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Abstract

Polychlorinated biphenyls (PCBs) in surface soil samples from the Central
Region of Ghana were analyzed to assess their distribution, levels and health
effects. The soil characteristics were analyzed. Soils samples were digested
with a mixture HNO3; and HC1O, and the metals analyzed using Varian 235
AAS. The PCBs were extracted with (1:1) hexane:acetone mixture, cleanup
with H,SO4, 5% KMnO, and copper, and then eluted from a silica gel column
with hexane:dichloromethane (97:3% v/v). The PCBs were analyzed using a
gas chromatograph equipped with ¢3Ni electron capture detector (GC — ECD)
model CP 3800. The PCBs were dominated by penta and tetra PCBs
homologous. The concentration of PCBs for the region was 7.99+0.38 pg/kg.
The levels for the vertical distribution were 9.15+ 0.52 pg/kg for (0-10 cm),
7.55+ 0.56 pg/kg and 7.82 + 0.55 pg/kg for the 10-20 cm and 20-30 cm sub-
surface soils. The pH, clay, silts and sand content of the soils correlated
positively with the PCB congeners. The effective cation exchange capacity
and moisture showed negative correlation. There were no significant
correlations between organic matter, exchangeable base, metals and the PCB
congeners or ZPCB at the 0.05 level. The levels of PCBs were below the soil
contact value of 25 mg/kg. The toxicity equivalents of PCB- 118 were all very
low. Most of the soils in residential areas had hazard Index greater than one.
The estimated lifetime cancer risk to a Reasonable Maximum Exposure
(RME) individual via the complete exposure (skin contact) was very low, and
ranged between 3.0E-11 and 3.0E—10 for adult resident and 5.4E-10 to
5.3E-09 for children resident, implying that the levels of exposure to soil

PCBs are acceptable.
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CHAPTER ONE

INTRODUCTION
Background

Polychlorinated Biphenyls, PCBs, are organic compounds that were
first produced 1n the1930s. PCBs are resistant to heat and are chemically
stable. They were used worldwide in transformer and electric capacitor oils,
hydraulic and heat exchange fluids, circuit breakers, lubrication and cutting
oils, plasticizers, adhesives and inks (Erikson, 1986; Montague, 1993; IPCS,
1993, 2003 & Philips, 1986). About 209 possible PCB congeners exist but 130
of these are used in commercial products. The PCBs are persistent in the
environment with a half-life of 3 weeks to 2 years in air. In soils, they persist
for more than six years. They have been found to be insidious and toxic to
mammals and are carcinogenic to animals and probably human (Barbalance,
1993; Chow and Connor, 1993 & Tryphonas, 1995). Current research findings
have attributed some behavioral deficits in children to the associations of
exposures of the developing nervous system to PCBs (University of California
- Davis - Health System, 2009).

Among its effects on the environment are: bioaccumulation by marine
organisms which can result in 200-70,000 times the level of PCB in the open
ocean and bioaccumulation in human milk. Phytoplankton (the primary
marine food source) and fishes have shown to be particularly susceptible to the
toxic effects of PCBs in laboratory tests (Jensen, 1966; Reijnders, 1986 &
Johansen et al., 1994). The health human hazards caused by PCBs include:
headaches, dizziness, depression, fatigue, impaired immune response,

impaired liver function, loss of body weight, and cause a skin condition
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called “chloracne”. It also affects neurological development in children
(Francis 1994; Loomes, 1997 & Ribus-Fito, ef al., 2001)

According to Agency for Toxic Substances and Disease Registry,
ATSDR, (2008), recent findings indicate that susceptible populations (e.g,
sport anglers, the elderly, pregnant women, children, fetuses, and nursing
infants) continue to be exposed to PCBs via fish and wildlife
consumption. Human health studies discussed in this summary indicate that;
reproductive function may be disrupted by exposure to PCBs; neurobehavioral
and developmental deficits occur in newborns and continue through school-
aged children who had in utero exposure to PCBs; other systemic effects (e.g.,
self-reported liver disease and diabetes, and effects on the thyroid and immune
systems) are associated with elevated serum levels of PCBs; and increased
cancer risks, e.g., non-Hodgkin's lymphoma, are associated with PCB
exposures.

The Governing Council of the United Nations Environment
Programme (UNEP) recognizing the increasing threats that Persistence
Organic Pollutants (POPs) pose to human health and the environment, in May
1995 requested in its decision 18/32 that an international assessment process
be undertaken on twelve organic pesticides which were considered as
pollutants and persistent in the environment. These persistent organic
pollutants (POPs) were aldrin, chlordane, dieldrin,
dichlorodiphenyltrichloroethane ~ (DDT), dioxins, hexachlorobenzene,
heptachlor, endrin, furans, mirex, PCBs and toxaphene.

The Intergovernmental Forum on Chemical Safety (IFCS) was

requested by the UNEP to develop an International action for consideration by
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Stockholm Convention on POPs. In March 2004, at the National Association

of Teachers Hall in Accra the draft NIP was reviewed (Environmental
Protection Agency [EPA], 2004). Facts available indicate that there has been
no production of POPs in Ghana.

However, locations in Ghana where POPs have been found included
Electric Utilities (including distribution network) industrial facilities,
residential (figure 1) and commercial buildings. The main potential PCB —
containing applications at target location are transformers and capacitors. The
Electricity Corporation of Ghana (ECG) as well as the Volta River Authority
(VRA) and their clients (individual customers and industry) are the major
custodian of PCB containing equipment in Ghana. Although it is on record
that the importation of PCB containing transformers and capacitors for use in
Ghana ceased in 1972. Recent investigations have shown that some of this
equipment imported after 1990 contain PCB oils.

There is evidence that some workers in some industries have been
exposed to PCBs because of bad practices, such as the use of empty
transformer oil drums as water reservoirs. In addition, some of the dirty oil
finds its way into small-scale industries and are used in mechanical garages,
for production of pomade, as lubricant for sowing machine and also sold on
the local market (EPA, 2004).

Problems Statement

The distributions of polychlorinated biphenyls (PCBs) in the
environment have not been studied systematically in Ghana in spite of their
negative effect on human health. There are evidences that some of the PCB

containing transformers imported into Ghana before 1972 have been
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retrofitted and filled with new dielectric fluids, the type of fluid and the

procedure for filling were not properly documented. In addition, some
transformers have been topped up with some form of PCB oil. An
investigation of the contents of some representative samples of transformer
oil, by subjecting them to its density test, indicated that they might contain
PCB of about 100 ppm or more.

Some PCB containing capacitors have been found at the Achimota and
Tema power station with some leaking in a pool of a network of high-tension
cables. PCB — containing waste have been found at the Accra central station
G, where broken down transformers from all over the country are repaired as
weil as VRA material stores at Tema. The presence of PCB — containing
materials and equipment, and the detection of PCBs in some soils and lagoon
in Ghana (Octhere, 2005; Centeno, 2010) are indications of some forms of
contamination and exposure to some form of hazards, but the extent of
pollution is unknown. Soils, the most common open systems have to be
investigated. Any investigation that aims at establishing the presence and the
levels of PCBs in the environment will augment the efforts of the EPA (the
local point of information and exchange of information on POPs) and the
country as a whole in an effort to monitor the POPs and their alternatives.
Objectives

The main objective of this study was to assess the levels, distribution
and impacts of PCBs in soils in the neighborhoods of VRA/ECG transformer
in some residential and commercial areas in Central Region of Ghana.

The specific objectives were:
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L.

To determine the concentrations of polychlorinated biphenyls (PCB #
28, 52, 101, 110, 118, 138, 153 and 180) in surface soils (0-30 cm)
around ECG/VRA transformer in some selected areas in the Central
Region and to compare with the recommended limits;
To determine the vertical distribution of PCBs in the contaminated
soils;
To determine the Toxicity Equivalent of PCB 118 (PCB 118-TEQ) of
the soils;
To determine the hazard index, and cancer risks to human health;
To determine the relationships between the soil PCBs and selected soil
characteristics; pH, moisture, organic carbon, effective cation
exchange capacity, sand, silt, clay and some metals (Ag, Al, Pb, Cu,
Fe and Zn);
To provide database to complement monitoring of PCBs by EPA

Ghana.

Importance of Study

The result of this study will indicate the degree of polychlorinated

biphenyl contamination of soils in neighborhoods of some VRA and ECG

transformers, contaminated sites, as well as the potential of the contaminated

soils to cause harm. It will also contribute to the global inventory and pave

way for adequate risk assessment where necessary.

Scope and Delimitation

In this work we have used PCB congener residue analysis approach to

investigate the levels of polychlorinated biphenyls in soils. The soil properties

and their relations with the extracted PCBs have been investigated with the
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aim of determining whether the soil properties have any effect on the
availability of the soil PCBs. The hazards and cancer risk associated with the
levels of the soil PCBs have been estimated. Even though there are different
methodologies for PCB residue analysis, our investigations were carried out
using Gas chromatography equipped with electron capture detector (GC-ECD)
and PCB# 28, 52,110, 118, 138,153 and 180 used as pollution indicator.

Research Hypothesis

Hp:  Soils in the immediate surroundings of Electricity Company of

Ghana (ECG) transformers contain polychlorinated biphenyls at levels
that may pose health hazards.

Hj:  Soils in the immediate surroundings of Electricity Company of Ghana
(ECG) transformers contain polychlorinated biphenyls at levels that do
not pose health hazards.

Structure of the Thesis
The rest of the chapters are organized as follows:

Chapter two will be a review of history of PCBs, some physical and chemical

properties, persistence and degradation of PCBs in the environment; and their

associated ecological and health impacts. Chapter three describes the sampling
procedure, analytical method employed and methods of hazard and risk
estimation will be described. In chapter four the results obtained in the
previous chapter will be subjected to statistical analysis, compared to
recommended limits and discussed. Finally, in chapter five, I will summarize

the findings and draw conclusions and make recommendations.

Digitized by Sam Jonah Library



© University of Cape Coast https:/ir.ucc.edu.gh/xmlui
CHAPTER TWO

LITERATURE REVIEW
Persistent Organic Pollutants (POPs)

Persistent Organic pollutants (POPs) are class of chemical agents
thatincludes many organochlorine pesticides such as aldrin, chlordane,
dieldrin, dioxins, endrin, DDT (and its main metabolite, DDE), furans,
heptachlor, hexachlorobenzene, mirex, polychlorinated biphenyls (PCBs), and
toxaphene. Polychlorinated biphenyl (PCBs), dioxins and furans are by
products of certain manufacturing processes and waste incineration. POPs are
chemicals targeted for international phase out because of their unique physical
and chemicals properties. These have spread throughout the global
environment and threaten human health, wildlife and damage the ecosystems.

Persistent Organic Pollutants (POPs) have unique characteristics and
are also an urgent global environmental health problem because they persist in
the environment for many years. POPs concentrate in fatty tissues and
bioaccumulate as they move up the food chain. They travel long distances in
global air and water currents, generally moving from tropical and temperate
regions to concentrate in the northern latitudes; and have been linked with
serious health effects in humans and other living organisms, even at very low
exposures (Center for Health and Environmental Justice [CHEJ], 2000;
Cummin,1988; Solomon & Weiss, 2000) The available information indicates
that Persistent Organic Pollutant residues are present in virtually all categories
of foods, including baked foods, fruit, vegetables, meat, poultry, and dairy
products (Schafer & Kegley, 2000). Once released to air, water, and soil, these

chemicals do not break down readily by natural processes. Some have half-life
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measured in decades, and they remain in water and soil where they accumulate
in plants and animals that ultimately provide food for humans. It is no
surprise; therefore, that POPs are pervasive in store bought food as well as in
fish and wildlife.

In just a few decades, POPs have spread throughout the gl\bbal
environment to threaten human health and damage land and water ecosystems.
All living organisms on earth now carry measurable amounts of POPs in their
tissues. POPs have been found in sea mammals at levels high enough to
qualify their bodies as hazardous waste under US law, an evidence of POPs
contamination in human blood and breast milk has been documented
worldwide. There is a strong evidence that exposure to even miniscule
amounts of POPs at critical periods of development, particularly in the uterus,
can cause irreversible damage. The effects of such exposures may take years
to develop, sometimes appearing first in the offspring of exposed parents.

Despite their hazardous nature, these chemicals continue to be
produced, used, and stored in many coun_tries. Even where national bans or
other controls exist, these restrictions are often poorly enforced, and the
citizens cannot be protected from exposure to POPs that have migrated from
other regions where these chemicals are still in use. Even though most POPs
have already been banned in many countries, their persistence, combined with
the fact that production and release into the global environment still occur in

some countries, ensures that they make their way into the world’s food supply

(CHEJ, 2000; Cummin, 1988; Solomon & Weiss, 2000).
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History of Polychlorinated biphenyls (PCBs)

In 1929, Swann Corporation, which later became part of Monsanto,
began manufacturing polychlorinated biphenyls (PCBs) for commercial use.
PCBs are oily liquids that conduct heat but not electricity. As such, they could
be used as an insulating fluid in electrical appliances and were widely applied
in everything from hydraulic equipment to degreasing agents for nuclear
submarines. PCB mixtures were used for a variety of applications, including
dielectric fluids for capacitors and transformers, heat transfer fluids, hydraulic
fluids, lubricating and cutting oils, and as additives in pesticides, paints,
carbonless copy paper, adhesives, sealants, plastics, reactive flame retardants,
and as a fixative for microscopy. They were used in surgical implants (Brown,
1949). The commercial utility was based largely on their chemical stability,
including low flammability, and desirable physical properties, including
electrical insulating properties.

In effect, either Monsanto has produced or granted production licenses
for all but a very small fraction of the world's PCBs, and is responsible for the
release of a massive 1.2 million tons of the deadly chemicals worldwide.
Although the company, Monsanto, was aware of adverse health effects in
workers exposed to PCBs as early as the late 1930s, Monsanto continued to
mass-produce them for decades until a highly-publicized PCB health scare 30
years later alerted policy-makers to the hazardous nature of the chemicals
(Montague, 1989, 1992, 1993). In 1968, 1,300 residents of Kyushu, Japan, fell
ill after eating PCB-contaminated rice. Many of the affected women later gave
birth to children with severe defects.

In 1969, the New Scientist published a report revealing the capacity of
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PCBs to "bioaccumulate along the food chain" (Jensen, 1966). The chemicals,
which take many years to biodegrade, pass easily through the lipid portions of
cell membranes and are readily absorbed into mammalian fat tissue. Animals
at the top of the food chain, like whales, polar bears, dolphins and humans, can
store PCBs at highly concentrated levels. The result has been a terrifying array
of adverse reactions. In 1995, it was revealed that a woman who had eaten fish
from the contaminated waters of the Great Lakes, Canada, gave birth to
children with an unusually high susceptibility to bacterial infection. PCBs
damage nerves in the brains of developing mammalian fetuses, leading to
behavioral and learning defects (Tryphonas, 1995). PCB poisoning has been
found to cause cancers, particularly malignant melanomas. In Ontario, State
compensation was provided for the toxins' malignant effects. In addition,
PCB-pollution resulted in immune defense deficiencies, hypertension and
strokes (Loomis et al., 1997).

Initially, it was assumed that PCB-accumulation was greatest nearest
the sources of pollution. However, in 1988, the journal Environmental
Pollution published an article revealing the extent of contamination borne in
particular by marine mammals (Tanabe, 1988). Dolphins, whales and
porpoises all contained levels of PCBs that far exceeded that of their terrestrial
counterparts. Mediterranean blue-white dolphins, for example, were found to
have PCBs at levels nearly 17 times the level requiring goods to be labeled
and handled as toxic waste. Marine mammals were also found to have a
genetically predetermined sensitivity to PCB-induced reproductive
impairment; a sensitivity that only one in ten humans of European origin

share. The chemicals, which mimic mammalian hormones, thus pose a real
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threat of extinction to these animals (Reijnders, 1986; Subramanian ef al.,
1987; Subramanian et al., 1988).

Despite active research spanning five decades, extensive regulatory
actions, and an effective ban on their production since the 1970s, PCBs still
persist in the environment and remain a focus of attention. The available
information indicates that POP residues are present in virtually all categories
of foods, fruit, vegetables, meat, poultry, and dairy products. The only North
American producer, Monsanto, marketed PCBs under the trade name Aroclor
from 1930 to 1977. These were sold under trade names followed by a 4- digit
number. The first two digits generally refer to the number of carbon atoms in
the biphenyl skeleton (for PCBs this is 12), the second two numbers indicate
the percentage of chlorine by mass in the mixture. Thus, Aroclor 1260 has 12
carbon atoms and contains 60% chlorine by mass. An exception is Aroclor
1016, which also has 12 carbon atoms, but has 42% chlorine by mass.

Different Aroclors were used at different times and for different
applications. In electrical equipment manufacturing in the USA, Aroclor 1260
and Aroclor 1254 were the main mixtures used before 1950, Aroclor 1242 was
the main mixture used in the 1950s and 1960s until it was phased out in 1971
and replaced by Aroclor 1016 (UNEP, 1997). Manufacturing peaked in the
1960s, by which time the electrical industry had lobbied the U.S. Congress to
make them mandatory safety equipment, knowing all the while that they were
extremely toxic. In 1966, a Swedish chefnist, Dr. Soren Jensen determined
them to be environmental contaminant, according to a 1994 article in Sierra,
who named them. Previously, they had simply been called “phenols" or

referred to by various trade names, such as Aroclor, Kennechlor, Pyrenol,
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Chlorinol and others. Arochlors (chlorinated biphenyls) were known toxins in
1947. Robert Brown reminded chemists in 1947 that Arochlors were
"objectionably toxic. Thus, the maximum permissible concentration for an 8-
hr. day is 1 mg. per cubic meter of air. They also produce a serious and
disfiguring dermatitis. Their chemical and physical stability has also been
responsible for their continuing persistence in the environment, and the
lingering interest decades after regulations were imposed to control
environmental contamination.

In 1972, PCB production plants existed in Austria, then Federal
Republic of Germany, France, Great Britain, Italy, Japan, Spain, USSR, and
USA. From 1973 the use of PCBs was banned in "open" or "dissipative"
sources, such as: plasticizers in paints and cements; casting agents; fire
retardant fabric treatments and heat stabilizing additives for PVC electrical
insulation; adhesives; paints and water-proofing railway sleepers.

However, they continued to be allowed in "totally enclosed uses" such
as in transformers and capacitors, which, however, tended to explode on a
regular basis. Ward B. Stone of the New York State Department of
Environmental Conservation was the first to publish his findings in the early
1970s that PCBs were leaking from transformers and had contaminated the
soil at the bottom of utility poles. Concern over the toxicity and persistence
(chemical stability) of PCBs in the environment led the United States
Congress to ban their domestic production in 1977, although some use
continues in closed systems such as capacitors and transformers. PCBs used
in "closed" systems include capacitors, insulating fluids in transformers,

vacuum pump fluids; hydraulic fluid. Closed uses of PCBs were also banned
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in the UK from 1981, when nearly all UK PCB synthesis ceased.

In Japan, PCBs were first produced by Kanegafuchi Chemical Co. Ltd.
(Kaneka) in 1954 and production continued until 1972 when the Japanese
government banned the production, use, and import of PCBs. Estimates have
put the total global production of PCBs on the order of 1.5 million tons. The
United States was the single largest producer with over 600,000 tons produced
between 1930 and 1977. The European region follows with nearly 450,000
tons through 1984.  According to Treger and Rozanov (2000), there is about
30,000 tons of PCB in Russia (20,000 tons in transformers and 10,000 tons in
condensers).

It is unlikely that a full inventory of global PCB production will ever
be accurately tallied, as there were factories in Poland, East Germany, and
Austria that produced unknown amounts of PCBs (Breivik et al., 2002). The
United Nations Environment Program committee concluded a 3-years process
of international treaty negotiations between 120 nations on a global legally-
binding ban on 12 persistent organic pollutants (called POPs), including PCBs,
Dioxins and Furans. The POPs Treaty was signed in Stockholm on 22-23 May
2001. Ratification by at least S0 countries was required before the treaty enters
into force, a process that took 3-4 years (Breivik et al., 2002)

Manufacture and Distribution of PCB

The first PCB-like chemical was discovered in 1865, as a by-product
of coal tar, and in 1881the first PCB was synthesized (Montague, 1981). By
1914, enough PCBs had already escaped into the environment to leave
measurable amounts in the feathers of birds held in museums. In 1927, PCBs

were first manufactured commercially by the Anniston Ordnance Company in
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Anniston, Alabama. The company’s name changed to the Swann Chemical
Company (Riseborough & Brodine, 1971). In 1935 by the Monsanto Industrial
Chemical Company of St. Louis, Missouri purchased Swann. Monsanto
produced PCBs at plants in Sauget, Illinois and Anniston- Alabama until 1977.
Monsanto then licensed others to make PCBs and the product took off. PCB's
have been produced in other countries including Italy (Caffaro), France
(Protolec), Japan (Kanegafuchi Chemical Co.), Germany (Bayer), and they
may still be produced in Russia (Beiles, 2000). Davila et al, (1993),
estimated the cumulative world production of PCBs, from 1929 to 1980, to be
2.4 billion pounds.

Polychlorinated Biphenyls were first produced in 1929 for a wide
variety of uses that ranged from being an extender in insecticide production to
being used as an insulator in transformer production. PCBs have a number of
useful physical properties that can be amplified by mixing different PCB
congeners. Their unique physical properties made them attractive compounds
for industries. As more uses were found for PCBs, their production increased
exponentially from 1,000,000 kg in the 1930's (Neely, 1994). Estimates have
put the total global production of PCBs approximately 1.5 million tons. The
United States was the single largest producer with over 600,000 tons produced
between 1930 and 1977. The European region follows with nearly 450,000
tons through 1984. It is unlikely that a full inventory of global PCB production
will ever be accurately tallied, as there were factories in Poland, East
Germany, and Austria produced unknown amounts of PCBs (UNEP, 1997;

Karlyn et al., 2006).

In the 1970s details for some of the commercial prdcedures for
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demethylated using boron tribromide to yield the chlorinated
dihydroxybiphenyls

The first indication that PCB's may be damaging to human health
occurred four decades aﬁer introduction into the environment. Preliminary
studies suggested that PCB's may pose a serious health threat to humans, and
at the same time there were indications of widespread distribution and
longevity throughout the environment. As more attention was turned towards
PCB's, it became clearer that PCB's were having a negative impact on many
biological systems; and as the extent of PCB contamination became more of a
public issue, pressure was mounted to ban their production and importation.
Major producers such as Monsanto Co. voluntarily stopped production of open
system PCB's (insecticides, coatings) but continued with the production of
closed system PCBs (transformers, capacitors) until government legislation
eventually banned all production and importation of polychlorinated
biphenyls.

While it is believed that the total amount of PCBs produced annually
has declined since the 1970s, this does not necessarily imply that the
toxicological threat posed by these compounds has also decreased. Few safe
disposal options exist for PCBs. In Germany, for example, PCBs were buried
in the shafts of salt mines. In such disposal facilities, residues will eventually
find their way to watercourses and to the sea. This implies that
ecotoxicological problems created by PCB contamination will be evident for
many years to come, despite the restrictions on PCB utilization.

The investigations of Tanabe and co-workers have been instrumental

in defining the non-ortho coplanar PCBs as those isomers of greatest
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toxicological threat. Studies have also shown that the non-ortho coplanar
PCBs are very persistent in aquatic environments. Significant levels of these
PCBs may therefore bioconcentrate in exposed organisms. It is also probable
that such compounds are transferred through the food web. Such transfer
results in biomagnification of PCB concentration as one move up the food
chain (Phillips, 1986).PCBs are widespread contaminants in the environment
primarily in soil and freshwater systems. Their persistence in the environment
has been a growing concern due to their low degradability, toxicity,
mutagenicity and because of their tendency to bioaccumulate. These
compounds have been shown to undergo biodegradation under a variety of
conditions in the laboratory and in the field. Polychlorinated biphenyls (PCBs)
are a group of industrial chemicals that share a common structure.

PCBs were commercially produced as complex mixtures beginning in
1929 and are not known to occur naturally in the environment. Monsanto
Corporation was a major producer of PCBs and marketed them under the trade
name Aroclor from 1930-1977. Principal uses of PCBs such as Aroclor
include uses in transformers, capacitors, printing inks, paints, dedusting
agents, pesticides, plasticizers, lubricant inks, paint additives etc., and they
were marketed for these uses. It is because of PCBs chemical and physical
stability as well as their electrical insulating properties that make them so
commercially attractive.

PCBs occur as liquids or solids, and they are clear to light yellow in
colour. They have no odour or taste. Because of their thermal stability they do
not easily burn, hence their past popularly as coolants, insulating materials and

their wide use for electrical applications. PCBs are difficult to oxidize and
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reduce. They have very low water solubility and therefore are highly
lipophilic. PCBs also have high electrical resistivity or low electrical
conductance. Commercial PCB mixtures were synthesized by chlorination of
biphenyl with chlorine gas. The average degree of chlorination was controlled
by the reaction conditions in order to produce the desired chemical and
physical properties. Today, the productions of PCBs have ceased in North
America with the exception of small quantities manufactured strictly for
research purposes.

PCBs are an environmental hazard due to their inability to degrade in
the environment. They are highly lipophilic leading to their profound
persistence and ability to bioaccumulate. These ‘foreign' compounds are not
readily metabolized by most living organisms and despite the cessation of
their production remain a widely distributed health, ecological and
environmental concern (Bedard & Habel, 1990; Erickson, 1986; Phillips,
1986).

Uses of PCBs

Polychlorinated biphenyls were commercially produced as complex
mixtures containing multiple isomers at different degrees of chlorination. In
the United States, Monsanto took over commercial production of PCBs in
1929 from Swann Chemical Company. Manufacturing levels increased in
response to the electrical industry's need for a "safer" cooling and insulating
fluid for industrial transformers and capacitors. PCBs were also commonly
used as stabilizing additives in the manufacture of flexible PVC coatings for
electrical wiring and electronic components to enhance the heat and fire

resistance of the PVC. Principal uses of PCBs such as Aroclor include uses in
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transformers, capacitors, printing inks, paints, dedusting agents, cutting oils,
flame retardants, hydraulic fluids, sealants, pesticides, plasticizers, lubricant
inks, paint, additives and in carbonless copy paper; and they were marketed
for these uses. It is because of PCBs chemical and physical stability as well as
their electrical insulating properties that make them so commercially attractive
(Karlyn et al., 2006;UNEP, 1997).
Structure and Nomenclature of PCBs

Polychlorinated biphenyls (PCBs) are the chlorinated derivatives of a
class of aromatic organic compounds called biphenyls. Polychlorinated
biphenyls are composed of two benzene rings each containing six carbon
atoms and between 1 and 10 chlorine atoms attached to the biphenyl which are
manufactured by the direct chlorination of the biphenyl ring system (Sittig,
1981). Theoretically, there are 209 possible PCB congeners (chlorobiphenyls)
that differ in the number and position of the chlorine on the biphenyl structure
(Bedard et al., 1987; Mousa et al., 1996; Quensen IIl et al, 1990; Waid,
1986). The degree of chlorination of any Aroclor may vary between 19 and
71% (Crine, 1988). The chemical formula for all PCBs is: Cj3H;¢xCly.
Chemical structures of PCBs. Fig.1 shows the possible positions of chlorine
atoms (denoted by numbers) on the benzene rings; the coplanar and non-
planar geometry, and the structures of dibenzo-P-dioxins (PCDDs)
dibenzofuran (PCBFs)

The nomenclature of 209 PCB-homologues are based on procedure
addopted by IUPAC and Ballschmiter and Zell (1980). Biphenyl is not
technically a PCB congener due to its lack of chlorine suEstituents, is still

typically included in the literature. Commercial PCB mixtures were marketed
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as Clophen by Bayer in Germany, Aroclor by Monsanto in USA, Kanechlor
by Kanegafuchi in Japan, Santotherm by Mitsubishi in Japan, and Phenoclor
and Pyralene by Prodolec in France. In (West-) Germany Bayer AG produced

PCBs under the trade name 'Clophen'.

Che. 32 2__ 3 .G
1 1
5 6 ¢ 5

Cl

0

(b) TCPPCB

(c) Non CP PCB

Figure 1: Structures of (a) PCBs (b) coplanar PCBs (CP PCB) (c) non-
planer PCBs (d) dibenzo-P-dioxins (PCDDs) (e) dibenzofuran (PCBFs).
PCBs consist of a biphenyl (two benzene rings with a carbon to carbon
bond between carbon 1 on one ring and carbon 1' on the second ring) with a
varying number of chlorines. Chlorines can be attached to any of the carbons
by removing the hydrogen from that carbon and substituting the chorine in its

place. The nomenclature used for identifying the positions of chlorine atoms
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substitution at only one of the ortho positions and is referred to as CP1 or

mono-ortho congeners.
a) 4 PCB28; 2,4,4’ CB; (CP, PP)

1
b) ¢ “ PCB52;2,2°, 5,5 CB; (4Cl, 2M)
1

Cl
-
) d " PCB101; 2,2’,4, 5,5°CB (4Cl, 2M)
- Cl
el
g PCB118; 2,3°,4,4",5 CB (CP1, 4Cl, PP, 2M)
Cl Cl
g) . “  PCB153;2,2’4,4’,5,5°CB (4Cl, PP, 2M)
q c
f) o PCB153;2,2",4,4",5,5°CB(4CLPP,2M)
Cl ca «a

C

;
;

g “ PCBIS0,2,2’,3,4,4°,5,5°(4Cl, PP, 2M)

Fig 2: Structures of some PCBs
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Congeners that have a total of four or more chlorine substituents,
regardless of position are said to be 4Cl; 169 congeners are described as 4Cl.
PP; these (54 congeners) have both para positions chlorinated. The 140
congeners that have two or more of the meta- positions chlorinated are
described with the notation 2M. Only twelve out of the 209 congeners display
all four of the descriptors, and are referred to as being "dioxin-like", referring
both to their toxicity and structural features which make them similar to
2,3,7,8 -tetrachloro- dibenzo-p-dioxin (2378-TCDD) The structures and
congener descriptors of some congeners (figure 2) are: 244
tirchlorobiphenyl - CP1, PP; 2,2',5,5' tetrachlorobiphenyl- 4Cl, 2M; 2,2'4,5,5'
pentachlorobiphenyl- 4Cl, 2M; 2,3'4,4',5 pentachlorobiphenyl-CP1, 4Cl, PP,
2M; 2,2,3,4,4.5' hexachlorobiphenyls- 4Cl, PP and 2M; 2,2'44'5,5'
hexachlorobiphenyl-4Cl, PP and 2M -; 2,2',3,4,4',5,5' heptachlorobiphenyl-
4CLPP,2M.

The molecular formula, name, number of isomers, IUPAC number,
molecular mass, percentage of chlorine and number of isomers or homologous
of PCBs are listed in Table 1. The number of possible isomers within the
same degree of chlorination varies. Some of the properties of polychlorinated
biphenyls are dependent upon the number of chlorine atoms attached to the
biphenyl ring. Properties such as, solubility in water, density, vopour pressure
and volatile nature, biodegradation and rate of degradation are affected by the

number of chlorines and their position on the biphenyl ring.

24

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Table 1: Molecular formula, name, number of isomers, IUPAC number,

molecular mass, percentage of chlorine and number of isomers identified

(Heidelore, 2009) .
Molecular Name Number IUPAC Molecular % of Isomers
Formula No i .
CB of Mass Chlorine Identified
Isomers
Ci2HqCl Mono 3 1-3 188.65 18.79 3
Di 12 4-5 233.10 31.77 12
C2H;sCl,
CipH;,Cly  Tri 24 16-39 257.54 41.30 23
CioHgCly  Tetra 42 40-81 291.99 48.65 41
Ci2HsCls Penta 46 82-127 326.43 54.30 39
CpHyClg Hexa 42 128-169  360.88 58.93 31
CipHsCl; Hepta 24 170-193  395.32 63.77 18
C;;H;Clg  Octa 12 194-205  429.77 65.89 11
C2HCly Nano 3 206-208 464.21 68.73 3
CioClyg Deca 1 209 498.66 71.10 1

Physical Properties of PCBs

PCB congeners are odorless, tasteless, clear to pale-yellow viscous
liquids. They are formed by electrophilic chlorination of biphenyl with
chlorine gas. There are theoretically 209 different PCB congeners; although
only about 130 of these were used in commercial PCBs., Commercial PCBs
are mixtures of 50 or more PCB congeners. Commercial PCB mixtures are

clear to pale-yellow, viscous liquids (the more highly chlorinated mixtures are
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more viscous and more yellow, for example, Aroclor 1260 is a sticky
yellowish resin). They have high dielectric constants, very high thermal
conductivity, and high flash points (170-380°C). The density varies from
1.182 to 1.566 kg/L Other physical and chemical properties vary widely across
the class. As the degree of chlorination increases, melting point and
lipophilicity increase, but vapour pressure and water solubility decrease
(Australian and New Zealand Environment and Conservation Council
[ANZECC], 1997; Boate et al., 2004; Karlyn et al., 2006; UNEP, 1999).
Chemical Properties of PCBs

Chemical properties of PCBs include a high dielectric constant, high
solubility in hydrocarbons and virtual insolubility in water. PCBs have low
water solubilities — 0.0027-0.42 ng/L for Aroclors, and low vapor pressures
at 25°C (1072-10™), but they have high solubilities in most organic solvents,
oils, and fats.  (i.e. high lipophilicity). They are nonvolatile, chemically inert
and do not undergo oxidation, reduction, addition, elimination or electrophillic
substitution reactions except under extreme conditions (Sittig, et al., 1980).
Most PCBs are oily liquids whose colour darkens and viscosity increases with
rising chlorine content.

Studies have been conducted on the solubility of PCBs in water and it
was determined that there was an inverse correlation between PCB solubility
and degree of chlorination. The solubility of Aroclor is less than 0.1 mg/L in
fresh water and 0.04 mg/L in marine water (Sittig, ef al., 1981). The octanol-
water partition coefficient for tri, tetra and pentachlorobiphenyls is in the
range of 10,000 to 20,000. Soil or sediment characteristics that affect the

mobility of the PCBs include soil density, particle size distribution, moisture
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content, and permeability. In general soil sorption is more likely to occur in
the more heavily chlorinated PCB congeners. PCBs readily penetrate skin,
PVC (polyvinyl chloride), and latex (natural rubber); organic solvents such as
kerosene increase the rate of skin absorption. PCB-resistant materials include
Viton, polyethylene, polyvinyl acetate (PVA), polytetrafluoroethylene (PTFE),
butyl rubber, nitrile rubber, and Neoprene.

PCBs are very stable compounds and do not degrade readily. They
may be destroyed by chemical, thermal, and biochemical processes, though it
is extremely difﬂcult to achieve full destruction, and there is the risk of
creating extremely toxic dibenzodioxins and dibenzofurans through partial
oxidation. Because of the high thermodynamic stability of PCBs, all
degradation mechanisms are difficult to sustain. Intentional degradation as a
treatment of unwanted PCBs generally requires high heat or catalysis.
Environmental and metabolic degradation generally proceeds quite slowly
relative to most other compounds In terms of toxicity the most toxic congeners
are the ones in which there is a coplanar conformation with chlorine
substituents on the meta and para positions of the phenyl rings (Sittig, 1981;
Boate et al., 2004; Karlyn et al., 2006).

PCBs exhibit a wide range of toxic effects. These effects may vary
depending on the specific PCB. Similar to dioxin, the toxicity of coplanar
PCBs and mono-ortho-PCBs are thought to be primarily mediated via binding
to aryl hydrocarbon receptor (AhR) (Safe, 1984; Safe, 1985). Because AhR is
a transcription factor, abnormal activation may disrupt cell function by
altering the transcription of genes. The AhR also has physiological roles

regulating vascular development, immune function, and cell growth,
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suggesting a role in human disease (Aluru, et al., 2011; Besselink, et al,, 1998;
Wirgin, ef al., 2011). The concept of toxic equivalency factors (TEF) is based
on the ability of a PCB to activate aryl hydrocarbon.

However, not all effects may be mediated by the AhR. For example,
di-ortho-substituted non-coplanar PCBs interfere with intracellular signal
transduction dependent on calcium; this may lead to neurotoxicity. Ortho-
PCBs may disrupt thyroid hormone transport by binding to transthyretin
(Chauhan, 2000; Simon et al., 2007).

Toxicity and Hazards of PCBs

Many studies have shown that PCBs have influence in different human
diseases such as cancer, neuro-behavioural effects, abnormal thyroid and
immune function in children and low birth weight (Kimbrough, 1995;
Kimbrough & Krouskas, 2003). The toxicity of a PCB is dependent not only
upon the number of chlorines present on the biphenyl structures, but the
positions of the chlorines. For instance congeners with chlorines in both para
positions (4 and 4') and at least 2 chlorines at the meta positions (3, 5_, 3, 9)
are considered to be "dioxin like" and are particularly toxic. When there is just
one or no substitution in the ortho position, the atoms of the congener are able
to line up in a single plane (sometimes referred to as coplanar). The planar or
"flat configuration, referred to as ‘dioxin-like’, is particularly toxic (Barbalace,
2003).

The toxicity of PCBs to animals was first noticed in the 1970s when
emaciated seabird corpses with very high PCB body burdens were washed up
on beaches. The sources of the PCBs were unknown though, because seabirds

may die at sea and be washed ashore from a very wide area. Where they were
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found was no reliable indicator of where they had died. The toxicity of PCBs
varies considerably among congeners. The coplanar PCBs, known as non-
ortho PCBs because they are not substituted at the ring positions ortho to (next
to) the other ring, (i.e. PCBs 77, 118, 126, 169, etc), tend to have dioxin-like
properties, and generally are among the most toxic congeners.

Since PCBs are almost invariably found in complex mixtures, the
concept of toxic equivalency factors (TEFs) has been developed to facilitate
risk assessment and regulatory control, where more toxic PCB congeners are
assigned higher TEF values. One of the most toxic compounds known,
2,3,7,8-tetrachlorodibenzo-p-dioxin, is assigned a TEF of 1 (Barbalace, 2003).
Chronié exposure to sub-lethal concentrations combined with high lipid
solubility and resistance to metabolism can result in PCB accumulation and a
toxic response (Exner, 1982).

Safety Guidelines for Exposure to PCBs

Safe standards recommended by various institutions and organizations

in the United States (Table 2), such as the Environmental Protection Agency

Table 2: Safety guidelines for exposure to PCBs

Agency Source Sample Recommended
limits
US.EPA  EPA, 2006a, Drinking water is 0.5 ppb.
2006b Water from lakes or 0.17 ppt.
streams
fish or shellfish 0.17 ppt

U.S.FDA  ATSDR, 2000 Infant and junior foods 0.2 ppm
Eggs 0.3 ppm
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Table 2 continued.

U.S. FDA
ATSDR, 1990

ATSDR, 2000

OSHA ATSDR, 1990,

ATSDR, 2000

NIOSH ATSDR, 1990

ATSDR, 2000

CCME CCME, 1999)

USEPA ATSDR, 1990

ATSDR, 2000

Milk and other dairy
product

Fish and shellfish (edible
port)

Poultry and red meat

Air (42% chlorine PCBs)
inhalation limit over a
period of 8 hours for 5
days per week.

Air (54% chlorine PCBs)
inhalation limit over a
period of 8 hours for 5
days per week.

Air (42% and 54%
chlorine PCBs) inhalation
lifnit for 10 hours
workday for 40
workweek.

Agricultural land
Residential lands and
parks

Commercial and
industrial lands
Residential lands and
parks

Commercial and

industrial lands

https://ir.ucc.edu.gh/xmlui

1.5 ppm fat basis
2 ppm

3 ppm fat basis
1 mg/m’

(1 ppb)

0.5 mg/m’

(0.5 ppb)

1 pg/m’ (1 ppt)

0.5 mg/kg
1.3 mg/kg

33 mg/kg
1.0 mg/kg

25 mg/kg

(EPA); Food and Drug Administration (FDA); Atlanta: Agency for Toxic

Substances and Disease Registry (ATSDR ATSDR, 1990, 2000, 2006; CDC,
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2005), and the National Institute for Occupational Safety and Health (NIOSH),
and Occupational Safety and Health Administration (OSHA) EPA, (2006a,
2006b).
Signs and Symptoms of PCB Hazards

The most commonly observed health effects in people exposed to
PCBs are skin conditions such 'as chloracne and rashes (Plate 1), but these
were known symptoms of systemic poisoning dating back to the 1920s.
Studies in workers exposed to PCBs have shown changes in blood and urine

that may indicate liver damage.

Plate 1: Chloracne, a skin conditions caused by contact
with clothes contaminated with PCBs (Schroeder, 1991)
In 1968 in Japan, PCB contamination in rice bran oil caused a mass

poisoning known as Yusho Disease in over 14000 people. Common symptoms
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included dermal and ocular lesions, irregular menstrual cycles and low
immune response vision impairment. Other symptoms included fatigue,
headache, cough, and unusual skin sores. Additionally, in children, there were
reports of poor cognitive development. There have also been studies of the
health effects of PCBs in the general population and in children of mothers
who were exposed to PCBs. A few studies of workers indicate that PCBs were
associated with specific kinds of cancer in humans, such as cancer of the liver
and biliary tract.

Women who were exposed to relatively high levels of PCBs in the
workplace or ate large amounts of fish contaminated with PCBs had babies
that weighed slightly less than babies from women who did not have these
exposures. Babies born to women who ate PCB-contaminated fish also
showed abnormal responses in tests of infant behavior. Some of these
behaviors, such as problems with motor skills and a decrease in short-term
memory, lasted for several 'years. Other studies suggest that the immune
system in children born to and nursed by mothers exposed to increased levels
of PCBs were affected. The most likely way infants are exposed to PCBs is
from breast milk. Transplacental transfers of PCBs have also been reported.

Studies have shown that PCBs alter estrogen levels in the body and
contribute to reproduction problems. In the womb, males can be feminized or
the baby may be intersex, neither a male nor a female. In addition, both sexes
of reproductive organs may develop. More instances of this are being reported.
Biological magnification of PCBs has also led to polar bears and whales that
have both male and female sex organs and males that cannot reproduce. This

effect is also known as endocrine disruption. Endocrine Disrupting Chemicals
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(EDC's) pose a serious threat to reproduction in top-level predators (Drinker,
1937; Lincoln, 1999; Loomis et al., 1997; Tilso, 1990).

Animals that eat PCB-contaminated food even for short periods get
liver damage and may die. In 1968 in Japan, 400,000 birds died after eating
poultry feed that was contaminated with PCBs. Animals that eat smaller
amounts of PCBs in food over several weeks or months develop various kinds
of health effects, including anemia; acne-like skin conditions (chloracne); and
liver, stomach, and thyroid gland injuries (including hepatocarcinoma).

Other effects of PCBs in animals include changes in the immune
system, behavioral alterations, and impaired reproduction. PCBs cause birth
defects in humans, although those that have dioxin-like activity are known to
cause a variety of teratogenic effects in animals. Rats that ate food containing
high levels of PCBs for two years developed liver cancer (Robert.1973;
Tryphonas, 1995). Humphrey ef al, (1983) found a 10% prevalence of
unspecified joint problems among families who lived on farms and who
consumed dairy products and beef contaminated with PCBs.

Some 30 years after the toxic chemicals were banned in the United
States, researchers were unable to explain the associations between exposure
to PCBs and its effect on developing nervous system. According to Isaac N.
Pessah, professor of molecular biosciences, director of the UC Davis Center
for Children's Environmental Health and co-author of all these studies on how
PCBs may alter in utero, neonatal brain development, ."We've never really
understood the mechanism by wﬁich PCBs produce neurobehavioral problems
in children; we believe other PCB-like compounds in use today are also

capable of changing the structure of protein targets that are contributing to
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neurobiological problems in humans". However, current findings could
explain at last, the associations between exposure of the developing nervous
system to PCBs and behavioral deficits in children (University of California -
Davis - Health System, 2009).

Recent studies have implicated oxidative stress as a possible causative
mechanism for the non-target toxicity of organochlorine compounds and
PCBs. PCBs are also well known as increasing oxidative stress in several
biological systems (Coteur ef al., 2001; Mariussen ef al., 2002; Ruiz-Leal &
George, 2004; Voie & Fonnum, 2000). PCBs possibly exert their toxic effects
in some bacteria, by accumulating in the cytoplasmic membrane and
disrupting its function. In this case, the degradation ability of biphenyl is
important not only for energy acquisition but also for detoxification of
biphenyl (Delawary et al., 2003).

Route and Type of Exposure

The main routes of exposure are ingestion and inhalation, but exposure
may be due to the following; - eating contaminated food. PCBs especially
accumulate in fish and marine mammals such as seals and whales. Drinking
contaminated well water; leaks from or fires in transformers, capacitors, or
other PCB-containing products; breathing indoor air in buildings that have
electrical devices containing PCBs.

Toxic Equivalents (TEQ) and Risk Assessment

Commercial mixtures, as well as the individual PCB congeners, elicit a
broad spectrum of biochemical and toxic responses, some of which are similar
to those caused by 2,3,7,8-tetrachlorodibenzo-p-dioxin. Dioxin-like

compounds normally exist in environmental and biological samples as
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complex mixtures of congeners; therefore, the concept of toxic equivalent
(TEQ), have been developed to simplify risk assessment and regulatory
control. In applying this concept, relative toxicities of dioxin-like compounds

in relation to the reference compound (2,3,7,8-tetrachlorodibenzo-p-dioxin)
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were determined on the basis of in invivo and invitro studies (Tab. 3).

Table 3: TEF for mono and di-ortho-substituted PCBs (Ahlborg ef al.,

1994) ' and TEF for humans, mammals, fish, and birds proposed by

WHO (WHO, 1997)
PCB Substitution IUPA ITEF' WHO- TEF(1997)
Congener No. (1994) Han Fish Birds
Non-ortho  3,3'4,4'-TetraCB 7 0.0005 0.0001 5.0E-5 0.1
substitutd:  3,4,4’,5-TetraCB 81 0.0001 0.0001 <0.05
3,3',4,4',5-PentaCB 126 0.1 0.1 0.005 0.1
Mono- 3,3',4,4',5,5'HexaC 169 0.01 0.01 5.0E-5  0.001
ortho 2,3,3'4,4'-PentaCB 105 0.0001 0.0001 <S5.0E-6 0.0001
substituted: 2,3,4,4',5-PentaCB 114 0.0005 0.0005 <5.0E-6 0.0001
2,3'4,4',5-PentaCB 118 0.0001 0.0001 <5.0E-6 1.0E-5
2',3,4,4',5-PentaCB 123 0.0001 0.0001 <5.0E-6 1.0E-5
2,3,3',4,4',5SHexaCB 156 0.0005 0.0005 <5.0E-6 0.0001
2,3,3',4,4' 5'HexaCB 147 0.0005 0.0005 <5.0E-6 0.0001
2,3',4,4',5,5'-HexaCB 167 1.0E-5 1.0E-5 <5.0E-6 1.0E-5
2,3,3'4,4',5,5HeptaCB 189 0.0001 0.0001 <S5.0E-6 1.0E-5
Di-ortho 2,2,3,3',4,4',5HepaCB 170 0.0001 1.0E-5 0 0 |
substited:  2,2',3,4,4',5,5'HeptaCB 180 0 0 0 0
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Three coplanar PCBs, namely 3,3',4,4'-tetrachlorobiphenyl, 3,3',4,4',5-
pentachlorobiphenyl, and 3,3'4,4',5,5"-hexachlorobiphenyl, exhibit dioxin-
like effects, such as Ah-receptor agonist activity (Safe 1990 and 1994;
Ahlborg et al. 1992 and 1994). PCB 170 and PCB 180 are included because
they are active as inducers of EROD (ethoxyresorufin-O-deethylase) activity
and are present in significant amounts in environmental samples. In 1997,
new TEFs were proposed based on new information (WHO, 1997).
Transport of PCBs within the Environment

PCB contamination in the environment has come exclusively from
human activities. According to Wong and Poon (2003) and China SEPA
(2003), PCBs polluted the environment during their manufacture and use.
Thus, high PCB concentration areas tend to be around industrialized areas,
like the Great Lakes. PCBs enter the general environment mainly by leakage
of supposedly closed systems, from landfill sites, incineration of waste,
agricultural lands, industrial discharges and sewage effluents.

Leakage of small amounts is common in older equipment containing
PCBs (Plate 2 & 3) accidental spills and leaks during the transport of
chemicals; Illegal or improper dumping of PCB wastes, i.e. old transformer
fluids, leaks or releases from electrical transformers containing PCBs;
Disposal of PCB-containing consumer products into landfills not designed to
handle hazardous waste and burning of PCB-containing wastes in municipal
and industrial incinerators (ATSDR, 2000, 2006; CDC, 2005; U. S. EPA,
2006)

PCBs are also widely dispersed in the atmosphere where they are

transported by winds and fall to the surface in precipitation. Approximately
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98% of the PCBs entering the ocean are currently deposited form the

atmosphere. Factors such as air temperature, wind speed, storm frequency,

Plate 2: Immediate environ of a transformer in Accra contaminated by
leakage (Centeno, 2010)

Plate 3: Transformer Oil spillages at transformer base at Oshogbo in

Nigeria (Federal Ministry of Environment, 2009)
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rainfall rates and the volatility of individual PCB isomers influence the
pattern and rates of PCB movement in the atmosphere. The principal
transport route for PCBs through aquatic systems is from waste streams into
receiving waters, and re-adsorption onto particles as well as by the
movement of sediments. This leaves the marine environment as one of the
final sinks for PCBs.

Transport of PCBs within Aquatic Systems

Polychlorinated biphenyls are found in higher concentrations in the
sediments of aquatic systems due to their chemical and physical properties
which cause high sorption reactions. Sorption increases with chlorine
content, surface area and with the organic content of the sorbent. Therefore,
PCBs sorb onto falling sediments that eventually end up as bottom
sediments. PCBs are associated particularly with suspended sediments of a
diameter less than 0.15 mm.

The release of PCBs from sediments to overlying waters can occur by
slow desorption, especially when PCB concentrations are high or when
sudden hydrographic activity like flooding or dredging causes sediments to
be re-suspended and redistributed. Translocation can also occur through
biological activity (Halter and Johnson, 1977). Desorption of PCBs from
particulate is more likely to occur from lower chlorinated, more water-
soluble PCB congeners (Wood et al., 1987).

Transport of PCBs within Air Systems

Airborne contamination has been recognized as a significant source

of PCB contamination in the Great Lakes Basin since the mid - 1980s. This

is especially true for Lake Superior which is still largely isolated from
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industrial and municipal sources estimate that 90% of the PCBs in Lake
Superior come from that source (Hileman, 1988; Strachan & Eisenreich,
1988). Many of the sources of airborne PCBs to the Great Lakes Basin,
especially those with unusually high concentrations, tend to originate from
the southern U.S., Mexico, and Latin America (Atmospheric Environment
Service, 1992). Vapour loss of PCBs from soil surfaces appears to be an
important fate mechanism, with the rate of volatilization decreasing with
increasing chlorination. Although the volatilization rate may be low, the total
loss by volatilization over time may be significant because of the persistence
and stability of PCBs. Lighter PCBs may also be emitted to air as a result of
recycling contamination from previously polluted soils (Coleman, et al,
1997; Defra, 2002, 2006a). PCB emissions are estimated to have fallen by 78
per cent between 1990 and 2001, and the release of total PCBs to air in 2004
was estimated at 1,330 kg (Defra, 2006b).

It has been proposed that the environmental recycling of lighter PCBs
from existing soil contamination is the most important contributor to the
current atmospheric burden in the UK (Coleman et al., 1997; Defra, 2002,
2006a). However, recent studies have suggested that levels in indoor air from
paints and sealants may be a major source of PCBs in ambient air within
large towns and cities (Harrad et al., 2006; Jamshidi et al., 2007; Jartun et
al., 2009). Enrichment of the low-chlorine PCBs occurs in the vapour phase
relative to the original Aroclor; the residue is enriched in the PCBs
containing high chlorine content. The dominant atmospheric transformation

process is probably the vapour phase reaction with hydroxyl radicals, which
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have estimated half-lives ranging from 12.9 days for monochlorobiphenyl to
1.3 years for heptachlorobiphenyl (Leigh, et al., 2006).
Solubility and Transport of Polychlorinated Biphenyls in Soil

Aqueous solubility of 'polychlorinated biphenyls (PCBs) are low,
ranging from 2.7 ppb for Aroclor 1260 to 3500 ppb for Aroclor 1221. Water-
soluble PCBs are richer in lower chlorinated isomers than were the original
PCB fluids. Earth materials sorb PCBs strongly. There is a very high direct
correlation between the total organic carbon content of the soil and the
amount sorbed. The number of chlorine atoms in the molecule influences the
sorption and retention of PCBs by soils and soil constituents; the more highly
chlorinated derivatives are more held tenaciously.

It has been observed that there is a linear regression relation for
sorption of PCBs expressed on a unit carbon basis as a function of water
solubility. PCBs are not readily mobile in soils when leached with aqueous
solutions such as water or sanitary landfill leachates but are highly mobile
when leached with organic solvents. Mobility of PCBs is proportional to
their solubility in the leaching solvent and to the soil organic matter content
(Lubor Halu et al., 1995; Yanjun Chang ef al., 2010).

According to Backe and other workers (2004), a study of the
relationship between PCB concentrations in soil and different soil parameters
showed a large variation between sampling-areas with median concentrations
ranging between 2.3 and 332 ng/g. The highest concentrations were found at
two sites with sandy soils, one with extremely high organic carbon content.
Soils with similar soil textures (i.e. sandy silt moraine) did not show any

significant difference in PCB concentrations. Sorption reactions also affect
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transport in soils. PCBs that are sorbed by soils, especially highly chlorinated
ones, remain significantly immobile against leaching. They are also unlikely
to be taken up by plants and therefore are not readily mobile in soil systems.
However, because PCBs have a moderate vapour preséure, vapour phase
transport may allow for redistribution or migration through the saturated soil
pores.

If released into soil, PCBs experience tight adsorption with
adsorption generally increasing with the degree of chlorination of the PCB.
They generally do not leach significantly in aqueous soil systems; the higher
chlorinated congeners have a lower tendency to leach than the lower
chlorinated congeners. In the presence of organic solvents, PCBs may leach
quite rapidly through soil (Leigh et al., 2006). Affinity to soil and persistence
of PCBs have been shown to increase with increasing soil organic carbon
(SOC) content, PCB chlorination, and PCB coplanarity. Also the soil matrix
can reduce the absolute bioavailability of PCB118 and PCB52 (Xinzhu, et
al., 1995).

Fate and Persistence of PCBs Compounds in the Environment

According to Chow and Connor (1993), Vast quantities of PCBs have
been dumped, spilled or have leaked into the environment; these have
accumulated in the air, water, and land, and pose health hazards to many
animals, and perhaps some plants. The dominant mechanism by which
PCB’s enter the Great Lakes and most other bodies of water is by
atmospheric deposition. PCBs have a tendency not to stay dissolved in water
and therefore volatize back into the atmosphere. Because of this, large

quantities of PCBs volatize out of lakes as well as being deposited into them
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from the large reservoir of synthesized organic compounds moving in
regional and global air masses.

PCBs in water directly and indirectly are the main source of the toxic
effects for animal life. PCBs in water or sediments may be filtered through
fish, crustaceans, or mollusks via their gills and because they are lipophillic
they make their way to the fatty tissues of these animals. These animals are
in turn eaten by birds; or mammals like humans or bears. In these animals
again the PCBs accumulate in fatty tissues, and their concentration again
becomes greater due to biomagnifications. Birds’ eggs often have the highest
concentrations of PCBs that is easily testable because they are at the end of
the food chain and their yolk is rich in fatty materials. In the Great Lakes gull
eggs are often collected for chemical analysis because toxic chemicals will
be detectable in them long before their levels in the open water are
measurable. Analysis of eggs at different sites allows us to compare the
extent of contamination between different areas.

PCBs accumulate in humans too, especially if their diet contains fish
or animals that eat fish from polluted areas. A study done in Norway on
breast milk and it was found that the milk contained approximately 372 ng/g
milk fat of PCBs with PCB-126 being the main contributor (Johansen et al.,
1994). According to Report of the Atmospheric Deposition Monitoring Task
Force (1987), simply being born to a mother that has high levels of PCB’s in
her body may contribute to a decrease in birth weight, head circumference,

short-term memory, and some cognitive skills.
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Degradation of PCBs

PCBs are synthetic compounds that are not readily degraded, as a
result of their very stable properties. The degradation of these compounds
entails difficult mechanisms of chemical, biochemical or thermal destruction
(Abramowic, 1995; Erickson, 1986). Biodegradation, that is, the degradation
of compounds by bacteria or other microorganisms, is a slow yet possible
method for destroying PCBs in both aerobic and anaerobic environments. It
is the only process known to degrade PCBs in soil systems or aquatic
environments.

The specific processes involved are aerobic oxidative dechlorination or
hydrolytic dehalogenation and anaerobic reductive dechlorination.
Theoretically, the biological degradation of PCBs should result to give CO,,
chlorine and water. This process involves the removal of chlorine from the
biphenyl ring followed by cleavage and oxidation of the resulting compound.
Persistence of PCBs in the environment increases with the degree of
chlorination of the congener. Those compounds with a high degree of
chlorination such as 1248 1254 and 1260 are resistant to biodegradation and
degrade slowly in the environment (Boyle ef al., 1992).

According to Fiedler and other workers (1994), biodegradation by
microorganisms may occur via three different mechanisms. These
mechanisms are:

1. Aerobic respiration in the presence of oxygen, involving reaction

with mono- and dioxygenases; in a final step H,O will be

incorporated;
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2. Anaerobic respiration under exclusion of oxygen; inorganic
substances such as nitrate, sulfate, and carbon monoxide act as
electron acceptors;

3. Fermentation under exclusion of oxygen- the organic compound to be

degraded acts as electron acceptor.
Aerobic Oxidative Dechlorination

In general, bacteria cannot use chlorinated aromatic hydrocarbons as
substrate. Present knowledge assumes that bacteria growing on non-
chlorinated biphenyl are capable to cause chemical reactions on the
chlorinated ring system as well. However, some microorganisms are capable
to use lower chlorinated PCBs as C-source. Thus, Acinetobactersp.P6,
Achromobactersp. B 218, and Bacillusbrevis B 257 can grow on 4-
chlorobiphenyl as the only carbon source. The main degradation product is
4-chlorobenzoic acid. In general, formation of chlorinated benzoic acids is
the major degradation pathway for PCBs.

Further microorganisms capable of the biodegradation of PCBs
belong to the class of Acetobacter, Alcaligenes, and Pseudomonas. Aerobic
Oxidative Dehalogenation involves the oxidation of PCBs by aerobic
microbes, especially by bacteria of the genus Pseudomonas. This involves
the addition of oxygen to the biphenyl ring (Boyle,et al.,1992). Further
research by Bevinakatti and Ninnekar (1992), proposed the degradation of
biphenyls also by the Micrococcus sp. The metabolic pathway used by this
family of bacteria (Figure 3) resembles that described for the Pseudomonas
sp. By way of 1,2- dioxygenative ring cleavage, benzoate results as a

common by-product of biphenyl degradation. Although different bacterial
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species seem to produce benzoate through PCB metabolism, further
breakdown of benzoate seems to differ among the different microbes.
Nevertheless, the by-products produced are less toxic compounds to people
and the environment Since PCBs are more persistent with increasing

chlorination of the congener, aerobic biodegradation involving biphenyl ring

OH OH

O \/COOH COOH  OH g
OH OH  Z \COOH
_—>
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Benzok catechol 2—Hydroxymuonic
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Biphenyl senialdehyde

2 3 Dhhydroxy
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Phemyhexa —2, 4—denoic
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Figure 3: A possible pathway for the aerobic oxidative dehalogenation of
PCBs (Bevinakatti and Ninnekar, 1992)

cleavage, is restricted to the lightly chlorinated congeners (DHHS, 1992;
Rochkind et al., 1986).Some general conclusions that can be drawn from
aerobic biodegradation are as follows (Bedard et al., 1987; Furukawa et al.,

1978 & Rochkind et al., 1986).

1. Increasing number of chlorine substituents decreases biodegradation
of PCBs;

2. Congeners with two ortho chlorines are extremely resistant to
biodegradation. Two chlorines in ortho-position at the same or on

different aromatic rings of the biphenyl molecule significantly inhibit
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biodegradation (exception: 2,4,6-trichlorobiphenyl which is readily
biodegradable by Aciretobacter);
3. If there are chlorine substituents on both rings, the ring with less
chlorine atoms will be hydroxylated first;
4, Biphenyls that have chlorine substituents only on one ring system are
metabolised more rapidly than a chlorobiphenyl with the same
number of chlorine atoms but on both rings; thus, 3,4-
dichlorobiphenyl will be Dbetter metabolised than 374-
dichlorobiphenyl;
5. PCB metabolism is facilitated when a carbon atom with a chlorine
substituent is between two unsubstituted carbon atoms;
6. Higher chlorinated congeners having a 2,3,4-trichlorophenyl group,
are resistant towards biological degradation;
7. PCBs containing an unsubstituted ring are generally degraded more
rapidly than isomers that are chlorinated on both rings Thus ring
cleavage occurs preferentially in the unsubstituted ring;
8. PCB containing chlorines at positions 2 and 3, eg 2,2'3,3-
tetrachlorobiphenyl, 2,2'.3,5'- tetrachlorobiphenyl, and 2,2'3'4,5-
pentachlorobiphenyl are more readily biodegraded than other tetra-
and penta-chlorinated biphenyls.
Anaerobic Degradation

Polychlorinated biphenyls are extremely resistant to conventional
aerobic transformation, but they will undergo anaerobic reductive
dechlorination. Studies of PCB contamination in Hudson River sediment

demonstrated that anaerobic environments yield markedly lower levels of tri-
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tetra-, and pentachlorobiphenyls and higher levels of mono- and
dichlorobiphenyls. Many of the less chlorinated PCBs then are aerobically
biodegradable because generally less toxic than highly chlorinated PCBs. For
PCBs, the degradation rate is inversely related to the degree of chlorination;
thus, highly chlorinated congeners are more readily dechlorinated than lower
chlorinated congeners.

There is evidence that not only the number of chlorine substituents
determines degradation rates, but also their position. Reductive
dechlorination predominantly reduces chlorine in.meta- and para-positions,
resulting in accumulation of the ortho-chlorinated congeners (Abramowicz et
al., 1989; Brown et al., 1984; Brownet al., 1987; Fiedler et al., 1994;
Quensen et al, 1990). Anaerobic reductive dechlorination involves the
replacement of chlorine with a hydrogen atom on the biphenyl ring. This
type of degradation transforms the more highly chlorinated congeners to less
chlorinated ones. Specifically, the monochlorobiphenyls and ortho-
substituted dichlorobipenyls are degraded in this manner. Byproducts of this
process, illustrated below (Figure 4), are less toxic and can usually be
degraded by the aerobic microbes, (Ye, ef al., 1992).

According to Alder et al., (1993), the different pathways of dechlorination
observed may explain by the different microbial populations that exist in the
environment. However, a similarity between degradation patterns exists. The
para- and meta-substituted congeners are more commonly degraded than
ortho-substituted congeners. Only a few ortho-substituted congeners have

been reported to degrade.
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Figure 4: Potential pathway for anaerobic degradation of a highly
chlorinated congener to a less chlorinated one (Fish and Principe, 1994).

Moreover, anaerobic degradation has most commonly been observed
under methanogenic conditions. This may lead one to conclude that
anaerobic reductive dechlorination occurs under methanogenic conditions, if
not inhibited by sulfate-reducing conditions. Sulfates have a higher affinity
for electrons than the chloroaromatics (Alder ef al., 1993; Fish and Principe,
1994). Many environmental factors can affect the degradation of biphenyls,
both aerobically and anaerobically. These factors may include; degree of
chlorination, concentration of the congener, type of microbial population,
temperature, pH and available nutrients.

More highly chlorinated congeners are less readily degraded than the
less chlorinated congeners. The position of chlorine atoms on the rings also
affects the rate of biodegradation. Not only are PCBs with para- and meta-
substituted rings more easily degraded than the ortho- substituted
compounds, but PCBs containing all chlorines on one ring are biodegraded

faster than those which contain chlorines throughout both rings. It has been
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suggested that both aerobic and anaerobic conditions are affected with the
addition of certain nutrients. It is also interesting to note that biodegradation
rates decrease with high levels of organic carbon present (DHHS, 1992).

According to Woods & Trobaugh (1999), while microbes work well
in laboratory conditions, there is often a problem in transferring a successful
laboratory strain to a natural system. This is because the microbes can access
other sources of carbon, which they decompose in preference to PCBs. PCBs
undergo reductive dechlorination under anaerobic conditions, leading to the
formation of less-chlorinated congeners. Lower chlorinated congeners and
biphenyl are resistant to further degradation in anoxic environments.
Anaerobic reductive dechlorination is an important stepntoward the
bioremediation of PCBs since it reduces the chlorine content of PCB
mixtures thereby reducing their bioaccumulation potential and, in some
respects, toxicity (Rhee et al., 1993). Dechlorination of PCBs in anaerobic
environments is generally considered to be slow, with major change
occurring over period of months or years. Anaerobic reductive
dechlorination of PCBs involves replacement of a chlorine atom with a
hydrogen atom (Mousa et al, 1996; Nies and Vogel, 1990). The mechanism
of reductive dehalogenation can be represented by the reaction:

RX +2 [H] —» RH+HX

Where R represents: an organic molecule, X a halogen, and [H] an electron
plus a proton. The reduction potential of PCBs increases with increasing
chlorine number (Nies and Vogel, 1990; Rusling and Miaw, 1989).
However, the positions of the chlorine substituents also influence ease of

reductive dechlorination. Generally, chlorines in the mefa and para position
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are most readily removed (Abramowicz, 1990; Abramowicz and Olson,

1995; Boyle et al., 1992; Mousa et al., 1996; Nies and Vogel, 1990).

Chlorines substituted in ortho position are generally recalcitrant to anaerobic

dechlorination (Yadav et al., 1995). However, reductive ortho dechlorination

of PCBs has also been shown (Berkaw et al., (1996).

NProcess 2:3:4:5—246CB

removal of
meta Cl

P Process
removal of para Cl

2:35—25 CB

Figure 5: Dechorination of major compounds of arochlor 1260 in

Hudson River (Bedard et al., 1998)

Anaerobic dechlorination could potentially be used as the first step in

a remediation process. The decrease in highly chlorinated congeners

resulting from anaerobic reductive dechlorination would decrease the Cl

content of a given congener resulting in a PCB congener much more

susceptible to degradation by aerobes possessing oxygenases. All lightly
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chlorinated congeners that are products of reductive dechlorination are
biodegraded by aerobic PCB-degrading microorganisms (Bedard et al,
1986). Thus, aerobic degradation could be used as the second step in a
bioremediation process (Nies and Vogel, 1990). A sequential anaerobic-
aerobic system has an additional advantage, and the potential to mineralize
PCBs. Degradation of PCBs based on pathways described by Boyle et al.,
(1993); Quensen, et al. (1990); Rhee ef al., (1993); William, (1994); Wu et

al., (1997) and other workers are shown in figures 5 and 6.

Cl Cl

23»4—34CB |

H Process
Removal of metal Cl

1
cl Qm
H Process 2,4 —3,4CB Cl
N orM Proccss
- Removal of para Cl Removal of meta Cl
S
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224—3.4CcB Cl
Cl Cl
Q Process | Removalofpara —Cl 2,4—4CB

Q Process

1
Removal of para—Cl
“ O, ,
2—3CB
ases

2—4CB
M Process
Removal of meta Cl

Q Process

Figure 6: Some dechorination pathways for PCBs
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Phytostimulation Degradation of PCBs

A greenhouse study conducted by Smith et al., (2007), found that
PCB degradation was greatest in soils treated with an organic amendment
(straw) and in plants with low transpiration rates. The low transpiration rates
provided the proper reducing conditions, while the amendment provided a
labile carbon source which initiated dechlorination. They found Carex
aquatica (sedge) and Spartina pectinata (prairie cordgrass) to be the most
promising plant species for PCB degradation.

An in situ examination of PCB degradation at a contaminated site
found significantly higher PCB-degrading microorganisms in the rhizosphere
of Pinus nigra (Austrian pine) and Salix caprea (goat willow) compared to
the rhizosphere of other plants or the bulk soil (Leigh et al, 2006). They
theorize that these plants, which naturally produce compounds (terpenoids,
phenols, and tannins) similar to the structure of PCBs, stimulate the proper
microorganisms to degrade PCBs. Magee et al. (2007), have observed
increased dechlorination of PCBs in the presence of nitrate reductase. This
was magnified when the enzyme's cofactor, molybdenum, was also added.
(Rezek et al. 2007), found that plant cells can metabolize PCBs and do not
exude the degradation products into the soil. The metabolites maintained the
same level of chlorination.

Mohammadi et al. (2007), found that a transgenic Nicotian tabacum
(tobacco) plant with introduced bacterial (Burkolderia xenovorans) genes
can produce the necessary enzymes to initiate degradation of PCBs. This has
the potential to allow plants to begin the remediation process while

stimulating the proper microorganisms to complete degradation. Zeeb et al.,
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(2006), conducted a greenhouse experiment using soil collected from sites
contaminated with PCBs to study the fate of PCBs in the presence of plants.

They found that Cucurbita pepo (pumpkin) extracted PCBs from the
soil through root uptake, followed by translocation to shoots. Although the
PCB levels in the soil did not significantly decrease, these results suggest
that, in a field setting, pumpkins may be used to extract PCBs from
contaminated sites. A field experiment conducted by Aslund et al., (2007),
examined the potential for plants to accumulate PCBs in aboveground
tissues. This experiment showed that PCBs do accumulate in the
aboveground tissues of Cucurbita pepo (pumpkin), Carex normalis (sedge),
and Festuca arundinacea (tall fescue). Further experimentation is needed to
determine the uptake pathways and the possible wide-scale application of

this strategy

Physical and Chemical Degradation of PCBs

Some other methods of PCB destruction are being used, developed
and investigated. More popular is incineration and photolysis. Incineration
involves exposing the PCB congeners to extremely high temperatures (1200
°C), a mixing /agitation process as well as a long residence time (>2 sec).
Photolysis on the other hand is the most popular means of chemical
degradation of PCBs. This process uses the free radicals produced from
sunlight to remove the chlorine atoms from the biphenyl ring. This method
Bowever, is limited to PCBs found in the air and water (Alder ef al., 1993 &
Erickson, 1986).

PCBs can be chemically degraded by Fenton’s reaction. Fenton’s

reaction is an advanced oxidation process for destruction of toxic organic
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compounds in water. In Fenton’s reaction, H,0; is combined with Fe** in the

presence or absence of light to generate hydroxyl radicals (HO*):
Fe** + H,0, — Fe’* + OH + HO*

The HO" initially adds to the aromatic ring to give a substituted
hydroxycyclohexadienyl radical which may further react by acid catalyzed
elimination. Chen and Pignatello (1997), proposed the catalytic role of
quinone intermediates in Fenton’s oxidation of aromatic compound. In this
reaction quinone intermediates shuttle electrons from HO' radical adduct of
the starting aromatic compound to Fe**, thus facilitating the degradation of
the starting aromatic compound. The presenée of co-oxidants like oxygen
and quinones play a crucial role in steering oxidation into the desired
pathways.

Volatilization and Evaporation

Vapour loss of PCBs from soil surfaces appears to be an important
fate mechanism, with the rate of volatilization decreasing with increasing
chlorination. Although the volatilization rate may be low, the total loss by
volatilization over time may be significant because of the persistence and
stability of PCBs. Enrichment of the low-chlorine PCBs occurs in the vapour
phase relative to the original Aroclor; the residue is enriched in the PCBs
containing high chlorine content. The dominant atmospheric transformation
process is probably the vapour phase reaction with hydroxyl radicals, which
have estimated half-lives ranging from 12.9 days for mono-chlorobiphenyl to

1.31 years for hepta-chlorobiphenyl.
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Effects of Soil Organic Matter on Sorption of Organic Pollutants

Organic pollutants can undergo a number of processes such as degradation,
volatilization, leaching, bioaccufnulation and sorption in soil (Kim and
Osako, 2003; Semple et al., 2003; Ahangar, A. G., 2011), which has been
identified as a one of the most important repositories for fluxes of organic
compounds between soil and air and soil processes can have a large bearing
on their future distribution patterns (Meijer et al,. 2003, Sweetman et al.
2005, Lohmann et al., 2007). According to Karickhoff et al., (1979)); Ren et
al., (2007); Koblickova et al., (2008); Scheringer, (2009), the contribution of
the organic matter of soils or sediments to the sorption of nonpolar
compounds have been found to be much more relevant than the contribution
of other components.

The varied composition and structure of the organic matter;
consisting of heterogeneous mix of organic materials often classified as an
amorphous, gel-like "soft carbon" matrix or domain and a condensed,
glasslike "hard carbon" matrix or domain including altered and relatively
unaltered aliphatic polymers, polysaccharides, lignin and lignin degradation
products, fats, proteins, pectines (Schumann 2006), and the different
fractions such as humic and fulvic acids, lipids, and humins; can give a
variation in the sorptivity of organic compounds (Weber et al., 1992; Allen-
King et a I., 2002; Schmidt et al., 2002; Accardi-Dey and Gschwend, 2003).
Components of organic matter found in soils, for example carbonaceous
black carbon that acts like activated carbon, may have affinities for nonionic

organic compounds and pullutants which cannot simply be explained by their
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aquifer materials, and soil strongly depends upon the nature and
concentration of the inorganic cations in solution, but virtually independent
of solution pH. Sorption of low polarity organic compounds depends very
little on the soil pH (Karickhoff 1984; Delle Site 2001).

Organic matter makes a substantial contribution of the cation
exchange capacity (CEC) of the whole soil and hence to the retention of
exchangeable cations. This is because humification, the formation of humus
(complex organic polymers) from raw organic materials such as fulvic acids,
humic acids or humin) from organic matter; produces organic colloids of
high specific surface area., The organic matter content of the soil increases
with increasing decomposition up to the limit set by temperature. (Franz
Meier et al., 1985)

A number of studies have reported that soil minerals have an indirect
effect on the sorption affinity of soil organic matter The chemical nature,
pore size distribution and pore shape, and especially on the microporous
structures of the soils and intraparticle mass transfer have been observed to
play a significant role in the adsorption of volatile organic compounds on
soils. It has been demonstrated that various organic compounds may be
firmly bound to natural sorbents with sufficient exposure time, because they
are entrapped in soil micropores so that they are difficult to extract (Njoroge
et al., 1998; Bonin & Simpson, 2007).

PCBs in Tropical Media

According to Spongberg & Witter (2009), for the past ten years only

33 papers out of the published 177 papers on PCBs in sediments and biota

were from samples obtained in tropical areas. Sediments from the tropics
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contained relatively low concentrations of total PCBs. The most polluted
tropical site was found in India, which had sediment concentrations up to
2330 mg/g dw attributed to industrialization and pollution. Sediment from
pristine areas was unquantiﬁable‘at levels below the detection limits. Biota
samples covered a range of species from a range of locations. Biotas from
pristine tropical areas were below the detection limits. Higher taxa from
more developed sites had relatively higher concentrations when compared to
other tropical biota, but were still low compared to samples from temperate
climates. These researchers indicated that correlation of PCB concentrations
detected in the tropics with othel; factors was problematic due to lack of data
from the tropics.

Guzzela et al., (2005), studied surface sediments from the highly
developed areas of West Bengal, India. Their Total PCB concentrations from
ten sites averaged 750 ng/g dw, with the maximum detection of 2330 ng/g
dw attributed to proximity to the source. PCBs were dominated by congeners
with four to six chlorines. Wurl and Obbard (2005), found a wide variation in
total PCBs from sediments around Singapore, ranging from 1.4 to 329.6 ng/g
dw (average = 73.9 ng/g dw). Batterman et al. (2000), observer that as at
2005 information regarding polychlorinated biphenyls (PCBs) in
environmental media in Africa was limited. They found that the total
airborne concentrations of PCBs in KwaZulu-Natal, South Africa, averaged
128 +47 pgm ™, and levels were highest in winter; with the tri- through
hexa-congeners predominated, The  tetra- through hexa-chlorinated
congeners had levels comparable to those at urban sites in the northern

hemisphere, but hepta- through deca-congeners resembled levels at
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background sites. Soils at three rural sites showed high PCB concentrations,

and milk from a local dairy showed PCB concentrations comparable to USA

levels in year 2000.

Also polychlorinated biphenyls have been detected in African lake
¢cosystems. 1. Hartbeespoort Dam, Transvaal and Voélvlei Dam, Cape
Province, in the Republic of South Africa (Greichus et al., 1997). Bacci and
other workers found PCB residues in plant foliage from West Africa (Bacci
et al., 1988), Osibanjo (2006), & Osibanjo and Bamgbose (1990), revealed
the presence of PCBs in the Nigerian environment.

According to the Republic of Nigeria Federal Ministry of
Environment (Federal Ministry of Environment, 2009), transformer oil
spillages at transformer base in Oshogbo and oil drums stored in open air
(Plate 4), and extensive spillage in Sapele Power Plant Storage area for
transformer turbine oils (Plate 5), are potential sources of PCBs in the
Nigerian environment. Polychlorinated biphenyl (PCB) concentrations in air
and soil, measured by various research groups from around the world, were
compiled and analyzed; The average soil concentrations (pg/g dry weight)
for Sigma PCB at background sites were 7500 (47-97 000) for Europe, 4300
(110-25 000) for North America, 1400 (61-9 500) for South America, 580
(120-2 900) for Asia, 390 (94-620) for Africa, and 280 (140-540) for
Australia (Li et al., 2010).

A team aboard the German research vessel Polarstern, led by
researcher Rosalinda Gioia at Lancaster University (United Kingdom), has
shown that high concentrations of PCBs are found in some countries in West

Africa, such as the Gambia and Ivory Coast, and all along this coast.
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Plate 4: Transformer Oil spillages at transformer base in Oshogbo,
Nigeria, and oil drums stored in open (Federal Ministry of Environment,

2009)

Plate 5: Storage area for transformer/turbine oils with extensive spillage

in Sapele Power Plant in Nigeria (Federal Ministry of Environment,

2009).
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They also gathered samples from land-based stations (Gambia, Sierra Leone,
Ivory Coast and Ghana), and used particle dispersion models to seek the
possible sources of the contamination. The shipboard X,0PCB concentrations
off West Africa ranged from10 to 360 pg m™ and from 6 to 99 pg m™ in
Cape Verde; the highest land-based concentrations were observed in Ivory
Coast and the Gambia (up to 300 pg m™) and the lowest was observed in

Ghana (9 pg m™).

Plate 6: A huge ships' graveyard in Mauritania off the West African

coast. (JS Callahan/tropicalpix/Alamy)
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The likely sources of the pollution is the illegal dumping of waste
containing these compounds, old electrical waste such as capacitors and
other PCB-containing products. Developing countries take large amounts of
waste from Western nations and break them down or dispose of them, often
with little regard for safety or pollution. High levels of PCBs are released
through volatilization, as well as the storage and scrapping of old ships.
Another probable source of the PCBs is one of the world's largest ships'
graveyards (Plate 6),just south of Nouadhibou in Mauritania, where hundreds
of wrecks have been grounded in shallow water where they are scavenged or
simply left to decay. This break-up probably releases PCBs (Gioia et al,
2011).
PCBs in the Ghanaian Environment

The sources of PCBs are transformers and capacitors. Evidence
available indicates that the Electricity Company of Ghana as well as the
Volta River Authority ceased importing PCB—'containing transformers and
capacitors for use in Ghana since 1972. However, it has been established that
455 pre-1972 possible PCB-containing transformers could be found
countrywide. The emission levels of dioxins and furans from known sources
to air, land and water and residue have been estimated using the UNEP
Toolkit to be 386 g I-TEQ of PCDDs/PCDFs in 2002. The sector of
uncontrolled combustion processes released a total of 372 g I-TEQ to air.
Within this sector emission to air due to indiscriminate burning of forest,
savannah grassland and waste dumps were 218.8g and 129.4g and 24.6 g
respectively. Additionally, a total of 278.6 g I-TEQ of PCDDS/PCDFs was

released to land from uncontrolled combustion processes in 2002
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(Environment Youth Action Network [EYAN] & Integrated Community
Care [ICC], 2006).

Surrounding areas of the pre-1972 transformers country wide,
Electrical Company of Ghana- Accra Central Station G, and Municipal
wastes dumps have been identified as PCB contaminated sites in Ghana
(Centeno, 2010). Some contaminated sites and transformers identified to
contain PCBs are shown (Plate 7-10). Persistent Organic Pollutants including
polychlorinated biphenyls have been detected in environmental samples and
in some food and breast milk samples in Ghana. Since the analysis of PCBs
began in 2007, they have been found at levels typical for urban areas. In
human milk, WHO-PCB-TEQ was found to be 2.88 pg/g (Adu-Kumi &

Osae, 2009).

Plate 7: Waste PBC oil storage tank at the ECG transformer servicing

center in Accra (Centeno, 2010)
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Plate 8: Potential contaminated sites identified at ECG transformer

servicing center in Accra (Centeno, 2010)

Significant levels of polychlorinated biphenyls have been found in
soils and borehole (Plate 9), underground water, in the compound of the
transformer servicing center of the Electricity Company of Ghana (ECG) in
Accra. The total PCB concentrations found in soils at ten different sites of
the ECG compound ranged between 0.357 and 20.721 mg/kg. Investigation
of the soil profile at the ECG office in Accra revealed very high levels of
PCBs, 82.3 mg/kg and 129.96 mg/kg at some areas. Analysis of two
boreholes (Plate 8) drilled at the site indicated that the levels of PCBs in
underground water were 0.059 mg/L and 0.071 mg/L, which were much

higher than the recommended level of 0.0094 mg/L (Centeno, 2010).
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Plate 9: Soil profile of ECG transformer servicing center at Mokola,

Accra (Centeno, 2010)

Plate 10: Transformer at UCC C.D.S - Cape coast (manufactured in
1967)
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Plate 11: Contaminated waste water at ECG transformer servicing
center in Accra (Mokola) identified as potential source of surface water
contamination (Centeno, 2010))

Human exposure to polychlorinated biphenyls (PCBs) and
brominated flame retardants (BFRs) such as polybrominated diphenyl ethers
(PBDEs) and hexabromocyclododecanes (HBCDs) evaluated in Ghana using
breast milk samples collected in 2004 and 2009. The mean levels and ranges
of PBDEs and PCBs respectively were (4.5; 0.86-18 w ng/g Iw) and (62; 15-
160 ng/g lw).The estimated hazard quotient (HQ) for PCBs revealed that all
the mothers had HQ values exceeding the threshold of 1, indicating potential
health risk for their children (Asante ef al., 2011). Otchere (2005), found the
level of PCBs in samples of bivalves, Anadara (Senilia) senilis from lagoons
in Ghana to be 0.10 pg/g dw or 2.2 pg/g lw (median values).

This contamination was attributed to indirect sources since neither

Aroclor known 1254 or 1260 which is to be present in Ghana was detected.
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However the dominant congeners in all cases were homologues 52 and 28,
which have four and three chlorine atoms each, respectively. In general,
however, the correlations were confounded by many factors, including the
amount and source of food, lipid content, and season. Contaminated waste
water at ECG transformer servicing center in Accra (Plate 11), has been

identified as potentioal source of PCBs for surface and underground water

contamination (Centeno, 2010)
Behavior of Polychlorinated Biphenyl in Residue Methodology

Methodology for PCB analysis includes several steps: | sample
collection and storage, extraction, cleanup, and determination (EPA 1995c,
1999k; Hess et al., 1995). Interest has continued to grow in analytical
aspects of PCBs. Emphasis on identification and measurement of the residue
themselves has surpassed the original concern of prevention their
interferences in pesticide residue analysis. Experimental investigation has led
to elucidation of composition of several Aroclor reference materials.

The specific congeners in some Aroclors have been listed in Table 4.
The number appearing after the Aroclor name refers to the amount of
chlorine (the percent by weight) present in the product, not the specific PCB
congener composition, For instance, in any two manufacturing batches of
Aroclor 1254, the amount of chlorine present in each batch is the same, but
the mixture of PCB congeners making up those batches may be different. So
each Aroclor product, designated by a specific number, represents a mixture
of PCB congeners inconsistent between different manufacturing batches of
that Aroclor product. The use of Aroclors as reference materials for the

quantitation of PCB residue involves inherent problems because the residue
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Table 4: Specific PCB congeners that are major components in common

Aroclor (USEPA, 2007)

Congener No Broclor

1016 1221 1232 1242 1248 1254 1260

Biphenyl ' *

2-CB * * * *

23-Di CB * * * * *

34-Di CB * * * *

| 244'- Tri CB (PCB28) I * * *

22'35' —Tetra CB * % * & *
23'44' —Tetra CB' * * *
22'55' -Tetra CB' (PCB52) ¥ 4
233'4'6-Penta CB 3 *
22'44'5'-Penta CB  (PCB101) ¥
23'44'5-Penta CB  (PCB118) *
22'44'55'-Hexa CB (PCB153) "
22'344'5-Hexa CB (PCB138) -
22'344'55'-Hepta CB (PCB180) *
22'334'55'-Hepta CB *
22'33'44'5-Hepta CB =

(CB=chloro Biphenyl) Source: USEPA, 2007

is most often altered in composition from the original Aroclor. Alteration can
occur in several ways; e.g., weathering and /or metabolism, variation in
recovery of components through the methodology and variation in the

amount of loss through volatilization of the different components. The
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accuracy of the quantitative result deceases with the increasing alteration of

the PCB residue from the pattern of the Aroclor reference. The
disproportionate response of the electron capture detector (ECD) to the more
highly chlorinated Components aggravates the problem of quantitation of
altered residue. The analyst should be aware of these limitations, and if
possible quantitate altered residues using one of the halogen specific

detectors and reference Aroclor(s) whose pattern matches that of the residue

most closely.
Methods of Extraction of PCBs from Soil

For solid samples, finely-divided sample (prepared using a mortar
and pestle when necessary) is used. The Polychlorinated biphenyls in the
solid samples extracted with solvent using the Soxhlet extractors or the
Microwave Assisted Process for soil and sediment samples. Soil samples are
extracted with toluene, acetone — hexane (1:1), methylene chloride,
methylene chloride — acetone (1:1) or water- methanal — hexane (1:4:5). The
addition of 10% (v/v) polar solvent such as acetone is recommended for
samples which have not been thoroughly dried. Such extracts contain many
single component organochlorine and organophosphoate chemicals;
chlorinated benzene, chlorinated naphthalenes and other chlorinated organic
compounds (or pesticides). The use of hexane acetone generally reduces the
amount of interferences that are extracted and improves signal-to-noise.
When PCBs are to be determined as Aroclors decachlorophernyl is used as a
surrogate, and is added to each sample prior o extraction.

Field contaminated samples or spiked samples should be used to

verify the applicability of the selected extraction technique to each new
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sample type. Such samples should contain or be spiked with the compound

of interest in order to determine the present recovery and limit of detection.
When the presence of specific Aroclor is not expected, the 1016/1260
mixture or 1242/1254/1260 mixture may be an appropriate choice of spiking
(Scott, 2002; Van Hoof & Hsieh, 1996).

Clean-up of Solid Samples

It is recommended that all sample extracts be subjected to some form
of cleanup before the GC-ECD analysis. Depending on the complexity of the
sample matrix, one or two of the following techniques can be applied to
clean extract: sulphuric acid, Potassium Permanganate, modified silica
column, copper, alumina column, florisil folumn and disposable Sep-Pak
column. If no surrogate is added to correct for the possible loss of PCBs
during sample workup, cleanup steps should be minimized (Brian, &
Morrison, 2007).

Extracts for PCBs analysis may be subjected to sulfuric clean up. It
is suitable for the rigorous cleanup of samples extract and it should be used
whenever elevated baseline or overly complex chromatograms prevent
accurate quantization of PCBs. Thus clean up technique will destroy or
remove many single component organochlorine or organophosphorus
pesticides and chemical including pesticides Aldrin, Dieldrin, Endrin
Endosulfan and Endesulfan sulphates. Acid cleaning is an effective way to
remove some method interferences without alteration of the target PCBs.

However, the cleanup will not destroy chlorinated benzene,
chlorinated naphthalenes. To acid clean the samples, the hexane (or organic)

layer is separated from the hexane layer; sulphuric acid (1+1) was added and
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agitated vigorously for one minute. If a clean phase is achieved (with the

hexane layer not coloured) then the organic layer could be analyzed for PCB.

The permanganate cleanup is employed when the sulphuric acid
cleanup has not removed the entire colour from an extract. For permanganate
clean 5 ML of five percent (5%) aqueous potassium permanganate solution is
added to the acid cleared extract and agitated. It is then allowed to stand for
phase separation if the organic layer is still coloured the cleaning is repeated.

Some sediment extracts may contain high levels of elemental sulphur
which cause significant interference on the ECD. For such extracts freshly
treated copper (approximately 0.5 g) is added to a 5-mL aliquot of the
sample extract in a small Erlenmeyer flask. Swirl the flask and allowed the
extract to stand for approximately 10 minutes. The addition of 0.5 g of
copper is repeated until no further reactions (copper turns black) are
observed. The sample extract is then transferred through a filter paper or
glass wool to remove the copper.

Basic alumina (or anhydrous silica gel) column is prepared by adding
of hexane to a column. When the hexane has drained just to the top of the
sodium sulphate layer, a 250-mL boiling flask is placed under the column for
sample collection. Using a Pasteur pipet, the sample extract is transferred
onto the column following with 30 mL of hexane. When this solvent has
drained to the top of sodium sulphate layer, freshly prepared 5%
dichloromethane is added.

External Standard and Internal Standard Calibration Technique
The calibration of GC may be done using either the external standard

or the internal standard techniques. External standard calibration involves the
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comparison of the instrument responses from the sample to the responses

from the target compounds in the calibration standards. Sample peak areas
are compared to peak areas of the standards. The ratio of the detector

response to the amount (mass) of analyte in the calibration standard is

defined as the calibration factor (CF).

CF = (I)Peak areas (or peak heights) of the compound in the standard

Mass of compound injected (in nanogram)

Internal standard calibration involves the comparison of the
instrument responses from the target compounds in the sample to the
responses of a specific standard added to the sample or sample extract prior
to injection. The ratio of the peak areas (or peak heights) of the target
compounds in the sample or sample extract to the peak areas (or peak
heights) of the Internal standard in the sample or sample extract is termed the
response factor (RF), and may be known as the relative response factor
(RRF) (Erikson, 1986).

For each of the internal calibration standards, the response factor

(RF) for each target compound relative to the internal standard is calculated

as:
RF= As/Cs = AsxCis

Ais/Cis Ais x Cs )
Where:
As = Peak area (or height) of analyte or surrogate
Ais = Peak area (or height) of internal standard
Cs = Concentration of the analyte or surrogate
Cs = Concentration of the internal standard.
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Initial Calibration

The initial calibration consists of the analysis of a minimum of five
calibration solutions, each at different concentrations that span the expected
concentration range of the sample. These standards include the analyte of
interest as well as the appropriate surrogate (SS) and internal standard (IS).
The range of concentrations of these standards is 1.0-100 ng/mL, ‘the
concentrations of the IS and SS should be the same in all calibration
solutions and in the same concentration range as they are spiked in the
samples, typically at a concentration 2 to 5 times below the highest
calibration standard (Erikson, 1986; Montague, 1993; Scott, 2002; Van Hoof
& Hsieh, 1996).

Calibration for Analysis of Aroclors

A multilevel calibration is employed when samples are to be
quantified for multi-component mixtures such as Aroclors, or toxaphene. A
standard containing mixture of Aroclor 1016 and Aroclor 1260 will include
many of the peaks represented in the other five Aroclor mixtures. As a result,
a muti-point initial calibration employing a mixture of Aroclors at five
concentrations should be sufficient to demonstrate the linearity of the
detector response without the necessity of performing initial calibration for
each of the seven Aroclors namely 1016, 1221, 1232, 1242, 1248, 1254,
1260. Such a mixture can be use to demonstrate that a sample does not
contain peaks that represent any of the seven Aroclors. The mixture can also

be used to determine the concentrations of either Aroclor 1016 or Aroclor

1260 if they are present in a sample.
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relative retention times, relative to the internal standard (Brian, & Morrison,

2007)..
Quantitation of PCBs

Quanitation of PCBs is performed by the external standard method.
The peak area or height of a representative peak in the sample is compared to
the peak area or height of the same peak in the PCB standard analysed
closest in time to the sample. The concentration of the injected extract is
determined by direct ratio with the standard. The final concentration is

corrected for sample size.

Conc. pg/g = std, conc (ug/mL) x sample’s peak height x 1mL x dil.
Standard peak height x (net weight of sample in gram) (3)

The quantitation of PCB congeners is accomplished by the
comparison of the sample chromatogram to those of the PCB congeners
standards. The quanitation of PCB residues as Aroclors is accomplished by
comparing the sample chromatogram to that of the most similar Aroclor
standard. The amount of Aroclor is calculated using the individual
calibration factors for each of the 3 to 5 characteristics peaks chosen (Shifrin
& Toole, 1998).

Any peaks that are not identifiable as PCBs on the basis of retention
time should be subtracted from the total area. When determining PCB
congeners by internal standard procedure, the response factor (RF) for each
congener in the calibration standards relative to internal standard is
calculated using equation (2). The calibration factor for each analyte

calculated from calibration verification standard (CF) must not exceed a
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difference of more than + 15 percent when compared to the mean calibration

from the initial calibration curve,
When determining PCBs as Aroclor by the external standard
technique the calibration factor for each characteristic Aroclor Peak in each

of the initial calibration standard is calculated using the equation below:

CF = Peak Area (or height) in standard
Total Mass of Standard Injected (ng) 4)

Five set of calibration factors will be generated for the Aroclors
1016/1260 mixture, each set consisting of the calibration factors for each of
the five (or more) peaks chosen for the mixture. A minimum of three peaks
must be chosen for each Aroclor and preferably 5 peaks. The peaks must be
characteristic of the Aroclor no question. Peaks in he Aroclor standard that
are at least 25% of the height of the largest peak is chosen.

Other Methods for Analysis of PCBs

The many regulations applicable to PCBs (polychlorinated biphenyls)
have greatly increased the number of samples requiring analysis. Electric
utilities, industrial concerns, and governmental agencies are all required to
do massive amount of PCB analysis. Anyone who owns or operates electrical
transformers at some time will need to analyze for PCBs. Although excellent
techniques for PCB testing utilizing gas chromatography have been practiced
for many years, the high cost of these methods has spurred the growth of
alternative procedures.

These include direct determination of the chlorine, X-Ray

fluorescence, micro coulometry, colorimetric test and electrochemical
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methods. These methods are based on the measurement of the total chlorine

contained in a sample containing Aroclors.

PCB/Chloride Analyzer System

Analysis of PCB using the Dexsil L 2000 PCB/Chloride Analyzer
System is a field instrument designed to quantify PCB concentration in soils,
dielectric fluids and surface wipes. Field analysis for PCBs using the Dexsil
system involves a series of chemical reactions which extract organic chloride
from the soil and fixes the chloride as an inorganic salt. Inorganic chloride
and water are removed from the extract by passing it through a Florisil
cartridge. The extract is mixed with a reaction solution and metallic sodium,
which dechlorinate the PCB molecules. The free chloride released into the
reaction solution is measured with an ion-specific electrode. Only chloride
which was part of any organic molecule contributes to the signal. Inorganic
chloride originally present in the sample does not interfere. The output of the
chloride- specific electrode is electronically converted to the surficial PCB
concentration.

The Dexsil instrument provides a direct readout, in parts per million
(ppm), of total chloride. A selector on the instrument provides a direct
readout of total chloride as equivalent PCB. The instrument has four
different settings; Aroclor 1242, Aroclor 1260 Askarel (60% Aroclor 1260/
40% trichlorobenzene) setting and total chloride. The ‘1242’ setting is used
when Aroclor 1242 is suspected in the sample. This is the most conservative
setting in that it may result in inaccurate high readings for samples
containing Aroclor 1260. The ‘1260’ setting is used when a sample is

suspected to contain Aroclor 1260. The Askarel setting on the analyzer
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assumes a ratio of Aroclor 1260 to trichlorobenzene of 60:40. The last setting
is for the measurement of total chloride. The instrument does not measure
Aroclor 1254, and Aroclor identification cannot be made because the
measurement cannot distinguish among the PCB congeners. Hence, the user

needs to use site history of previous data to set the analyzer to convert the

chloride concentration to the PCB congener.

The different settings provide direct readout as equivalent PCB in
ppm based on the total chloride measured. Aroclor 1242 contains 42%
chloride and Aroclor 1260 contains 60% chloride. Therefore, the relative
amounts of chloride in 1242 sample would be higher than 1260 sample. For
example, for a 10 gram sample, if the total chloride concentration is 10 ppm,
the PCB concentration as equivalent Aroclor 1260 will be 102/ 0.60 or 16.7
ppm and the equivalent Aroclor 1242 concentration will be 10/ 0.40 or 23.8
ppm. By knowing the relationship between the chloride and the various
PCBs, it is possible to calculate the Aroclor 1254 or PCB concentration
based on the readout for the total chloride. The analyzer is simple to operate,
gives immediate results, but detect PCB in soil if the concentration is 5 ppm
or more (Finch, 1990).
X-Ray Fluorescence

Various methods of total chlorine analysis are in use for testing
transformer oil. The most widely techniques are X-ray fluorescence,
microcoulometry, colorimetric methods and electrochemical methods. X-ray
fluorescence is the only one method that is non-destructive. For this analysis
a sample is placed in a cup which is transparent to X-rays. The sample is

irradiated with a particular wavelength and if chlorine is present, radiation of
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a different but specific wavelength is radiated back to a detector, which can

quantify the amount of chlorine present.

This chlorine level can then be translated back into parts per million
of PCB. The sample must be homogenous as the instrument is only sensing
the chlorine in a very thin layer at the bottom of the cup- this is generally not
a problem with transformer oils. X-Ray Fluorescence analyzers are
expensive and require trained personnel to operate but can become quite
economical when large number of samples are processed on daily basis.
Microcoulometry

Microcoulometry is a method whereby a sample is completely
combusted at high temperature and then passed into titration cell where the
resulting chloride is titrated electrically with a silver electrode. By totaling
the amount of silver that must be generated to neutralize the chloride, the
total amount of chloride can easily be calculated. From this result, the
original PCB concentration in the sample is found. In addition to transformer
oil sample this technique can also be used for soil samples and waste oils.
Detection limits are in the low ppm range and only a very small sample is
required for analysis.

Colorimetric Method

Colorimetric methods are the simplest and least expensive of the
chloride detection techniques. The sample is first reacted with a sodium
compound that breaks the PCBs down into fragmented hydrocarbons and
chlorine. The resulting chloride is then extracted into aqueous phase where it
can be detected by a colorimetric reagent. The most prevalent method

involves adding a fixed amount of mercuric nitrate which complexes with the
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chloride in a ratio of 1:2. Diphenyl carbazone, an indicator very sensitive to

free mercuric ions is then added to the solution. If free mercuric ions are

present, a deep purple color develops.

If however, all the mercury is complexed with the chloride, then no
color appears. By adding a precise amount of mercuric nitrate to the sample,
the test can be engineered to generate a specific end point at any chosen
action level. For PCB, this level is usually 50 ppm. The advantages to the
colorimetric method are speed, portability and ease of use. The main
disadvantage is that the technique provides a quantitative result at the chosen
end point. Pre-packaged kits cost about $10.0 per test.

Electrochemical Methods

The electrochemical method is similar to the colorimetric method in
that it requires an initial reaction with sodium based compound to remove the
chloride from the PCB backbone. After this has been completed, instead of
adding a colorimetric reagent, an ion-specific electrode is used to
quantitatively measure the concentration of chloride ions that is in the
sample. The instrument used to make the measurement can then translate the
concentration of chloride that it sense directly into parts per million PCB.
This is a quantitative method with a limit of detection of about 2 ppm. It is
just as fast as colorimetric techniques but requires line voltage to operate and
involves an initial investment of several thousands of dollars.

It requires little training by the operator and can be used outside, but
does use reagents that cost about 5 dollars per test. Extensive studies have
shown this method to be comparable to gas chromatography for both soil and

oil samples when test at levels between 2 and 2,000 ppm.
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Derivatization Method

Some laboratories may wish to express residue in terms of ppm DCB
(decachloro biphenyl) in order establish a uniformity in their reporting.
However, when the procedure is used for quantitative confirmation, DCB is
. expressed in term of a specific Aroclor by using a factor for mathematical
conversion. Calculations for measuring PCB residue by GLC based on DCB
derivative formed are:

DCB in sample injected (ng) =

(DCB) peak height of sample x ng of standard injected

(6)
Peak height of DCB standard

(ng DCB in sample injected) x (factor for specific Aroclor [X]) =

ng Aroclor in sample injected

ppm Aroclor in sample = ng Aroclor in sample injected

Weight of sample injected (mg) @)
Where X = molecular weight of Aroclor
molecular weight of DCB(499) 8)

Choice of Method for Analysis of PCBs

Specific technique such as gas chromatography is most appropriate
when the sample is suspected to be contaminated with sources of chlorine
other than PCBs. For instance, if a motor oil sample contaminated with large
amounts of chlorinated paraffins was tested for PCBs with non-specific
chlorine test, a large number of false positives would result as the non-
specific test cannot distinguish between PCBs and chlorinated paraffins. A
properly equipped gas chromatography however, would easily separate the

PCBs from the other chlorinated organics.
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On the hand, with samples such as transformer oil which seldom
contain chlorinated compounds, it is much more economical to use non-
specific method which is able to find the PCBs much more quickly and right
in the field. Specific methods, such as gas chromatography can provide
widely varying results on the same sample so a second test may be used to

confirm the results. (Finch, 1990).
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CHAPTER THREE

MATERIALS AND METHODS

The Soil samples were collected from the immediate surroundings of

Electricity Corporation Ghana (ECG) transformer sites in five districts in the

Central Region of Ghana (Table 5). A total of seventy eight (78) composite

Table 5: Names of Metropolis, Districts and sampling towns

Metropolis/District

Sampling Town/Location ~ Sample
Cape Coast UCC Science Library UCL
UCC Science Auditorium UAD
UCC CDS CDS
Nurses Flat NF
Pedu PDU
Mfantsipim Sec. Sch. MSS
Ashanti road ARD
Brofoyedur BRO
Elmina Market ELM
Komenda-Edna-Abrem— Elmina Clinic BCL
Aguaful (KEEA) Elmin SSNIT Flat ESF
Mfantsiman Anomabo ANO
Salt Pond Aahamadyah SAH
Salt Pond ECG Office SEC
Mankesim MAN
Mankesim ECG Office MEC
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Table 5 continued

Awutu-Efuty Senya

Apam Manfam AMF
Apam Sec. Sch. ASS

Winneba NVTI NVT
Winneba Baal Ltd. WBL
Winneba Police Dep. WPD

Winneba Basic Chemicals BCH

Agona Sweedru ECG Offic ASE
Swedru Sakora Park ASP
Nsaba Post Office ANP
Kwanyako GWCL KGW

soil samples were collected from twenty six different locations in the five
districts from the 17 -18" September, 2008. At each site three (3) composite
samples were collected with a garden hand towel, at depth of 0 - 10 cm, 10 -
20 cm and 20-30 cm, in order to assess the vertical distribution of the PCBs.
Each composite sample weighed between 880 - 950 g, and consisted of ten
core samples which were collected randomly from each site, thoroughly mixed
and sub sampled to obtain the composite. The samples were placed in labeled
polythene bags and sent to the laboratory. They were air dried, and each
sample was sieved using 250 pm mesh sieve. Sub samples were taken in
duplicates and stored in a refrigerator for analysis. A map of the sampling

sites (Plate 12) One of the selected sites at Brofoyedur, in Cape Coast are

shown (Plate 13) are shown
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Plate 12: Map showing sampling sites in the Central Region
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Plate 12: Potential contaminated sampling site around transformer house

at Brofoyedur- Cape Coast (Transformer manufactured in 1970 and

installed in 1971)

Determination of Moisture Content

Ten grams of air - dried soil were weighed in a previously weighed
silica dish, dried in an oven at 110 °C for 24 hours, and then cooled in a
desiccator &o room temperature. After cooling the soil was re-weighed. The

process was repeated to ensure a constant weight was obtained after

reweighing. The moisture content of the air-dry was obtained by difference.
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The average moisture content was calculated and expressed as g/100 of air-dry

soil or percentage moisture (David, 1994).

% moisture = ajr dry weight - oven dried weigh x100
air dry weight (mg) )

Measurement of Soil pH

Twenty grams of air dried soil sample was weighed, placed in a 100 ml
beaker and 20 ml of double distilled water added, and stirred several times for
20 minutes, HANNA 211 microprocessor pH meter was calibrated and used

for the measurement of pH. The PH reading was allowed to stabilize and the
pH read, and recorded as the soil pH (Rowell, 1994).
Determination of Soil Textures

The pipette method was employed in the determination of the clay,
sand and silt contents of the soils (Kilmer and Alexander, 1949). Five ml of
5% sodium hexametaphosphate (SHMP) (NaPQj3)s solution was placed in a
previously weighed porcelain dish. It was evaporated to dryness in an oven,
cooled in a desiccator and then weighed. The weight of the salt was found by
difference. A 10.2 g of 2mm sieved soil was placed in a 250 ml beaker. 10 ml
of 5% sodium hexametaphosphate solution was added followed by 100 ml of
distilled water. The mixture was then stirred thoroughly for 10 minutes using a
magnetic stirrer. The suspension was quantitatively transferred into 500 ml
measuring cylinder and more distilled water was added to make the total
volume 400 ml. The suspension was stirred for 1 minute with a rod and placed
in a water bath, kept at 25°C. The suspension was allowed to stand for 3 hours

27 minutes 40 seconds.

After this period 5 ml aliquot was collected at a depth of 5 cm using a
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pipette into a previously weighed porcelain dish. This was used to determine
the amount of clay. The suspension was evaporated to dryness on a steam
bath and then in an electric oven at 105 — 110 °C for 34 hours. It was cooled in
a desecrator and then weighed. The remaining suspension was transferred into
a 63 um mesh sieve. The sand was transferred into an evaporating dish and
dried in the oven. It was cooled in desiccators and then sieved again to ensure
that all silt particles had been removed (Kilmar and Alexander, 1949; Black,

1965). The clay, sand and silt were expressed as percentage as follows:

% Clay = V;(Wo—W) x 100
VoW, (10)

% Sand= W; x 100
W, (11)

% Silt = 100 - (% Sand + % Clay)

(12) Where: W, = weight of soil (10g)

W, = weight of sand

W, = weight of clay residue in pipette

W = weight of salt in sample (0.005 g)

V, = volume of pipette (5 cm’)

Vs = volume of suspension
Determination of Soil Organic Matter

The method described by Baker (1976) & Jackson (1995)) was used

for the organic carbon (organic matter) determination. Three grams of soil was
sieved with 212 pm mesh sieve and ground to a fine powder with pestle, and
n with 63um mesh sieve. To 1.0 g of the fine soil in 250 ml

then sieved agai

conical flask, 10 ml of 1.0 M potassium dichromate (KCr;O7) solution was
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added followed by 5.0 ml of 5 g AgNO in 500 ml of concentrated H;SO4. The
flask was swirled for 30 seconds and then heated on a steam bath for 2
miunutes. After cooling under tap it was allowed to stand for 30 minutes, 1.0 ml
of concentrated orthophosphoric acid (H3P0,) was added and the mixture
diluted with 100 ml of double distilled water. Three drops of barium
diphenylamine indicator was added and titrated with 0.5 M ammonium ferrous
sulphate solution. At the end point the colour changed from dark brown
through purple to green. The same procedure was repeated and the average
titre value calculated. A same procedure was followed for the blank. The
percentage organic carbon was calculated using the relation:

% Ci= (Vs - Vo) x (Mro) x 12 x 100 x1.30
W x 4000 (13)

where:
V,=ml of Fe?* solution used to titrate blank
V; = ml of Fe* solution used to titrate sample
W = weight of soil sample in gram
Mg.= Concentration of Fe**solution used to titrate
12/4000 = milliequivalent weight of C in g.
Determination of Effective Cation Exchange Capacity (ECEC)
The method described by David (1994) was used for the determination
of the Effective Cation Exchange Capacity (ECEC).

Determination of Exchange Acidity
Ten grams of soil was placed in a 100 ml beaker and 30 ml of 1.0 M
potassium chloride solution added, stirred and allowed to stand overnight. The

suspension was filtered through a 110 mm diameter Whattman filter paper into

100 ml volumetric flask. The soil was thoroughly washed with successive 10
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1 o o
ml volume of K(J solution into the flask; two drops of phenolphthalein
indicator was added and titrated with 0.01 As sodium hydroxide to pink colour.
Two drops of 4% sodium flouride solution was added to the pink solution and

titrated with 0.014/ HCl to colorless end point. The first end point measured

the exchangeable acidity (Al,* and HY.

AP* + 3NaOH — 3Na + Al(OH);
The reaction after the addition of NaF was
Al(OH); + 3NaF — AIF; + 3NaOH
The released NaOH was then titrated with the 0.01 M HCI. The titre volume
measured the exchangeable AI’*. The exchange capacity in cmolkg™ was
calculated using the formulae below.

Ex (AI” +H") = 0.2y x10
Soil mass (g) (14)

Where y is respectively the volumes of NaOH used. The exchangeable H" was
calculated as
Ex (H") =ex (A** + H") - (exAI") (15)

Determination of Exchangeable Bases

Ten grams of air dried soil was placed in a 100 ml beaker and 20 ml of
1.0 M ammonium acetate solution added. It was then stirred for 30 seconds
and left to stand overnight. The suspension was filtered into a 250 ml
volumetric flask. The beaker was washed thoroughly with the ammonium
acetate solution into the funnel, and the soil in the funnel washed with
successive 25 ml volumes of the acetate solution. The funnel was allowed to
drain between each addition till 250 ml of filtrate had been collected.

The absorbance of sodium, potassium standards (0-10 ppm) and
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calcium (0 - 30 ppm) were determined with SHERWOOD Model 420 Flame
Photometer, and a calibration curve prepared from the standards. The
absorbance of sodium and Potassium for each of the soil extract was measured
with this flame photometer; Magnesium and calcium were measured by AAS
Varian 240FS model, and the corresponding concentrations calculated. The

exchangeable cations were calculated using the relations:

cmol. kg™ (air dry soil) = 0.2174xG x 5
Soil mass (g) (16)

Where G is the concentration of Na* in ppm found from sodium calibration
curve.
The exchangeable potassium was calculated as follows:

cmol, kg™ (air dry soil) = 0. 1283xZ x 5
Soil mass (g) (17)

Where Z is the concentration of K* in ppm

Calculation of Exchangeable Ca and Mg
The exchangeable Ca and Mg were calculated using the relation:
cmol, kg™ = (ppm Ca+ 200) + (ppm Mg+120) (18)
For results expressed in ppm or mg/dm’, the exchangeable bases are calculated
by summing up of the exchangeable K*, Na" and (Ca** + Mg™).
The effective cation exchange capacity (ECEC) was calculated as follows:
ECEC (cmol. kg™') = exchangeable acidity + exchangeable bases
= ex(AlI"® + H") + ex(Ca™ + Mg +K" + Na") (19)
Analysis of Heavy Metals in Soils
The soil samples were air-dried at 100 °C for 48 hours in the oven. The
dried samples were passed through a 2 mm standard screen to remove large
r the digestion of the soil sample, one gram of dried and

particles. Fo

homogenized soil was weighed and placed in an acid washed Teflon vessel.

91

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

The di i .
€ digestion was performed with a mixture HNO; and HCIO, acid. The

di

1gested samples were analyzed for Cu, Zn, Pb, Ag, Fe and Al metals by
Varian 235

AAS (US EPA, 1999). The analytical precision and accuracy of

the method was accomplished by analyzing a blank and duplicate spike

samples. The metal analysis was done with Varian 235 AAS at the Ghana

Atomic Energy Commission.
Analysis of Polychlorinated Biphenyls (PCBs)

A modified analytical procedure of Van Hoof and Hsieh (1996);
USEPA method 3665A & 8000B (1996); Scott Clifford et al., (2002) and

Screening Analysis of Polychlorinated Biphenyls (2006) were employed for

the PCBs analysis.
Performance Validation and Reproducibility

Two recovery studies were conducted for the performance validation
(to assess the ability to achieved acceptable recovery) as well as the
reproducibility of the GC/ECD analysis. The first recovery study involved
random spiking of the soil samples with 0.02 ppm PCB mix standards
(surrogate), containing PCB# 28, 52, 101, 118 .138, 153 and 180, before
extraction. The samples were extracted and cleaned; the extracted samples
were analyzed and the recoveries calculated. The second recovery study
involved the use of PCBs certified reference materials from the National
Institute of Standards and Technology (NIST, USA). Recoveries were
calculated from the differences in peak areas (concentrations) of spike samples
(or certified standard) and the peak areas (concentrations) obtained after
analysis using GC/ECD. For the reproducibility, 0.02 ppm PCB mix standards

containing PCB# 28, 52, 101, 118 .138, 153 and 180 was used and the
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Relative Perce i
ercent Difference (RPD) between duplicates calculated based on the

peak areas of congeners with identical retention times. The RPD was also
estimated by analyzing duplicate of unspiked samples.

Calculation of Recovery and Precision Estimation

The percentage recovery of spiked sample was calculated according to

the following formula:

Recovery (%R) = C.- C,

Cn (20)

where
Cs= Measured concentration (peak area) of spiked sample aliquot
C, = Measured concentration (peak area) of unspiked sample aliquot
C, = Norninal concentration (peak area) of standard or spike

The precision was estimated from the relative percent difference
(RPD) of the concentration (peak areas) measured for spike duplicate pairs.
The RPD was

calculated according to the following formula:
RPD = [C, -C,] x100
5 [Ci+Ca] 21
Where

C, = Measured concentration (peak area) of the first sample aliquot

C, = Measured concentration (peak area) of the second sample aliquot

Extraction of PCBs

Ten grams of air dried soil was put into a cellulose timble and covered

with a layer of glass wool. This was placed in an automated soxhlet apparatus

and extracted with 100 ml of hexane-acetone mixture (1:1 v/v) for 16 hours.

When the extraction was completed, the inner surface of the condenser was
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rinse times with acetope.
ne-hexane and allowed to cool. The extract was

evaporated and concentrated to 10 ml by rotary vacuum evaporator at 40 °C;
50 ml of hexane was added and concentrated to remove the acetone. This was
then drained through a funnel containing hexane - rinsed sodium sulphate and
glass wool to dry the extract. The transfer was completed by rinsing the vessel
containing the extract followed by sodium sulphate with 5 ml portions of
hexane. This was evaporated and concentrated to 5 ml before clean up.
Clean up with sulphuric acid

In order to remove co-extractive, organochlorines and other organic
compounds, sulphuric acid cleanup was carried out, as the PCB is not affected
by the acid. 10 ml of concentrated extract was transferred, with three 5 ml
hexane rinses of the flask into a 125 ml separatory funnel. 20 ml of
concentrated sulphuric acid (1+1) was added and shaken vigorously for two
minutes; gas built up was carefully discharged, and the mixture was allowed to
stand for 20-30 minutes for the phase to separate. When the sample had
partitioned into the discrete layers the acid layer (lower layer) was drained and
discarded. The organic layer was rinsed with two 5 ml of double distilled
water which was drained out and discharged (Brian, & Morrison, 2007).
Clean up with KMnO4

Five millimeters of 5% (w/v) aqueous potassium permanganate was
added to a separator containing the acid cleaned extract, this was shaken
vigorously and allowed to stand for phase separation. Permanganate layer was
drained and discarded. The organic layer was washed with two 10 ml

deionized water and the aqueous layer discarded. The sample was passed
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through sodium sulphate i
p In a funnel to dry the extract before the copper clean

up (Brian, & Morrison, 2007).
Clean up with Copper Granules

The copper clean up was necessary to remove any sulphur present
which might significantly interfere with the GC/ECD analysis. Copper
granules were rinsed with sulphuric acid, washed with water and then with the
extraction solvent (hexane -acetone). Approximately 0.5 g of the freshly
treated copper was added to 10 ml extract, agitated and allowed to stand for 10
minutes and the extract quantitatively transferred through a funnel plugged
with a glass wool to remove the copper. The process was repeated and the
extract obtained concentrated by the rotary evaporator to 5ml. The extract was
further cleaned with silica gel (Brian, & Morrison, 2007; Screening Analysis
of Polychlorinated Biphenyls, 2006).
Silica gel Clean up

The column (0.75 m, 16 mm ID) was plugged with glass wool, filled
with silica gel and 2 g Na;SO4 placed on top. The column was pre washed
with 30 ml of 3% dichloromethane in hexane (v/v). 250 ml flask was placed
under the column and the solvent was drained to reach the top of sodium
sulphate layer. The concentrated extract was transferred using a pipette onto
the column followed by three 5 ml rinses of the sample flask using the pipette
each time. The solvent was drained to the top of the sodium sulphate and the
column eluted with 100 ml of hexane: dichloromethane (97:3). The eluate was
concentrated to about 1 ml. The final clean up extract was transferred into a

pre cleaned 2 ml vial with acetate ethyl resins and added to the vial to make
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the total volume 2 m] i g
- This was stored In a refrigerator below 10

ECD analysis,

°C until GC -

Gas Chromatography - Electron Capture Detector (GC-ECD) Analysis

The final extract of 2.0 ml was analyzed for PCBs, at the Ghana
Standard Authority, using a gas chromatograph equipped with Ni electron
capture detector GC - ECD model CP 3800, The capillary column used was
VF 5ms 30 m x 0.25 mm id x 0.25 pm film thickness. The GC conditions

were as follows: injection point temperature: 270°C; oven temperature

programme: 70 °C (hold 2 min) to 180 °C at a rate of 25 °C/min (hold
Imin) to 300 °C at a rate of 5 °C/min. Temperature of detector was 300
°C; carrier gas-nitrogen at flow rate: 1.0 ml/min; make-up gas flow rate - 29.0
ml/min. The total runtime was 31.368 min. The retention time for the PCBs
standard were PCB 28, 12.54 min; PCB 52, 14.161; PCB 101, 17.341 min;
PCB 153, 20.14 min; PCB 138, 21.027 min; and PCB 180 23.272 min.

The identification of PCBs congeners in the sample was conducted by
comparing the retention times of the PCBs congeners in sample to that of the
PCB standards. The concentrations of the individual PCBs congeners in mg/kg
were calculated on dry weight basis, and the total PCBs concentration (ZPCB)
calculated by summing up the concentrations of individual PCB congeners.
Hazard Assessment

In order to assess the likely hazard or impact of the levels of the PCBs
on the ecology and health the Toxicity Equivalent (TEQ), Hazard Index (HI)

and the dermal and carcinogenic risk were determined.
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PCB conge i
gener 118 has been assigned a Toxicity Equivalent Factor

TE
(TEF) of 0.0001 by the World Health Organization (Van den Berg et al.,

1998). The concentration of the dioxin-like PCB, PCB 118, was multiplied by
its TEF to obtain the PCB-TEQ.

Calculation of Hazard Index (HI)

The Hazard Index approach described by Environment Agency
(2009b, 2009c and 2009d) and Iann and Stutt (2009), was adopted for the
calculation of HI. For congener PCB 118, the average daily exposure from soil

(ADE) was calculated using the relation:

ADE = C x EF xTEF (22)
Where

ADE: Average daily exposure of PCB118 from soil, pg WHO-TEQ kg 'bw
day”

C: Soil concentration, ng kg'dw

TEF: Toxic equivalency factor for dioxin-like PCB 118 = 0.0001pg WHO-
TEQ pg-1

EF: Exposure factor = 1.29E-02 and 5.57E-04 pg kg'! BW day’' per ng kg'dw
respectively for residential and commercial Jand use scenario

The Hazard Index (HI), which is the ratio of the total soil exposure (ADE) to

the oral Tolerable Daily Soil Intake (TDSI), was calculated using the relation:

HI = ADE/ TDSI 23)

Where

HI: Hazard Index

; 4 -1
ADE: Average daily exposure from soil (pg WHO-TEQ kg™ BW day ™)
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TDSI: Tolerab% Daily SoilylntakeIl 1.0 ’ ’
0 and 1.3 pg WHO-TEQ kg'bw day

I - .
for residential and Ccommercial land use scenario respectively
t] .

Estimation of Carcinogenic Risk

the skin, the concentration of chemicals jn soil, the skin surface area exposed
and the potential for the chemical to be absorbed across the skin. The potential

for cancinogenic risk level (EPA, 1986a, b) is evaluated using the relations:

High cancer Risk =1 - exp(-CDI x SF) (24)

Low cancer Risk = CDI x SF (25)

where

Risk = a unitless probability (e.g., 2x 10-5) of an individual developing

cancer;

CDI = chronic daily intake averaged over 70 years (mg/kg-day);

SF = slope factor, expressed in (mg/kg-day)™ and

exp = the exponential

In this study the cancer risk assessment was based on the estimated
lifetime cancer risk to a Reasonable Maximum Exposure (RME) individual via
the complete dermal exposure (skin contact). Human health evaluation
computerized software- RISC 4.02 (USEPA 1989) was used in the evaluation
of the cancer risk assessment. The estimated life time used was 70 years, the
body weight and exposure duration was 15 kg and 2 years for children, and 70
kg and 9 years for adult.
Statistical Analysis

Statistical analysis were performed using SPSS 16.0 and Microsoft
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excel 2010. Assessment of the normal distribution of the PCB data was carried
out through Kolmogorov-Smirnov test and Shapiro-Wilk test. Both Pearson’s
and Spearman Rho methods of regression and correlation were used to
identify the relationship among PCBs and other soil parameters. Multivariate
analysis of variance (MANOVA) with Post Hock test was used to demonstrate
the significant differences of PCB concentrations in the surface and subsurface
soils. Principal component analysis (PCA), based on the correlation matrix,
and cluster analysis (CA) were conducted for the sampling sites and soil PCB
data set. The aim of using PCA and CA was to ascertain any patterns in the
soil samples in relation to the PCB congener characteristics, and then make a
preliminary conclusion to the possible relationship between them. Regression
and correlation were conducted at 0.05 and 0.01 confidence levels; all other

tests were conducted at the 0.05 level.
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CHAPTER FOUR

RESULTS AND DISCUSSIONS

Precision and Reproducibility of Analysis

The results of the recovery and precision analysis are presented in
Appendix B. The mean recovery of 0.2 ppm mix PCB standards from the
spiked duplicate soil samples indicated 89% recovery, which was within the
75 -125% (or £ 25%) acceptable criteria. The precision of the analysis
calculated as the relative percent difference (%RPD) was 8% and was within
the acceptable range of + 15% (Appendix B). The mean percentage recovery
of PCBs from the standard reference material was 79%. The Polychlorinated
biphenyl congeners were qualitatively identified by their respective retention
time indicated on the chromatogram (Fig. 7).

The retention times in minutes for the seven polychlorinated biphenyls
congeners; 28, 52, 101, 118,1 53, 138 and 180 were respectively 13.725,

14.938, 17.754, 19.688, 20.443, 21,332 and 23.553.
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PCBs Profile in the Study Areas

The results of the analyses of soil samples collected around
transformers in the Central Region are shown (Appendices G). The
concentration of the sum of the seven key PCBs,(IUPAC No. PCB 28, PCB
52, PCB 101, PCB 118, PCB 138, PCB 153 and PCB 180) for 78 samples of
soils from 26 sites are also shown in Table 6. The concentration (mean + CV)
of PCBs in soils was 7.99 + 38 pg/kg and ranged from 1.32-12.94 pg/kg. The
highest concentrations of PCBs were found at two sites, Winneba (WPD)
12.72 pg/kg and Saltpond (SAH), 12.94 pg/kg (Figure 8); with soils from
SAH being sandy loams with higher organic carbon 0.39% and the other
WPD being sandy soils, with lower organic carbon content 0.15%. The
observation is similar to those found in soils in the west coast of southern
Sweden (Backe et al, 2004), where the highest concentrations were found at

two sites with sandy soils, one with extremely high organic carbon content.

45 -
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ESF
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Sampling site
Figure 8: Total and mean concentrations of PCBs at the sampling

sites
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Table 6: Concentration of PCBs in soil from the Central Region

Sampling >PCB Sampling >PCB
Site (ng/kg) Site (ng/kg)
UCL 6.86 SEC 7,19
AUD 1221 MAN 9.65
CDS 9.99 MEC 8.79
NSF 9.76 AMF 11.86
PDU 3.53 ASS 10.73
MSS 8.96 NVT 4,46
ARD 11.39 WBL 8,53
BRO 5.17 WPD 12,72
ELM 9.50 BCH 758
ELC 6.81 ASE 6.61
ESF 8.29 ASP 6.79
ANO 3.22 ANP 132
SAH 12.94 KGW 3.71

Source: Laboratory analyses of soil samples, 2009

The levels of PCBs contamination in the soils studied were low; they
were much lower (more than thousand times lower) than the recommended
limits of 25 mg/kg and 33 mg/kg set by the Canadian Soil guide (CCME,
1999) and the US EPA, respectively. The range of polychlorinated biphenyl
concentrations compares with those found in soils in Wales, which ranged
from < 0.2 to 12.2 ug/kg (Jones,1989). The levels were comparable to levels
detected in soils in Linfen city, China (Fu et al., 2008); but lower than those

found in soils elsewhere in Bahrain, 0.2-72.2 ug/g (Al-Haddad et al. 1993); in
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Greenwich, with a PCB level of 53 mg/kg (Chamoff, 2011); in Soils from
Vietnam with PCB concentrations ranged from 0.61 ng/g to 9960.00 ng/g
(Thao et al, 2009), in Burgos (Spain), where PCB levels were between 0.824
and 1.240 pg/g (Gonzalez et al., 1991); Moscow region (Wolfgang et al.,
2006); Switzerland (Zennegg et al. 2004); Belarus (Kukharchyk ez al., 2007);
New York, (Herrick ef al. 2007); India, Guzzela et al. (2005) and in Ghana,
which were between 0.357 mg/kg and 20.721 mg/kg (Centeno, 2010); but
higher than those found in Poland by Lulek ef al. (1999). Even though the
soils examined were contaminated with PCBs, they were not polluted and can
be classified as clean. However, the presences of these toxic compounds in the
environment raises concerns because of their potential to bio-accumulate.
Regression analysis among the seven congeners revealed that only
PCB 138 and 153 correlated significantly at the 5% level of significance.
However, the correlation was weak, r = 0.30. The positive correlation is an
indication that these PCBs were from the same sources, probably Aroclor
1260, which contain PCB 138,153 and 180 (Syracuse, 2000). Even though the
three PCB congeners are suspected to be from the same source, no significant
correlation was observed between PCB 180 and any of the other two. This
could be due to the degradation of PCB180 (2,2°,3,44’5,5
heptachlorobiphenyl) via T-process, a degradation process which removes
mata-chlorine from single chlorobiphenyl group to give either PCB138
(22°344°5° hexachlorobiphenyl) or PCB153 (22’44’55 hexachlorobiphenyl)

as noted by Wu et al. (1997). These two congeners have the 4Cl, PP, 2M

structure.
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Distribution of PCB Congener in the Study Areas

The mean of the congeners in pg/kg were PCB 28, 2.26+ 81 > PCB 52,
2.22+ 133 > PCB 101, 2.03+ 83 > PCB 180, 1.23+65 >PCB 153, 1.10+ 63 >
PCB 138, 0.95+71 > pPCB 118, 0.79£79 (Appendix F). The highest
concentrations of PCB 28, 153 and 180 were also found in the Awutu-Eufutu-
Senya district (AES) (Figure 13). PCB 110, 118 and 138 were found highest at
Elmina in the Komenda-Edna- Eguaful -Abrem district; and PCB 52 found
highest at Anomabo, Salt Pond and Mankesim sampling areas in the
Mfantsiman district (ASM). There were variation in the levels of the
congeners, and PCB congener 52 showed the greatest variation and PCB-153
the least. The variation, as revealed by the coefficient of variation (Table 6),
increase in the order: PCB-153, PCB-180, PCB-138, PCB-118, PCB-28, PCB-
110, and PCB- 52.

The trend in the distribution of the PCB congeners in the vicinity on
transformers in the metropolis and districts of the central region were as
follows (Figure 9): for Cape Coast PCB 28 > PCB 153 = 138 > PCB 52 > PCB
180 > PCB > PCB 101 > PCB 118; for the Awutu Efutu Senya district; PCB
28 = PCB 138 = PCB 153 > PCB 118 = 180 > PCB 101 = 52. For the
Mfantsiman district; PCB 28 > PCB 52 = PCB 138 > PCB 101 =PCB 118 =
PCB 180 > PCB 53. The trend in the Agona district was PCB 28 > 101 = 153
> PCB 52 > PCB 118 = 138 > PCB 180; and in the KEEA, PCB 28 > PCB
101 =PCB 153 >PCB 52 =PCB 138 > PCB 118 > PCB 180.

In general PCB 28 was found to be most prevalent in all the districts
and PCB 180 the least. Within the region the trend of PCB distribution was

PCB 28 > PCB 153 >PCB 138 > PCB 52 > PCB 101 > PCB 180 > PCB 118.
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However, PCB # 101, 118 and 180 did not differ much. The dominance of

PCB 28 is not strange as Otchere (2005), found PCB 28 and 52 as dominant

congeners 1n mussels from some lagoons in Ghana.
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Figure 9: Mean concentration of PBC congeners lin the soils

A total of 126 PCB congeners were detected in soils from eight
sampling sites out of the eighteen transformer sites identified in Cape Coast.
The 126 congeners comprised of twenty four PCB 28; nineteen PCB 52;
twelve PCB101; eleven PCB 118; twenty two PCB 138; twenty two PCB 153
and sixteen PCB 180. All the three (3) sites identified in the KEEA district
were selected, and the total number of congeners identified was 48. In the
Awutu-Efutu-Senya district six out of eleven sites were examined and a total
of 79 PCBs were detected. For Agona and Mfantsiman districts, four and five
sites each out of six and seven sites resﬁectively were examined and the total
numbers of PCBs identified were respectively 58 and 88. The numbers of PCB

congeners detected in soils from the study areas are shown in Figure 10.
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— PCB Congeners identified in the Samples

—y—CC
—m—AES
sie— ASM

—— AGONA
il KEEA

g |

PCB28 PCB52 PCB101 PCB118 PCB138 PCB153 PCB180 3PCB
PCB congener

Figure 10: Total number of PCBs identified in the study areas.

In general the prevalence of the PCBs was found in the order: Cape
Coast > Efutu Awuto Senya > Mfantsiman (AES) > Agona > KEEA.
Regression analysis indicated a strong linear correlation between the
independent variable (number of site) and the number of PCB congeners
detected, with a Coefficient of Determination R* = 0.86 (p < 0.05). Also
logarithmic and exponential relation indicated strong correlation, with the
values of R? being respectively 0.79 and 0.87 at 5 % confidence level (Figure
11). These observations suggest that soils in areas with large numbers of PCB
containing transformers are likely to be exposed to greater amounts of PCBs.

The conposition of PCB homologous in the soils were dominated by
hexa-PCBs (Fig. 12), and followed the order hexa-PCBs ( 31.89 %) > penta-
PCBs (23.98 %) > tri-PCBs (18.47 %) > tetra-PCBs (13.67 %) > hepta-
PCBs ( 11.99 %). Zhang et al. (2007), found the Tetra-, penta-, and hexa-

chlorinated biphenyls as dominant species in some agricultural soils from

Southern Jiangsu, China.
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Figure 12: PCB homologous detected in soils at the study areas
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PCB I'lomologous

Generally, all these PCB homologous were found highest in the Cape

Coast metropolis and least in the KEEA district. All the sites had similar PCB
composition, implying that they were probably contanminated from similar
sources, and most likely from transformer oils that contain the PCBs. The

congeners identified suggest that Arochlors such as 1016, 1242,1254 and 1260

might be present in those transformer oils.
PCBs in soils from Cape Coast Metropolis

The concentration ranges for the PCB congeners detected in soils in
the Cape Coast metropolis (Table 7) were: PCB-28, 0.01- 6.76 pg/kg; PCB-
52, nd -6.92 pg/kg; PCB-101, nd - 6.42 pg/kg; PCB118, nd -1.1 pg/kg; PCB-
138, nd -3.04 pg/kg; PCB-153, nd- 4.94 pg/kg and PCB-180, nd -5.46 pg/ke.

Table 7: Concentration of PCBs in soils in the Cape Coast Metropolis

Site Depth PCB Congener (pg/kg)
(cm) 28 52 101 118 138 153 180  YPCB
UCL 0-10 052 3.66 nd 058 148 020 150 7.94
10-20 2.10 0.18 nd nd 1.06 2.6 nd 5.50
20-30 049 3.17 nd 045 020 143 140 7.14
UAD 0-10 001 692 332 nd 040 0.12 nd 10.77
10-20 0.01 632 292 nd 034 0.12 nd 9.712
20-30 7.00 0.80 nd nd 072 498 1.64 16.14
CDS 0-10 488 nd 044 1.10 116 122 078 958
10-20 1.04 nd 0.16 026 040 0.18 016 220
20-30 6.68 128 628 070 048 1.04 172 18.18
NFL 0-10 0.02 068 067 067 1.11 208 nd 523
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Table 7 co'ntinuccl[

10-20 002 098" 074 073 194 258 nd 698
20-30 248 g 602 nd 1.98 nd 0.58  11.06
PDU  0-10 080 064 nd 0.12 0.12 nd nd 1.68
10-20 106 078 nd nd 144 050 nd 3.78
20-30 130 nd 0.01 3.60 nd 026 0.2 529
MSS 0-10 001 552 nd 068 1.12 1.66 nd 8.99
10-20 026 nd nd  nd 3.04 092 204 626
20-30 260 018 280 024 nd 034 546 11.62
ARD 0-10 676 034 nd nd 208 137 118 1173
1020 6.16 024 nd nd 1.88 148 138 11.14
20-30 6.76 0.14 nd nd 131  1.68 141 11.30
BRO 0-10 062 032 nd nd 130 0.5 028 3.02
10-20 0.16 132 062 nd 050 0.18 016 2.94

20-30 020 046 642 nd 036 166 044 954

Source: Laboratory analyses of soil samples, 2010
The mean concentration (+ rsd) of the individual congeners, PCB # 28, 52,
101, 118, 138, 153 and 180 in all the soils from Cape Coast were 2.16+1,21
ng/kg 1.14+1.48 pg/kg, 1.27+1.71 pg/kg, 0.38+2.00 pgrkg, 1.12+0.75 pg/kg,
1.2241.02 pg/kg and 0.84£1.42 pg/kg respectively. There were variations in
the levels of the congeners as revealed by the relative standard deviation, with
PCB 118 shovying the greatest variation and PCB 138 the least. The total PCB
concentration of the seven congeners, ZPCB, of the samples ranged between

1.6 -18.18 pg/kg The highest concentration of PCB, 18.18 pg/kg, was found
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in the soil i g s .
sample in the vicinity of a transformer in the University of Cape

C
oast (CDS) and the least, 1.68 pg/kg, found in soil from the Pedu (PDU).

The profile of PCBs in 0-30 cm sojls from the Cape Coast metropolis

1s shown in Figure 13. The mean of SPCB in the 0-30 cm layer of soil ranged

from 3.58 t012.21 pg/kg, with the soils samples from around the University of

Cape Coast auditorium (UAD) showing the highest concentration and sample
from Brofoyedur (BRO) the least amount of PCBs. The total PCBs
concentrations ZPCB in the top surface (0-10 cm) and sub-surface soils, 10-20
cm and 20 -30 cm, ranged between 1.68 -11.73 pg/kg, 2.20 -11.14 pg/kg and
5.29 — 18.18 pg/kg respectively (Table 6).There were significant variations in
the levels of individual PCB congeners.PCB118 showed the highest variation
with the relative standard deviation (rsd) of 2.00, and PCB 138 showed the
least variation with the rsd of 0.75. PCB-28 had the highest concentration of
2.16 £ 01.21 pg/kg and PCB 118 the least 0.38 £2.00. Generally, the levels of
PCBs in the Cape Coast Metropolis were higher than those of the other
districts (Fig.13 & 14).

In the Cape Coast Metropolis, the highest levels of PCBs were found
in the 20 -30 cm sub-surface soils. The levels in the 10-20 cm layer were
generally lower than those in the surface soils. Some PCB congeners were
below their detection limits. PCB 101 was not detected in any of the samples
taken from sites close to the UCC library (UCL) and Ashante Road (ARD).
Similarly PCB 118 was not found in any of the samples from a site in the

vicinity of the UCC auditorium (UAD), Ashante Road (ARD) and Brofoyedur

(BRO).
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Figure 13: PCBs congener profile in soils from Cape Coast metropolis
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Figure 14: Total concentration of PCB congeners in 0-30 cm soil samples

from the districts and metropolis
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In the Cape Coast Metropolis, the highest levels of PCBs were found in the 20
-30 cm sub-surface soils. The levels in the 10-20 cm layer were generally
lower than those in the surface soils, Some PCB congeners were below their
detection limits. PCB 101 was not detected in any of the samples taken from
sites close to the UCC library (UCL) and Ashante Road (ARD). Similarly
PCB 118 was not found in any of the samples from a site in the vicinity of the
UCC auditorium (UAD), Ashante Road (ARD) and Brofoyedur (BRO).

The mean YPCB for the district was 8.24+0.01 pg/kg, slightly higher
than the regional average of 7.99 + 38 pg/kg, but lower than levels founr in
soils in Linfen city, China (Fu et al., 2008); but lower than those found in soils
elsewhere in Bahrain, 0.2-72.2 ug/g (Al-Haddad ez al., 1993); in Greenwich,
with a PCB level of 53 mg/kg (Chamoff, 2011); in soils from Vietnam with
PCB concentrations ranged from 0.61 ng/g to 9960.00 ng/g (Thao et' g,
2009), in Burgos (Spain), where PCB levels were between 0.824 and 1.240
ug/g (Gonzalez et al., 1991); Moscow region (Wolfgang et al., 2006);
Switzerland (Zennegg et al., 2004); Belarus (Kukharchyk et al., 2007); New
York, (Herrick ef al., 2007); India, (Guzzela et al. 2005); and in Ghana in
Accra, which were between 0.357 mg/kg and 20.721 mg/kg (Centeno, 2010);
but higher than those found in in Poland (Lulek e? a/,. 1999).

PCBs in Soils from Komenda/Edina/Eguafo/Abirem District
The PCB congener profile in the Komenda/Edina/Eguafo/Abirem (KEEA)
districts and the concentrations of PCBs congeners detected in the soils

collected from the KEEA district are listed in Table 8. The levels of PCB#101,

138 and 180 were higher than the regional averages of 2.02 pg/kg, 0.95 pgrkg
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and 1.23 pg/kg respectively, The mean concentration of PCB# 28, 52, 101,

118, 138, 153 and 180 were respectively 1.99 +0.25, 0.94 + 0.17, 2.38+0.06,

0.90 £ 0.17, 1.16 £0.15, 0.57 + 0.96, and 0.56 + 0.004 pg/kg. The mean

concentrations of the congeners decreased in the order PCB 101 > PCB 28 >

PCB 138>.PCB 52 > PCB 118 >PCB 153 > PCB 180; and the variability was

in the order PCB 153 > PCB 28. > PCB 52 = PCB 118 > PCB 138 >.PCB

101> PCB180 the other congeners had lower levels.

Table 8: Concentration of PCBs in soils in the KEEA District

Site  Depth PCB Congener (u gkg)

28 52 101 118 138 153 180

YPCB

ELM 0-10 270 044 038 278 014 192 nd
10-20 280 344 184 266 nd 0.64 nd
20-30 190 3.01 134 206 nd 045 nd

ECL 0-10 238 044 nd nd 082 0.6 nd
10-20 0.74 nd 4.36 nd 496 nd nd
20-30 2.18 0.60 0.014 nd 2.8 0.18 036

ESF 0-10 298 028 0.18 nd 012 076 02
1020 094 nd 8.18 044 062 032 086

20-30 130 03 512 0.16 1,00 028 0382

8.36

11.38

8.76

4.24

10.06

6.13

4.52

11.36

8.98

Source: Laboratory analysis of soil samples, 2010
The mean of YPCB (total concentration of the seven congeners) in
three levels of the soils (0-30 cm) at sites ELM, ECL and ESF were
9.5ng/ke, 6.811pg/kg and 8286 pg/kg respectively (Fig 15). The
concentration ofPCBs in the top surface soils (0-10 c¢m) ranged from

4.52 to 8.98 pg/kg; for the sub-surface soils 10 -20 cm and 20-30 cm, the
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Tanges were respectively 424 -11.38 pg/kg and 6.234 -8.98 ugfkg

Higher levels were found in the10 -20 ¢cm sub-surface soils.

10
8
_—~
=z 6
2 4 mELM
-
8 5 mECL
R = ESF
0

PCB
PCB
101 g

PCB
PCB
1380 sy FOB R

180
PCB congeners

Figure 15: PCB congener profile in soils from KEEA District

The profiles of PCB congeners in soil samples from the KEEA district
are shown in Figure 15Some PCB congeners were below their detection
limits, PCB 118 and 180 were not detected in ECL and ELM
respectively. The mean YPCB for the district was 8.20+0.04 pg/kg,
which is higher than the regional average of 7.99 £38 pg/kg.
PCB in Soils from Awutu/Efutu/Senya District

Polychlorinated  biphenyls detecied in soils in the
Awutw/Efutu/Senya district are shown in Table 9. The mean (and ranges)
of the congeners were PCB-28, 2.88+1.07 pg/kg (nd -9.26); PCB-52,
0.92+1.74 pg/kg (nd — 5.8); PCB-101, 1.39+1.75 pghkg (nd -7.37);
PCB-118, 0.62+0.84 pg/kg (nd-1.7); PCB-138, 0.88+0.87 pg/kg, (nd -
2.62); PCB-153, 1.36 £0.83 pg/kg, (nd — 4.44) and PCB-180, 1,22 +£0.98

ug/kg (nd -4.20). The levels of these congeners were in the order PCB-
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28> PCB-101 > PCB-52 > PCB-153 > PCB-180 > PCB- 138 > PCB-
118. It was observed that generally the surface soils had the highest
levels of ZPCB and the 20 -30 cm sub soils the least. PCB-52 was not
detected in sample NVT.

The mean of the total PCBs concentration of the seven congeners
(mean PCB) in soils in the Awutu /Efutu /Senya district ranged between 4.45
and 12.72 pg/kg. Soil samples from the vicinity of a transformer at the
Winneba Police Depot (WPD) had the highest mean £PCB 12.72 pug/kg and
sample from around transformer at the National Vocational Technical Institute
(NVT) had the least mean ZPCB of 4.46 pg/kg. Figure 16 shows the trend in

the levels of ZPCB in the soils (0-30 cm).

14 H
= AMF
o
2 W ASS
o)
= B NVT
8 m WBL
&
= WPD
m BCH

PCB PCB PCB PCB PCB PCB PCB IPCB
2g 52 101 118 138 153 180

PCB congeners

Figure 16: PCB congener profile of soils from Awutu Efutu Senya

District
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The high
1ghest level of XPCB, 18.0 ng/kg, was detected in the soil sample

fr
om Apam Manfam (AMF) and the smallest, 2.56 pg/kg, found in sample

taken from transformer site at the National Vocational and Technical Institute
(NVT). The mean TPCB for the district was 9.28+0.53 pg/kg; higher than the
regional average of 7.99 +0.38 pg/kg.but lower than levels in soils in Linfen
city, China (Fu ef al, 2008); but lower than those found in soils elsewhere in
Bahrain, 0.2-72.2 ug/g (Al-Haddad ef al., 1993); in Greenwich, with a PCB
level of 53 mg/kg (Lisa Chamoff, 2011); in Soils from Vietnam with PCB
concentrations ranged from 0.61 ng/g to 9960.00 ng/g (Thao et al., 2009), in
Burgos (Spain), where PCB levels were between 0.824 and 1.240 pg/g
(Gonzalez et al., 1991); Moscow region (Wolfgang et al., 2006); Switzerland
(Zennegg et al, 2004); Belarus (Kukharchyk et al, 2007); New York,
(Herrick et al. 2007); India, (Guzzela et al., 2005) and in Ghana in Accra,
which were between 0.357 mg/kg and 20.721 mg/kg (Centeno, 2010); but
higher than those found in in Poland Lulek et al., 1999).
PCBs in Soils from Mfantsiman District

The mean levels of PCBs (EPCB) in soils from the Mfantsiman district
were between 8.48 and 15.98 pg/kg (Table 10) For the 10-20 cm and 20-30
cm sub- surface soils, the PCB concentrations ranged respectively from 5.41
to 16.13 pg/kg and 3.72 -10.84 pg/kg. The mean of ZPCB for the soils (0 -30
cm) at the various sampling sites ranged from 7.193 to 12.931 pg/kg. The
mean concentrations (and ranges) of the individual PCB congeners in pg/kg in
the soils were as follows: PCB-28, 2.68+0.96 (0.42 -9.62); PCB-52, 2.15+1.29

(nd — 7.8); PCB-101, 1.32+ 1.49 (nd -6.42); PCB-118, 051+1.78 (nd -3.7);
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-138, 0.74+1.13 . .

(nd - 2.82); PCB-153, 0.9 +1.41 (nd — 4.32) and PCB-
180, 1.17£1.12 (nd -3.64).

Table 10: . .
10: Concentration of PCBs in soils in the Mfantsiman District

Sit ‘
ite  Depth PCB Congener (pg/kg)

28 52 101 118 138 153. 180 2. PCB

ANO 0-10 3.16 2098 1.58 024 040 012 nd 8.48

1020 164 050 480 060 nd 0.38 2.50 10.42
20-30 1.04 0.50 2.90 055 038 nd 3.50 8.87
SAH 0-10 634 232 034 058 034 192 nd 11.84
10-20 0.011 7.80 052 010 282 242 246 16.13
-30 042 046 6 42 022 22 0.82 030 10.84
SEC 0-10 516 3.85 0.34 0.16 0.12 nd 1.06 10.69
10-20 054 026  0.01 048 nd 048  3.64 541
20-30 142 nd 0.01 370 034 nd 0.01 5.48
MAN 0-10 962 0.014 0.36 26 0.88% nd 0.12 11.17
10-20 276  0.42 1.94 036 026 032 1.00 7.06
20-30 226 5.54 0.56 nd 0.18 0.10 2.08 10.72
MEC 0-10 292 748 nd 038 056 432 032 15.98

1020 1.14 0.16 nd nd 126 350 062  6.68

2030 180 nd  nd nd 146 046 nd 372

B o e ———

Source: Laboratory analysis of soil samples, 2010

The variability in the levels of the PCB congeners follow the order: PCB-
78 < PCB-180 < PCB-138 < < PCB-52 PCB-101< PCB-153 < PCB-118. The
PCB congener profile in soils from the Mfantsiman district is depicted in

Figure 17. The highest concentration of PBCs (PCB52) was found in soils
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(MAN) at Mankesi i
&) esim (Fig 17) and the lowest found in soils at Mankesim

SEeRiEty Company yard (MEC)- PCB-28 was detected in all the fifteen

samples whilst PCB 153 was found in eleven samples

HANO
®SAH
m SEC
B MAN
m MEC

PPCB congeners

Figure 17: PCB congener profile in soils from Mfantsiman District

The mean ) PCB for the district was 9.56+0.38 pg/kg, this was higher
than the regional average of 7.99+0.38 pg/kg, but lower than levels found in
soils in Linfen city, China (Fu et al., 2008); but lower than those found in soils
elsewhere in Bahrain, 0.2-72.2 ug/g (Al-Haddad er al., 1993); in Greenwich,
with a PCB level of 53 mg/kg (Chamoff, 2011); in Soils from Vietnam with
PCB concentrations ranged from 0.61 ng/g to 9960.00 ng/g (Thao ef al.,
2009), in Burgos (Spain), where PCB levels were between 0.824 and 1.240
ug/g (Gonzalez et al., 1991); Moscow region (Wolfgang er al., 2006);
Switzerland (Zennegg et al., 2004); in Belarus (Kukharchyk et al., 2007);

New York, (Herrick et al. 2007); India, (Guzzela et al., 2005) and in Ghana
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1 CCr. i
a, which were between 0.357 mg/kg and 20.721 mg/kg (Centeno,

2010); but higher than those found in in Poland (Lulek, ef al., 1999).

PCBs in soils from Agona District

The concentration of PCBs in soils of Agona district ranged between
1.5 —15.88 pg/kg for surface soils, 1.24 -12.88 pg/kg for 10 -20 cm sub soils
and 1.22 -5.16 pg/kg for the 20 -30 cm sub soils (Tab. 11). The total

Table 11: Concentration of PCBs in soils in the Agona District

Site Depth PCB Congener (u g/kg)

(cm) 28 52 101 118 138 153 180 YPCB

ASE A 1.64 834 1.56 278 040 054 nd 15.26

o]

040 044 0.70 025 Nd 0.12 047 238
036 040 0.50 024 0.14 nd 0.56 220
ASP 056 176 nd nd Nd nd nd 2.32
120 022 8.60 0.8 Nd 1.66 040 2.38
090 096 024 032 1.0 024 144 5.16
080 nd nd 0.10 050 0.0 nd 1.50
070 nd 0.24 nd 030 Nd nd 1.24
036 nd 0.36 nd nd 0.50 nd 1.22
KGW 404 048 152 nd 0.12 034 nd 6.50

044 nd Nd 0.16 Nd 0.88 nd 1.48

Z
o w o> OB Ew0 T o O

132 118 036 nd 036 0.12 nd 3.34

Source: Analysis of soil samples, 2009
concentration, ZPCB, of the seven congeners in the soils (0-30 cm) at the four
sites ranged from 1.32 -7.768 pg/kg. The mean and ranges (in pg/kg) of the

individual PCB congeners detected in soils at the four sampling sites were;
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PCB-28, 1.
06+0.97 (0.36 -4.04); pCB 52, 1.7242.03 (nd - 8.34); PCB 101,

1.56 + 2. 8.6):
02.04 (nd -8.6); PCB118, 0.66+2.03 (nd -2.78); PCB 138, 0.41+1.32 (nd

~ 1.06); PCB-153, 0.50+1.3 (nd - 1.66) and PCB 180, 0.72:1.82 (nd -1.44).

PCB congeners

Figure 18: PCB congener profile of soils from in Agona Districts

The variation in the concentrations of the congeners decreased in the
order PCB-110 > PCB-52 =PCB-118 > PCB-180 > PCB-138> PCB-153>
PCB-28. PCB-52 was not detected in any of the samples from site AN.
Similarly PCB-180 was not detected in soils taken from sites AN (Agona
Nsaba) and KGW (Kwanyako Ghana Water Company Limited). The profile
of the PCB congeners in the soils (Fig. 18) shows soils from sites AN (Agona
Nsaba) had the lowest PCB concentration of 1.32 pg/kg, and sample ASE
from Agona Swedru ECG had the highest, 6.61 pg/kg.

The mean YPCB for the district was 4.62.41.02 pg/kg, and lower than
the regional average of 7.99+0.38 pg/kg, and also levels found in soils in the
Linfen city, China (Fu ef al., 2008); but lower than those found in soils
clsewhere in Bahrain, 0.2-72.2 ug/g (Al-Haddad ef al. 1993); in Greenwich,

with a PCB level of 53 mg/kg (Lisa Chamoff, 2011); in Soils from Vietnam
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wit :
B concentrationg ranged from 0.61 ng/g to 9960.00 ng/g (Thao et al.,

2009), i -
09), in Burgos (Spain), where PCB levels were between 0.824 and 1.240

pg/g (Gonzalez et al., 1991); Moscow region (Wolfgang et al., 2006);

Switzerland (Zennegg et al. 2004); Belarus (Kukharchyk et al., 2007); New

York, (Herrick et al. 2007); India, (Guzzela ef al, 2005) and in Ghana in

Accra, which were between 0,357 mg/kg and 20.721 mg/kg (Centeno, 2010);

but higher than those found in in Poland (Lulek et al., 1999).
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Figure 19: Mean concentrations of PCBs at the sampling site

The mean YPCB for the distributions of PCBs at the sampling sites are

shown (Figure 19). For the metropolis and districts, the mean »PCB follow

the order: Agona (4.62 +0.06 pg/kg) < KEEA (8.20£0.04 ng/kg) < Cape

Coast (8.24+0.06 pg/kg) < Awutu-Efutu Senya (9.28+ 0.53 pgikg) <

Mfantsiman (9.56 +0.38 pg/kg). This means the soils in the vicinity of

transformers in the Mfantsiman district is most contaminated with PCBs and

that of the Agona district least contaminated.
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ertical Distributi :
stribution of PCBs in the Soils

In ge g
general the surface soils, 0 -10 cm, had the highest levels of PCBs

PCB
¢ ), and the 10-20 em subsurface soils the least. Figure 20 show the

1 . . a
evels and the distributions of PCBs in the different depth of the soils at the

sampling sites.
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Figure 20: Profiles of PCBs in different depth of soils
A box or box-and-whisker plots of total PCBs (ZPCB) in the top and sub-
surface soils from all sampling sites examinedare shown (Fig. 21). The box
plots for the PCBs relates to the levels of PCB contamination of the soils. The
plot indicates that the underlying distribution is skewed toward relatively high
concentration of PCBs. The mean levels of ZPCBs in the top and sub-surface
soils (based on dry weight) in the whole area of study (in the

metropolis/districts) was 9.15 £ 0.53 pg/kg for the top surface soils and 7.55+
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. d
VSRR ANE 152 4:0.55 re/kg for the 10-20 cm and 20-30 ¢cm subsurface
soils respectively.
20.0
17 .5 -
]
15.0

12.5

10.04

7.5+

Total PCBs (ugikg)

5.0

2.59

0.0

T T
0-10cm 10-20 cm 20-3'0 cm
Depth of sail

Figure 21: Box-and-whisker plots of XPCB in top surface
and subsurface soils in the study areas
In general, the top surface (0-10 cm) soils retained most of the PCBs that
enter the soils probably because generally PCBs are adsorbed strongly onto
surface soils and are not easily desorbed to enable theme peculate through the
soil. The higher levels of PCBs in the 20-30 cm layer compared to the 10 -20
cm layers might be due to factors, such as the porosity of soil, soil air space,
age of spill, and the volume of spilled oil containing PCBs that enable the oil
spilled to move through the soils to a depth of 20-30 cm or below. PCB
concentrations in the soils showed a large variation between sampling-areas.
The highest oncentrations were found at three sites; Winneba Police Depot

(WPD), Apam Manfam (AMF) and the University of Cape Coast (AUD) with
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sandy seils and WPD with low leve] of organic carbon. The high levels of
PCBs found in the sandy soils agree with the observation made by Backe er
al., (2004). Differences in PCB profiles were observed among districts,
probably due to the combined effects of environmental conditions, and
magaitude and age of the contamination, which determines the time availzble
for volatilization and degradation, and differences in climatic conditions, which
influence volatilization and deposition.

This observation is not strange as Carmela Centeno (2010), observed
both increasing and decreasing concentrations of PCBs with depth of soil at
different sites in an assessment of Persistence Orgznic Pollutznts (POPs)
contamination sites in the transformer servicing center of the Electricity
Company of Ghana in Accra. The levels of PCBs (SPCB) in the study arcas in
the Central Region were all zbout one-thousandth of the levels found by
Centeno (2010), in soils in the transformer servicing center of the Electricity
Company of Ghana in Accra, which were between 0.357 mg/kg and 20 .721
mg/kg.

Kolmogorov-Smirmnov test and Shapiro-Wilk test of normality data at
0.05 significance level showed that the three sets of PCB data were normally
distributed and may come from the same population. The F-statistic of the
Analysis of variance (ANOVA) results showed that there were significant
differences between the three sets of soil PCB data at the 0.05 level (F=0.975,
df =2, p-value = 0.382). Multiple comparisons among the three sets (Post Hoc
test) performed in order to assess whether the variation as revealed by

ANOVA was significantly high, showed that the mean ZPCBs (9.15 + 0.53

ug/kg) was the highest for the 0-10 cm top surface soils, This is probably
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ecause sorption or adsorpti .
Tption of organic compounds unto soils increases with

surface
area (Kuhnt and Muntau, 1994), and since the surface soils have larger

urf:
Suriace areas PCBs were strongly adsorbed onto surface soils than the sub

surface soils.

Patterns in Soil PCB Congeners

Multivariate analysis, principal component analysis (PCA) and cluster

analysis (CA) and correlation matrix were used in the study to provide a
better insight and understanding of the the dynamics of the PCBs in the top
and sub- surface soils, and source identification. When the PCA was applied
on the logarithmic form of investigated PCB congeners data and Varimax
with Kaiser Normalization rotation method used to maximize the sum of the
variance of the factor coefficient, highly correlated variables or factors, (with
sum of squared loadings > 0.3) were grouped into one component. The
number of components indicates the total number of possible sources of
variation in the data.

For the cluster analysis hierarchical agglomerative clustering by the
Ward's method was selected for sample classification because it possesses a
small space distorting effect, uses more information on cluster contents than
other methods, and has been proved to be an extremely powerful grouping
mechanism (Willet, 1987). The method was applied to normalized data
using squared Euclidean distances as a measure of similarity (Massart and
Kaufman, 1983). The results of the principal component analysis are shown
in Tables 12-14. PCBs that showed moderate to high factor loading, greater
than 0.5, are marked with single asteric, and very high loading greater than

0.8 marked with double asteric, whiles negative factor loadings have been
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italicized

Three (3) principal components (PCs) with eigenvalues greater than
one (1) were extracted. Three Components were identified (Table 12) for the
surface soil, 0-10 cm. Three (3), and four (4) components were extracted for

the 10 -20 ¢cm and 20-30 c¢m subsurface soils respectively. Thus, the initial.
dimension of the three sets of data are reduced to three (3), three (3) and four
(4), which cumulatively accounted for 72.81, 64.99 and 78.82 % of the total
variability in the original PCB data of the study area respectively.

Table 12: Component matrix showing Factor loadings

for PCB congeners in 0-10 cm top surface soils

Component
Al A2 A3

PCB 28 0.726 0.253 -0.461
PCB 52 -0.774 -0.145 -0.443
PCB 101 -0.029 0.759 0.206
PCB 118 -0.401 -0.031 0.68
PCB 138 0.691 0.14 0.341
PCB 153 0.226 -0.696 0.527
PCB 180 -0.283 0.799 0.295

significant correlations with factor loadings > 0.3 have been

made bold (Source: PCA analysis of soil PCBs, 2010)

Among them, three groups Al, A2 and A3 were identified in the top
soils. The three groups Wwere loaded with PCBs 28*52%, 118 and 138*

respectively, (Al accounting for 25.76 % of variance); PCBs 101*, 180* and
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153*% i
into the second group (A2: accounting for 24.945 % variance) and

*
PCBs 118%, 153* 138, 28+ and 52 into the third group (A3: 22.11% of

variance). Comparing the PCB congeners in the componets (Table 12) to
specific components of Aroclors (Table 4) suggest that the sources of the PCB

congeners in components Al, A2 and A3 may be Arochlor 1254, 1260 and
1248 respectively.

Table 13: Component matrix showing Factor loadings

for PCB congeners in 10-20 cm sub-surface soils

Component

Bl B2 B3

PCB 28 0.689 0.363 -0.234

PCB 52 0.651 -0.408 0.037

PCB 101 0.239 0.597 0.434

PCB 118 -0.065 -0.711 0.079

PCB 138 0.821 0.023 -0.242

PCB 153 -0.43 0.451 -0.529

PCB 180 0.011 0.163 0.866

significant correlations with factor loadings > 0.3 have been
made bold (Source: PCA analysis of soil PCBs, 2010)
The subsurface soils (10 -20 cm), showed three groupings (Table 13)
with PCBs 28%,52%, 138* and 153 into the first component B1, which account

for 24.776 % of variance; ~ PCBs 28*, 153*, 101*, 52 and 1/8* into the
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second group B2, accounting for 20.673% of variance; and PCBs 101*,180**

and 753%* i .
grouped into a third component B3: accounting for 19.537% of

variance. The possible sources of PCB congeners in components B1, B2 and
B3 are respectively Arochlor 1260 and 1248, 1260 and 1254 and 1260
Table 14: Component matrix showing Factor loadings

for PCB congeners in 20-30 cm sub-surface soils

Component
Cl C2 C3 C4
PCB 28 0.365 0.836 0.209 -0.034
PCB 52 -0.099 0.248 0.905 -0.203
PCB 101  0.445 -0.524 0.137 0.264
PCB 118 0.276 0.294 -0.055 0.828
PCB 138 0.808 0.302 -0.081 -0.173
PCB 353 0.621 -0.179 0.235 -0.485
PCB 180  -0.613 0.428 0.477 -0.142
(Source: PCA analysis of soil PCBs, 2010) significant

correlations with factor loadings > 0.3 have been made bold

The subsurface soils (20-30 cm) had four components (Table 14), (C1:
26.165 % of variance) containing PCBs 28,101, 138**,153* and /80*(C2:
20.397 % of variance) containing 28**, 138, 180 and 101%*; (C3:16.768 %
variance) and (C4: 15.489 % variance) are respectively characterized by
PCBs 180* and 52** and PCBs 118** and /53* The sources of PCB
congeners in components C1, C2, C3 and C4 could be re The sources of the
PCB congeners detected in the soils could be attributed to Aroclor 1260 1254,

and 1248. These aroclors have been found to be contained in some

130

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

transformer oils and soilg from Ghana (Asamoah, 2005; Otchere, 2005).
spectively Arochlor 1254 and 1260, 1260 and 1254, 1248 and 1260 and 1260.
Based on the information obtained from the PCA, hierarchical cluster
analysis (CA) was performed on the PCB congeners with Ward’s method and
the squared euclidean distance as similarity measured (Fig.22-24). Factors
having strong correlation form cluster. The same number of groupings, three
(3) ,three (3) and four (4), which were obtained for the PCA, were obtained for
the top surface (0-10 cm), 10 -20 cm, and 20-30 cm subsurface soils
respectively by cluster analysis. For the 0-10 cm soils cluster 1 included PCB#
101,118,138,153 and 180; cluster 2 contained PCB# 52 and cluster 3

contained PCB 28 (Fig.22).

Rescaled Distance Cluster Combine

0 5 10 15 20 25
T E—— T SO e SRS fmmmmmmmmm 4

PCB 101

PCBE 180 :l Chuster 1

PCB118

PCB 153 :| Chuster 2

PCB 138

PCB 52

PCE 28 Chuster 3

Figure 22: A dendrogram obtained by hierachical clustering analysis

for PCB congeners in surface soils (0-10 cm).
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Figure 23: A dendrogram obtained by hierachical clustering analysis
for PCB congeners in sub-surface soils (10-20 cm)
The subsurface soils (10-20 cm) is characterized by PCB# 138,153 and 180 in
cluster 1; PCB# 28,101 and 118 in cluser 2 and PCB 52 in cluster 3 (Fig.23).
The first cluster of PCBs in the subsurface soils (20-30 c¢m) included PCB#
52,118,138 and 153; the second, contained PCB180; the third and fourth were

characterized by PCB# 28 and 101 respectively (Fig.23 & 24).

Rescaled Distance Cluster Conbhine
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Figure 24: A dendrogram obtained by hierachical clustering
analysis for PCB éongeners in sub-surface soils (20-30 cm)
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The sampling sites were also analyzed by clustering methods and
organized in the dendrogram, by the Ward's method (Fig.25-27), to identify
similar sites. Sites in the same cluster have similarities in their PCB congener
composition. The dendrograms of sampling sites showed two (2), three (3) and
two (2) well differentiated clusters for the top (0-10 cm) surface soils, 10-20
cm and 20-30 cm subsurface soils respectively. Also in the PCA classification
method, the sane numbers of components were obtained (Table 14). The first

cluster of the top surface soil (Fig. 25), comprised of fifteen sampling sites and

the second cluster, eleven.

Rescaled Distance Cluster Combine

— |Cluster 1

—— [Cluster 2]

Figure 25: A dendrogram showing clustering of sampling sites for 0-10

cm surface soils

Also in the PCA classification method, two components were obtained. The

number of members (sites) in the first, second and third cluster of the 10-20

em sub-surface soils were 20, 3 and 3 respectively (Fig. 26).
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Figure 26: A dendrogram showing clustering of sampling sites for

10-20 cm sub- surface soils.
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Figure 27: A dendrogram showing clustering of sampling sites for 20-30

cm sub-surface soils.

Three components were classified by the PCA (Table 15). Twenty one (21)
and five (5) sites were included in cluster 1 and 2 respectively for the 20-30
cm subsurface soils (Fig. 27); the same number of components, two, were

classified at this level of the soil by the PCA. In the PCA classification

method, two components were obtained.
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Extracted components at different depth by Principal

Component Analysis

Site

0-10 cm

10-20 cm 20-30 cm
1 2 1 2 3 1 2
UCL -0.808  1.604 0938 0029 -0.091 -1.264 -0.913
UAD  -2.809 2011 -2088 0.178 -2.109 0078  3.345
CDS 2342 0503 0265 -0327 0-032 2292  1.949
NF 0377 0033 -0302 0262 -0.101 -1.906 -1.103
PDU 0.261 0242 -0.040 -0.062 0395 1.817 -0.084
MSS -0.601 2455 0241 1.190 0.181 1228  0.786
ARD 3.362  -0.763 1.808 -1.692 0.717 0.185  3.528
BRO 0.114 -0.099 -0402 0.009 -0365 3.174 -1.518
ELM 1.321  -0.067 -0.501 -0414 0.098 -0/811 -0.253
BEL 1.065 -0.158 -1.287 2917 2135 -0415 1.041
ESF 1.587 -0.066 -0.179 -0323 -0.173 2485 -0.533
ANO 0.558 0.661 1338 0921 -1.184 1236 -0.241
SAH 2957 0775 -3314 0771 -1.694 3.160 -1.392
SEC 0322 1.621 0001 -0.147 0190 1.862 -0.039
MAN  5.419 -0.571 1015 -0494 -0345 -2422 -0.738
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Table 15 continued]

MEC .
0322 3583 0282 0668 1121 0441  0.539

AME 1697 2754 2285 0077 -1070 0681 -0327
ASS LI184 2169 0052 0340 0230 -0.117 2.154
NVT 0120 -0.179 0295 0255 -6.233 0.007  0.553
WBL 3154 1012 -0369 0601 0552 -0.056 -0.477
WPD 4422 0939 1214 -1.780 0483 0235 1.718
BCH  -2.084 -2.835 0007 0368 0450 0764 -0.168
ASE  -1.658 3521 0.066 0058 -0.165 0.056 -0.046
ASP -0.873  -0.217 2236 2391 -2211 -0377 0.131
ANP 0273 -0.221 0066 0046 0454  0.074 -0.032

KGW 1.712  -0.647 0.150 0399 0386 -0.444 0.269

Source: PCA analysis of soil PCB data, 2010

Twenty one (21) and five (5) sites were included in cluster | and 2
respectively for the 20-30 cm subsurface soils (Fig. 27); the same number of
components, two, were classified at this level of the soil by the PCA. In the
PCA classification method, two components were obtained. The number of
members (sites) in the first, second and third clusters of the 10-20 ¢cm sub-
surface soils were 20, 3 and 3 respectively. Also three components were
classified by the PCA. Twenty one (21) and five (5) sites were included in

cluster 1 and 2 respectively for the 20-30 cm subsurface soils; the same
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number .
of components, two, were classified at this dept of the soil by the

principal component analysis,
Dioxin-like Pentachlorobiphenyl

The  mono-orthosubstitute PCBs identified were 2, 4, 4 -
Tetrachlorobiphenyl (PCB 28) and 2, 3, 4, 47, 5 — pentachlorobiphenyl
(PCB118). These are co-planar, however, only PBC 118 is “dioxin like” (DL).
It has toxicity similar to dioxin, and is more toxic than di-ortho 22
substituted (PCB 180) which is non-coplanar. The total number of PCB 28 in
the soil follows the order Cape Coast (28) > Awuto Efutu Senya (17) >
Mfantsiman (15) > Agona (12) > KEEA (9). For PCB 118 the trend was
Awutu-Efutu-Senya (14) > Mfantsiman (12) > Cape Coast (11) > Agona (7) >
KEEA (5). The number of PCB 118 identified in the five districts were
Awutu-Efutu-Senya (14) > Mfantsiman (12) > Cape Coast (11)> Agona (7) >
KEEA (5). Generally, a positive linear correlation (R* = 0.93), exponential (R?
= 0.89) and logarithm (R? = 0.93) (p < 0.05) existed between the mono- ortho
PCB 28 in the soils and the number of sampling sites(Fig. 28).

The mean concentration of all DL PCB 118, in soils from the five
districts and Metropolis were; 0.71 + 0.82 pg/kg for (0-10 cm) surface soil;
0.69 + 0.60 pg/kg and 1.13 +1.18 pg/kg for the subsurface soils 10-20 cm and
20-30 cm respectively, and 0.83 + 0.89 pg/kg for the 0-30 cm layer. The
relatively smaller concentrations of PCB 118 in the soils indicates that small
amounts of the “dioxin-like" PCBs, namely the coplanar (non-ortho
substituted) and mono-ortho substituted congeners, are present in the

commercial mixtures (Aroclor), used for the formulation of transformer oils,

as observed by Mackay et al. (1992
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Figure 28: Correlation of number of site with corresponding PCB 118
identified
In this study PCB 118 was 9.89% of the total number PCBs
congeners. However, Zhang and others found PCB 118 as dominant species in
some agricultural soils from Southern Jiangsu, China, where PCB118 was the
most abundant congener in all the samples, and was about 20% of sigma PCBs
(Zhang et al., (2007). There was a positive correlation between PCB 118 and
number of sampling sites.
The concept of toxic equivalency factors (TEF) is based on the ability
of a PCB to activate or bind to aryl hydrocarbon receptor (AhR), which is a
transcription factor. Abnormal activation may disrupt cell function by altering

the transcription of genes. Using WHO's TEF scheme (Van den Berg et al.,
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1998), the contribution of PCB 118 to Toxicity Equivalent (PCB -WHO-TEQ)
in the soils sampled were calculated (Table 16). The contribution of PCB 118
to the Toxicity Equivalent (WHO PCB 118-TEQ) for the soils follow the
other: KEEA (90 pg/kg dw) > Awutu-Efutu-Senya (62.33 pg/kg dw) > Agona
(37.00 pg/kg dw) > Cape Coast (36 pg/kg dw) > Mfantsiman (28.00 pg/ke
dw). Thus toxicity of the soilssoils due to PCB 118 is greatest for soils from
KEEA and least for soils from Mfantsiman, Toxicity Equivalent has been
proven to be a significant indicator in risk assessment for human and wildlife
(Behnisch et al., 2001; Qiao et al., 2006).

This observation thus indicates that soils in areas with higher levels of
dioxin like PCBs (higher TEQ) are likely to more toxic, and may cause cancer,
hormone and reproduction problems, skin disease and disturbances of the
immune system. They decompose very slowly, pollute the environment
permanently and are enriched in the food chain. PCB# 28, 52, 101, 138, 153
and 180 on the other hand, show high bioaccumulation and chronic toxicities.
Soils in children’s playgrounds, residential areas and industrial areas,
respectively containing more than 100 ng I-TEQ, 1,000 ng I-TEQ, and
10,000 ng I-TEQ are considered hazardous and remediation of such
contaminated soil are required. However, none of the soils had PCB 118-TEQ

levels equal to or greater than 1.0 ng/kg I-TEQ, as the largest level of PCB118

TEQ obtained for the soils was 90 pg/kg dw (0.009 ng/kg).
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Table 16: TEQ of PCBs in soil from different districts of the Central

Region of Ghana
mean PCB118 PCB 118 —
Metropolis /District samples PCB 118 TEQ TEQ
ng/kg  pg/kedw pgkedw
KEEA EM 2500 250
EC <LOD 0 90
ESF 200 20
Cape Coast UL 340 34
UA <LOD 0
UCDS 670 67
NF 460 46 37.75
P 1240 124
MSS 310 sl
AR <LOD 0
B <LOD 0
Mfantsiman A 460 46
SA 300 30
SEC 340 34 28.00
M 210 21
MEC 130 13
Awutw/Efutu/Senya AM 360 36
ASS 940 94
140

Digitized by Sam Jonah Library




© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Table 16 continued

NVTI 530 53 62.33
WBL 870 | 87
WPD 700 70
BC 340 34
Agona ASEC 1030 103
ASSP 370 37
AN 30 3 37 .
KGW 50 5

Source: Soil PCB data, 2010  PCBI118, I-TEF = WHO-TEF = 0.0001
Impacts on Ecological and Health Implications

According to CCME (1999), Soil PCBs of concentration of 0.014
mg/kg (14.C pg/kg) have been found to reduce nitrification rate. This means
the nitrification rates in about 9% of the sampling sites in the whole study area
is likely to be adversely affected. The PCBs may possibly exert their toxic
effects on some microorganisms by accumulating in their cytoplasmic
membrane and disrupting their function as observed by Delawary ef al.,
(2003). The levels of ZPCB in these soils were: for sub-surface soils 20-30
cm, AUD (16.14 pg/kg) and CDS (18.18 pg/kg); for the 10-20 cm layers,
SAH pg/kg (16.13 pg/kg); and for the top surface soil, MEC (15.98 pg/kg),
ASE (15.260 pg/kg), WBL (15.65 pg/kg) and WPD (16.16 ug/kg). The levels
of ZPCB in all the soils were below the soil contact value or threshold effect
cor;centration (TEC) of 25 mg/kg and 33 mg/kg (or 25,000 and 33,000 pg/kg)

recommended by US EPA and the CCME (1999) respectively, for all land
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individual vi .
12 the complete exposure (skin contact) relating to PCBs in this

stud ra - ~
y nged between 3.0x10"! and 3.0x107'° for adult resident, and

~10 -
34%107 to 5.3%10°% for children resident.

This means that the probability of developing cancer through soil
contact ranged between 3 out of 100,000,000,000 and 3 out of 10,000,000,000
adult residents, and between 5 out of 10,000,000,000 and 5 out of
1,000,000,000 children residents are at risk of getting cancer. For known or
suspected carcinogens, acceptable exposure levels are generally concentration
levels that represent an incremental upper bound lifetime cancer risk to an
RME individual of between 10 (1 in 10,000) and 10 (1 in 1,000,000)
(USEPA  1990a,1999). This implies that the probability of an individual
developing cancer as a result of exposure to PCBs through skin contact with
soils in the study area is negligible, and that the levels of exposure to soil
PCBs are acceptable. The negligible levels of exposure (very low cancer risk)
could be due to the very low levels of the dioxin-like PCB 118 in the soils.
Hazard Index

The hazard indices of the soil PCBs are presented (Table 17). The
hazard Index calculated indicated that most of the soils in residential areas
where electric transformer are situated had HI >1.0, implying those soils have
some potential to cause harm if ingested. Soils in six locations out of twenty
six had HI < 1.0; the HI range between 0.387 and 32.25. For commercial
purposes, only soil from Elmina market (EM) had HI > 1, implying the level

of PCBs in that soil could pose some hazard if ingested by persons who are in

contact with the soil regularly.
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Table 17: g . o
able 17: Hazard Index (HY) of dioxin-like PCB 118 in soils in some residential

and commercial areas in five districts of the Central Region of Ghana

Metropolis /District Samples  Mean PCB Hazard Index
ng/kg Residential Commercial
KEEA EM 2500 32.25 1.07
EC <LOD
ESF 200 2.58 0.09
Cape Coast UL 340 4.39 0.15
UA <LOD
UCDS 670 8.64 0.29
NF 460 5.93 0.20
P 1240 15.99 0.53
MSS 310 3.99 0.13
AR <LOD
B <LOD
Mfantsiman A 460 SP3 0.20
SA 300 3.87 0.13
SEC 340 439 0.15
M 210 2,71 0.09
MEC 130 1.68 0.06
Awutw/Efutu/Senya AM 360 4.64 0.15
ASS 940 12.13 0.40
NVTI 530 6.84 0.23
WBL 870 11.22 0.37
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i ,T"”?l(?: 17 continued |

1

|

WPD 700 9.03 0.30
BC 340 4.39 0.15
Agona ASEC 1030 13.29 0.44
ASSP 370 4.77 0.16
AN 30 0.39 0.01
KGW 50 0.65 0.02
(Source: Analysis of soil PCBs data, 2010 TEF=0.00003

Soil characteristics

The soils studied in the Central region were slightly acidic to slightly
basic, with a mean of 7.04 £0.07 (Appendix F). The descriptive statics is
shown in Table 18. The soils from Brofoyedur (BRO) had the lowest pH of
4.04 and the soils from the Ashanti Road (ARD) had the highest pH of 7.83.
Almost all the soils had pH that fall within representative soil series of Ghana
(Yawson et al, 2011), which ranged between 3.7 and 7.8. The pH was
comparable to those of soils in Kumasi with mean pH and median of 6.895
and 7.250 respectively (Asamoah, 2005). The soils studied were also
characterized by low moisture and organic carbon (organic matter). The mean
organic carbon was 0.33%, and ranged between 0.15 and 0.77%. These levels
were lower than those found by Yawson ez al, 2011; which were between 0.90
- 4.3%; and lower than levels found in some soils in Kumasi which had a

mean of 1 .221% and a median of 1.198% % (Asamoah, 2005).
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Table 18: 2

18: Mean results of soi] characteristics in the Central Region
of Ghana

Exchangeable ions Particle size

PH  Moisture (emolc/kg) (%) oC

(%)

Acidity Babe ECEC Sand Silt Clay (%)

Mean 7.04 2.06 0.33 1,91 750 68.17 22.82 928 0.33

ol 0.47 1.60 0.12 142 385 1229 2044 486 0.15

cv 7 78 35 74 51 19 46 52 46
Max 7.83 7.06 0.65 7.71 1946 94.00 46.82 24.00 0.77

Min 6.04 031 0.23 078 324 29.72 278 320 0.15

Source: Statistical analysis of soil data, 2009

The mean percentages of sand, silt and clay contents of the soils were
all within the levels found for the representative soil series of Ghana; the soil
particle sizes were sand, 71%,; silt, 4.28% and clay11.0 - 47%. Also, the soil
particle distribution compares with those found in the Upper East Region of
Ghana (Dawidson and Nilsson, 2000). Both the exchangeable acidity and the
effective cation exchange capacity (ECEC) were within the levels found for
soil series of Ghana, which ranged respectively from 0.01 - 3.34 cmolckg'l and
3.26 — 35.96 cmolckg™.

There were large variations in the levels of each of the soil properties,
which were between 7 and 78% (Table 18), and follow the order; moisture,
78% > exchangeable bases, 74% > ECEC, 52% > clay, 51% > organic carbon

= silt 46% > exchangeable acidity 35% > sand, 19% > pH, 7%. These imply
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that th : .
¢ effect of the soil properties on the persistence and availability of PCBs

in the soils at the different sites may vary.

Physical and Chemical Properties of Surface and Sub Surface Soil

The soil properties were measured in order to relate them to the PCBs
to establish how the properties affect the available PCBs. The results of
analysis of the physical and chemical characteristics measured, namely,
moisture content, particle size distribution (amounts of sand, silt and clay) and
texture, soil pH, organic matter (OM), exchangeable hydrogen, exchangeable
aluminum, exchangeable bases and the effective cation exchange capacities
(ECEC) of the surface soils 0-10 cm, and sub-surface soils 10-20 cm and 20-

30 cm are shown (Tab. 18-23)
Soil Particle Size Distribution

The results of particle size distribution and texture of the soils are
presented in Tables 19-21. The mean and ranges of the percentages of soil
particles of the top surface soils were; sand, 70.58 +13.86% (33.09 -95.82);
silt, 21.12i12.08% (2.18 — 48.08); and clay, 9.01 £ 6.67% (1.60 — 2 0.0). For
the 10-20 cm sub-surface soils (Table 19), the mean and ranges of the amount
of sand Were 70.26 = 14.78% (20.74-91.35); silt, 22.69 + 12.25% (4.65 —
58.46) and clay 7.077 + 5.25 % (1.60 — 23.20) respectively. For the 20 — 30
cm layer (Table 20), the sand content was 63.67+14.00% (35.32-94.48); silt,

24.66 + 11.5% (1.51 —48.64) and clay 11.66 £ 5.18% (3.6 — 18.40).
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Table 19: Mean moisture content (%
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) and texture of 0-10 cm surface soils

Sample
Moi :

UcL  0.79 isf)u;‘ 55?751;1 i 03 38.6871: 0.01 ;:.;ag +0.02 gixmre
AUD  042£0.11 804+0.01  1080£001 8.80 0.0l LS
CDS  0.98£0.03 6292403  3467+001 2404 0.03 SL
NFL 0984003 69.33+0.01 2346+002 7224004  SL
PDU  030+0.85 7637+0.02 7.62+0.03 16.0 = 0.03 SL
MSS  1.0£0.00 74.0£000 19.10£0.71 6.40+0.01 SL
ARD  120+0.13 6853+0.03 2507+0.04 6.390.01 SL
BRO  1.19+04 7826+020 12.16+0.03 9.60 0.01 SL
ELM  043+0.1 71.08+0.04 26.52+0.03 240+0.04 LS
ECL  130+0.14 41,52+0.02 48.08+0.03 103700 L
ESF  2.72+096 63.95+0.03 3445+0.04 16.0+0.00 SL
ANO 3.69+0.00 81.42+0.04 2575+0.06 16.0+0.03 SL
SAH  1.44+0.03 80.4+0.01 10.80+0.01 18.8+0.04 LS
SEC  1.44+0.03 66.74+0.03 2686+04  6.40+0.03 SL
MAN 0.78+0.00 81.59+0.03 14.42+0.01 4.0+0.01 LS
MEC 1.51+038 62.19+£0.05 2662001 11.20£0.03 SL
AMF 4.76+0.04 6292+0.03 31474£0.01 5.60+0.03 SL
ASS  7.11+£031 33.10£0.07 39.71+0.01 2720+0.04 CL
NVT 3.82+0.11 5922+004 20.79+0.01 20.0+0.03 SCL
WBL 2.50+0.11 7637+0.04 18.82+0,01 14.8+0.03 LS
WPD 0.10+0.03 9581001 21.80+£0.00 1,99+0.01 S
BCH 0.86+0.06 8694+0.01 828+0.04  4.80+0.06 LS
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AEC

103£0.10 9201001 599+£001 2.0+ 0.00 S

ASP 4.19%0.18 7464001 21364000 4.0%0.01 LS
ANP 4294004 6939+001 13.81+006 1679+0.04 SL
KGW  6.14+0.18 70.18+£0.01 2421+£003 5.6 0.03 SL

Source: Laboratory analysis of soil samples, 2009

Table 20: Mean moisture content and texture of 10-20 cm sub-surface soils

Samle Mean =+ sd (%)

Moisture Sand Silt Clay Texture
UCL 1.00+£028 64.78+0.02 28.81+0.02 6.4+0.00 SL
AUD 0.20+0.00 80.44+0.04 1635+0.02 3.20+0.01 LS
CDS 1.00£0.00 66.44+0.01 31.16+0.02 240001 SL
NFL 1.80%0.17 61.40+0.00 18.60+0.01 20.0+£001 SL
PDU 0.20+0.01 78.13£0.03 1947+0.03 240£0.01 LS
MSS 1.30+0.14 71.58+0.01 22.02+0.00 6.40+0.00 SL
ARD 130+0.14 63.69+0.01 31.51+£0.02 4.81+0.01 SL
BRO 0.60+£028 7634+0.01 19.50+£0.00 4.01+0.01 LS
ELM 1.30+042 86.76+0.01 6.84+0.01 6.40+£001 LS
ECL 2.80+0.00 43.09+0.01 4651002 1040+0.01 L
ESF  1.60+0.00 69.57+0.00 2083+0.02 5.60+001 SL
ANO 3.90+0.14 72.85+0.00 3.95+0.03  23.19+0.01 SCL
SAH 020000 80.60+0.01 17.79+0.01 1.60+0.03 LS
SEC  0.80+0.00 69.85x0.01  18.15+0.01  11.56+0.08 SL
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Table 20 continued

MAN

MEC

AMF

ASS

NVT

WBL

WPD

BCH

AEC

ASP

ANP

KGW

0.70+0.14
0.30+0.14
4.40 £0.00
9.05+0.42
3.00 +0.00
1.40 £ 0.18
1.50 + 0.56
0.50+0.14
0.30+0.14
5.40+0.28
3.80 £ 0.00

1.80+0.28

65.44 £ 0.03
89.76 + 0.01
61.45+0.01
20.74 £ 0.02
61.55+0.04
82.97 £ 0.01
91.35+0.01
80.40 £ 0.03
85.21+0.02
68.54 + 0.01
67.85 +0.03

66.01 = 0.04

https://ir.ucc.edu.gh/xmlui

29.76 £ 0.04
62.35+0.01
33.74 £ 0.04
58.46 +0.01
21.64 £0.01
15.43 + 0,00
4.65 +£0.04

15.59 £ 0.01
18.18 £ 0.01
28.28 £0.01
27.34 +£0.02

29.19 £ 0.02

4.80 £ 0.04

4.01 +0.01

4.80+0.02

2.08+0.01

16.80 £ 0.0

1.60 £ 0.01

4.05+0.01

4.00 £0.00

1.60 £ 0.01

3.20+0.04

4.80 £ 0.03

4.80 £ 0.02

SL

SL

SIL

SL

LS

LS

LS

SL

SL

SL

Source: Laboratory analysis of soil samples, 2009

Table 21: Mean moisture content (%) and texture of 20-30 cm sub-surface soils

Sample
Moisture Sand Silt Clay Texture
UCL 1.80+0.80 62.94+0.01 27.02+0.03 1040+0.14 SL
AUD  0.03%0.14 77.78+0.01 15.81+£0.01 6.40%0.02 LS
CDS 1.60+0.56 5887001 30.72+0.10 10.40+0.01 SL
NFL 0.80+0.30 62.38+£0.01 12.04+0.01 25.61+0.03 SCL
PDU 3.80+0.01 73.45+£0.01 1935000 7.20+0.13 LS
MSS 0.05+0.08 69.36£0.03 21.04+0.03 9.61+0.02 SL
ARD 1.05+£0.07 51.66+0.01 3554+0.01 1281£0.02 SCL
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T?bl'e 21 continyeq

BRO
ELM
ECL
ESF
ANO

SAH

SEC

MAN

MEC

ASS

NVT

WBL

WPD

BCH

AEC

ASP

ANP

KGW

1.20 £0.0]
2.00 +0.28
1.35 40,07
1.40 + 0.03
2.26 £0.76
1.30 +0.14
0.75 +0.07
0.75 + 0.07
1.68 + 0.42
3,78 +0.31

5.00 +0.80

3.20+0.28
1.30£0.14
2.75+0.78
0.80 £0.01
1.14 £ 0.08
440 +0.02
3.60 £0.28

4.10+ 0.56

57.60 + (.01
88.42 + 0.03
41.71 £0.01
39.36 £ 0.01
70.11 £0.01
68.93 £ 0.03
65.40 £ 0.01
61.23 +£0.01
51.68 +0.01
52.58+0.01

3531001

59.22 £ 0.01
71.09 £ 0.01
94.83 £0.01
80.07 £0.01
61.72 £ 0.01
$9.8 1001
61.92 £ 0.02

77.89 £0.13

https://ir.ucc.edu.gh/xmlui

28.79 £0.01

1.98 +£0.01

40.69 + 0.01
48.64 +0.01
18.68 £0.05
21.46 +0.02
27.40+0.01
29.96+0.02
37.12+0.00
40.22 +0.03

40.68 £ 0.01

23.18 £ 0.01
18.16 £0.02
1585 & L0
12.73 £ 0.04
19.87 £ 020
30.61 £0.02
26.88 £0.00

10.99+0.03

13.60+ 0.01
9.61+0.01
17.60 £ 0.01
12.05£0.14
11.22 £ 0.01
9.60 + 0.01
7.20 £ 0.00
8.80+0.01
11.20 £ 0.01
7.20 = 0.04

24.00 £ 0.01

17.59 £0.01
10.35+0.07
3.60+0.01
7.20 +0.02
18.40 £ 0.01
9.61 £0.02
11.14 £ 0.06

11.15+0.07

SCL

LS

LS

LS

SL

SL

SL

SL

SL

SL

SL

SL..

LS

LS

SL

SL

SL

Source: Laboratory analysis of soil samples, 2009

SCL-Sandy clay loam; SL-Sandy loam; LS-Loamy sand; L- Loamy; S- Sand

SL-Sandy loam

LS-Loamy sand

S- Sandy

The order of variation of the amount of sand, silt and clay in the soils

were clay > silt > sand. The soils had varied textures mostly sandy loams and

151

Digitized by Sam Jonah Library




o © Udniversity of Cape Coast https:/ir.ucc.edu.gh/xmlui
amy sands, ’
¥ sands. In the surface soils (Table 19) the sandy loams and loamy sand

consti i
nstituted 65 and 27 o, Tespectively of the total sample. Very few were

1
oamy, sandy loam, clay loams and sandy. In the 10-20 cm layer, the soils

were again dominated by similar texture which made up 50 and 31% sandy
loams and loamy sands respectively. The same two textures were encountered
in the 20-30 cm layer consisting of 54 and 27% sandy loams and loamy sands
respectively. The low clay content of the soils, between 1.6-27.20%, suggests
that the soil particles would have minimal influence on the accumulation of

the PCBs.

Soil Moisture

The mean percentage moisture contents in the soils are shown (Tab,
19-21). The concentration (mean + rsd) and ranges of the surface soils (0-10
cm) and sub-surface soils (10-20 cm and 20-20 cm) were respectively 2.22 +
1.93 (0.1 - 7.11), 1.93 + 2.03 (0.20 - 9.05) and 2.02 + 1.35% (0.03-5.0%). The
moisture contents were very low between 0.1 and 9.05%. Soils at the sub-
surface, 10 - 20 cm had the highest moisture contents and 20 - 30 cm layer, the
least. The subsurface soils (10 -20 cm) showed the greatest variation in the
amounts of their moisture contents, followed by the top soil (0 — 10 cm) and
the 20 -30 cm sub-surface soil had the least variation as revealed by the
relative standard deviation. The low moisture content indicates that the
solubility of the PCBs would be very minimal and hence mobility and
leaching of the compounds would be very low and the top soils are likely to

retain or adsorb the greatest amounts of PCBs that enter the soils.
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The pH of the soils are shown (Table 22). The soils were slightly

acidic to slightly basic. The mean pH of the top 0 - 10 cm surface soil was

7.11 £ 0.87, and ranged from 4.96 to 8.67. The 10 - 20 cm layer had a mean

PH of 6.91 + 0.44 and ranged from 6.50 to 8.00 and the mean and range pH of

the 20-30 cm soils were 6.66 + 0.34 and 6.5 to 7.8 respectively.

Table 22: pH of soils from selected sites in the Central Region

Site

pH of soils from different depth

Sample 0-10 cm 10-20 cm 20 -30 cm
UCC Science Library UCL  636£002 7.30£0.07 7.60+0.07
UCC Science Auditorium AUD  8.30+0.04 697+028 7.51+0.02
UCC CDS CDS 6.80+0.07 6.70+028 6.50+0.04
Nurses Flat NF 8.10+£0.14 6.63+0.07 6.80+0.14
Pedu PDU 721+0.02 723+0.01 7.80+0.14
Mfantsipim Sec. Sch. MSS 75340.14 744+0.07 7.70£0.14
Ashanti road ARD 7.92+007 7.58+028 8.00+0.04
Brofoyedur BRO 496+0.04 658+0.04 6.60+0.28
Elmina Market ELM 8.16+002 7.54+028 6.80+0.04
Elmina Clinic ECL 597+0.14 6.15+0.07 7.60+0.07
Elmin SSNIT Flat ESF 6.66+0.07 6.75+028 6.74+0.01
Anomabo ANO 7.08+0.14 6.77+029 6.86+0.07
Salt Pond Aahamadyah SAH 7.65+0.14 6.65+£0.30 6.66+0.01
Salt Pond ECG Office SEC 6.83+£002 693+031 6.90+0.01
Mankesim MAN 6.32+0.07 6.00£0.32 6.88+0.02
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MEC 751014 7.11£033 7.21+0.28
Apam Manfam AMF 7.12+0.14 6.83+0.34 6.91+0.01
Apam Sec. Sch, ASS  6.83£0.02 6.50+035 6.50+0.01
Winneba NVTI NVT  738+0.04 6.64+036 6.71+0.28
Winneba Baal Ltd. WBL  7.70+0.02 6.84+0.37 6.65+0.07
Winneba Police Dep. WPD  8.67+0.14 7.66+038 7.11+0.28
Winneba Basic Chemicals BCH  6.94+0.07 6.73:039  7.80+0.01
Sweedru ECG Office ASE 6.86+0.02 6.88+040 ' 6.71+0.14
Swedru Sakora Park ASP 8.05+£0.04 7.80+041 7.60+0.01
Nsaba Post Office ANP 635001 6,75+£042 7.70%=0.04
Kwanyako GWCL' KGW 5.63+0.02 6.11+£043 6.70+0.02

Source: Laboratory analysis of soil samples, 2009

The top 0 - 10 cm soils were less acidic and showed the greatest
variation in the pH and the 20 - 30 had the Jeast variability. The mean pH for
the 0 - 30 cm was 7.04 + 0.07 and range from 6.04 to 7.82.Acidity in soils
comes from H+ and AI’* ions in the soil solution and sorbed to soil surfaces.
Between pH 4 and 6, A réacts with water (H,0) forming AIOH*', and
Al(OH),", releasing extra H* ions (Soil survey manual, 1993). The relative
neutral nature of the soils means that the exchangeable A" precipitate as
hydroxide at pH of about 6.5; and the acidity may be due significantly to the
exchangeable hydrogen. It is reported that the pH is an essential factor that
influences the cation mobility and regulates the solubility of heavy metals in
soil. Most of the metals tend to be available in acidic pH. Even though the pH

has no direct effect on PCBs, it could Jead to high levels of metals in the soil,
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which may i v
Y In tum affect significantly the soil organisms responsible for the

degradati
g 1on of these compounds angd subsequently affect the persistence of the
PCBs.

Organic Carbon of Soils

The soils are characterized by relatively low Organic carbon (organic

matter) contents (Table 23). The means + CV and ranges of organic carbon
were as follows: top soil 0.32 + 65.6% (0.04- 0.75), for the 10 - 20 cm
layer0.33 & 47.16 % (1.04 —0.16) and for the 20 - 30 cm layer 0.35 + 82.6%
(0.85 -0.70). The mean percentage for the soils 0 - 30 cm was 0.33 + 0.46%
(0.13-0.77).

Organic matter has been found to influence heavy metal adsorption in
soils due to the high CEC of organic materials. The relatively low organic
matter content is not favorable for heavy metal sorption in soils as observed by
Kabata-Pendias (2007). The low levels of organic matter also imply that the
persistence of PCBs will be minimal since PCB persistence is greater in soil of
higher organic matter. The persistence may also decrease with depth of soil as
the levels of organic carbon in the soils were found to decrease with depth.
However the PCB persistence may depend on the nature and quality of the soil
organic matter, the amount of compound sorbed into the soils and the nature of

other compounds in the soils (Alexander, 2000; Reid et al., 2000).
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Table 23: O i
rganic Carbon content of soils from selected sites in Central Region

Organic carbon (%)

Site

_ Sample 0-10 cm 10-20cm  20-30cm
UCC Science Library  UCL 0282014 0442007 160 0.01
UCC Science Auditorium UAD 0.69+0.07 0.54+0.14 044+0.12
UCC CDS CDS  0.66+0.14 045+001 0.55+0.02
Nurses Flat NFL  0.13£0.01 0.17+007 0.17+0.14
Pedu PDU  0.55+0.04 0.62+0.14 031+0.14
Mfantsipim Sec. Sch. MSS  0.040.07 0.17+0.02  0.44+0.04
Ashanti road ARD  0.17+0.01 0.16+0.04 0.15+0.14
Brofoyedur BRO  0.15+0.01 039+0.04 0.27+0.01
Elmina Market ELM  0.09+0.01 033+0.04 0.51+0.14
Elmina Clinic ECL  0.12+001 022+0.04 029+0.04
Elmin SSNIT Flat ESF 034007 023+0.04 0.26+0.01
Anomabo ANO  0.74+001 023£0.04 0.22+0.01
Salt Pond Aahamadyah ~ SAH  0.29+0.10 047+0.04 041+0.14
Salt Pond ECG Office =~ SEC  043+0.01 045+0.14 0.33+0.07
Mankesim MAN 029£001 039+0.01 0.22+0.70
Mankesim ECG Office MEC 035+£0.02 025+0.28 0,17+0.07

Apam Manfam AMF 075+0.14 0.70+0.14 0.23+028

Apam Sec. Sch. ASS  0.18+028 034+007 0.12+0.04

Winneba NVTI NVT 0234028 031+0.14 0.40+0.07

Winneba Baal Ltd. WBL  0.17£001 0.13+0.14 0.40+0.03
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Table 23 continued

Winneb i
a Police Dep. WPD  0.15+0.01 0.17+0.12 0.13+0.14

WinnebaBasic Chemicalg BCH 0.19+0.14 023+0.14 0204007

Sweedru ECG Office ASE  0.19£0.01 0214028 029+0.14

Swedru Sakora Park ASP  023:0.14 0.17+0.14 021001
Nsaba Post Office ANP 045+028 054+028 0.55+0.01
Kwonyako GWCL KGW  022+0.14 0.19+0.14 022+0.03

Source: Laboratory analysis of soil samples, 2009
Effective Cation Exchange Capacity (ECEC) of Soils

The exchangeable acidity, the exchangeable base and the effective
cation exchange capacity (ECEC) of the soils are presented (Table 24). The
mean exchangeable acidity (mean + rsd) and range in cmolckg ™ of the top
surface soils 0 — 10 cm soils were 0.375 + 0.667 and (0.21 — 1.27), that of the
10- 20 cm subsurface soil were 0.326 + 0.12 and (0.20 — 0.77) and for the 20 —
30 cm layer 0.295 + 0.64 and (0.621 — 0.47). The mean and range of the
ECEC for the soils 0-30 cm surface was 0.332 + 0.17 (0.19 — 1.29)
respectively. The exchangeable bases (mean + rsd) and range in cmolckg ™ of
the soils were 6.01 + 0.09 (2.31 — 13.08) for the topsoil (0 — 10 cm); 7.63 £
0.14 (1.48 — 21.71) for the 10 — 20 cm soils, and 8.25 = 0.14 (3.08 — 20.88) for
the 20 — 30 cm subsurface soils. The mean and range of ECEC (cmolckg'l) of
the top soils (0 — 10 cm) were 6.39 + 0.09 and (2.56 — 14.37) respectively; for

the 10 — 20 cm layer, the mean and range were 7.95 + 0.09 and (1.73 — 21.91)

respectively; and for the 20 — 30 cm layer, 8.55 = 0.10 and (1.73 — 21.91)

respectively.
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Depth 0-10 cm 10-20 cm 20-30 cm

Site Ex acidity Exbases ECEC Exacidity Exbases ECEC Exacidity Exbases ECEC

UCL 0.28 6.13 6.41 0.29 8.98 9.27 0.31 9.72 10.03

UAD 0.23 6.34 6.57 0.37 3.9 6.29 0.34 6.32 6.66

CDS 0.29 6.44 6.73 0.26 4.99 5.26 0.28 317 5.45

NFL 0.27 519 6.06 0.42 5.02 5.44 0.34 5.44 5.78
PDU 0.37 4.16 4.53 0.41 9.34 9.75 0.36 9.23 9.59
MSS 0.47 13 3.60 0.39 342 3.81 0.47 3.08 3.55
ARD 0.35 2.62 2.97 0.38 9.20 9.58 0.34 9.41 9.75
BRO 1.29 13.08 1437 0.2 21.71 2191 0.22 21.88 22.1
ELM  0.81 6.38 7.19 0.77 6.05 6.82 0.25 6.17 6.42
ECL 0.36 4.83 5.19 0.45 003 5.48 0.38 4.66 5.04
ESF 1.07 11.58 12.65 0.51 18.73 19.24 037 17.82 18.19
ANO 0.23 2.76 299 0.27 4.29 4.56 0.28 6.43 6.71
SAH 0.26 4.97 523 |, 025 731 7.56 0.23 7.28 7.51
SEC 0.32 4.73 5.05 0.25 4.24 4.49 0.27 4.62 4.89
MAN 0.25 6.36 6.61 0.28 19.55 19.83 0.26 9.96 10.22
MEC 0.32 5.36 5.68 0.19 443 4.62 0.22 4.29 4.51
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AMF  0.26 12.10 1236 0.23 9.07 9.30 0.32 9.16 9.48
ASS 0.23 8.26 8.49 0.34 7.50 7.84 0.23 7.34 7.57
NVT  0.26 6.10 6.36 0.34 8.05 8.39 0.25 8.01 8.25
WBL 021 3.62 3.83 0.33 243 2.76 0.32 3.22 3.54
WPD  0.23 E S 3.34 0.24 2.16 2.40 0.22 3.76 3.98
BCH 025 231 2.56 0.25 1.48 1.73 0.27 8.86 9.13
ASE 0.3 3.75 4.05 0.27 3.54 3.81 0.32 4.06 4.38
ASP 0.35 8.22 8.57 0.25 12.30 12.55 0.36 5.37 .73
ANP 023 gl . 135 0.24 8.29 8.53 0.22 10.74 10.96
KGW  0.25 7.08 ¥.33 0.25 5..20 5.45 023 12.62 12.85
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The e o
Xchangeable acidity showed greater variations than the bases,

with the 10- ) '
10-20 cm sub-surface soils showing the greatest variation. For the

exch :
angeable bases, the topsoil showed the greater variation than the

su : el

bsurface soils. The variations in the ECEC were almost the same, as
indicated by their relative standard deviations. The results imply that most of
the soils had low capacity to retain and supply nutrient and other cations. It is

expected that soils with higher ECEC would sorb greater amount of the PCBS,

and favour their persistence. However the sorption may depend on the amount

and type PCB congener
Heavy Metals in Soils

The concentration (mean + CV) of Al and heavy metals in the soils
(Table 25) were Ag, 0.263+144.01 mg/kg; Al, 0.685 £55.33 mg/kg; Cu, 21.63
+ 95.82 mg/kg; Fe, 0.565 + 59.36 mg/kg; Zn, 94.70+130.80 mg/kg and Pb,
26.67+ 139.63 mg/kg The ranges of the metals were Ag, 0.0071-1..084 mg/kg;
Al, 0.98-1.72 mg/kg; Cu, 2.36-76.96 mg/kg; Fe, 0.007- 0.13 mg/kg; Zn, 11.33-
538.97 mg/kg and Pb; 3.19 -184.26 mg/kg. The levels of the metals decrease
in the order: Zn > Pb > Cu > Al >Fe > Ag. The very low levels and large
variation in the levels of silver in addition to the fact that silver was detected
in only six samples suggest that the soils do not contain significant amounts of
silver, and the source is anthropogenic, probably from spent transformer oils
which also contain polychlorinated biphenyls (PCBs). The variations in the
levels of the metals are demonstrated by their coefficient variation of (CV),

and follow the order Pb (139.63%) > Zn (130.80%) >Ag (144.01%) > Cu

(94.82%) > Fe (59.36%) > Al (55.33%).
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Ta : ;
ble 25: Mean concentration of some metals in the soils

Concentration of metal in mg/kg

Sample  Ag Al Cu  Fe Zn Pb
UCL  nd 0.99£0.05  7.2940.11 0.0520.02 27.97£0.11  5.01%0.11
UAD  nd 0.48+0.02  13.11£0.04 0.06£0.00 59.31£0.11 44.21+0.08
CDS nd 0.61£0.04  23.69£0.06 0.03:0.02 18.33+0.01 6.010.10
NFA  nd 0.86£0.02  14.95:0.06 0.09+0.05 33.44+0.09 22.93:0.11
PDU  0.09+£0.01 0.23+0.04 8334006 0.02:0.01 16.50£0.03 11.75£0.10
MSS  nd 0.83£0.01 14.41£0.00 0.05£0.00 60.31£0.10 10.24+0.08
ARD nd 0.66£0.00 13.88+0.02 0.06+0.01 38.78£0.06 12.66:0.01
BRO  nd 0.76£0.01  23.6440.09 0.08£0.02 52.02+0.05 8.35:0.02
ELM  0.09£0.01 0.35x0.04 10.64+0.08 0.08+0.01 249.30+0.07 47.76:0.09
ECL  nd 0.69+0.09 32.63+0.00 0.08+0.02 56.40+0.02 11.24+0.01
ESF  nd 0.58+0.06 18.25+0.01 0.04£0.00 102.35£0.00 184.26+0.01
ARD nd 0.96£0.03  76.96:0.00 0.05+0.06 395.71£0.04 25.79+0.04
SAH  0.11£0.00 033£0.01 62340.04 0.03+0.02 31.95£0.02 8.28+0.04
SEC  nd 0.70£0.00 12.06+£0.02 0.03+0.01 29.91£0.03  9.89+0.01
MAN  nd 1.1940.04 2.36+0.01 0.07+0.04 23.50+0.03 8.71+0.01
MEC  0.26£0.00 0.23£0.09 13.85£0.10 0.04+0.02 107.12+0.13 17.01£0.08
AMF  nd 1.08+0.02 39.83£0.06 0.13£0.02 538.97+0.12 40.02+0.08
ASS  nd 1.7240.02 70.48+0.03 0.13+0.01 140.72+0.12 85.300.11
NVT  nd 0.10£0.04 4.56£0.01  0.0120.02 11.33£0.07 3.19+0.06
WBL  nd 0.53+0.01 7.17£0.06 0.04£0.02 38.55+0.02 5.81+0.02
WPD  nd 0.10£0.01 5.23£0.03 0.01£0.01 22.6120.01  4.05+0.04
BCH nd 0.7240.06 20.82+0.04 0.03£0.01 35.46+0.07 14.30+0.01
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"ll‘iable 25 continued,
ASEC  0.01£0.01 0.72+0.01 19.5340.05 0.04+0.01 69.03+0.06 13.97+0.02
ASP LOI#0.01 0.6340.01 69.26+0.05 0.07+0.01 142.69+0.04 46.52+0.01
ANP  nd 1.36+0.04  14.10£0.04 0.13£0.06 129.82+0.04 28.36x0.01
KGW  nd 0.75£0.04  19.19+0.02 0.03£0.02 30.14£0.10  17.01£0.00
Source: Statistical analysis of soil data, 2010
Table 26: Pearson's Correlation matrix for YPCB and metals in soils
around some transformers in the Central Region of Ghana
Ag Al Cu Fe Zn Pb  PCB
Ag [ -0.150 0408* 0023 0082  0.085 -0.069
P value 0.438 0.039 091 0.69 069 0.739
Al 1 0.472* 0.753**  0.304 0.19 -0.082
P value 0.015 0 0.131 0.352 0.691
Cu ' 1 0.428*  0.575** 0292 0.082
p value 0.029 0.002 0.148 0.692
Fe 1 0.523** 025 0.014
P value 0.006 0.218 0.945
7n 1 0.261 0.234
p value 0.197 0.25
Pb 1 0.108
p value 0.598
PCB i

Source: Statistical analysis of soil data, 2010

*Correlation is significant at the 0.05 level **significant at the 0.01 level (2-

tailed)
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The 1
evels of Pb, Cu, and Al were much lower than those found in

some agricultural soilg along the Obasandjo Road in Accra, and in some soils
in farms in Cape Coast (Bentum et al., 2011); in Bangladesh (Ahmad and
Goni, 2009); in Lagos (Akinola, et al,, 2008); the levels of Pb, Cu and Zn
were lower than those found in top soils in Mexico City (Morton-Bermea et
al, 2009). Both the Spearman and Pearson’s method of regression and
correlation analysis revealed strong positive correlations amongst the metals
at 0.05 and 0.01 levels, Significant positive correlations were observed at the
0.05 level between Al and Cu, and also between Fe and Cu, with the
Pearson’s correlation coefficient being respectively r = 0.47 and r = 0.43
(Table 26).

At the 0.01 level, the Pearson’s correlation coefficient for significant
correlations were; Ag and Cu, r = 0.41; Al and Fe, r = 0.75; Cu and Zn, r =
0.58 and Fe and Zn, r = 0.52. The Spearman’s rho for significant correlations
between pairs of metal at the 0.01 level were; for Al and Fe, 0.65; Cu and Zn,
0.6; Cu and Pb, 0.55; Fe and Zn, 0.64; for Fe and Pb, 0.51; and 0.78 for
correlation between Zn and Pb. The positive correlations amongst the metals
suggest that they were from common sources; probably from the vehicular
emissions and also from the transformer oils. The varied distribution of Ag in
the soils strongly indicates that it is from transformer oils, which have been
found to contain Ag which is a component of the electric transformers These
observations imply that these metals may show similar correlations with the

concentrations of polychlorinated biphenyl detected in the soils.
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Multivariate ana]ys; vy
al :
YSis, principal component analysis (PCA) and cluster

analysis (CA) and correlation matrix were used in the study to provide a better
tnsight and understanding of the dynamics of the PCBs and metals in the
surface soils. Principal component analysis was used following standard
procedure reported in literature (Dragovi et al,, 2008; Yu ef al., 2008), for
evaluation of extent of metal contamination in the study area and source
identification, PCA was performed on the logarithmic form of the metal data.
Varimax rotation (Jolliffel, 1986) was used to maximize the sum of the
variance of the factor coefficients.

This technique clusters variables into groups, such that variables
belonging to one group are highly correlated with one another (with sum of
squared loadings > 0.3) were grouped into one component. The number of
components indicates the total number of possible sources of variation in the
data. For the cluster analysis hierarchical agglomerative clustering by the
Ward's method was selected for sample classification because it possesses a
small space distorting effect, uses more information on cluster contents than
other methods, and has been proved to be an extremely powerful grouping
mechanism. The method was applied to normalized data using squared
euclidean distances as a measure of similarity.

The results of the PCA (Table. 27) and CA (Fig. 30) are shown. Only
factor loadings greater than 0.3 are significant. . Three principal components
(PCs) with eigenvalues greater than 1 were extracted. PCA leads to a
reduction of the initial dimension of the dataset to three components which
explain 73.27% of the data variation. Therefore, these three factors play a

significant role in explaining PCB and metal contamination in the study area.
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Table 27; Component

- matri i §
in blold face FiX with strong loading

Component

Parameter PC1 PC2 PC3
Ag -0.14 0,93 -0.06
Al 0.92 0.09 -0.07
Cu 0.553  0.641 0.26
Fe 0.89 0.06 0.11
Zn 0.54 0.27 0.54
Pb 0.86 0.24 0.4
PCB -0.15  -0.14 0.9

Source: PCA of field data, 2009

The components one PC1, which had high loadings of Al, Fe and Pb;
moderate positive loading of Cu and Zn accounted for 33.68 % of variance,
and is the most important component. PC1 could be better explained as
anthropogenic and lithogenic sources. The anthropogenic source may have
been derived from transformers and vehicular emissions. These metals showed
significant correlations among each other (Tab 26).

The second component PC2, which had high positive loadings of Ag
and moderate positi\}e loading of Cu, accounted for 20.5% of variance. PC2
can be considered as a anthropogenic and derived from the transformers. Only
Cu showed significant correlation with Ag (Tab 26). The third component
PC3, is highly loaded with PCBs and moderately loaded with Zn and Pb

accounted for 20.1% variance; and indicating a mixed source from both

165

Digitized by Sam Jonah Library

B e ]



(I?_ University of Cape Coast https://ir.ucc.edu.gh/xmlui
1

lithogenic and i
anthropogenic inputs, The PCBs can be consid d
nsidered as an
anthropogenic ¢
Omponent, from transformers while Zn and Pb were from both

lithogenic and
an :
thropogemc sources. No significant correlations were

observed amon 5
gst the elements m PC3, In general, correlations between

metals agreed with the results obtained by PCA

Based on inf; i
Ormation assessed from principal component analysis,

hierarchica ;
I' cluster analysis was performed. Two main clusters can be

distineus . )
1stinguished in the dendrogram (Fig 30), obtained from the CA performed on

the analyzed parameters with Ward’s method and the squared Euclidean
distance as a similarity measure (Fig. 30). Cluster 1 includes elements Ag, Fe,
Al, Cu and Pb, which in the previous section were identified as contaminants
derived from both lithogenic and anthropogenic sources. Cluster 2, which
contains PCB is derived from anthropogenic sources, specifically from

transformers.

Rescaled Distance Cluster Conhine

Ag
Fe
il
PCB
Cu
Ph

Figure 30: A dendrogram obtained by hierarchical clustering analysis for

metals
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Relationship b :
P between Soi) Characteristics and PCB Contents of the Soils
The relationsh; g
nship of PCBs to different soj] parameters was studied.
Regression anal .
ySes revealed some significant relationships between the soil

h isti .
characteristics and the PCB content of the soils. The pH of the surface soils

correlated positively with PCBs content in the 10 -20 cm sub-surface soils

with r = 0. . .
0335 (b < 0.01). With moisture content, a significant negative

correlation was observed between the moisture and PCBs in the 20-30 cm sub-

surface soils at 0.05 level, r = 0,414, The soil organic carbon (organic matter)

content showed only a weak correlation with the PCBs. However, the
correlation was not significant as observed by Zhang et al., (2007). Sorption of
organic compounds such as mono-ortho-polychlorinated biphenyls (PCBs) in
soils and sediment in the temperate regions has been reported to be higher than
could be anticipated based on the compounds' hydrophobicities (Ayris &
Harrad, 1999; Ahmad et al., 2001; Allen-King et al., 2002; Jonker &
Koelman, 2002).

The observations made in this study indicate that the adsorption of the
PCBs onto the soils studied was weak; also the only mono-ortho-
polychlorinated biphenyls in the PCB indicator used was PCB118. The weak
correlation might be due to decreased in sorption strength of the PCBs onto
the soil organic matter with increasing residence time of the compound in soil
resulting in desorption of the PCBs. The desorbed PCBs might have been co-
evaporated with water increasing the volatilization of PCBs from the soils.
The statistically insignificant correlation observed between the PCBs and the
soil organic carbon at the study sites might also be due to decreased sorption

of the PCB residues and the higher temperature of the prevailing environment
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to the temperate region, ag ;
one of the drivers of the observed vadSt:'(:Tes e shown emperstuee ¢
ability i istributi
sl o olfiatiog s . ty in the distribution of POPs as a
exchange.

The insignificant correlation between organic matter and PCB
concentrations may also imply that absorption of the PCBs by plants did not
probable occur, - therefore decayed plant material did not contain any
significant PCBs. Other soil properties, besides organic carbon (organic
matter) might have been responsible for adsorption (Wahid and Sethunathan,
1979), but their role could be masked by that of the organic matter. The
Effective Cation Exchange Capacity (ECEC) correlated negatively with PCBs
in the surface and sub soils, but significant correlation was observed between
the PCBs and the 10-20 cm and 20-30 ¢cm subsurface soils, with respective r
values of -0.45 and -0.43 (p <0.05) respectively.

A significant negative correlation was observed between the
exchangeable bases and the PCBs in the top surface and 10-20 cm sub-surface
soils with respective correlation coefficients r = -0.394 and -0.433 (p<0.05).
Generally there were no significant relations between the exchangeable acidity
and the soil PCBs, only PCB 118 showed significant correlation with the
exchangeable acidity with r = 0.367 (p<0.05), suggesting that the observed
negative correlation between the ECEC and the soil PCBs was mainly due to
significant correlation between the soil PCBs and the exchangeable base.

Some congeners also showed significant relationships with pH, base,

and acidity and the cation exchange capacity. The PCB# 138 and 180

correlated with pH and exchangeable at the 0.01 confidence levels; and the

respective values of r were 0.257 and 0.346. Even though pH does not have
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€ degradat;
— PCBs, the coefficient of determination or

PCB 101 correlated with exchangeable
base and the ECEC at the 0.05 level with the corresponding values of r =
0.299 and 0.28 respectively.

There was no significant correlation between the metals and YPCB
(Tab 25) at the 0.05 and 0.01 levels. However, some significant correlations
were observed between the metals and the PCB congeners at the 0.05 level.
PCB 101 showed significant positive correlation with Zn, also PCB 153
correlated positively with Ag; the Pearson’s correlation coefficients being
respectively r=0.498 and r = 0.880 (p <0.05).

Using the Spearman’s regression and correlation method, the
correlation coefficients for significant correlations at the 0.05 level were;
between PCB 101 and Cu, r = 0.584; and between PCB 153 and Pb, r=-
0.484. Also, PCB 101 showed very strong negative correlation with Ag, with r
= -1.0. The significant positive correlations between the PCB congeners 101
and the metals Cu, and Zn suggest that significant amounts of these metals
found in the soils were from the transformers oils.

The very strong negative correlation between PCB101 and Ag reflects
the depletion of Ag metal in the soils. These observations do not suggest that
these metals have significant effect on the persistence of the PCBs in the soils,
since there are no available records on the effects of these metals on the

degradation of soil PCBs. The non-significant correlation observed between
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several of the PCB congeners and the metals could be due to volatilization of
the soil PCBs, very low sorption of the PCBs onto the soils, translocation of
some the metals into plants, leaching of the metals deep into the soils whiles
PCBs are not usually carried deep into the soil with rainwater, or the non-
existence of any significant relation between the levels of PCBs in the
transformer oils and the levels of metals introduced into the oils through wear
and tear as the transformers function.

These observations made suggest that the temporal distribution and
levels of PCBs in the soils depends not on any single factor, or on the soil
characteristic only; but on the combined effect of the soil characteristics, the
soil sorption of the PCB congeners, plant uptake, the presence of other
organic compounds and traces of mineral salts and nutrients, and particularly
the quantity of oils from the electric transformers that might have significantly
affected the degradation rate and amounts of PCBs at the different depths of
the soils as observed by Strek and Weber (1982); Fiebiget al., (1993); WHO,

(1993); Lubor Halu ka et al,. (1995) and Yanjun Chang, et al., (2010).
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CHAPTER FIVE
SUM
MARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

The :
fhean  concentration of the PCB congeners were; PCB28,

2.27+2 .44; PCB52,1.84:|:2.27; PCBI101, 2.1742.52 ug/kg; PCB 118, 0.83+0.89

he/ke; PCBI38, 0.99:091 pg/kg; PCBIS3, 1.1841.11 ug/kg and PCBI80,

L.18£1.19 pg/kg. Overall, 23.63% of the results for single congeners were
below the limit of quantification. The mean 2.PCB follow the order: Agona
(4.62 £0.06 pglkg) < KEEA (8.20£0.04 pg/kg) < Cape Coast (8.24+0.06
ng/kg) < Awutu-Efutu Senya (9.28+ 0.53 pg/kg) < Mfantsiman (9.56 0.38
pg’kg). The mean levels of PCBs in the top surface and subsurface soils
(based on dry weight) in the whole area of study (in the five
metropolis/districts) were 9.15% 0.52 pg/kg for the surface soils and 7.55+
0.56 pg/kg and 7.82 £ 0.55 pg/kg for the 10-20 cm and 20-30 c¢m sub soils
respectively.

The median were respectively 9.266, 6.83 and 8.17 pg/kg. PCB
concentrations in soil showed a large variation between sampling-areas. The
highest concentrations were found at three sites, WPD, and AUD with sandy
soils. The soil levels give an indication of long- term accumulation.

In general the prevalence of the PCBs was found in the order Cape
Coast > Efutu Awuto Senya > Mfantsipim > Agona and KEEA. Soils in areas
with higher number of transformers were exposed to greater amounts of PCBs.
The PCBs homologous in all the soil samples were dominated by hexa-PCBs
and follow the order hexa-PCBs (31.89 %) > penta-PCBs (23.98 %) > tri-

PCBs (18.47 %) > tetra-PCBs (13.67%)> hepta-PCBs ( 11.99 %). The PCB

171

Digitized by Sam Jonah Library

e —————— e e e —ens




© University of Cape Coast https://ir.ucc.edu.gh/xmlui
congener profile i
Prolile in the whole study areq was PCB 28 > PCB 153 > PCB 138 >

PCB 52> PCB 101 > pcR 180>PCB 118

The ZPCB-TEQs of the soils were all below limit. The trend in the
study area was KEEA (90 pg/kg dw) > Awutu-Efutu-Senya (63.33) pg/kg dw)
> Cape Coast (292 pgkg dw) > Agona (148 pg/kg dw) > Mfantsiman (144
pg’kg dw). This observation thus indicates that soils in areas with greater
number of transformers are likely to have higher levels of dioxin-like PCBs,
The levels of ZPCB in all the soils were below the soil contact value (or
threshold effect concentration, TEC) of 25 mg/kg and 33 mg/kg (or 25,000
and 33000 pg/kg) recommended by US EPA and the CCME (1999) for all
land uses. Most of the soils in residential areas where electric transformer are
situated had hazard Index (HI) greater than one (1.0).

The pH, clay, silts and sand correlated positively with the soil PCBs;
the CEC and moisture showed negative correlation. No significant correlations
were observed for the regression of organic matter, exchangeable base, metals
on the ZPCB, or the PCB congeners at the 0.05 level.

Multivariate analysis (PCA, CA) and correlation matrix used in this
study provide important tools for better understanding of the source
identification and dynamics of pollutants. The PCA applied on the
investigated PCBs identified three (3), three (3) and four (4) components, or
possible sources of variations in the data, in the top surface (0-10 cm), 10-20
cm and 20-30 cm sub-surface soils respectively. All of them were positively
aﬁd negatively loaded with PCBs. The multivariate analysis indicated that the

sources of the congeners might be aroclor 1248, 1254 and 1260

172

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui
Conclusion

| The results of the Study have revealed the presence of Polychlorinated
biphenyl (PCBs) in soils in the vicinity of electric transformers in the Central
Region of Ghana. The concentration of the sum of the seven key PCBs
(IUPAC No. PCB 28, pcB 52, PCB 101, PCB 118, PCB 138, PCB 153 and
PCB 180) for 78 samples of soils from 26 sites were 7.99 +38 pg/kg and
ranged from 1.32-12.94 Kg/kg. The mean concentration (ng/kg) of the
congeners in the Centra) Region were PCB 28, 2.26+ 81 > PCB 52, 2.22+ 133
>PCB 101, 2.03+ 83 > PCB 180, 1.23+65 > PCB 153, 1.10+ 63 > PCB 138,
0.95+£71>PCB 118, 0.79+79

Soils from Agona showed the smallest mean Y PCB concentration of
4.62 £0.06 pg/kg and soils from Mfantsiman showed the highest concentration
of 9.56 +0.38 pg/kg. Only Soils from Agona had mean 2. PCB lower than the
average, 7.99+0.38 ug/kg, for the Central region. This means the soils in the
vicinity of transformers in the Mfantsiman district was most contaminated
with PCBs and that of the Agona district least contaminated The vertical
distribution of PCBs showed a mean concentrations of 9.15+ 0.52 pg/kg for
the surface soils (0-10 cm), 7.55+ 0.56 pg/kg and 7.82 + 0.55 pg/kg for the
10-20 c¢m and 20-30 cm sub-surface soils respectively.

The mean PCB 118-TEQs of the soils were all below limit. The trend
in the study area was was KEEA (90.0 pgkg dw) > Awutu-Efutu-Senya
(62.33 pg/kg dw) > Cape Coast (37.75 pg/kg dw) > Agona (37.0 pg/kg dw) >
Mfantsiman (28.0 pg/kg dw). Soils with hazard index greater than one have
the potential to cause harm if ingested. The estimated lifetime cancer risk to a

Reasonable Maximum Exposure (RME) individual via the complete exposure
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(skin contact) relating to pCpg

Was low, and thus the probability of an

individual de i
veloping cancer ag a result of exposure to PCBs through skin

contact with soils j
S In the study area wag negligible, implying that the levels of

exposure to soil PCBs are acceptable

The associati ’
ation of some soi] characteristics with PCBs in the area of

study indicates retention of PCBs in the soils. Even though the soils are
contaminated with P CBs, the levels of the PCBs are relatively low when
compared to recommended limits, The presence of these compounds in the
soil environment poses some form of risk since bioaccumulation is an
important aspect of the environmental fate and behavior of PCBs, and because
the compounds have high lipid solubility. Also because of their slow rate of
metabolism and elimination they are likely to accumulate in some organisms
even at the low levels. Thus, sustained low levels of the PCBs in the soils may
result in adverse chronic effects in the biota exposed to them.

The results of this study will contribute significantly to the monitoring
of Persistent Organic Pollutants (POPs) including PCBs in the Ghanaian
environment by the Environmental Protection Agency (EPA). It will also
serve as a data base upon which other (including future) analysis of soil PCBs
in our environment would be compared.

Recommendations
The following recommendations have been made for further work:
1. The presence and levels of PCBs in soil organisms in the area of study,
where samples were collected, must be assessed.

2. The presence and levels of PCBs in other environmental samples such

as food, fish and human samples must be investigated.
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3. Since PCBs have high lipid solubility and slow rate of metabolism and
elimination, their presence and levels in animals including human,

tissues of aquatic biota, crops and foods in the vicinity of the

transformers must be investigated.

Precautionary measures must be taken to ensure very limited

introduction of PCB oils into the surrounding soils during retrofitting

of PCB containing transformers.
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APPENDIX A

PCB N
OMENCLATURE CONVERSION TABLE

the numbers at the beginning of the name specify the sites where chlorines are
attached to the two phenyl rings. In this table (A2), the top row indicates the
position of the chlorine atoms one one phenyl ring and the first column their
position on the second phenyl ring. Another system developed by Ballschmiter
& Zell (1980) assigns a separate number, from 1 to 209, to each of the 209
specific PCB congeners. These numbers are indicated inside the table below.
An example how to relate the two systems is provided in the conversion table.

Example (illustrated by shaded area in table): To determine IUPAC

and alternative names for PCB 156:

[1] Locate PCB 156 within table.

[2] ldentify the associated column heading (2345) and row heading 34)

values.

[3] The IUPAC name for PCB 156 is 2,3,3',4,4',5—hexachlorobiphenyl.
Various additional names for this congener include

2,3,4,5,3',4'-hexachlorobiphenyl, 2345-3‘4'-hexachlorobiphenyl (group starting

with lower number appears first), 2345-34-hexachlorobiphenyl, and 233'44'5-

hexachlorobiphenyl. Adapted from Frame ef al. (1996)
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26(34/135/[234235
236([245) 124
i 6|1345(2345/123452356(23456

! 1{194_ 195 109 g

69 189 191 193 205
_ 155 168 182 184 183 204
153 154 167180 183 187 203

. 135149 150 154 174 176 179 200

172 175 173 193
; 170 171 177 195

~_-—.__44.....-.4 ..m_?,,

»159 161, 165’ 192

190

";1 % 158 163

' ia1’;

23 4042"44 46 56 59' 82 33 34 972?_98 122 129 131 7134 17

e _,5___..

4 ‘, 152223 31323730 60 63 64 74 75 81 114 116 117 166
3 11 13 20,2526 27 35,36 55 57 59 67, 69 78 105 108 112 160

1

3 4 6 816 1. 13 193334 41 43 45_43"750 76 8 88 03 142

Nond 012 3579101214 2123 24 2903038 61 62 65 116
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Table B1: Precision of P
CB analys;

(RPD%) YSIS expressed as Relative Percent Different
PCB Area-Count ~—~—~—————
Congener C,

C, A=C

=C-C; B=y =

§§ i :?ggg 123797 9519 l | l9(:§§1+€) BRE](;)% =B

120817 9299 !

11617
;(l)é 133329 160684 12356 15450'21 :gg
- - 94 216003 16609 207699 8'00
= 3236 220165 16930 211701 8:00
- 190069 205901 15833 197985 8.00
231833 251144 19312 241489 8.00

Total 2576512 2791136 1 13557 142003 8.00

C, and C; are area counts of duplicate analysis of a 0.2 ppm PCB mix standard

Table B2: Recovery of 0.2 ppm PCB mix standards
from spike duplicate soil samples

PCB Area Count

Congener C; il R=C,-C, R%=100R/C,
28 215985 114278 101707 89

52 210786 111527 99259 89

101 280342 148329 132013 89

118 376855 199394 177461 89

138 384116 203236 180880 89

153 359230 190069 169161 89

180 438164 231833 206331 89

Total 2576512 1363234 1213278 89
C,= mean area count of duplicate spike soil samples

209

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

SOME DIST
RIBUTION TRANSFORMERS INTHE CENTRAL

REGION OF GHAN4

et P

APP
ErddIy, DISTRIBUTION TRANSFORMERS
DISEEE%AL INFORMATION TRANSTORMERS ————
LOCATION 1ER DATE
‘\TMML R}'}‘F‘\R OF YEAR OF
‘inneba NTT fo————| TL *UFACTURED | coM MISSIONED
“ﬁnneb.i L.m@m_&am _—%.Zﬁ_ 1960
_%‘l;mn:%a Poll_ce T. Depot 1972 jo5
a | Basic Chemicals I il
Winneba Apam Mamfam —— L S 1965
Winnchs—— ARemMamfam | g7 —— 00—
A Baah Ld z
[Winneba | brick & Tilg ———"——ams 76
| Winneba | Pumping Station T g—— i
i 1977 1978
—“}ﬂﬁi__ | Apam Sec. School 1584 :
M’QL__ Pommrl 1991 8
| Winneba | Owinase 1991 2932
Cape Coast Anhfm——-—‘ 1963 132‘2‘
_CEE%I_ Brimso Water Works | 1964 1965
Cape Coast | Brofoyedur 1970 107)
| Cape Coast | District Police Station " 1970 f 1971
_Cape Coast | Ashanti Road 1970 1973
Cape Coast__ | Elmina Market 1970 197; !
Cape Coast Fruits and Flavour 1970 1972
Cape Coast | Leprosarium 1971 1972
| Cape Coast | Pedu Estate 1971 1972
Cape Coast Yanka Farms 1972 1098
Cape Coast Mfantsipim Schoaol 1972 1973
Cape Coast | Kudos 1977 1978
Cupe Coast | Nurses Flat 1975 1976
| Cape Coast | Cape Coast Poly 1975 1976
Cape Coasl | Brimso Water Works 1981 1952 =
Cape Coast | SSNIT Flat 1982 1983
| Cape Coast | Amen 1983 1984
Cape Coast | Elmina Clinic 1986 1986
Cape Const | Pan Sawmill ! 1987 1988
Cape Coast | Peshie ) 1988 1989
L.CC. Scicnee Audit 1967 1968
ucC.C. C.S.D. 1967 1968
U.CC. New Library 1967 1968
'| Agona Swedru ' GWSC 1963 1965
Agona Swedru H ECG Main Yard 1904 1965
Agona Swedru | Besease 1972 1995
" Agona Swedru | Asare Sawmills 1973
Salipond Saltpond 1970
Saltpond Saltpond 1970
Saltpond Mankessim 1961
Salipond Anomabu ! 97_1,
Saltpond Mankesim i
Saltpond Ekurabadzd ! 9;2
Saltpond Saltpend 19
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APPENDIX p
REAGENTS AND SOLUTIONS

Potassium dichr
Omate powder, acetone, orthophosphoric acid (85% sg
(+] -

1.77), sulphuric acid (96%,

sg), hydrochloric acig (36% wlv), Barium

e sl indicator, sodium hexametaphosphate pH standard

ffer mi
buffer mixtures (pH 4 + 0.02 and PH 9 + 0.02 Buffer tablets), silver nitrate,

anhydrous sodium nitrate, ammonium ferrous sulphate, potassium chloride,
96% ethanol potassium nitrate, ammonium chloride, sodjum hydroxide,
sodium fluoride, silica gel (30 -70 mesh) for column, nitric acid (sg 1.4),
mono-ethanol, ammonia solution (35%), diethyl ether, ethyl acetate,
phenolphthalein, all analar grades were obtained from BDH of UK. Acetone
and hexane were obtained from Fizmerk, India. Ethyl acetate (99%, sg 1.62)
was obtained from Spark Scientific Limited, UK
Reagents
Calgon (5%)

50 g of sodium hexametaphosphate and 5.724 g of sodium carbonate

were dissolved in a litre of double distilled water.

0.1 M Hydrochloric acid solution

Approximately 8.6 ml of concentrated hydrochloric acid (36%) was

transferred into a one liter volumetric flask and diluted with distilled water to

the mark.

Sodium fluoride Solution 4% w/v)

oride was dissolved in 20 ml of distilled water in a

4 g of sodium flu

flask and dilute with of distilled

beaker, transferred into 100 ml volumetric

water to the mark.
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Phenolphthalein Indicatoy

0.1 g of Phe : "
nolphthalein wag dissolved in 20 m] of distilled water in a

beaker. This :
was transferred into 10Q ml volumetric flask and diluted with

distilled water to the mark

Buffer pH S

16.4 g of Sodium ethanoate was dissolved in 200 ml of 0.1 M ethanoic

acid in a beaker. This was transferred into one litre volumetric flask and

diluted to the mark with 0.1 ethanoic acid.
Barium diphenylamine sulphate Indicator
2.0 g of NayCO; was dried at 105°C in an oven for 2 hours. 1.0 g of the

Na;COs and 1.0 g of Barium diphenylamine sulphate were dissolved in 100 ml

of double distilled water.
0. 167 M K,Cr,0, Standard Solution
49.04 g of K,Cr,0;7 was dried at 105°C  and then dissolved in double
distilled water and dilute to one litre.
0.5 MFe’" Standard Solution:
196.1 g of Fe(NH,),(S04)*6H,0 was dissolved in 800 ml of water
containing 20 ml of concentrated HS04 and diluted to litre.
AgNOy/H;SOs Mixture
10 g of AgNO3 was dried at 105°C in an oven for 2 hours. 5.0 g of

the dried AgNO3 was dissolved in 200 ml of concentrated sulphuric acid. It

was transferred into 2 500 ml volumetric flask and concentrated H2SO4 added

up to the mark.
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0.2 M Ammonium chloride Solution

was transferred intg i
a one litre volumetric flask and made up to the mark with
distilled water.,

0.5 M Potassium hydroxide Solution

28.0 . )
g of potassium hydroxide pellet was dissolved in one litre of

distilled water.

1.0 MKCI Replacing Solution

74.6g of potassium chloride was placed in a 300 ml beaker. 250 ml of
double distilled water was added and stirred to dissolve. It was transferred into
one litre volumetric flask and diluted with distilled water to the mark.
1.0 M Ammonium acetate (NH«OAc) Saturating Solution

57 ml glacial acetic acid (99.5%) was diluted with 800 ml of distilled
water in a one litre volumetric flask. 68 ml of concentrated ammonia solution
(#35% NH3 w/v) was added, mixed and cooled. The pH was adjusted to 7.0
with ammonia and diluted to one litre.

0.01 M Sodium hydroxide Solution

0.04 g of sodium hydroxide was dissolved in 200 ml of distilled water

in a beaker. This was transferred into one litre volumetric flask and diluted to

the mark with of distilled water
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Sample B (10-20 cm)

Sampling Site/ID

Sample A (0-10 cm)

Sample C (20-30 cm)

1 2 mean 1 2 mean 1
UCC Science Library UL 99.02 99.60 99.21 99.2 98.80 99.00 98.80
UCC Auditorium UA 99.50 99.66 99.58 99.80 99.80 99.80 99.80
UCC CDS UCDS  99.00 00.04 99.02 99.00 99.00 99.00 98.0
Nurses Flat NF 99.00 99.04 99.02 98.60 97.80 98.20 99.00
Pedu P 99.76 99.64 99.70 99.79 99.81 99.80 96.20
Mfantsipim Sec. Sch. MSS  99.00 9.00 99.00 98.06 98.06 98.07 99.80
Ashante Road AR 98.00 99.60 98.80 99.60 98.8 98.70  98.90
Brofoyedur B 08.84 98.78 98.81 99.60 99.20 99.40 98.80
Elmina Market EM 99.5 9964 99.57 99.0 98.40 98.70 98.40
Elmina Clinic EC 98.60 98.80 98.70 97.20 97.20 97.20 98.80
Elmina SSNIT Flat ESF 96.60 97.96 97.28 98.40 98.40 98.40 98.58
Anomabo A 96.31 96.31 96.31 96.20 96.0 96.10 98.27
Salt Pond, Aahamadyah SA 95.80 97.84 96.82 99.80 99.80 99.80 97.60
Salt Pond, ECG Office SEC  98.58 98.54 98.58 99.20 9920 99.20 98.76
Mankesim M 99.20 99.22 9921 99.20 99.40 99.30 99.20
Mankesim, ECG Office MEC 98.76 98.22 9849 99.8 99.6 99.70  98.02
Apam Manfam AM 96.27 95.21 95.29 95.60 95.60 95.60 96.0
Apam Sec. Sch ASSE 83.11 02.68 9290 91.25 90.65 90.95 95.60
Winneba NVTI  96.26 96.15 98.20 97.00 97.00 97.0 97.0
Winneba Baah Ltd. WBL 97.42 97.58 97.50 98.00 9920 98.80 98.80
Winneba, Police Dep, WPD  99.92 99.88 99.90 98.01 98.09 98.05 96.80
Winneba Basic Chemicals 99.10 99.18 99.14 99.40 99.60 99.50 99.20
Swedru ECG Office  ASEC  99.04 98.90 99.02 99.80 99.60 99.70 98.80
Swedru Saora park ASSP  95.69 95.94 9582 9440 -94.80 94.60 95.6
Nsaba ,Post Office AN 95.68 95.74 95.71 96.20 96.20 96.20 96.20
Konyako GWCL KGW 93.99 03.74 93.82 . .9§.40 0820 9820 96.30
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2
97.60
99.60
98.80
99.40
96.20
99.20
99.0
98.80
97.80
98.60
98.62
97.20
98.80
98.80
99.30
98.62
96.44
94.4
96.6
98.6
97.8
99.20
98.92
95.6
96.6
95.5

mean
98.20
99.70
98.40
99.20
96.20
99.50
98.95
98.80
98.20
98.70
98.60
97.74
98.70
98.78
99.25
98.32
96.22
95.00
98.80
98.70
97.30
99.20
98.86
95.6
96.40
95.90




RESULTS OF ANALYSIS OF SOIL CHARACTERISTICS AND ME:I'ALS IN SOILS

Table F1 Results of Soil An

alys% University of Cape Coast https://ir.ucc.edu.gh/xmlui

Sample Moisture pH OM  Acidity Base CEC sand silt clay Zn Cu Fe Pb Al
ULo-10 0.79 6.36 297 0.28 1.53 1.96 55.73 38.67 5.6 4.12  1.77 2408 0.5 7.06
UAoq.10 0.42 83 375 023 1.58 1.61 804 10.8 8.8 1.06 0.19 056 048 0.92
CDSo.10 0.98 6.8 4.64 0.29 1.68 1.97 62.92 34.68 24 1.48 221 1193 022 6.24
NFo.10 0.98 8.1 475 [ 027 1.45 1.48 69.34 23.46 7.2 1.32 021 058 029 1.5
Po.10 0.3 721 464 037 1.04 1.08 76.38 7.62 16 0.03 0.1 0.4 1.35 1.04
MSSp.10 1 7.53 592 047 0.78 1.25 74 19.6 6.4 2.6 0.62 1322 0.81 7.35
ASop.10 1.2 792 2.04 035 0.72 1.07 68.53 25.07 6.4 234 0.88 1543 1.19 4.88
Bo-10 1.19 496 212 129 3.00 43 7826 12.16 9.6 3.02 0.64 39.88 0.84 6.11
EM-q.10 0.43 8.16 1.79 0.81 1.59 24  71.08 26.52 2.4 3.83 0.04 043 008 0.54
EC-0.10 1.3 597 4.78 0.36 121 1.57 41.52 48.08 10.4 299 844 1672 0.18 5.36
ESF-¢.10 2.732 6.66 14.14 1.07 2.95 4.02 63.95 3445 1.6 3.8 0.82 104 0.6 8.4
Ao-10 3.69 7.08 196 0.23 0.69 0.92 V8142 2.58 16 0.93 042 46.52 028 7.11
SAop.10 4.18 165 422 OEs 1.24 1.5 804 10.8 188 272 025 501 091 4.506
SECq.10 1.43 6.83 223 032 0.49 0.81 66.74 26.86 6.4 1.7 0.74 104.6 047 6.85
Mo-10 0.78 632 3.18 0.25 5.11 346 81.59 14.41 4 4284 249 42.14 2.68 8.52 ..
MEC.10 1.56 751 456 0.32 1.39 L7l 62017 426.63 1.2 3.24 0.07 1625 034 1.12
AMjy.19 4.76 7.12 493 0.26 2.02 3.28 6292 31.48 3.6 238 0.06 3.44 0.03 0.39
ASSq.10 711 6.83 493 0.23 207 2.3 33.09 39.71 272 292 033 3.01 044 3.00
NVT g.10 3.8 738 3.27 - 0.26 158 2.79 59.22 20.78 20 126 0.1 209 1.16 448
WBLo.10 2.5 Yk 1.32 021 0.91 1.12  76.37 18.83 148 2.16 024 12.62 0.43 4.97
WPDo.10 0.1 8.67 0.65 0.23 0.95 L1838~ 95.82 42418 2 1.66 0.32 3635 0.15 3.3
BCo.1o 0.86 694 508 0.25 0.58 0.83 86.94 8.26 4.8 105 1.19 1344 038 5.51
ASEq.10 1.03 6.86 2.07 0.3 0.94 1.24 92.01 5.99 2 295 1.19 1586 0.32 6.62
ASPo.10 4.19 8.05 6.14 0.35 2.06 241 74.64 21.36 3 432 0.82 20.04 1.73 7.6ﬁ
ANo.1o 4.29 635 3.12 0.23 1.78 2.01 69.34 138 16.8 3.85 0.79 4254 1.11 1036
KGWo.10 6.14 5.63 543 0.25 1.7 2.02 70.18 24.22 5.6 1.41 1 209 1.01 4.4
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WS TRI Rl LS. A .

Moisture

CEC sand

Sample pH OM  Acidity Base silt clay Zn Cu Fe Pb Al
ULi020 ! 7.3 @;Gﬂivergizg of c;%fa1 Coast > Thttp&fifuccBdilghnniii 145 074 3664 025 736
UAj0-20 0.2 6.97 696 03 48 1.85 80.45 16.35 3.2 0.88 0.18 0.51 044 0.79
CDS10-20 1 6.7 545 0.26 1.24 1.5 66.44 31.16 241 148 254 4286 027 4.58
NF10-20 1.8 6.63 435 042 1.28 1.7 61.4 18.6 20 1.33 0.66 434 072 448
Pio-20 0.2 223 32 0.41 2.34 2.75 78.13 19.47 2.4 1.62  0.64 1295 132 4.02
MSSi0-20 1.3 7.44 736 0.39 0.86 125 71.58 22.02 6.4 405 1.9 1344 3.18 6.05
AR 020 1.3 758 7.97 033 e 268 B3.69 31.351 4.8 0.06 006 0.2 1.12 0.15
Bio20 0.6 6.56 6.08 0.2 7.43 T.03 7635 195 4 3.68 146 1272 138 5.93
EMi0-20 1.3 7.54 5.5 0.77 152 229 86.76 6.84 6.4 4.07 0.76 335 009 1.92
EC0-20 2.8 6.15 9.13 045 1.2 1.65 43.09 46.51 104 3.17 346 2175 026 6.26
ESF10-20 1.6 6.75 9.08 0.51 4.71 522 69.57 20.83 5.6 3.88 0.8 104.6 0.63 8.4
SA10-20 0.2 6.65 4.68 025 1.83 20880011779 1.6 222 0.52 4252 033 4.15
SECi0-20 0.8 6.93 486 0.25 1.06 1.31 69.85 18.15 12 3.18 1.78 163.9 0.63 5.12
Mio20 0.7 6.6 4.13 0.28 4.89 5.17 65.44 29.76 4.8 1.64 0.72 047 0.03 0.24
MEC 0-20 0.3 7.11 4.6 0.19 1.08 1.27 89.76 6.24 4 383 1.78 1625 0.9 4.89
AMj920 4.4 6.83 4.05 0.23 227 2.5 61.46 33.74 4.8 222 2.06 3.44 0.02 10.46
ASS10-20 9.05 6.5 5.08 0.34 1.87 2.21 20.74 58.46 20.8 2.85 048 347 048 3.54
NVTi0-20 3 6.64 3.12 (.34 2.01 2.34 61.56 21.64 16.8 074 0.12 1.59 025 2157
WBL10-20 1.4 6.84 3.04 0.33 0.61 | 82.97 1543 1.6 1.43 047 21.14 034 4.39
WPD 020 1.5 7.66 1.04 0.24 0.54 0.78 91.35 4.65 4 1.03 046 43.55 0.16 2.3
BCio-20 0.5 6.73 4.55 025 0.37 0.62 804 15.6 4 135 L72 1508 08 4%
ASE 1020 0.3 6.88 5.18 0.27 0.89 S eR571 1849 1.6 2.9 1.04 1373 0.54 5.78
ASPj9-20 5.4 7.8  3.59 025 4.07 432 68.54 28.26 3.2 142 536 154 0.01 1.86
ANjg.20 3.8 6.63 3.81 024 2.07 23T 6785 2735 4.8 2.56 1.85 374 127 5.66
KGW 20 1.8 6511 3,27 U5 1.69 1.99 66.01 29.19 4.8 1.84 1 9.76 0.54 4.32
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U20-30 . 7.51 4.69 0.34 1.58 1.92 77.79 15.81 6.4 0.96 0.14 0.46 0.42  0.82
CD 1.6 65 507 028 129 157 S8BT 3073 104 148 224 4286 027 4.58
NF20-30 0.8 6.8 @Ynivergity of Capgfoast hltpgfisyca sy il 151 059 4304 08 451
P20-30 3.8 78 362 036 231 267 7345 1935 72 166 071 1282 136 4.12
MSS20-30 0.5 77 382 047 077 124 6936 21.04 961 405 19 1344 3.18 615
AR20-30  1.05 8 66 034 235 279 51.66 3554 1281 016 009 081 001 019
B20-30 13 6.6 514 022 798 82 5761 2879 136 358 141 1277 135 587
EM20-30 2 68 483 025 1.5 1.75 88.42 1.98 9.6 411 072 335 0.09 1.92
EC20-30  1.35 76 581 038 126 154 4171 40.69 176 321 352 2174 028 6.17
ESF20-30 1.4 674 672 037 445 482 3936 4864  12.05 3.86 1.08 1047 079 84
A20-30 796 6.86 497 028 1.61  1.89 70.11 18.69  11.23 323 028 4249 031 82]
SA20-30 13 6.66 3.66 023  1.05 128 6893 2147 9.6 388 072 4257 033 4.19
SEC20-30 075 69 3.62 027 1.5 142 654 274 72  1.08 195 1628 0.64 5.08
M20-30 075 6.88 341 026 249 275 6123 2997 88 234 078 1.07 0.1 044
MEC20-30 1.68 721 3.66 022 107 129 51.68 37.12 112 3.12 188 163 097 487
AM20-30  3.78 691 3.4 032 229 261 5258 4022 72 281 216 3.83 008 105l
ASSi020 5.03 6.5 426 0.23 1.91 2.14 35.32 40.68 24 2.88 0.88 3.97 0.49 3.6
NVT 020 32 6.71 3.45 0.25 2 225 5922 23.18 17.6 0.88 0.42 1.59 0.29 2.19
WBLio2o 1.3 665 2.6 032 081 123 71.09 1816 104 143 077 2131 041 443
WPDyso 2.7 711 0.85 022 094 1.6 9484 1.5 3.6 112 056 4297 0.9 223
B 0.8 7.8 435 027 217 247 8007 1273 721 143 1.68 160 084 4.67
ASExna 114 671 431 032 101 133 6173 1987 184 301 124 1377 0.61 5.75
ASPy3 4.4 76 362 036 136 172 5981 30.62 9.61 3398 551 1547 007 1.86
I 3.6 77 3380022 @l 3 61.92 2688 112 255 1.79 38.04 131 6.06
KGWaso 4.1 67 333 023 244 267 7781 1099 112 201 1.05 959 059 433
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APPENDIX G
RESéJLTS OF ANALYSIS OF SOIL CHARACTERISTICS AND PCCBs
Table G1: Mean results of soil Charaé{&!},s lrgs't’Yn% po??eh %‘?r?&tltod“)ttgﬁelxlllgf]‘s'?g s%q S ?nlf)ﬁ%“elentral Region of Ghana

Soil Characteristics PCB Congener (pg/kg)
Site pH Moist% exA exB ECEC OC% sand% silt% clay% 28 52 101 118 138 153 180 > PCB
UCL 7.09 120 029 212 857 077 61.15 31.50 747 1.04 234 0.52 091 1.26 1.45 6.86
AUD 759 031 031 L55 6.51 056 79.55 1432 6.13 234 120 3.12 0.82 1.74 1.64 1221

CDS 6.67 1.19 028 140 581 055 62.74 3219 507 420 128 229 0.69 0.68 0.8 0.89 9.99
NFL 718 1.19 034 135 576 0.16 6437 18.04 17.60 0.84 0.83 248 0.70 1.68 233 0.58 7.76

PDU 741 143 038 190 796 043 7599 1548 853 1.05 071 0.0l 186 0.78 0.38 0.12 3.58
MSS 756 093 044 080 3.65 034 71.65 20.89 747 096 285 280 046 208 097 375 8.96
ARD 783 1.18 036 179 743 0.16 61.29 30.71 8.00 656 024 nd nd 1.76 1.51 132 11.39
BRO 6.04 1.00 0.57 7.71 1946 030 70.74 20.15 9.07 033 0.70 235 0.00 0.72 078 0.29 5.17

ELM 7.50 124 061 154 6381 033 82.09 11.78 6.13 247 230 1.19 250 0.14 1.00 nd 9.50
ELC 6.57 182 040 122 523 0.21 4211 45.09 1280 1.77 052 2.19 nd 2.86 039 036 6.8
ESF 6.72 191 0.65 4.04 16.69 028 57.63 34.64 642 1.74 029 449 030 0.58 045 063 8.29
ANO 690 328 026 1.12 476 040 74.79 841 16.81 0.51 32.79 950 434 0.99 nd .85 3.22
SAH 699 1.89 025 137 6.77 039 76.65 16.69 10.00 2.26 3.53 243 030 1.79 1.72 138 12.94
SEC 6.89 0.99 028 090 4.81 0.40 67.33 24.14 853 237 206 0.12 145 023 048 1.57 7.19
MAN 6.60 0.74 026 3.50 1222 029 6942 24,71 587 4.88 199 095 031 041 021 1.07 9.65 -
MEC 728 1.18 024 1.18 494 026 67.87 2333 880 195 3.82 nd 0.38 1.09 276 0.47 8.79
AMF 695 431 027 253 1038 0.56 5899 35.15 5.87 5.82 093 6.52 1.08 148 146 2.08 11.86
ASS 6.61 7.06 027 195 797 021 29.72 46.28 24.00 3.54 242 090 094 098 159 0.9910.73
NVT 691 3.33 028 1.85 7.67 031 60.00 21.87 18.13 0.78 nd 0.01 079 043 0.74 1.97 446
WBL 7.06 1.73 029 078 338 023 76.81 1747 893 265 340 092 087 098 1.73 086 8.53
WPD 7.81 143 023 0.81 324 0.15 9400 278 320 598 165 049 070 146 195 180 12.72
BCH 7.16 0.72 026 1.04 448 021 8247 1220 534 045 037 4.09 051 046 121 195 1.39
ASE 6.82 0.82 030 095 4.08 023 79.65 1468 733 0.80 3.06 092 1.09 0.27 033 0.52 6.6l
ASP 7.82 4.66 032 250 895 022 67.66 26.75 560 089 098 4.42 0.56 1.06 095 092 6.79
ANP 689 390 023 1.88 895 048 6637 22.68 1093 0.62 nd 0.30 0.10 040 0.30 nd 1.32
KGW 6.15 4.01 026 1.97 854 021 7133 2147 720 193 083 094 0.16 024 045 nd 3.77

218

Digitized by Sam Jonah Library

~




© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start T:me

PCB 25

PCB 2

PCB 101

ct 8
PCB* 3

R

goégz cm/rln:'m Attenuation = 223 Zero Offset = 19%
y min End Time - 31.370 min  Min { Tick =1.00
D_. - —
24 Y
00 04 02 03 o 4
j-: Volts
9 2
. E
3 - '__—t-_..__ e i
— E
; - .
- —-=§ 3
6 . gf—:-——'—_a_. 4
: .

o ?
: ; S;

L —
12 t %_—_'—-
13

: =" "
13838 E
i4-
it 14985 14685 *

L e

‘7'; ém-—_ T

| =
18- p———y JF

—sT5

a- 205% o
4 " .lr
i =

224 ——
23+ i? A
- ' —\I

| 1
25+
% _'___,—J

- i
o7- —
220

Digitized by Sam Jonah Library



© University of Cape Coast

Chart Speed
Start Time

PCB28

PCB 52

PCB 101

PCB 118

PCB 133

PCB 180

u

i

https://ir.ucc.edu.gh/xmlui

0.69 cm/min Atte i
nua =
COE g e Tltlon 138 Zero Offset = 18%
ime =31.370 min Min ! Tick = 1,00
o _
N g T T ‘ o

| | 05 000 005 010 015 il

! Volis
2.

E @
3 ——TT T :
| —— 3

| = 5
5. - = )
| =
7! '

|

e
84
g
—_—

101i
1]

!
12{ :
131 =

] g ar
. 13928

i
i Fuw !

| =
15'1 g-f—
ﬂ{

I ZTMW *
181
19+

1 19837 !
20- &
% ,' N7 ¥
2y

i —
234 — !
u] =
21 —
%]

|
n{

i

221

Digitized by Sam Jonah Library



© University of Cape Coast

Chart Speed
Start T

0.89 cm/nip

0,000 min

e =

0.

ion

PCB10Y

ac

(8

BLd1z

A28 18Y

Attenus ion = 233
End Tize

222

= 31,370 min

https://ir.ucc.edu.gh/xmlui

Zero Offset = 21%
Min / Tick = 1.00

ol
LLEY

02

03

wgajdmnes

A

4

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed = 0.69 cm/min
. . Attenuation = 23
Start Time = ' b o o )
C.000 mwin End Time = 31.368 min Miz C/)fﬁii -liy‘oﬁ
e .
I —————
1| 0o 0 02 (Y L
! olts
2.
3.‘: e E{
. J‘ _ - ':"_;.
! o
| = 2
] A &
. = )
| ——
}I =
3'! (‘;r
|
0 { EE_L
) { }
i
| i
124 '
i e o
1i e — Al
PCB28 144 %:::3970
s F !
PCB 52 151'
| &
164 ‘é—#
5
74
) I %_17.677 A
PCB 101 18 i
| .o
19 =en—
PCBI' o0} z‘ !
N =im __
PCB 138 i ) .....;_
|  —
i o
5 a0t
PCB 180 ! |
245
|
2514
:__-{—-
%

223
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed =

start Time

PCB 52

pCB 138

0.000

L

0.69 cm/min

min

Attenuation = 223
End Time

Zero Offset = 18%

= 31,370 min Min / Tick = 1.00

0.0

i
04 B2 b

Volis

‘03

-r

224
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

u

0.69 cm/min

Attenuation =
0.000 min o

End Time = 31.370 min

Zero Offset = 17%
Min / Tick = 1.00

|

0.0 ‘04 R

02 03 YBE)
Vols

ol L PO
4
|
ropduwssg

o

|
|

PCB28 144
pcBS2 15
164

174
PCB 101

PCB 118
PC8 153

=

o]

PCB 138

—r——— A

2 ¥ 8 B
e I BB L~ B

2

[
=

225
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

PCB 28

PCB 113
PCB 15

PCB 138

0. i i
. ogz cm/@ln Attenvation = 236 Zero Offset = 19%
§ min i
End Time = 31,370 pin Min / Tick = 1.00
0er—
04 BT :
0.0 01 02 03 L
Yo | o
' olts
y ¢
! g
3 e S g
-~ o o \)
& -—..=.——_"_—*——--__> 4
i -
Sj ﬁ__;_" e e———
g
6 .‘é’_ —
o
7 =
[ i S
8 = .
; =
| =
f§;;===_.__———
10 Ry
: iy
L S— -
13 ié;_____
14} £137% '
! =
l ir
154 =§;:=E
16
17 '
184
\ ar
3 ar
' ar
2
b,
1
23l igLu?—&_ I
=
2] =
| il
2%5- =
| ——
{
%4 éﬂ’f;r
|
I
274 ?

226
Digitized by Sam Jonah Library



© University of Cape Coast

https://ir.ucc.edu.gh/xmlui

Chart Speed = 0.69 cm/min  Att i
enu = i
T - A ps T?l:mn 229 Zero Offset = 20% J
1lme =31.370 min Min / Tick = 1.00
01 02 T3 [
Volls
7
g
S — 3
4 —f—’) -2
. -::___::--—'z—
6 "% =
7 =
e
81 =
9 R —
£
mi: s
114 E
12} =
13 & .
— Mw 13,749
Z i
15 ?
161 éﬁ
171 g ir
PRIl ] {‘
iy -
194 o
| ar
20 20512 4
PCB 1:3 3
2 T
1 i
5
1.
23]! I
241
251
5
274
0y 1
7}1:
227

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

PCB28

PCB 101

PCB 15}

]

0.69 i ;
e cmér.nm Attenuation = 234 Zero Offset = 22%
' 1n ] —
: “End Time - 31.370 min  Mip [ Tick = 1.00
A
| T T [ .
i- i 02 03 04
! B Volls
2- ;
44 —————r n‘
; _— |
1 =
6 = =
4 r%_-.m__
7 T
z.?'_.________
3 ==
9- é
"
1 E‘
121} = =
|
AN
] .
154 e "
i {{
15] %
!
14
; ; o
<
_3 -
19) =2
i a
o Loneer o
215| -— al
221 a
|
3 4_? I
1
24-: -:";_L*
: 5_____‘“?::
2%- —
: —-‘—__‘-____I__p
%
27-
i S
2/

228
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Vv iy wag

Start Time = X ALlBulaLun = 4gh .
000 min End Time - 3% i é;‘{to (;t;se; = 25%
' in ick =1.00
U= ————
! o T —— .
1= ’ 02 03 YR
) Vols
24 |
i 7
3 £
- :
4 D" =
e
»
54 7;
] ; g- )
64 3
74 E
: {,________
B4 ;-—
gi
10 i
11 "
i
121l : =
0 =,
e
PCB28 14 g LI
PeBs2 15 =139 *
| = 2
163 =
17 1‘_“_—_. e e—————

194 <
i 4r
-
pCBIE3 e s &
ud 2w
PCB 158 ! e e
n! o S
| g
24 - "
1 T 619
PCB 180 : —
24]' —_—

229
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Lnart Speeq =

: 0.69 cm/min
Start Time

Attemuation = -
0.000 min = 250

"End Time

T %Ero OFfset sy - —
0 =31.370 min  Min [ Tick = 1,00

=0-1 — i
0 —
1 i . L 02 03 YR
] Volls

9:

s

<~
DRAKVALL

|

o

r a
PCB28 14 “S14014

PCBS2 15 14923 %

-
=
i

peaiot ! A

i

19.840
PCB 118 ZG! 1

Ar
1.261
PCa1.8 21-: 21.26¢

—~—

PCB 180 ; —

———T
IO =
i ———
251 /;‘_,J—_
27 g
|
230

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed = 0.69 ;
63 em/min  Attepyars
Start Time = ; Muation = 239
0.000 min g qype = 31370 min Z;:.:o (/)f-ise; = 17%
' in / Tick = 1.00
(i -
- 00 TR e ——
1= " 02 03 04 V"ll
| olls
2- @
| g
3 ——a 5
i e —— ~
4 s~ ~ a
54 okl i
| =Y
" —
7<= }:-_____
; F—
B-! §_ ~
9{ -
i
10+ =_“"-_’—
* —_—
1 L
| =
13I _
1 — .
PCB28 4] S &
|
PCBSZ 45 < 14902 -r
i e
16 =
1
174
i 17.585 Ir

PCB 101 i

PCB1°8
¥ = ¥
! 7053
PCB1L3 | = &
21+ = ;H 4

PCB 138 | =

22 1

23 i 546 el
PCB 180 R

24 -4 "\_

25‘; =

H —_—
%4 =

231Di1:|itized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed = 0.69 cm/min  Attenuation = 224 LETO ULLSEL = 154
Start Time = 0,000 min End Time = 31.370 min Min / Tick = 1.00
0 -
a 00 T 02 03 w M
1- e Valis
1 2
I £
2 o
! &
3‘| & L ?
l W i
‘i _--=—'_t i

l

LA

o
—_—
7] -
| - -
s] é “
o
? : ———
H L
104 =
o
t =
" o>
i —
124 e .
i -
1] -:—---
134 -
PR 4y —
PeBs2 164 = ;
161 D= s
- 2‘_:_:
‘ S
T B
|
18 L
% e —
g _:‘5 776
PCB 114 i ém&a
20 ] —————
PCB 15 n: = T
1 =
PCB 138 !| ==_:_—_._:———'-———'—"=”
i T
- T
: —
180
% s |
1
sz ;’_’
2.”: ;7‘-
i
284
232

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Sneed
Start ime

PCB 28

PCB 101

0.69 cm/min

0.000

0 e

- o o L

oo

e bl e ek e

24

Attenuation = 229

; Zero Off =
min End Time = 31.370 min Jn A

Min / Tick = 1.00

02 03 04

+

Volts

,l
1
| l ‘
i
Y issvyoidwes

[/_,'J

233
Digitized by Sam Jonah Library

a

ar



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

PCB 28

PCB 52

PCB 101

PCB1°8

PCB 148

PCB 180

-r

00623 cm/@in Attenuation = 255 Zero Offset = 28%
; m i p
in End Time = 31,370 min Min / Tick = 1,00
L
o 00 r 2 03 (]
" Vols
2. ?
3J =___— ’
| h..-_____.__-_ﬁ_\_ E‘
d == &
54 - 65
al
g 5
% r 3 N
82 (L
i
9- %%i==‘
.
a
1
124
a = )
—_—
| —m
14»1 i
’ 4
154 sEE@?T
| e
164 é;-‘_
i — e T —
1
17
182 g
194 ’
I 19.857
20! -
214 =3
! B
22-! 2
1
5. Lﬂ%
24% —:-___'—:_:
3 :
J
2l
i

234
Digitized by Sam Jonah Library

e

R



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed

0.69 em/min .
Start Time Rttenuation = 253

0.000 mi . Zero Offset = 28%
n End Time =31.370 min  Min ! Tck = 1.00
0

0.4 02 03 s 4l
] . ! Volis

DISSVIIES

PCB28

B
POBS g5, g

PCB 101

PCB1'8  70-
PCB 143 l

PCB 138 |
2]

PCB 180 l

235
Digitized by Sam Jonah Library



4]

s

© University of Cape Coast

3

3%

https://ir.ucc.edu.gh/xmlui

ey apddananisg

236
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

PCB 28

PCB 52

PCB 101

PCB 1L

PCB 138

PCB 180

00623 Cm/min Attenuation = 23 Zero Offset = 21%
. min End Time =31.370 min Min / Tick = 1.00
0 e
P T T .
01 02 03 04
1.i Volls
2 P
! E|
3 =,
e &
5 =
54
LS
64 ==
]
7
w —
By g————
g [
10 g
e
11 {._
12J ;5_
13 ‘L-_-'_'.“':.““"‘__'—
I
14 ¥
| I
5 14958
i P
1. =
! —
17-] qr
g 1771
18+
195 __‘{ ar
- = i
! _%m Ir
24 S=nam
|
2l
| s,
: TT= I
- 5
E e
%4 |
: i
25-i |
|
264 e ——
! -
!
237

Digitized by Sam Jonah Library



© University of Cape Coast

Chart Speed
Start Time

PCBZ8

PCB 52

PCB 101

PCB 118
PCBIF3

PCB1.3

PCB 180

0.69 cn/min

0.000

L i s B e A i el

~
~

b4

) ~a
<n <3
s (B oty B o e M e

https://ir.ucc.edu.gh/xmlui

Attenuaticn = 252 4RY0 UILSer = 414

min End Time = 3137 min  Min / Tick = 1.00
01 iu.o T T T Ty T —Tg-"f“
cils
—
=T 6
S
f.:?
{
i’
1
(
$
=
=
s
2
e
&
ol
o
5‘1%4915
:gﬂ.ﬁla
s
10417
20560
= AR
L
) __:,‘-_—_——J'-:——__"_'—:-z-_ -_=-=-23729
{—;7—__ R o
P
_.-__-:__-—_:‘3._
e
238

Digitized by Sam Jonah Library

I



© University of Cape Coast

" Chart Speed

https://ir.ucc.edu.gh/xmlui

= 0.69 Cm/min At .
: tenuation =
Start Time = g ; : =252 Zero &1
00 min  Endpipe . 31370 min Mg (/)t'ﬁgi __3?00
| N— S
i T e
' 01 e e _ i et
| 0.0 04 TE 3 0.4
\ Volts
|
i | .
i ! -f
3 e g
; o ——— =T ]
44 —rm T o a'
e o =
| <,
51 g
i e
8 G
7) v
By J——
i 3
o) :
104 ;
“-0
111 (E
121' L‘—f”'
. 2.
lJ] :E_—""‘"—
| %, *
PCB28 141 < 14002
{ o )
] b o
PBS 15 5%4.918 J
. g
14 L
- & A
—_ zE~11478
" C
o
1 J 3 5
g 10817 N
PCB 118 2 i m‘ses r
PCB 13 v : ir
s ﬁ')zi.-m.
PCB1:3 |
2 |
|
23‘! R r
PRI, ]
254
|
-

239
Digitized by Sam Jonah Library




© University of Cape Coast

https://ir.ucc.edu.gh/xmlui

Chart ~ .
P 2‘;;:" 0.69 cm/min  Attemuation « 161 Zero Ottset = 2%
= 0.000 min  End Tipe - 31368 min  Min / Tick oy
o oo 020 s 0 s
Volis
7
B
S |
I o= 5
z A
-
| e
64 -':*—-,._
i =
74 =
e &
i =
9: -§:
{ -~
‘IIJ-i
|
114
=
134 R
'; == *
PBB gﬁ‘”
1 I
| =
PCBS2 151 e
i g_
16+ %
i =
114 & T
! P ——— N/
POBIOT o f
1
i ==
194 = ar
! Z;__,__ ar
2 =
PCB133 : = ar
24 g_gym
PCB 138 . g——"’_
2/ Z
5’2- I
23; R
PCB 180 | e
24 oL T —
1 ——e—e———————
: ——
254 REH
i —_—
%{ &
1
21+ é_.

| §

240

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

PCB 28

PCB 52

PCB 101

PCB 118
pCB 13

PCB 1.8

PCB 180

0.69 cm/min

Attenvation -
0.000 min ation = 257

: Zero Offset =
End Time =3L.370 wmin Wy

Min / Tick = 1.00

] "’0.1 S

! 0. e .

i 0 0. . T 5 554
: Volls

IHygapd s

o

241
Digitized by Sam Jonah Library

T

4r



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

PCB 28

PCB 52

PCB 101

PCB113
PCB15:

un

0.69 cm/my i
b é?;n Attenuation « 210 Zero Off
. . 0 Offset =
o End Time . 31.368 nin Min / Tizi =11*00
| R i
1- 01 02 03 (O
| Volis
2-
l w
34 :
i T, :
i i E
| ey g
| i
51 : . 9
64
éé—:;. ;
74 qit':z’
B-l[ {7_ —
: =
1
9] =
= S
N %;_
]
"
I
: =
| ]
N-E 13.967 -
i
| 14801 J
i
164 i ——
i = ;;;
174
! I qr

: 19792 &
W; 20458 A
214 -
2:

% ' 4r
—

i |

%!
7! ;

242
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed

= 0-59 Cm/nin
: ! Attenuatj
Start Time = . / Uation = 243
000 mip End Tine . LI i Z:{-‘O ?ff;et = 25%
(| ' 10 / Tick = 1,00
: 0.4 00 ’—-_T____h____
b ' 2 3 TYIEL
! Volis
2- w
i )
1 === 3
B &
! 2 9
54 _ s .
5 g‘:‘;‘:-d.-l&
8 e —
9 ;
t_..T.:——
104 %
o il
! iy
i ————
‘I?-l ‘?
‘ =
134 —
| =
PCB 28 J 13.731 Ir
144
i
; —= Ir
| e
164 ==
[ <
i ———
17 é
1 ] = 17751 %
PCB 101 i e
18 ;,——-
194: = 3
i
o
214 TE—_ 150 1 *
PCB 133 ; g
»i =
| ~
24 ;{*\—*——* Ir
: -
241 p—
] i
& |
! ——_—_———'_“‘_J
264 =
| g
.
243

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

PCB28

PCB 52

PCB 101

PCB1:3
PCB 138

PCB 180

n

0

164

174

0.69 cm/min Attenuation = 735

000  min ; Zero Offset = 22%
End Time =31.370 min  Min / Tick = 1.00
| S
01 R ~— S
o u 02 03 [T
Volis
Sl :
= B
e g}
E
?F_
e
=
=136
13
-
=il
e (
—?_._:___—__‘___w_ 17122
=
e
5%
1.311
—"’—'—-;—.:‘:_h_.
—{;—,_A
;”’—-— -
=
=
-
£
244

Digitized by Sam Jonah Library

T



© University of Cape Coast

Chart Speed
Start Time

n

0.69 em/min

End Time

0

i 00
1o

i

2.

3

FS

Attenuation = 218

Tt — -

LAl

https://ir.ucc.edu.gh/xmlui

Zero Offset = 17%

31370 min  Mip / Tick = 1.00

e
0.2

03 +

Volis

=1
-

5

I
|
1
4
|
*.
)

PCB 28

PCB 52

PCB 101 .

PCB 118
PCB1:3

PCB 138

Vs dueg

245
Digitized by Sam Jonah Library



© University of Cape Coast

Chart Speed
Start Time

PCB28

PCB 52

PCB 101

PCB1'8
PCB 143

pCB 138

https://ir.ucc.edu.gh/xmlui

0.69 cm/rpin Attenvation = 22 Zero Offset = 20%
0.000 min End Time  =31.370 min Min / Tick = 1.00
0- A
1 b0 T T T YKL
| . 02 03 0 Vals
! I
]
34 i — '9;1
: T I,
(¢]
z by RS
55 It
_—_
s\ e
14 g
8 =
: %‘%5,__
}
10 %
1 g
| —
12 %
13- S ——
I —=—nm
144 —
] ?—HSTD
154
‘ =
1
i ]
111 %mﬁS
| . - AT
1] =
1 gy, S—
19 s
3451
g .
i ;

A4 T
i —_—
23: -~
2: }
5 £‘J
261 ?

zﬂ.
246

Digitized by Sam Jonah Library

4

A

A



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed =

0. - : _
Start Time og§ cm/r_nln Attenuation = 208 “Zero OFfseE = T — ——
; min End Time = 31,379 min  Min / Tick = 1.00
0—
i I s - .
: " o 02 03 LY.L
- ’ Volis
i =
2- 2
| 3
3{ T F;
! ey 2
| e, n
4] = 3
5 %
—
6 :‘?g——_
=
7 %_
i S
: )
b =
104
1!
nl oy
H
134 e
: = T
i 778
PCB 28 1) ?_&
: r
pCa 52 154 -?3.559
4 =
174
1

I
PCB 101 i

a ’ TB05 b
PCB'® | i
214

7
PCB 138 ; ;2—1_—32?
2. -
231 il
i ——
PBIR ) ‘“_—**&_.___‘E:’

~n
o

N\

247
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

I

Chart Speed = :
Start T?me = 00(.129 cm/rfun Attenuation = 108 Zero Offset = 2§
= 000 min End Time . 37,39 min  Min / Tick = 1 00
005 - 76_10_‘ 015 Y Ty~
Volis
.
i i T s = -
4l S g
- k
| e
“1| =_
g s
! =
H =
o =
| {E“f—
104 o
i =
1 te
l
124 ]
o -
| =gy IF
Poazs 14! ==
PCB 52 15.! _%5,515
161: ; —
1 .—_-—'-'
14 3 T
| = = 17.744
PCB 101 le " g,___,m__
; —_—
!9{ :
8%
Eg:: 2 2, 2043
1 1
i j?,_vmm
PCB 138 i g=
ZZ*I .-
|
za-'
PCB 180 | —
u- = —
| —_—
25-] Je——
|
#
|
21

248
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

—

Chart Speed
start Time

PCB 28

PCB 52

PCB 101

PCB 153

PCB 138

0.69 cm/min
0.000 min

B
|

1-

- w ~
= ) <] = S = ~ =3 o _n
B Bl B TR 2 e e
L ST

o

Attenuation = 217 4EYO ULLSEL = aus
End Time = 31.370 min Min / Tick = 1.00
i ‘ YR
00 04 02 03 Ok
.
=
g
)
e "
—— ;
P Q
= z
—_—
=
T
Z;,__—’__’_—____‘_____ﬁ
<
P
{:%_—5———
.-?—’_'——__
c_?
=
_;—/J
T T e ——
;13.952
T i
%17.705
404
08
o
-
-
s
249

Digitized by Sam Jonah Library

ar
A

Ar



-‘

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed

0.69 cm/min At .
Start Time enuation = 249

0.000 min End Time = 31.36 min

RS
' %l g0 u 2 03 04 4l
e Vols

"

4eY0 UIISer = su%
Min / Tick = 1.00

4 —_—

n i oMadures

la.
u
-
r

POBSZ 15 14918

I e —
182
17{ n
181'
19 1 ar
PCB1'8 204 ar

i T
24 21,40
PCB138 -
2]

—————
231| - T

——————————

250
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

HaLL e "
RIVIESI V.03 Cinpug

Start Time = ¢, ) Altenuation = 4y, ,
000 mip End Tine . 3370 iy A::o 3rrie; = 21%
- ' in [/ Tick =1.00
B .
A —_—
’ " B T
t- 02 0‘3 [0.4 +l
: Valts
2
®
T S E
4! e e
* =_ .
§ { :
l f—
: -
7 %
|
84 — —
i S
9/
|
!
0! =
! —c'_—;__.——__bh—
15 e ——
! é
124 =
e
! —
; -__._._._—_.___.—“
PCB2 441 T———nn *
PCB 52 15]! 14925 4
16
} ¢
11-
PCB101 17,584 &
18- gf———"'gz';
194 é—__—'——.
: r
PCL 1B .
PCB1 3 m-‘- o '
- T
21
% r
PCI 180 | =
e
2!
, S
5. l
i i
6. __,_;.—’r—
! r__—4—::=-—-—————'
27 =
251

Digitized by Sam Jonah Library



© University of Cape Coast

Chart Speed
Start Time

PCB 28
PCBS2

PCB 101

PCB 118
PCB13

PCB 1.8

PCB 180

0.69 cm/min
0.000 i

0 —

i

1-

o = ) ~
R e Btk

o

-~
SRR

Attenuation = 235
End Time

= '“""“::j——————-:a_
Eé?___
?7—'::—

e e e e e S——t

https://ir.ucc.edu.gh/xmlui

Zero Offset = 21%

=31.370 min  Min / Tick = 1.00
X 02 03 04 ¥
Volis
E
2

=
=

"

£

]
13.952 !

peyat Iy 1

-

=

=

F —

s
Sum v

I
20447
Ar
21317
A
2310

e

;

17759

252
Digitized by Sam Jonah Library



hart Soecd
tart Tim

PC 18

PCE 11

PCB i
PCB13

PCB 138

PCE 130

© University of Cape Coast

R et —— e

https://ir.ucc.edu.gh/xmlui

oA

= 0.69 cm/min At i
enuation = 24¢
= 0.000 pmin - Zero Offset = 25%
End Time = 31,370 nin Min / Tick =1 00
B mei ;
04 Y D e
1! o o1 02 03 04
< Volls
| o
2. £
: i - =
3. —_— £
S [
: e 2
41 e n
! B
54 ’i____
| &
; -
| £
74 2
i P 4 Do
i p—
9, s
| <‘T___..—_—
ol e
1" %
! 3
124
|
M'{ '{:-;-13.961
15+
164
_—
17 A
: AL
-
\ g i

24 i
% %mm
-
%+
2n- I3
253

I
ar

Digitized by Sam Jonah Library



‘hart Speed
tart Time

PCB 28

PCB &2

pcB1'8
PCBT3

PCB138

PCB 180

e e —————

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

0.69 cm/min
0.000 min

)

Attenuation = 219
End Time

=

e e e
————

Zero Offset = 17%
= 31370 min  Min / Tick =1.00

Volts

Voo opdweg

254

Digitized by Sam Jonah Library

02 03 04+l

A

-r

Ar



e —

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

=

Chart Speed = 0.69 cm/mi
: ; A0 Attenuation = 24
Start Time = i i i et :
0.000 min End Time = 31,37 min  Min 3f§2; _Zi*oo
. X 02 3 o4 A
Volis
¥
3
______ . z
e 2
4 == 3
—~==== 2
Do o
g =
Z
7 i
B L. A -
g ;——
|
10 ‘i
1} {—cf
I, ——
121 =
‘ y .
, 13! — l
, %—13753 T
peB ! ' -
i =
| L ar
PCBS2 154 —5"15.006
i =
15‘; :‘_:-—
l —‘—_‘——___,__-=-'—-
114 Eg;' '
} —
184 i_f——:_?—
[ —
ol = I
: = & Ir
! 2 .
pcBIR | !
! A —
PCB 138 ; -
7 =
: e I
N R
|

.5

2 BB
\

=]

255
Digitized by Sam Jonah Library



R e ———————

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed = ¢ g9 ;
-89 en/min  Attenyati
Start Time = o €nuation = 239
¢.000 "mip End Tine . 3, 1 5 Z:III'O 3f;sei = 2%
' in / Tick =1.00
0
{ T ———
al T T ;
17 02 03 04 VJ"
: Is
2-; !
| «
3 ] g
i T g
4 ____________}" >
: . 2
: = e
§ ‘?;‘“ 2
T4
| s
84 o —_—
9 £
ﬁ-
104 7
11 é
12 _
' = It
PCB28 14 13987
|
5] '
b :
1 i -
H e —
i =
18: {;
19
| é’ .
I
24 I
PBLY | ok
s ' —’2_}.&-5 e
i ' =
“ s
|
za-i T—_— r

256
Digitized by Sam Jonah Library



i ——

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed =  (.¢9 ;
-89 em/min  Attenyati
Start Time = : uation = 214
0.000 mip End Time - 3370 in Z;;Lo1 ?f;se; = 16%
1CK = 1.00
D
| T g
o : Al 02 0 e i
! Volis
2: 0
i =
I S T —
" 1 s 5
=
6] -
i
7 B
8 o —
9 i
i e
" e
12 ‘___é—
ol = -
1 —
PBB gy " !
| e | "
ST - 14,885
|
16«1
17Ji %,_ r
f :§_
184 e
! Lb
194 T
. ] e *
o = T
PCB1 3 J ar
2 ! 21409
PCBIB® |
2
|
2! l 4
ul i
: |
21 |
J |
! l
271 ();__

257
Digitized by Sam Jonah Library



© University of Cape Coast

Chart Speed

0.69 cm/min

Start Time = 0.000 pip o oRACion = 237

min End Time

0 ——

e

https://ir.ucc.edu.gh/xmlui

Gero Offset = 23%

= 31370 min  Min / Tick = 1.00

i B8 T R e

(T

i 03 (TR
. Volls
: e

i . 2
! El

| = %

[ — 2

4' —:"_:b wn
1. e #

: = "

6

d
1

* & )

9 =

: =

) ==
| =

24
i =

13724 I
PCB 28 ] %
‘ r
i
15+
! e
1!54E &..é:z::__
; — ——————
g < :
i e ——
184 =
1 =
’91 r
i I
o 20484
PCB 113 r
#4 : 21.380
PCB 118 : =
224
23j 23618 J
| —_—
PCB 180 : ——
241 ?
| G
251; T m——
" i
274 & ’
!

258

Digitized by Sam Jonah Library



e ——

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

B i

; Ve
Start Time - 0_006 uu',;li:u.u ur.tenuatlon = 215
: M EndTine g 38 Zero Offget = 394
P ' 1 Min / Tick =1.qp
102 ——— ¥
1-: 01 m . r\.r—__"__—-
i 4 02 .4l
: Volts
2 " ’
|
3, -}
s =
4 D —— e g
= -
9

R ———
] ‘{
10 -
111 ‘%
i
123
! o ‘
13: =
: = -
|
PCB 28 144 = 13945 I
i
PCB 2 15]’ 015 r

174
PCB 101 4 17693 -
18]
I
19j
5 1953 T
PCB1IE 5.
i T
2 ! At
PCB 138 1
24
231'
0 r
PCB 180 244 p——
251 %__
4
|
271

259
Digitized by Sam Jonah Library



‘

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

PCB 28

PCB 52

PCB 101

PCB 118
PCB 153

PCB 138

"

0.69 cm/min Atte
nuat = Y.
0.900 min End Ti ol LEro UIIset = Ly
ime =31.370 min Min / Tick = 1.00
Qo
i e,
| 00 e
i 04
i 02 03 04 Vo;!
’ 4
3 E
— =
4 o e o
Z
o)
5] —'_E g
8] t"—s:'——.—ﬁ“—‘_
| 5__‘{_;”___
7
1 =
8 — —
| =
d =
11, <(
12 ——‘z,_‘—._jn-'——-
o - all o
ez - Ir
T mm— ]
14 e
v e Ir
154 ==
17! i I
i
18+
194 ==
| =, »
0 —E—na J
I = "
214 {21.351
' <
i :
%! bl ¥
u
254
| i
ze-l e
27.' /g

260
Digitized by Sam Jonah Library



ey ——

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Ve sy

start Time = 0.000 mip Atlemuation = o4

B N Zero Offset =
ime = 31.368 min Min / Tick =zi,‘00
| 0o T T v

i w 03 ol
$ Volls

D NPrduug

|
|
]
PCB 28 14J 13,942 d

e
=
P2

a1 725 r
PCBIOT 61 —

19 J ; ;
N Al
0 1 _ -r
214 o -Ir
P | ;”3

=
2d :

!
24 ar

PCB 180 i %:’

. C—

e
:__________
2+
27«

[~
o

261
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

PCB 18
pCB1t3

PCB 128

PCB 180

0.69 cm/min
0.000 i

| —

o

Attenuation = 185

Zero Offset = 12%

=31.368 min Min / Tick = 1.00

—— e
——

02 03 i
Volls

. Jopdhaesg

VILL:

262
Digitized by Sam Jonah Library

ar
i

A



© University of Cape Coast

Chart Speed
Start Time

PCB 133

PCB 138

PCB 180

n

0.69 em/min
0.000

e,

|
L

2=

(%]

Attenuation = 233
End Time

D, —

https://ir.ucc.edu.gh/xmlui

Zero Offset = 22%

=31.370 min Mip / Tick =1.00
S
01 02 03 o4
Volts
”
£
—- -
g 5
2 A
B~
y =
T
)
a4

S : ’

263
Digitized by Sam Jonah Library



“._——

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed = g gg ;
i -85 cm/min  Attenuati
Start Time = ; nuation = 216 ;
000 min  Eng pipe . 31.370 min z;ig ﬁii ) 1?uu
Mmoo k=
| 00 Ty T —— :
1. &t 02 03 04 v Jlil
2- @
2
Lk - i)
--P_-____.__'_‘___"h— %
1< T—r_—.:). »
% ;"-——=
51 (_-:
i e
1
2
B. 1
94 g
10.3 sl
[ Z“‘_‘:m——
11 e
12- <-—____=_.§ T
13 e —
PCB 28 ' 13755 ax
4 =
PBSZ 45 2,&883 *
16+ ?
174 "
IS-.
194 5
PCB 18 7p. r
aIr
214
1CB 178 _
2-
! % o
% |
- |
25 |
5 |
=
24 )

264
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed =  ¢_g9 en/mi
. . min  Attenuation =
Start Time = N At10n = 238 Zero Of =
0000 min  EndTine 31379 pig e / ﬁzi =2?un
0 02 03 04
Volls
n
)
g
!
2
b
= )
6
Lo
1+ g
e, 8
8 — =
g %
o - <
g uy
134 e
| *
PCB2Y 1 e
; I
peBS2  15. =
i
i 2,
17Jl ’
».
194 =3 r
1 r
B4 455
PCB1E3 i 3 A
24 21.356
PCB 138 | b5
24
| ——
- L R r
o i
2. l
} !
i }__-;f}
271 -

265
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

[ortvue ~
Sy Yhme g i

Start Time = ; e
0.000 min End Tlme = ]1370 miﬂ Min / Tick = 1.00
0 — ————
, 00 0 02 03 4
1. Velis
§
- »
-
3 E
. e =
o — =
= 5
s -

|

104 - o
1" é
124 "

PCB28
i
, X ool
164 b
i i__::—
17 - r
; __-‘:-T—-__——_———ﬂ.iiﬂ
PCB 101 13~E C__—_::-—
1
f # =
194 = r
H —_;_,._—-H——wm T
PCBI8 0. &
I
o =141
PCB 13 ;
2 %
3! ar
" ‘—%‘
|
PCB 180 : — e
# _—
—_—
24 I E———
'
%4
i
n:
266

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

PCB 28

PCB 52

PCB 101

pce 118
PCB1 3

PCB 1.8

19-
n-

2+

0.69 cm/min
0.000

: Attenuation = 15

min End Tige Zero Offset = 16%

=3L.370 min Min / Tick =1.00

0.0 01 ;
2 02 03 YR |
Voits

J o
— a
=
i’\
| .§\ <
Y
-

I
ar
ar

7] i
21403 *
g [r

L——,____

i

-ﬁl

e
s

267
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

(S:tart gpeed = 0.69 cm/rflin Attenuation = 239 4eYo ULLSer = 43%
art Time = 0.000 min End Time = 31,368 min Min / Tick = 1.00
04 ! ; Y
02 03 o M
7
5
: — . )
6 B
1 ?"
e 28
8 ==
9 %
10+ e
| ]
114
i
12
| = )
% —v B
== 12819 » W
B 14500 o
PCBS2 15-{
164 .
" gl_J U
e A
PCB 101 !
18]'
I
ir
19 5
], i
PCBI'B . 70533 .
\ 1
PCB1-3 i
2113 e s
PCB 138 i
24
i A
7 1\ 23.6%
[
PCB 180 | )
24
%4
'
27«i

268
Digitized by Sam Jonah Library



— IR, ISR S——
© University of Cape Coast https://ir.ucc.edu.gh/xmlui
CHAIL dpreeu =y gy o
. E /M arg .
Start Time = ’ enuacion = y4y ,
0.000 min  prgopype 31.370 min L:ig 7158; o
: ick = 1.00
B T T T 1
1 ' 02 03 o4
Volls
2 o
:
" 4
&
5 g
g e
-
| e
8 o 1
o
g E-—_—._
-—
14 =
" %
125 ;
17 g--“’_—____ P
PCA L o
= T
15 %
. e
15+ e
i =
) A '
o T el
18+
| gm._,
i =
19+
| 'E-—wﬁ.aﬁ T
PCBI'8 . g‘f ar
. ¥

M! ~E791 485
PCB 138 :

2312 QMLT__ i
PCB 180 2‘ 1} %}
—_—
25 g
—
sz
|
271
i

269
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Lnarc Speeg = 0.6Y cm
s e M lrlnm Attenuation = 226

min End Tine Zero Offset = 20%

=31.370 min Mip [ Tick =1.00

L P
R T —_—
00 T — s
1. 04 02 03 ‘04 . +l
lolls
77
2 E
s e
__“-_'——-
4y = »
=
; =
6-
12
§ :
: <
i e
104 %—
e ——
12 T pm——
; ==
13- g——_'i__—______l
PCBZ g4 13887
|
PCBR2 1z, %'14.931
1t - _:_:-
'."-: ==
PCB 101 ; Sl a T A
13- ——
: <
2 S04
PCB13 :
2 409
PCB 138 : ——
2- =
29 <“—'
—k—_\r
” é
%: =
1
B ’F—"_

270
Digitized by Sam Jonah Library

Ar
A



© University of Cape Coast

Chart Speed
Start Time

PCB 28

PCB 101

PCB 118
PCB 153

PCB 138

PCB 180

1

https://ir.ucc.edu.gh/xmlui

00633 cm/r‘nin Attenuation = 211 Zero Offset = 15%
: min End Time < 33,379 min  Min / Tick = 1.00
0.——_-_._ =
S
1' 00 0 02 F e i
! Vi
| '
| )
-8
: =
(=f]
" —_— g
o
. »
S ——
5 e~
7
1 =
. =
94 i
104
11 '
! _

13

16
1 | 17569 -r
1
184
19 |
19.774 r
2 : 20531 ¥
. » ar
] ==
—_—————
24 (5"’
25-] ey
| =
% . »
| L=
2 'l[ P

271
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed

Start Time ; Ooagz CH\/l'Elin Attenﬂ?tioﬂ = 207 zZero Offset = 13%
. min End Time = 31.370 min Min / Tick = 1.00
e
1| 0.0 01 2 3 04
’1
2!
| %
3l e 3
! —— N —— :
s}‘ t=dse g
5 E &
3 %
!
]
. =*
91
| %
104 —
11 ’) e
. ey
12 i
173
PCB28 by 13.736
S ———
-
15 —

17 —_—
: — s
POBIDI o ‘Ll
gi
11. 19.744
PCB1-8 ai =
PCB1:3
Zhl < 70
PCB 138 i ——
21 —
i
- {
PCB 180 24} ;
sl ‘
zsi o
: ,___;-
274

272
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart Speed
Start Time

PCB 52

PCB 101

PCB 118
PCB 153

PC8 13+

PCB 180

0.69 i i
A cmr,r’lr.nm Attenuation = 267 Zero Offset = 31%
¢ in i &
n End Time < 31,399 min - Min / Tick = 1.00
Tr—— —_—
[o2 01 T 2 Ty
" ! 02 03 0
Valis
2: l Ui
3 ) a
g =]
—‘:’—ﬁ :
: _ sl
? :
5 — g
= a
6 T
T
i e
51 -
Y ! i
104 ’ :
! . £
1 %
124 .
é‘z—
1 '.:__
! - ———
] — e !
154 g‘m 'lr
IT“ ———
%3 "
) T
- —-—
194
. | 30428 y
1 éﬁ .
=
21 - “l
| <l
=
) —
23
‘ 23,741 .
24]' L—..:_.__-_;
25*I
%
|
271 e
281:

273
Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

LuaLL opccu

Start Time

PCB 28

PCB &2

PCB 118
PCB1E3

PCB 133

PCB 180

"

V.02 Cuypien

0.000

| PO

=
2 e el e e B

-

= 7}
el

——

04

ﬁLLEHUdElOﬂ = 48y
min End Time

. 4ero Ottset = 26%
=31.370 min  Min / Tick = 1.00

TR

‘02 03 f04

vy a1duwresg

274
Digitized by Sam Jonah Library

Hi
Volls

4r

-Ir
At



e

© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Chart S = :
= TIiJ::d ; 00.69 em/min - Attenvation = zsp LeTO ULLgeL =
= .000 min End Time =31.368 min Min | Tick -:-1"_00
0
; 1 S ——— - )
1 : pr o 02 T3 LYRIRL
2 Volis
i
2- ¥
3 %
— .
" e e <
T u
5 = L
§ 4
7 %
s = |
i g-
104 %
114 g
s“'*—":'——._——x———
12 =
13+ %-—":_?—-— :
%wm ' -
PCB 28 “

PCBS2 15

= ’
=

PCB13

21l = 1.
PCB 138 H
2
| —_—

~
=

]
=

K
El

275
Digitized by Sam Jonah Library




© University of Cape Coast

SO UpTTO= V.oy cmynin

https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library

Start Time = 0.000 @ Aeteiincion = 2u1 Zero Offset = 20%
' ‘ Mn - End Time = 31.368 min Min / Tick = 1.00
o R S e ——
s o (X ‘ T2 ' YR
1- Vals
‘ )
2- b4
| —_— <
* T e @
5 —5 &
s
61 o
7 s
8 LT
-
g t ==
10 if
.
" —
%—__==_
12 i .—;_"—-:—:}
13 e —
pees | =
! e
151 g
=
16~ =
| S
174 §
|
184 r’;_'_’
:' o
194 e
.%19.702
PCB 118 }
2 —220468
PCB 15 I =
2+ @’_
PCB 13t ; =
24
| =
3575
PCB 180 |
2“‘ %
_—
2 =
| =
%4
i _if:,
i
a0 1
276



© University of Cape Coast

Chart Speed
Start Time

PCB 23

#CB 1N

PCB 118
PCB153

PCB118

FCB1%)

"

0.69 cm/min

0.000

"

1=

min

https://ir.ucc.edu.gh/xmlui

Attenuation = 218 Zero Offset = 18%
End Time = 31,370 min Min / Tick = 1.00
00 o 2 3 4 4

- Vols

R AR NI 5

277
Digitized by Sam Jonah Library

ar
ar



© University of Cape Coast

CH 23

o882

%
)

https://ir.ucc.edu.gh/xmlui

I\::‘:.::\:-Jt::n =

229
End Timg

Zers Offser = 11%

vorg

¥ = k] H : :
W 368 min in / Tick . 3.00
ok
: 2 S 0r
4 4
; z
3
R Rt >
e ¢
‘:V,

hE]

~

278
Digitized by Sam Jonah Library






