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ABSTRACT

The availability of heavy metals (lead and cadmium) and phthalate esters (dimethyl
phthalate, diethyl ithalate and di-2-ethylhexyl phthalate) from artificially
contaminated soil samples to which were added compost of different compositions,
were measured we ly for 28 days. Heavy metals and phthalate esters were
determined by atomic absorpti'on spectroscopy (AAS) and gas chromatography (GC),
respectively. Six different types of composts (C1-C6) were used for heavy metals
whilst three different types of composts (Cl, C2 and C4) were used for phthalate
esters. For heavy metals, the total metal sorption in composts changed with time and
thé changes were d¢ :ndent on type of compost and its formulation. Generally, for all
the composts used lead was highest on 7™ day and cadmium on 14™ day. The highest
rate of compost appéared {0 ,give-themost efficient fixing of.the metals. Compost C5
(i.e. a mixture of sawdust, tobacco waste and rock phosphate) gave the most efficient
fixing of lead while compost C4 (i.e. a mixture of sawdust, tobacco waste and poultry
manure) gave the 1 st efficient fixing of cadmium. Generally, compost C4 appeared
to be the most efficient of all the compost used for fixing these metals. For phthalate
esters, it was observed that there was a gradual decrease in their concentrations in
contaminated soil throughout the period of incubation (0-28"™ day) at 30 °C. Compost
C2 (i.e. a mixture [ sawdust, tobacco waste and pig dung) gave the most efficient

fixing of all phthal : esters used.

In addition, both incubation periods of heavy metals and phthalate esters pH and EC

were determined.
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Chapter 1

1.1 INTRODUCTION

Soil is the term understood by almost everyone, yet the meaning of this term may vary
among different people and soil can be defined in many ways. The farmer, engineer,
chemist, geologist, and layman bring different viewpoints or perspective to their concepts
of soil (Brady, 1990 and Foth, 1990).

Contamination of soils y heavy metals is one of the environmental problems that the
scientific community faces today. Such-seils are difficult to treat because the heavy
metals cannot be destroyed. Moreover, they are usually bonded with other contaminants,
in particular organic ones. The presence of these organic pollutants can make the removal
of metals more complicated (Mulé and Melis, 2000).

Metals and their compo 1ds are indispensable to the safety and economy of most nations
and have been key fact s in liberation of modem civilization from hunger, disease and
discomfort. Few, if any, of the metals known to manl;ind have not found some
application in industry, and the number of commercial uses continues to grow with the
development of modern science and technology. Inevitably, each industrial process
generates wastes, whi . must be discharged into the environment, along with the ever-
growing list of new metallic compounds. It has been estimated that the toxicity of all the
metals being released annually, into the environment, exceeds the combined total toxicity
of all the radioactive and organic wastes, as measured by the quantity of water needed to
dilute such wastes to e drinking water standards (Nriagu and Pacyna, 1988). Pollutant

metals are non-degra le and the continuing build-up of such toxins in mankind’s life



support system has to be of some health concern. The current levels of toxic metals in
some environmental compartment may be high enough to constitute a threat to human
health. Nevertheless, it is incontestable that each environmental compartment has a
limited carrying capacity for metal pollution, and, with enough time, the current rates of
metal inputs will become stressful to many ecosystems. (Nriagu, 1988)

During the last decades, concern about the hazards of toxic metals and other chemicals on
human health and the ¢ sironment has increased worldwide. In many countries effective
legislative and administrative measures have been taken to reduce environmental
pollution and to prevent adverse effects resulting from exposure to chemicals in the work
environment and the general environment (Berlin and Van der Venne, 1987 and Zabel,
1989).

Toxic metal wastes from defense-related activities, industry, and municipal sources have
routinely entered the environment through disposal in landfill sites or by accidents such
as that which occurred at Chernobyl. These practices have resulted in surface
contamination problem, transport to ground water, and/or bioaccumulation of
radio clides and toxic metals (Cornish et al., 1995; Cunningham et al., 1995; Riley et
al,, 1992). Metals such as Cd and Pb are prevalent in soils near industrial centers at
concentrations up 350 ug of Cd/g (Bunzl et al., 1991; Lux et al., 1995). Toxic metals are
often inhibitory to other bioremediative processes, e.g., hydrocarbons degradation (Said
et al., 1991). Microbial communities are of primary importance in remediation of metal
contaminated soils and represent a substantial proportion of the in situ biomass and
metabolic diversity. * e structure and diversity of soil microbial communities have been

shown to change in soil in the presence of toxic metals (Babich et al., 1985; Frostegérd et



al., 1993; Frostegérd et al., 1996; Pennanen et al., 1996). Microorganisms can alter metal
chemistry and mobility through reduction, accumulation, mobilization, and

immobilization (Avery, 1995; Beveridge, 1989; Lovley, 1994; Valentine et al., 1996).

Organic contaminants like phthalate esters are by far the most widely produced
worldwide. Both ortho-phthalic and terephthalic acid may be reacted with an appropriate
alcohol to produce phthalate esters which may be used as plasticisers. In practice,
terephthalates are more commonly used in the USA than elsewhere. Phthalate esters are
manufactured from methanol (C;) or other alcohols up to Ci7, although phthalates use as
PVC plasticisers in generally are in the range of C4 to Ci3 (the lower molecular weight
phthalates finding use in nitrocellulose; the higher phthalates as synthetic lubricants for
the automotive industries). Just over one million tons of phthalates are produced in
Western Europe each year (ECPL  2002). Plasticisersy in  general and phthalates in
particular are currently the subject’'of considerable’ 'media, legislative and scientific
debate. This is not new. Concerns regarding plasticisers have been raised on a variety of
topics at regular intervals ever since the early 1980's. These have included
carcinogenicity, environmental effects, oestrogen mimicking and most recently exposure
via toys. However, any fears have repeatedly been shown to be unfounded. Plasticised
PVC has been used for more than 40 years without a single known case of it having
caused any ill health and the environmental effects of phthalates are known to be
minimal. Academia and industry have continually worked together to address the
concerns and conduct necessary research. Indeed there is more known today about
phthalates than almost y other chemicals. Unfortunately, politics play increasingly

important part in any debate relating to chemicals but, in the majority of cases, the



authorities have adopted a scientific approach to these concerns. Indeed, it is as a
consequence of the large amount of scientific research that has been carried out and also
because flexible PVC makes such a valuable contribution to modern life that plasticiser

usage continues to grow ZCPIL 1999).

Organic soil amendments such as compost can reduce the availability of heavy metal
contaminated soil. The increased addition of compost was found to alleviate the toxic
effects heavy metal have on plant health while redistributing metals to a less available
form (Diener, 2002). ©~ e possible use of this kind of organic waste is under constant
review in developed countries because further degradation of the environment must be
prevented and because their use as organic amendment would involve important savings
in the use of nitrogen, phosphorus and, to a lesser extent, potassium based inorganic
fertilizer (Rodriguez, 1982): However, before they jcan be used, such waste should
undergo a composting | >cess to“eliminate ‘many phytotoxic substances and pathogenic
microorganisms (Moreno et al., 1997).

The contaminants are igested, metabolized, and transformed into humus and inert
byproducts, such as carbon dioxide, water, and salts. Compost bioremediation has proven
effective in degrading or altering many types of contaminants, such as chlorinated
hydrocarbons, wood preserving chemicals, solvents, heavy metals, pesticides, petroleum
products and explosives. Compost used in bioremediation is referred to as “tailored” or
“designed” compost in that it is specially made to treat specific contaminants at specific
sites. The ultimate goal in any remediation project is to return the site to its

precontamination conc .on, which often includes revegetation to stabilize the treated



soil. In addition to re¢ :ing contaminant levels, compost provides soil conditior 1g and
also provides nutrients ) a wide variety of vegetation (U.S. EPA, 1997).

When organic matter ecomposes to the point that it becomes humus, then it can be
defined as humic, which is the soluble portion of humus. The greater the humification
index (proportion bet en humified and not humified parts of a given organic substance)
is, the greater the org: ic substance that has been transformed into humic acids. Humic
acid is the collective term for humic acid and fulvic acid, which make up the main
fraction of natural hur > matter. Humic acids are an excellent natural and organic way to
provide soils and plants with a concentrated dose of essential nutrients, vitamins an (trace
elements. Not only in agriculture, humic acids are also used in the industry and for
environmental applications such'. as--wastewater treatment or erosion control

(http://www.humintech.com). The application of compost, which has shown to rove

physical and chemical soil properties as well as plant growth, crop yield and crop quality
(Mays et al., 1973; Pi monti and Zorzi, 1996; Rodrigues et al., 1996; Smith, 1996) and
to suppress soil-borne plant pathogens (Lums et al., 1986; Chen et al., 1988;
Mandelbaum et al., 88), could alleviate poor soil fertility status and increase food

production (Smith and [ughes, 2002).

1.1.1 Aim and Objectives of this Study:

Aim of this study:
Evaluating several composts as a means of reducing the availability to plants of eavy
metals (Pb and Cd). I avy metals like Cd and Pb from soil are easily taken up by plants

and may constitute a threat to human and animal health if



(ii)

such plants are eaten. Several federal and state regulation authorities list Cd
and Pb amongst other elements as potentially toxic.
To investigate the fixing of phthalate esters (DMP, DEP and DEHP) in

contaminated soil by compost.

Specific objectives of this study are:

To spike the soil with known concentration of heavy metals (Pb and Cd) and
phthalate esters (DMP, DEP and DEHP).

To analyze and monitor the remediation of heavy metals and phthalate esters in
soil incubated at 30 °C on a weekly bases [(0™, 7%, 14, 21® and 28™) days] using
different types and rates of comp@sts.

To come up with the most efficient eomposts for remediation of heavy metals and
phthalate esters from soil which will have added advantage by adding nutritive
value to the soil for plants nutrition.

To find out which compost and at which rate (amount) is best for this remediation

process according to its remediation ability and time.

This study has the potential to contribute to the environmental protection strategies,

with the aim of coming up with the cheapest ways of remediating harmful organic

(phthalate esters) and inorganic (heavy metals) toxins, which are found in the soils.

This study will also be more beneficial to farmers because whilst remediation is

taking place, there will be addition of nutrients to the soil for high crop yields.



1.2 LITERATURE REVIEW

1.2.1 Soils and Chemical Pollution

According to the Minister of Water Affairs and Forestry “We as South Africans have
serious shortage of hazardous and toxic waste disposal sites and treatment facilities and
alarmingly high percentage as much as 50% of such waste is being disposed
indiscriminately and illegally” (Carnie, 1996a).

The impact of heavy metal contamination on agricultural soils depends not only on the
types and amount of sewage sludge applied, but also on soil properties. A sewage sludge
that contains large quantities of heavy metal may contribute significantly to the build-up
of heavy metals in soils and subsequent @écumiilation in plants at low pH conditions (Al-
Wabel, 1998).

The soil is a primary recipient by design or accident of a myriad of waste products and
chemicals used in modern society. It has beeh always convenient to “throw things away”,
and the soil has been the recipient of most of these things. Every year millions of tons of
these products from a variety of sources — industrial, domestic, and agricultural- find their
way onto the world’ sc 5. Once these materials enter the soil, they become part of
biological cycles that affects all forms of life. One of the challenges facing humankind is
a better understanding or ow wastes affect these cycles and, in turn, the well being of all
plant and animal life. Tons of organic residues and animal manures are brokendown by
soil microbes each year, and large quantities of inorganic chemicals are fixed and bound
tightly by soil minerals. Soil has its capacity to accommodate these chemicals, and

there’s a disastrous effect on environmental quality when the limits have been exceeded.



An enormous quantity of organic chemicals is manufactured every year, included are

plastics and plastisizers, lubricants, and refrigerants, fuels and solvents, pesticides, and

preservatives. Some are extremely toxic to humans and other life. It is imperative,

therefore, that we control the release of organic chemicals and that we learn of their fates

and effects once they enter the soil (Brady et al., 1991).

Table 1.1: Physical properties of some soils

Soil properties Soil 1* Soil 2°
EC (dSm™) 4.65 1.25
pH 7.51 7.95
CaCOs (%) 8.90 26.70
OM. (%) 05 0.20
Sand (%) 90 92
Silt (%) 5 5
Clay (%) 5 7
Soil texture Sand Sand
Heavy metals ¢ d° c d
Pb (mg kg") 03 20.0 0.40 25.0
Cd (mg kg™) 0.03 25 0.03 35

*Slightly calcareous

l; "Moderately calcareous soil; “Extracted by DTPA;
‘Extracted by HNO; + HCIO,




122 Complexed Chemicals

Researchers have found that some chemicals that are normally subject to microbial attack
seem to be protected from such degradation when the compounds are complexed by soil
organic matter or sorbed by inorganic materials. The complexation is essentially
irreversible and the sorption by metals and its oxides or silicate clays is so tight that the
compounds are only very slowly available. Some compounds may also be trapped
between the internal structure layers of some silicate clays. The availability usually
decreases as the soil-contaminant complex ages over time. Reduced availability of
pollutants constrains their remediation by microorganisms. It also has some implications
for regulatory policies, since pollutants so held are not likely to move into the

groundwater or elsewhere in the environment'(Brady et al., 1991).

1.2.3 Heavy Metals

The toxicity of inorganic contaminants released into the environment is now estimated to
exceed that from organic and radioactive sources combined. A fair share of these
inorganic substances end up contaminating soils. The greatest problems most likely
involve cadmium and lead. To a greater or lesser degree, both these elements are toxic to
humans and other animals. Cadmium is extremely poisonous; lead is moderately so in

mammalian toxicity (B: yetal., 1991).
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Table: 1.2 Sources of Inorganic Soil Pollutants (Cd and Pb)

Chemical | Major uses and sources of soil | Organisms Human health
contamination Principally effects
harmed

Cadmium Electroplat ; pigments for plastics and { H, A, F, B,P Heart and kidney

paints, plastic stabilizers, batteries, and diseases, bone
phosphate fertilizers embrittlement

Lead Combustion of oil, gasoline, and coal; iron | H, A, F, B Brain damage,
and steel ;1 luction; and solder on water- convulsions
pipe joints

H= humans, A= animals, F= fish, B= birds, P= plants

1.2.3.1 Heavy Metals 1 Question

1.2.3.1.1 Cadmium

Cd occurs in nature largely-in the mineral greenogkite as.the sulfide (CdS) but most of it
is obtained from lead : 1 zinc sulfide ores. Cadmium behaves very much like zinc, both
favoring a combination with sulfur. Cadmium is also a common impurity in zinc used for
galvanized iron pipes, and contamination in water distribution system may result from
this source. According to some authors, environmental cadmium may contribute to the
pathogenesis of hyperte ion in man. It is clear that renal tubular damage may occur after
sufficient exposure to ¢ mium (Fairbridge, 1972)

Cd like zinc, it is read¢ y taken up by crops from soil in which its content has been
enhanced. Cadmium is erefore an element, which can readily enter mammalian food
chain at dangerous level. here is no reason to doubt that Cd is generally phytotoxic at its

relatively high level (Ra et al., 1976).
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Minute quantities of Cd are suspected of being responsible for adverse changes in arteries
of human kidney. O the other hand, there is an indication that Cd might be a dietary
essential. It may alsc nter water as a result of industrial discharge or the deterioration of

galvanized pipes (Pu s, 1985).

1.2.3.1.2 Lead

Lead occurs most commonly as galena (PbS) in mixed lead zinc-deposits (Ewers and
Schipkoéter, 1991). Two thirds of the global lead recourses exist in relatively large
deposits in the U.S., Australia, C.I.S. and Canada (Ewers and Schipkoter 1991). During
the 1990’s, Canadian mines, located mainly in the Yukon, New Brunswick, British
Columbia and the Northwest | Territoriés)" have produced an average of 243
kilotonnes/year (Stanf 4, 1992; Keating, 1995).

The production of batteries, used predominantly in the atitomotive industry, comprise the
largest market for refined lead followed by use of lead in glass and paint pigments, and in
compounds used for VC stabilization (OECD, 1993; Keating and Wright, 1994;
Keating, 1995). Roll and extruded lead products are used extensively in the
construction industry. 2 hough lead was once used extensively in the production of lead
gasoline additives, the current demand for lead in this area is low, comprising only a
small fraction of the w |d market (Keating, 1995). Nevertheless, the growth in the lead
acid battery industry h  made up for this decline in lead use (ARSDR, 1993). Lead is
also used in cable she hing (primary marine cables), alloyed materials (i.e., solder,

bearings and bushings, and brass and bronze), in the production of shot and ammunition
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as well as in a variety of other miscellaneous products (OECD, 1993; Keating and

Wright, 1994; Keating, 1995).

1.2.3.2 Environmental Fate and Behavior of (Cd and Pb) in Soils

Cadmium

Cadmium is the heavy metal of greatest concern in agricultural soils. It is not required for
the growth and development of either plants or animals and can be toxic to both.
Cadmium is loosely held by soil constituents and is readily available to plants. Thus,
increased concentrations in soil result in increased concentrations in crops. Cadmium
accumulation in plant materials varies with crop type and plant part. In general, broadleaf
plants accumulate more cadmium than-grasses, and plant leaves and stems accumulate
more than seeds. Broad-leaved vegetables, such as lettuce and Swiss chard, accumulate
more cadmium than most . other, plants,. Consequently, Canadian guidelines and
regulations have been introduced to allow only minor increases in soil cadmium. These
guidelines allow waste recycling to land (such as sewage-sludge application), while
maintaining the quality of food products needed for domestic and international markets

(Webber, Wastewater Technology Centre, Burlington, 2001).

Lead

In nature, lead occurs mainly in the +2 valence state (Kabata-Pendias, 1992; Davies,
1995) although a stable valence state of +4 is also known to exist (Davis, 1995). Lead is
rarely found in the elemental state but occurs in a variety of mineral ores of which galena

(PbS) is most common (Stokinger, 1981). The crustal abundance of lead has been
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estimated to approxim :ly 16mg/kg (Davies, 1995) and levels in uncontaminated soils
tend to reflect the ¢ tent of the parent rocks (Kabata-Pandias and Pandias, 1992).
However, due to the istorical dispersive uses of lead, most surface soils tend to be
enriched by anthropog ic lead. A global mean concentration of 25 mg/kg in surface
soils was recently estimated by Kabata-Pendias and Pendias (1992) in a review of a
literature.

Lead is present in soils . predominantly the plumbous ion (Pb*), in the soil solution, as
sulphates, carbonates ¢ 1 oxides in precipated forms, and as Pb silicates in the soil
lattices (Davies, 1995). The lead compounds in contaminated soils have been reviewed
by Kabata-Pendias and ‘endias (1992) and Hempfill et al. (1991). The combustion of
leaded gasoline produces halide salts suchl 28'PbBr, PbBrCl, Pb(OH)Br and (PbO),PbBr;
in the exhaust particles but these are wery unstable and readily convert into oxides,
carbonates and sulph s {Kabata-Pendias “and Pendias, "1992). Most of the lead
associated with mining iste consists of PbS altered to PbSOj, at the surface of the waste
piles (Hemphill et . , 1991). The prevailing lead forms associated with smelter
operations include the sulphide (PbS), sulphates (PbSO4) and oxides (PbO and PbO,)
(Hemphill et al., 1991). The lead in pigments added to some paints may include forms
such as the octate, oxide arbonate, sulphate and chromate (Hemphill et al., 1991).

Soil is considered to be sink for anthropogenic lead (Davies, 1995; Hill 1992; OECD,
1993) and this associati  can be regarded as irreversible and permanent unless removed
through intervention ( »kes, 1989). Lead is persistent in soil because of its low
solubility, which tends increase with residence time (Leita and De Nobili, 1991), its

strong complexing beha r with organic matter (Kabata-Pendias and Pendias, 1992), and
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its relative freedom from microbial degradation (Davies, 1995; OECD, 1993).
Accumulating in the s face horizons, it only moves downward slowly in association
with the slow downw 1 movement of organic matter (Carelli et al., 1995). From the
limited knowledge about the chemistry and speciation of lead in soil (Davies, 1995;
Environment Canada, 94), lead is reported to be mainly absorbed into clay minerals,
adsorbed and co-precip d with Mn oxides and Fe and Al hydroxides, and adsorbed onto
colloidal organic matter and complexed with organic moieties as well as in some soils,
associated, although t a lesser extent than with the forms above, with carbonates
(Davies, 1995; Kabata-Pendias and Pendias, 1992).

Lead is not degraded in the environment although some fate processes can transform
certain chemical Pb species into others (ATSDR, 1993; Carelli et al., 1995). It has been
suggested that biome alation of inorganic Pb can occur but is not considered a
significant mobilization process (Andre et al, 1984; Beijer and Jernelov, 1984; Walton et
al,, 1988; CCREM, 1987; ATSDR, 1993).

Limited leaching of Pb from soils has been reported (OECD, 1993). Mobility, however
can be influenced by the soil pH and the content of humic and fulvic acids and of clay
and organic material  the soil (Ewers and Schipkéter, 1991; Environment Canada,
1994). Acidic conditi s favor solubilization of Pb from the solid phase of soils and
acidic soils tend to have a lower Pb content (Kabata-Pendias and Pendias, 1992). The
possibility of solubiliz on of soil Pb by acid rain and its subsequent solubilization and
leaching into ground ' ter has been suggested (Jaworski et al., 1987, OMEE, 1994a).
However there is no e lence supporting the theory (OECD, 1993). In addition, Nelson

and Campbell (1991) :ported that probably humic acid and fulvic acid interactions,
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rather than acidification, are the main route for Pb leaching and transport. These authors
also suggest that orga: : matter plays the most important role in Pb fixation. The soil’s
cation exchange capacity (CEC), texture, clay mineralogy, redox potential, organic
content and pH as well as the levels of other elements present therein (i.e., phosphorus,
sulphur, nitrogen, and cadmium) can affect bioavailability (Merry et al., 1986; Panis and
Lucianer, 1987; OECD, 1993). There is, however, a paucity of information about
speciation and the bioavailable form of Pb in soil solutions due to analytical difficulties
presented by the low concentrations of Pb in such samples. Nevertheless, it is generally
agreed that in most soils, only a small proportion of the Pb is bioavailable. (Davis, 1995),
and that the critical bioavailable fraction is the amount of Pb*? in the soil solution
(Andriano, 1986; Kabata-Pendias and Peadias, 1992). In acid soils, notably, as much as
95% of the Pb solutio can be present in eationic forms (Gregson and Alloway, 1984).
Furthermore, suggestion have been made that even in heavily polluted soils, especially
those in higher pH, part of the Pb in soil solutions is present at high molecular weight
organo-Pb complex, a rm not available for plant uptake (Gregson and Alloway, 1984).
Lead solubility and he :e, bioavailability can be decreased through Pb precipitation as
hydroxide, phosphate a . carbonate (Kabata-Pendias and Pendias, 1992; OMEE, 1994a)
by the addition of compost (Hirshorn, 1989), lime or phosphate fertilizers (Kabata-Pndias

and Pendias, 1992).
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1.2.3.3 Sources and Accumulation of Heavy Metals (Cd and Pb) In Soil

Cadmium and lead are widely distributed in the environment and are considered
particularly toxic elements. Their accumulation has multiple effects on the usability and

functions of soil in the eco-system.

Cadmium

Cadmium is an especially toxic heavy metal that is very mobile in soil. Even minimal
amounts in soil that has a low pH or humus level will result in cadmium uptake into
plants. Levels exceeding guidelines for foodstuffs or feeds can result. Most of the
literature on the toxicity of cadmium relates it to smelting. For example, Belgium is the
principal producer of cadmium in Eurépe and 'environmental contamination in areas near
zinc smelting plants, which release cadmium into the environment, is severe. Such a
severe degree of contamination would not have arisen from the ZnCdS releases. There
are also areas where extensive mining operations have led to contamination particularly
affecting the soil. In the UK, the highest level of soil contamination due to former mining
activities has been found in the Somerset village of Shipham. “The health of Shipham
residents has been extensively investigated and we consider Shipham to be a useful
example to examine in regard to the possible hazards of soil contamination with
cadmium” (Buchet et al., 1990; Staessen et al., 1999). An extensive study was made in
1979 of the inhabitants' health, as well as the health of volunteers living in the nearby
town of North Pethe: n in which there was no exposure to heavy contamination with
metals. The pollution was associated with old mine workings and in more recent years

the soil has been distt )ed by the development of pasture. Many houses and gardens are
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on polluted land but the Cd in the soil is tightly bound up in minerals and is not readily
available for uptake by 1 ally grown produce (Buchet et al., 1990; Staessen et al., 1999).
Cadmium is used in plating metals and in manufacture of batteries. Cd is also found as
constituents in specific : ganic pesticides and in domestic and industrial sewage sludge.
Additional localized contamination of soils with metals results from ore-smelting fumes,
industrial waste, and air pollution. Some of the toxic metals are being released to the
environment in increasing amounts, while others (most notably lead, because of changes
in gasoline formulation) are decreasing. Metals are daily ingested by humans, either
through the air or thro h food, water and-yes-soil (Brady et al., 1991). Storm water is
the largest source of Cd, contributing about 44% of Cd load, this being mainly associated
with the wear of tyres, reak pads and lubticating oils. Cd as an impurity in fertelizer is

also a significant source of CdS (Gray and Becker, 2002)

Lead

Excluding leaded gasoline combustion, solid waste and effluent discharges are estimated
to be 61.7 kilotonnes r and 0.6 kilotonnes/yr on average, respectively (Jadues, 1985).
Given the nature of the main sources of emissions and discharges, most of the
environmental impact of lead tends to be localized (Ewers and Schipkoter, 1991).
Sources of lead in sc are mostly anthropogenic and reflect both present and historical
inputs (Stokes 1989; = 1vies, 1995; Kabata and Pendias and Pendias, 1992; OECD, 1993;
Wixson and Davies, 1993). High concentrations generally only occur locally and tend to
decrease in a negative exponential fashion with distance from the source of emissions

(Davies, 1995; Ewers and Schipkéter, 1991; Wixson and Davies, 1993). However, more
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widespread contaminatic especially from “hot spots” (Stokes, 1989) can occur via wind
and water erosion (Carelli et al., 1995). Lead levels in solution in urban areas tend to be
greater than those in remote or rural areas (Flegal et al., 1990) as a consequence of
historical inputs from the combustion of lead gasoline and of current and past release
from smelters and met: processing plants (Stokes, 1989; Davies, 1995; Wixson and
Davies, 1993). Localize high concentrations of lead in soil have been attributed to wash
down and peeling of lea d paint from houses, bridges and storage tanks (Schmitt et al.,

1988; Krueger and Dug vy, 1989, Mielke et al., 1989).

1.2.3.4 The Impact of ] :avy Metals To The Environment

Irrespective of their sources, toxic elements catt 'and do reach the soil, where they become
part of the food chain: soil—»plant—animal—human. Unfortunately, once the element
becomes part of this cycle, they may accumulate in animal and human body tissues to
toxic levels. This is especially critical for fish and other wildlife and for humans at the
top of the food chain. For example, as earthworms ingest contaminated soil, the
chemicals tend to con ntrate in the earthworm bodies. When birds and fish eat the
earthworms, the pollu 1t can build up to lethal levels. It has already resulted in
restrictions on the use  certain fish and wild life for human consumption. Also, it has
become necessary to ¢ ail the release of these toxic elements in the form of industrial

waste (Brady et al., 19
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1. 2.3.4.1 Cadmium Poisoning

One of the early signs of Cd intoxication of the kidney is tubular proteinuria, or the
excretion of low mole lar weight proteins and retinal-binding proteins (Nomiyama,
1981; Frieberg et al., 1984/85). This form of protenuria, however, is not always specific
for Cd and may be foun in other forms of renal dysfunction. The currently known ‘early
warning signs’ of cadm m induced cellular damage and loss of reserves (or vitality) are
thus poor, making it dif ult to estimate the actual number of people with sub clinical Cd
poisoning.

The release of Cd from numerous non-ferrous metal mines and smelters has resulted in
9.5% of paddy soils, 3.2% of upland soils and 7.5% of orchard soils in Japan being
severely contaminated 1 h Cd (Asami, 1984).'Food crops, especially rice, grown in such
soils, are also contaminated with this metal. As a result, the dietary intake of Cd (about
56 ug per day) and the average Cd concentration in renal cortex (60-100 ug g in
Japanese population (Ts :hiya, 1976; Friberg and Vahter, 1983; Piscator, 1985) currently
leave little safety margin for many residents. Renal Cd concentrations close to the critical
value of 200 pg g” and daily Cd intakes of 70 pg are occasionally exceeded, by many
elderly multiparous wor :n (with poor nutritional habits) who live in the contaminated
areas (Friberg and Vahter, 1983). As to be expected, many elderly multiparous women
with poor nutritional habits who live in the contaminated areas of Japan, and elsewhere,
now show signs of rena lysfunction (Roels et al., 1981; Nogawa, 1984). Metallic models
(Kjellstrom and Nordberg, 1978) suggests that daily intake of 100-180 pg Cd per day by
residents in the highly polluted areas of Japan, can leave on excessive renal Cd

accumulation in about 5-10% of the people so exposed. On the other hand, the intake rate
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of 42-69 ng per day in the unpolluted areas (Nogawa, 1984) can place 0.5-1% of the
population above the critical level (200 pg litre’) over an extended period of time. An
average daily intake ¢ 32 pg Cd, which is typical of many countries (Hutton, 1982;
Friberg and Vahter, 1983), can result in 0.1% of the population having Cd concentrations
in the renal cortext above the 200 pg g threshold for preteinuria (Piscator, 1985). If it is
assumed that only 5-10% of human population actually ingest this amount of Cd, the
number of persons lik 7 to accumulate Cd, possibly to the stage of renal dysfunction, is
estimated to be 250 000-500 000. This number pertains to the background occurrence of
paras esia, and the number actually at risk is/probably considerably higher. Most of the
people presently at risk from environmental Cd poisoning are believed to be in Japan and
central Europe where 1e soils have become contaminated with this element (Asami,

1984 ; Kloke et al., 1984).

1.2.3.4.2 Lead Poisoning

Environmental exposure to low levels of lead has been associated with a wide range of
metabolic disorders and neuropsychological deficits (NAS, 1980; EPA, 1986). The well
known toxic (metabolic and cellular) effects of lead in asymptomatic children include (i)
impairments in haeme, vitamin D and red blood cell nucleotide metabolism, (ii)
perturbations of calcii 1 homeostasis in the hepatocytes, bone cells and brain cells, and
(iii) neurological dam e (Rosen, 1985; Lansdown and Yule, 1986). Although many of
the biochemical and neurological changes associated with lead toxic have been observed

at blood lead (PbB) concentrations as low as 60 pg litre’ .The threshold for possible

medical intervention has been set at 250-300ug litre! (CDC, 1985). A nationwide survey
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in the USA done betwer 1976 and 1980 found that 3.5% of the children under the age of
5 had PbB levels of 30 g litre”".or more which is well above the medical intervention
threshold. The total nu er of school children was about 16.9 million, implying that
about 590 000 children the country between the ages of 6 months and 5 years are over-
exposed to lead and m - be suffering form lead poisoning. There was a marked racial
difference in the lead ri , with about 10.2% (or about 264 000) levels. Also, about 5% of
the children aged 6-17 a . 1.8 of the adult population in the 18-74 age group had PbB in
excess of 300 pg litre™"., the number of pre- school children at risk increase to 3.5 million,
with black children acc inting for about 30% of this total. For all age groups, the number
of people at risk is ovc 26 million at the 200ug litre”" PbB threshold. In recognition of
the magnitude of this r (onal health-issues in-children (black, white, poor, rich, city or
country side), the US nvironmental Protection Agency has concluded that there is a
national health proble; associated ;with  exposure to environmental lead for the general
population, in particular to pre-school children. The center for Disease Control in the
United States now rec amends that all children of 9 months to 6 years of age should be
screened for lead at 1 st once annually. The distribution of PbB concentrations in the
population of Western 'urope and Australia is similar to that of United States (EPA,
1986; Lansdown and Yule, 1986). On the other hand higher PbB concentrations have
been reported in some r1ban population in developing countries. Thus extrapolation of
the USA data to urban areas of other countries may not be very realistic. If the threshold
concentrations for he 1 is set at 200 pg litre” PbB, the total number of over exposed
people great risk of = ing poisoned is estimated to be 130-200 million, assuming that

only 20-30% of the I nan population (of 5 x 10°) leaving in urban areas have the PbB
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distribution similar to the general population of the United States. At 300 pg litre™
threshold, the number 'school children (about 10% population) at greatly increased risk
of being poisoned by lead is estimated to 5-7 million. Even if only a small fraction of the
persons at risk experi ce some health impairment, the fact remains that lead poisoning
must be regarded as the most prevalent public health problem in many parts of the world.
The figures above are for people already over burdened by lead as determined by their
PbB concentrations. | . a global scale, the actual number people exposed to relevant
environmental Pb lev( . which can results in PbB concentrations of 200 pg litre” or
more, is well over 1  lion. For example, (Lenvin, 1987) has estimated the number of
people in the USA ex sed to drinking water with a Pb concentration above 20 g litre™
is about 42 million. Levin’s estimates-of the-number of children, nubile women and adult
males at increased risk experiencing various adverse health effects due to the lead in their
drinking water shou.. be disconcerting to some public health officials. In addition,
drinking water represents only a minor route of Pb exposure for the human population in

the US (Mahaffey et: , 1982).

1.2.3.5 Standards a | Guidelines for Metals in Soil

During recent years, 1any countries have introduced special legislation to ensure the
appropriate dispos of hazardous waste. Authorities have commonly been made
responsible for applying these regulations. According to the CEC (Directive on Toxic and
Dangerous Waste) (78/319/EEC) the member state of EEC must ensure that toxic and
dangerous waste is k t separate from other matter, that the packaging is appropriate and

that the labeling indicates its composition and origin.
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Environmental health standards for chemicals may be formulated either in terms of
concentrations in environmental components or in terms of amounts of substances that
might be taken up into the body within a period of time (WHO, 1978). Since metals in
soil may be taken up by plants and thus enter the food chain, limit values for maximum
tolerable metal concentrations in agricultural and garden soil were set in various
countries. In the federal Republic of Germany the guideline values by Kloke(1980) are

widely used for the judgment of metal concentrations in agricultural and garden soil.

Table: 1.3 Maximum admissible concentrations of Cd and Pb in compost used in
soil on which compost is applied. unit: mg/kg dry weight

Metal CH® I

Compost Compast:-Soil

(mg/kg) (mg/kg) | (mg/kg)

Cadmium 3 10 10

Lead 150 500 500

CH® =Switzerland: Ordinance and substances Hazardous to the environment (1986)
issued under the Environment Protection Law (1983) and Water Protection Law
(1971).

r =Italy: Supplemento ordinario alla Gazetta Ufficiale No. 25, of 13. 09. 1984,
Rome.

In some traditional in strial areas and near hazardous waste disposal sites the toxic
contamination of soil ay represent a health risk for the residents of these areas.
Questions arise whether these areas can be used for residential or agricultural purposes.
In order to provide a basis for administrative decisions on redevelopment measures the

Dutch authorities have developed guideline values for contaminant levels in soil and

ground water. The U.S. 'nvironmental Protection Agency, e.g., promulgated a number of
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effluent limitation guid nes and standard pursuant to sections 301, 304, 306, and 307 of
the Federal Water Control Act. These standards and guidelines are prepared by several
organizations e.g., WHO (1980, 1984, 1987), ACGIH (1988), EPA (1986), NIOSH and

(MAK, 1988; Henschler, 1988; Henschler and Lehnert, 1986).

1.2.4 Phthalate Esters

1.2.4.1 Chemistry and Jses

Phthalates are a family of organic chemical compounds that have been developed in the
last century. Although the various kinds of phthalates in use today have a certain
similarity of appearance and structure, phthalates perform many different tasks. There is
no way to complete the sentence "phthalates are...". Phthalates look like vegetable oil.
They have little or no smell. They are ineorporated into products that consumers use
every day. About 80 percent of all ‘the phthalates manufactured today are used as
“plasticizers”. That is, they make plastics flexible without sacrificing strength or
durability. Their chief use is as plasticizers in vinyl, a very familiar, popular and versatile
form of plastic. Vinyl Iso known as PVC, or polyvinyl chloride) is ordinarily hard. But
when certain phthalates are added into the vinyl manufacturing process they act as a
lubricant among the long vinyl molecules, permitting them to slip and slide against one
another. The result: a technological marvel that helps make our lives better in numerous
ways. From construction to toy-making to medical care, flexible vinyl has helped make
products that are more durable, cleaner, clearer, and economical. Not all phthalates are
used as plasticizers for PVC. Different phthalates keep nail polish from chipping, make

perfume linger longer, or make tool handles strong and more resistant to breaking. Oth¢ ;
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help adhesives, caulking, paint pigments and many other materials perform their jobs
better. Because phthale s are so widely used, they have undergone extensive testing for
possible health effects  humans or damage to the environment. Some areas of concern
have been identified, v ch are under intense study. But in sum, the record of phthalates
is exce ent. Phthalates » not persist in the environment; they biodegrade readily. If they
make their way into the body, they do not accumulate in animals or humans; inside the
body, they break down uickly and are excreted. Most important, in their long history of
beneficial service to consumers, there has never been any scientifically validated
evidence that they have ever caused anyone any harm (Phthalates Information Center,

2002).

In this study only dimethyl phthalate (DMP), diethyl phthalate (DEP) and

di-2-ethylhexyl phthal: 7 (DEHP) phthalate esters were used.

Dimethyl Phthalate ( MP)

DMP

Dimethyl phthalate is a colorless oily liquid with a slightly sweet odor (Trenton, 1986).
The chemical formula for dimethyl phthalate is Ci10H1004, and the molecular weight is

194.19 g/mol. The va ur pressure for dimethyl phthalate is 4.19 x 10 mm Hg at 20 °C,
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and it has a log octanol/water partition coefficient (log Kow) of 1.56. 1t is slightly soluble
in water (Cincinnati 1987). Dimethyl phthalate has many uses, including in solid rocket
propellants, plastics, and insect repellants. Acute (short-term) exposure to dimethyl
phthalate, via inhalation humans and animals, results in irritation of the eyes, nose, and
throat (Bethesda, 1993). No information is available on the chronic (long-term),
reproductive, developmental, or carcinogenic effects of dimethyl phthalate in humans.
Animal studies have reported slight effects on growth and on the kidney from chronic
oral exposure to the chemical. EPA has classified dimethyl phthalate as a Group D, not

classifiable as to human carcinogenicity (U.S. Environmental Protection Agency, 1999).

Diethyl Phthalate (DEI]

Diethyl phthalate is a c¢ rurless liquid that has a bitter, disagreeable taste. This synthetic
substance is commonly used to make plastics more flexible. Products in which it is found
include toothbrushes, aui nobile parts, tools, toys, and food packaging. Diethyl phthalate
can be released fairly eas ' from these products, as it is not part of the chain of chemicals
(polymers) that makes > the plastic. Diethyl phthalate is also used in cosmetics,

insecticides, and aspirin (  TSDR, 1996).
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Di-(2-ethylhexyl) Phth 1te (DEHP)

Di-2-ethylhexyl phthalate (CAS No [117-81-7]) is also known as di-octyl phthalate
(DOP). In Western E ope it accounts for;45% of all plasticiser usage and as such is
generally considered as the industry standard. < The reason for this is that it is in the mid
range of plasticiser properties. It is'the phthalate ester of the alcohol 2-ethyl hexanol,
which ; normally ma factured by the dimerisation of butyraldehyde, the butyraldehyde
itself being synthesise¢ | frompropylene. The widespread sales of DEHP plasticiser are a
reflection of its all ound plasticising performance and its provision of adequate
properties for a great many cost-effective, general purpose products. It possesses
reasonable plasticisi  efficiency, fusion rate and viscosity (of great importance for
plastisol applications). Some concerns have been periodically raised as to the toxicity of
this material, but it ¢i be said that these concerns are often related to the vast number of
studies which have been carried out, some of which are of dubious quality (ECPL, 2002).
DEHP, which is use extensively to soften PVC products, including many life-saving
medical devices, PV flooring, wire and cable sheathing and car interiors, has been
recognised as being non-carcinogenic to humans by most international authorities,

including the Europ a2 Commission, for several years. IARC however, had previously
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classified it as “possibly arcinogenic to humans” based on some early research studies

carried out on rodents (I .C, 2000).

1.2.4.2 Exposure of Humans to Phthalates

It has been suggested that the spreading of municipal sewage sludge on agricultural land
could lead to phthalates being taken up by plants and entering the human food chain.
However this subject has been comprehensively studied over the years and there is no
evidence to suggest that phthalates can enter the human food chain in this way. There are
two points to bear in mind: the rates at which phthalates biodegrade in sewage sludge and
soils; and the uptake by plants from the ground of phthalates such as di-2-ethylhexyl
phthalate (DEHP). Phi lates are subject to'both aerobic and anaerobic (in the presence,
or not, of oxygen respectively) biodegradation. There are several investigations, which
demonstrate that when they are contained in'sewage shadge they are rapidly degraded.
For example, (Adams et al., 1995) one study examined garden soil containing DEHP
Within 20 days 75% of phthalate levels had been degraded and after 30 days the figure
was more than 90%. A major research study on the uptake by plants of DEHP was
conducted in the United States in 1989 (Aranda et al., 1989). Among the plants grown
and tested were four food chain crops: lettuce, carrots, chilli peppers and tall fescue (a
pasture grass). The a hors concluded that "...because intact DEHP was not detected in
any plants, DEHP uj ke by plants was of minor importance and would not limit sludge
additions to soils used to grow these crops". Eating some foods packaged in plastics,
especially fatty foods like milk products, fish and seafood, oils, but levels still usually

quite low (ECPL, 2 11). A number of packaging materials and tubings used in the
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production of foods and verages are polyvinyl chloride contaminated with phthalate
esters, primarily DEHP. These esters migrate from the packaging to the food or
beverages. The extent migration depends upon a number of factors such as

temperature, surface area contact, lipoidal nature of food, and length of contact (Peakall,

1975).

Before we consider oral exposure, one other route must be mentioned: that arising from
the use of phthalates for medical equipment, which may lead to intravenous exposure
following, for instance, t - storage of blood in PVC blood bags. The migration of DEHP
into blood stored in this way was reported by Jaeger Rubin (1972), but migration of
DEHP from medical de :es had been discussed as early as 1960 (cited in Jaeger and
Ruben 1972). Other me:  al equipment found to leach phthalates directly into humans
include dentures. Lygre et7al ; (1993); found some phthafate.ester in saliva samples of

patients who had recently received’new dentures.

No information is avai )le on the chronic effects of dimethyl phthalate in humans. |
Animal studies have re ted slight effects on growth and on the kidney from chronic
oral exposure to dimeth phthalate. EPA has not established a Reference Concentration
(RfC) or a Reference Dose (RfD) for dimethyl phthalate (U.S. Environmental Protection
Agency, 1999). Over the past 40 years the effect of phthalates in the environment has
been extensively studied. Research demonstrates that phthalates, at current and
foreseeable exposure le 1s, do not pose a risk to human health or to the environment

(ECPI, 2001).
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1.2.4.3 Reproductive e zcts of Phthalates

Some phthalates can interfere with normal sexual development in rodents, when given in
high doses, by processes that do not appear to involve receptor interference. Sexual
development in rats happens rapidly and shortly before birth. Some tests showing
reproductive effects involved administering very high doses of some phthalates to
pregnant rats shortly before they were to give birth. The research indicated that levels of
testosterone, a male hormone key to sexual development, were significantly suppressed
in the male fetuses whe the mother rats were fed very high doses of some phthalates. No
effects were seen at lower doses. In other words, heavy doses of the phthalate suppressed
production of the male sex hormone, interrupting the maturation process. The doses that
caused these effects were above those any hiiman being would be exposed to under any
realistic scenario. The Phthalate Esters Panel and the chemical industry continue to
devote significant financial' and ‘human-resources to “further research the issue of
endocrine disruption ( thalates Information Center, 2002).

1.2.4.3 Phthalates Fate in the Soil

Phth: ites have also been reported in samples taken from various compartments of the
terrestrial environment, including soils, landfill sites and plants. One route of entry of
phthalates into soil systems is via fallout from the atmosphere, as discussed by Thuren
and Larsson (1990). 1 :ir research led to an estimation of fallout of 285 pg m” DEHP
per annum to Swedis soils. Another potential route of entry is via the application of
sewage sludge to soil. Large volumes of sludge are disposed on to agricultural land,

providing beneficial »il fertilising and conditioning properties. It is therefore of
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significant interest to dete 1ine whether potential toxins in the sludge might find their

way into crop plants grown on this land. (Metzler, 2001).

1.2.4.4 Degradation of Phthalates in Soil

Despite the constant input and widespread distribution of phthalates into environmental
systems, the rapid degradation of these chemicals is of paramount importance in

preventing, in most instances, their accumulation. As a rule, biodegradation pathways are
| dominant in soils (Staples et al., 1997). The degradation rates of phthalates are dependent
on their molecular weight; those with longer alkyl side-chains tend to have longer half-
lives in a given environment. This phenomenon was observed by Shelton et al., (1984),
who found DEHP to r¢ 1ain intact in'@anaéerobic digester sludge, whereas the lower
molecular weight DMP and DEP were completely degraded. A similar picture was
reported by Ejlertsson et al.; (1996);(1997), who found that more soluble phthalates were
degraded in aerobic conditions, whilst less soluble esters were not. Degradation in soils
of DEHP (Roslev et al. 1998) has also been reported . Roslev et al. (1998) investigated
degradation of DEHP in sludge amended soil and found the rate to be dependent on the
bioavailability of the chemical. Thus, although initially the half life of DEHP was 58
days, it was calculated that 40% would remain after a one year incubation, due to lack of
bio availability. As might be expected, degradation in these laboratory conditions was
slower at 4 °C than at 20 °C, implying that phthalate degradation in the environment will

be slower in winter than in summer (Metzler, 2001).
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Chapter 2

2.1 REVIEW OF ANA YTICAL METHODS

Several methods have been reported in literature for the analysis of heavy metals and
phthalate esters. These methods are highly sensitive and provides excellent detection
limits for measuring ncentrations of heavy metals and phthalate esters from soil

samples.

2.1.1 Heavy Metals

2.1.1.1 Atomic Absorption Spectroscepy (AAS)

A simple, reliable and relatively fast-method-has been developed to selectively separate
and concentrate trace amounts of lead from soil samples for measurement by flame
atomic absorption spectrometry. By the passage, of aqueous soil samples through an
octadecyl-bonded silica membrane disk modified by a recently synthesized
bis(anthraquinone)sulfide, Pb>* ions adsorb quantitatively and almost all matrix elements
will pass through the disk to drain. The retained lead ions are then stripped from the disk
by minimal amount of acetic acid as eluent. The proposed method permitted large
enrichment factors of about 300 and higher. The limit of detection of the proposed
method is 50 ng Pb®* per 1000 ml. The effects of various cationic interferences on the
recovery of lead in binary mixtures were studied. (Shamsipur et al., 2000). Several studies
on the influence of heavy metals to the growth of vegetables have been carried out in
Cuba by the Ministry of Agriculture in order to evaluate the effects resulting on the

continuous application of fertilizers and other materials to the soils. The analysis of metal
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contents in soil and vegetable samples is often troublesome due to the low concentration
levels to be determined. In the present work EDXRF, AAS and ASV methods were
applied and compared for the evaluation of Cd and Pb contents in red ferralitic soil and
sorghum samples. Se ral certified reference materials (CRM) (inorganic and organic
matrixes) were analyzed in order to evaluate the perfo 1ance of the analytical procedures
and the bias and precision of the results. A study was performed with growing sorghum
in several series of pots where different quantities of metals were added to the soil
substrate. The observed correlation between the metal contents in soil and plants as well
as the influence of different additions of each metal on the plant growth is also presented
(Estévez Alvarez et al., 2001). Soil profiles were sampled at an altitude of about 2400 m,
representing soils developed above different bedrocks. The concentration of lead in the
profiles was found to be strongly dependent on the metal content in the bedrock
underlying the soil and was strongly enriched in the top 10 ¢m. The dolomitic bedrock in
the study area conta ; elevated lead concentrations compared with other dolomites.
Dissolution of dolomite and accumulation of weathering residues during soil formation
resulted in high lead concentrations throughout the sc profile. The enrichment of lead in
the topsoil, however, is largely attributed to atmospheric input. The isotopic signature of
the lead clearly indicates that it is mainly of natural origin and that of atmospheric
deposition of anthrop enic lead contributed to about 20 to 40% of lead concentration in
the topsoil on the topsoil on the bedrock with elevated lead concentrations. In the soils on
bedrock with normal lead concentrations, the anthropogenic contribution is estimated to
be about 75%. The H )s-extractable lead concentration, was determined by digesting Sg

sub-samples in 50ml *2M HNO; for 2hrs at 100 °C, following the procedure used by
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the Swiss Soil Mor »ing Network (Federal Office of Environment, Forests and
Landscape, 1987). The extracts were analysed by flame atomic absorption spectroscopy
(AAS). Soil samples: m a round robin test (Swiss Federal Research Station for Agro-
ecology and Agriculi e, 1989a) were included and an agreement with the certified
values for lead within 3% was found. The standard deviation for three samples with 7 to

13 measurements was between 7 to 10% (Nowack et al., 2001).

2.1.1.2 Graphite Furnace Atomic Absorption Spectrometry (GF-AAS)

The lead concentratio of fruit samples were determined and the soil samples related to
these fruits were also analysed for Pb after extraction with various chemical reagents. The
relation between the 1 it-lead and soil-extractable lead concentrations was examined in
order to explain the t availability of lead."A linear relation was observed between the
hot Na;EDTA extraction-soluble Pb contents in the soil and the Pb concentrations in the
mulberry (R2=0.95), s wberry and apple grown on these soils. Probable chemical forms
of lead in soil were evaluated. Acceptable agreement (at least 91%) was achieved from
the results with GF-AAS (Yamana et al,, 2000). It was shown that the direct solid
sampling graphite furnace atomic absorption spectrometry (SS-GFAAS), equipped with a
transversely heated gr hite atomiser and efficient deuterium background correction can
be a powerful alternative for the trace analysis of heavy metals in different materials. The
direct solid sampling technique has been successfully applied to the analysis of cements
(Cd and Pb), calcium fluoride single crystals (Cd and Pb), barytes (Cd and Pb) and
deposits of the surface of historical buildings (Pb) using the platform technique in a very

wide concentration ra e (upper - ppm to sub - ppb range). The analytical results from
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the SS-GFAAS were compared with those obtained by Zeeman - GFAAS or FAAS after
microwave aqua regia extraction and/or aqua regia - hydrofluoric acid digestion. In many
cases good agreement was achieved with values obtained by reference methods. When
using test sample masses between 0.029 to 0.756 mg an overall precision of about 10 %
RSD was obtained after standard calibration using different masses of certified reference
materials (CRMs) such as sediments and soils. Difficulties, which can arise in special
cases - like calibration problems, relatively bad precision, poor agreement with reference

method - are shown and discussed (Nowka et al., 2000).

2.1.1.3 Electrotherm: Atomic Absorption Spectroscopy (ET-AAS)

A method was developed for the simultanéous bi-element determination of Cd and Pb in
aqua regia digests of soils and sediments using an electrothermal atomic absorption
spectrometer with a transversely heated graphite atomizer and longitudinal Zeeman-effect
background correction. A fast furnace program with no pyrolysis stage or chemical
modifier was used, and the total duration of the time-temperature program of the graphite
furnace was 45 s. The method detection limits calculated from blank samples were 0.18
pg 1-1 and 2.5 pg 1-1 for Cd and Pb, respectively. The accuracy of the method was
confirmed with a certified reference soil (recoveries 90-110%, within-batch RSD most
often less than 5% with six replicates) and with 12 sediment samples from an
international proficiency test. z-scores were calculated for the results of the sediment
samples with 46 satisfactory and only 2 questionable results. Some analytical problems

were encountered during analysis. Fast furnace programs were found to be suitable for
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the simultaneous determination of the two elements in aqua regia digests of soils and

sediments (Myohinen et al., 2002).

2.1.1.4 Laser-induced breakdown spectrometry (LIBS) combined with Laser-
induced fluorescence LIF)

The investigation of a hyphenated technique combining laser-induced breakdown
spectrometry (LIBS) with laser-induced fluorescence (LIF) for the analysis of Pb and Cd
in soils is described. In order to evaluate the applicability of the technique for fast in-situ
analytical purposes, measurements were performed at atmospheric pressure. The plasma
radiation was detecte using a Paschen—-Runge spectrometer equipped with photo
multipliers for the simultaneous analysis of 22 different elements. The photo multiplier
signals were processed; by, a fast.gate able multichannel integrator. Calibration curves
were recorded using a set of spiked ‘'soil ‘samples." Limits of detection were derived from
these curves for Cd (6 pg/g) and Pb (17 pg/g) using the LIBS signals. LIBS-LIF
measurements were performed for Cd. The excitation wavelength as well as the detected
fluorescence waveleng for Cd was 228.8 nm. The calibration curves based on the LIF
signals showed significantly improved limits of detection of 0.3 pg/g for Cd (Hilbk-

Kortenbruck et al., 20C .

2.1.1.5 Laser induced Spectroscopy (LIS)
Analysis of heavy met: :in soils, sand, and sewage sludge samples has been studied by
means of time-resolved optical emission spectrometry from laser-induced plasma. The

instrumental setup has ‘en developed as a fact screening detector for future application
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as an on-line and in situ method. Several experimental parameters had to be optimized.
Various factors affect g the detection limits and the quality of the analysis have been
investigated. These include aerosol production, crater formation, size effects, timing
effects, laser intensities, and humidity. In order to improve reproducibility of elemental
analysis, a special data analysis program has been developed. It consists of a data analysis
program and of the principal component regression calibration technique, which utilizes
many spectral lines of each element. A special renormalization algorithm has been tested
for internal calibratic =~ The computer program provides good calibration plots and
detection limits in  : 10 pug/g range, which are usually below the ecological

requirements (Wisbrun et al., 1994).

2.1.1.6 Laser Excited Atomic Fluorescence Spectrometry (LEAFS)

This method focuses « the development of new instruments, and new applications of
laser excited atomic fluorescence spectrometry, LEAFS, in recent years. Such
developments include solid-state tunable lasers, deep UV tunable lasers, the use of charge
coupled detectors (CCDs), and the applications of LEAFS for trace metal determination
in various samples. The advent of diode lasers with their now somewhat improved range
of wavelengths and power output, provides opportunities for research and applications in
LEAFS. The further development of the coupling of second and third harmonic crystals
to pulsed diode lasers shows promise for compact and robust instrumentation. There have
been no recent instrur ntal developments that might provide more isotopic selectivity
beyond the elements like uranium where the spectral isotope splitting is greater than most

elements, but laser diodes could provide this due to their potential to provide an output
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with very narrow spe« ‘al bandwidth. The advent of optical parametric oscillator-based
lasers has enabled LEAFS to be much more practical then in the past when dye lasers
were used. This should be the harbinger of more applications of LEAFS to complex real
sample analyses that cannot be done by other techniques for reasons of sensitivity or
selectivity. Array detectors provide an additional degree of freedom by provision of more
spectral information more rapidly, which should aid the study of complex samples that
might produce complex background problems. The recent literature indicates that the
sensitivity, selectivity and ease of method development of LEAFS is well-established,
and that there are no substantial analytical disadvantages to the technique beyond the
instrumental limitations associated with the single element at a time mode of operation
and the complexity of the laser systemis. Easer technology continues to develop rapidly,

which heralds a bright ture for LEAFS (Stchur et al., 2001).

2.1.1.7 X-Ray Fluorescence Spectroscopy (XRFS)

Using energy dispersive X-ray fluorescence analysis with an X-ray tube filtered with Ti,
it was possible to determine the concentration at ppm level of Pb in soil treated with
organic compounds of urban garbage. It was possible to observe a significant increase in
the contents of Pb in the soil treated in comparison with the soil control (dos Anjos et al.
2000). Three representative soils were selected and spiked with toxic elements, namely
Pb and Cd. These elements were added as nitrate salts depending on the physical
properties of the soil. 1 e main constituents of soil, the elements originally present and
spiked toxic elements were determined by X-ray fluorescence spectrometry. The

instrument was PHILIPS PW 2404 X-ray fluorescence spectrometer. It was established
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that toxic elements acc mulated in the finest particle size fraction of the soil irrespective
of the type of the so in which they are adsorbed primarily by clay minerals and soil
organic matter. If particle size distribution is taken into account, it can be concluded that
the amount of trace lements and toxic elements are determined by particle size
distribution. That is the maximum of the particle size distribution corresponds to that of
the concentration distt ution of toxic elements. Another point is that pollution can also
modify the original ¢ tribution of trace elements, which in turn affects plant uptake

(Hartyani et al., 2001).

2.1.1.8 Square Wave Anodic Stripping Voltammetry (SWASYV)

Mercury-electroplated idium microelectrode armray based sensors were successfully used
for the simultaneous determination of Cdand Pb trace concentrations by means of square
wave anodic stripping voltammetry (SWASV). These recently developed sensors consist
of an array of (42x42) 6-um-diameter iridium micro discs onto which Hg micro drops are
electroplated. The Ir micro disc arrays were achieved by using micro fabrication
processing techniques and Hg charge of 15mC was identified to be the optimum amount
to be electroplated or  the 6-um-diameter micro disc array. The microelectrode array
based sensors were us  to analyse both water certified samples covering a wide range of
metal concentrations i 'om 1 to ~1000ppb) and soil extracts collected at different soil
depths (from the surfa to about 1m depth in the Rouyn-Noranda region, Que., Canada).
Different physico-chemical forms of the three metals were extracted from the soil
samples using bariuv  chloride, sodium pyrophosphate and oxalic acid/ammonium

oxalate solvents. On the other hand, all the Cd forms extracted from the soil are found to
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be ASV-electro acti since a satisfactory agreement was obtained between the
concentrations measured by SWASV and those determined by means of graphite furnace
atomic absorption spe ‘ometry (GF-AAS). While Pb concentration profiles in soil were
found to be particularly dependent on the extractant used, Cd concentration profile
exhibited the same tre | for the three extractants. The differences in metal concentrations
between extractants are discussed and the predominant physico-chemical metal forms are
established as a functi  of the horizon in the soil profile. Finally, the developed SWASV
sensors are shown to e successful to measure reliably metal concentrations as low as

50ppt in soil extracts with a preconcentration time of only 10min (Silva et al., 2001).

2.1.1.9 Anodic Strip, 1g Voltammetry{ASYV)

Binding of Cd(II) and Pb(II) to two humic acids was studied by differential pulse anodic
stripping voltammet: using continuous differential equilibrium functions and linear
Scatchard plots. One the humic acids was a commercial sample from Aldrich (AHA)
and the other was a sedimentary humic acid isolated from a Brazilian water reservoir
(BBHA). The complexation study was performed at pH between 5 and 6 in 0.020 mol 1-1
KNOs. The complexes were considered fully labile in the range of the metal to ligand
concentration ratios studied, having diffusion coefficients (DNﬁ,=1.3XIO—7 and
2.7x10-7 cm2 s—1, for BBHA and AHA, respectively) smaller than the free cation
[DM=8x10—6 and 7x10—6 cm2 s—1 for Cd(Il) and Pb(II), respectively]. Differential
equilibrium functions and the discrete site model led to similar interpretations of the
experimental data. E ding of Pb(I) to both HA samples was stronger than for Cd(II),

with a greater heter eneity of binding sites. This was verified by the heterogeneity
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parameter, I', obtained from the differential equilibrium functions, as well as from the
number of classes of bini 1g sites used to fit the titration data to Scatchard plots (Abate et
al. 2002). The interaction of fulvic acids with Cd(II) ions has been studied by differential
pulse anodic stripping v ammetry (ASV), at pH 7.0 and 0.1M KNO3. Voltammetric
data obtained during the titration of mixtures of Cd(II) and fulvic acids at different
concentrations have be¢ analysed using multivariate curve resolution (MCR). The
application of this method allowed the resolution of the major contributions involved in
the titration experiments. Apart from free Cd(II), two more contributions related with the
complexation process were detected and resolved, and their corresponding pure
voltammograms and concentration profiles were  estimated. Simultaneous analysis of
independent voltammetric titrations using | ‘the" proposed MCR methods is shown
extremely recommended because it overcame some of the limitations observed in the

analysis of individual titrations (Antunes et al., 2002).

2.1.1.10 Mass Spectroscopy (MS)

Mass spectrometric metho for the trace analysis of inorganic materials with their ability
to provide a very sensitive multielemental analysis have been established for the
determination of trace in high-purity materials (metals), in different technical samples
e.g. pure chemicals in so samples. Whereas such techniques as spark source mass
spectrometry (SSMS), laser ionization mass spectrometry (LIMS), laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS), glow discharge mass
spectrometry (GDMS), secondary ion mass spectrometry (SIMS) and inductively coupled

plasma mass spectrometry (ICP-MS) have multi-elemental capability, other methods such
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as thermal ionization mass spectrometry (TIMS), accelerator mass spectrometry (AMS)
and resonance ionization mass spectrometry (RIMS) have been used for sensitive mono-
or oligoelemental ultratr e analysis (and precise determination of isotopic ratios) in solid
samples. The limits of tection for chemical elements using these mass spectrometric
techniques are in the low ngg—1 concentration range. The quantification of the analytical
results of mass spectrometric methods is sometimes difficult due to a lack of matrix-fitted
multielement standard ference materials (SRMs) for many soil samples. Therefor: |
owing to the simple qu: ification procedure of the aqueous solution, inductively coupled
plasma mass spectrom¢ y (ICP-MS) is being increasingly used for the characterization
of solid samples after sample dissolution. ICP-MS is often combined with special sample
introduction equipment _:.g. flow injection; hydride generation, high performance liquid
chromatography (HPL( or electrothermal vaporization) or an off-line matrix separation
and enrichment of t1 e ‘impurities./(espectally for characterization of high-purity
materials and environmental samples) is used in order to improve the detection limits of
trace elements. Furthermore, the determination of chemical elements in the trace
concentration range is ten difficult and can be disturbed through mass interferences of
analyte ions by moleci ir ions at the same nominal mass. By applying double-focusing
sector field mass s ctrometry at the required mass resolution—by the mass
spectrometric separati  of molecular ions from the analyte ions—it is often possible to
overcome these inte 2rence problems. Commercial instrumental equipment, the
capability (detection | its, accuracy, precision) and the analytical application fields of
mass spectrometric me ods for the determination of trace and ultratrace elements and for

surface analysis are ¢ :ussed (Becker and Dietze, 1998). Attic dust and soil samples
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were collected from three communities in southern Nevada and Utah. The samples were
analyzed for two heavy tals (Pb and Cd) by ICP-MS. Both elements were traditionally
found enriched in road and house dust in urban areas and were even more highly enriched
in attic dust. Lead stood ut as having the highest enrichment factors (relative to both the
local soil and its natural abundance) and was highly correlated with the age of the house
(R2=0.87, n=8). The ta suggest that undisturbed attics may act as archives of
atmospheric dust, by preferentially trapping and preserving airborne particulate matter,
and should be considered by researchers interested in study of past atmospheric dust

and/or reconstructing exposure histories (Cizdziel and Hodge, 2000).

2.1.1.11 Inductively C pled Plasma Optical Emission Spectrometry (ICP-OES)

The determination of the total content and the leachable aliquot by aqua regia dissolution
of two heavy metals ~d and Pb) in soils was developed by microwave digestion
technique combined w 1 inductively coupled plasma atomic emission spectrometry. A
complete digestion of soils was achieved by using an acid mixture of HF—-HCI-HNO3
(1:3:1); the microwave radiated closed vessel system used for the determination of aqua
regia leachable quota, proved to be a viable alternative to the traditional reflux system.
The experimental stur was conducted using five BCR standard reference materials
(CRM 141R ‘Calcareous Loam Soil’, CRM 142 ‘Light Sandy Soil’ and CRM 143
‘Sewage Sludge Amen :d Soil’ in two laboratories with different microwave ovens and
ICP-OES. Calculated recovery, repeatability, and reproducibility confirm the good
performance of the pr  sdures adopted. A Nested Design statistical analysis was carried

out for both procedures and showed that the major source of variability in the analysis
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was due to ICP-OES measurements rather than microwave-assisted dissolution (Bettinelli

et al., 2000).

2.1.2 Phthalate Esters

2.1.2.1 Gas Chromatotraphy (GC)

The ph alate ester DE! ’ concentrations were determined from soil sample. DEHP was
extracted with organic solvent methylene chloride using gas chromatography (GC) and
electron capture detect (ECD) for analysis. The clean up was done using silica gel
column. The sample detection limt was 1.3 mg/kg and percent recovery was greater than

0 to 158 (http://www.at. r.cdc.gov).

2.1.2.2 High Resolution Gas Chromatography and Mass Spectrometry (HRGC/MS)

A method was developed for coupling of an accelerated solvent extraction system (ASE)
with high resolution gas chromatography (HRGC) and mass spectroscopy (MS) for the
analysis of phthalate esters (PAEs) in soil samples. Organic solvent used for extraction of
phthalate esters was me ylene chloride and clean up was done using silica gel column.
The sample detection it was 660 pg/kg and percent recovery was from 8 to 158

(http://www.atsdr.cdc.g ).

2.2 METHODS USED { THIS STUDY
In this study, heavy metals (Cd and Pb) were analysed using flame atomic absorption
spectroscopy coupled with ambic-2 extraction method. Ambic-2 extraction method was

chosen as an analytical :thod for determination of the extractable concentration amount
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of the element from soil in Alice at Phandulwazi Agricultural High School. The methods
were chosen because of ieir high selectivity, sensitivity and reproducibility especially in

the analysis of Cd, Pb a  other heavy metals in soils.

Gas ¢ omatography (GC) was also used to analyses specific phthalate esters namely
DMP, DEP and DEHP. GC was used because is one of the most important tool in
chemistry and also because of its simplicity, sensitivity and effectiveness in separating
components of mixtures. It is widely used for quantitative and qualitative analysis of
organic mixtures. The a lytical extraction method used is soxlet extraction method using
dichloromethane as an extracting solvent for the duration of 10 hours. The detector used

was flame ionisation detector (FID).
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Chapter 3

3. EXPERIMENTAL

3.1 Sampling

3.1.1 Sampling Point ¢ d Sample Collection

The sampling point for il samples was from Phandulwazi Agricultural High School at
Alice in the Eastern Ca  Province of South Africa. The soil is used for cultivation of
crops. Only 4 kg of soil was collected for this study: A clean spade was used to excavate
a profile pit. Since this 1dy is related to heavy‘metal analysis it was more favorable the
soil core be taken with a tube inside the 'core, The sample was collected into thoroughly
cleaned glass containers. The glass containers were filled so that the remained air space

was as small as possible!

3.1.2 Sample Prepara: n for Analysis of Heavy Metals and Phthalate Esters

The soil sample was air ried. After air-drying it was oven dried at 80 °C for 24 hrs. The
dried sample was crush  with a mortar and pestle then sieved through 80mesh sieve.
Appropriate amount of il sample was treated with Ambic-2 extraction method for

heavy metal analysis ar  with soxlet extraction method for phthalate esters analysis.

3.2 Compost
Compost was prepared with the help of Agronomy Department, Faculty of Agriculture

and Environmental Scie es, University of Fort Hare.
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3.2.1 Preparation of Compost

Large amounts of select¢ organic wastes materials such as poultry manure, sawdust/
wood shavings, tobaccc 7astes (tobacco sticks and dust), cabbage waste, pig dung and
cattle manure (cow dung were collected from various sources in the Border Region of
the Eastern Cape. Com; ting was carried out in eighteen cylindrical shaped compost
bins. The bins were ma  from wire mesh with wooden plank frames. The height and
diameter of a bin were 1  and 0.5m respectively. There were six treatments, viz: pig
manure, poultry manure, abbage waste, cattle manure, poultry manure + rock phosphate
and cattle manure + rock phosphate and were replicated three times. The treatments were
sawdust/ wood shavings and tobaceo wastes“based, forming the major components of the
compost mixture due to ailability and accessibility with little or no cost. These basic
components consisted  —20%’sawdust and 40% tobacco ‘Wwaste by weight of the mixture.
The sawdust and wood : avings were mixed together in ratio 1:1 while, treatments
consisting either pig ma ire or cattle manure had sawdust and wood shavings mixed at
ratio 2:1. The poultryr wre, pig manure, cabbage waste, and cattle manure were added,
respectively as 40% of e total weight of the mixture. On the other hand, rock phosphate
was added to each of the treatments with pig and poultry manures, respectively at 10% by

weight of the mixture. e materials were allowed to compost for eighty seven days.
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Table 3.1 Materials us to make the compost

Compost Composition
Compost 1 Sd+ Tw+Pm+ Rp
Compost 2 Sd + Tw+ Pd
Compost 3 Sd+ Tw+ Cd
Compost 4 Sd + Tw+ Pm
Compost 5 Sd + Tw +Cd +Rp
Compost 6 Sd+ Tw+ Cb

Sd = Sawdust; Pm =1 ultry manure; Pd = Pig dung; Cb = Cabbage waste; Rp =
Rock phosphate; Cd = Cow dung; Tw~Tobacco waste

3.3 Spiking of Pre extracted Seil Sample

The soil sample for heavy metal analysis was spiked with 100ppm of Cd and Pb, after
background analysis of these metals was done. For Phthalate Esters pre-extracted soil

was spiked with 20ppm of phthalate esters (DMP, DEP and DEHP).

3.4 Treatment of Spiked Soil Sample with Compost
3.4.1 Heavy Metals

In this study, heavy n tal (Cd and Pb) spiked soil sample was treated with six (Table 3.1,
C1-C6) types of com-dsts at three different rates. Rates used per compost were 10t/ha,
20t/ha and 40t/ha in each treatment. Heavy metals from the compost treated soil samples

were analysed at 0", ™ 14™ 21%, 28™ days of incubation at 30 °C.
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3.4.2 Phthalate Esters

In this study, phthalate sters (DMP, DEP and DEHP) spiked soil sample was treated
with three (Table 3.1; C1, C2 and C4) types of composts at three different rates. Rates
used per compost were 10t/ha, 20t/ha and 40t/ha in each treatment. Phthalate esters from
the compost treated sc samples were analysed at o 7% 14® 21%, 28™ days of

incubation at 30 °C.

3.5 ANALYSIS OF Hl VY METALS

3.5.1 Stocks Preparation (1000 ppm)
3.5.1.1 Cadmium
2.4 g cadmium chloride, 50 ml hydrochloric acid was dissolved in 1000ml volumetric

flask and filled with dis ed water up to the mark.

3.5.1.2 Lead
1.6 glead nitrate, S0 ml tric acid were dissolved in 1000 m! volumetric flask and filled

with distilled water up to the mark.

3.5.2 Ambic-2 Extract 1Method
The Ambic methods are modification of the Hunter (1974) or ISFEI method introduced
by Van der Merwe, Joh on and Ras (1984). The main difference between Ambic-1 and

Ambic-2 is that extraction in the case of ambic-2 is based on the volume of the soil; no
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acid is used to clarify colored solutions; di-sodium EDTA is used instead of di-
ammonium EDTA; and stirring is applied instead of reciprocal shaking. This element is

suitable for the determination of micro-elements in a wide range of soils.

3.5.2.1 Ambic-2 extraction solution

0.25 mol dm™ NH4HCO; + 0.01 mol dm® Na; EDTA + 0.01 mol dm™ NHF +
Superfloc: Superfloc solution was prepared by slowly adding 5 g Superfloc N-100 to 1
dm’ lukewarm de-ionized water while being stirred at 400 rpm. The final solution should
be viscous and gel-like. 97.6 g ammonium bicarbonate, 37.2 g di-sodium EDTA and 3.7
g ammonium fluoride were dissolved in 5 dm’ de-ionized water. 100 ml Superfloc was
added, mixed well and ade up to 10 din’.'After being allowed to stand overnight, the

pH was adjusted to 8.0 with concentrated ammonia solution.

3.5.2.2 Extraction

2.5 g of soil was scooped into a sample cup. 25cm’ extraction solution was added to the
soil. The mixture was stirred for 10 minutes at 400 rpm. The extract was filtered

into a clean 50 ml volu :tric flask using Whatman no.1 filter paper, and then analysed

with Atomic Absortion: ectroscopy (AAS).

Unicam 969 (Solar System) Atomic Absorption Spectrometers (AAS) was used

throughout this investige >n for heavy metal analysis.



51

3.5.3 pH and Electron Conductivity Determination

Soil pH or soil reaction is an indication of the acidity or alkalinity of soil and is measured
in pH units. Soil pH is defined as the negative logarithm of the hydrogen ion
concentration. Soil electrical conductivity is a measure of ease of electron flow in the
soil. The pH and EC ground and sieved soil samples were measured in a 1:10 water
extract. The pH and EC were determined by adding 10ml of distilled water into 1g of
dried soil sample. This procedure was repeated before and after the soil was treated with

compost.

Electron conductivity (I ) and pH were:mezsured with 660 Conductometer and 691 pH

meter respectively both  anufactured by Metrohm Swiss made.

Table 3.2 List of reagents (salts and solvents) and Grade/Suppliers

Reagent Grade/ Supplier

NH4HCOs AR/ Merck

Na;EDTA Associated Chemicals Enterprise (PTY) LTD.
NH4F AR/ Merck

HNO:; NT Laboratories

Superfloc N-100 AR/ Merck

Pb(NOs)2 AR/ Merck

CdCl2.H,0 AR/ Merck
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3.6 ANALYSIS OF P] THALATE ESTERS

3.6.1 Preparation of st 1dards:

A stock solution (1000mg/1) for each ester (DEP, DMP and DEHP) and an internal
standard, butyl benzoate (BUBE) was prepared in 50ml volumetric flask. The required
volume of each ester was calculated from the density of each ester. BUBE was used as an
internal standard. The ¢ :ulated volumes required to prepare the required concentration

of each ester (50ml, 1000mg/1) are tabulated below:

Table 3.4 Preparation "a 1000mg/L stock solution

PHTHALATE ESTER | DENSITY VOLUME
DMP 1.1 42 pl

DEP 1.12 44.64 pl
DEHP 0.98 51 pl
BUBE 1.01 49.5 pl

The calculated volumes were measured out using an automated micropipette and the
volumetric filled up to the mark with methanol. The above volumes were pipetted into

50ml volumetric flask and filled to the mark with methanol.

A solution of each pure mpound in methanol (1 ul) was injected into the GC to

determine the compound’s retention time. Three replicate injections were made for each

ester.
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3.7 Method Developn it for Phthalate Esters Analysis

3.7.1 Optimizing GC Conditions:

A set of gas chromatog »Hhic (GC) parameters was determined using PE-5 column (30m,
0.32mm I.D., 0.25um f 1 thickness). The first step was to choose a set of tentative
parameters based on previous work done using other columns, size of the esters, boiling
points and polarity of the esters. These parameters were used to find the elution times of
the phthalate esters. Carrier gas flow rate, temperature program and detector temperature
are parameters used keeping other constant to ascertain the effect of each on the elution
times and resolution of peaks. By trial and error means a set parameters was developed

and used.

The GC operating conditions were as follows:
Injector Temperature: 2 °c Detector [Femperature: 300°C
Oven Ramped Tempera re:150°C/Omin., to 200°C/0Omin. Rate: 5°C/min.250°C/Omin.

Split Ratio: 50:1 Flow Rate: 10ml/min.

Phthalate Esters used are:

. imethyl phthalate (DMP)

. Diethyl phthalate (DEP)

. )i- (2-ethylhexy phthalate (DEHP)

All pure ester solutions were obtained from Merck-Schuchardt analytical grade and have
assay greater than 98%. 'MP, DEP and DEHP densities were 1.19, 1.12 and 0.98

respectively.
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BE)

s also having an assay greater than 98% obtained from Merck-

. Methanol

Methanol, which had 9 % minimum assay, was distilled to remove possible impurities.
Table 3.3 List of reage ;5 (phthalates standards and solvents) used:
REAGENTS DE] ITY GRADESUPPLIER

DMP 1.1 Analytical Merck-Schuchardt

DEP 1.1 Analytical Merek-Schuchardt
DEHP 0.98 Analytical Merck-Schuchardt
BUBE 1.01 Analytical Merck-Schuchardt
Methanol HPLC  Baxter/ Burdick Jackson
Dichloromethane HPLC  Baxter/ Burdick Jackson
3.8 Extaction Method  d for Phthalate Esters Analysis

3.8.1 Soxhlet Extractic (SE)

10g of the dried, sieved

extracted Whatman ext

d spiked pre-extracted soil sample was weighed into a pre-

fion thimble then extracted for 10hrs with 120 ml
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dichloromethane. The extract was allowed to cool, after which it was filtered and then
concentrated at 40 °C to about 2 ml on the vacuum rotary evaporator. The reduced extract
was then carried through the column chromatographic clean-up process as described

above.

3.8.2 Silica gel column chromatography (Clean up)

The chromatographic ¢ 1mn (20 cmx8 mm 1.D.) was slurry packed with 5.0 g of
activated silica gel whi was made into a slurry with about 1.2% (v/m) water-adsorbent
using triply distilled w: r and then stirred well before use. About 0.5 ml of anhydrous
sodium sulphate was placed at the top of the column to absorb any water in the sample or
the solvent. The column was pre-eluted withil5 ml of petroleum spirit. Phthalates were
then eluted with 2x10 ml portions of the extracting solvent. The eluate was collected,
dried with anhydrous sodium sulphate and then evaporated t6-dryness using the Buchi
vacuum rotary evaporator. The 1.S. (butyl benzoate) was added and the residues were
reconstituted with 2 ml of the extracting solvent for GC analysis. Then 1 pl of an extract

was injected for analysis in GC.

Perkin-Elmer Autosystem XL Gas Chromatograph was used throughout this investigation
for phthalate esters. The GC was fitted with a FID detector. Data acquisition and analysis
were performed using . rkin-Elmer Turbochrom 4 Data Acquisition and Analysis

software.
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Chapter 4

4.1 RESULTS AND DISCUSSION

4.1.1 Heavy Metals

The background concentration of heavy metals was determined from six composts (C1-
C6) and soil. Also pH and electrical conductivity (EC) were measured. The results are
shown at table 4.1 below.

Table: 4.1 Electrical conductivity (EC), pH and background levels of Pb and Cd of
composted manure a | soil

Compost | EC Cd Pb
nS em” mg kg'l

Compost 1 6.92 7060 0.16 9.17
Compost 2 6,96 5216 1.20 6.13
Compost 3 8.00 6520 1.37 4.40
Compost 4 776 7620 0.52 5.00
Compost 5 848 6870 0.59 4.00
Compost 6 485 11950 0.67 420
Soil 4.85 208 0.11 7.22

The heavy metal characteristics of the six composts and the sandy loam soil shown in
Table 4.1 the composts were acidic (composts 1,2 and 6) to neutral (compost 4) to
alkaline (composts 3 a1 5) while the soil sample was acidic. EC of water extracts varied

greatly amongst composts types (5210-11950 uS cm™) while the EC for the sandy loam



57

soil was the lowest (208 uS cm™). The highest values of EC were recorded for compost
made mainly of plant waste (compost 6 = sawdust + tobacco waste + cabbage waste).
The background levels f cadmium ranged from 0.52-1.37mg/kg in composts and 0.11
mg/kg in soil. Similarly, levels of lead in composts ranged from 4.00-9.1737 mg/kg and
7.22mg/kg in soil. These background levels of the metals in composts and in soil were

within acceptable range as seen on (table 1.3).

Table 4.2 shows the pH and EC of the soil samples treated with compost after spiking
with 100ppm cadmium d lead for the 21 days remediation monitoring. Generally, the
pH and EC did not show any significant changes with the different soil treatments except
with treatment S+(C4), . t/ha and S+(C6), 10t/ha where the pH dropped to <2. The very
high EC values for these samples suggest contamination, the source of which is

unknown.

Figures -12 showed the amount of metals measured in spiked soil samples after various
treatments. The figures gave an indication of the degrees of metal sorption by composts.
Generally, all composts showed some metal fixing properties although temporary. Also,
generally, the maximum xing of lead by composts occurs on the 7% day while the
maximum fixing of cadmium occurred on the 14" day after which the metals were
gradually released into the soil. For all the composts, the highest rate applied, 40t/ha
appeared to give the most efficient fixing of the metals from the contaminated soil except
for compost C4 where treatment 2 [i.e., Soil+(Compost) 20t/ha] gave the most efficient

removal.
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Compost C1 had the maximum fixing of lead on the 7" day at 40 t/ha (figure:1c) it
appeared that for compost, the maximum fixing of cadmium occurred on the 14™ day for
all the soil treatment t es (figures 2a-2c). For compost C2, the maximum fixing of lead
also occurred on the 7" day at 40 t/ha (figure 4c). Compost C3 had the maximum fixing
of lead on the 7™ day at 40 t/ha (figure 5c) while the maximum and fixing of cadmium
occurred on the 14™ d  at t/ha. This compost appeared to be the most efficient in fixing
cadmium (of all the composts investigated) as the fixing of the cadmium was > 80 %
(figure 6¢). Compost C4 had the maximum fixing of lead on the 7 day at 40 t/ha (figure
7¢) while it showed the maximum fixing of cadmium occurred on the 14™ day at 20 t/ha
(figure 8b). Compost C5 (i.e. mixture of sawdust + tobacco waste + rock phosphate) also
appeared to be the n st efficient for, fixing lead in contaminated soil although on
temporary basis. The fixing of lead was good up to the 21* day (figures 9a-9c) although it
gave the best fixing (¢ L apatedis all the Compést studied), Which was > 90 % on the 7"
day at 40 t/ha (figure 9c). The maximum fixing of cadmium for compost C5 also
occurred on the 14™ day at 40 t/ha (figure 10). For compost C6, it appeared that the
maximum fixing were observed on the 7" and 14" days with all the soil treatment ty s
(figure 11a-11c) as no significant difference was observed on the fixing of the metal for
two days. The efficiency of compost C6 in fixing lead was next to that of of compost CS5.
The maximum fixing of cadmium for C6 occurred on the 14™ day at 40 t/ha. It appeared
that the suspected contamination of C4 at 20 tha and C6 at 10 t/ha. The suspected
contamination of C4 at 20 t/ha and C6 at 10 t/ha (table 4.2) did not affect their efficiency

of fixing metals.
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Generally, the trend in the composts efficiencies in fixing metals in contaminated soil
were:

C5>C6>C4>C3>C2>Cl for Pb and

C3>C4>C6>C5=C1=C2 for cadmium

The reason for this tre . is difficult to explain at this stage as there are several factors

involved in the metal fixing by humus containing substances like compost.

Table 4.4 shows the C [. Total P and Total K for each of the basic manure. The results
show that each of the asic manures is very rich in nutrient. One advantage of using

composts to treat soils is that it can improve soil nutrient quality.
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4.1.2 Phthalate Esters
The background conct ration of phthalate esters (DMP, DEP and DEHP) was

determined from three composts (C1, C2 and C4) and soil.. The results are shown at table

4.3 below.

Table: 4.3 Background levels of DMP, DEP and DEHP of composted manure and
soil

Phthalate Esters
(mg/kg)

Compost DMP DEP DEHP
Compost 1 ND 0.0001 0.0003
Compost 2 0.0001 0.0001 0.0002
Compost 4 0.0001 ND 0.0003
Soil D 0.0001 0.0004

ND = Not detected

The phthalate esters background concentrations of three composts and the sandy loam
soil are shown in table 4.3. DMP is not detected in C1 and in soil but in compost C2 and
C4 it of equal concentration amount, which is 0.0001 mg/kg. DEP was detected in
composts C1, C2 and in soil showing equal concentration amounts of 0.0001 mg/kg. DEP
was not detected in compost C4. DEHP was detected in all composts (C, C2 and C4) and
in soil. DEHP backgroi d levels range between 0.0002-0.0003 mg/kg and 0.0004 mg/kg

in soil.
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Table 4.5 shows the p and EC of the soil samples treated with compost after spiking
with 20ppm of DMP, DEP and DEHP for the 28 days remediation monitoring. 1€
observations showed t t pH is increasing and EC is decreasing. This is indicat g that

there are continuous reactions and steady fixing of the phthalate esters.

Figures 13-21 showed the amount of phthalate esters measured in spiked soil sa ples
after various treatments. The figures gave an indication of the degrees of phthalate esters
remediation by compost. All compost used showed some phthalates remediation
properties. In all the figures and treatments, phthalates concentrations are gradually
decreasing day by day of analysis. For all the composts, the highest rate applied, 40 t/ha

appeared to give the most efficient fixing of'phthalate esters from contaminated soils.

The results show that DMP'is'degrading in the compost treated soil. All the compost
treated soil show that1 rate or treatment of the compost matters. This is due to the fact
that DMP is highly de ded in all the treatments at treatment 3 which has a rate 40 t/ha
and the least treated one is treatment 1 at all the treatments which is the treatment having

the lowest rate which is 10 t/ha.

DEP is also showing degradation process in the compost treated soil. DEP same as DMP
shows that the rate is playing a vital role in the degradation process. This is also due to
the fact that the higher e rate the higher the degradation. It also appears that all DEP

treatments are fixed at aximum amount on degradation on 28" day of treatment which
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is >80% in all the composts. Except in Figure: 4.20a-c, where treatment 1 and 2 have

high degradation perce rate than treatment 3, which has the highest rate of compost.

DEHP also show degr ation process in all the treatments. The rates don’t seem to show
any significant difference in the compost treated soil for DEHP degradation. Although
the rates don’t seem to play any significant role, the degradation does take place. DEHP
degradation process is slower compared to those of DMP and DEP. Approximately 20 %

of DEHP fixed in allt treatments.

All composts show similar efficiency of fixing phthalate esters.




Table: 4.2 Characteristics of the treated soil after spiking with 1[{kipo00ppm of Cd and Pb

T [ ~ pn EC (uyiem)
Treatment J Days [ 7" 14" 21% ot 7t 14" 21
S+(C1), 10t/ ha 4.73 5.1 4.54 5.4 310 301 269 247
S+(C1), 20t/ ha 5.05 5.54 513 5.63 329 320 213 290
S+(C1), 40t/ ha 5.03 5.85 5.72 6.02 360 338 227 288
S+(v~), 10¢ ha 4.39 5.58 4.74 5.69 256 294 504 2
S+(C2), 20t/ ha 4.91 5.77 5.03 5.76 338 344 223 30
S+(C2), 40t/ ha 5.03 5.79 5.65 6.29 374 335 433 273
S+(C3), 10t/ ha 4.65 5.5 4.9 5.52 343 332 361 260
S+(C3), 20t/ ha 4,66 5.75 5.33 5.88 413 364 387 316
S+(C3), 40t/ha 5 6.09 657 6.5 377 394 287 332
S+(C4), 10/ ha 4.4 533 4.88 5.68 265 331 265 252
S+(C4), 20t/ ha 4.54 5.69 1.48 1.89 296 391 2130 1906
S+(C4), 40t/ ha 5.02 6.08 4.26 4.41 331 428 772 852
S+(C5), 10t/ ha 4.29 5.43 5.95 5.44 259 306 180 232
S+(C5), 20t/ ha 4.47 55 539 5.62 264 324 204 264
S+(CS), 40t/ ha 4.7 6 5.86 5.98 277 376 224 316
S+(C6), 10tha 5.01 6.81 1.97 2.47 468 469 946 988
S+(C6), 20t/ha 4.92 5.96 6.22 6.27 330 373 198 296
S+(C6), 40t/ha 4.29 4.98 7 6.72 233 308 206 393

S = Soil Sample, C1-C6 = Different compost samples 1-6 indicating their quantities used for soil treatment for the purpose of the
Heavy metals (Cd and Pb) remediation; t = tons; ha = hecta



Table: 4.5 Characteristics of treated soil after spiking with 20ppm of DMP, DEP and DEHP

pH £C (uS/cm
Treatment Days o™ 7™ 14" | 21" | 28" o" 70 14" 21* 28"
S+(C1), 10 ha 522 | 597 | 602 | 610 | 613 | 2743 | 2480 | 2160 | 1980 | 1660
S+(C1), 20t ha 545 | 612 | 622 | 649 | 6.66 | 3180 | 2710 | 2400 | 2130 | 1990
S+(C1), 40t/ ha 566 | 643 | 649 | 7.00 | 7.4 | 3221 | 2890 | 2670 | 2330 | 2090
S+(C2), 10t/ ha 526 | 650 | 6.88 | 7.12°] 7.19 | 2890 | 2140 | 2000 | 1870 | 1580
S+(C2), 20t/ ha 544 | 661 | 681 | 729 | 738 | 2670 | 2140 | 1980 | 1890 | 1630
S+(C2), 40t/ ha 543 | 664 | 694 |38 751 | 2710 | 2290 | 2100 | 1990 | 1770
S+(C4), 10t/ ha 521 | 620 | 633 | 657 | 677 | 2420 | 2270 | 2110 | 1970 | 1810
S+(C4), 20t/ ha 529 | 616716361 .68871],,7.19.}.3150 | 2360 | 2130 | 2000 | 1670
S+(C4), 40t/ ha 554 | 650 | 671697, 1,726 | 3340 | 2880 | 2220 | 2090 | 1790

S = Soil Sample; C1, C2 and C4 = Different Compost samples 1, 2 and 4 indicating their quantities used for soil treatment

for the purpose of phthalate esters (DMP, DEP and DEHP) remediation; t = tons; ha = hecta.
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Table: 4.4 Nutrient Composition of Organic Materials and Composts used

Organic |OC Total N | C/N Total P |Total K
Material | (g/kg) (g/kg) (g/kg) (g/kg)
Tw 389.0 18.9 21 2.2 33.3
Pd 3481 [214 16 9.4 19.7
1M 231.u <8.3 12 1.8 3.4
Cd 356.2 24.5 15 4.4 20.9
Cb 361.4 23.8 15 4.9 26.3

Tw =Tobacco waste; Pd = Pig dung; Pm = Poultry manure; Cd = Cow dung; Cb = Cabbage dung
(Table 4.4 results were used in this|thesis with the courtesy of Prof. Mkeni and Dr. J. A. Adediran from Faculty
of Agriculture and Environmental Sciences; Soil Science Deps. U.F. H.).
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Figure: 4.1a-c: %Lead measured after treatment with compost C1 at different tons/hecta
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Figure: 4.3 a-c: % Lead measured after treatment with compost C2 at different tons/hecta




68
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Figure 4.5a-c: % Lead measured after treatment with compost C3 at different tons/hecta
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Figure 4.7a-c: % Lead measured after treatment with compost C4 at different tons/hecta
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Figure 4.9a-c: % Lead measured after treatment with compost C5 at different tons/hecta
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Figure 4.11a-c: % Lead measured after treatment with compost C35 at different tons/hecta
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Figure 4.2a-c: % treatment a-c: % Cadmium measured after treatment with compost C1 at different tons/hecta
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Figure 4.4a-c: % Cadmium measured after treatment with compoct C1 at different tons/hecta
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Treatment 2 = S+(C3) 20t/ha
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Figure 4.6a-c: % Cadmium measured after treatment with compost C3 at different tons/hecta
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Figure 4.8a-c: % Cadmium measured after treatment with compost C4 at different tons/hecta
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Figure 4.10a-c: % Cadmium measured after treatmentwith compost C5 at different tons/hecta
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Figure 4.12a-c: % Cadmium measured after treatment with compost C6 at different tons/hecta
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Figure 13a-c: %DMP measured after treatment with compost C1 at different tong/hecta
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Figure 16a-c: %DMP measured after treatment with compost C2 at different tons/hecta
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Figure 19a-c: %DMP measured after treatment with compost C4 at different tons/hecta
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Figure 14a-c: %DEP measured after treatment with compost C1 at different tons/hecta
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Figure 17 a-c: %DEP measured after treatment with compost C2 at different tons/hecta
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Figure 20a-c: %DEP measured after treatment with compost C4 at different tons/hecta
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Figure 15a-c: % DEHP measured after treatment with compost C1 at different tons/hecta
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Figure 18a-c: %DEHP measured after treatment with compost C2 at different tons/ hecta
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Figure 21a-c: %DEHP measured after treatment with compost C4 at different tons/hecta
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Chapter 5

5.1 CONCLUSSION

Composts added to sc routinely (just before their retention times for cadmium and lead
expires) might be usef in preventing the availability of lead and cadmium for plant

uptake from contaminated soil.

According to the data that is obtained from phthalate esters remediation, it was shown
that phthalates do degrade in soil and compost remediation effectively. This was
confirmed by declines on phthalate esters concentration amounts. These phthalate esters
also show that they might be different'in under certain conditions because DMP and
DEP were degrading almost at the same rate whilst DEHP was slowly degrading
compared to the other two. This might be attributed to the fact mentioned before that the
degradation rates of pl |_alates/are dependent on' their molecular weight. DEHP has
higher molecular weight than DMP and DEP. It can also be concluded that compost can

be used in phthalate esters soil for remediation purposes.

In addition the compost will add nutrient to soil. This will be beneficial to farmers as it

will improve soil quality and leads to higher crop yields.
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APPENDIX 1
AAS instrumental parameters
Element Wavelength Flame Bandpass Lamp
Cd 228.8 Air/acetylene 0.5 HCL
Pb 2833 Air/acetylene 0.4 HCL






