275
chemicals are ranked from based on toxicity likelihood of human exposure and prevalence at ‘ Superfund’ sites.

PSL Canada Priority Substances List under the Canadian Environmental Protection Act (CEPA).

NPRI Canada - Nationa Pollutant Release inventory. This inventory system does not include releases of
pesticides/herbicides or currently unregistered chemicals such as PCBs

OECD HPV list This list is from the Organisation for Economic Cooperation and Development (OECD): “X”
chemicals produce or imported in quantities of at least 1,000 tonnes by a member country in 1997. “S’ chemicals
prioritised for the collection of a Screening Information Data Set (SIDS) to permit a more comprehensive risk
assessment.

WMPT Score = The chemicals score extracted from the US EPA Waste Minimisation and Prioritisation Tool
(WMPT) based on the Persistence, Bioaccumulation and Toxicity to humans and ecosystems

EDC: Endocrine Disrupting Chemical
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EPI TOXICSPROGRAMMES: CASE STUDIES

The Great Lakes

USEPA Environmental Indicators

State of North Carolina

Chesapeake Bay Programme

International Mussel Watch

NOAA National Statusand Trends Program - Sediment

oSk wdNPE

11. 1. THE GREAT LAKES

General

The Great Lakes contain 20% of the worlds freshwater and an estimated 20% of the United
States population lives within the Great Lakes drainage basin. The large populations centres
including Detroit, Chicago, Green Bay and Toronto are known for their heavy indusry. In
addition the access to the sea via the St Lawrence river from Minnesota to the Atlantic Ocean
hes lead to a concentration of indudriad activity in the region. This indudridisaion in
conjunction with the lakes dow water turn-over rate has lead to the accumulation of high levels
of awide range of toxic contaminants within the Great Lakes ecosystem. As such, the Gresat
L akes ecosystem represents a system severdly impacted by environmenta contaminants.

Agreements

The trans-boundary nature of the Great Lakes ecosystem was acknowledged by the United
States and Canada with the dgning in 1909 of the “Boundary Waters Treaty” which
established the Internationa Joint Commission (1JC) to administer the use and preservation of
the Great Lakes. Growing concern over pollution in the ecosystem led to the signing of “The
Great Lakes Water Qudity Agreement” in 1972. This agreement committed the two
governments to “...restore and maintain the chemicd, physcd and biologicd integrity of the
Great Lakes Basin Ecosystem ..”. The most significant toxic contaminants were aso identified
in revisons of the agreement in 1978 and 1989 (refer to section 2). In particular the 1989
revison caled for the *virtud dimination’ of discharges of persastent organic compounds to the
lakes and aso specified required monitoring activities.

Contaminants

The contaminants of particular concern in the Great Lakes ecosystem are persistent organic
compounds that have accumulated in sediments and act as an ongoing source of contamination
within the Great Lakes. Mogt notable of the contaminants are the PCBs however dioxins and
arange of pesticides and other organic compounds pervade the lakes. Heavy metdsare dso
of concern in some locations.
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Current levels of contamination in the Great Lakes have decreased consderably from peak
levels but it now appears that contaminant levels are stabilisng. Thisis of concern as current
leves of contamination are gill resulting in adverse effects in various wildlife species.  In
addition flood events mobilise contaminated sediments and can lead to catastrophic effects on
wildife (Ludwig, et al. 1993).

Effects

During the 1960s and early 1970s adverse effects of chemical contamination in the Gresat
Lakes ecosystem were fird observed. Mot notable were the depletion of lake trout
(Salvelinus namaycush) stocks and the near extirpation of fish egting water birds from the
lakes. The latter effect was primarily due to poor reproductive success caused by DDT group
compounds causing egg-shdl thinning (Ludwig & Tomoff 1966).

With the virtud eimination of DDT from use there has been a congderable resurgence of fish
egting water-birds to the Great Lakes over the past two decades (Ludwig 1984). However
aong with increased nesting success there has been a dramatic incresse in hard tissue
deformities noted in young water birds (Gilbertson, Kubiak, et al. 1991). Intensve sudieson
these populations have identified TE from dioxins and PCBs as the causdtive agent
(Gilbertson, et al. 1991) (Giesy, et al. 1994).

Samonid stocks in the Great Lakes were previoudy of sgnificance both for recregtiond and
commercid fisheries. Depletion of these stocks was hastened by the invasion of sea lamprey
into the lakes. To replenish the once abundant salmonid stocks, the United States have been
involved in stocking with Peacific sdmon for many years. However limited natural reproduction
of these species has occurred. Much research has been conducted on this phenomenon and
the “blue sac diseasg” syndrome which kills most fry at the time of ‘swim-up’ has again been
demongtrated to be related to toxic contamination mainly due to dioxin like chemicas (Mac, et
al. 1993). The accumulation of the contaminants by the growing fish is followed by depostion
of the contaminants in eggs which then results in poor viahility of the fry. So severe were the
population level effects of this contamination that despite rapidly decressing levels on
contamination over the past decades it was not until the mid-1990s that the firgt ‘naturdly’

produced lake trout fry was identified in the Great Lakes.

The presence of high concentrations of contaminants in salmonids aso produces significant
risks in species which feed on these species and other fish. This is particularly the case for
mink and bald eagles which take advantage of the annud spawning runs of sdmonids. Severd
studies have demondgtrated that access of these species to Great Lakes contaminated fish
severely reduces reproductive success. Studies are on-going to findise the cause-effect
relaionship between persstent organics pollutants and these adverse effects (Bowerman, et
al. 1995); (Heaton, et al. 1995).
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The effects of environmenta contamination on humans living in the ecosystem have are dso
being invedtigated. In a cohort sudy of children born to mothers consuming sgnificant
amounts of fish caught from the Great Lakes (Jacobson, et al. 1990) (Jacobson, et al. 1990).
This study has demongtrated subtle but sgnificant dterations in the cognitive ability of children
whose mothers consumed sgnificant amounts of Greet Lakes fish containing PCBs (Jacobson,
Jacobson, et al. 1990).

Monitoring and Resear ch

There has been extensive monitoring and research carried out on the Grest Lakes ecosystem.
Much of this research is over-seen and/or funded by various government agencies. The
assessment of chemica concentrations has been extensvely used to characterise contaminated
areas and to attempt to provide a ‘mass-baance for inputs and exports from the various
aress of concern.

Due to the observed adverse effects in wildlife much monitoring has focused on the
concentrations of contaminants in the tissues of wildlife.  Probably the mogt significant
monitoring data group is that on contaminant concentrations in fish tissue DeVaullt, et al.
1986). This arises from the concern for public hedth due to consumption of sport fish. The
high levels of contamination in these fish in many case require the issuing of “Fsh Consumption
Advisories’ a the date level and some limitations on the interstate trade in fish @ the federa
level. The number and extent of such fish consumption advisories have been suggested as an
environmentd indicator for the Gresat Lakes ecosystem.

Ancther ggnificat result of the extensive research on Great Lakes wildlife has been the
edtablishment and use of wildlife tissue banks (Turle, et al. 1991). Such tissue banks have
dlowed the identification of time trends in contamination (Turle, Norstrom, et al. 1991)
(Wadller, et al. 1995) and this data has demongtrated an apparent levelling-off in the dedinein
contaminant concentrations (Stow 1995).

Data Presentation

Information on the Canadian performance indicators is available on the world-wide web at
(http://199.212.18.79/~ind/English/Toxic/Bulletin/tx_toc_ehtm) dong with other information
on environmental performance indicators. As well as a brief discusson of toxic contaminant
issues the datais presented in smple graphica format.

The monitoring activities on the Great Lakes is avalable from the USEPA Great Lakes
National Programme Office at http:/Aww.epagov/glnpo/monitor.html. Thislocation provides
both scientific data on research/monitoring activities and data more applicable to environmenta
indicators such as beach closures.

Informetion and reports from the 1JC are available a http://Amww.ijc.org/.
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Water Quality Monitoring

Through the Great Lakes Water Quality Agreement, the United States and Canadian
Governments have committed to restore and maintain the chemica, physica and kologica
integrity of the waters of the Great Lakes. Studies on the Great L akes have been on-going for
more than 30 years. The Internationa Joint Commission, identified indicators to evauate the
Agreements progress and an Indicators task force was established in 1993 to assg in
developing the framework with particular emphasis on integrative indicators of ecosystem

integrity.

The assessment of indicators (Internationa Joint Commission 1996) examined a wide range of
indicators. In relaion to toxic contaminants, a range of diverse desired outcomes were
identified (ranging from swimming and angling through to ecosystem and human hedlth) from
which a short ligt of possible indicators were identified. Of the indicators few related directly
to water quaity. Theseincluded:

In relation to Swimming: Beach closings due to persstent toxic contaminants.

A number of other areas included indicators that indirectly related to water quality. These
included:

In relation to aesthetics and perception: Reductions in loadings and concentrations of
chemicas, Expenditures for public waste water treatment.

In reation to wildlife health: Contaminant levasin tissues.

In relation to commercial and subsistence fishing: Number of closures due to persistent
toxics.

Overdl, deveopment of an integrated indicators programme has been a recent advent within
the Great Lakes programme. The development of the indicators programme has resulted in
the development of integrated indicators with no specific indicators involving actud toxics
monitoring in water.

Biological Performance Indicators

Canada has introduced two environmenta indicators of the contamination of aquatic food
chains with organic contaminants. Theseindicators are:

Contaminant Levelsin Double-Crested Cormorant Eggs: DDE and PCBs

Contaminant Levelsin Double-Crested Cormorant Eggs. Dioxinsand Furans




Page 11

The fact that the indicator species chosen has a natiorrwide digribution is important in
alowing comparison between regions.  The fact that the cormorant is near the top of the
aquatic food chain so means it acts as an integrator and concentrator of contaminants over
relatively wide aress.

These indicators are of considerable relevance to the Great Lakes as the organic contaminants
monitored are currently the mgjor cause for concern in this ecosystem. The historic data from
studies of this species demonstrated a steady decline in contamination up to the early 1990s.
Thereafter the decline has decreased and a dight increase has been suggested in some studies.
Cormorants are aso included in regiond indicator programmes such as the Fraser River in
western Canada

The United States has not yet established federd indicators pertaining to the Great Lakes.
The development of these indicators is currently in progress and due for completion a the
State of The Lakes Ecosystem Conference (SOLEC) '98 in October 1998. It isintended that
the Great Lakes indicators will be presented a this conference.  Among the proposed
indicators for the regon are severd relating directly to toxic contaminants that have been
determined by severa inter-governmental agencies such as the 1JC and the Great Lakes
Fisheries Commission (GLFC). Proposed indicators/goas include:

Thevirtud dimination of inputs of toxic contaminants (1JC).

Toxic contaminantsin lakes Erie and Michigan (GLFC).
Fish consumption advisories in lakes Superior Erie and Michigan (GLFC).

12. 2.
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USEPA ENVIRONMENTAL INDICATORS
Water Quality

The USEPA has developed indicators to measure progress towards a series of milestones for
12 nationd goals that set a 10 year target to be reached by the year 2005 (USEPA 1996).
Each of the milestones uses water quality indicators to measure progress. Five water quality
objectives specify how the nationd gods are met. These are noted below. Indicators are
used to measure the progress to meeting the water quaity goas, milestones and objectives.
The information produced provides indications of trendsin environmenta qudlity.

Objective 3: Support uses designated by the Statesand Tribesin their water quality
standards.

State tribd water quality standards establish the gods of and provide the requirements for the
US nationd weater qudity - based improvements programs. States are required under the
Clean Water Act (section 305b) to assess and report on the degree to which surface watersin
their State support their designated uses. Results are provided to the USEPA every 2 years.

Indicator 10b: Fish and shdllfish Consumption Designation Use

The indicator identifies the % of assessed water bodies that have atained shelfish
consumption use designated by States and tribes as part of their water quaity sandards. The
results are provided to and published by EPA. In the 1994 inventory, 9% of the assessed
river and streams (17% of the US streams and rivers were assessed), 82% of assessed lakes
and reservoirs and 92% of estuaries provided fish safe for human consumption. 74%
of assessed estuaries provided shellfish safe for human consumption. The results reported in
the nationd Inventory are used to track changesin the indicator. The USEPA notes however,
that States and tribes do not use identical methods to survey or to assess compliance even
though efforts have been made to develop smilar benchmarks to alow better comparison of
informetion.

The question has been raised by the USEPA as to whether the indicator provides a fair
representation of waterways in the United States because of bias towards particular types of
waterways with suspected or actual pollution problems.

In relation to toxic contaminants, the USEPA program shows that sources of pollution (e.g.,
urban stormwater, point sources) contributes to excessve concentrations of persistent
contaminants in fish and shdllfish and that these contaminants accumulate in sediments.
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Indicator 10c: Recreation designated Use

As with indicator 10b, this indicator provides information on water qudity as it pertains to a
designated use. Theindicator does not directly provide information on toxic contaminants.

Indicator 10d: Aquatic life designated use

As with indicator 10b, this indicator provides information on water qudity as it pertains to a
designated use. In the 1994 National inventory, 69, 69 and 70.5% of assessed rivers, lakes
and estuaries met their aquatic life designated uses.

As with other indicators there are limitations in the use and interpretation of the information
collated. The USEPA is endeavouring to further define aguatic life uses and habitat types and
improve monitoring tools.

USEPA tracks toxic contaminant concentrations via state monitoring in relation to designated
uses of surface waters.

Objective 4. Conserve and improve ambient conditions

Measures of ambient water qudity evauate the overdl impacts of various sources of pollution
and stressors. The measurement can be seen as providing information about potentiad risk to
human hedth and potentid risk to ecosystem hedth.

USEPA consdered that the measurement of water quality indicators completes the picture of
how water quality objectives support and build upon one another.

The United States does not have a linked national water quality monitoring programme that
can provide gatidticdly vaid picture of water qudity. In its absence separate sets of water
qudity data need to be collated and examined.

States within the United States report to the EPA, data on pollutants found in ambient weaters
when assessed.  That data when compiled dlows a statement to be made on the generd
qudity of water bodies (whether impaired or not).

USEPA 1995 reported that metals were responsible for impairment in 9%, 21% and 17% of
miles (or acres in the case of lakes) examined in estuaries, lakes and rivers.  Pegticides
accounted for 11% of the impaired acresin lakes. Priority organic toxic chemicals accounted
for 10% and 8% of the impaired miles (or acres) in estuaries and lakes respectively.

Indicator 12: Surfacewater pollutants
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EPA tracks a number of congtituents in surface water as a measure of trends in surface water
qudity. None of these are toxic contaminants. The parameters are dissolved oxygen,
dissolved solids, suspended solids, nitrate, total phosphorus, faeca coliforms.

EPA uses data from the USGS Nationa Water Quadity Assessment Program monitoring
database to examine trends. Data has been examined from 1980 to 1989 and covers up to
424 Sations.

EPA has indicated thet it intends to track a number of toxic contaminants via this indicator
programme. These include: cadmium, copper, lead, mercury, phenol and tota residud
chloride. In addition, the programme will also track ammoniain addition to other conventiona
pollutants.

A wide variety of water quality data bases are available in the United States which can be
used to track trends in water qudity. The available data bases have been summarised by
Parker (19963, b).

As such the current program does not track trends in the concentration of toxic contaminants
in surface waters. It isintended to include a selected group of contaminants in the program.

Indicator 13: Selected coastal surface water pollutantsin shellfish

EPA identified this specificaly because of the importance of estuarine aress to people (ports
and towns) and to marine organisms (nursery areas €tc.).

NOAA collects data on the concentration and effects of persstent contaminants in coastal
waters of the United States. The data collected comprises information on six key
contaminants at 140 locations around the United States.  Shellfish were selected because of
their importance in both human food source and because of the important role they play in
estuarine and coastal food webs.

Shellfish are good indicators of contaminants presence in coasta waters because they filter
water as they feed and as such they tend to integrate contaminant concentrations from food
and water.

The contaminants included are three metas (copper mercury and lead) and organic chemicals
(PAHs, DDT and PCBs). USEPA (1996) indicates that dioxins are being added to the toxic
contaminants being measured.

Sdected priority metals and organic compounds are monitored in shellfish as an integrated
reflection of surface water quality (refer sections 4.4.3 and 4.4.4). The indicator data is
obtained through programmes co-ordinated by NOAA.
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Objective 5: Reduce or prevent pollutant loadings and other stressors

Water qudity is affected by a range of stressors. A number of indicators were identified that
relate to pollutant loads. The system in the United States uses regulations and permit limitsto
control point source discharges. Indicators were identified to measure progress in controlling
both non-point and point source pollution.

Indicator 16a: Selected point source loadingsto surface water

For surface waters, the mgor point sources of pollution are sewage trestment plants, industrial
discharges and stormwater discharges. The USEPA Permit Compliance System (PCS)
contains information on a range of toxic contaminants. The data in the permits has the
capability of providing data on changes in loads to surface waters.

Data from the PCS indicated for one of two key pollutants monitored (Biological oxygen

demand and lead), that in 1995, 48% of States within the United States reported that |oads of
lead were decreasing or stable while 52% reported increasing loads. Information is available
on other contaminants. It is intended to include cadmium, copper, mercury, phenol, total

resdua chlorine and ammonia in the assessment lig (in addition to other conventiona
pollutants). USEPA (1996) identified a number of limitations to the permit assessment system
and consdered that revisons to the permitting system would be necessary to alow the data to
be better used within the indicator programme.

Overview

The USEPA has deveoped an indicators programme that is focused on providing information
in relation to a series of specific objectives that relate to the provision of clean water for human
and ecosystem hedth. To date, the focus of the programmes has not been a the direct
measurement of toxic contaminants in waters athough this is changing with the introduction of
key contaminants into a number of indicator programmes. Toxic contaminants in surface
waters is primarily dedt with through ther measurement in shdlfish (as integrators) and
sediments (as asink).

Sediment Quality

The USEPA indicators programme under objective 4 (Conserve and Improve ambient
Conditions) includes the assessment of sediment quality as awater qudity indicator.

Indicator 15: Contaminated Sediments
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The USEPA use the indicator as potentid risk to ecologica and human hedth. The % of
concentrations exceeding risk levels provides the bass of the indicator. The data is collected
as part of the National Sediment Inventory (NSI). The USEPA report to congress every 2
years as to sediment quaity around the United States. The USEPA acknowledges that
athough the data base is large that the data represents only a small part of the United States.
The NSI (USEPA 1997), was established to provide a nationd screening-level assessment of
contaminated sediment over atime period of the past 15 years. The NSl inventory was based
upon a number of mgjor agency databases and other published data. The approach used in
the evauation focused upon the risk to benthic organisms exposed to contaminated sediments,
the risk to human consumers of organisms exposed to sediment contamination. A range of
different aquatic life and human hedth criteria were used in the assessment.  The sampling
programme focused upon areas of probable concern in relation to adverse effects associated
with the presence of contaminants in sediments.

The NSl includes data on some 230 different chemicals or chemica groups.

The NSI has shown that elevated concentrations of the key contaminants PCB, mercury, DDT
and PAHs were most commonly associated with probable adverse effects at a Tier 1 site. It
should be noted that divalent metals other than mercury were not used to categorise Stes with
probable adverse effects unless the Ste had data on the amount of acid volatile sulphide.

The USEPA NSl provides a nationd picture of sediments qudity as it relates to effects on
benthic biological communities. Sites are dassfied into 3 tiers. Tier 1 being a Ste where
associated adverse effects are probable; Tier 2 being a site where associated adverse effects
are possible but expected infrequently and Tier 3 being aSite asite where thereis no indication
of adverse effects. The NSI data base has been developed based upon data collected up to
1993.

13. 3.
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STATE OF NORTH CAROLINA

The State of North Caroling, initiated the concept of an EPl programme for the state in 1988.
In 1992, the State Center for Hedlth and Environmental Statistics within the Department of
Environment, Hedlth, and Naturd Resources began developing the indicators programme.

The programme has been running since 1993 and was initidly limited to air, water and waste.
The indicators data for the period 1989 to 1993 is summarised in DEHNR (1994). The
indicators assessment programnme has a strong emphasis on use-imparment. Comments are
provided in relation to air quaity and drinking water.

Messurement of contaminants such as carbon monoxide is carried out for North Carolind's
ambient ar qudity monitoring network. Data is entered into the USEPA Aerometric
Information Retrievad System. The data is assessed for exceedence of air quality standards
and ar qudity trends. It is noted by DEHNR that the evaluation of sandards violationsis not
sufficient to assess overal trendsin air quaity. The collected datais dso used to identify areas
on non-attainment. Non-attainment is aforma administrative process under the Clean Air Act
and requires that control measures be implemented to eliminate non-attainment. The DEHNR
also monitors radioactivity as there are a number of nuclear power plants, research reactors
and fabrication plantsin the State.

In relation to drinking water, maximum contaminant levels (MCLS) are set under the Federa
Safe Drinking water Act in the US. The North Carolina Drinking Water Act, requires regular
monitoring of drinking water quality. Contaminants such as trihdomethane and lead are key
toxic contaminants monitored and compared to the MCLsin the Drinking Water Act.

14. 4.
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CHESAPEAKE BAY PROGRAMME

The Chesapeske Bay Programme has an EPI programme associated with it to evauate the
progress in the Chesgpeake Bay restoration effort and disseminate the information obtained in
the programme to the public and other parties. The hierarchy within the EPl conggts of a
seriesof levels

oSk wdNPE

Actions by EPA/State regulatory agencies.
Responses of the community.

Changes in discharges’emission quantities.
Changes in ambient conditions.

Changes in uptake and or assamilation.
Changes in health, ecology or other effects.

Within the hierarchy, identifies toxics as an area of focus (in addition to nutrients and living
resources). The EPl programme tracks a number of toxic contaminant related indicators. For
example

Industry reported releases and transfers of toxic contaminants.
The area under integrated pest management.

Pegticide collection, disposal and container recycling programmes.
Bad eagle population counts.

Consumption bans and advisories.

Kepone in finfish tissues.

Dedines in oyger tissue contaminants.

Tributyltin concentrations.

Trendsin rainfdl meta concentrations.

Copper concentrations in sediments.

Benzo[a]pyrene concentrations in sediments.

The Chesgpeske Bay programme can be found on the world-wide web at
http:/AMnww.chesapeskebay .net/bayprogram/measure/ and useful information on the indicators
programme at http://www.chesapeakebay .net/bayprogram/measurefindicatr/

indover.html.

15.

5.
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INTERNATIONAL MUSSEL WATCH
History

The “mussdl watch” programme was origindly established by the USEPA in 1970 to assess
the extent of chemica contamination in US coastd waters. Samples for this programme were
collected from about 100 coastal Sitesin 1976-1978. In 1986 NOAA initiated the National
Status and Trends (NS&T) Mussel Watch programme.  This programme samples and
andyses bivave samples from 200 coagtd Sites on a biennid bass (Lauengtein 1995). As
wel as immediate sample andyds sub-samples of tissue are archived for possble future
andyss. This procedure is seen as criticd to any monitoring programme as it dlows for
retrogpective andysis of any “new” environmenta hazards and dso dlows for re-andyss of
previous samplesin light of recent advancesin technology (Lauenstein 1995).

As wdl as the mussel watch programme the NS&T programme monitors sediment
concentrations of contaminants a some of the same dtes.  “The Benthic Survelllance
Programme’ is another componert of NS& T and monitors chemica concentration in fish
tissues and biologica responses of the fish to that contamination (the sediment programme is
discussed below). Such large scale monitoring programmes are of course expensive.  For
example, the west coast portion of the Benthic Survelllance Programme cogts in the region of
$US 1,000,000 per year. In view of the rdeively low levels of contamination in the New
Zedland environment and the size of the New Zedland economy, such programmes would be
cost prohibitive.

Scope

The NS&T program covers 240 stes in dl the States within the United States with a coast
line. The ‘mussd watch’ portion of the programme measures a range of chemica
contaminants in both mussel and oydter tissues. Chemicas andysed include 16 metds, 24
polycyclic aromatic hydrocarbons, 6 DDT group compounds, 11 chlorinated pesticides, 18
PCB congeners and organotin compounds.

The analyses for the program are caried out by a vaiety of participating laboratories.
Andyticd procedures are tightly specified to ensure comparability of results between
laboratories. Data handling and presentation are managed by NOAA.

Indicators

NOAA does not use any “performance indicators’ terminology in relation to the mussd watch
programme. However the large extent of the programme makes it an ided data set for
extracting environmental performance indicators. Aswell as scientific publications (Farrington,
et al. 1983) (Goldberg, et al. 1978) (Lauenstein 1995) much of the information and raw data
is avalable on the world-wide web (at (http:/Aww-
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orcanos.noaa.gov/projects/nsandt/nsandt.ntml).  This Site provides an extensve overview of
the programme in lay terms as well as detailed scientific information. To fadilitate lay uptake
detigtica terms are explained and data results are provided in smple grgphical form. As an
example, the overdl trends in heavy metd contamination are provided in Table 5.1 as
increases or decreases and in addition, the overall trend from 1986 to 1990 is presented.

TABLE 5.1: National trends in heavy metal in molluscs tissue 1986/1990. United
States National Status and Trends programme.

Period

Contaminant | 86/87 87/88 88/89 89/90 86/90

TBT D

Ag

As

Cd

o|o|0|'

Cr

Cu : : : : :

Hg -

U 1

Ni

Pb

O|o(O]|!

Se - |

Zn

0|0

Total PCB

O
O

Total DDT

O

Chlordane

Total PAH - - D

Note: D: Decrease. I: Increase.

The extengve data set dso dlows the identification of contamination ‘hot-spots. Thisandyds
is carried out by calculating the geometric mean for al Stes and defining a*high' concentration
as that mean plus one stlandard deviation (refer Table 5.2).

This gpproach immediately highlights “areas of concern” or areas deserving priority for future
monitoring and/or remedid actions. The log norma distribution of contaminant concentrations
aso clearly demondtrates the presence of hot-spots, a norma distribution of data points would
indicate a an even distribution of contaminants.

I nter national | mplementation

Since it's inception in the USA the Mussel Watch programme has been extended
internationally to become “The Internationd Mussd Watch Programme”. This programme
involves the Inter-Governmenta Oceanographic Commission (I0C) of UNESCO, UNEP and
NOAA. Theinitid phase of this programme was launched in Latin America and the second
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phese is currently being formulated for the Asa/Pacific region. The leader of the Asa Pacific
initiative is Prof. Shinsuke Tanabe of Ehime Universty in Japan.

TABLE 5.2: Example of toxic contaminant data in molluscs in the NS & T
programme (all data dry weight).
Chemical Geometric "High"
M ean
Molluscs (M ussels and Oyster s)
As 10pg/g 17 pg/g
Cd 2.7 ug/g 5.7 ug/g
Hg 0.094 pg/g 0.24 ug/g
Ni 1.7 pgg 3.3 ug/g
Se 25 ug/g 35 ug/g
tPAH 260 ng/g 890 ng/g
LMW 110 ng/g 280 ng/g
HMW 190 ng/g 650 ng/g
tDDT 37 ng/g 120 ng/g
tPCB 110 ng/g 470 ng/g
tChlordane 14 ng/g 31 ng/g
tButyltin 81 ng/g 350 ng/g
Mussels only
Ag 0.17 ug/g 0.58 ng/g
Cr 1.7 ug/g 3.0 ugg
Cu 8.9 ug/g 11 ug/g
Pb 1.8 ug/g 4.3 ug/g
Zn 130 ug/g 190 pg/g
Oystersonly
Ag 19 ugig 3.7 g9
Cr 0.48 ug/g 0.93 ug/g
Cu 130 ug/g 360 pg/g
Pb 0.52 ug/g 0.94 ng/g
Zn 2400 ug/g 5200 pg/g

As well as this co-ordinated effort severd groups have used the mussel watch concept to
monitor tempord (Picer & Picer 1990) and gspatid (Tavares, et al. 1988) trends in
contamination of marine ecosystems.

16. 6.



Page 22

NOAA NATIONAL STATUS AND TRENDS
PROGRAM - SEDIMENT

Sediments were specificaly identified in the USEPA case study in Section 5.2.2 above.

Marine sediments are included in that programme. The NOAA Nationd Status and Trends
Program has monitored coastd sediment contamination since the mid-1980s. The data has
linked contaminant concentrations to adverse effects in a number of specific locations. This
work is specificdly focused on toxic contaminants in the coastd environment in particular
harbours and estuaries (refer O’ Connor 1990).

The NOAA Status and Trends Program measures the concentration of a number of metas
(cadmium, chromium, copper, lead, mercury, slver and zinc) and organic compounds (DDT,
Tota chlordane, Tota PCB and Tota PAH) in sediments. Since 1988 total PCB data has
been obtained from the sum of the concentration of 18 individud PCB congeners and Totd
PAH data has been obtained from the sum of 18 individual PAH compounds.

The NOAA data provides information on the spatid digtribution of the key contaminants. One
of the key difficulties with the assessment of tempord trends in the sediment data is that the
concentration is dependant upon the rate of sedimentation and the degree of bioturbation. As
such two stes sampled to the same depth can represent different periods of time integration in
relation to the contaminant present.

The NOAA programme has produced a huge database of toxic contaminants in sediment
around the United States. The data provides a picture of coastal sediment contamination on a
regiond and naiond bads. There are condderable difficulties in utilising the data for fine trend
andlyss without further detalled or refined sampling and supplementary information collection.
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Tablel. Major aquatic contaminant sources and environmental
monitoring studies in New Zealand. (Source C Hickey,
NIWA, 1998)
Industry Contaminants References

agricuture NH3, H2S, Cd, peticides [1-14]

- dary

- tannery

- piggery

- horticulture
mining heavy metals, suspensoids [15-18]
forestry resin acids, chlorinated organics, | [7,19-33]

- pulp and paper dioxins.

- timber trestment Cu, Cr, As, PCP, chlordane.

- forestry operations
geothermal Hg, As B [34-37]
sormwaters heavy metals, PAH, | [38-42]

suspensoids
harbour dredging heavy metds, organics [43-46]
municipal wadtes NH3, H2S, pedticides [47]
municipa wastes various [48-50]
estuarine sediments various [46,51-74]
marine biota various [58,75-86] [87-108]
marine waters Various [109]
freshwater sediments various [25,29,30,49,60,68,110-
119]

freshwater biota various [78,118,120-144]
freshwaters various [35-37,113,145-159]
groundwater various [160-163]
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esuarine birds

vaious

[164,165]

ource reviews

vaious

[15,34,166-169]
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The U.S. Geological Survey's National Water-Quality Assessment
(NAWQA) Program for Evaluating Contaminants in Tissues of
Freshwater Biological Organisms (Crawford & Luoma, 1994").

Beginning in 1986, Congress annudly appropriated funds for the U.S. Geological Survey
(USGYS) to test and refine concepts for a National Water-Quality Assessment (NAWQA)
Program. The godsfor afull-scae programme are to:

1. Provide a nationally consstent description of current water-qudity conditions for a large
part of the Nation's water resources,

2. Define long-term trends (or lack of trends) in water qudity; and

3. ldentify; describe, and explain, as possble, the mgjor factors that affect observed water-
quality conditions and trends.

This information, would be made available to water managers, policy makers, and the public
to provide an improved scientific bass for evaduating the effectiveness of water-qudity
management programs and for predicting the likely effects of contemplated changes in land-
and water-management practices (Crawford & Luoma, 1994).

Biologicd measurements will be used in the surface-water component of NAWQA to assst in:

1. Determining the occurrence and distribution of waters contaminated by faecd materid,;
Determining the occurrence of potentialy toxic substances, including trace ements and
organic compounds, through the use of tissue anayses,

2. Assessing the relaions between the physical and the chemical characterigtics of streams
and the functional or structurd aspects of the biological community through ecologica
surveys, and

3. Defining and quantifying biologica processes that affect the physicd and chemica aspects
of water quality.

Specific approaches to address these objectives have been developed and tested in the pilot
program (Crawford & Luoma, 1994).

" Crawford, JK.; Luoma, S.N. 1994. Guidelines for studies of contaminants in biological tissues for the
National Water-Quality Assessment Programme. U.S. Geological Survey.
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A summary of these characteristics, with some modifications appropriate for NAWQA1 is
shown below.

1. Concentrations of chemicals in the test organism should be responsive to environmenta
EXPOoSUres.

2. Uptake of contaminants by the test organism should be rapid relaive to release or
metabolism of the contaminants.

3. Contaminants should be concentrated in the organism above the ambient concentrations in
water.

4. The organism should not be so highly senstive as to be killed by low leves of the
contaminant to be measured.

5. Concentrations in the test organism should possess low varigbility within Sites,

6. The organism should be sufficiently sedentary to reflect contaminant concentrations in the
study area.

7. The organism should be abundant and widespread in the study area (and in the region for a

national study such as NAWQA).

The organism should be of reasonable size, to provide sufficient tissue for andyss.

9. The organiam should be sufficiently long-lived to integrate environmental exposures of a
least severd months.

10.The organism should be easy to sample and hardy enough to survive in the laboratory,
dlowing excretion of materid in the digestive tract before andyds (if desred) and
permitting laboratory studies of pollutant uptake.

11.Data employed in comparisons of tissue contaminant concentrations must be from the same
species and the effects of sze ar age on the data must be recognized. Comparisons among
species and Szefage classes can be conducted if comparability is empirically demonstrated
in the scientific.

©

The USGS programme provides a comprehengive review of the monitoring being undertaken
in the US (Tables 2, 4 & 5 below), provides guidance on the sdection of biomonitoring
organisms, and a decision tree relating to the selection of contaminants for andysis.
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Table 2.—-Overview of the tissue analysis component of the National Water-Quality Assessment Program
compared to other tissue analysis programs of national scope In the United States
[SAS, Statistical Analysis System; STORET, Storage and Retrieval System; USEPA, U.S. Environmantal
Protection Agency; NIST, National Institute of Standards and Technology; NFCRC, National Fisheries
Contaminant Research Center; x, included in the program; -, not included)

Program
National Status and Trends
Program !
Environmental
National Monitoring :
Water- Benthic National Study and CoNn:‘:i‘::m
Element Quality Surveillance Mussel Watch of Chemical Assessment Bi e
N N 3 iomonitoring
Assessment  Program Residues in Fish Program, Program 5
Program 2 Surface Waters B
Component 4
Objectives
Establish data base x X x - - -
Create specimen bank - x X - - x
Develop new techniques - b3 X - - -
Estimate environmental quality - - b - X -
Determine prevalence of x - - x - X
contaminants
Identify chemicals of concern - - - X - -
Describe spatial variability x x X - x X
Identify regional variability x - - - x x
Identify areas needing more - x x x - -
study
Evaluate contamination in - - - - X B
vicinity of sources
Establish baseline x - - - x -
concentrations
Detect temporal change X X x - x X
Determine contaminant fate X - - - - -
Determine contaminant X x - - - -
bioavailability
Evaluate human health effects - - - x x -
Evaluate contaminants in game x - - x X -
fish flesh
Resources targeted Freshwater  Coastal and Coastal and Freshwater Freshwater Large rivers
streams estuarine estuarine streams streams and Great
and lakes and lakes Lakes
Geographic coverage Nationwide Nationwide Nationwide Nationwide Nationwide Nationwide
Number of sampling stations ~600 ~50 ~150 400 Subset of 112
6,400
Sampling frequency Annual® Annual Annual One-time only Annual 7 Bi-annual
Duration of program - 1984 - 1986 - 1988 - 1967 -
present present present
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Table 2.~Overview of the tissue analysis component of the National Water-Quality Assessment Program
compared to other tiasue analysis programs of national scope In the United States—Continued
[SAS, Statistical Analysis System; STORET, Storage and Retrieval System; USEPA, U.S. Environmental
Protection Agency; NIST, National Institute of Standards and Technology; NFCRC, National Fisheries
Contaminant Research Center; x, included in the program; -, not included]

Program
National Status and Trends
Program !
Environmental
Natjonal Monitoring National
Water- Benthic National Study and c : tona ¢
Element Quality Surveillance Mussel Watch of Chemical Assessment Bi ontaminan
. . . . 1omorutormg
Assessment Program Residues in Fish Program, Pro 5
Program 2 Surface Waters gram
Component 4
Target organisms
Bivalve mollusks x - X - - -
Bottom-feeding fish x X - b3 x x8
Sport/commercial/game fish x - - X X x$8
Crayfish - - - - - -
Insects x - - - - -
Aquatic plants x - - - - -
Organs tested Whole Fish livers, Whole Whole Whole Whole
organism, plus bile mollusk fish, fish fish
fish livers, fish fillets
fish flesh
Target variables
Chlorinated organic
compounds
Organochlorine pesticides x X x X x x
PCB's x X X X X X
Dioxins X - - X - -
Polynuclear aromatic x X x - - -
compounds
Trace elements x X x - x x
Additional data collected
Water chemistry X X X - x -
Sediment chemistry x x - x -
Sediment grain size x x X - x -
Fecal sterol - x x - - -
Coprostanol - X x - - -
Clostridium - X - - - -
Fish disorders x X - - - x
Lipid content X X - X x x
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Table 2.--Overview of the tissue analysis component of the National Water-Quality Assesement Program
compared to other tissue analysis programs of national scopa in the United States—Continued
[SAS, Statistical Analysis System; STORET, Storage and Retrieval System; USEPA, U.S. Environmentai
Protection Agency; NIST, Nationa! Institute of Standards and Technology; NFCRC, National Fisheries
Contaminant Research Center; x, included in the program; -, not included]

Program
National Status and Trends
Program !
Environmental
National Monitoring .
Water- Benthic National Study and Co”ﬂ:;;‘:‘?:;m
Element Quality Surveillance Mussel Watch of Chemical Assessment oo Lo
. e 3 iomonitoring
Assessment Program Residues in Fish Program, Program 5
Program 2 Surface Waters L
Component *
Additional data collected
~Continued
Histopathology - x x - X -
Age x X - - X X
Gonadal index - - x - - -

Data storage In-house In-house In-house SAS data set Unknown U. of Missouri
distribu- micro- microcom- and STORET mainframe
ted infor- computer puter as SAS data
mation set and

NFCRC

Sample archival In-house NIST NIST USEPA lab, Unknown NFCRC

Duluth

1 National Oceanic and Atmospheric Administration (See Robertson and O’Connor, 1988, for an overview
of the program).

21J.S. Geological Survey.

3US. Environmental Protection Agency (See U.S. Environmental Protection Agency, 1986, for an overview
of the program).

4 U.S. Environmental Protection Agency (See Whittier and Paulsen, 1992, for an overview of the program).

5 U.S. Fish and Wildlife Service (See Jacknow and others, 1986, for an overview of the program).

¢ NAWQA will sample annually during a 3-year intensive phase, then reduce sampling for a 6-year non-intensive
phase.

7 EMAP will sample one-quarter of the 6,400 sites annually, rotating sites on a 4-year schedule.

8 The National Contaminant Biomonitoring Program also targets birds for analysis.
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Tabie 5.—-Major Is and trace el ts targeted for lysls in ti liected in the National
Water-Qualiity Assessment Program and currently analyzed in existing tissue analysis
" of national scop

p
[USGS, U.S. Geological Survey; NOAA, National Oceanic and Atmospheric Administration;
USEPA, U.S. Environmental Protection Agency; FWS, U.S. Fish and Wildlife Service; +, included

in the program)
Program
. Environmental .
W::-grl:}ity National Status National Study Monitoring and Cg::r:?:;nt
Major metals and Assessment and Trends of Chen.\ica! Assessment Biomonitoring
trace elements Program Program Residues in Fish Program, Surface Program
(USCs) (NOAA) (USEPA) Waters Component (FWS)
(USEPA)
Aluminum + + +
Antimony + +
Arsenic + + + +
Barium +
Beryllium +
Cadmium + + + +
Chromium + + +
Copper + + + +
Iron + + +
Lead + + + +
Manganese + +
Mercury + + + + +
Molybdenum +
Nickel + + +
Selenjum + + +
Silicon +
Silver + + +
Thallium +
Tin + +
Vanadium +
Zinc + + + +
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Table 4.-Synthetic orgenic compounds targeted for analysis in tissues collected In the National Water-Quality Assessment
Program and currently analyzed in existing tissus analysis programs of national scope--Continued
[USGS, U.S. Geological Survey; NOAA, National Oceanic and Atmospheric Administration;
USEPA, U.S. Environmental Protection Agency; FWS, U.S. Fish and Wikdlife Service; +, included

in the program)
Program
Environmental
National Water- 0.1 Gratus National Study Monitoring and National
Chemical name Quality and Trends of Chemical Assessment Contaminant
Assessment Program Residues in Program, Biomonitoring
Program (Ng:\ A) Fish Surface Waters Program
(USGS) (USEPA) Component (FWS)
(USEPA)

Miscellaneous industrial com pounds—Continued

1,2,3-Trichlorobenzene + +

1,2,4-Trichlorobenzene + + +

1,3,5-Trichlorobenzene + + +

Triphenyl phosphate + +
Polychlorinated biphenyls

Monochlorobiphenyls +

Dichlorobiphenyls + +

Trichlorobiphenyls + +

Tetrachlorobiphenyls + +

Pentachlorobiphenyls + +

Hexachlorobiphenyls + +

Heptachlorobiphenyls + +

Octachlorobiphenyls + +

Nonachlorobiphenyls + +

Decachlorobiphenyls +

Total PCBs + +

PCB congeners (selected) + +

Aroclar 1242 +

Aroclor 1248 +

Aroclor 1254 +

Aroclor 1260 +
Chlorinated Dioxins and Furans

2,3,7.8-TCDD + +

1,2,3,7,8-PeDD + +

1,2,3,6,7.8-HxDD + +

1,2,3,7.8,9-HxDD + +

1,2,3,7.8-HxDD + +

1.2,3,4.6,7.8-HpDD + +

2,3,7.8-TCDF + +

1,2,3,7,8-PeDF + +

2.3.4,7,8-PeDF + +

1,2,3,6,7,8-HxDF + +

1,2,3,7.8,9-HxDF + +

1.2.3,4,7.8-HxDF + +

2,3,4,6,7.8-HxDF + +

1.2,3,4,6,7.8-HpDF + +

1,2,3,4,7,8.9-HpDF + +

! Not targeted for analysis in vertebrates.
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Table 4.--Synthetic organic compounds targeted for analysis In tissues collscted in the National Water-Quality Assessment
Program and currently analyzed in existing tissue analysis programs of national scope--Continued

{USGS, U.S. Geological Survey; NOAA, National Oceanic and Atmaspheric Administration;

USEPA, U.S. Environmental Protection Agency; FWS, U.S. Fish and Wildlite Service; +, included

in the program]

Chemical name

Program

National Water-
Quality
Assessment
Program
(USGS)

National Status
and Trends
Program
(NOAA)

National Study Monitoring and

of Chemical
Residues in
Fish
(USEPA)

Environmental

Assessment
Program,
Surface Waters
Component
(USEPA)

National
Contaminant
Biomonitoring
Program
(FWS)

Organochlorine insecticides—-Continued

Diphenyldisulfide
Endrin
Heptachlor
Heptachlor epoxide
Hi hl ycloh (HCH), alpha
Hexachlorocyclohexane(HCH), beta
Hexachl ycloh (HCH), delta
Hexachlorocyclohexane(HCH), gamma
(Lindane)
Hexachlorocyclopentadine
Kepone (Chlordecone)
o, p'-Methoxychlor
P. p’-Methoxychlor
Mirex
n-alkanes
Nitrofen
Nonachlor, cis
Nonachlor, trans
Oxychlordane
Pentachloroanisole
Perthane
Toxaphene
Trichloronate
Herbicides

Butachlor

Isopropalin

Trifluralin
Fungicides

Hexachlorobenzene (HCB)
Pentachloronirobenzene (PCNB)
Miscellaneous industrial compounds

Octachlorostyrene
Pentachlorobenzene
Pentachlorophenol (PCP)
1,2,4,5-Tetrachlorobenzene
1,2,3,4-Tetrachlorobenzene
1,2,3,5-Tetrachlorobenzene

P Ik 2K 2 T

4+ + o+t

+

+ +

P

+ 4+ o+ o+ o+

o+ 4

+ o+ 4+

+ o+ o+ o+

+

+ + + + + +

+

R R

O L 2R R S

+

4+

+ 4+ 4+ ot
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Tabie 4.~Synthetic organic compounds targeted for analysis in tissues collected in the National Water-Quality Assessment
Program and currently analyzed in existing tissue analysls programs of national scope
[USGS, U.S. Geological Survey; NOAA, Nationai Oceanic and Atmospheric Administration;

USEPA, U.S. Environmental Protection Agency; FWS, U.S. Fisk and Wildlife Service; +, included

in the program)

Chemical name

Program

National Water-
Quality
Assessment
Program
(USGS)

National Status
and Trends
Program
(NOAA)

National Study Monitoring and

of Chemical
Residues in
Fish
(USEPA)

Environmental

A

National

Ca \ant

Program,
Surface Waters
Component
(USEPA)

Biomonitoring
Program
(FWS)

Polynuclear aromatic hydrocarbons®

Acenaphthene
Acenaphthylene
Antluacene
Benz(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h.i)perylene
Benzo(a)pyrene
Benzo(g)pyrene
Biphenyl
Chrysene
Dibenz(a,h)anthracene
2, 6-Dimethylnaphthalene
Fluormthene
Fluorene
1-Methylnephthalene
2-Methyinaphthalene
1-Methylphenanthrene
Naphthalene
Perylene
Phenanthrene
Pyrene
Organochlorine insecticides

Aldrin
Chilorbenzilate
Chlordane, cis
Chlordane, trans
Chlorpyrifos

o, p"-DDD

p. p"-DDD

o, p"-DDE

p. p'-DDE

o, p"-DDT

p, p-DDT
Dicofol (Kelthane)
Dieldrin
Diethylhexylphthalate (DEHP)

+F ++ o+ 4+

+ 4+ + + +

+ +

+ 4+ 4+t

+ + ot

+

+ b+ 4+t

+

+ + + +

+ o+t ot

+

P I A

+ +
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. NO
Does analytical >
capability exist for Do not determine. - I
contaminant?
+Y ES *NO
NO Is contaminant
Is bic widespread?
factor > 3007 highly toxic?
*YES YES
Is
rapidly metabolized? | YES
Is contaminant:
‘NO sdetected in occurrence
survey?
. sexpected in basin? NO
Analyze in be»| -common in water?  [=—jP
ant scommon in sediment?
occurTence survey.
+ + YES
YES

Is contaminant on
national priority list?

Analyze in spatial
distribution surveys.

Figure 4.--Decision trea for selecting target synthetic organic compounds for analysis in

tissuas collected in the National Water-Quality Assessment Program.
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