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Summary

Phytoremediation is a remediation technology which employs vegetative
growth to ameliorate toxicity. In this thesis are nine chapters with different
experiments undertaken to investigate and study different aspects to enhance
phytoremediation mostly phytoextraction and phytostabilization.

In two pot experiments using two different crop ryegrass (Lolium perenne) and two
flax (Linum usitatissimum) varieties Viola and Elise, ryegrass decreased the pool of
heavy metals compared with bare soil using EDTA as extractant. NH4 decreased the
soil pH, increased EDTA-extractable Zn and increased the Zn uptake. Lime addition
increased the pH and depressed Zn uptake. The pool of extractable EDTA was not
changed by growing both of the flax varieties. Lime increased the EDTA-extractable
Cu and Pb significantly, but decreased the Zn, and pH increased in this order NH;"™ <
NOs" < NH;4" +lime < NOs™ + lime. The EDTA-extractable Cu decreased in the order
NO;™ + lime > NH4" + lime > NH4' > NO;". Ammonium decreased the pH more than

other treatments.

In agar using Bromocresol purple indicator NHs" decreased the pH in the
rhizosphere of different plants. With two different initial pH treatments (7 and 3.2) the
NH," decreased the pH in the rhizosphere at high initial pH 7 and maintained the low
pH at initial pH 3.2 to 4 against the buffer capacity. At different initial pHs 4, 5, 6, 7

and 8 the ammonium decreased the high pH and maintained the low pH, but NO;™ had

no effect on the pH. Ammonium increased the toxicity of Zn due to pH decreases.
There was no effect of both nitrogen sources NH4* or NOs™ on rhizosphere pH when

applied as a foliar application. These indicated that the NHs" can decrease the pH in
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the rhizosphere of plants and could play an important role in manipulation of the
rhizosphere bioavailability of heavy metals. Toxicity of the three metals is Cu > Pb >
Zn in this order and the crops tolerance is following this order pea > flax > barley.

An agar-Hoagland nutrient solution contaminated with two soils, sewage treated soil
(SBS) and galena soil (G), was used with flax as a test crop. The ammonium
treatment lowered the pH in both soils, but with galena treated greater than SBS soil,
this is attributed to the buffering capacity of the SBS soil. Averaged over all the
concentrations the NH;" treatments resulted in higher Zn shoot content than NOj’
treatment, while in Cu shoot content nitrate was more than ammonium. The transfer

factor of lead with ammonium treatment was greater than nitrate treatments at the 0.1

and 0.25% galena and the transfer factor of the Zn and Pb more than Cu in all

trecatments.

At high initial pH 8 and high concentration of Zn and Cu barley grew well and
this 1s attributed to immobilization of Zn and Cu compared with low pH 5 and 6.5
where the barley plant did not survive. Ammonium lowered the high pH 8 and caused
lower biomass production of barley than nitrate. Ammonium and pH play an
important role on the manipulation of the rhizosphere and can be used to decrease or
increase of heavy metal accessibility and bioavailability.

The characteristics of two amendments cement and bone meal were
investigated, for their effect of germination, pH, and adsorption of some heavy metals.
Cement decreased barley germination at high percent of mixing with washed acid
sharp sand more than 5% w/w and barley grew well with a low concentration less

than 2% w/w compared with control. Bone meal depressed barley germination at 0.4
g/ 20 ml water. On the batch experiments for Zn, Cu, and Pb adsorption by cement or

bone meal, the cement had greater affinity for adsorption of Zn, Cu and Pb than bone
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meal. Cement and bone meal were incubated with two contaminated soils, sewage -
treated soi1l (SBS) and galena for three months and EDTA and CaCl, were used as
extractants. EDTA extracted less heavy metal from bone meal treated soils than
cement treated soils, while the CaCl; more with cement than bone meal. On
application of cement and bone meal amendment in pot experiment with high Zn and
Cu concentrations with ammonium or nitrate the results showed that the cement
amendment immobilized the Zn and Cu and the plant grew while with bone meal
treatments and control the plant not survive. This indicated that the cement has greater
ability to immobilize heavy metals than bone meal. Ammonium decreased the pH
compared with nitrate and increased the pool of heavy metals. Also, this revealed that
the EDTA is not as suitable an extractant as CaCl,, which gave more extractable

heavy metals with cement in the incubation experiment.
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Chapter 1

Introduction

1.1 General

Pollution in general is any change in nature that leads to contamination and
consequently changes the biodiversity. Page (1997) defined pollution more precisely
as any harmful or undesirable change in the physical, chemical or biological quality of
air, water or soil as a result of the release of e.g. chemical, radioactivity, heat or large
amount of organic matter (sewage). Usually the term is applied to changes arising
from human activity although natural pollutants, e.g. volcanic dust, sea salt, are
known (Lawrence et al., 1998). Redistribution of heavy metals by human activity such
as mining, industry and smelting, or by geochemical weathering processes, causes
contamination to ecosystems, and consequently is affecting directly or indirectly

human, animal and plant life.

Remediation is the process of environmental clean up of contaminated sites

and the technology used to eliminate or decrease the contamination from soil, surface
water, or ground water. Remediation is the action taken to clean up contamination and

brings the site to a non-harmful condition. Large areas of agricultural or arable land in
the world were affected by different pollutants, for example in the United Kingdom,

about 50,000 to 250,000 hectares (Denner, 1992). Most of the contaminated land

located in densely developed countries is due to industrial activity, nuclear energy and

mulitary use. Some of the contaminated materials are long-lived toxic chemicals : a)

heavy metals, b) radioactive elements c¢) organic substances; all of these substances



affect human health from the present to the future (Page, 1997). In the last three
decades the remediation and the protection of the environment have been big
challenges in the world. Most of the methods for soil and water are highly expensive
such as excavation and also soil physical, chemical properties and biological activity
are affected by some remediation methods such as soil washing (Pulford and Watson,
2003).

Phytoremediation is an in situ method, which is cheap and economically attractive.
The combination and integration of phytoremediation with other methods such as

chemo remediation or physioremediation is a good strategy to improve the clean up of

the environment and contaminated sites.

1.2 Heavy metals in soil

Heavy metal concentrations in soil range from less than 1 mg/kg to over 1000
mg/kg (Adriano, 2001). Heavy metals are present in the Earth’s crust naturally in

different minerals at different concentration and many of these metals are essential for

cells (e.g. Cu, Fe, Mn, and Zn) (Marschner, 1995). In particular environments the

mobility of heavy metals depends on the host minerals of those elements, for example
quartz and feldspar minerals are parent materials more stable than ferromagnesian
minerals (i.e., biotite , olivine and amphibole) .

Excessive levels of many metals can negatively affect soil quality, which leads
to crop yield reduction (Marschner, 1995) and poses significant hazards to human,

animal, and ecosystem health (Adriano et al, 2004). This includes the

metals/metalloids, such as As, Cd, Cr, Cu, Pb Hg, Ni, Se, and Zn. Other less common

metallic species such as Al, Cs, Co, Mn, Mo, Sr and U can be also considered

contaminants (Marschner, 1995).



After weathering, heavy metals are either leached through the soil in solution,
precipitated as other chemical compounds such as hydroxides, sulphates, phosphates,

carbonates etc, or held on the surfaces of soil components such as silicate clays,

hydrous oxides and humified organic matter (Davies, 1980).
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