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Abstract

Global sewage sludge (biosolids) production is increasing as a result of rapidly
growing human population and ensuing industrial activities. Land application of
this waste is becoming a serious environmental issue because the high levels of
heavy metals in biosolids can upset soil microbial activity and nutrient balance
when the waste is added to forest or agricultural lands. It is widely accepted that
bioavailability, rather than total soil concentration, is more important when
assessing the risk associated with metal contamination. The bioavailability of a
heavy metal is dependent on the chemical nature of the metal, the chemical,
physical and biological properties of biosolids that contain the metal and of soil
that receives the biosolids. It also depends on the interaction of the biosolids with
soil, plants and soil microorganisms. The overall aim of this thesis was to assess
the bioavailability of biosolids—derived Cu and Zn and the comparative effects of
these metals on plant and soil microbial activity, with special attention to
mycorrhiza, and the effects of application of lime and Al dross as ameliorants for

the reduction of bioavailability of these two metals.

Biosolids were collected from the Palmerston North City Council Waste Water
Treatment Plant (PNCCWTP) sludge lagoon in Palmerston North, New Zealand.
Because the metal concentrations were low, for research purposes these biosolids
were spiked separately with three levels of Cu (to give final concentrations of 50,
150 and 250 mg/kg soil) and Zn (to give final concentrations of 150, 450 and 750
mg/kg soil) added as metal sulphate salts. The biosolids were anaerobically
incubated, and it was found that a shorter period of equilibration (2 months) than
the previously used 6-9 months was sufficient for Cu and Zn to be fully
incorporated into the biosolids matrix. As biosolids in New Zealand are currently
applied to forest lands, two important forest plants, poplar and pine, were
considered for the study in this thesis. The effects of elevated concentrations of
Cu and Zn in a soil amended with metal spiked biosolids on poplar plants were
investigated in a 147 day glasshouse pot trial. The findings of this trial showed

that at the same total soil metal concentration, biosolids—derived Cu was more



toxic than Zn to soil microorganisms, whereas Zn was more toxic to poplar and
ECM fungi. In a similar glasshouse study lasting 312 days with pine, Cu did not
show a phytotoxic effect, but Zn was phytotoxic to pine. However, both metals
were toxic to microorganisms and neither metal influenced ECM fungi colony
development. The currently recommended maximum metal concentration limits
for New Zealand soils of 100 mg/kg for Cu and 300 mg/kg for Zn appear to be
high for both metals with respect to soil microbial activity, but low for Cu and

high for Zn with respect to poplar and pine growth.

A laboratory incubation trial with Cu— and Zn- spiked biosolids added to eight
soils representing the major Soil Groups collected from across the North Island of
New Zealand (biosolids added to give final soil concentrations of 150 mg/kg for
Zn or 450 mg/kg for Cu), showed that crystalline Fe oxide was the dominant
factor explaining 90% of the variability in exchangeable Cu. For Zn, clay content
and pH were the controlling soil factors that together explained 73% of the
variability in exchangeable Zn. An increased content of crystalline Fe oxide
increased the soil exchangeable Cu concentration. Decreasing pH and increasing

clay content increased the soil exchangeable Zn concentration.

The effect of lime (0.1 and 0.5%), Al dross (2 and 6%) and a combination of lime
and Al dross (0.1% lime+2% Al dross) as soil amendments for the amelioration of
the toxic effect of biosolids—derived Cu (144 mg/kg in soil) and Zn (417 mg/kg in
soil) on microorganisms and poplar were also studied. Results revealed that
application of lime and Al dross (pH 10) as a mixture (0.1% lime+2% Al dross)
was able to ameliorate Cu and Zn phytotoxicity, and significantly increase the
DM vyield of poplar, ECM fungi population and microbial activity in the Cu and

Zn contaminated soils.

The findings of the studies in this thesis are applicable to environmental
regulations with respect to heavy metal limits that seek to protect agricultural and
forest land, human and animal health, and soil and drinking water quality, in

scenarios where biosolids are applied to soil.
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