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EXECUTIVE SUMMARY 

Sustainable Environmental Engineering Limited (SEE Ltd] were commissioned by Marlborough District 
Council [MDC] to undertake a Detailed Site Investigations [DSI] and research on ten different sites in the 
Awatere and Wairau Valleys in Marlborough where new and old stockpiles of timber posts, treated with 
copper, chromium and arsenic (CCA], have been or are being stored. The investigation was carried out with 
the permission of the landowners on the proviso that the locations of the sites would not be identified. 

CCA is the most common wood preservative used in New Zealand and has been widely used since the 1950s. 
CCA protects wood against pests such as decay fungi, wood boring insects, marine borers and other pests. The 
growth in the viticulture industry in Marlborough has led to a rapidly expanding market for vineyard posts. In 
2014, of the 35,313 ha producing vineyard area in New Zealand, 22,903 ha were located in Marlborough. 

A minimum of 550 posts per hectare are used in these vineyards, giving an estimated total of over 12.5 
million vineyard posts in use on producing vineyards. Nearly all of these are CCA treated posts. It is estimated 
that the number of broken posts for Marlborough in 2014 was between 80,000 and 630,000. 

The rapid expansion of vineyard area, the amount of posts being broken annually and issues with disposal 
means vineyard post stockpiles are growing rapidly. Furthermore, during the development of a new vineyard, 
large quantities of newly treated vineyard posts are brought onto site and are often stored on the headland 
rows prior to their use. Their storage time varies from a few months to up to a year. 

Extensive research has been carried out which shows that CCA leaches out of treated wood over time, the rate 
at which leaching occurs is dependent on a number of factors including wood type, amount of preservative 
applied and environmental conditions such as soil pH, rainfall, temperature etc. 

This report set out to address the following questions: 

• What are the issues with storing posts and is leachate generated? 

• Do the posts need to be in the ground to have an impact? 

• Since the posts are stacked horizontally does this impact on the amount leached? 

• How does rainfall and temperature influence leachate? 

• Is there a relationship between storage time and leachate area and concentrations? 

• Do post types or age of posts influence leachate? 

The DSI undertaken on the soils underlying the storage areas of new posts indicates that leachate is definitely 
being generated from the piles of CCA treated posts and the highest concentrations of As, Cr and Cu are 
present in the upper (<100mm to 150mm bgl] soils (i.e. the more organic rich soils] beneath the posts; 
arsenic concentrations in the soil samples analysed were greater than the MfE and CSQG agricultural 
guidelines. The lateral and vertical penetration of the CCA is likely to depend on the permeability of the soil 
and the capacity of the soil to bind these heavy metals. Below 100mm to 150mm bgl the concentrations of 
arsenic, copper and chromium reduce rapidly and are generally close to or below background concentrations. 
Arsenic has a strong affiliation with soils resulting in much of it being adsorbed in the upper soils. Arsenic is 
generally considered to be the most easily adsorbed component followed by copper then chromium. 

Soil CCA concentrations generally decreased rapidly with increasing horizontal distance from the stacked 
posts, particularly notable for copper and chromium, which approached background levels at 50 mm away 
from the posts, in contrast arsenic concentrations appeared to extend out up to 500 mm horizontally from the 
stacked posts. 

Storage of the old broken vineyard posts appears to represent much less of a contamination issue. 
Concentrations of arsenic, chromium and copper in the older used posts were 50%, 20% and 60% less 
(respectively] than that in the new posts. Concentrations of CCA beneath the stacks of old posts were lower 
than that beneath stacks of new posts despite the fact that the old posts may have been stored on site for 
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longer timeframes. This is likely to be due to a substantial amount of the CCA having leached from the posts 
whilst they were being used in-situ in the vineyard. 

Mean arsenic concentrations detected in the surface soils beneath the new posts were approximately five 
times the MfE and CSQG agricultural guidelines. Whilst these concentrations are unlikely to represent a risk 
to the general public/workers in their current environment, the risk would increase substantially if the areas 
of vineyard currently used for storing new and old timber posts were to change to a more sensitive land use 
scenario, such as residential. Concentrations also present a risk to local groundwater resources and surface 
waters, however the risk is dependent on a number of environmental factors such as geology and soils which 
determine the extent metals are adsorbed to the soils and thus the extent of thier vertical and horizontal 
migration. 

It is recommended that during the development of every vineyard the location of the treated timber posts 
piles should be recorded and the information sent to MDC. MDC should compile a database to record the 
location and size of every vineyard timber treated post pile as these locations represent potential hotspots of 
contamination which can pose a potential risk to human health if the future land use is changed. 

In conclusion the answers to the initial questions posed can be summarised as follows: 

• What are the issues with storing posts and is leachate generated? 

Storing posts, both new and old, results in the ground underneath up to a 2m radius from the 
stacked posts exceeding the MfE and CSQG agricultural guidelines and the NES SCS for the 
rural/lifestyle block 25% produce scenario for arsenic by up to five times. Greater 
contamination is associated with the stacking and storing of new posts as opposed to old used 
posts, presumably because a substantial amount of CCA leaching would have occurred whilst 
the posts were being used in-situ in the vineyard prior to becoming disused and stored on site 
as waste posts. 

• Do the posts need to be in the ground to have an impact? 

No, clearly the storage of posts above ground prior to and after their use in the vineyard 
creates leachate in sufficient quantities to result in CCA concentrations beneath the posts 
exceeding background levels, the MfE and CSQG agricultural guidelines and the NES SCS for 
the rural/lifestyle block 25% produce scenario. The potential risk to human health is low 
whilst the land remains as vineyard, these potential risks to human health increases should 
the land use change to a more sensitive land use such as residential development. In addition 
the storage of posts potentially poses a low to moderate risk to surface and ground waters 
depending on the environmental setting. 

• Since the posts are stacked horizontally does this impact on the amount leached? 

Posts are generally stacked horizontally, with no alternative stacking methods used at any of 
the sites investigated. A comparison of scientific literature and the site investigation on CCA 
concentrations detected in the surface soils directly around in-situ vineyard posts with CCA 
concentrations in surface soils detected beneath stacked new posts, shows a similar pattern of 
soil contamination. The surface area and potential exposure to rainfall of a post lying 
horizontally on the ground is greater than one standing upright, therefore a larger area of 
ground is exposed to contamination. . Theoretically more leachate could be generated if posts 
are stacked vertically (see section 1.3], 

Further investigation into alternative post stacking methods and the consequent affect on soil 
contamination from CCA leachate would need to be undertaken to quantify if this has an 
impact on how much leachate 
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• How does rainfall and temperature influence leachate? 

The effects of rainfall and temperature on the generation of leachate were not able to be 
measured for this study. A future study could look at scenarios where posts are stacked for 3 
months during the dry summer/autumn months compared with posts stacked for 3 months 
during the wetter winter/spring months at a number of sites with comparable soils and 
geology. 

• Is there a relationship between storage time and leachate area and concentrations? 

There is a relationship between the storage time and the concentration of copper, chromium 
and arsenic in the soils, however it is not a direct correlation as other factors such as soil type, 
geology, the age of the posts prior to storage and the original concentrations of CCA present in 
the posts all have an influence on the concentrations of contaminants at storage sites. 

• Do post types or age of posts influence leachate? 

The post type, with regard to initial concentrations of CCA in the timber and the age of posts 
do influence the amount of leachate generated. Stacks of old posts do not generate as much 
leachate as stacks of new posts, presumably because a substantial amount of leachate is 
generated when the posts are in use in the vineyard. 
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1. INTRODUCTION 

Sustainable Environmental Engineering Limited (SEE Ltd] were commissioned by Marlborough 
District Council [MDC] to undertake Detailed Site Investigations [DSI] and research on ten different 
sites in the Awatere and Wairau Valleys in Marlborough where new and old stockpiles of timber posts, 
treated with copper, chromium and arsenic (CCA], have been or are being stored. The investigation 
was carried out with the permission of the landowners on the proviso that the locations of the sites 
would not be identified. The exact locations used for storing posts on three of the sites could not be 
confirmed. The initial site investigation undertaken on these three sites indicated that CCA 
concentrations were at background concentrations and the areas investigated were highly unlikely to 
have been used for storing timber. This report only details the sites where the exact area of storage of 
the posts was confirmed after the initial site investigation. 

1.1 Background 

CCA is the most common wood preservative used in New Zealand and has been widely used since the 
1950s. CCA protects wood against pests such as decay fungi, wood boring insects, marine borers and 
other pests as follows: copper is used to control fungi and marine borers, arsenic to control insects and 
some copper-resistant fungi, and chromium to fix the copper and arsenic in the wood (Reed, 2003], 

CCA formulations are specified as proportions of the active elements i.e. copper 23-25%, chromium 38- 
45% and arsenic 30-37% (Reed, 2003], 

The arsenic in CCA solutions used to treat timber is in its soluble pentavalent form (Arsenic V] as 
arsenic pentoxide or arsenic acid. The chromium used is in its soluble hexavalent form (Chromium VI] 
as chromic acid, sodium dichromate, or chromic oxide and the copper used is in its divalent form as 
copper sulphate or copper oxide (MfE and MoH, 1997], Chromium occurs in the environment primarily 
in two valence states, trivalent chromium (Cr III] and hexavalent chromium (Cr VI]. Chromium III is 
much less toxic than chromium (VI]. 

Timber is treated based on the a hazard classification system. The hazard classification describes six 
environments (HI to H6] where the risk posed by biodegradation of the timber differs according to 
exposure. Vogeler et al. (2005] state that most vineyard posts are given a H4 treatment. H4 treatment 
is for timber exposed to the weather, in ground or in fresh water, where severe or continuous wetting 
and ground contact occurs and where a high level of protection is expected. Vogelar et al. (2005] 
measured concentrations of copper (Cu], chromium (Cr] and arsenic (As] in timber posts, used in 
vineyards, as approximately 1,730, 3,040 and 2,710 mg/kg respectively on a dry matter basis. 

1.2 Use of timber posts for Marlborough's wine industry 

The major and continuing investment in viticulture in the Marlborough region has led to a rapidly 
expanding market for vineyard posts. New Zealand Winegrowers reported that of the 35,313 ha 
producing vineyard area in New Zealand in 2014, 22,903 ha are in Marlborough (Figure 1], this figure 
does not include newly installed vineyards that are not currently producing grapes. 
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Figure 1: Land area in hectares for producing vineyards for Marlborough and New Zealand over 
a ten year period (New Zealand Winegrowers, annual report 2014) 

A minimum of 550 posts per hectare are used in these vineyards, giving an estimated total of over 12.5 
million vineyard posts in use on producing vineyards. Nearly all of these are CCA treated posts. The 
average life of a vineyard pine post is about 20 years with replacement generally due to post breakage 
rather than failure from loss of durability (Millen, 2006). 

Breakage rates for posts each year is estimated between 3.5/ha (MDC estimate) and 27/ha (based on 
the industry estimate of 5%). Based on these rates the number of broken posts in 2014 for 
Marlborough is estimated at between 80,000 and 630,000. 

The rapid expansion of vineyard area, the amount of posts being broken annually and issues with 
disposal means vineyard post stockpiles are growing rapidly. Furthermore, during the development of 
a new vineyard, large quantities of newly treated vineyard posts are brought onto site and are often 
stored on the headland rows prior to their use. Their storage time varies considerably from a weekend 
to a few months to up to a year. 

Generally stacks of new vineyard posts are delivered on to site in bundles of 50 posts, each bundle 
measuring 2.6m long, 1.5m wide and 1m high. The posts are generally stored in rows 1m apart, along 
the head rows of the vineyard. For a 1 hectare vineyard with 550 posts, this represents a potential 
storage area of approximately 50m2 per hectare. During the construction phase of the vineyard the 
posts appear to be stored on site for anywhere between 3 and 9 months. Small amounts of new posts 
are stored on site for longer periods of time in order to provide a ready supply when posts are broken 
and need to be replaced. Leaching of CCA from the piles of stacked posts has the potential to create 
large areas of contaminated soil. 

1.3 Leaching of metals from CCA treated wood 

Extensive research has been carried out which shows that CCA leaches out of treated wood over time 
(Zagury et al, 2003; Vogeler et al, 2005; Robinson et al, 2006; Barlow and Frew, 2005). Complex 
environmental processes and the characteristics of the wood govern the rate at which losses of metals 
occur to the environment. Leachate generation depends on many variables, such as manufacture 
quality control standards, the time interval since treatment, temperature, timber density, humidity, 
and rainfall (APVMA 2003; Lebow et al 2004). 

Aceto and Fedele (1994) found using simulated rainwater between pH 4.5 and 6.1, that 21-24% of 
copper, 7% of chromium and 6% of arsenic were released after three days from CCA treated wood. At 
pH 3 the proportions were 100%, 14% and 18% respectively. The experiment was carried out under 
conditions to optimise leaching i.e. coarsely powdered wood rather than wood blocks. Continual 
immersion of new and weathered CCA treated timber under acidic conditions (pH 3.5 - 5.5) showed 
that chromium was more resistant to leaching than arsenic or copper i.e. chromium leached 12-53%; 
arsenic leached 32-68% and copper leached 92-100%. 
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Unaltered rainwater has a pH of 5.7, therefore this work suggests that under general rainwater 
conditions copper is the most soluble component followed by chromium and arsenic. Leaching 
decreases markedly with time with leaching studies showing that there is an initial high rate over the 
first few days of use which rapidly decreases to a barely measurable rate (Reed, 2003], 

Robinson et al (2004; 2006] looked at concentrations of copper, chromium and arsenic in the soil 
around CCA treated posts in Marlborough and found distinct gradients existed where chromium, 
copper and arsenic were found at decreasing levels with distance from the posts. Barlow and Prew 
(2005] similarly observed decreasing metal concentrations with distance from CCA treated post during 
a study on kiwifruit orchards in the Bay of Plenty (Figure 2], 
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Figure 2: Metal concentrations measured at variable distances from CCA treated timber post 
(Barlow and Prew, 2005] 

In the Marlborough study Robinson (2004] sampled timber on CCA treated posts from timber below 
ground and compared it with samples from timber above ground and found that; chrome, copper and 
arsenic were all significantly higher in the above ground timber, indicating a loss of metals due to 
leaching into the surrounding soils, however it was not possible to make clear quantitative estimates of 
the amount of CCA that had leached from the posts. A quite plausible hypothesis was put forward that 
the post was acting as a wick drawing up water from the ground and evaporating it off the posts 
surface. Marlborough is a breezy low rainfall region, therefore this effect is quite likely. 

Robinson (2004] showed that the soils surrounding the posts had significantly higher CCA 
concentrations than the control soil. Soil directly beneath the posts had the highest CCA concentration, 
followed by soil immediately adjacent. Soils at 50 mm from the side of the post, and at 100 mm beneath 
the post, were significantly lower than directly adjacent soils, although they were still significantly 
higher than the controls. The soil analysis undertaken clearly indicates that CCA leaches out of 
vineyard posts into the soil. Furthermore Robinson (2004] concluded that leaching from the above 
ground portions of the posts appeared to be minimal. 

Chemical exchange in wood is a diffusive process with an effective diffusivity that depends on the 
chemical species, the wood porosity and the tortuosity of the wood pores. Reed (2003] states that 
water passage is aided through the longitudinal tracheids and vessels with lateral diffusion occurring 
much more slowly. Thus, water containing copper, chromium and arsenic in solution is more mobile 
along the longitudinal axis of a piece of wood than in a radial direction resulting in metal losses from 
the end-grain being much greater than metal losses across the face grain. Ratios of 1:40 are often 
quoted (Morgan and Purslow, 1973; Archer and Preston, 1994], 

Vogeler (2005] suggest that limiting the endgrain loss could be used as a means to develop a 
sustainable solution to reduce the leaching of metals to the surrounding soils. A preliminary 
calculation by Vogeler (2005] suggests that if the end-grain arsenic flux were zero, e.g. some form of 
capping, then the long-term, steady-state arsenic concentration in the leachate would be halved. 
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Rates of leachate mobility in the soil depend on the chemical speciation of the leachate on reaction 
with the soil environment, as well as a range of variables such as soil pH, soil composition and texture, 
rainfall and hydrology. One of the most important processes influencing the behaviour and 
bioavailability of arsenic in soil is its ability to sorb onto solids or particulates. Leaching is pronounced 
in sandy soils and soils lacking in hydroxides of iron, aluminum, and calcium (CCME, 2001] 

Copper, chromium and arsenic all strongly adsorb to soil, thereby retarding their migration to the 
surrounding environment. Adsorption is generally greatest on soils of moderate to high organic 
content and lowest for sandy soils with low organic content (Holland and Orsler, 1995], Zagury (2003] 
also found that soil texture and organic content influenced CCA diffusion to a much greater degree than 
the length of time the posts were in the ground. Chromium (III] is strongly adsorbed and essentially 
immobile in soil, however low pH may increase its mobility (HSE, 2001], Chromium (VI] is weakly 
adsorbed but in the presence of organic matter and low pH is reduced to trivalent chromium (Carey et 
al 1996], For six soil types in the United Kingdom (pH ranging from 3.5 to 7.1] arsenic was the most 
easily adsorbed component followed by copper then chromium (HSE, 2001], Levi et al. (1974] 
reported that no chromium or arsenic was detected in grapes grown near CCA treated posts and levels 
of copper in the grapes were similar to controls. Groundwater is not considered to be at risk due to the 
strong adsorptive capacities of CCA into the soil and the relatively small amounts that are leached from 
CCA treated posts. The two most important factors when considering the leachate from CCA treated 
posts are rainfall (specifically acid rainfall] and organic soil content, with soil pH also being a factor. 

2. SCOPE AND OBJECTIVES 

The principal objective of the report is to clearly set out the potential environmental impacts from the 
stockpiling of CCA treated timber posts through carrying out a detailed site investigation (DSI] at a 
selected number of sites. The results from the DSI will be used to address the following questions: 

• What are the issues with storing posts and is leachate generated? 

• Do the posts need to be in the ground to have an impact? 

• Since the posts are stacked horizontally does this impact on the amount leached? 

• How does rainfall and temperature influence leachate? 

• Is there a relationship between storage time and leachate area and concentrations? 

• Do post types or age of posts influence leachate? 

To achieve the objective, a literature review was carried out and a detailed site investigation was 
undertaken by Mark Davies (SEE Ltd] and Rachel Rait (MDC] on the 8th and 9th of March 2015 with a 
follow up site investigation on the 25th June 2015. 
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3. ENVIRONMENTAL SETTING 

3.1 Site Descriptions 

Ten separate sites where vineyard posts had been stored or were being stored were investigated in 
order to determine the concentrations of copper, chromium and arsenic in the underlying and adjacent 
soils. Five of the sites were in the Awatere Valley and five were in the Wairau Valley. 

The exact locations used for storing posts on three of the sites could not be confirmed. The initial site 
investigation undertaken on these three sites indicated that CCA concentrations were at background 
concentrations and it is likely that the areas investigated were highly unlikely to have been used for 
storing timber. Six of the sites were areas where new posts had been stored prior to being removed 
and installed in vineyards. At the time of the site investigation there were no posts remaining on five of 
these sites. Two of the sites were where old broken posts were being stored indefinitely, one of which 
had also had new posts stored on site. Table 1 summarises the general characteristics of each site with 
regard to the types, length of time stored and age of posts. 

Table 1: Summary of the characteristics of each site 

Site ID Location 
Posts onsite Months 

Posts onsite 
Exact Location 
of posts 
confirmed 

Old/New Posts 

WVla Wairau Valley Yes 5-6 Yes Old 

WVlb Wairau Valley No 4-5 Yes New 

WV2 Wairau Valley Yes 9-10 Yes New 

WV3 Wairau Valley No 9-10 No New 

WV4 Wairau Valley No 9-10 Yes New 

AWla Awatere Valley No 5 No New 

AWlb Awatere Valley Yes 6 Yes New 

AW2 Awatere Valley Yes Up to 24 Yes New and Old 

AW3 Awatere Valley No 5 No New 

AW4 Awatere Valley No 12 Yes New 

This report will only report on the sites where the exact area of storage of the posts has been 
confirmed. 

The posts were all from the same supplier, of a similar type and had been treated the same way. 
Typically the posts are stored longitudinally (Photos 1 and 2) as this is the most efficient means. 

Vineyard Timber Post Piles, Detailed Site Investigation, Marlborough 5 Onn SUSTAINABLE i\MM ENVIRONMENTAL UUU ENGINEERING LTD 



Photo 1: A typical stockpile of new CCA treated timber posts prior to use 
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Photo 2: A typical stockpile of old broken and used CCA treated timber posts 
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3.2 Rainfall 

South Marlborough is known for its warm dry Mediterranean climate, where summers are usually hot 
and dry and winters are wet. The average rainfall is 656 mm with the majority (60 %] falling between 
May and October. 

Rainfall for the lower Wairau Valley is recorded at a weather station at Marlborough Research Centre 
in Blenheim. Figure 3 shows the rainfall in the Wairau Valley for the week preceding the first round of 
sampling at the Wairau Valley sites (8 March 2015], 
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Figure 3: Rainfall in the Wairau Valley for the week preceding the first round of sampling 

Rainfall for the lower Awatere Valley is recorded at a weather station on Redwood Pass Road 
approximately 5 km north east of Seddon. Figure 4 shows the rainfall in the Awatere Valley for the 
week preceding the first (9 March 2015) and second (25 June 2015) round of sampling at the Awatere 
Valley sites. 
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Figure 4: Rainfall in the Awatere Valley for the week preceding the first and second round of 
sampling round of sampling 

June was an exceptionally wet month in the Awatere Valley with more than twice as much rainfall 
falling that month than the average monthly total recorded between March and June. 

Exceptionally wet weather occurred in April 2014. A cyclone off Australia (cyclone Ita] resulted in the 
heaviest rainfall for more than 80 years in some parts of Marlborough. 
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3.3 Soils 

Soils in the lower Wairau Valley can be described as well drained with a moderate to high soil moisture 
(S-maponline, http: //smap.landcareresearch.co.nz/"I. 

Soils in the lower Awatere Valley can be described as well drained with a moderate/low to moderate 
soil moisture (S-maponline], 

A description of the soils for each of the sites is given in Table 2. 

Table 2: Soils description for each of the sites (from http: / /smap.landcareresearch.co.nz) 

Site ID Location Texture 
Clay 

range 
Drainage Classification 

WV1 a&b Wairau 

Loam 60% 10-20% 
Shallow 

Well 
drained 

Weathered 
Fluvial recent 

Loam over 
sandy loam 

40% 10-20% 
Deep 
Well 

drained 

Weathered 
Fluvial recent 

WV2 Wairau nd nd nd 
Well 

drained 
Orthic brown 

WV3 Wairau nd nd nd 
Well 

drained 
Fluvial recent 

WV4 Wairau nd nd nd 
Well 

drained 
Fluvial recent 

AW1 a&b Awatere Silty loam 100% 25 - 35% 

Very 
Shallow 

Well 
drained 

Weathered 
Fluvial recent 

AW2 Awatere 

Sandy loam 40% 10-20% 
Shallow 

Well 
drained 

Typic fluvial 
recent 

Silty loam 60% 25 - 35% 

Very 
Shallow 

Well 
drained 

Weathered 
Fluvial recent 

AW3 Awatere Silty loam 100% 20-30% 
Shallow 

Well 
drained 

Typic Argillic 
Pallic 

AW4 Awatere Silty loam 100% 20-30% 
Shallow 

Well 
drained 

Typic Argillic 
Pallic 
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3.4 Published Geology 

The Institute of Geological and Nuclear Sciences (2001] Geological Map 9 and 10 scale 1:250,000, 
describes the underlying geological profile for each of the sites (Table 3], 

Table 3: Underlying Geology for each of the sites 

Site ID Location 
Age Geological Description 

WV1 a&b, 
WV2, 
WV3, WV4 

Wairau Holocene 

A combination of - 

Alluvial deposits comprising of poorly 
to moderately sorted gravel with 
minor sand or silt underlying 
aggradational or degradational 
terraces. 

Well sorted gravels forming modern 
flood plains and young fan gravels. 

AW1 a&b, 
AW2, 
AW3, 
AW4 

Awatere Holocene 

Alluvial deposits comprising of poorly 
to moderately sorted gravel with 
minor sand or silt underlying 
aggradational or degradational 
terraces. 

3.5 Published Hydrogeology 

Davidson and Wilson (2011] describe the groundwaters and aquifers in the Marlborough region. Table 
4 summaries the groundwater resources for the sites studied. 

Table 4: Groundwaters/Aquifers for each of the sites 

Site ID Location 
Aquifer name Aquifer Description 

WV1 a&b, 
WV2, 
WV3, WV4 

Wairau 

Wairau Valley 

Wairau Plains 

Unconfined, good groundwater resources 
with recharge primarily from the south 
bank hills. 

Unconfined, good groundwater resources 
with recharge primarily from the Wairau 
River. 

AW1 a&b, 
AW2, 
AW3, 
AW4 

Awatere 
Awatere and Blind River 
Catchment 

Low permeability of the geological 
formations results in limited potential for 
high yielding aquifers. The predominant 
papa mudstone and greywacke/argillite 
sandstone do not store or transmit water 
well. 
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4. SAMPLING METHODOLOGY 

4.1 Site Samples 

Soil samples were taken at various depths below and to the side of the stockpile areas to determine the 
concentrations of arsenic, chromium and copper present and the lateral and vertical migration of the 
contaminants (if present]. The underlying geological profile determined at what depths the soil 
samples were taken. Soils containing large quantities of gravel/cobbles were encountered in many 
places which limited the degree of sampling undertaken. In some places the exact areas where new 
timber posts had been stored was very difficult to establish and test pits may not have been excavated 
directly under where the posts were stored. This is noted in each location. 

Test pits were excavated underneath and around the piles of timber treated posts and an X-ray 
florescence machine [XRF] used to determine the lateral and vertical extent of the concentrations of 
copper, chrome and arsenic at various depths from surface samples to 1.2m below ground level (bgf). 
The geological profile of the underlying ground changed significantly from site to site and this affected 
the level of site investigation undertaken. 

The XRF survey was undertaken by a Suitably Qualified Experienced Practitioner (SQEP] who holds a 
current licence for use of the XRF issued by the National Radiation Laboratory. The model of XRF used 
was an InnovXSystems Alpha Series. The XRF was calibrated and left to warm up for 30 minutes whilst 
the sample locations were marked out. The following XRF soil preparation protocol was undertaken as 
part of a semi-quantitative assessment of the site. 

1] Prior to every XRF reading the integrity of the XRF window was checked. 
2] A plastic bag was labelled with a unique sample identification. 
3] A shallow soil sample was taken and placed into the labelled plastic bag and homogenised. 
4] The XRF window was placed directly on the soil, ensuring maximum contact and the soil 

analysed for 90 seconds. 
5] The XRF reading number was recorded and written down on a site plan in the correct location. 
6] The bag sample was resealed and placed in a cool box for future analysis (if required], A 

number of the soil samples were sent to Hill Laboratories (Hills] for confirmatory chemical 
analysis. The Hills analyses (Appendix 1] were used to correlate the results of the XRF and to 
determine its accuracy. 

The XRF records the level of precision each time a soil sample is analysed. This level of precision is 
variable across the measurement range due to a number of factors, including the total concentrations 
of other metals in the sample and the moisture content. 

4.2 Control Samples 

Background concentrations of arsenic, chromium and copper in the soils from the Awatere and Wairau 
Valleys were measured and the results compared against the MDC 95th percentile background 
concentrations (Cavanagh, 2013], The background concentrations, detailed by Cavanagh (2013], for 
arsenic, chromium and copper are 4.3mg/kg, 26mg/kg and 18mg/kg respectively. 

Three control samples were taken from the lower Awatere Valley area. The average arsenic, chromium 
and copper concentrations in the control samples analysed by the XRF from the lower Awatere Valley 
area were 4mg/kg (± 2mg/kg], 20mg/kg (± 32mg/kg] and 4.3mg/kg (± 5.6mg/kg]. Two control 
samples were taken from the lower Wairau Valley area. The average arsenic, chromium and copper 
concentrations in the control samples analysed by the XRF from the Wairau Valley area were 4mg/kg 
(± 2mg/kg], 23mg/kg (± 33.5mg/kg] and 7.5mg/kg (± 5.5mg/kg]. 

The background concentrations measured in the field were similar to those reported by Cavanagh 
(2013], 

4.3 Interpretation of scale of contamination 

In order to easily discuss how elevated concentrations of arsenic, copper and chromium in the soils 
around the treated timber posts were in comparison to background levels, a scale, according to how 
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elevated concentrations are against background levels, was devised for the Wairau Valley sites and the 
Awatere Valley sites (Tables 5 and 6], 

Table 5: Wairau Valley background concentrations and defined contamination scales 

Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Background concentration 
4 23 7.5 

Slightly elevated 
<5 times background concentration 

< 20 <115 <37.5 

Moderately elevated 
5-10 times background concentration 

20- 40 115-230 37.5-75 

Highly elevated 
> 10 times background concentration 

>40 >230 >75 

Table 6: Awatere Valley background concentrations and defined contamination scales 

Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Background concentration 
4 20 4.3 

Slightly elevated 
<5 times background concentration 

< 20 <100 <21.5 

Moderately elevated 
5-10 times background concentration 

20- 40 100-200 21.5-107.5 

Highly elevated 
> 10 times background concentration 

>40 >200 >107.5 

4.4 Guideline Values 

In order to partially assess the potential risk that the arsenic, chromium and copper concentrations in 
the soil may pose to human health and the environment they were also compared to a number of 
standards/guidelines from New Zealand and around the world. There is currently no agricultural 
guideline available in the New Zealand National Environmental Standard [NES] for Assessing and 
Managing Contaminants in Soil to Protect Human Health. The NES gives a soil contaminant standard 
for human health for a rural residential/lifestyle block scenario which assumes that 25% of the food 
consumed within the household is grown on the block of land. This scenario does not apply to the 
productive parts of agricultural land. Table 7 details the various standards and guidelines. 

Table 7: Soil Standards and Guideline values 

Guideline Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

NES SCS's for rural residential (25% 
produce) 

17 290' >10,000 

MfE agricultural guidelines" (protection 
of plant Life)# 10-20 25' (600"') 130 

Canadian Soil Quality Guidelines" (CSQG) 12 64v 63 

I Chromium VI 
II Ministry for the Environment, Health and Environmental guidelines for selected timber treatment chemicals: June 1997. Table 5.17 

Chromium III 
n Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health. Canadian Council of Ministers of the 
Environment, 1999, updated 2007 
v Total Chromium 
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5. RESULTS 

5.1 Day 1 (8 March 2015) - Wairau Valley 

Site WVla 

Site WVla comprised of old treated timbers, that had previously been used on the vineyard. The old 
posts generally comprised of half rounds and were damaged. The post were stacked horizontally. Two 
test pits were dug, one below the pile of old treated timber posts that had been broken and stacked 
(TP1), another between two piles of old treated timber posts (TP2) as shown in Photo 3. All the areas 
where the posts were being stored were bare, with no grass, but a few weeds were present. 

Test pit 1 

me* 
'. i 

Test pit 2 TO -a 
r. 

•vJ ji^ JB 

i-i 

Photo 3: Location of the two test pits for site WVla 

Test pit 1 (TP1) was 3m long by 600mm wide and covered the area beneath the posts through to the 
area clear of the posts. Figure 5 shows a cross section through the test pit and the locations of the 
samples taken. 

Post storage area 

North 

r 

Timber post 

XRF14 XRF 13 XRF 12 
J ^ I  

Fill XRF 15 
XRF 17 

South 

XRF 2 

Gravel 
• XRF samples 3 to 11 

3 m 

Figure 5: Cross section through Test Pit (TP1) showing the sample locations (not to scale) 

The underlying geological profile comprised of 300 to 350mm of fill consisting of brown, moist, sandy 
silt with large amounts of sub rounded to sub angular gravels and cobbles varying in size from 50mm 
through to 100mm. Underlying the fill was a brown, moist, slightly sandy silt that became more sandy 
with depth (Photo 4). 
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Photo 4: Geological profile of TP1 (site WVla) 

Ten soil samples were taken from the southern end of the test pit every 100mm throughout the soil 
profile to a maximum depth of 1m. Three surface soil samples were taken at varying distances 
(500mm, 1000mm and 1500mm] north of the post storage area. Tables 8 and 9 summarise the results 
of the analysis, the Hills analysis results are shown in brackets. Figure 6 depicts the results from the 
depth profile samples. 

Table 8: Results of analysis for TP1 (site WVla) for the depth profile samples 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 23 7.5 

2 0 - 50mm Fill 43 35 34 

3 100 - 200mm Fill 37 67 31 

4 200 - 300mm Fill 45 (50) 110 (65) 30 (59) 

5 300 - 400mm Sandy silt 9 28 17 

6 400 - 500mm Sandy silt 9 28 11 

7 500 - 600mm Sandy silt 8 20 3 

8 600 - 700mm Sandy silt 8 16 5 

9 700 - 800mm Sandy silt 6(5) 20 (17) 1(18) 

10 800 - 900mm Sandy silt 7 21 2 

11 900-1000mm Sandy silt 7 20 1 
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Figure 6: Depth profile for CCA concentrations at TP1 compared with background 
concentrations denoted by the vertical lines 

Table 9: Results of analysis for site WVla for the surface samples at varying distances from the 
post pile 

XRF Distance from post Arsenic Chromium Copper 
Number pile (mg/kg) (mg/kg) (mg/kg) 
Measured background 
concentrations 

4 23 7.5 

12 500mm 27 15 11 

13 1000mm 6 25 7 

14 1500mm 5 28 4 

A depth profile was also undertaken for the surface sample taken 500mm from the post pile storage 
area (Table 10). 

Table 10: Results of analysis for site WVla for the depth samples at a distance of 500mm from 
the post storage pile 

XRF 
Number 

Depth Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background 
concentrations 

4 23 7.5 

12 0 - 100mm 27 15 11 

15 100 - 150mm 5 25 4 

17 150 - 200mm 5 22 7 
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High to moderately elevated concentrations of arsenic and copper occurred throughout the fill 
material and then decreased rapidly at the junction between the fill and the sandy silt layer. 
Concentrations of arsenic reduced slowly with depth in the sandy silt layer but never reached 
background concentrations. Slightly elevated concentrations of copper also decreased rapidly at the 
junction between the fill and the sandy silt layer, reaching background concentrations 500 to 600mm 
bgl. Chromium levels were only slightly elevated, but concentrations also decreased markedly between 
the fill and the sandy silt layer and decreased gradually thereafter to background levels at about 
500mm (Figure 4], 

Arsenic concentrations were moderately elevated at 500mm from the post storage pile and decreased 
to near background levels at 1500mm. Copper concentrations were slightly elevated at 500mm from 
the post storage pile and decreased to near background levels at 1000mm. Chromium concentrations 
were at or near background concentrations at all distances from the post storage pile. The depth 
profile at 500mm from the post storage pile showed that all metals were at background concentrations 
throughout the soil profile. 

The above analysis suggests that there was very little lateral migration of metals from the post storage 
pile. However there was contamination directly beneath the stored posts. This contamination 
appeared to be largely confined to the fill and may indicate a retention of the contaminants in this soil 
layer. 

A second test pit [TP2 ) was excavated in between the stacks of posts. Two samples were taken as 
shown in Table 11. 

Table 11: Results of analysis for TP2 (site WVla) for the depth samples at a distance of 500mm 
from the post storage pile 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 23 7.5 

19 0 - 50mm Fill 31 53 66 

20 150 - 100mm Fill 20 73 11 

Arsenic and copper were moderately elevated, whilst chromium was slightly elevated. The results 
appear to show that arsenic reduces gradually with depth. Chromium increases with depth and copper 
decreases rapidly with depth. This is a similar pattern as seen for TP1 (Figure 4j. 

XRF analysis was undertaken on the old broken posts and the nearby new posts. Arsenic, chromium 
and copper concentrations in the older posts were significantly lower than the new posts indicating 
significant weathering and leaching had occurred (Table 12], The ratios of arsenic, chromium and 
copper reduced from the new to old post were 2, 1.25 and 2.4 respectively indicating that copper has 
the greatest leaching rate and chromium has the lowest leaching rate. 

Table 12: Results of analysis for site WVla for old and new posts present 

XRF Sample Arsenic Chromium Copper 
Number (mg/kg) (mg/kg) (mg/kg) 

21 Old Post 2,653 10,076 1,917 

22 New post 5,315 12,572 4,625 
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Site WVlb 

The new posts were generally full rounds (Photo 5] and had been stored on site for approximately 4 to 
5 months. They were delivered on site in June/July 2014, with most of them removed and used by 
November 2014. 

Kr 

r - 

ft ■r 

Si 

Photo 5: New posts consisting of full rounds at site WVlb 

One of the stacks of new posts, still on site, were moved and a shallow pit was excavated in the area 
where the stack had previously lain. Three soil samples were taken at varying depths from the surface 
to 150mm bgl (Table 13], The underlying soil comprised of a slightly moist silty clay. 

Table 13: Results of analysis for site WVlb for the depth samples, (Hills results shown in 
brackets) 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 23 7.5 

25 0 - 50mm slightly moist silty clay 54 (62) 134 (57) 94 (96) 

23 50 - 100mm slightly moist silty clay 43 12 36 

24 100 - 150mm slightly moist silty clay 8 12 5 

Concentrations of arsenic and copper in the surface soil sample (XRF25), located directly below the 
pile, were highly elevated, whilst chromium concentrations were moderately elevated indicating 
weathering and leaching was occurring. 

Arsenic concentrations from 50 to 100mm bgl remained highly elevated (43mg/kg) but reduced 
rapidly to slightly elevated at 100 to 150mm bgl. Chromium and copper concentrations decreased 
significantly to background concentrations within 100 to 150mm of the surface. 

Daily rainfall for the months June 2014 to November 2014 is shown in Figure 7, daily rainfall from 
November 2014 to March 2015 is shown in Figure 8. Total rainfall for the period June 2014 to 
November 2014 was 198mm; total rainfall for the period December 2014 to March 2015 was 90mm. 
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Figure 7: Daily rainfall for the Wairau Valley from June 2014 to November 2014 
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Figure 8: Daily rainfall for the Wairau Valley from December 2014 to March 2015 
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Site WV2 

The site comprised of a large area where newly treated timbers were stacked. The new posts had been 
stored on site for approximately 9 to 10 months being delivered in April/May 2014 and some of them 
removed and used on site by January 2015. All the areas where the posts were being stored were bare, 
with no grass, but a few weeds were present (Photo 6J. Two test pits were dug on site. 
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Photo 6: Site WV2 showing new treated timber posts and bare area where posts had been 
stockpiled 

A stack of timber posts were moved and a test pit [TP1] was excavated directly beneath its original 
location. The underlying geological profile comprised of 50 to 100mm of dark brown, slightly moist, 
slightly sandy silt with gravels, underlain by light brown, dry, sub rounded to rounded gravels/cobbles 
measuring between 20mm to 200mm in a slightly silty sandy matrix (Photo 7], 
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Photo 7: Geological profile of TP1 (site WV2) 
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Due to the nature of the underlying soil, soil samples were taken on the surface and every 100 to 
150mm thereafter down to a maximum depth of 550mm bgl. 

Five soil samples were taken at varying depths throughout the soil profile to a maximum depth of 
550mm bgl. Tables 14 summarises the results of the analysis, the Hills analysis results are shown in 
brackets. 

Table 14: Results of analysis for TP1 (site WV2) for the depth profile samples 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 23 7.5 

26 0 - 50mm Moist sandy silt 14 (15] 48 (26) 13 (29) 

30 50 - 100mm Moist sandy silt 7 20 3 

27 150 - 200mm Dry silty sand 7 8 3 

28 350 - 400mm Dry silty sand 7 21 1 

29 400 - 550mm Dry silty sand 8 22 3 

The arsenic, chromium and copper concentrations were all slightly elevated at the surface. Chromium 
and copper reduced to background concentrations immediately below the surface, however arsenic 
concentrations remained just above background levels at depth. 

A second test pit was excavated (TP2] beneath another stack of posts and three soil samples were 
taken at varying depths (Table 15], Arsenic and chromium were slightly elevated at all depths, 
however copper was at background concentrations throughout. 

Table 15: Results of analysis for TP2 (site WV2) for the depth profile samples 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 23 7.5 

33 0 - 100mm Moist sandy silt 7 39 6 

34 200 - 300mm Moist sandy silt 7 31 5 

35 400 - 500mm Dry silty sand 7 33 7 

XRF analysis of the timber posts indicated very similar concentrations of arsenic, chromium and 
copper measured at site WV1 (Table 16], 

Table 16: Results of analysis for new posts at site WV1 (XRF22) and site WV2 (XRF31) 

XRF Site Arsenic Chromium Copper 
Number (mg/kg) (mg/kg) (mg/kg) 

31 WV2 6,241 11,350 5,195 

22 WV1 5,315 12,572 4,625 

Rainfall for the period in which the posts were stored on site is shown in Figure 9. A total of 442 mm of 
rain fell in this period. 
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Figure 9: Daily rainfall for the Wairau Valley from April 2014 to March 2015 
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Site WV4 

The site comprised of a large area where newly treated posts had previously been stacked. The new 
posts had been stored on site for approximately 9 to 10 months. The posts were delivered to the site in 
April/May 2014 and were all used on site by January 2015. The area where the posts had been stored 
was bare, with no grass, but a few weeds were present (Photo 9J. Two test pits (TP1 and TP2J were 
excavated on site. 

Photo 8: Site WV4 area where new treated timber posts had been stockpiled 

The underlying geological profile in TP1 comprised of 400mm of light brown, slightly moist, silty sand 
with minor amounts of gravel/cobble underlain by brown, dry, sub rounded to rounded 
gravels/cobbles measuring between 30mm to 240mm in a slightly silty sandy matrix (Photo 10J. The 
surface soil and soil every 100mm bgl thereafter was analysed to a maximum depth of 550mm bgl. 

>- 

V 
-■ 

Photo 9: Geological profile of TP1 (site WV4) 
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Five soil samples were taken at varying depths throughout the soil profile to a maximum depth of 
550mm bgl. Table 17 summarises the results of the analysis. 

Table 17: Results of analysis for TP1 (site WV4) for the depth profile samples 

XRF Sample Depth Soil Type Arsenic Chromium Copper 
Number (mg/kg) (mg/kg) (mg/kg) 
Measured background concentrations 4 23 7.5 

41 0 - 50mm Moist silty sand 21 320 6 

42 100 - 200mm Moist silty sand 9 138 4 

43 300 - 350mm Moist silty sand 7 40 5 

44 400 - 450mm Dry silty sand 6 37 6 

45 500 - 550mm Dry silty sand 6 26 2 

Arsenic was slightly to moderately elevated at the soil surface and decreased rapidly to near 
background concentrations. Copper was at background concentrations throughout. Chromium was 
highly elevated at the soil surface, decreased to moderately elevated at 100-200mm bgl and decreased 
rapidly to background concentrations at 500-550mm bgl. 

The underlying geological profile in TP2 comprised of 100mm of brown, slightly moist, silty sand FILL 
with minor amounts of gravel/cobble underlain by 650mm thick layer of brown, slightly moist silty 
clay. Underlying the silty clay was sub rounded to rounded gravels/cobbles measuring between 40mm 
to 230mm in a slightly silty sandy matrix (Photo 11], 

Photo 10: Geological profile of TP2 
(site WV4) 
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Four soil samples were taken at varying depths throughout the soil profile to a maximum depth of 
850mm bgl. Table 18 summarises the results of the analysis, the Hills analysis results are shown in 
brackets. 

Table 18: Results of analysis for TP2 (site WV4) for the depth profile samples 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 23 7.5 

46 0 - 50mm Moist silty sand 22 (26] 94 (35) 40 (43) 

48 150 - 200mm Moist silty clay 7 91 2 

49 400 - 500mm Moist silty clay 7 93 3 

50 800 - 850mm Silty sand 5 70 1 

Arsenic and copper were moderately elevated at the soil surface, copper concentrations reduced to 
background levels at 150-200mm bgl, whilst arsenic reduced to near background levels at 150-200mm 
bgl and background levels at 800-850mm bgl. Chromium was slightly elevated at the soil surface and 
did not reduce in concentrations until 800-850mm bgl, where concentrations still remained slightly 
elevated. 

Two shallow soil samples were taken close to one of the installed timber posts. Table 19 summarises 
the results of the analysis. Concentrations of metals were similarly elevated to those in TP2. 

Table 19: Results of analysis from the soil samples taken adjacent to one of the installed posts 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 23 7.5 

51 0 - 50mm Moist silty sand 29 218 27 

53 50 - 100mm Moist silty clay 8 82 3 

XRF analysis of the timber posts indicated that concentrations of arsenic, chromium and copper were 
lower than that measured at sites WV1 and WV2 (Table 20], 

Table 20: Results of analysis for new posts at sites WV1 (XRF22), site WV2 (XRF31) and site 
WV4 (XRF54) 

XRF 
Number 

Site Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

54 WV4 4,453 8,607 3,854 

31 WV2 6,241 11,350 5,195 

22 WV1 5,315 12,572 4,625 

Rainfall for the period in which the posts were stored on site is shown in Figure 9. A total of 400 mm of 
rain fell in this period. 
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5.2 Day 2 (9 March 2015) - Awatere Valley 

Site AWlb 

The site comprised of a large area where newly treated posts were being stored. The new posts had 
been stored on site for approximately 8 months. The posts were delivered in September 2014. The 
area where the posts had been stored was bare, with no grass, but a few weeds were present (Photo 
11). A small drainage ditch was present to the north of the storage area. 

Photo 11: Site AWlb showing the stockpile of new posts 

One of the stacks of posts was moved and a test pit excavated beneath the original location. The 
underlying geological profile comprised of 200 to 250mm thick layer of brown, organic rich slightly 
clayey silt with occasional sub angular to angular gravels ranging from 10mm through to 30mm. 
Underlying the silt was a 450mm thick layer of brown, dry clayey silt with occasional gravel. 
Underlying the silt was a brown, moist clay with occasional sub angular to angular gravel ranging in 
size from 10m through to 50mm (Photo 12). 
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Photo 12: Geological profile of AWlb 

Six soil samples were taken at varying depths throughout the soil profile to a maximum depth of 
750mm bgl. Table 21 summarises the results of the analysis, the Hills analysis results are shown in 
brackets. 

Table 21: Results of analysis for site AWla for the depth profile samples 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 20 4.3 

8 0 - 100mm Organic rich clayey silt 19 (22] 42 (28) 9 (30) 

9 100 - 150mm Organic rich clayey silt 7 48 5 

10 250 - 300mm Dry clayey silt 7 46 4 

11 350 - 400mm Dry clayey silt 7 45 1 

12 400 - 450mm Dry clayey silt 6 48 3 

13 700 - 750mm Moist clay 3 31 3 

Arsenic was moderately elevated on the surface soils but decreased rapidly to slightly elevated at 100- 
150mm bgl. Concentrations remained slightly elevated and returned to background concentrations at 
700-750mm bgl. Chromium was slightly elevated and changed little with depth. Copper was slightly 
elevated in the surface soils but rapidly decreased to background concentrations at 100-150mm bgl. 

Rainfall for the period in which the posts were stored on site is shown in Figure 10. A total of 210 mm 
of rain fell in this period. 
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Figure 10: Daily rainfall for the period when posts were stored onsite 
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Site AW2 - Old Posts 

The site comprised of a large area where old posts were being stored. A small drainage ditch was 
present to the north of the storage area (Photo 13], 

Photo 13: Site AW2 showing stockpiles of old posts 

Some of the old posts were moved and a test pit, 3.2m in length, was excavated from the area where 
the posts were stored to approximately 1.2m outside of the storage area (Photo 13], A schematic 
drawing of a cross section though this test pit is shown in Figure 11. 

South 
Timber post 

XRF24 XRF23 

XRF25 
XRF26 
XRF27 

Timber post 

I 
22 

North 

■ XRF samples 16 to 22 

Figure 11: Schematic cross section through the test pit at AW2 

The underlying geological profile comprised of a 250mm thick layer of dark brown, moist, organic rich, 
clayey silt underlain by a mottled light brown/grey/orange silty clay (Photo 14], 
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Photo 14: Geological profile of AW2 

Six soil samples were taken at varying depths throughout the soil profile at the northern end of the test 
pit to a maximum depth of 650mm bgl. Table 22 summarises the results of the analysis, the Hills 
analysis results are shown in brackets. 

Table 22: Results of analysis for site AW2 for the depth profile samples 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg] 

Copper 
(mg/kg] 

Measured background concentrations 4 20 4.3 

16 0 - 100mm Organic rich clayey silt 20 (24] 31 (30] 11 (29] 

18 100 - 150mm Organic rich clayey silt 5 52 11 

19 200 - 250mm Organic rich clayey silt 4 52 5 

20 300 - 350mm Silty clay 2(5] 56(19] 5(13] 

21 400 - 450mm Silty clay 3 58 4 

22 600 - 650mm Silty clay 4 50 3 

The results of analysis indicate slightly elevated concentrations of arsenic, chromium and copper are 
present in the surface soils. The concentrations of arsenic and copper present quickly reduce to 
background concentrations with depth. Concentrations of chromium increase and remain stable 
throughout the geological profile. 

Four soil samples were taken at varying depths throughout the soil profile at the southern end of the 
test pit, to a maximum depth of 550mm bgl. Table 23 summarises the results of the analysis, the Hills 
analysis results are shown in brackets. 
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Table 23: Results of analysis for site AW2 for the depth profile samples 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg] 

Chromium 
(mg/kg] 

Copper 
(mg/kg] 

Measured background concentrations 4 20 4.3 

23 0 - 100mm Organic rich clayey silt 28 62 8 

25 100 - 150mm Organic rich clayey silt 6 33 5 

26 200 - 250mm Organic rich clayey silt 6 26 5 

27 500 - 550mm Silty clay 6 27 3 

The results were very similar to the northern end of the test pit, with slightly elevated concentrations 
of arsenic, chromium and copper in the surface soil and concentrations reducing rapidly with depth. 

A surface soil sample was also taken 1m outside, and slightly down slope, of the area where posts had 
been stacked. The results of analysis [XRF24] indicate concentrations of arsenic, chromium and copper 
(6mg/kg; 21mg/kg 5mg/kg respectively] are present at concentrations similar to the control sample, 
indicating very little or no lateral migration has occurred. 

XRF analysis was undertaken on some old full round posts that had been removed from the ground. 
The arsenic, chromium and copper concentrations in the portion of post above the ground were higher 
than the concentrations in the post that would have been below the ground, this was particularly 
apparent for chromium (Table 24], The above ground portions of the old posts all had substantially 
higher CCA concentrations in comparison to new posts (Table 24], this may be a result of different 
treatment processes from different suppliers of posts. A surface soil sample (0-50mm bgl] was taken 
from one of the in-situ posts. Arsenic was highly elevated but chromium and copper were only slightly 
elevated. 

Table 24: Results of analysis for old posts at AW2 in comparison with new posts at sites WV1 
(XRF22], site WV2 (XRF31] and site WV4 (XRF54] 

XRF Number Site Arsenic 
(mg/kg] 

Chromium 
(mg/kg] 

Copper 
(mg/kg] 

28(day 2] AW2 Old post - above ground 9,117 18,617 6,673 

29 (day 2] AW2 -Old post - above ground 8,570 14,852 6,543 

30(day 2] AW2 - Old Post - below ground 7,071 7,118 6,632 

31 (day 2] AW2 - Old Post - below ground 7,872 7,225 3,807 

54 (day 1] WV4 - New posts 4,453 8,607 3,854 

31 (day 1] WV2 - New posts 6,241 11,350 5,195 

22 (day 1] WV1 - New posts 5,315 12,572 4,625 
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Site AW2 - New Posts 

On the 25th June 2015, SEE Ltd undertook further site investigation work around an area where new 
posts were stacked/had been stacked on site. The area comprised of three zones as detailed below: 

1. Large stack of new posts. 

2. Area of bare earth and browned grass where new posts had been in-situ for approximately 1 
year and which had just been removed. 

3. Half a stack of new posts which had been in-situ for approximately two years and an area of 
bare earth and browned grass where posts had recently been moved from. 

Three shallow test pits were excavated by spade in the area of bare earth/browned grass. A further 
test pit was excavated just to the south of where the timber had been stacked. The pits were excavated 
to a maximum depth of 200mm below ground level and samples taken on the surface and 50mm, 
100mm, 150mm and 200mm below ground level. The purpose of the test pits in this area were to 
determine changes in the concentrations of arsenic, chromium and copper with depth. A schematic 
diagram of the areas samples is shown in Appendix 2. 

The underlying geological profile comprised of 150mm to 200mm of dark brown, moist, slightly clayey, 
silty topsoil over a layer of brown, slightly moist silty clay. 

Tables 25 to 28 summarise the results from the XRF analysis, with the Hills analysis results shown in 
brackets for the four test pits taken in Zone 2. 

Table 25: Depth profile from TP1 at Site AW2 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 20 4.3 

TP1 84 Surface Silty topsoil 54.3 <L0D 60.9 

TP185 50mm Silty topsoil 37.2 <L0D <L0D 

TP1 86 100mm Silty topsoil 35.8 <L0D 15.64 

TP187 150mm Silty clay 9.2 <L0D <L0D 

TP1 88 200mm Silty clay 8.5 (10) <L0D (21) <L0D (17) 

Table 26: Depth profile from TP2 at Site AW2 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 20 4.3 

TP2 89 Surface Silty topsoil 67.6 (161) <L0D (100) 49.7 (183) 

TP2 90 50mm Silty topsoil 60.2 78.1 37.6 

TP2 91 100mm Silty topsoil 16.6 <L0D <L0D 

TP2 92 150mm Silty clay 13.7 <L0D <L0D 

TP2 93 200mm Silty clay 9 <L0D <L0D 
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Table 27: Depth profile from TPS at Site AW2 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg] 

Chromium 
(mg/kg] 

Copper 
(mg/kg] 

Measured background concentrations 4 20 4.3 

TPS 95 Surface Silty topsoil 49.3 (69] <L0D (46] 43.2 (56] 

TPS 96 50mm Silty topsoil 99.8 (184] 152.2 (71] 145.3 (113] 

TPS 97 100mm Silty topsoil 25.3 <L0D 18.1 

TPS 98 150mm Silty topsoil 28.1 <L0D 26.2 

TPS 99 200mm Silty clay 5.5 (7] <L0D (18] <L0D (13] 

Table 28: Depth profile from TP4 at Site AW2 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg] 

Chromium 
(mg/kg] 

Copper 
(mg/kg] 

Measured background concentrations 4 20 4.3 

TP4 100 Surface Silty topsoil 18.5 (47] <L0D (39] <L0D (42] 

TP4 101 50mm Silty topsoil 23.2 (50] <L0D (31] 22.26 (41] 

TP4 102 100mm Silty topsoil 6.3 <L0D <L0D 

TP4 103 150mm Silty topsoil <L0D <L0D <L0D 

TP4 104 200mm Silty clay <L0D <L0D <L0D 

The results of analysis indicate that significantly elevated concentrations of arsenic are present from 0 
to 150mm bgl. Below this the arsenic concentrations decrease dramatically but are generally greater 
than the background concentration for the area. The change in concentrations present is considered to 
be associated with the change in soil profile from topsoil to silty clay at around 150mm bgl. 

Arsenic concentrations in Test Pit 4 (Table 28] excavated just to the south of where the pile of timber 
posts was located were much lower than in TP1 to TP3 (Tables 25 to 27] but were still elevated in the 
upper soils (0 to 50mm bgl]. From 100mm to 200mm bgl the arsenic concentrations were at 
background concentrations. The slightly elevated concentrations of arsenic in the upper soils was 
considered to be from leachate and runoff from the timber posts. 

In order to try and determine the lateral migration away from the posts, two shallow trenches 
(Trenches A and B] were excavated at right angles to where the posts were stored. Trench A and B 
were excavated to a maximum depth of 25mm bgl. Soil samples were taken every 100mm along the 
trench. Tables 29 and 30 show the results from the soil samples taken. 

Table 29: Horizontal profile from Trench A at Site AW2 

XRF Number 
1 1 

Distance away 
rom posts 

Soil Type Arsenic 
(mg/kg] 

Chromium 
(mg/kg] 

Copper 
(mg/kg] 

Measured background concentrations 4 20 4.3 

TRENCH A 115 100mm Silty topsoil 49.8 <L0D 21.2 

Vineyard Timber Post Piles, Detailed Site Investigation, Marlborough 31 Onfl SUSTAINABLE i\MM ENVIRONMENTAL UUU ENGINEERING LTD 



TRENCH A 116 200mm Silty tops oil 22.4 <L0D <L0D 

TRENCH A 117 300mm Silty tops oil 40.6 <L0D 39.6 

TRENCH A 118 400mm Silty tops oil 41.5 <L0D 61.5 

TRENCH A 119 500mm Silty tops oil 24.9 <L0D 17.6 

TRENCH A 120 600mm Silty tops oil 22 <L0D <L0D 

TRENCH A 121 700mm Silty tops oil 11.04 <L0D <L0D 

TRENCH A 122 800mm Silty tops oil 9.4 <L0D <L0D 

Table 30: Horizontal profile from Trench B at Site AW2 

XRF Number Distance away 
from posts 

Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 20 4.3 

TRENCH B123 100mm Silty tops oil 27.7 <L0D 21.7 

TRENCH B124 200mm Silty tops oil 29 91.8 41 

TRENCH B125 300mm Silty tops oil 27.3 <L0D 37.4 

TRENCH B126 400mm Silty tops oil 27.8 <L0D 29.3 

TRENCH B127 500mm Silty tops oil 18.5 <L0D 18.9 

TRENCH B128 600mm Silty tops oil 28.7 <L0D 32.2 

TRENCH B129 700mm Silty tops oil 37.9 <L0D 38.1 

TRENCH B130 800mm Silty tops oil 79.9 94.6 64.9 

TRENCH B131 900mm Silty tops oil 44.5 <L0D 37.1 

Elevated concentrations of arsenic were detected in the surface soils up to 900mm away from the 
timber piles indicating that lateral migration of arsenic is occurring. Trenches A and B were excavated 
between two piles of posts so there could be leachate from both piles having an influence on the results 
of analysis. 

Two shallow test pits (TP 5 and 6] were excavated by spade in the area of bare earth/browned grass 
south of the half stack of timber. The pits were excavated to a maximum depth of 200mm below 
ground level and samples taken on the surface and 50mm, 100mm, 150mm and 200mm below ground 
level. The purpose of the test pits in this area were to determine changes in the concentrations of 
arsenic, chromium and copper with depth. Results are shown in Tables 31 and 32. 

Table 31: Depth profile from TPS at Site AW2 

XRF Number Sample Depth Soil Type Arsenic Chromium Copper 
(mg/kg) (mg/kg) (mg/kg) 

Measured background concentrations 4 20 4.3 

TPS 105 Surface Silty tops oil 94.7 (134) 107,11 (70) 92.24(133) 
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TPS 106 50mm Silty topsoil 47.25 (76) <L0D (35) 31.87 (47) 

TPS 107 100mm Silty topsoil 17.11 (21) <L0D (21) <L0D (18) 

TPS 108 150mm Silty clay <L0D (7) <L0D (20) <L0D (12) 

TPS 109 200mm Silty clay <L0D (5) <L0D (20) <L0D (13) 

Table 32: Depth profile from TP6 at Site AW2 

XRF Number Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 20 4.3 

TP6 110 Surface Silty topsoil 61.7 (124) 93.75 (88) 74.03 (127) 

TP6 111 50mm Silty topsoil 123.29 333.31 166.06 

TP6 112 100mm Silty topsoil 17.25 <L0D <L0D 

TP6 113 150mm Silty clay 6.62 <L0D <L0D 

TP6 114 200mm Silty clay <L0D <L0D <L0D 

The results of analysis indicate that significantly elevated concentrations of arsenic are present from 0 
to 50 mm below ground level. Below this the arsenic concentrations decrease significantly but are 
generally greater than the background concentration for the area. At the boundary with the silty clay 
layer the concentrations of arsenic present are at background concentrations. The arsenic appears to 
have an affinity with the organic rich topsoil and does not appear to be leaching out into the underlying 
silty clay. 

In order to try and determine the lateral migration away from the posts, a third shallow trench (Trench 
C] was excavated at right angles to where the posts were stored. Trench C was excavated to a 
maximum depth of 110mm bgl. Soil samples were taken every 100mm along the trench, from the 
surface, 50mm and 100mm bgl. 

Table 33: Depth and horizontal profiles from Trench C at Site AW2 

XRF Number Distance away 
from posts 

Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 20 4.3 

TRENCH C 132 - 
Surface 

100mm Silty topsoil 107.15 104.85 205.32 

TRENCH C 145 - 
50mm bgl 

30.91 <L0D <L0D 

TRENCH C 155 - 
100mm bgl 

<L0D <L0D <L0D 

TRENCH C 133 - 
Surface 

200mm Silty topsoil 
135 (240) 70.2 (151) 282 (300) 

TRENCH C 146 - 
50mm bgl 22.2 <L0D <L0D 

TRENCH C 156 - 
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100mm bgl 7.32 <L0D <L0D 

TRENCH C 134- 
Surface 

300mm Silty tops oil 47.95 <L0D 48.02 

TRENCH C 147 - 
50mm bgl 

26.24 <L0D <L0D 

TRENCH C 157 - 
100mm bgl 

5.2 <L0D <L0D 

TRENCH C 135- 
Surface 

400mm Silty tops oil 36.69 <L0D 25.3 

TRENCH C 148 - 
50mm bgl 

11.29 <L0D <L0D 

TRENCH C 158 - 
100mm bgl 

6.88 <L0D <L0D 

TRENCH C 136 - 
Surface 

500mm Silty tops oil 49.06 <L0D 65.32 

TRENCH C 149 - 
50mm bgl 

38.75 <L0D <L0D 

TRENCH C 159 - 
100mm bgl 

22.24 <L0D <L0D 

TRENCH C 150 - 
Surface 

600mm Silty tops oil 70.34 <L0D 39.88 

TRENCH C 160 - 
50mm bgl 

39.65 <L0D <L0D 

TRENCH C 132 - 
100mm bgl 

15.87 <L0D <L0D 

TRENCH C 138 - 
Surface 

700mm Silty tops oil 35.3 <L0D 13.79 

TRENCH C 151 - 
50mm bgl 

22.76 <L0D <L0D 

TRENCH C 161 - 
100mm bgl 

12.76 <L0D <L0D 

TRENCH C 139 - 
Surface 

800mm Silty tops oil 36.73 <L0D 16.53 

TRENCH C 152 - 
50mm bgl 

29.18 <L0D <L0D 

TRENCH C 162 - 
100mm bgl 

13.38 <L0D <L0D 

TRENCH C 140 - 
Surface 

900mm Silty tops oil 36.31 <L0D 14.64 
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TRENCH C 153 - 
50mm bgl 

35.91 <L0D <L0D 

TRENCH C 163 - 
100mm bgl 

19.36 <L0D <L0D 

TRENCH C 141 - 
Surface 

1000mm Silty tops oil 36.52 <L0D 19.01 

TRENCH C 154- 
50mm bgl 

- - - 

TRENCH C 164 - 
100mm bgl 

- - - 

Elevated concentrations of arsenic were detected in the surface samples taken along the entire length 
of trench indicating that horizontal leaching of arsenic from the timber is occurring. The 
concentrations of arsenic reduce significantly within 50mm of the surface. At 100mm bgl the arsenic 
concentrations present are generally around background concentrations with a few exceptions. Both 
copper and chromium concentrations are elevated on the surface samples but at 50mm bgl are at the 
LOD for the XRF. 
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Site AW4 

The area where the vineyard posts had been stored measured 35m by 4.5m (Photo 15], The posts had 
been stored for 12 months prior to being used. The posts were delivered in November 2013 and had 
been removed and used on site by October 2014. The area where the posts had been stored was bare, 
with no grass, but a few weeds were present. A gate is located beside the storage area, no posts were 
stored beside the gate for access reasons, the area beside the gate had considerably more grass cover 
than the areas where posts had been stored. 

^\ ^rT ■ -O <^2 

Gate 

i >- 

- 

Timber post storage area a 
£3. M 

w ' 

m - 

Photo 15: Site AW4 showing the area where posts were previously stockpiled 

One deep test pit (TP1] and eight shallow test pits (TP2 to TPS] were excavated from the area where 
the posts were once located (Photo 19], A schematic plan view showing the location of the pits is 
shown in Figure 12 below. The XRF numbers with S after them indicate that the soil sample was a 
surface sample. The XRF numbers with a D after them indicate that the soil sample was a depth 
sample. Test pits 3 to 7 were spaced at 5m intervals. 

Gate Fence 

^Test Pit 2 

XRF S 53 

Tes Pit 1 

XRI 43 to 51 
[Said D) 

Test Pit 3 

XRF S 54 

¥ 

Test Pit 4 
• 

XRF S 55 
XRF D 62 
XRF D 63 
XRF D 64 

Test Pit 5 Test Pit 6 Test Pit 7 
• • • 

XRF S 56 XRF S 57 XRF S 58 
XRF D 59 
XRF D 60 

Test Pit8 
XRF 65 to 71 
[S and D) 

Area of timber post storage 

Figure 12: Schematic plan of the locations of the test pits at AW4 
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Test Pit 1 

The underlying geological profile comprised of 150mm of dark brown, dry, organic rich, slightly sandy, 
slightly clayey silt, overlying 600mm thick layer of a brown slightly moist, clayey SILT. Underlying the 
silt was a brown sub rounded to sub angular gravel/cobbles in a silty sandy matrix (Photo 16], 

Photo 16: Geological profile of test pit at site AW4 

Seven soil samples were taken at varying depths throughout the soil profile to a maximum depth of 
750mm bgl. Table 34 summarises the results of the analysis. 

Table 34: Results of analysis for TP1 at site AW4 

XRF Sample Depth Soil Type Arsenic Chromium Copper 
Number (mg/kg) (mg/kg) (mg/kg) 
Measured background concentrations 4 20 4.3 

43 surface Organic rich slightly 
sandy slightly clayey 
silt 

207 152 236 

45 0-50mm Organic rich slightly 
sandy slightly clayey 
silt 

28 59 19 

46 100-150mm Organic rich slightly 
sandy slightly clayey 
silt 

6 41 4 

47 250-300mm Moist clayey silt 5 43 7 

48 350-400mm Moist clayey silt 5 22 0 

49 500-550mm Moist clayey silt 5 36 3 

51 700-750mm Moist clayey silt 6 8 0 

Concentrations of arsenic, chromium and copper were highly elevated on the surface but rapidly 
decreased just below the surface. Background or near background levels of arsenic and copper were 
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reached at 100-150mm, whilst chromium concentrations achieved background levels a little deeper at 
350-400mm bgl. 

Test Pit 4 

Test pit 4 was excavated to a maximum depth of 100mm bgl and four soil samples at 25mm intervals. 

Table 35: Results of analysis for TP4 at site AW4 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 20 4.3 

55 surface Organic rich slightly 
sandy slightly clayey 
silt 

92 105 76 

62 25-50mmmm Organic rich slightly 
sandy slightly clayey 
silt 

17 (13) 75 (29) 9(13) 

63 50-75mm Organic rich slightly 
sandy slightly clayey 
silt 

8 48 2 

64 75-100mm Organic rich slightly 
sandy slightly clayey 
silt 

4 41 2 

Concentrations of arsenic, chromium and copper were highly elevated on the surface but rapidly 
decreased just below the surface. Arsenic and copper concentrations reached background 
concentrations at 75 to 100mm bgl and 50 to 75mm respectively. Chromium concentrations remained 
above background concentrations throughout the geological profile (Table 35). 

Test Pit 6 

Test pit 6 was excavated to a maximum depth of 175mm bgl and three soil samples taken at 75mm 
intervals. 

Table 36: Results of analysis for TP 6 at site AW4 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 20 4.3 

57 surface Organic rich slightly 
sandy slightly clayey 
silt 

115 (58) 267 (53) 106 (99) 

59 75-100mm Organic rich slightly 
sandy slightly clayey 
silt 

9 108 9 

60 150-175mm Organic rich slightly 
sandy slightly clayey 
silt 

6 92 10 

Vineyard Timber Post Piles, Detailed Site Investigation, Marlborough 38 Onfl SUSTAINABLE i\MM ENVIRONMENTAL UUU ENGINEERING LTD 



Concentrations of arsenic, chromium and copper were highly elevated on the surface but rapidly 
decreased just below the surface. Arsenic and copper concentrations reached near background 
concentrations at 150mm to 175mm bgl respectively. Chromium concentrations remained significantly 
above background concentrations throughout the geological profile (Table 36). 

Test Pits 2,3, 5 and 7 

Test pits 2, 3, 5 and 7 were excavated to a maximum depth of 25mm bgl and one sample taken from 
each test pit. There was a 5m pacing between each of the test pits. 

Table 37: Results of analysis for test pits 2,3, 5 and 7 at site AW4 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 20 4.3 

Test Pit 2 
XRF 53 

surface Organic rich slightly 
sandy slightly clayey 
silt 

76 72 90 

Test Pit 3 
XRF 54 

surface Organic rich slightly 
sandy slightly clayey 
silt 

31 24 19 

Test Pit 5 
XRF 56 

surface Organic rich slightly 
sandy slightly clayey 
silt 

92 105 76 

Test Pit 7 
XRF 58 

surface Organic rich slightly 
sandy slightly clayey 
silt 

61 71 73 

Concentrations of arsenic, chromium and copper were highly elevated in the surface soil samples. 
Overall the concentrations of arsenic, chromium and copper in the surface soils taken from Test Pits 2 
to 7 where the timber posts had been stored, varied significantly from location to location (Table 37). 

Test Pit 8 

Surface samples (XRF Samples 65 to 71) were taken from the edge of the storage area outwards and 
away from the area where the timber posts had been stored at 100mm intervals (Photo 17). The 
concentrations of arsenic, chromium and copper all reduced significantly away from the storage area, 
to the degree that it is highly unlikely that there was any lateral migration of the metals away from the 
timber post storage area (Table 38). Within 100mm the CCA concentrations were similar to the 
concentrations measured in the control sample. 

Table 38: Results of analysis for TPS at site AW4 

XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 20 4.3 

71 surface Organic rich slightly sandy slightly 
clayey silt 

75 105 33 

65 surface Organic rich slightly sandy slightly 
clayey silt 

1 34 6 

66 surface Organic rich slightly sandy slightly 2 35 4 
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XRF 
Number 

Sample Depth Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg) 

Copper 
(mg/kg) 

Measured background concentrations 4 20 4.3 

clayey silt 

67 surface Organic rich slightly sandy slightly 
clayey silt 

4 40 6 

68 surface Organic rich slightly sandy slightly 
clayey silt 

1 30 6 

69 surface Organic rich slightly sandy slightly 
clayey silt 

2 35 2 

70 surface Organic rich slightly sandy slightly 
clayey silt 

3 40 2 
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Photo 17: Locations of XRF samples at TPS, site AW4 

Rainfall for the period in which the posts were stored on site is shown in Figure 13. A total of 690 mm 
of rain fell in this period. 
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Figure 13: Daily rainfall for the period when posts were stored onsite 
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5.3 Site AW4 - effects of cultivation on CCA soil concentrations 

On the 25th June 2015 further site investigation work was undertaken by SEE Ltd and MDC. The 
proposed work was planned to extend the knowledge gained in the first round of work however upon 
arrival at the site it was clear that the area had been heavily cultivated by the landowner to a depth of 
approximately 100mm to 150mm bgl. The proposed site investigation work was abandoned and a 
new sampling plan and set of objectives were derived. The new objectives were to undertake sampling 
and chemical analysis to determine what effect the cultivation had had on the lateral and vertical 
extent of the arsenic, copper and chromium concentrations in the soil. 

Soil sampling was undertaken at 5m intervals, along two lines which were 1.5m apart set out over the 
previously investigated area. Line 1 was located just north of the area where the timber was formerly 
stacked. Line 2 was located through the area where the posts were formerly stacked. In addition three 
shallow trenches were excavated in a southwards direction to establish if the CCA contamination had 
been spread. A schematic diagram of the areas sampled is shown in Appendix 3. 

Soil samples were taken from the surface, 50mm bgl and 100mm bgl and analysed using an XRF. A 
number of samples were also sent to Hills for chemical analysis. The Hills results are shown in 
brackets. Tables 39 and 40 shows the results of analysis for Line 1 and Line 2 

Table 39: Depth and horizontal profiles from Line 1 at Site AW4 

XRF Number Soil Type Arsenic Chromium Copper 
(mg/kg) (mg/kg) (mg/kg) 

Measured background 
concentrations 

4 20 4.3 

Line 1, 5m, XRF1 - 
Surface 

Line 1, 5m XRF2 - 
50mm bgl 

Silty tops oil 
15.4 (21j 

13.7 (16j 

<L0D (32j 

<L0D (30j 

<L0D (22j 

<L0D (16j 

Line 1,10m XRF9- 
Surface 

Line 1,10m, XRF10 
- 50mm bgl 

Silty tops oil 
12.1 

<L0D 

<L0D 

<L0D 

<L0D 

<L0D 

Line 1,15m, XRF3 - 
Surface 

Line 1,15m, XRF4 - 
50mm bgl 

Silty tops oil 
6.14 (15j 

8.73 (16j 

<L0D (31j 

<L0D (28j 

<L0D (25j 

<L0D (17j 

Line l,20m,XRFll 
- Surface 

Line l,20m,XRF12 
- 50mm bgl 

Silty tops oil 
10.1 

4.7 (9j 

<L0D 

<L0D (24j 

<L0D 

<L0D (12j 

Line 1,25m, XRF5 - 
Surface 

Line 1,25m, XRF6 - 
50mm bgl- 

Silty tops oil 
13.7 (19j 

7.2 

<L0D (28j 

<L0D 

<L0D (25j 

<L0D 

Line 1,30m, XRF13 
- Surface 

Silty tops oil 
12.69 (30j <L0D (37j <L0D (31j 

Vineyard Timber Post Piles, Detailed Site Investigation, Marlborough 42 Onfl SUSTAINABLE i\MM ENVIRONMENTAL UUU ENGINEERING LTD 



Line l,30m,XRF14 
- 50mm bgl 

10.46 (13] <L0D (27] <L0D (19] 

Line 1,35m, XRF7 - 
Surface 

Silty tops oil 
18.56 <L0D <L0D 

Line 1,35m, XRF8 - 
50mm bgl 

12.82 <L0D <L0D 

Table 40: Depth and horizontal profiles from Line 2 at Site AW4 

XRF Number Soil Type Arsenic 
(mg/kg) 

Chromium 
(mg/kg] 

Copper 
(mg/kg] 

Measured 
concentrations 

background 
4 20 4.3 

Line 2, 5m, XRF29- 
Surface 

Silty tops oil 13.29 (34] <L0D (37] <L0D (35] 

Line 2, 5m XRF15 - 
50mm bgl 

18.15 <L0D <L0D 

Line 2, 5m XRF16 - 
100mm bgl 

9.65 <L0D <L0D 

Line 2,10m XRF30- 
Surface 

Silty tops oil 47.19 (50] <L0D (44] 125.25 (73] 

Line 2,10m, XRF17 
- 50mm bgl 

41.51 (63] <L0D (55] 408.69 (90] 

Line 2,10m XRF18 - 
100mm bgl 

27.52 (38] <L0D (45] 36.75 (51] 

Line 2,15m, XRF31 
- Surface 

Silty tops oil 22.6 <L0D <L0D 

Line 2,15m, XRF19 
- 50mm bgl 

39.88 (38] <L0D (38] <L0D (50] 

Line 2,15m XRF20- 
100mm bgl 

6.18 (12] <L0D (26] <L0D (20] 

Line 2,20m, XRF 32 
- Surface 

Silty tops oil 63.29 (28] 131.2 (39] 33.4 (39] 

Line 2,20m, XRF21 
- 50mm bgl 

16.66 <L0D <L0D 

Line 2,20m XRF22 - 
100mm bgl 

8.28 <L0D <L0D 

Line 2,25m, XRF33 
- Surface 

Silty tops oil 20.35 (39] <L0D (42] 14 (50] 

Line 2,25m, XRF23 
- 50mm bgl- 

7.2 (17] <L0D (29] <L0D (26] 

Line 2,25m XRF24- 
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100mm bgl <L0D <L0D <L0D 

Line 2,30m, XRF34 
- Surface 

Silty tops oil 13.61 (18] <L0D (28] <L0D (24] 

Line 2,30m, XRF25 
- 50mm bgl 

17.88 (44] <L0D (42] <L0D (41] 

Line 2,30m XRF26- 
100mm bgl 

9.11 (13] <L0D (30] <L0D (15] 

Line 2,35m, XRF35 
- Surface 

Silty tops oil " " " 

Line 2,35m, XRF27 
- 50mm bgl 

15.9 <L0D <L0D 

Line 2,35m XRF28- 
100mm bgl 

<L0D <L0D <L0D 

The chemical analysis undertaken on Lines 1 and 2 indicate that the elevated concentrations of arsenic 
present in the soil on the 9 March 2015 have been mixed through the soil profile due to the cultivation 
process and are more elevated with depth than previously found. The cultivation process does not 
seem to have affected the soil at 100mm bgl as arsenic concentrations are around the background 
concentration for the area with the exception of XRF18 [27.5mg/kg] at 100mm bgl. 

The site investigation on the 9 March 2015 showed arsenic concentrations reduced quickly away from 
the timber post stacks and were at or close to the background concentrations within 250mm of the 
stacked posts. In order to determine whether the cultivation of the soil had spread the arsenic 
contamination to the south, three shallow trenches were extended in a southwards direction. Trench 1 
was excavated from the edge of where the posts were stored southwards for 2m. Trenches 2 and 3 
were extended out 1m south. Shallow samples (25mm bgl] were taken every 100mm along the 
trenches. Table 41 below show the results of the XRF analysis. 

Table 41: Horizontal profile for arsenic concentrations from Trench 1 at Site AW4 (background 
concentrations 4mg/kg) 

Distance from posts Trench 1 Trench 2 Trench 3 
XRF no. XRF no. XRF no. 

As conc. mg/kg As conc. mg/kg As conc. mg/kg 
100mm XRF55 XRF45 XRF35 

31 7 14 
200mm XRF56 XRF46 XRF36 

12 23 15 
300mm XRF57 XRF47 XRF37 

30 13 6 
400mm XRF58 XRF48 XRF38 

16 33 17 
500mm XRF59 XRF49 XRF39 

24 23 23 
600mm XRF 60 XRF 50 XRF40 

56 13 <L0D 
XRF 63 

14 
700mm XRF64 XRF 51 XRF41 

19 14 17 
800mm XRF65 XRF 5 2 XRF42 

21 24 20 
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Distance from posts Trench 1 Trench 2 Trench 3 
XRF no. XRF no. XRF no. 

As conc. mg/kg As conc. mg/kg As conc. mg/kg 
900mm XRF62 XRF 5 3 XRF43 

23 8 17 
1000mm XRF66 XRF 5 4 XRF44 

15 13 37 
1100mm XRF68 

25 
- - 

1200mm XRF69 
12 

- - 

1300mm XRF70 
27 

- - 

1400mm XRF71 
28 

- - 

1500mm XRF72 
13 

- - 

1600mm XRF73 
11 

- - 

1700mm XRF74 
24 

- - 

1800mm XRF75 
10 

- - 

1900mm XRF76 
9 

- - 

2000mm XRF77 
7 

- - 

2100mm XRF78 
38 

XRF80 
36 

2200mm XRF81 
15 

- - 

The XRF analysis undertaken on the soil samples taken from Trench 1, 2 and 3 indicate that cultivation 
process has spread the CCA contamination in a southerly direction across the site. Surface 
concentrations varied from 7mg/kg through to 56mg/kg. 

5.4 Statistical Analysis 

A range of soil samples, analysed using the XRF, were sent to Hill Laboratories Ltd for analysis in order 
to verify the quality of the XRF data. The samples selected were from the lower, middle and upper 
range of concentrations measured by the XRF. 

Linear regression analysis was undertaken on all of the samples where XRF results and laboratory 
results were available and a regression coefficient [R2] for arsenic, chromium and copper was 
calculated. The US EPA 1990 Q2 Criteria indicates that the R2 value should be between 0.7 and 1. The 
higher the R2 value is to 1 the better the correlation. Results which were recorded as less than the limit 
of detection (LOD] were excluded from the analysis. 

The regression analysis indicates that there is a high degree of correlation (R2>0.7] between the XRF 
results and the laboratory analysis for arsenic and copper, however chromium results were not well 
correlated (Figure 14] giving a high level of confidence in the XRF results for arsenic and copper 
overall. 
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Figure 14: Correlation between laboratory results and XRF results for arsenic, copper and 
chromium for all sites 

The correlation between the laboratory and XRF results was further investigated to determine if there 
were site specific differences between results. All of the Wairau Valley results were highly correlated 
(Figure 15). 

Wairau Valley Sites 

0.8515X +1.4007 
R2 = 0.9961 
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y=0.9725x-8.4969 
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R 140 
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• 80 

Wairau Valley Sites 

y = 2.2661x - 12.705 
R2 = 0.8495 

Chromium Lab (mg/kg) 

Figure 15: Correlation between laboratory results and XRF results for arsenic, copper and 
chromium for the Wairau Valley sites. 

The Awatere sites differed with one another, AW2 showed a good correlation between the XRF and 
laboratory results for arsenic and copper, but had a poor correlation for chromium (Figure 16). 
However AW4 showed a poor correlation for all three metals (Figure 17). The poor correlation 
observed for AW4 could be explained by the fact that the site had been lightly cultivated to 
approximately 100mm to 150mm bgl prior to the site visit on the 25 June 2015. Hotspots of metal 
contamination are likely to have been spread around resulting in a non-homogenous layer, different to 
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what would be observed for undisturbed soils, thereby resulting in less correlation between the two 
analytical methods. The XRF analyses a very small specific area of the sample, whereas the sample is 
carefully homogenised in the laboratory prior to analysis, in non-homogenous matrices, this can result 
in very different results from the two methods. 

AW2 site AW2 site 
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Arsenic Lab (mg/kg) 

y=0.8187x-12.872 
R2 = 0.7403 

150 200 250 
Copper Lab (mg/kg) 

160 
s 140 

AW2 site 

y= 0.3786x + 51.484 
R2 = 0.1526 

60 80 100 120 
Chromium Lab (mg/kg) 

Figure 16: Correlation between laboratory results and XRF results for arsenic, copper and 
chromium for the Awatere Valley site AW2. 
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Figure 17: Correlation between laboratory results and XRF results for arsenic, copper and 
chromium for the Awatere Valley site AW4. 
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6. DISCUSSION AND RECOMMENDATIONS 

The major and continuing investment in viticulture in the Marlborough region has led to a rapidly 
expanding market for vineyard posts. New Zealand Winegrowers reported that of the 35,313 ha 
producing vineyard area in New Zealand in 2014,22,903 ha was in Marlborough. 

A minimum of 550 posts per hectare are used in these vineyards, giving an estimated total of over 12.5 
million vineyard posts in use on producing vineyards. Copper, chromium and arsenic (CCA] is the most 
common wood preservative used in New Zealand and has been widely used since the 1950s. The use 
of CCA has been banned or has restricted use throughout Europe, Canada and a number of other 
countries. 

Breakage rates for posts each year is estimated between 3.5/ha (MDC estimate] and 27/ha (based on 
the industry estimate of 5%]. Based on these rates the number of broken posts in 2014 for 
Marlborough is estimated at between 80,000 and 630,000. The rapid expansion of vineyard area, the 
amount of posts being broken annually and issues with disposal means vineyard post stockpiles are 
growing rapidly. Furthermore, during the development of a new vineyard, large quantities of newly 
treated vineyard posts are brought on site and are often stored on the headland rows prior to their use. 
Their storage time varies from a weekend to a few months to up to two years. 

The storage of both the new posts delivered to site and the old posts is thought to represent a potential 
contamination issue and MDC engaged SEE Ltd to address the following questions. 

• What are the issues with storing posts and is leachate generated? 
• Do the posts need to be in the ground to have an impact? 
• Since the posts are stacked horizontally does this impact on the amount leached? 
• How does rainfall and temperature influence leachate? 
• Is there a relationship between storage time and leachate area and concentrations? 
• Do post types or age of posts influence leachate? 

The industry standard for treatment of vineyard posts with Cu:Cr:As =1,700:3,000:2,400 mg/kg. 
Previous research (Greven et al 2005] showed that locally (Marlborough] obtained vineyard posts 
revealed enormous variation in concentrations of CCA, with concentrations of arsenic varying between 
1,100 to 5,300 mg/kg, with a median concentrations of 2,150 mg/kg. The ratio of As, Cu and Cr in the 
posts was always similar. 

The amount and rate at which CCA leaches from posts varies considerably depending on numerous 
factors, such as local climate, acidity of rain and soil, age of the wood product, and how much CCA was 
applied initially. Previous research also indicates that leaching of CCA from the end-grain of the post 
is 40 times higher than lateral leaching because of the wood's longitudinal vascular structure (Morgan 
and Purslow, 1973; Archer and Preston, 1994], Taking into consideration that all posts are stored on 
site longitudinally prior to being used on site the release rates of As, Cr and Cu are thought to be lower 
than that once the posts are placed upright into the ground. Greven et al (2007] showed that the 
leaching rate for arsenic in the upright posts was found to be 5 mg/post/month, with chromium rates 
approximately twice that. Leaching of CCA from posts stacked horizontally rather than vertically is 
likely to be considerably lower. The rate of adsorption to the soil depends on a] the permeability of the 
soil and b] the capacity of the soil and organic matter particles to adsorb these chemicals amongst a 
number of other factors. 

Sites AW2 and AW4, in the Awatere Valley, were considered to represent the best sites for determining 
the effects of storing freshly treated timber on the vineyard. The reasons for AW2 making a good site 
include: 

1. Some posts were still being stored on site; 

2. The areas where posts had previously been stored were clearly marked by bare earth or dead 
grass; 

3. The new posts had been stored on site for approximately 2 years prior to being used; 

4. The area of storage was extensive. 
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The reasons for AW4 making a good site include: 

1. The area of storage was clearly marked by bare earth or dead grass. 

2. The new posts had been stored on site for approximately 12 months prior to being used 

3. The area of storage was extensive. 

The DSI undertaken on the soils underlying the storage areas of new posts indicates that leachate is 
definitely being generated from the piles of CCA treated posts and the highest concentrations of As, Cr 
and Cu are present in the upper (<100mm to 150mm bgl] soils (i.e. the more organic rich soils] 
beneath the posts. The lateral and vertical penetration of the CCA is likely to depend on the 
permeability of the soil and the capacity of the soil to bind these heavy metals. Tables 42 to 44 detail 
the maximum, minimum, median, mean and 95% percentile concentrations of arsenic, chromium and 
copper detected in the surface soils directly below where the posts were stored at sites AW2 and AW4. 

Table 42: Arsenic concentrations detected in surface samples taken from where the new posts 
were once stored at sites AW2 and AW4 

Arsenic Max Min Median Mean 95%ile Background MfE¥ CSQG* 

AW2 - Surface, 5 
samples. Up to 2 years 
on site. 

161 54.3 124 109 156 4 30 12 

AW4 -Surface, 7 
samples. 12 months on 
site 

207 31 92 96 179 4 30 12 

¥ Ministry for the Environment, Health and Environmental guidelines for selected timber treatment chemicals: June 1997 
*Arsenic (inorganic). Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health. Canadian Council 
of Ministers of the Environment, 1999, updated 2001 

Table 43: Chromium concentrations detected in surface samples taken from where the new 
posts were once stored at sites AW2 and AW4 

Chromium Max Min Median Mean 95%ile Background MfE¥ CSQG* 

AW2 - Surface, 5 
samples. Up to 2 years 
on site. 

100 46 79 76 97 20 600 64 

AW4 -Surface, 7 samples. 
12 months on site 

267 24 105 114 232 20 600 64 

¥ Ministry for the Environment, Health and Environmental guidelines for selected timber treatment chemicals: June 1997 
Total Chromium, Hexavalent Chromium. Canadian Soil Quality Guidelines for the Protection of Environmental and Human 
Health. Canadian Council of Ministers of the Environment, 1999 - Agriculture 

Table 44: Copper concentrations detected in surface samples taken from where the new posts 
were once stored at sites AW2 and AW4 

Copper Max Min Median Mean 95%ile Background MfE¥ CSQG* 

AW2 - Surface, 5 
samples. Up to 2 years 
on site. 

183 56 127 112 175 4.3 40 63 

AW4 -Surface, 7 
samples. 12 months 
on site 

236 19 76 97 197 4.3 40 63 
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¥ Ministry for the Environment, Health and Environmental guidelines for selected timber treatment chemicals: June 1997 
"Copper. Canadian Soil Quality Guidelines for the Protection of Environmental and Human Health. Canadian Council of Ministers 
of the Environment, 1999 - Agriculture 

Arsenic concentrations in all surface soil samples analysed were greater than the MfE and CSQG 
agricultural guidelines. The median concentrations of arsenic detected were at least four times higher 
than MfE's agricultural guideline value (Table 7], 

Chromium concentrations were below the MfE agricultural guideline in all samples, however the mean 
and median concentrations exceeded the Canadian soil guideline. All of the chromium concentrations 
were above background concentrations. 

Copper concentrations, in all surface soil samples at AW2, were above the MfE guideline, whilst copper 
concentrations at AW4 had a greater range in concentrations, with the minimum below the guideline. 
However, the mean and median concentrations at both sites were above both the MfE and Canadian 
soil guidelines. All of the copper concentrations were above background concentrations. 

Below 100mm to 150mm bgl the concentrations of As, Cr, Cu reduced rapidly and were generally close 
to or below the background concentrations for the region. Arsenic has a strong affiliation with soils 
resulting in much of it being adsorbed in the upper soils. Arsenic is generally considered to be the 
most easily adsorbed component followed by copper then chromium. The solubility rates of copper 
and chromium are much higher and their affinity with soils less, potentially resulting in them being 
'washed out' from the soil profile. This is clearly seen in the data collected. 

The site investigation undertaken also showed that soil CCA concentrations generally decreased 
rapidly with increasing horizontal distance from the posts, particularly notable for copper and 
chromium, which approached background levels at 50 mm away from the posts. This was clearly 
demonstrated in site AW4. In contrast arsenic concentrations appeared to extend out up to 500 mm 
horizontally from the stacked posts, such as seen at site AW2. 

The concentrations of As, Cr, Cu present in the upper soils beneath the piles of new timber posts 
appear to be similar to those found directly around the posts once they are placed in-situ. 
Concentrations of arsenic are known to reach lOOmg/kg between 0 and 50mm away from the upright 
posts. The mean concentration of arsenic beneath the piles of new posts at sites AW2 and AW4 were 
108mg/kg and 96mg/kg respectively. The new vineyard posts are generally only stored on site for 
between 3 to 6 months with a few exceptions. The similar concentrations of arsenic may relate to the 
fact that the posts are stacked i.e. less leaching but more posts for leachate to be generated from or that 
the vast majority of CCA leaches out of the posts in the first few months of exposure to the 
environment. 

The length of time the new vineyard posts are stored on site is considered to have an effect on the 
concentrations of CCA in the soil underlying the posts. Greven et al (2007] calculate that after 30 
years, 44% of the arsenic will have leached from the upright posts, with the rate likely controlled by 
the diffusive nature of the wood and the amount of water held by the soil and in direct contact with the 
post. The site investigation undertaken by SEE Ltd appears to show an inverse relationship between 
the time posts are stored on site and the concentrations of arsenic in the underlying soils. The 
maximum, mean, median and 95% percentile concentrations of arsenic measured at site AW2 (up to 2 
years storage] are lower than those stored at site AW4 (up to 12 months storage], whilst 
concentrations of arsenic at WV2 (new posts] were low and close to background. The underlying soils 
and geology appear to have a distinct effect on concentrations retained. Highly permeable ground with 
very little topsoil at site WV2 (new posts] appears to have resulted in very little contaminants retained 
in the soil. 

Storage of the old broken vineyard posts appears to represent much less of a contamination issue as 
substantial amounts of CCA has already leached out of the posts when in use in-situ in the vineyard. 
Concentrations of arsenic chromium and copper in the older used posts were 50%, 20% and 60% less 
(respectively] than that in the new posts. The site investigation undertaken by SEE Ltd clearly showed 
that concentrations of CCA beneath the stacks of old posts were lower than that beneath stacks of new 
posts despite the fact that the old posts may have been stored on site for longer timeframes. The lower 
concentrations is likely to indicate that much of the CCA has already leached out of the posts when they 
posts were in use on the vineyard but factors such as soil type, rainfall etc. will also have an effect. 
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The concentrations of arsenic, chromium and copper present in the surface soils generated from the 
leachate from the new and old posts are unlikely to represent a risk to the general public in their 
current environment. The sites are generally remote and not readily accessible. The risk to 
contractors working in the vicinity of the sites is considered to be higher than that of the general public 
but still relatively low due to the likely exposure scenarios. However if the areas of vineyard currently 
used for storing new and old timber posts were to change to a more sensitive land use scenario, such 
as residential, then the concentrations present would represent a significant risk to human health. 
Mean arsenic concentrations detected in the surface soils beneath the new posts were approximately 
five times the Ministry for the Environment National Environmental Soil Contaminant Standards for 
the rural/lifestyle block 25% produce scenario. 

The arsenic, copper and chromium in the leachate emanating from the new and old posts is likely to 
represent a potential risk to local groundwater resources. The degree of risk is dependent on a number 
of factors such as the depth to groundwater resources, whether the aquifer resource is confined or 
unconfined, the underlying geological profile and soil type e.g. metals are adsorbed in organic rich soils 
and are unlikely to penetrate to groundwater. The risks to groundwater resources are increased when 
very little topsoil is present as there is less organic material available to adsorb the contaminants. 

The arsenic, copper and chromium in the leachate emanating from the new and old posts is likely to 
represent a potential risk to local surface waters. The degree of risk is dependent on a number of 
factors such as the distance to surface waters, the underlying geological profile and in particular the 
soil type e.g. metals are adsorbed in organic rich soils and are unlikely to migrate large distances to 
surface waters. The risks to surface waters are increased when very little topsoil is present as there is 
less organic material available to adsorb the contaminants and where overland flow paths allow for the 
ease of overland transport. If surface water runoff from these sites reach surface waters it could 
potentially pose a risk to the freshwater flora and fauna. 

During the development of every vineyard the location of the treated timber posts piles should be 
recorded and the information sent to MDC. MDC should compile a database to record the location and 
size of every vineyard timber treated post pile as these locations represent potential hotspots of 
contamination which can pose a potential risk to human health if the future land use is changed. 

SEE Ltd consider that the potential risk to human health and the environment from leachate emanating 
from the new and old posts is sufficient to warrant covering them, therefore minimising exposure to 
rainfall and as a result reducing the amount of leachate formed. 
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7. CONCLUSIONS 

In conclusion the answers to the initial questions posed can be summarised as follows: 

• What are the issues with storing posts and is leachate generated? 

Storing posts, both new and old, results in the ground underneath up to a 2m radius from the 
stacked posts exceeding the MfE and CSQG agricultural guidelines and the NES SCS for the 
rural/lifestyle block 25% produce scenario for arsenic by up to five times. Greater 
contamination is associated with the stacking and storing of new posts as opposed to old used 
posts, presumably because a substantial amount of CCA leaching would have occurred whilst 
the posts were being used in-situ in the vineyard prior to becoming disused and stored on site 
as waste posts. 

• Do the posts need to be in the ground to have an impact? 

No, clearly the storage of posts above ground prior to and after their use in the vineyard 
creates leachate in sufficient quantities to result in CCA concentrations beneath the posts 
exceeding background levels, the MfE and CSQG agricultural guidelines and the NES SCS for 
the rural/lifestyle block 25% produce scenario. The potential risk to human health is low 
whilst the land remains as vineyard, these potential risks to human health increases should 
the land use change to a more sensitive land use such as residential development. In addition 
the storage of posts potentially poses a low to moderate risk to surface and ground waters 
depending on the environmental setting. 

• Since the posts are stacked horizontally does this impact on the amount leached? 

Posts are generally stacked horizontally, with no alternative stacking methods used at any of 
the sites investigated. A comparison of scientific literature and the site investigation on CCA 
concentrations detected in the surface soils directly around in-situ vineyard posts with CCA 
concentrations in surface soils detected beneath stacked new posts, shows a similar pattern of 
soil contamination. The surface area and potential exposure to rainfall of a post lying 
horizontally on the ground is greater than one standing upright, therefore a larger area of 
ground is exposed to contamination. . Theoretically more leachate could be generated if posts 
are stacked vertically (see section 1.3], 

Further investigation into alternative post stacking methods and the consequent affect on soil 
contamination from CCA leachate would need to be undertaken to quantify if this has an 
impact on how much leachate 

• How does rainfall and temperature influence leachate? 

The effects of rainfall and temperature on the generation of leachate were not able to be 
measured for this study. A future study could look at scenarios where posts are stacked for 3 
months during the dry summer/autumn months compared with posts stacked for 3 months 
during the wetter winter/spring months at a number of sites with comparable soils and 
geology. 

• Is there a relationship between storage time and leachate area and concentrations? 

There is a relationship between the storage time and the concentration of copper, chromium 
and arsenic in the soils, however it is not a direct correlation as other factors such as soil type, 
geology, the age of the posts prior to storage and the original concentrations of CCA present in 
the posts all have an influence on the concentrations of contaminants at storage sites. 

• Do post types or age of posts influence leachate? 

The post type, with regard to initial concentrations of CCA in the timber and the age of posts 
do influence the amount of leachate generated. Stacks of old posts do not generate as much 
leachate as stacks of new posts, presumably because a substantial amount of leachate is 
generated when the posts are in use in the vineyard. 
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Disclaimer 

This report has been prepared solely for the benefit of you as our client and the relevant Local Authority with 
respect to the particular brief given to us, and data or opinions contained in it may not be used in other 
contexts or for any other purpose without our prior review and agreement. 

This disclaimer shall apply notwithstanding that the report may be made available to any other person in 
connection with any application for permission or approval, or pursuant to any requirement of law. 

This report is based on conditions found on site at the time of the site investigation and is consistent with 
standards currently being applied. The soil sampling undertaken provides an understanding of the 
conditions present but conditions may vary considerably over relatively small areas due to the nature of the 
site and the contamination. 

Mark Davies 

CONTAMINATED LAND ENGINEER 

SEE Ltd 
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APPENDIX 1 

Hill Laboratories Results 
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G\'\ Hill Laboratories 
r A« BETTER TESTING BETTER RESULTS 

R J HHI Laboratories United 
1 Clyde Street 
Private Bag 3205 
Hamilton 3240, New Zealand 

Tel +64 7 858 2000 
Fax +64 7 8582001 
Email mai3@hHHabs.co.nz 
Web www.riill-labs.co.rtz 

ANALYSl S REPORT Page 1 of2 

Client: Marlborough District Council Lab No: 1397600 SPvl 
Contact: Rachel Rait Date Registered: 14-Mar-2015 

01- Marl borough District Council Date Reported: 10-Apr-2015 
PO Box 443 Quote No: 67260 
BLENHEIM 7240 Order No: 56975RRA1 

Client Reference: Timber Post Project 
Submitted By: Rachel Rait 

Sample Type: Soil 
Sample Name: Day 1 XRF 4 

100-200 
Day 1 XRF 9 

900-800 
Day 1 XRF 25 

Surface 
Day 1 XR F 26 

Surface 
Day 1 XRF 38 

50-100mm 
Lab Number: 1397600 1 1397600.2 1397600.3 1397600.4 1397600.5 

CCA by ICP-MS 
Total Recoverable Arsenic mg/kg dry wt 50 5 62 15 4 
Total Recoverable Chromium nrg/kg dry wt 65 17 57 26 21 
Total Recoverable Copper mg/kg dry wt 59 16 96 29 15 

Sample Name; Day 1 XRF46 
0-5 Omm 

Day 1 XRF 58 Day 2 XRF 8 
Surface 

Day 2 XRF 16 
Surface 

Day 2 XRF 20 
300-350 

Lab Number: 1397600.6 1397600.7 1397600.8 1397600.9 1397600.10 
CCA by ICP-MS 
Total Recoverable Arsenic mg/kg dry wt 26 5 22 24 5 
Total Recoverable Chromium mg/kg dry wt 35 23 28 30 19 
Total Recoverable Copper mg/kg dry wt 43 14 30 29 13 

Sample Name: Day 2 XRF 37 
300mm 

Day 2 XRF 53 
Surface 

Day 2 XRF 57 
Shallow 

Day 2 XRF 58 
Surface 

Day 2 XRF 62 
100-120m m 

Lab Number; 1397600.11 1397600.12 1397600.13 1397600.14 1397600. IS 
CCA by ICR-MS 
Total Recoverable Arsenic mg/kg dry wt A 86 58 76 13 
Total Recoverable Chromium mg/kg dry wt 24 75 53 63 29 
Total Recoverable Copper mg/kg dry wt 10 115 99 113 13 

SUMMARY OF METHODS 
The fdknkiny CubltH|St gives a brier descripfiQn of Uw nielMtKJS used la tonduCl Ihe analyses k* Ihis job. The defevliais nrniSS given betnv are ilKUe allair-able in a reialivety clean matrix. 
Daledion limits may be higher for miiwdual samples Shfiuld irauJIiCient sample be adaileble, or if Ibe rnalrix repures lhai dtuAionS be performed during analysis. 
Sample Type: Soil 
Test Method Description Default Detection Limit Sample No 
Environ menial Sotids Sam pie 
Preparasion 

Air drtad at 3S0C and sieved. ^Sirim fraclion. 
Used for sample preparation. 
May contain a residual moisture content of 2-5%. 

1-15 

CCA by ICP-MS Total recovofabte digestion. ICP-MS. screen level. 2 mg/kg dry wt 1-15 
Total Recoverabte dtgestion Nitric / hydrochloric acid digestion. US EPA 200.2. - 1-15 

This Labaratory is accrediiBd by tntemaiaartal Accreditation New Zealand (lANZJi, wtiich represents New Zaaland in the International 
Laboratory Accredilalion Cooperation <ILAC)- Through the ILAC Mutual Recogniiion Arrangement (ILAC-MRA) this accreditation ia 
intBrnationally recagnised- 
The tests reported herein have been performed in accordance with the terms of accreditation, with the exception of tests marked which 

ibohitory are not accredited. 
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Trieae sampjes were collected by yourselves ^or your ageot'l and analysed as received at the laboratory. 

Samples are held at the laboratory after reporting for a length of time depending cm the preservation used and the stability of 
the analytes being tested. Once the storage period Is completed the samples are discarded unless otherwise advised by the 
client 

This report must not be reproduced, except in ftill, without the written coosent of the signatory. 

Martin Cowsll - BSc 
Cltenl Services Managar - Ehvirarrnental Division 

Lab No: 1397600 vl Hill Laboratories Page 2 of 2 
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Hill Laboratories 

RJ Hill LabaatBries limitkl 
1 Clyde Streel 
Ptivate Baj 32B5 

BETTER TESTING BETTER RESULTS Hamilton 3240, Maw Zealand 

ANALYSI S REPORT 

Id +64 7 S58 2000 
Fan +54 7 858 2001 
Email iTiail^fiiHabs4:D.nz 
Web www.liill-labsjM.rvi 

Page 1 of 2 

Client: Marltraraugh District Coundl Lab No: 1443591 SPvl 
Contact: Rachel Rait Date Registered: 27-Jun-2015 

CI- Marlborough District Council Date Reported: 06-Jui-2015 
PO Box 443 Quote No: 67260 
BLENHEIM 7240 Order No: 56990 

Client Reference; Soil CCA testing 
Submitted By: Rachel Rait 

Sample Type: Soil 
Sample Name: AW4-XRF1-50 

26-JIJIV2015 
AW4-XRF2-10O 

26-Jun-2015 
AW4-XRF3-50 
26-Jim-2015 

AW4-XRF4-100 
26-Jun-2015 

AW4-XRF12-100 
26-JiJtfv2015 

Lab Number: 1443591.1 1443591.2 1443591.3 1443591.4 1443591.5 
CCA by ICP-MS 
Total Recoverable Arsenic mg/kg diy wt 21 16 15 16 9 
Total Recoverable Chromium mg/kg dry wt 32 30 31 28 24 
Total Recoverable Copper mg/kg dry wt 22 16 25 17 12 

Sample Name: AW4-XRF5-50 
26-Jufv2015 

AW4-XRF13-50 
26-Jun-2015 

AW4-XRF14-100 
26-Juinf2015 

AW4-XRF17-50 
26-Jun-2015 

AW4-XRF18-100 
26-Jurv2015 

Lab Number: 1443591.6 1443591.7 1443591.8 1443591.9 1443591.10 
CCA by ICP-MS 
Total Recoverable Arsenic mg/kg dry wt 19 30 13 63 38 
Total Recoverable Chfomium mg/kg dry wt 28 37 27 55 45 
Total Recoverable Copper mg/kg dry wt 25 31 19 SO 51 

Sample Name: AW4-XRF19-50 
26-Jijn>2015 

AW4-XRF2Q-10Q 
26-Jun-2015 

AW4-XRF23-50 
26-.Jurt-2015 

AW4-XRF25-50 
26-Jun-2015 

AW4-XRF26-10O 
26-Juin-2015 

Lab Number: 1443591.11 1443591.12 1443591.13 1443591.14 1443591.15 
CCA by ICP-MS 
Total Recoverable Arsenic mg/kg dry wt 38 12 17 44 13 
Total Recoverable Chromium mg/kg dry wt 38 26 29 42 30 
Total Recoverable Copper mg/kg dry wt 50 20 26 41 15 

Sample Name; AW4-XRF29-S 
26-Jijn-2015 

AW4-XRF30-S 
26-Jun-2015 

AW4-XRF32-S 
26-Jufi-2015 

AW4-XRF33-S 
26-Jun-2015 

AW4-XRF34-S 
26-Jun-2Q15 

Lab Number: 1443591.16 1443591.17 1443591.18 1443591.19 1443591.20 
CCA by ICP-MS 
Total Recoverable Arsenic mg/kg diy wt 34 :50 28 39 18 
Total Recoverable Chromium mg/kg dry wt 37 44 39 42 28 
Total Recoverable Copper mg/kg dry wt 35 73 39 50 24 

Sample Name: AW2-XRF95-S 
26-Jijn-201S 

AW2-XRF96-50 
26-Jun-2015 

AW2-XRF99-200 
26-Jun-2015 

AW2-XRF100-S 
26-Jun-2015 

AW2-XRF101-50 
26-Jun-2015 

Lab Number: 1443591.21 1443591.22 1443591.23 1443591.24 1443591.25 
CCA by ICP-MS 
Total Recoverable Arsenic mg/kg dry wt 69 184 7 47 50 
Total Recoverable Chromium mg/kg dry wt 46 71 18 39 31 
Total Recoverable Copper mg/kg dry wt 56 113 13 42 41 

Sample Name; AW2-XRF89-S 
26-Jijiv2015 

AW2-XRF83-S 
26-Jun-2015 

AW 2-XRFSS-2 00 
26.Jurv2015 

AW2-XRF110-S 
26-Jun-2015 

AW2-XRF105-S 
26-Jun-20lS 

Lab Number: 1443591.26 1443591.27 1443591.28 1443591.29 1443591.30 
CCA by ICP-MS 
Total Recoverable Arsenic mg/kg dry wt 161 122 10 124 134 
Total Recoverable Chromium mg/kg dry wt 100 71 21 88 70 

IANZ 
ACCREDITED LABORATORY 

This LafaoratDry is accTBdilad Intenratjarral AccrBdilalion New Zealand which represents New Zealand in 
the Inlefnational Laboratory Accfeditation Cooperation (ILAC). Through the ILAC Mutual Recognition Arrangement 
(ILAC-MRA) this accreditation is i^te^■^alionallll■ recqgnised. 
The tests reported herein hawe bean performed in accordance with the terms of accredttation, with the ewception of 
tests marked which are not accredited. 
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Sample Type: Soil 
Sample Name: AW2-XRF89-S 

26-JLJfv2015 
AW2-XRFS3-S 
26-Jun-2015 

AW 2-XRF88-2 00 
26-Jun-2015 

AW2-XRF110-S 
26-Jun-2015 

AW2-XRF105-S 
26-.Ju.n-2015 

Lab Number: 1443591.26 1443591.27 1443591.28 1443591.29 1443591.30 
CCA by ICP-WS 
Total Recoverable Copper mg/kg dry wt 163 12S 17 127 133 

Sample Name: AW2-XRF106-50 
26-JLJfv2015 

AW2-XRF1Q7-1Q 
0 26-Jyfv2015 

AW2-XRF108-150 
26-Jun-2015 

AW2-XRF109-20 
0 26-JUJ>201 5 

AW2-XRF133-S 
26-Ju.n-2015 

Lab Number: 1443591.31 1443591.32 1443591.33 1443591.34 1443591.35 
CCA by ICP-MS 
Totail Recoverable Arsenic mg/kg dry wvt 76 21 7 5 240 
Total Recoverable Chfomium mg/kg dry wt 35 21 20 20 151 
Total Recoverable Copper mg/kg dry wt 47 18 12 13 300 

Sample Name: AW2-XRF142-50 
26-JLirv2015 

Lab Number: 1443591.36 
| CCA by ICR-MS 
Total Recoverable Arsenic mg/kg dry wt 69 - - - - 
Total Recoverable Cbfomium mg/kg dry wt 47 • * - - 
Total Recoverable Copper mg/kg dry wt 50 - - - * 

SUMMARY OF METHODS 
The talknung givifa a breF descriplion of the melhttla used la car dud Ilw analyses for this job. The oeLectkri limits Rivera belbw are those aEairiadle in a rate lively Clean matrix. Delecinn limits may be higher lor iTHSvidicil sarr'p+eS Should irrsufticiei* sample be available. Ot rf Ihe matrix requires thai dilulions be perfcrmed during analysis. 
Sample Type: Soil 
Test Method Description Oefault Detection Limit Sample No 
Envifonmieinlal Sotids Sample 
Preparabofi 

Air dried at 350C and sieved. <2mm fraclkso. 
Used for sampte preparation. 
May oofitain a residuaJ moisture content of 2-5%. 

1-36 

CCA by ICR-MS Total recovecabte dtgestion. ICP-MS, screen level. 2nigflcgdiywt 1-36 
ToSal Recoverabto digestion; NUric / hydrochloric acid digestion. US EPA 200.2. ■ 1-36 

Ttiese samples were collected by yourselves (or your agent) and analysed as received at Hie taboratory 

Samples are held at the laboratory after reporting for a length of lime depending on the preservation used and the stability of 
the analytes being tested. Once the storage period is completed the samples are discarded unless otherwise advised by the 
client 

This reporl must not be reproduced, except in full, without Ihe written consent of the signatory. 

Am HBron BSc [T ach) 
CllenlSsrvtces ManB^tr - Envirorirntnlal Division 

Lab No: 1443591 v I HIM Laboratories Rage2 of 2 
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APPENDIX 2 

Schematic Diagram Site AW2 
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Scale: 
= 0.5m 

□ 

□ 
TPl XRF 83 - S - 54 
TP1XRF85-50-37 
TPlXRF86-100-36 
TPlXRF87-150-9 
TPl XRF88-200 8 

1 □ 
Trench A TP2 XRF 89 - S - 68 

TP2 XRF 91-50-60 
TP2 XRF 92-100-17 
TP2 XRF 93-150-14 
TP2 XRF 94- 200 9 

1 □ 
Trench B TPS XRF 95 - S - 49 

TPS XRF 96-50-100 
TPS XRF 97 -100 - 25 
TPS XRF 98-150-28 
TPS XRF 99-200 6 

□ 
TP4 XRF 100 - S -19 

Scale: 
= 0.1m 

TP4 XRF101-50-23 
TP4 XRF 102-100-6 
TP4 XRF 103 -150- LOD 
TP4XRF104-200 LOD 

Trench A - 50mm depth 

XRF 121 [11) XRF 120 [22) XRF 118 [42) XRF 116 [22) 
□ □□□□ □ □ □□ □ 

XRF 122 [9) XRF 115 [50) XRF 119 [25) XRF 117 [41) XRF 115 [50) 

Trench B - 50mm depth 

XRF 130 [80) XRF 128 [29) XRF 126 [28) XRF 124 [29) 
□ □□□□□□□□□ 

XRF 131 [45) XRF 129 [38) XRF 127 [19) XRF 125 [27) XRF 123 [28) 
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TP 5 XRF 105-S-95 
TP 5 XRF 106-50-47 
TP 5 XRF 107-100-17 
TP 5 XRF 108 - 150 - 
LOD 
TP 5 XRF 109 - 200 - 

TP 6 XRF 110 - S - 62 
TP 6 XRF 111-50-123 
TP 0 XRF 112-100-17 
TP 6 XRF 113-150-7 
TP 6 XRF 114-200 LOD 

Trench C 

r 

0mm depth 

XRF 132 [107) XRF 134 [48) XRF 136 [49) XRF 138 [35) XRF 140 [36) 
□ □□□□ □ □ □□ □ 

XRF 133 [135) XRF 135 [37) XRF 137 [70) XRF 139 [37) XRF 141 [37) 

100mm depth 

XRF 154 [9) XRF 156 [7) 
□ □ □ □ 

XRF 155 [7) XRF 157 [5) 

XRF 158 [7) XRF 160 [16) XRF 162 [13) 
□ □□□□□ 

XRF 159 [22) XRF 161 [13) XRF 163 [19) 

200mm depth 

XRF 145 [31) XRF 146 [22) XRF 148 [11) XRF 150 [40) XRF 152 [29) 
□ □□□□□□□□□ 

XRF 144 [16) XRF 147 [26) XRF 149 [39) XRF 151 [23) XRF 153 [36) 

V 



APPENDIX 3 

Schematic Diagram AW4 
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Gate Fence 

NOTES 

We returned to site to find that the site had been lightly cultivated to 
approximately 100mm bgl!! 

Line nearest the fence had not been cultivated as it was too close to the 
fence, but was thought to be just outside the area where the timber 
poles had been stacked. Slightly elevated concentrations of arsenic 
present in the upper soil, with background concentrations at 100mm 
bgl. 

Line 2 was in an area that had been cultivated to approx 100mm. 
Arsenic concentrations at surface and 50mm bgl were elevated above 
background concentrations and highly variable as soil had been mixed 
up. Hotspots of arsenic likely to have been spread around and reduced 
with v high concentrations noted in earlier SI gone! Concentrations at 
100mm bgl close to background concentrations. 

Surface concentrations in v shallow trenches all over the place with no 
lateral extent clearly defined as seen during the previous SI due to the 
mixing that occurred on site mixing. Therefore they have spread the 
contamination over a wider area!! 

Soil a lot more moist than during previous SI therefore XRF results may 
be more variable with moisture content. 

Extent of SI 40m x 5m (in Places] 

KEY 

XRF55 100mm (56] 

XRF number 

Depth mm bgl, S = Surface 

Arsenic concentrations (mg/kg] - (17] 

Scale - solid line   0.5m 

Scale - Dotted line    10mm 

|—iXRFl 50mm [15) 
1—XRF2 100mm [14) 

  .XRF 15 50m [18) 
I—lxRF16 100mm [10) 

I—I XRF9 50mm [12) 
— XRF10 100mm 

XRF29 S [13), 
   XRF17 50mm - [42) 
I—I XRF18 100mm [28) 

I—I XRF3 50mm [6) 
— XRF 4 100mm [9) 

XRF30 S [47) 
 XRF19 50mm [40) 
□ XRF20 100mm [6) 

XRF55S [31) 

XRF56 S [12) 

XRF57 S [30) 

XRF58S [16) 

XRF59S [24) 

XRF60S&63S [56&14) 

XR61S&64S [LOD&19) 

XRF65 S [21) 

XRF62 S [23) 

XRF66 S [15) 

XRF68 S [25) 

XRF 69 S [12) 

XRF70 S [27) 

XRF71 S [28) 

XRF72 S [13) 

XRF73 S [11) 

XRF74 S [24) 

XRF75 S [10) 

XRF76S [9) 

XRF77S [7) 

XRF78 S [38) 79 S [9), SOS 

XRF81 S [15) 

I—IXRFII 50mm [10) 
— XRF 2 100mm [5) 

,—. XRF5 50mm [13) 
I—I XRF 6 100mm [7) 

XRF31 S [23) 
XRF21 50mm [17) 
XRF22 100mm [8) 

XRF32 S [63) 
XRF23 50mm [12) 

^|XRF24 100mm [<LOD) 

XRF45 S [7) 
■ ■■ 

XRF35 S [14) 

XRF46 S [23) XRF36 S [15) 

XRF47 S [13) XRF37 S [6) 

XRF48 S [33) XRF38 S [17) 

XRF49 S [23) XRF39 S [23) 

XRF50 S [13) XRF40 S [<LOD) 

XRF51 S [14) XRF41 S [17) 

XRF52 S [24) XRF42 S [20) 

XRF53 S [8) XRF43 S [17) 

XRF54 S [13) XRF44 S [37) 

(36) 

I—| XRF13 50mm [13) 
I—' XRF14 [100mm [10)) 

XRF33 S [20) 
 XRF25 50mm [18) 
□ XRF26 100mm [9) 

I—|XRF7 50mm [19) 
I—'XRF8 100mm [13) 

XRF34 S [14) 
I—iXRF27 50mm [16) 
I—IXRF28 100mm [<LOD) 
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