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bioenergy crops
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FIGURE 1

The exposure reveals 200m of the tuff bed along the roadside and
drilling in the forest behind the quarry has shown the bed to be some

-Zeolitised Tuff Outcrops in the Morri Valley ™"«

Volcaniclastic sediments of Badenian age (ca.14Myr) occur
extensively throughout the Morri Valley area.

FIGURE 2
The low hills in the left of the photograph are a continuation of the

same unit which outcrops over an area of 500700 Km’.




1. SEM image of a
zeolitic tuff grain

2. Close - up of
zeolitized glass shards




Zeolitized Glass Shard

SEM image of clinoptilolite alteration of a glass shard.
Note the presence of the clay alteration product on
outer surface.



Clinoptilolite
open -
framework
structure



Examples of extreme metal
pollution

1. Fron Goch abandoned mine
waste site, Central Wales, UK.



2. Auby metallurgical waste site, Pas de
Calais, France.



Chemical characteristics of waste
Site: Fron Goch

Element Concentration (mg.kg™)
K 9069
Na 1890
Pb 4350
Zn 1049
Cd 1.23

Pore water pH value: 4.00 £ 0.02

Site: Auby (Ledésert et al., preparation)

Element Concentration (mg.kg?)
Pb 111000
Zn 63000
Cd 4000

Pore water pH value: 7.65 £ 0.15



Organo-Zeolitic Mixture

Crushed zeolitized tuff containing a high
abundance of clinoptilolite is mixed with poultry
manure and allowed to compost.

Decomposition of uric acid and protein occurs
producing NH4+ ions as a by-product.

Total Nitrogen 0.96 wt%
Total Phosphorus 0.52 wt%
Total Potassium 2.10 wt %

This material I1s used as the amendment



Oxidation of NH,* by Soil Nitrifying
Bacteria

Amendment looses NH,* from clinoptilolite at an
exponential rate (Two Months). Leggo, (2000).

Chemoautrophic soll nitrifiers, generally aerobes, oxidise
NH,*to NO, (Nitroso) and then to NO; (Nitro)

Oxidation is controlled by enzyme reactions.

NH,* " HNO, " HNO; + 2H*

Note: Two protons are generated as a by-product in final
reaction



Substrate Leachate Chemistry
(Sunflower Group)

Substrate Major Elements (mé)l Trace Elements (9.l
Ca P Mg Na K NO Pb Zn Cd tFe

01 320 <0.1 15 46 <01 80 056 128 120 <10
02 5050 5.3 1100 779 706410 471 016 1.69 27.0
03 5530 4.1 1020 612 264420 314 0.11 132 15.0

Substrate Groups

01 Fron Goch mine waste.

02 Fron Goch mine waste + organo-zeolitic amendmen

03 Fron Goch mine waste + organo-zeolitic amendmemntcess zeolitic tuff.



Electrical Conductivity of
Leachates (Sunflower Group)

Substrate EC (uS.cmt) Substrate EC(uS. cm)
01/1 120

01/2 95
01/3 95
02/1 15,480 03/1 15,820
02/2 15,850 03/2 15,700
02/1 16,000 03/3 15,480

Substrate groups as in the last table, measured in
triplicate.



Clinoptilolite (un-treated)



Clinoptilolite (from organo-zeolitic
treated substrate)



XRF Microscopy
Imaging

Image far right (a) shows cell
surface interactions with
elevated concentrations of
Crb*ions for planktonic cells.

Whereas, this effect is not
seen in surface-adhered
cells shown in far right (b).

These results suggest that
reducing sugars present in
extracellular polysaccharide
biofilm impart a tolerance to
Cré*and the ability to
Immobilize metal cations
outside the cell.



Brassica napus



Salix viminalis



Arabidopsis halleri (un-treated)



Arabidopsis halleri (treated)



Conclusions

The behaviour of the organo-zeolitic-soil system is to
enhance plant growth

The most surprising outcome is the discovery that a
metallophyte (Arabidopsis halleri) can be grown and
sustained in a substrate containing such extreme
concentrations of metal ions, (Ledésert el al., in
preparation)

It has been shown that zeolite is very susceptible to
biofilm formation which apparently supports
microbial mineralization in highly toxic, metal rich
environments

Organo-zeolitic-soil systems, in so vigorously
sustaining plant growth, offer a new dimension that
will increase the scope of phytoremediation



