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Summary
The objective of this Auckland Regional Council (ARC) study was to establish
background total recoverable levels of a number of trace elements in soil samples
from major soil groups of the Auckland Region. Soil samples were collected from 91
locations in May 1999 from publicly owned rural and urban land on soils derived from
the major lithological units of the region. In October 2001, to confirm the validity of
outlier data obtained during the 1999 survey, fifteen of these sites were revisited, and
sampled for further analysis.

The survey's design comprised geographically directed near-surface sampling with
categories being based on underlying rock type. Sites were selected to be
representative of the lithological units, with specific sites chosen based on evidence
of minimal surface disturbance and ease of access. Samples of surficial soils (0-150
mm) were collected and analysed by varying methods for total recoverable arsenic
(As), barium (Ba), boron (B), cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu),
lead (Pb), magnesium (Mg), manganese (Mn), mercury (Hg), phosphorus (P),
potassium (K), nickel (Ni), nitrogen (N), sulphur (S), tin (Sn), vanadium (V), zinc (Zn),
and total organic carbon (TOC).

Environmental investigation threshold levels should be related to the local or regional
background levels of the elements. Certain environmental investigation threshold
levels need to be reconsidered for the Auckland context in view of these results. The
Australian and New Zealand Guidelines for Assessment and Management of
Contaminated Sites (ANZECC/NHMRC 1992) recommends the evaluation of
background levels as a consideration in the determination of remediation goals. The
data collected in this survey of total recoverable trace elements in soils of the
Auckland Region can be used in this context, with the general background data
reported by this study substantiated by site specific information where required.
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1. Introduction

In the absence of New Zealand-based criteria for determining whether the
investigation of contaminants in soils is required, there has emerged a reliance on the
response of overseas authorities'to the management of contaminated land. The
practice of consultants and health and environmental authorities using offshore
information in the absence of New Zealand soil and groundwater quality or
background standards has resulted in the application of criteria based on soil types,
climate, hydrogeology and a groundwater consumption pattern not especially relevant
to the New Zealand situation. The promotion and development of a site-specific, risk-
based approach to the assessment of the health and environmental effects of soil and
groundwater quality presents the opportunity for the investigation of criteria relevant
to New Zealand.

The Resource Management Act, 1991, (RMA) promotes effects-based consideration
of environmental quality, prioritising a need to know the background levels and their
corresponding effects, prior to consideration of detected levels and their effects on
the environment or human health. The introduction of appropriate investigation or
trigger levels for contaminants must be carried out with an awareness of background
levels of those contaminants in New Zealand, or sub-regions of the country. Trace
metal levels and some corresponding inorganic trace elements are the most
commonly studied due to their ease of determination and will form the focus of this
report.

There is little published specific information on background levels of trace elements in
Auckland soils although a large corpus of information resides in University theses,
consultancy and soil laboratory archives and various governmental department files.
The on-going redevelopment of land and increasing numbers of investigations of
suspect sites being conducted are describing levels of metals, the significance of
which may be difficult to interpret without knowledge of local background values.

The development of a site-specific, risk-based approach to the assessment of
contaminants in land needs soil criteria relevant to the Auckland context and
establishing background levels of contaminants in soils is basic information required
for this task.

1.1 Trace Elements in the Environment
Concentrations of trace metals in surface soils are primarily the result of local
geological and soil forming factors. Accumulation or dilution of trace elements within
the environment occurs due to physical deposition, or other geo- or hydro-chemical
processes. Redistribution from subsurface mineral deposits into the surface
environment, commonly associated with urbanisation, agricultural and industrial
activities, has also resulted in the accumulation of these elements in near-surface
soils and sediments. Historically therefore, human exposure to some trace element
concentrations in soil would have been lower than those detected today.

The effects of such changes in soil quality and the resulting increase in exposure over
long time-scales are unknown. In considering "background" concentrations of trace
elements in soils, particularly heavy metals, we must take note of the variable and
dispersed emissions that occur in urbanised areas. Additionally the long half-lives of
uncomplexed metal contaminants in soils must also be considered.

The Auckland urban environment may have levels of heavy metals and other
contaminants that are elevated compared to those found in natural, pristine soils.
Any elevated levels tend to be trace element specific, such as the contribution of
vehicle emissions and removal of lead-based paints to lead levels in urban soils.
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1.2 What Does "Background" Mean? •
There is always a range of concentration values associated with, or typical of an area »
for any trace element investigated. The Australian and New Zealand Guidelines for
the Assessment of Management of Contaminated Land (ANZECC/NHMRC, 1992) •
define background levels as "ambient levels of a contaminant in the local area of the £
site under consideration." Background may be taken to be "pristine" soils unaffected
or relatively so by human activity. Due to the development history of the Auckland
Region, and global transport of contaminants even in the hinterlands, pristine •
background areas may be rare. •

The definition of "background level" used in this report is "concentrations of an _
element in soils which can not be attributed to any identifiable event or activity other •
than normal lithological processes and is considered representative of the levels to be •
found wherever relatively undisturbed soil derived from an identifiable parent rock
material exists at or near the surface". •

Soils at or near sites known to be contaminated due to nearby activities would be ™
excluded as part of this survey regardless of other elements being within
"background" concentrations. Decisions as to where point source effects end and •
ambient levels begin made in the course of this exercise have been somewhat g
arbitrary but are based on knowledge of activities and contaminated sites throughout
the Auckland Region held by the ARC. _

A statistical evaluation of analytical data distributions and characteristics of the soil £
that differentiate trace element sources is required in order to comprehensively
understand the meaning of background concentrations. While urban soil
concentrations may have contributions from regional and local urban activities, •
elevated rural soil levels are equally likely to arise from incremental additions of soil •
amendments as a result of rural activities. Regional scale effects such as leaching
due to acid rain and resultant transport of heavy metals through soil are much less •
relevant in New Zealand than in the Northern Hemisphere. Very low, but detectable •
levels of trace element deposition do occur from Australia but these are thought to be
relatively uniform and are not considered separately.

Background values of heavy metals commonly reflect variations in the composition of J|
parent rock material that can be quite localised, e.g. in the Auckland Region the
isthmus volcanic field has a naturally high level of nickel, generally exceeding
published investigation levels. •

Interpretation of ambient soil metal concentration data requires an understanding of
how sample site selection, sample depth, sample preparation and analytical
technique, bias analytical determinations. This is important where a range of •
sources, metal species and soil particle size distributions contribute to metal m
concentrations but is beyond the scope of this report.

Geographic scale of an investigation may render studies incomparable from place to W
place so some account of data distributions should be investigated prior to designing m
studies to determine what levels may be representative of large areas. When soil-
type background concentrations are related to specific areas of contaminated land,
local background concentrations should also be assessed, where possible.
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1.3 Why Attempt to Determine Background Levels?
In 1992 the Australian and New Zealand Environment and Conservation Council
(ANZECC) and the National Health and Medical Research Council (NHMRC) jointly
developed technical guidelines for use as a framework for the assessment and
management of contaminated sites. These Guidelines have been adopted by the New
Zealand Government for guidance only; they do not have statutory force, however they
have become widely used throughout New Zealand, and are the basis for a number of
other guideline documents.

Information on background soil levels is required to provide a baseline on which site
remediation can be based. The ANZECC/NHMRC (1992) guidelines recommend the
evaluation of background levels as a consideration in the determination of site
specific clean up and that such guidelines will have regional and site specific uses.
The ANZECC/NHMRC (1992) background soil concentrations were compiled from
Australian soil data derived from parent rock types significantly distinct from Auckland
rock types. Compiled data from this study will therefore be used to place Auckland's
regional soil inorganic element concentrations into context, giving a realistic reflection
of inorganic element distributions in soils specific to the Auckland region.

1.4 What is an Appropriate Methodology?
Sample site selection, sampling methodology, and analytical protocols need to be
carefully considered in order for investigations of background values to have
meaning. Distances from point, linear and non-point (diffuse) sources of trace
elements may all influence concentrations determined in soils. Determinations of
average soil concentrations of an area are not universally meaningful. Any data
obtained will only have meaning if there is an accurate description of survey
methodology.

Averages obtained can be meaningless, particularly in environmental data sets that
are commonly significantly skewed. Additional measures of distribution and central
tendency such as median and geometric means can be useful depending on the
particular issues being dealt with. For soils there needs to be confidence in the
identification of the soil type sampled to confirm that the relevant information is
applied to the sample and interpreted from its results.

While interpretations of soil surveys using only total metal extraction techniques on
single measured soil intervals may have limited practical value beyond the local
setting, such information provides the basis for further more detailed studies including
individual location sampling, vertical interval sampling, metal speciation studies and
.bioavailability assessment. In this study only total metals values have been reported.

1.5 Background Concentrations and the Auckland Regional
Sampling Program
A key requirement for obtaining background levels is to find soils which have been
relatively undisturbed since their formation. Given that anthropogenic disturbance is
ubiquitous across the Auckland Region, soils that have not been significantly
disturbed for a significant period was the best alternative. All sampling locations were
assessed for the likelihood of anthropogenic disturbance in the last 50 years. Where
it was considered disturbance had not occurred or was unlikely, samples were
acquired.

Soils were not sampled in urban situations where there were nearby anthropogenic
sources of trace metals from local industries likely to provide spurious outliers in the
data set. Analytical results for the uppermost 150 mm of soil have been emphasised
as this represents a commonly investigated initial or screening sample interval.

Localised dustfall or stormwater ponding could focus concentration of elements at the
surface in certain locations. For this reason low-lying areas and sites near to
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significant dust generating sites were avoided where possible. Soil organic and clay £
matter can intercept and retain trace elements so soil carbon levels were collected for
assessment, however particle size analysis was not considered in these studies. _

Contaminant concentrations within soils derived from similar geological parent £
materials may show some heterogeneity both within a localised area and over long
distances. Single "point" samples were collected from each site in the 1999 .
investigation, giving a range of concentrations within a single soil type across the •
Auckland Region. Insufficient samples were collected during the 1999 study to ™
delineate the variation within soils at each sampling locality. The purpose of the
October 2001 investigation was to both re-sample sites where 'outlier' or 'extreme' •
concentrations of individual elements were recorded, and to collect additional p
samples for analysis to gauge variability of trace element concentrations within a
localised area. —

To further assess the impact of anthropogenic sources on soils sampled as p
"background" and undisturbed, a vertical profile of trace element concentrations
should be established. Stratification of trace elements results from air deposition of ^
particulates, which, if present, would be present in higher concentrations in the upper •;•
soil layer than lower ones. ;™
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2. Sampling Design

2.1 Soils
Baseline data for trace element concentrations were determined on 91 undisturbed
soil samples believed to be only minimally contaminated by human activity. These
were all collected from Parks, Forests and public lands from the 8 predominant soil
groups in the Auckland Region.

The eight major soil groups are: Volcanic (Isthmus and South Auckland Volcanic
Fields, as well as one sample from Kerikeri Volcanics at Ti Point), Waitemata Group
Flysch, Quaternary Sedimentary Deposits, Sands, Greywacke, Limestone, Onerahi
Chaos Breccia and Manukau Breccia. These are commonly recognised names for
major geological units within the Auckland Region and sampling locations were
selected from 1:250,000 Geological Maps of New Zealand assisted by topographical
information from NZMS260 series maps.

In 1999, a total of 91 different sites were examined, and at each site a single 150 mm
cubic soil monolith was taken at a single point location. Due to budgetary constraints
the values represent single sample maxima and no statistical confidence could be
given to values obtained. Fifteen selected sites were re-visited in October 2001 to
enable the validation of outliers reported in the 1999 data set. To gauge the
variability of trace element concentrations at individual sites, and to gain statistical
confidence and improve data quality, composite sampling was undertaken. The
validation samples comprised four samples from each sampling location, with each
sample consisting of four soil cores over a local area (refer to Section 2.2 for sample
collection methodologies). Exact locations were made with the aid of map co-
ordinates. The sampling locations are shown on Figures 1 and 2.

Where practicable, samples were collected on topographic highs where the soil
profile was relatively thin and only weakly developed. Collection of samples in low-
lying areas was deliberately avoided as these soils could have higher than normal
background levels as a result of leaching of trace elements from the surrounding
hillsides. Pristine soil sample collection was considered unnecessary and
impracticable given the historic development of the region. The criterion of
"estimated greater than 50 years since soil profile disturbance" was subjective but
commonly involved sampling in areas where access by mechanical diggers etc.
would be restricted and where vegetation or other indicators suggested this as
realistic. Soil surfaces were observed for signs of disturbance and once a hole had
been dug for sampling the soil profile was assessed for signs of disturbance such as
interrupted stratigraphy or anthropogenic inclusions.

2.2 Sample Collection
In the initial 1999 survey, soil samples were collected from the surface to a depth of
150 mm. Soils were commonly dug to approximately 0.5 m at each site to assess the
soil profile. A polyester-coated garden spade was used for digging and all the
material (0 to 150 mm), including soil adhered to surface grass, was collected and
double bagged for further preparation at the laboratory.

Soil samples were collected as a monolith by delineating an area of approximately
150mm square at the soil surface and excavating, as a single piece where possible,
all soil to a depth of 150mm. The resulting monolith, weighing between 1.5 and 3kg
when bagged, had been only minimally disturbed during excavation and had a
minimum of surficial contamination. The spade was double washed and rinsed with
clean tap water and allowed to air dry between each sample collection.
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In the October 2001 survey, the 1999 sampling sites were relocated using the given
map co-ordinates, and their suitability for sampling was visually assessed. Selected «
locations were rechecked for potential anthropogenic impact. Since sample localities I
needed an area large enough to support the collection of samples from 4 locations, ™
spaced approximately 15 m apart, some sample sites were relocated when more
appropriate sampling localities existed within a 1 km radius and remained within the •
same soil type. |

At the selected validation sampling sites, four sample locations were pegged out
(where possible, in cardinal directions from the original 1999 sample site), at tt
approximately 15 m spacing (see Figures 3 and 4). From each of these sample |
locations (SL01, SL02, SL03, SL04), four individual soil cores were collected at
approximately 1.0 m spacing (e.g. SL01-01, SL01-o2, SL01-o3, SL01-04). The four •
samples were subsequently composited at the laboratory to provide the composite •
sample. Soil samples were collected using a stainless steel push-tube soil sampler, *
which collects samples from 0-150 mm depth. Clean latex gloves were worn at each
site when handling the soils. Green vegetation was removed from the samples, ft
which were collected into 350 ml glass jars with polyethylene seals as supplied by the |
analytical laboratory. At one location at each site, a polyester-coated garden spade
was used to dig four holes to 300 mm depth, to log the soil profile and collect samples «
from 150 - 300 mm depth. These samples are intended for subsequent analyses for •
further assessment of the impact of anthropogenic sources on the soils. ™

All sampling equipment was decontaminated between sites by washing and rinsing ^
with clean tap water, and allowing to air dry between each site. •

Figure 3: Schematic plan showing sample layout around a central point 'X' fl
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The 4 main sample locations (SL01 to SL04) were spaced approximately 15 m apart, •
with 4 individual cores (o1, o2, o3 and o4) collected at each location spaced
approximately 1.0 m apart.
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FIGURE 1 A
Sample Locations in the Greater Auckland Region
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FIGURE 2 A
Sample Locations in the Central Auckland Region
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