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Disclaimer

This technical report has been prepared for the use of Waikato Regional Council as a reference document
and as such does not constitute Council’s policy.

Council requests that if excerpts or inferences are drawn from this document for further use by individuals
or organisations, due care should be taken to ensure that the appropriate context has been preserved,
and is accurately reflected and referenced in any subsequent spoken or written communication.
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1 Introduction
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3 Aregulator’s role

Literature shows that the leaching of arsenic can result in soil around posts exceeding
recommended standards by multiple orders of magnitude. Under the New Zealand regulatory
framework, contaminants in soil that may affect human health are managed under the National
Environmental Standard for Assessing and Managing Contaminants in Soil to Protect Human
Health (hereafter referred to as NESCS) during a change in land use, development or subdivision.
However, there is no reliable guidance to guide a consistent pattern of regulatory action for
assessing and addressing the risks to human health posed by CCA treated timber posts;
particularly in areas of heavy use such as vineyards and kiwifruit orchards.

Currently, regulators take a variety of approaches to the issue of fence post hotspots in soil;
largely led by the recommendations of the consultants acting on behalf of their clients. In most
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4 Literature review

4.1 Fence post impact on soil and groundwater quality

The use of treated timber is not generally noted in New Zealand as a significant source of arsenic
contamination in soil (e.g. McLaren, 2006); however, many recent publications are beginning to
note potential health and environmental effects from the useof treated timber. Of particular
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did find evidence of adverse health effects from exposure to burning CCA treated wood and
from improper handling of wet treated timber; they only discovered one case of possible
adverse effects from arsenic contaminated soil. They could not conclude whether a lack of
impact from arsenic contaminated soil was due to an actual lack of toxic effect or a failure to
detect and measure those effects. They conclude that the common assumption of risk managers
that CCA leaching from timber structures does not pose a risk is based on the lack of adverse
effects data, when in reality there is plenty of scientific literature indicating that soils under or
adjacent to
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of NZ affected by volcanic and mineralised geology (e.g. Waikato, Coromandel, Central
Otago).
x Children 2-6 years old are considered the most at risk due to hand to mouth behaviour.
X
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Table 2: Summary of case studies

Climate*
. Mean
Case Horticulture Age/dates of Framework Future land

tocation ?;}2?:“ SIS operation type/density use scenario

(mm)

Study type
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Case Horticulture .
Location

Study type
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Case Horticulture . . Ageddates of Framework Future land
Location Geology Soil Type . . .
operation type/density use scenario

Study type
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6 Risk characterisation

6.1 General

Risk characterisation is the assessment of the potential for adverse health effects to occur, in
this case from arsenic concentrations in soil originating from the use of CCA posts in vineyards
and Kkiwifruit orchards. Risk characterisation conveys the risk assessor’s judgement as to the
nature and existence (or lack of) human health risks, in an informative and useful manner for
decision makers.

The risk to a future receptor (e.g. a child or adult) will depend on the type and amount of
exposure the receptor has to impacted soil. It is clear from the available information in the
literature and the available case studies (Section 4) that arsenic impacts in soil associated with
CCA posts are localised to an area around each post. Therefore, if impacts were to remain at
the site following development for residential use (without any form of remediation or risk
mitigation), the following exposures are possible:

- Scenario 1: The receptor could come into
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support this assumption. It is noted that if the extent of impact is larger around the
larger posts, the calculations below may underestimate potential risk issues.

- The extent of the impacted soil around the posts was up to approximately 200 mm
laterally from the post and approximately 500 mm deep.

Background concentrations of arsenic (away from posts) were typically close to or less than 10
mg/kg.

The potential volume of impacted soil around each post, and potential volume of impacted soil
within a future residential lot (ba.6 (.)-1 ( )]T6 (m)td2.3 (d)13.1 ( p) re3 -1.391.2 ( a)10.6 ( fu)2.3 (t)-3 (u)2.3 (re
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Table 4: Summary of potential extent of arsenic impacts in soil around stacks/piles of posts

Parameter Value
Area of soil potentially used for piles (assuming 600 m? size block and 50 m? per ha*) | 3 m?
Lateral extent of impacted soil around pile 05m
Area of arsenic impact on residential lot (assuming square pile area) 7.5 m?
% impacted soil on area basis over 600 m2 site (surface soil) 1.2%
Depth of impacted soil beneath piles 0.15m
Volume of impacted soil on residential lot 1.1md
Total volume of soil per 600 m? lot (to 150 mm depth) 90 m3
Total volume of soil per 600 m? lot (to 500 mm depth) 300 md
% impacted soil in top 150 mm of a residential lot 1.2%
% impacted soil in top 500 mm of residential lot 0.4%

* refer to footnote 5, where the placement of stacks/piles on a vineyard may result in soil impacts that may be
distributed across the vineyard, with the stack/piles commonly placed at the head row. It is noted that should a
subdivision result in land that is dominated by the former head rows only, the calculations in the above table may
underestimate potential risk issues. If the subdivision does not include any land that was used for stacks/piles of posts
then the above may underestimate potential risk issues. As the specific relevant to any one site are not know, the
above is adopted as an indicative average.

6.3 Potential risks to health

The NESCS soil contaminant standards for residential land use have been derived on the basis of
general exposure assumptions, relevant to the assessment of potential long-term or chronic
exposures. Arsenic is evaluated on the basis of a non-threshold dose-response relationship,
where the SCS is derived on the basis of exposures to occur as a child (aged 1-6 years) and an
adult (aged 7-20 years for standard residential and 7-30 years for rural residential) combined.
The guideline is based on the use of a non-threshold risk-dose of 0.0086 ug/kg/day, which is
based on a 1 in 100,000 (or 107) risk level®.

For the assessment of exposures by young children and adults the following default exposure
assumptions are adopted (Ministry for the Environment, 2011a):

Table 5: Summary of exposure assumptions in SCS: standard/rural residential

Exposure assumption Value adopted for standard residential
(values that differ for rural residential in brackets)

Child Adult

Body weight (kg) 13 70

Averaging time (non-threshold) 75 75

Exposure frequency (days/year) 350 350

Exposure duration (years) 6 14 (24)

Soil ingestion rate (mg/day) 50 25

Inhalation rate (m®/day) 6.8 13.3

Skin surface area that is dirty (cm?) 1900
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x 55.3 mg/kg which is the 95% UCL of arsenic concentrations close to posts reported in
Case Study 128 This value is similar to the 95% UCL from Case Study 11 and
representative of the lower end of the 95% UCL values reported.

The calculated weighted residential soil
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Soil mixing as a mitigation method

Vertical mixing of soil is one risk management strategy that can be utilised as a risk mitigation
strategy for large sites that contain chemicals above the soil guideline value. The generally
accepted rule of thumb in the New Zealand contaminated land sector (Ministry for the
Environment, 2006) is that soil mixing is inappropriate for hotspot contamination containing
contaminants more than 2-3 times the relevant guideline. In addition, New South Wales
Environmental Protection Agency (2003) and Pattle Delamore Partners (2015) indicate that
vertical mixing is not recommend for “isolated hotspots”; however, given the number of CCA
posts normally installed at vineyards and kiwifruit orchards (up to 600/ha), the term “isolated
hotspot” is not representative of the distribution of potential impacts present in this instance.

What is considered more important is the number of hotspots and arsenic concentration in the
hotspots as this will affect the validity of the use of vertical or lateral mixing to reduce
concentrations in soil to below the guideline levels. Further, a hotspot is often defined in
guidance documents as a concentration greater than 2-3 times the guideline value. While this
may be appropriate for large volumes of impacted soil in individual hotspots, it may not be
appropriate for small soil volumes that are numerous, and spread across larger areas. Therefore,
in this document, the term “arsenic impacted soil”, or “micro-hotspot” has been used in
preference to the generic term “hotspot”.

If the estimated depth of mixing required to achieve a safe contaminant concentration is greater
than 500 mm, New South Wales Environmental Protection Agency (2003) and Pattle Delamore
Partners (2015) do not recommend vertical mixing as a risk mitigation strategy as
homogenisation of soil to a depth
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Post Type Background Maximum Concentration post mixing
Arsenic
Concentration
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8 Effective soil mixing techniques

This section discusses typical New Zealand land development techniques and equipment as
known to the document authors and how they might be implemented to mitigate risk to protect
human health. The authors recommend that while soil mixing might be a viable remediation
method, effective soil mixing is not easily achieved and certain standards will be required to
achieve the desired result (some more rigorous than other depending on soil type and
condition).

Not all in-situ soil mixing techniques are equally effective and so the case study examples given
here may give regulators and developers a better idea of techniques that may prove effective
for their own regions. However, regardless of this there are multiple methods that can achieve
effective soil mixing and we make it clear that the methods noted below are examples only
rather than an exhaustive list.  For untested methods, regulators may wish to consider
recommending a more iterative process where mixing can be repeated based on validation
results until clean-up goals are attained.

Although there are numerous different methods of land development, they can generally be
broken into three types:

1. Developments where topsoil is pre-stripped, allowing the site to be re-levelled using
motor scrapers. Topsoil is generally stockpiled, often screened, and then re-spread
upon completion of earthworks and stormwater system development. These sites are
generally large scale developments, involving a large number of resulting sections and
tend to utilise more specialist and large scale equipment.

2. Smaller scale developments where the soil is stripped but retained on the subject site;
the landowner redistributes the soil around the individual property as they see fit.
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Appendix A. Case study details

Case Study 1. Vineyard 1, Te Kauwhata

Site details/Site | The site has an approximate area of 17 ha. The adjoining properties are
history residential, rural residential and pastoral. Two ponds and a wetland area are
present at the site.

The site was formerly a vineyard with the whole site used for growing vines at
some stage. Vineyard activity evident in aerial photographs (including 1942, 1963
and 1977). Vines were still present at the time of site investigation in 2016.

A mix of strainers (full round posts 140 mm-225 mm diameter) and half rounds
(generally 140 mm-180 mm).

Proposed Sub-division into approximately 130 residential lots of approximately 800 m? each.
development

Geology/Soil The 1:250,000 and 1:63,360 scale geological maps show the site to be underlain by
type pumiceous clays with lignite, gravel, and some pure pumice silt and sand from
Pliocene epoch.

Soils are volcanic in origin, deposited as alluvium with interbedded peat materials
and are part of the Whangamarino and Puketoka Formations.

Intrusive investigations have proved the site to be underlain by interbedded clayey
silt/silty clay and sandy soils with varying proportions of silt in them. On the hill
sides and ridgeline the topsoil is underlain by low permability clay rich soils. In the
valleys the topsoil is underlain by thick silt rich soils which is expected to have a
low to intermediate permeability.

Depth to Groundwater was not encountered in any of the trial pits or hand auger holes
ground water along the ridgeline.

Interpretation Tc O Tw ()TJETEM.1 (t)2.6 (e)9.1ateo5 (a)2.1 (nd r)o.4 (0).1 (a)2.1 (t)2mm[(1)4 (nt)3p0 0 9.961
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samples (39 mg/kg and 25 mg/kg) were collected 200 mm from a post with one
additional sample (25 mg/kg) collected 600mm from a post. The majority of the
results for the remaining samples were considerably below the adopted guideline
value of 20 mg/kg.

Testing of subsoils below the posts and strainers in the vine growing areas
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Case Study 3. Vineyard 3, Blenheim

Site details/Site  The site has an approximate area of 21.4ha. The adjoining properties are rural
history residential and pastoral. The site is approximately 400 m from the Taylors River.
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Case Study 6. Multiple Hawkes Bay Vineyards

Site details/Site
history

Several vineyards in the Gimblett Gravels winegrowing region.

Full round posts, age range from 6-16 years.

Proposed
development

Not applicable (MSc Thesis).

Geology/Soil Dominated by the Omahu soils, fine sand to fine loamy sand topsoil overlying
type stony gravels interlaid with sand. River sediments, free-draining gravels, low
organic content and water holding capacity.
Depth to 30 to 40 m bgl
ground water
Soil sampling
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Case Study 7. Kiwifruit Orchard 1, Bethlehem

Site details/Site  The site has an approximate area of 3.2 ha and is currently occupied by the Mills

history Reef Winery with associated residential properties, sheds, kiwifruit orchards and
avocado trees. The adjacent land uses are vacant fields, fruit orchards and
residential dwellings. No surface water bodies are located on the site. The Wairoa
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Case Study 8. Kiwifruit Orchard 2, Tuakau

Site details/Site
history

Proposed
development

The site has an approximate area of 5.3 ha and is used as a kiwifruit orchard with
an associated residential dwelling and storage shed. The site is located in a rural
area known for production. The Waikato River is located approximately 1.7 km to
the west of the site. A small tributary of the Waikato River, which is the receiver
for site drainage from the site, is located near the western site boundary.

The site has historically been used as a kiwifruit orchard on two occasions - during
the 1980s and again in the 2000s until 2016.

Post details are not provided. It is also unclear whether the posts for the 1980s
orchard were removed prior to the second stage of kiwifruit growing. However,
the report notes that it is likely the posts were removed, and the ground deep
ploughed to break up kiwifruit root work prior to pasture establishment. This
means that is it likely that the posts used between 2000 to 2016 were newly
established posts.

Subdivision into a 4,000 m? residential lot w1.1 (8d)-6.148.7848.2 524.04 3>C /P 800:
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Case Study 9. Kiwifruit Orchard 3, Pyes Pa

Site details/Site The site is located on an elevated ridge and comprises a kiwifruit orchard.

history Associated residential dwellings and infrastructure and a fruit orchard are also
present. The site area is not stated. There are no surface water bodies onsite.
The nearest surface
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Case Study 10. Kiwifruit Orchard 4, Hamilton

Site The site has an approximate area of 4.04 ha and is used as a Hayward variety kiwifruit
details/Site orchard with currently no proposal to redevelop. The site is located in a rural area outside
history of Hamilton City known for horticultural purposes. The Mangaonua Stream runs along the

southern boundary of the site, approximately 100m south of the sampling locations

The frames in this orchard are approximately 30 years old. The framework consists of two
12 inch strainer posts at ends of rows (approx. 2 m apart) with a horizontal 6 inch post
between them for bracing. 6 inch posts are used at a 6 m spacing within rows, with 4 m
between rows. This equates to approximately 450 posts per hectare.

Proposed None.
development

Geology/Soil | Late Pleistocene river deposits, Hinuera Formation, Tauranga Group. Orthic Gley soil, poorly
type drained sandy loam.

Depth to Domestic supply bore on a property across the road is drilled to a depth of 7 m; therefore
ground water | groundwater is inferred to be less than 7 m deep.

Soil sampling  The soil assessment selected three post locations; two being 6 inch posts within rows and
one 12 inch strainer at the ends of the rows. After soil samples were removed from the
latter post; it was determined that there had been some soil disturbance in this area,
probably designed to restabilise the post. Soil sampling comprised the collection and
analysis of 12 samples around each post location as per the schematic below.

There did not appear to be a significant difference between the level of arsenic
concentrations between the 6 inch and 12 inch posts (although this may be an artefact of
soil disturbance around the 12 inch post). Without exception, all samples collected within
150 mm of the post exceeded the NESCS rur
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Case Study 11. Kiwifruit Orchard 5, Te Awamutu

Site The site has an approximate area of 8.23 ha and is used as a Hayward variety
details/Site kiwifruit orchard with currently no proposal to redevelop. The site is located in a
history rural area on the peri-urban fringe of Te Awamutu. The Mangapiko Stream is

located approximately 1 km to the east of the sampling area.

The frames sampled in this orchard are approximately 13 years old; although much
of the orchard frames are 30 years old. The framework consists of two 12 inch
strainer posts at ends of rows (one sawn off 30 cm above ground level), 1/4 round
posts within rows at 6m spacings; with 3.5 m between rows. This equates to
approximately 514 posts per hectare.

Proposed None.
development

Geology/Soll Early-
type
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Case Study 12. Vineyard 6, Central Otago

Site details/Site  The site has an approximate area of 10.9 ha. Pinot Noir is the predominant variety
history grown. There is currently no proposal to redevelop the site. Lake Dunstan is
located approximately 150 m from the closest part of the site.

Annual rainfall is relatively low, with median rainfall between 375 and 400 mm per
year.

Two areas of the vineyard were sampled. The first area was planted approximately
16 years ago; the second was planted 2 years ago. 100 mm average face quarter
round posts are used throughout the vineyards. The posts are spaced 8
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Appendix B. Overview of regulatory decisions
on applications of CCA treated timber

The following table provides a summary of the regulatory decisions in relation to the domestic
or residential use of CCA treated timber in New Zealand as well as other international
jurisdictions. The table includes the regulatory decision, along with the basis for that decision.
In many cases a risk-
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Table 8:
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Country/ Regulatory decision for Risk assessment approach (refer to footnote below table for acronym definitions) Residential soil

Agenc residential/ domestic use and . . ) uideline
ey basis Exposure Hazard/ Toxicity  Risk estimates 9
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So, for a maximum concentration of 220 mg/kg arsenic in soil at a hotspot, the chronic intake is
calculated as follows:

50229 100% x 0.000001°%x 35052 6years
ay mg year

- = mg
Chronic Intakeg; = 220 kg X 13 Kg X6 years X 365% (mg/kg/day)
= 0.00081 mg/kg/day ...Equation 5

The quantification of potential exposure and risks to human health associated with the presence
of
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Where pica involves ingesting 1 g/day:
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