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ABSTRACT

The practice of sheep dipping, which subjected livestock to inorganic and organic
agricultural pesticides to eradicate pests such as lice and keds, is a historic practice;
sheep dipping is no longer practiced in New Zealand today. Animals would be
submerged in solid structures known as dips containing chemicals such as arsenicals
and organochlorines with the leftover solution pumped onto surrounding soil. The use
of pesticides such as these is now banned by law due to their persistence in the
environment. Today an estimated 50,000 contaminated sheep dip sites exist in New
Zealand representing perhaps the countries’ most significant, but understated,

environmental challenge.

To determine whether this historic agricultural practice had led to contamination of
the environment, an investigation into the extent of contamination resulting from
sheep dipping at a known historic dip site in Te Mahia, New Zealand was carried out.
Characterisation of the site by arsenic soil concentration mapping revealed that 500 m?
of agricultural land has been contaminated with this metalloid and that arsenic exists
at varying high concentrations through the soil profile. Environmental risk from these
historic pesticides was established by analysing plant and water samples below the dip
site. Staple Maori food varieties such as watercress were significantly contaminated
with arsenic while water samples taken from the stream below the dip returned spiked
arsenic concentrations. Based on this, it was justified that arsenic/organochlorine
contamination would need to be managed to reduce their effect on these food
sources. The design of a coupled remediation strategy using phytoextraction and

biochar was utilized to reduce remediation times and is the basis of this thesis.

Contaminated soil from the site was removed and amended with two types of biochar
produced from willow feedstock. These biochars, known as 350°C and 550°C biochar
were added into the soil at application rates of 30 t ha™* and 60 t ha™. During a series of
180 d glasshouse trials, the phytoextraction of arsenic into Lolium perenne (ryegrass)
shoot tissue was analysed along with growth parameters of shoot and root biomass

and corresponding response to arsenic at the molecular level. In soil; microbial activity,



soil bacterial community, organochlorine concentration, and element dynamics were

analysed as a function of biochar amendment.

Soil microbial activity, analysed using the dehydrogenase assay (DHA), was significantly
increased (P<0.01) under all biochar treatments compared to the control after 180 d
during two glasshouse trials. Metagenomic analysis of the soil bacterial community
revealed that biochar amended soils were selecting for bacterial species such as
Chryseobacterium,  Flavobacterium and  Dyadobacter and the family
Pseudomonadaceae which are known bioremediators of hydrocarbons. This resulted in
isomers of the organochlorine hexachlorocyclohexane (HCH), particularly alpha-HCH
and gamma-HCH (lindane), undergoing 10-fold and 4-fold reductions in soil
concentrations respectively (2.2 mg kg™ and 0.4mg kg™*) compared to the control (25
mg kg'1 and 1.6 mg kg'1 respectively). Amendment of soil with both biochars also

caused a significant reduction (P<0.01) in soil DDT levels.

Biochar promoted a 2-fold increase in shoot dry weight (DW) and a 3-fold increase in
root DW after 180 d during one glasshouse trial while during the second trial only
ryegrass root biomass was significantly increased as a function of biochar amendment.
This increase was attributed, at least in part, to the fertility value of biochar. No
negative effect of biochar amendments on ryegrass germination was observed. All
biochar amendments resulted in significant increases in arsenic concentrations within
ryegrass shoot material. Through extrapolation, 350°C biochar amended soils was
estimated to have the potential to increase ryegrass sward DW growth by 0.68 t ha™
compared to ryegrass grown on unamended soils and would correspond to an increase
in the extraction of total arsenic by 14,000 mg ha™ compared to unamended soils and

in doing so decrease soil remediation times by over 50 %.

Increased arsenic uptake as a function of biochar amendment resulted in increased
enzymic activity of components of the antioxidant pathway including SOD and APX in
most biochar treatments but across all treatments a reduction in GPX activity was
observed. Analysis of specific metabolites utilizing metabolomics also suggest a

definitive metabolite profile under biochar amendment compared to contaminated



control ryegrass samples. However, there was no significant difference (P<0.05) in
chlorophyll content in response to the total arsenic concentration in ryegrass shoot
tissue grown on contaminated soil. The observed increases in activity of SOD, APX and
steady CAT activity is suggested to be efficiently catalysing the production of harmful
ROS in this soil.

A 6-month field investigation into the effect of biochar amendment on the extraction
of arsenic into a high biomass crop (Salix sp) resulted in significant increases of arsenic
in stem biomass as a function of biochar amendment. When data was extrapolated to
predict results of a long-term field trial and scale under willow treatment (stem) it was
calculated that over 67.7 g of arsenic could be extracted in soils amended with 350°C
biochar compared to 5.9 g extracted under control treatment. This could result -
assuming a similar rate of extraction with time - in levels of arsenic concentration in
soils reaching background concentrations in as little as 6 years, a reduction in

remediation times of 92%.
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