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GRAPHICAL ABSTRACT

Trace elements , synthetic phenolic antioxidants and radionuclides on il palm plantations Synthetic phenolic
antioxidantsare added to the palm oil to prolong shelf life. Instruments used were the ICP-OES, HPGe and HPLC
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ABSTRACT
The oil palm plantation and produce from the oil palm tree has provided employment and
economic maintenance of life and existence for numerous countries all over the globe. The
virgin palm oil has a good percentage of vitamin A, C and E. Having discovered that metals
and radionuclides may be persistent detrimental, non-biodegradable and accumulate in the
eco-system; major concerns of regulatory agencies in countries worldwide are the
susceptibility of metals and radionuclides due do the deregulation of disposal of wastes and
effluents in the environment. Based on this fact, the effect of the uptake of metals and
radionuclides from soil, groundwater, and its translocation to the oil palm fruit was determined
on fifteen independent oil palm plantations in Nigeria. Areas in the Southern part of Nigeria
where oil palm is greatly cultivated include the states of Edo, Enugu, Delta, Akwa Ibom, Ondo,
Ekiti, Kogi, Oyo, Osun, Ogun, and Lagos. Soil, water, and palm oil were collected from fifteen
major sites from areas in Nigeria. Sampling was performed in the dry season of October 2012
to April of 2013 using random and grab sampling methods. The solutions and reagents used
for all analysis were analytical grade. Reference materials were used for the validation of the
analytical methods when using the instruments. The Inductively Coupled Plasma-Optical
Emission Spectroscopy (ICP-OES) equipped with radial viewed plasma was used in the
research for the determination of total metal concentrations in soil, water, and palm oil and
metal speciation in soil samples. The highest concentration of metals recorded was for Lead
(Pb) (0.090-10.29 mg/L) and the lowest for Cadmium (Cd) (0.119-0.391 mg/L) on all the ground
water sampled on the fifteen independent sampling locations. The procedure for the
determination of the bioavailability and bio-accessibility of metals in soil in this study was the
BCR three-step sequential extraction. The concentration of metals in palm oil and the risk
assessment of metals from palm oil to soil were also evaluated. Micro emulsion technique was
used as sample preparation method for the extraction of the metals in virgin palm oil from the
matrix. The concentrations of metals found in the oil samples analysed on all fifteen sampling
locations ranged between 0.006 mg/L in Ubiaja plantation and 161.576 mg/L in Benin City
plantation respectively. Sn metal recorded high concentration in Benin City plantation and Pb
metal recorded a low concentration in Ubiaja plantation. The study revealed that the Daily
Intake of Metals (DIM), Health Risk Index (HRI), and Accumulation Factor (AF) values were
above unity in most of the plantations and this is suggestive of risk to the food chain. The
concentrations of metallic elements were rather high in most samples, hence the oil is best
suitable for use as fuel or raw material for the chemical industry. Most of the palm oil analysed
for metallic elements were not suitable for human consumption, and anthropogenic pollution
of the soils may be identified as the source of contamination. The concentration of the metals
found in the study was compared with quality standard for metals in soil, water and food set by

the World Health Organization.
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Other aspect of the study focused on the oxidative stability coupled with the cheap monetary
cost of the virgin palm oil as one of the best cholesterol-free oils especially when blended to
prolong shelf life. Virgin palm oil undergoes rancidity during storage and this affects the shelf
life and aesthetics of the palm oil. Oil palm plantation farmers may add synthetic phenolic
antioxidants to the palm oil during storage for preservation and for longer shelf life of the palm
oil. Virgin palm oil was analysed for synthetic phenolic antioxidants by Reverse Phase-High
Performance Liquid Chromatography (RP-HPLC) coupled with an Ultraviolet /Visible (UV-Vis)
detector. Hexane and acetonitrile were employed as solvents for the extraction procedure.
Qualitative and quantitative analysis was performed on the oil to determine the concentration
of Butylatedhydroxytoluene (BHT), butylatedhydroxyanisole (BHA), propyl gallate (PG) and 2-
ethylhexyl 4-methoxycinnamate (EEMC). The limits of detection for BHA, BHT, EEMC, and
PG were 0.041, 0.057, 0.06, and 0.03 mg/L respectively. Limits of quantification for BHA, BHT,
EEMC and PG were also 0.56, 0.49, 0.05 and 0.04 mg/L respectively. None of the synthetic
antioxidants was detected in the real samples under investigation. This was an indication that
local farmers probably preserved the oil samples prior to storage by traditional methods.

Soail, palm oil, and water were assessed in another aspect of the study for radionuclide activity
concentrations on the fifteen sampling locations in the southeast, southwest and south south
regions of Nigeria using the Hyper Pure Germanium Detector (HPGe). The radioactivity
concentrations of #8U, 2%2Th and “°K were obtained from averaging the radioactivity
concentrations of their respective progenies. The activity concentrations of “°K from soil depth
of (0 — 15 cm) ranged from 187.4 — 514.4 Bqg/kg. The activity concentrations of 234U from soil
depth of (0 — 15) cm ranged from 2.328 - 6.571 Bg/kg and the activity concentrations of 232Th
from soil depth of (0 - 15 cm) ranged from 1.509 - 6.121 Bqg/kg respectively. The activity
concentration of palm oil for 4°K, 23U and 2*2Th ranged from 122.3 -968.0, 1.240 - 6.651 and
1.199 - 8.061 BqL" respectively. The annual effective dose and cancer risk in water polluted
with Naturally Occurring Radioactive Materials (NORM) was investigated in the water as the
ground water in the community is used as a source of drinking water and for domestic use.
The activity concentration of “°K, 238U and #*2Th were discussed and the annual effective dose
for different age groups and cancer risk were estimated in the ground water samples. Activity
concentration of 4°K (Bg/L) were least in Okitipupa plantation (171.7 + 0.01 Bg/L) and the
highest activity was recorded in Ago-Emokpae plantation (468.9 + 0.01 Bg/L) respectively. The
activity concentrations of 28U (Bg/L) ranged between 1.611 + 0.01 Bg/L — 5.750 + 0.01 Bq/L
and the concentrations were least in Ikire plantations and highest in Ago-Emokpae plantations
respectively. Activity concentrations values (Bg/L) for 232Th in the ground water was highest in
Ikire plantation (9.619 + 0.26 Bg/L) and lowest in Apoje plantation (1.554 + 0.62 Bq/L)
respectively. The values for the Annual Effective Dose Estimation (E) (mSv/y) for 4°K, 28U and
232Th reveal that E for “°K was highest in infants, children, and adults in this order; 3.51 x 10,

8.21 x 104, and 11.72 x 10™* at W4 plantation respectively. Lowest values of E (mSv/y) were
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recorded in the same order at W12 plantation respectively as 1.29 x 10, 3.01 x 10, and 4.29
x 10#). EDW values (mSv/y) for 22Th were negligible at W1 and W12 plantations. Highest and
lowest values were recorded as 6.49 x 10 (W9); 9.76 x 10 (W9) and 9.17 x 10 (W2) for
infants, children, and adults respectively. Lowest values of 2*2Th E values (mSvly) in the
sampled ground water were recorded (1.12 x 10%, 1.68 x 104, and 1.12 x 10*#) for infants,
children, and adults in W5 and W9 plantations respectively. The radionuclide 2*3U recorded E
values (mSv/y) in the range of 0.77 x 10“ mSv/y — 11.06 x 10* mSv/y, 1.04 x 10* mSv/y—
16.10 x 10* mSv/y and 2.25 x 10* mSv/y— 8.05 x 10 mSvl/y for infants, children, and adults
respectively. The values were generally low for infants. Radionuclide 2*2Th was not detected
in Abak and Nsukka plantations. The calculation of cancer risks based on the radium isotopes
ranges from 5.91 x 10 to 21.10 x 10** for ?Ra. For #?®Ra, the values were from 5.87 x 10*
to 1.64 x 10*. Mean estimations were calculated as 26.25 x 10* and 3.891 x 10* for 2*Ra
and ?%Ra respectively. Translocation Factor (Tf) in the all pressed virgin palm oil was greater
than unity/very close to unity. The estimation of the assessed annual effective dose in drinking
water for all the individual populations were below the recommended reference value of 0.1
mSv resulting from a year intake of drinking water in accordance with the WHO, IAEA and
UNSCEAR regulated guideline values. The mean values for ?2°Ra and ??Ra obtained in this
study for both isotopes were 3.891 x 10 and 26.25 x 107 for ??Ra and ?*Ra respectively.
The mean estimation of the radiological cancer risk for radium isotope for both ??Ra and ?*Ra
in this study is acceptable within the guideline limits of 1 x 10 to 1 x 106, The values obtained
for soil samples were lesser than the worldwide values for soils in the region. None of the soll
samples exceeded the permissible levels of 370 Bqgkg™ for radium equivalent recommended
by the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR).
Other radiological hazards in terms of Internal and External hazard indices and Representative

hazard index in the soils were determined and found to be within safe limits.
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CHAPTER ONE
1.1 Introduction

The oil palm plantation has provided employment and economic sustenance for a vast number
of countries. Products from the oil palm plantation provide raw materials and feedstock for a
number of dietary products for industry (Loganathan et al., 2017; Ismail et al., 2018). The oil
palm fruit is particularly important because it possesses many medicinal benefits. The palm oil
is the dark red viscous liquid pressed from the flesh of the oil palm fruit and it is referred to as
the virgin palm oil. Pressed virgin palm oil is excellent oil used for most stable food processing
and is versatile in the agro-allied and chemical industries. The palm oil is used in various ways
for domestic use and industry. This is the more important reason the oil palm plantation is
considered an economic crop. Virgin palm oil contains various vitamins that include Vitamin,
A, C, and, D (Kritchevsky, 2000; May and Nesaretnam, 2014). Virgin palm oil is compared with
cholesterol-free oils and found to be best of its kind. It is also cost-effective and blends well
with other oils. It has a high oxidative ability and long shelf life when stored prior to usage.
Hence, for the assurance of longer shelf life for the palm oil and products made from palm oil,
contaminants in the oil need investigation. Auto oxidation usually sets in when edible oils are
stored prior to usage especially when metals contaminate them. This deteriorates the
aesthetics of the oil. Natural antioxidants are present in the virgin palm oil. Synthetic
antioxidants may be added to the virgin palm oil before the storage of the oil to prevent the
unset of auto-oxidation and degradation.

A great concern to researchers and scientist in many nations is the eco-toxicological
contamination of metals in the environment. Metals have the tenacity to remain in the
environment long after the source of pollution in the environment is gone. Essential metals are
toxic at high concentrations although in trace amounts are beneficial for the effective
performance of the anatomy and physiology of plants and human systems This non-
persistence and non-biodegraded nature of metals affects the ecosystem and food chain
(Khandaker et al., 2015; Dudu et al., 2018). Naturally occurring radioactive materials occur
naturally in the environment, and may only become detrimental if elevated to high
concentrations due to human made activities. The application of pesticides in agriculture,
unwholesome farming practices, deregulation of waste, industrialization, urbanization, crude
oil exploration are activities which have contributed greatly to the amount of natural and
manmade isotopes of radionuclides in the environment. The usefulness of radionuclides in the
human body has never been discovered albeit they are extensively used in research, medicine
and agriculture and power generation (Dudu et al., 2018). Major concerns of regulatory
agencies in countries worldwide are the susceptibility of metals and radionuclides due do the

deregulation of disposal of wastes and effluents in the environment (Khander et al., 2015).
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Major pathways of exposure to human from radionuclides may be from soil, food, or water.
Sources of radiation may include fallout from reactors and activation of nuclides, which
contribute to radiation exposure. Nuclear weapon testing and nuclear accidents also contribute
significantly to radiation exposure especially its fission products. Metals and radionuclides are
absorbed by humans from the environment and are transported to human visceral organs

through the consumption of contaminated food (Szarlowicz et al., 2013).

Oil palm plantation

Economic crop. The eco-toxicological
contamination of metals and radionuclides on the
oil palm plantation is a great challenge to scientists
all over the globe.

Oil palm fruit

The oxidative stability coupled with the
cost-effectiveness is unparalled
among cholesterol-free oil. Longer
shelf life of oil and cheaper.

Pressed virgin palm oil

Decreased risk of cardiovascular diseases,
facilitates cellular functions, reduces serum
cholesterol. Healthy antioxidants, phytonutrients,
tocopherol and tocotrienols

Fig 1.1: Importance of the oil palm tree

Oxidation usually sets in when edible oils are stored prior to usage. This can be seen as
deterioration of the aesthetics of the oil (Cabuk, 2017). Synthetic antioxidants may be added
to virgin palm before storage of the oil to prevent the unset of auto oxidation and degradation
of the oils during storage. The oxidative stability of the palm oil coupled with the cost-
effectiveness is unparalleled among cholesterol-free oils and these values are extended to
blends of poly-unsaturated oils to provide long shelf life. Hence, for the assurance of longer
shelf life for the palm oil and products made from palm oil, synthetic antioxidants may be added
before storage to prevent the onset of auto-oxidation and oxidative degradation (Yankah et al.,
1998; Cacho et al., 2016).



The toxicity of such metals and their accumulation in plant parts depends on the oxidation state
in which they exist (Francis & Dodge, 1998). Biological, geological, and anthropogenic factors

affect the uptake and toxicity of the concentration of metals in soils (Bradham et al., 2011).

-
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Fig 1.2: Toxicity of elements

The total metal concentrations when assessed, as a bioaccumulation factor in the parts of the
plant does not give a true picture of the bioavailability of such elements in soil solution.
Accessessibility of the elements cannot be compared with the bioavailability of such elements
and could be attributed to various factors such as the weathering of the parent material
biological changes, surface adsorption, and nutrient uptake, which are made feasible by
physical factors. These physical factors include the acidity and alkalinity, electrical conductivity
and the Cation Exchange Capacity (Takac et al., 2009). Geochemical and agricultural interests
are considered when discussing the various implications of accumulation (Deshommes et al.,
2012). Tessier and colleagues extensively expatiated on the topic and classified total metal
amount in soil into various segments such as the fractions that can be replaced, fractions
bound to carbonates, fractions in iron/manganese oxide, fractions bound in organic forms and
the remainder of the metal soil fractions (Tessier et al., 1979; Liu et al., 2017). The oxidation

state in which the element exists is also a factor for consideration.



The development of a method of analysis is required with the aim of high proficiency and high
sensitivity for elements present in soil water and accumulated in the fruit. Recently instrumental
analyses are performed on environmental samples for metals, radionuclides, and synthetic
phenolic antioxidants with simultaneous measurement of the entire spectrum of elements. This
is achieved using a dual view with a multi-element technique for trace and major elements in
parts per million using the Inductively Coupled Plasma Optical Emission Spectrometer (ICP-
OES) for metal analysis, the Hyper Pure Germanium detector (HPGe) for radionuclides
measurement and the High-Performance Liquid Chromatography for the synthetic phenolic
antioxidants. The instruments, ICP-OES and HPGe provided a dynamic range as low as parts
per million and parts per billion ranges for quantitative and qualitative analysis (Sai Kiran, 2017;
IAEA, 2014; Shasha, 2014).

Plant species significantly accumulate metals in various parts especially the fruits. This leads
to bioaccumulation and bio magnifications in the food chain and the disruption of chemical and
biological activities in the human body (Dudu et al., 2018). The routes through which metals
and radionuclides enter the food chain are via inhalation and ingestion (Cervantes-Trejo et al.,
2018). Although literature reveals that, some species of plants can bio accumulate metals and
radionuclides more than other species when compared systematically (Jolly et al., 2013). The
study of metals and radionuclides in soils requires systematic assessment as a monitoring
approach to eradicate the effects on the food chain (Lema et al., 2014). The approach to the
knowledge of risk assessment for metals has involved different mechanisms that include the
Accumulation Factor, Hazard Quotient, Health Risk Index, Daily Intake of Metals, Target
Hazard Quotient, Degree of Contamination, and the Uptake/Transfer Factor (Agrawal et al.,
2007; Jazzar, 2014; Lema et al., 2014).
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SOIL

PALM NUTS

HUMAN CONSUMPTION
B RISK ASSESMENT

Fig 1.3: Risk and hazard assessment

Humans encounter four types of radiation, alpha radiation, beta radiation, gamma radiation,
and x rays (Szarlowicz et al., 2013). Major pathways of exposure of radionuclide to man may
be from soil, food or water (Francis & Dodge, 1998). Sources of radiation may include fallout
from reactors, activation and fission products, Nuclear weapon testing and nuclear accidents
and these may contribute significantly to radiation exposure especially its fission products.
Radionuclides are absorbed by humans from the environment and may be transported to
human through the consumption of contaminated food. Radioactivity can be evaluated by
calculation of Absorbed Dose Rate, Annual Effective Dose Equivalent, and Radium Equivalent
and Translocation Factor (Tf). Other factors to reconsider include rhizospheres and
bioavailability of NORM supported by soil factors and pore size of soils (Agrawal et al., 2007;
Jazzar, 2014; Lema et al., 2014).

The post impact assessment of the migration and bioavailability of metals, synthetic phenolic
antioxidants, and radionuclides on the oil palm plantation has been put in place by several
countries. This is to evaluate the risk assessment study of such contaminants from soil and
water as it is transported to the oil palm fruit (Robertson et al., 2004a; Tangahu et al., 2011)
The study was aimed at investigating metals, radionuclides, and synthetic phenolic

antioxidants as contaminants in virgin palm oil. Hence, for the assurance of longer shelf life for
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the palm oil and public health, the presence of these contaminants, their concentration and

activity, bioaccumulation factors, risk assessment on humans was investigated.

1.1.1 Research problem

The concentration trace elements have great effects on the oil when considering the aesthetic
quality, shelf life, health, and nutritional value. This can be determined from the risk
assessment point of view. The transfer of metals and radionuclides from soil and water to the
oil palm fruit is dependent on the bioavailability and accessibility of such metals and
radionuclides and the transfer factor to the food chain. Therefore, it is necessary to conduct a
research work in order to access the amount of radionuclides and metals from soil and water
to palm oil. It would be worthy to assess the bioavailability and to conduct a speciation study
to establish which species of metals are available in the soil. Knowledge of the toxicity of the
metals and radionuclides is pertinent and the transfer factor from soil to fruit and risk
assessment as it affects the food chain is of importance. The selection of an appropriate
sampling and sample pre-treatment technique, method development, instrumental analysis

with proper quality control is of paramount importance for achieving overall reliable results.

1.1.2 Justification of the research

The oil palm tree is a significant lucrative and productive tree for the food, agro allied and
chemical industry. It contains various plant nutrients and antioxidants for the proper functioning
of cellular systems in humans. Based on this fact, the effect of the uptake of metals and
radionuclides from soil and ground water and its translocation was determined on fifteen
independent oil palm plantations in Nigeria. The study furnishes information on metals and
radionuclides on oil palm plantation in southern states of Nigeria. Metals in the environmental
samples were investigated by the development of the method for metals analysis on
environmental samples by Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-
OES). The bioavailability and accessibility of such metals and the species they exist in such
soils was investigated. The evaluation of the presence of contaminants such as metals in the
oils and the presence of phenolic antioxidants as additive was also assessed. Transfer factor
and regions of hot spots for metals and radionuclides in translocation of radionuclide and
metals was studied. The determination of baseline studies for the metals and antioxidants on
the oil palm plantations and risk assessment was determined. Metals and radionuclides studies
on oil palm plantations have not had a broad audience when it comes to research by scientist;
so far, till this present time, palm oil produce has been extensively ingested in Nigeria and the
remainder section is used by agro-allied industries. The determination of metals, radionuclides,

synthetic phenolic antioxidants and their risk assessment in this region of the world can be
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used as a baseline data in comparison with data from other regions or countries. Orisakwe and
colleagues (Orisakwe et al., 2014) conducted a research update in the form of surveillance.
The study was on a review on Nigerian soils and the results showed that several people die
yearly in African countries because of environmental pollution of which metal and radionuclides
are in the high rise. Pollution of soils may be from natural processes such as radioactive decay
in soils and rocks and the geology of the rock in case of metals. Most active release of pollution
comes from mining and industrial processes. Other past and ongoing researches on Nigerian
soil have brought to the public view and a consensus that Nigeria soils are polluted with metals
and radionuclides. Ohimain et al., 2012 and Ogunkunle et al., 2017 to reconfirm the eco-
toxicological risks of polluted soils in Nigeria, orchestrated a few more studies. Soils are a sink
for metals. Due to the transfer of these metals, radionuclides, and accumulation from soil to
plant parts, it was pertinent to conduct a research in these areas. To my understanding and
comprehension, after reviewing the available information and literature preview, no study has
been carried out on this study. The study is on the assessment of contaminants (synthetic
phenolic antioxidants, radionuclides and metals), transfer and soil factors, risk assessment,
and the overall effect on fifteen sampling locations on oil palm plantations in the south western,
south eastern and south southern states of Nigeria. These locations include the Nigeria Oil
Palm Plantation sites and other locations were the oil palm tree is extensively cultivated in the
south western, south eastern and south southern states of Nigeria. The locations were selected
due to input from pollution sources and the oil palm plantation trees being extensively cultivated

in such regions.

1.2. Research questions
i. What is the background concentration of metals and radionuclides on palm oil
plantations from the south western, south southern and south eastern states of

Nigeria?

ii. Do the amount of contaminants (synthetic phenolic antioxidants, metals and
radionuclides); in the soil, water and palm oil on oil palm plantations transcend the

accepted quantity and permissible levels set down by regulatory bodies?

iii.  Are these sources of contamination linked to pesticides, fertilizers, oil spills, sewage
water, sludge, agronomical practices and effluents from industries etc.? What are the
possible sources for the metals and radionuclides on the oil palm plantations in the

Southwestern, Southeastern and South southern states in Nigeria?

iv.  Could the soil, palm oil or water on the oil palm plantation be a sink for the metals and

radionuclides?



V. What is the potential health hazards, accumulation factor and risk assessment of

elevated concentrations of metals and radionuclides in palm oil?

1.2.1 Aim and objectives of the research

The aim of the research is to determine contaminants (radionuclides, metals, and synthetic
antioxidants) and to evaluate the accumulation and risk assessment from soil to the virgin palm
oil pressed from the fleshy middle layer of the pericarp, which is the mesocarp of the oil palm
fruit. The virgin palm oil differs in colour and constituency from the kernel oil derived from the
edible part of the nut/seed/stone within the shell of the oil palm fruit. The concentration of
metals, radionuclides, and synthetic antioxidants in soil, water, and palm oil are investigated
on oil palm plantations from fifteen sampling sites in selected states in south western, south
eastern and south southern states in Nigeria. The states are Abak, Acharu, Agbarho, Ago-
Emokpae, Apoje, Badagry, Benin City, lgede-Ekiti, lkire, Iresa Apa, Nsukka, Okitipupa,

Onishere, Ubiaja, and Umuabi.

1.2.2 Specific objectives
i To ascertain the level of contamination of metals and radionuclides on the palm oil,
soil and water on the oil palm plantations in selected states in the Southwestern,
Southeastern and South southern states in Nigeria.

i. To carry out optimization studies on the materials and methods selected for the

study.

iii. To ascertain the level of uptake of metals and radionuclides from soil, water and
palm oil on the oil palm plantation in the South western, South eastern and South

southern states in Nigeria.

iv.  To access, ascertain and establish the background concentration value of metals
in palm oil, water and soil on palm oil plantations in the southwestern, southeastern
and south southern states in Nigeria. This will generate baseline data for

radionuclides activity and metal concentrations in the region.

v. To determine the physicochemical parameters of soil and water in selected
sampling points and states in Nigeria.

vi.  To evaluate the sources and sinks for radionuclides and metals in palm oil, soil and
water from selected sampling points and states in Nigeria.



Vii. To evaluate the radiation risks of radionuclides and the effective dose rate to the

ecosystem.

viii.  To provide basis for the development of threshold values and environmental risk
assessment for radioactive and trace contaminants on the palm oil plantation and

to identify off site contamination and likely contamination sources.

iX. To determine translocation factors of metals and radionuclide from soil to water on

the various sampling sites.

x.  To determine the uptake and toxicity of the metals and radionuclides in soils, water
and the palm oil.

1.3 Delineation of the research

Palm oil, soil and water from fifteen selected sampling points in states in Nigeria, was evaluated
for radionuclides, phenolic antioxidants and metal contents. These sampling sites were chosen
because they are from regions where palm oil is produced in commercial quantities in Nigeria
and where there is exposure to contamination from radionuclides and metals. The sampling
points will be areas receiving significant contamination from oil spills and gas flaring, mechanic
and smelting villages, poor agricultural management practices such as bush burning, fertilizer
and pesticide application, areas polluted by waste dump and possible fallout of radioactivity.
Sampling regions of interest are the sub-stations of The Nigerian Institute for Oil Palm
Research (NIFOR) and the southwest region of Nigeria that includes the states of Ekiti, Lagos,
Ogun, Ondo, Osun and Oyo and Delta state. The metropolis is overcrowded and densely
populated with small-scale, decentralized manufacturing business, which are operated and
owned by small-scale owners, functioning from home. This beehive of economic activity is
concerned with the processing of the raw materials in which they make their finished products.
There is no laid down rule for waste generation and disposal as this is deregulated. A great
deal of waste is created from point and non-point diffused pollution. Data on the radionuclides,
synthetic phenolic antioxidants, and trace element levels of soil, water, and palm oil is sparse
in the region and in Nigeria.

Nigeria is a tropical country characterized by a wet and dry climate at various times of the year.
This is particularly beneficial for the production of the oil palm fruit. The oil palm fruit produces
palm oil that is a stable ingredient in most local dishes consumed by Nigerians. Metals,
radionuclides, and synthetic antioxidants may be present in the oil palm fruit due to various
reasons ranging from environmental and processing processes to unwholesome agronomical

methods. Contamination is usually from the cultivation of the oil palm tree and harvesting of
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the oil palm fruit due to pre-planting and post-planting farming practices such as the use of
fungicides and fertilizers residues. Contamination may also arise from a number of factors that
includes washing of the oil palm fruit with water from lead/metal pipes or rivers. In addition,
mechanical stripping of the oily flesh from the oil palm fruit, cooking and sieving of the flesh to
obtain the virgin palm oil, corrosion of the processing equipment and storage in large metal

vessels; are sources of metal contamination.

1.4 Description of study area

Table 1.1 show a list of sampling locations used in the research. Few mountains and steep
terrains characterized these locations. This is usually due to their geographical disposition,
with vegetation, which is mostly rain forest that supports the growth of a lot of plantation and
cash crops such as the oil palm, rubber, and cocoa tree plantations, characterize the study
area. Most of the terrain is flat land with rivers and various rivers and landscapes, meadows,
springs, peninsulas, and islands adorn the regions. The climate is characterized into two major
climates, which is the raining season and the dry season/harmattan. The raining season is
between March and November and lasts for more than half of the months in the year. The soil
receives a lot of rainfall all through the year and percolation of ground water into soil is to be
considered in the transportation of radionuclides from water into soil. Hence, the transport of

rainfall and the translocation from ground water to soil is of paramount importance.

Table 1.1: List of sampling locations

Code Location Latitude Longitude Elevation above sea level (m)
PP1 Abak 4.9833 7.7833 174
PP2 Acharu 7.5320 7.2792 210
PP3 Agbarho 5.5833 5.8667 111
PP4 Ago-Emokpae 7.3400 6.4500 200
PP5 Apoje 6.9644 4.1064 24
PP6 Badagry 6.4166 2.8833 36
PP7 Benin city 6.3176 5.6145 88
PP8 Igede-Ekiti 7.6667 5.1321 576
PP9 Ikire 7.3533 4.1833 207
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PP10 Iresa-apa 8.1504 4.2567 118
PP11 Nsukka 6.8667 7.3833 552
PP12 | Okitipupa 6.5025 4.7795 305
PP13 Onishere 6.7150 5.1001 68
PP14 | Ubiaja 6.6597 6.3822 255
PP15 | Umuabi 6.17 36 7.2233 221

The South-western, South southern and South eastern states of Nigeria are home for rocks
and sediments which encloses valleys and mountains from the south to the western regions
of Nigeria. The geology of Nigeria formed in the Archean and Proterozoic eras has a province
and half of the surface is igneous and metamorphic rocks with a crystalline and sedimentary
basement. Massive sedimentation was under way in these basins as it returned to its terrestrial

conditions within the Pan African mobile belt. The sampling sites are described as follows:

Abak is a region, which is a local government area in Akwa Ibom state in Nigeria. This was
formerly part of the Cross-river state. The major economic activity in the area is palm oil and
palm kernel production. Crude oil drilling is paramount in the area leading to a lot of legacy
and reclaimed sites. These sites have returned to their useful purposes after mineral mining
and crude oil drilling. Tailings are left on such sites that are later used for agricultural purposes.

Acharu is a local government area in Kogi state Nigeria. The oil palm plantation is the main
cash crop grown by farmers of the town. Settlements are usually around the oil palm plantation

as this is a major source of livelihood.

Agbarho is in Ughelli that is situated in the North local government area of Delta state, Nigeria.
The town is not too far from Warri metropolis, which is a beehive of industrial and domestic
activities and densely populated. Warri is also popular with crude oil drilling and industrial area
for the manufacture of petroleum based products. The Urhobo people are the main tribe of the
area. This area called the Niger delta is affected by oil spillages and oil leakages that are
constant features of oil production and producing areas causing physical damage to lands and
rending such lands unfit for agriculture and domestic use. The main economy of the

Isoko/Urhobo people of the area is palm oil and palm kernel produce.
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Ago-Emokpae inhabitants also farm extensively with the oil palm as a cash crop of economic

interest.

Badagry is a town near the coast of the Atlantic Ocean hence a coastal town. It is also a local
government region in in Lagos state of Nigeria and it is situated in Lagos near bordering towns
of Porto-Novo, Benin and Seme with a lot of beehive of activities for business across the
bordering towns. Badagry town is blessed with natural landscapes and lagoons extensively
used for tourism. Several recreations, boat painting, and automobile engineering services are
situated close to the lagoon. The town is a palm oil producing area for Egba indigenes and a
major means of survival for the people. The oil palm plantation in Badagry is a distance not far

from an electronic waste recycling site.

Benin City is famous for its bronzes, brass, and carved work of art. This is a significant source
of industrial pollution and transport elements into the environment and the food chain.
Significant deposits of copper, bronze, brass, tin and zinc is found in the area. The main

occupation of the locality is oil palm production.

Igede-Ekiti is a city found in Ekiti, Nigeria. One of the cash crops of the city is palm oil.
Agriculture is the main occupation of the locality that provides income and employment for 75

% of the population of Ekiti state.

Okitipupa is a region in the south west of Nigeria and a local government area. The Ikales are

to the Okitipupa lineage and major occupation is farming and the cultivation of the oil palm.

Onishere is also a local government in Ondo state, which is North of Idanre and North East of

Ajekunle area in the locality. Major occupation of the people is also oil palm production.

Ubiaja is located in Edo state and it is a community in Esan south East local government of
the state. The red alluvial soil in Ubiaja is fertile and very adequate for oil palm plantation
propagation. Inhabitants of the area are farmers cultivating cash crops, which include the oil

palm, cocoa, and rubber tree.
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Fig 1.5: Kernel (A); Palm oil (B)
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1.5 Outline of method design

Instrumental analysis

Activity concentration
Soil, water and palm oil

Synthetic phenolic
antioxidant in palm oil

Method development

Palm oil

Sample preparation: microwave assisted
digestion, micro emulsion

Fig 1.6: Outline of methodology

1.6 Chapters of the thesis
The thesis has been written in an article format based on the guidelines of the journal where it

has been published or submitted for review consisting of thirteen chapters.

Chapter One is a brief introduction on trace and toxic metals, antioxidants and radionuclides
in polluted soils. Past and ongoing research has shown that soils in the region of study are
polluted and hence there is a transfer of these pollutants to the edible part of plants. The oil
palm tree (Elaeis guineensis) is the cash crop studied which is a sustainable crop for most
countries and it is a useful raw material for the food, agro-allied and chemical industry. Nigeria
depends on the cash crop for inclusion in the diet and use in industry. Contaminants
(radionuclides, metals, and synthetic phenolic antioxidants) are transferred from soil to plant
above permissible levels. Hence the need to discuss the concentration of these contaminants
in the soil, water and pressed palm fruit oil. Accumulation of the contaminants in the palm oil

and risk assessment to man was highlighted. A highlight instrumental analysis was taken into
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consideration. The aims and the objectives of the study were included at the end of chapter

one.

Chapter Two introduces a detailed literature review on the study of radionuclides, metals,
synthetic antioxidants and the instrumentation for their analysis. Chapter Two also analyses,

interprets and critically evaluates the literature on key points of the thesis.

Chapter Three is a published research article, which was published as the review of the
literature of the title of the research work. This literature helps to synergize sources, highlight
patterns, themes, conflicts, and gaps on the research concluded on similar works. It is a written
overview on selected journal articles, books, government reports and provides a summary and
evaluation. The published review article is entitled, “Trace elements and radionuclides in
palm oil, soil, water and leaves on oil palm plantations,” a review; which was published
in Critical Reviews in Food Science and Nutrition, Taylor and Francis Journal (O.B
Olafisoye, 0.0. Oguntibeju, & O.A. Osibote, 2017; 57(7), pp. 1295-1315).

Chapter Four is a published research article on the instrumentation and method development
on the use of the Inductively Coupled Plasma Optical Emission Spectrometer which was the
instrument of choice for the determination of metals in the environmental samples in the study.
The optimisation of the instrument was established and a published article on the analysis of
metals in water. The research article entitled, “Determination of trace and major elements
in water on oil palm plantations by Inductively Coupled Plasma Optical Emission
Spectroscopy, which was published in the Instrumentation Science and Technology,
Taylor, and Francis Journal (Olafisoye O. Bola, Fatoki O. Olalekan, Oguntibeju O.
Oluwafemi, Osibote O. Adelaja, 2014. Instrumentation Science & Technology, 42(6), pp. 652).

Chapter Five is a published research article on the bioavailability and accessibility of metals
in the soil. This is to be considered alongside soil factors in the transfer of metals from soil,
water and to the edible part of the plant. The research article is published and entitled, “An
assessment of the bioavailability of heavy metals in soils on oil palm plantations in
Nigeria”, which has been published in the Polish Journal of Environmental Studies (Bola
O. Olafisoye, Oluwafemi O. Oguntibeju, Otolorin A. Osibote, 2016. Polish Journal of
Environmental Studies, 25(3), 1125-1140).

Chapter Six is a chapter entitled, “Natural radionuclide activities in soil on oil palm

plantations”.

Chapter Seven is a research article on synthetic antioxidants. Contaminants were determined

in the virgin oil (radionuclides and metals) and the synthetic antioxidant was inclusive. The

15



research article is a published research article entitled, “An evaluation of the level of
synthetic phenolic antioxidants in virgin palm oil,” which has been published in the
International Journal of Food Engineering (Oladunni B. Olafisoye, Olalekan S. Fatoki,
Omoniyi O. Oguntibeju, & Osibote O. Adelaja) 1(2), 2015).

Chapter Eight is a research article entitled, “Accumulation and risk assessment of metals
in palm oil cultivated on contaminated oil palm plantation soils. This is an original paper
accepted and published with the Elsevier Journal, Toxicology Reports (Oladunni B.
Olafisoye, Olalekan S. Fatoki, Oguntibeju O. Omoniyi, & Osibote O. Adelaja) 7

(2020), 324-334).

Chapter Nine is an original article entitled, “Synthetic antioxidants and metallic elements
as additives/contaminants in virgin palm oil,” (Oladunni B. Olafisoye, Olalekan S. Fatoki,
Oguntibeju O. Omoniyi, & Osibote O. Adelaja). This is published paper in the Asian Journal
of Agriculture and Biology, 2020; 8(2): 98-112.

Chapter Ten is an original article entitled, “Assessment of Naturally Occurring Radionuclides
Accumulation in Palm Oil from Soil”, (OB Olafisoye, OO Oguntibeju, and OA Osibote). This is
an original paper under review in the peer review journal: The International Journal of

Environmental Science and Development.

Chapter Eleven is an original article entitled, “Radioactivity in drinking water on oil palm
plantation communities,” (O.B Olafisoye, O.0 Oguntibeju, and O.A Osibote). This is an

original paper under review in the peer review journal: Heliyon, Cell Press, Elsevier
Chapter Twelve is a General Discussion on the key findings of the entire study.

Included in the last chapter of the thesis (Chapter Thirteen) is a Recommendation of the

study and Future Work.

The Appendix and Addendum forms the last section of the Thesis.
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CHAPTER TWO

LITERATURE REVIEW
21 Radiochemistry

Radiochemistry can be defined as the chemistry of radioactive materials or elements that can
be naturally made or artificial. Scientists have created a platform of research using the principle
of radiochemistry all over the world. Radiochemistry shows insights into the fundamental
physical properties, which radionuclides do exhibit (Rudzinski & Komosa, 2011). Applications
of radioactivity are in the radiochemical industries, atomic energies, processing, and the
development of new methods and ideas in chemistry and physics and the synthesis of

radionuclide compounds.

2.2 Naturally Occurring Radioactive Materials (NORM)

NORM (naturally occurring radioactive materials) is an acronym and simply described as
radioactive materials naturally found in the environment. Humans are exposed to natural
radioactivity called Natural Radioactivity or NORM because of two decay series, (***U and
232Th) and “°K in the soil. Minerals and raw materials found on earth contain radionuclides of
natural origin. The most important ones, which are usually, considered when discussing health
and radiation protection are the 23U and 2%2Th series and “°K. Most of the human activities on
earth involving the use of minerals and raw materials and the level of exposure of these
naturally occurring radionuclides are not greater than the normal background levels and not of
much concern in radiation protection studies. There is certain human made activities, which
can lead to an enhanced exposure of these naturally occurring radionuclides, and hence
regulatory bodies (Blundell, 2015) must control these radionuclides. In time past, regulatory
attention was focused on the mining extraction and processing of ores of uranium. This activity
has an ability to enhance the concentration of the naturally occurring radionuclides. Hence,
affected countries have introduced guidelines and regulations for their control. Terrestrial
sources of NORM are the vast majority as they occur in the ground, earth, and mantle and
human activities may increase their exposure. Most significant are Uranium and Thorium
series. Another major source is Potassium 40, which has a half-life of 1.25 billion years
(Blundell, 2015). This is found naturally in foods and forms about 0.012 % of natural potassium
isotopes K-39 and K-41. This gives the average human being a dose of around 1 mSv per year
(approximately 12 nGy/h) (Rodgerson & Reidenberg, 2012). Recently, over the few decades,
several countries have initiated actions and standards to regulate the effect of exposures
related to the use of some raw materials and food (Robertson et al., 2004a; Blundell, 2015).
The International Basic Safety Standards for Protection against Radiation and for the Safety

of Radiation Sources is a document which contains provisions for protection standards against
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the elevated exposures of radiation in humans from natural sources of radiation (WHO, 2018;
Doyi et al., 2017; NCRP, 1987; L’ Annunziata & Mohammed, 2003; Pattison & Hugtenburg,
2009). Rocks such as feldspar, phosphogypsum mica, and granite contain concentrations of
radionuclides that occur naturally and of late the description of these radionuclides have been
extended to those which are anthropogenically produced (Blundell, 2015). However, certain
anthropogenic and human activities significantly increase such concentrations and the
concentration of these radionuclides must be regulated (Pibida, 2012; Joyce et al., 2017). The
radiation from naturally occurring radionuclides sources may probably cause some form of
cancers but there is no sense in trying to regulate NORM. The concern is when anthropogenic
activities cause the natural radioactivity to be concentrated to Technologically Enhanced
Naturally Occurring Radioactive Materials (TENORM) (Blundell, 2015; IAEA, 2014; Ishida &
Yamazaki, 2017). TENORM exposures to human are that it should not be more than 1 mSv to
members of the public from sources such as nuclear reactions in the applications of ®°Co or
87Cs in industry or staying next to a nuclear reactor. This is radiation over and above NORM,
or TENORM and adds more than 1 mSv.to the average human dose exposure. Other natural
exposures that are present are radon gas from the Uranium series that can build up in houses
and medical application such as X-rays and fall-out from Chernobyl and nuclear power stations
in some regions of the world (L’ Annunziata & Mohammed, 2003).

23 NORM in industrial areas

The uranium mining is one of the highest producing industries when it comes to the introduction
of NORM to the environment. Other associated industries include the industries where coal is
produced and combusted, petroleum and petroleum product industries, smelting of metal
industry, the precious metal mining industry, rare earth mining industry and the phosphate
fertilizer industry (Chambers, 2015).

2.3.1 NORM in the coal and energy producing industry
Coal fired combustion plants emit more radioactivity into the environment when compared to
other industries. This is particularly in areas where there is no deployment of emission
reduction technology such as scrubbers and flue gas de-sulphurizers. Coal contains a
substantial amount of Uranium, Thorium, Potassium, and their progenies. The level of
radionuclides in coal is similar to those close to their geology and region such as rocks and
vegetation approximately or near the coalmine (Kolo et al., 2016; Olise et al., 2016; Carvalho,
2017; EPA, 2008; Baxter, 1993; Dudu et al., 2018). Coal is used in electricity production and
the coal wastes buried in landfills. Recently, fly ash is used in construction and the production
of building materials. Coal mining in open pits or underground mines produces a considerable
quantity of waste rocks and soils. Coal sediments discharged into wastewater and effluents
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have elevated concentrations of NORM. Miners mine coal underground and this poses

occupational hazards (Tchokossa et al., 2013; Harlow, 2017).

2.3.2 NORM in the metal and smelting industry

Ore tailings and smelting slag are waste produced in the metal and smelting industry. These
wastes contain large quantities of NORM at elevated concentrations. Radon gases in metal
mines pose risk to workers. Dusts formed during mining also contain high levels of

radionuclides (Todorovi¢ et al., 2017).

2.3.3 NORM in the phosphate and fertilizer production industry

A common fertilizer is the phosphate fertilizer. Phosphate is mined in high concentrations in
countries such as USA, Morocco, and China with phosphoric acid as the intermediate step in
the production of phosphate from phosphate rock (Harb et al., 2008). The leaching of the
phosphate rock with sulphuric acid produces gypsum (phosphogypsum) which contains about
80 % ??°Ra, 30 % 2%2Th and 14 % of 28U (ARPANSA, 2008; International Atomic Energy
Agency, 2007; Coenen et al., 2017; Pibida, 2012). This is a significant NORM material. In the
United States of America and other countries, EPA bans the use of phosphogypsum with
radium equivalent greater than 370 Bg/kg. The processing and use of phosphate fertilizer have
measurable dose of radioactivity, which affects humans (Scholten & Timmermans, 1995; Harb
et al., 2008).

24 Gamma ray interaction with matter

Gamma rays penetrate the body posing alarming radiation threat that requires shielding from
dense materials like lead or concrete to reduce harm to living cells. Materials with high atomic
numbers and densities (compactness) shield gamma rays by contributing to the overall
stopping power. Gamma decay alters the state of a nucleus during shielding, as it possesses
ionizing properties, which causes the scattering of ions and electrons. Gamma rays are ionizing
causing the scattering of ions and electrons. They are emitted when radioactive atoms or
isotopes decay and the daughter nuclei produced in an excited state, which consequently
decays to a lower state gamma ray photon. Gamma rays strike materials producing excited
atoms, which emit characteristic secondary gamma rays as described in nuclear gamma
fluorescence and applied in nuclear physics and spectroscopy (Davisson, 1965).

A description of the gamma photons energy is seen by the equation

E=hv=nh . [1]

> a

where: h,c and £ : are the Plank’s constant, velocity of light and wavelength respectively.
Gamma ray is penetrating with high ionization from radioactive decay of atomic nuclei or
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isotopes of atoms. It has a short wavelength when compared to other electromagnetic
radiations and possesses the highest photon energy. The physical universe is comprised of
energy and matter and there is a constant interaction between these two. Health effects of
gamma radiation present significant risks as they are ionizing and knock out electrons from
atoms and molecules. However, less ionizing and penetrating when compared to alpha and
beta radiation; they penetrate skin damaging internal organs and bone marrow. It produces
and discharges electromagnetic radiation (Knoll, 1999; Ragheb, 2008). This interrelationship
is demonstrated in the photoelectric effect of matter, electron positron pair production in matter,
photo-fission interaction with matter, Rayleigh, Thompson, and the Compton scattering. At low
to high energies in comparison to visible light, a photon can be absorbed to eject an electron
from the atom in the photoelectric effect. Higher energies may strike the nucleus producing an
electron and a positron in pair production Description of Compton scattering may be likened to
a photon from the left direction hitting a target at rest and resulting in the production of a new
photon. The target recoils by carrying a part of the incident energy away (Pattison &
Hugtenburg, 2009; Davisson, 1965; Charles, 1961).

2.41 Photo-electric effect

Matter absorbs electromagnetic radiation emitting X-rays and establishing a phenomenon
known as the photoelectric effect. The photoelectric effect is produced when a gamma ray hits
an electron in an atom whereby all the energy of the gamma ray is absorbed by the electron,
which leaves the atom with a kinetic energy equal to the energy of the gamma ray, minus its
binding energy (which is usually much less than that of the gamma ray). When a solid absorbs
electromagnetic radiation, there is an ejection of an electron usually from the ‘K’ shell. The
photoelectric effect in radiochemistry and radiation medicine protection helps in transforming
penetrating X-rays into electrons, hence protecting life from the penetrating effects of these
radiations (Knoll, 1999; Ragheb, 2008). The shell structure of atoms is important in combating
an electron when it exceeds the binding energy. The principle behind the study of photoelectric
effect is applied quantum chemistry in the theory of the wave/particle nature of light. The
photons of light beam have a particular energy, which is proportional to light frequencies. In
the photoemission process, if an electron absorbs photon energy of one photon, which is
greater than the electron binding energy, the electron is ejected (Bubb, 1924; Hufner, 2003;
Weaver & Margaritondo, 1979; Zhang, 1996). With low photon energy, the electron is unable
to escape and an increase in low frequency light will produce low-energy photons. Overtime
the outer electron moves to occupy the vacancy that is created with an emission of a photon.
The photoelectric effect is a principal form of interaction of gamma ray with matter and the

scattering effect is caused by the interaction of X-rays or gamma rays with free electrons (Knoll,
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1999) In Compton’s theory light is not explained as a wave but as a particles (photons) with
energy which is proportional to the frequency of light. The deflection and diffusion of a photon
by a charged electron is described by a phenomenon, which results in a reduced energy of the
photon or gamma ray. Transfer of energy of the photon to the electron is deflected with the
help of an electron or charged particle (Bubb, 1924; Hufner, 2003; Weaver & Margaritondo,
1979; Zhang, 1996).

2.4.2 Compton effect/scattering

Compton scattering is a phenomenon whereby a photon has a high impact collision with a free
electron. Conservation of energy and momentum is fundamental to this process as it leads to
the equation for the scattered photon. It is a principal form of interaction of gamma ray with
matter and the scattering effect is caused by the interaction of X-rays or gamma rays with free
electrons (Knoll, 1999). In Compton’s theory, light is not explained as a wave but as a particle
(photons) with energy, which is proportional to the frequency of light. There is a conservation
of momentum of the system when an electron and a photon interact. The electron recoils
energy to the photon, which emits this energy in a different way conserving momentum of the
system. The deflection and diffusion of a photon by a charged electron is described by a
phenomenon, which results in a reduced energy of the photon or gamma ray. Transfer of
energy of the photon to the electron is deflected with the help of an electron or charged particle
(Christillin, 1986; Malcolm, 2004).

2.4.3 Pair production

Pair production is the creation of a sub atomic particle and its anti-particle, which is usually
created close to the nucleus. The probability to find an electron in pair production of a
neighbouring atom is high and the probability of this process is proportional to the square of
the atomic number. For photons with high energies, the principal mode of interaction of the
energy with matter is pair production (Hubbell, 2006). This is in accordance with the Einstein

equation.
E =mc?. v e v e e e [2]
Where m is the mass of the particle, E, the energy and c the velocity of light.

The Einstein’s equation shows the conversion of the photon’s energy to particle mass. The
photon must have more energy than the sum of the rest mass energy of the electron and the
positron that are created in the process; In addition, the photon must be close to an atomic
nucleus for this process to occur. When these criteria are met, the energy of a photon can then
be converted into an electron—positron pair (Hufner, 2003). The near proximity of the photon
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to the nucleus is to satisfy the law of conservation of momentum. This leads to pair production
and the nucleus recoils. The probability of pair production is approximately proportional to the
square of the atomic number of the nearest atom (Zhang, 1996; Hubbell, 2006). An opposite
reaction to electron pair production is the electron positron annihilation. The reverse of this
phenomenon describes as electron positron annihilation. The overall process provides an
avenue where photons can lose energy as they interact with matter (Nagirner & Loskutov,
1999). It further describes the disappearing act of a photon replaced by the antimatter or
opposite pair. The process of creating a subatomic particle and its antiparticle from a neutral

boson is the principle behind pair production (Hubbell, 2006).

2.5 Radioactive decay and schemes

Radioactive decay can be defined as a process where by an unstable nucleus disintegrates
and loses radiation energy. The common radioactive decay is alpha, beta, and gamma decay.
Radioactivity decay occurs randomly and it is impossible to predict the time an atom will decay.
Hence, for a number of identical atoms, the overall rate of decay can be denoted by decay
constant or a half-life (Rodgerson & Reidenberg, 2012). For alpha and beta decay, the
decaying nucleus is referred to as the parent radioisotope that produces daughter nuclides
with differing number of protons or neutrons or both which creates an atom of a different
element. In gamma decay, the radioactive nucleus might decays by first emitting an alpha or
beta particle. A daughter nucleus is created which is left in an excited state and can decay to
a lower energy state emitting gamma rays. Gamma decay are usually accompanied by other
types of decay and are released shortly after such decays or at about the same time. Gamma
decay is unique because of gamma decay of metastable nuclear isomers created from other
forms of radioactive decay (L’ Annunziata & Mohammed, 2003). The average lifetime and half-
life of a large number of nuclei can be known but the time until an individual nucleus decays is
unknown (Nagirner & Loskutov, 1999). Several radionuclides have been successful in
medicine for the treatment of a number of diseases and disorder (Pattison & Hugtenburg, 2009;
(NCRP, 1987). Though radiation could naturally be found in rocks and soils, such as some
forms of mica, clay and feldspar, man’s activities in the use of nuclear weapon testing,
irradiation in medicine and agriculture has generated anthropogenic sources of radionuclides.
Acute effects are manifested in forms of cancers and tumours. Radioactive decay nuclei, which
are unstable usually, emit radiation to attain a more stable nucleus. Naturally occurring
radioactive materials decay into their daughter nuclides from parent nuclide emitting alpha,
beta, gamma rays, or other forms of emitters. Radionuclide decay schemes can be
represented in flow diagrams or graphically to show how the transitions and atoms are related
with the indication of what type of radioactive decay is involved (UNSCEAR, 2000, 2010; (Knoll,
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1999; Ragheb, 2008; Joyce et al., 2017). The respiratory tract model discusses at length the
routes in which radionuclide particles enter the human body (NCRP, 1987; Rodgerson &
Reidenberg, 2012).

238U decay chain 232Th decay chain 235U decay chain
238y 234)) 2351y
(4.5x10%y) (2.45x10%y) (7.04x10° y)
234pg 231pg
(1.18 m) (3.28x10% y)
234Th 230Th 232Th 228Th 21Th 2271Th
(24.1 d) (7.54x10* y) (1.40x10'0 y) (191y) (1.06 d) (18.7 d)
28A ¢ 27p¢
(6.13 h) (218 y)
226R4 228R 4 224Ro 223R 4
(1600 y) (5.75y) (3.66 d) (11.44d)
22Rn 220Rp 219Rn
(3.83y) (54.6 5) (3.96 s)
218pg 214pg 210pg 216pg 212pg 215pg
Radionuclide (311 m) (1.64x10* s) (138.4 d) (0.150 s) (2.98x107s)  (1.78x103 s)
T
(Ta) 2145 210Bj 212Rj 211Bj
alpha (19.9 m) (5.014d) (60.5 m) (2.14 m)
decay 214pp 210pp 206pp 212pp, 208pp 211pp 207pp
(26.8 m) (223y) (stable) (10.6 h) (stable) (36.1 m) (stable)
beta
decay 2087 2077}
(3.05m) (4.77 m)

Fig 2.1: Radioactive decay schemes (Attallah, et al., 2012)
2.6 Virgin pressed palm oil and the oil palm tree

Palm oil has been considered globally as one of the important vegetable oils (Oguntibeju et
al., 2010; May & Nesaretnam, 2014; Zulkiply et al., 2019). The oil palm plantation is cultivated
in regions of the world most especially Asia and Africa. It is one of the highest economic and
productive oils when compared with other adipose fatty oils. The oil palm fruit contributes its
percentage to the worlds demand for healthy vegetable oils and saturated fats (Winarso et al.,
2016). Areas suitable for the production of the oil palm tree are rich in wildlife and this sector
has experienced a lot of challenges recently especially when it comes to the extinction of some

species of wildlife such as the Orang-utan.

Due to the expansion of the palm oil plantation and pollution, the plantation land stretches into
forests and such forest are fell, demolished and razed down. Habitat destruction as farming

land expands and forests are cut-down leading to the extinction of species is the main cause
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of the present day extinctions (Gruca et al., 2014). The increase in agriculture especially of the
oil palm plantation has caused an expanse in the rate of deforestation in Africa and Asia. Since
these trees are predominantly owned by large-scale owners. Oil palm plantations have
destroyed habitats and threatened the biodiversity of some species. Nevertheless, the palm
oil and the palm oil products have been rated as one of the economical cash crops of most
nations (Ohimain et al., 2012; Shimizu & Desrochers, 2012). Virgin pressed palm oil is a very
important product for human consumption and the industry. The thick red viscous liquid
reduces cholesterol levels and slows down the frequency and occurrence of heart related

diseases. In addition, an antecedent support in the boost of brain health and mental function.
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Fig 2.2: The ICRP Human Respiratory tract model (Charles et al., 2005)
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The palm oil is packed with plant nutrients and vitamins, which helps in the alleviation of
oxidative stress improving skin and hair health (Ajuwon et al., 2013; Gruca et al., 2014; Ismail
et al., 2018). The oil palm tree has a lot of usefulness as all the proportions and parts of it are
useful. The leaves and husks have been used in folk medicine from way back. These are
effective in the treatment of cancer and tumours and for the treatment of various cardiovascular
and visceral organ diseases. Rich in phytonutrients, it has also been utilized in the production

of succinic acid and a good source of carbon (Taghvaei & Jafari, 2015; EPA, 2002).

2.7 Bioavailability and accessibility of metals in soils on oil palm plantations

Bioavailability and Speciation is explained by a few researchers as “the identification and the
description of different species, forms or phases in which an element occurs. The oxidation
states of metals differ in complexes (Zimmerman & Weindorf, 2010; Liu et al., 2017). The
bioavailability is more concerned on the harm or toxicity of a metal to plants. The world-wide
goal of the remediation of soils contaminated with metals is necessary to reduce the risks
associated in using such soils, restitution of damage and restore land to promote food security.
It is an important tool for regulatory bodies and government and this is important as it accesses
risk and hazard (Liu et al, 2017). Various methods have been used to determine how
bioavailable or bio accessible a metal is in soil. Several scientists have also considered the
approach of steps of extraction methods. The mostly used extraction method is that which
Tessier and colleagues propose, which is a three-stage extraction protocol (Tessier et al.,
1979). This stage process involves different extraction and acid digestion steps and allows for
the measurement of the metals in the soil using the Inductively Coupled Plasma Optical
Emission Spectrometer (ICP-OES). It is obvious that trace metals (at elevated concentration)
and toxic metals have the potential of posing danger to humans and the environment. Metals
are usually classified into mobile, immobile and semi mobile fractions and it is only a particular
percentage of the concentration that is mobile or available for plant uptake and the
accumulation in human (Takac et al., 2009). Variations in different available concentrations
could be explained by total metal concentration. It is pertinent that predictions would be
enhanced if soil physicochemical properties were determined such as pH, electrical
conductivity, soil organic matter and more. Soils of oil palm plantations are polluted generally
with metals and radionuclides. Pollution sources are diverse which ranges from poor
agronomical practices, industrial effluents, oil spillage, and urban domestic waste. Pollutants
remain in soil for a long residence time, as they are persistent and generally non-
biodegradable. Sources of pollution may generally be spread over a large area in a different
manner and not concentrated (Sylvia et al., 2017). For a general and detailed assessment of

risk factors from plants to humans, a combination of factors must be considered which includes
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but is not limited to metal speciation, bioavailability and bioaccessibility for the assessment of
permissible levels by regulatory bodies (Bradham et al., 2011; Deshommes et al., 2012;
Cervantes-Trejo et al., 2018). Various researches and methods have been applied to access
this concept but the mostly used is that proposed by Tessier and colleagues where a sequence
of extraction steps with various strong acids, oxidizing and reducing agents, complexation and
chelating agents have been used to extract the mobile, immobile and semi mobile metals.
These extracted metals are an indication of the concentration of metals in soil available for
plant uptake. Other forms of metal toxicity in humans can arise from atmospheric deposition,
dust inhalation and skin contact (Ono et al., 2016; Yang et al., 2018; Tessier et al., 1979;
Jaishankar et al., 2014; Balkhair & Ashraf, 2016).

2.8  Accumulation factor and risk assessment

A major pathway through which metals enter soils is by anthropogenic means. Plant species
significantly accumulate metals in various parts especially the fruits thereby remediating soils.
This leads to bioaccumulation and bio magnifications in the food chain and the disruption of
chemical and biological activities in the human body. The routes through which metals enter
the food chain are via inhalation and ingestion. Although literature reveals that, some species
of plants can bio accumulate metals better than others (Balkhair & Ashraf, 2016; Jia et al.,
2018). Anthropogenic sources of metal pollution are mostly from industries and unwholesome
farming practices. Wastewaters from factories usually drain to farmlands elevating the levels
of metals in soils. The populace is incessantly exposed to metals through the consumption of
food grown on such soils. Numerous literatures support this fact (Jiang et al., 2013; Chibuike
& Obiora, 2014; Wuana & Okieimen, 2014; Balkhair & Ashraf, 2016; Tesfaye & Abebaw, 2016;
Jia et al., 2018; Yang et al., 2018; Chen et al., 2019; Pobi et al., 2019). The study of metals in
soils requires systematic assessment as a monitoring approach to eradicate the effects on the
food chain. Risk assessment has been studied using various tools such as the Accumulation
Factor (AF), Hazard Quotient (HQ), Health Risk Index (HRI), Daily Intake of Metals (DIM),
Target Hazard Quotient (THQ), Morbidity Status (MS), Enrichment Factor (EF), Degree of
Contamination (Cgeg) and the Uptake/Transfer Factor (UF) (Balkhair & Ashraf, 2016). Non-
essential metals bio accumulates in plant parts. Toxicity increases overtime and this becomes
a threat to humans and animals when such plant parts are consumed as food. Application of
fertilizers, untreated sewage water from municipal and industrial applications, leaching from
dumpsites, fertilizer application, and waste from mining have contributed significantly to the
build-up of metals in soils (Gruca et al., 2014). The oil palm tree (Elaies guineensis) is a
perennial crop. It is an excellent source of fatty acids, minerals, and vitamins for the food and

chemical industry. Palm oil from the oil palm fruit has been proven to cure various diseases
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especially cancer and heart maladies (Ajuwon et al., 2013; Imoisi et al., 2015; Pezeshk et al.,
2015).

29 Synthetic phenolic antioxidants in oils to prolong shelf life during storage

Auto oxidation usually sets in when edible oils are stored prior to usage. This can be seen as
deterioration of the aesthetics of the oil. Antioxidants may be added, either natural or synthetic
to virgin palm before storage of the oil to prevent the unset of auto oxidation. Usually during
storage, antioxidants both natural and synthetic are added to oil to stop the oxidative
degradation of the oils during storage (Ayodele & Oluyomi, 2011; Shimizu & Desrochers, 2012;
Gruca et al., 2014). Generally synthetic antioxidants are defined as substances added to oils
to prolong the shelf life of such oils preventing the unset of auto oxidation which causes
rancidity, change in colour, texture and odour of the oils. They act by inhibiting reactions that
catalyse oxygen through the transfer of hydrogen and hence inhibiting the chemical reactions,
which favour the production of aldehydes, ketones and peroxide radicals, major substances
contributing to auto oxidation (Shasha, 2014). The applications of antioxidants range across a
wide variety of products such as fruit concentrates and juices, snacks, confectionaries and
meat. Usually manufacturers and local farmers may use antioxidants in the preservation of
their products and this may be oblivious to the consumers. There is a possibility of synthetic
antioxidants being added to farm produce. Local farmers may add these additives to prolong
the shelf life of the palm oil without adequate analytical measurements or quality control
(Pezeshk et al., 2015; Taghvaei & Jafari, 2015). Synthetic antioxidants in oils have the ability
of preventing the oxidation of unsaturated fatty acids. They also help to prevent chain initiation
in oils. The increased concentration of synthetic antioxidants in various analyses from various
countries in foods is not strictly recognized. Synthetic antioxidants are chemically synthesized
since they do not occur naturally in nature and are more harmful than beneficial to man. At low
and permitted concentrations, synthetic antioxidants could be helpful in the prevention of
spoilage of food in addition to possessing anti-inflammatory and antiviral properties (Pezeshk
et al., 2015). Regulatory bodies responsible for the administration and control of synthetic
antioxidants have not been very effective especially in developing countries. Generally, the
guidelines for the administration and control for synthetic antioxidants vary from country to
country. Invariably the administration of synthetic antioxidants depends on the interest of the
manufacturer who may want to prolong the shelf life of the food above a certain limit. Most
manufacturer label synthetic antioxidants as dietary supplements while others especially local
farmers do not give any information on the composition of a particular food additive whether
singly or in combination with other antioxidants. Synthetic antioxidants in minute

concentrations may not pose a threat to human health although elevated concentrations and
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long-term use in humans can lead to acute and chronic toxicity. Chronic toxicity is manifested
in symptoms such as cancer, obesity, infertility, mutation, and decreased immunity. The choice
of synthetic antioxidants in palm oil by the manufacturer is dependent on many factors that
range across value regulation and its efficacy. Most countries have placed a ban in the use of
synthetic antioxidants singly or in combination with other antioxidants, though these
regulations are not enforced especially in developing countries. This is a very good reason
why the use of synthetic and natural antioxidants in foods should be checked and kept under
control (Shasha, 2014; Pezeshk et al., 2015; Ismail et al., 2018).

210 Analysis of metals using the ICP-OES

The concentration of trace elements is important as it promotes the uptake of essential
nutrients, growth, and the production of enzyme for the optimum performance of the plant.
These are required in minute quantities as elevated amounts become toxic. Trace and
essential elements include and are not limited to Iron (Fe), Cobalt (Co), Molybdenum (Mo),
Zinc (Zn), Copper (Cu) and Nickel (Ni). The most popular toxic metals are Lead (Pb), Mercury
(Hg), Arsenic (As) and Cadmium (Cd). Several sources of anthropogenic pollution exist and
these increase the concentration of the natural input of metals in the environment from natural
sources such as volcanic explosion, weathering of rocks and soils, deposits from the
atmosphere, tsunamis etc. (Rainbow, 1995; Nunes et al., 2011; Sai Kiran, 2017). In general,
the concentration of metals in the environment from natural and anthropogenic sources is
mostly due to underlying rock formations, industries, pre-planting and post planting operations,
crude oil spillage and the burning of fossil fuels, mining and metal smelting activities, municipal
effluents and much more. This threatens land and aquatic life (Rainbow, 1995; Nunes et al.,
2011; Sai Kiran, 2017).

The analysis of metals using the Inductively Coupled Plasma, Optical Emission Spectrometer
involves an analysis that is relatively cheap. It also has good sensitivity, multi-element
capability and a wide dynamic range that measures elements in parts per billion and parts per
million. The instrument was used for this study and it was able to measure the complete
elemental spectrum for the determination of major, minor and trace elements with good
precision and safety (Sai Kiran, 2017). The determination of metals in virgin palm oil is of
economic importance because palm oil is a very important cash crop for the food and chemical
industry. It is essential to determine the presence of metals in the oil as this determines the
standard for the grade and worth of the palm oil. Metals in palm oil are deleterious because
this affects the shelf life and aesthetic quality of the oil. Metals enhance the oxidation of fatty
acids to esters, which affects the nutritional value and the properties of the oil. Metals in virgin

palm oil samples are generally toxic at elevated concentrations. However, trace elements are
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essential to man, their presence in elevated concentrations in palm oil, may not be ideal for
production processes. This is particularly an issue in the production of biodiesel due to the
presence of such metals that consequently affects the quality of the oil. The determination of
metals in the virgin palm oil using the Atomic Absorption Spectrometer (AAS) was not adequate
due to the nature of the matrix and the difficulty of the analyte to be separated from such matrix.
The ICP-OES was a better option. This was also attributed to the instability of the analyte in
the oil and the high organic content of the oil. The use of hazardous solvents had to be
employed to destroy or dissolve the matrix as the case may be so the analyte may be free in
solution. Sample separation and pre-treatment steps were long and laborious. Such sample
preparation steps such as solid phase extraction, microwave assisted acid digestion and
wet/dry aching, involving hazardous acids or a mixture of both was normally employed. Another
disadvantage of using AAS process was the use of very expensive organometallic standards
for instrument calibrations. The proposed method in the present research eradicated the use
of hazardous chemicals and the use of expensive unstable organometallic standards for
calibration (Nunes et al., 2011; Galuch et al., 2018). Micro emulsions were employed for the
determination of metals as a sample preparation method in this analysis. The micro emulsions
were stable thermodynamically when tested using a UV spectrometer after being observed for
about three hours. Micro emulsions were composed of water, oil, and alcohol. In addition, the
micro emulsion particles were homogenous and were actually in the order of 5-100 nm in size
suspended in a phase, which is continuous. The proposed ICP-OES analysis using oil-water
micro emulsion as sample preparation method was not only reproducible, accurate and reliable
but also equally convenient because it provided a sample extraction capable of breaking
complex matrix in virgin palm oil for metal analysis by ICP-OES (Nunes et al., 2011; Galuch et
al., 2018).

211 Radioactivity in food and drinking water

The most predominantly occurring radionuclide in food is Potassium (*°K). Apart from naturally
occurring radionuclides, other radionuclides such as Caesium and Strontium are found in the
environment from fallout of artificial sources of radioactivity. (Tchokossa et al., 2013;
Hempelmann, 1965; UNSCEAR, 2000; EPA, 2002; Chad-Umoren & Umoh, 2014; Isinkaye et
al., 2018; Galuch et al., 2018; Joel et al., 2019). Natural radioactivity includes Potassium (*°K),
Thorium (232Th), Uranium (#8U), and their daughter radionuclides. Radioactivity contributes to
four-fifth of the annual effective dose of radioactivity affected by humans (UNSCEAR, 2010;
Alausa et al., 2017). Soils may be contaminated naturally from geological materials or by
human made activities. (Durusoy & Yildirim, 2017). The major route through which humans

ingest radionuclide is via food (Osibote et al, 1999; Chad-Umoren & Umoh, 2014; Isinkaye et
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al., 2018). Edible and cash crops and drinking water are susceptible to contamination from
natural and artificial radioactive elements. The transfer factor is usually from soil to the
consumable parts of the crop. The accessibility of radionuclide by plants has been studied to
be based on and influenced by factors such as soil acidity and alkalinity Total organic content
and the degree of electrical conductivity. Pre-planting and post planting activities are also key
and significant points for consideration as it plays an important role in the transportation of
radionuclide from soil by plants. Another major route of radionuclide from soil to consumable
parts of the plants could be in the event of an uncontrolled release of fallout or the suspension
of washes off from rain. Foods are prone to contamination especially during the rainy season.
Plant roots absorb such radionuclide from irrigation or ground water (Chad-Umoren & Umoh,
2014). Internal exposure to man is usually from the ingestion of foods grown on such soils.
The transfer of radionuclide from soil to plant is usually one of the first pathways via ingestion
and the transfer of radionuclide to man. Radionuclides transported to fruits through the plant
growing process are from the “°K, 23U, and 232Th that occurs in soil. This is independent of
industrialization but may be enhanced by industrialization and this has increased since
independence in the southern states of Nigeria due to the discovery of crude oil and the
production of cash crops such as the oil palm. Currently, comprehensively studies have been
performed on the transfer factor of radionuclides for diverse foods such as rice, milk, grains,
and vegetables (Adamu et al., 2013; ltoh et al., 2014; Tchokossa et al., 2013; Alausa et al.,
2017; Durusoy & Yildirim, 2017; Osibote et al, 1999). The determination of radioactivity in
environmental samples is of paramount importance to humans to prevent the translocation of
such radionuclide to the food chain. The evaluation of radionuclide demands dependable and
efficient techniques. Most times the support of IAEA is sought in on a vast number of
environmental samples (IAEA, 2007). This will assist member states in the development of
accelerated analytical procedures for the determination of radionuclide. Recently
radiochemical methods have been replaced with more recent techniques that are non-
destructive such as the gamma ray spectrometry. Factors to consider when analysing
radionuclide may include the source of release of such radionuclide and the season of the year
(UNSCEAR 2000, 2010; Adamu et al., 2013). About 83 % of the exposure to radionuclide and
effective dose is usually from the activity of radionuclides such as 232Th, 238U and its progenies
and “°K. The remaining percentage is contributed artificially or anthropogenically. Radium is
the most radiotoxic of the naturally occurring radionuclides since it has a relatively long half-
life. ?°Ra is toxic because it mimics the properties of calcium, which is a macro element
essential to plant and animal life. Potassium 40 has the tendency to be absorbed and
assimilated into tissues of plants and animals through normal biochemical processes. The

study of the radioactive elements is essential because it is bioavailable in soils in the fine clay
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fraction or the Fe-oxide fraction. Radionuclide deposited in soils overtime is a precise pathway
to the food chain. Several levels of radioactivity can be found in soils and rocks through natural
and human made means. Radioactivity is transported to the surface of the earth through
processes such as tectonic, volcanic, coal mining, crude oil spilling and processing and ground
water flow. The migration of ground water to soil surface is dependent on other factors such
as the solubility of radioactive substances and porosity of the soil (Chad-Umoren & Umoh,
2014; Alausa et al., 2017; Isinkaye et al., 2018).

The global mean dose of natural radiation is estimated to be 2.4 mSv/y and from artificial or
synthetic uses 0.8 mSv/y (UNSCEAR, 2000). From time immemorial, the earth has inhabited
natural radioactivity with naturally occurring radionuclides in its crust (Fuijii et al., 2014). These
radionuclides are persistent as they have very long half-lives and radionuclides include “°K,
238 and #2Th. It is pertinent to assess these naturally occurring radionuclides as a baseline
or monitoring evaluation to as ascertain they do not go beyond the set limits in soil, water and
cash crops. The environment consists of soils, water, local vegetation and the air surrounding.
The determination of these components can assist in knowledge of the natural radioactivity of
the region. The palm oil plantation is one of the cash producing crops in the south western
stated of Nigeria supplying palm oil and palm kernel products for local farmers and chemical
and allied industries. It is of paramount importance to have knowledge of the concentration of
naturally occurring radionuclides in the soil and the way they are distributed in the environment.
These radionuclides are responsible for background radiation experienced globally. On earth,
natural background radiation in soils and water contain radionuclides. Geologically, naturally
occurring radionuclides are formed in rocks and soils in varying concentrations. Natural
radioactivity can be found in rock formations and other parts of the environment such as air,
water, sand, clay, and these elements are in contact with humans daily. More than half of the
exposure of radioactivity comes from natural sources. Terrestrial radiation originated from
rocks, and then rocks are broken down into finer particles of sand and silt in soils and
sediments. Terrestrial radiation is transferred to water bodies from sediments and to the
atmosphere via atmospheric deposition. Amongst the terrestrial radionuclides is Uranium that
is prevalent and persistent. Uranium decays into daughter radionuclides, which are sources of
Radium (*?°Ra) and (*?2Rn) (Fuijii et al., 2014; Itoh et al., 2014; Durusoy & Yildirim, 2017,
Todorovi¢ et al., 2017). In a section of the study, a survey was accomplished for the
measurement of naturally occurring radioactivity and the assessment of transfer from soil water
to the fruit of the oil palm plantation. This aspect of the study focused on the establishment of
the radiation dose and the assessment of risk factors. Routine examinations and baseline

research has been carried out in other nations for comparisons of data and possible
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assessment of radioactivity in environmental samples. Research is limited in the area of
environmental samples in the south west, south east and south south regions of Nigeria
(Adamu et al., 2013; Tchokossa et al., 2013; Chad-Umoren & Umoh, 2014; Alausa et al., 2017;
Isinkaye et al., 2018; Joel et al., 2019; Osibote et al, 1999). Such studies are important for
routine and baseline studies and the assessment of the possibility of health risk posed by
radionuclides. The analysis of radionuclides using the Hyper Pure Germanium detector
(HPGe) provided analysed values of radionuclide activity. The results were compared with
standard licenced and certified limits. (UNSCEAR, 2000). Risk assessment was calculated
using the model recommended by The United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR, 2000). The activity concentration and health risks
measurements in different population age groups due to Uranium, Potassium, and Thorium
were assessed (UNSCEAR, 2000).
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Abstract
Oil palm (Elaeis guineensis) is one of the most productive oil producing plant in the world.
Crude palm oil is composed of triglycerides supplying the world’s need of edible oils and fats.
Palm oil also provides essential elements and antioxidants that are potential mediators of
cellular functions. Experimental studies have demonstrated the toxicity of the accumulation of
significant amounts of non-essential trace elements and radionuclides in palm oil that affects
the health of consumers. It has been reported that uptake of trace elements and radionuclides
m the oil palm tree may be from water and soil on the palm plantations. In the present review,
an attempt was made to revise and access knowledge on the presence of some selected trace
elements and radionuclides in palm oil, soil, water and leaves from oil palm plantations based
on the available facts and data. Existing reports show that the presence of non-essential trace
elements and radionuclides in palm oil may be from natural or anthropogenic sources in the
environment. However, the available literature is limited and further research need to be
channeled to the investigation of trace elements and radionuclides in soil, water, leaves and

palm oil from oil palm plantations around the globe.

Key words: Oil palm, trace elements, radionuclides, antioxidants, toxicity
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3.1 Introduction

Palm oil is the world second most essential vegetable oil after olive oil (Ong & Goh, 2002). It
is a good choice for manufacturers of food due of its nutritional resourcefulness. The oxidative
stability and profitability is compared among oils, which are free of cholesterol. These values
extend to blends of polyunsaturated oils to provide a longer storage life for the oil. Currently,
there is a supply of genetic-modification-free palm oil, which is a cheap perennial crop with
unparalleled productivity (Ong & Goh, 2002). Virgin palm oil also provides carotenes,
tocotrienols and tocopherols. These are potent antioxidants and facilitators of cellular
functions. Edible oils such as palm oil contain trace elements and radionuclides that known for
their toxicities and affect the health of consumers (Arogunlo, 2007). The concentrations of
radionuclides and trace elements affects oil qualities as regards to its freshness, storage,
stability and influence on human nutrition and health (Don Pedro et al., 2004). Man’s activities
have increased the baseline for these elements in the environment. However, baseline
radionuclides and trace elements burden is not sufficient to explain the level of contamination
of palm oil from various natural and antropogenic sources (Arogunlo, 2007 and UNSCEAR,
1988).

Metals and radionuclides occur naturally in soil in minute amounts and life has evolved to cope
with only small exposures to these elements. Many industrial processes concentrate metals
that later end up in soils and water bodies (Hendershot, 2005). The naturally occurring trace
metals supplemented by releases from anthropogenic sources, some metals may exceed
natural inputs. Hazardous effects to human health could arise when they enter the food chain
(Manahan, 1991; Ayodele & Oluyomi, 2011; Omaka et al., 2011).

Radionuclides can be dissolved in solution or complexed with soil organics. Radiosensitive
elements can undergo transformation or sorption reaction that alters mobility and relative
toxicity (Igwe et al., 2005). Radionuclides and trace elements are toxic to living organisms at
excessive concentrations but some trace elements are essential for normal healthy growth and
reproduction by plants and animals at low but critical concentrations and some radionuclide
are used as tracers of some micronutrients (Alloway, 1995; Anyakora et al., 2011). Trace
elements and radionuclides studies on palm oil has not been extensively investigated, yet
about 80% of palm oil production is destined for human consumption with the other percentage

going to animal feed and various industries.

Trace elements may come from various industrial sources and may have a significant
contribution to environmental pollution because of anthropogenic activities. Some trace

elements are essential or beneficial micronutrients for plants and animals but others have no
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known biological or physiological function. All trace elements at high concentrations have toxic
effects and are an environmental threat (Igwe et al., 2005). Trace elements in palm oils are
due to palm oil trees grown in highly acidic soils where trace elements are potentially more bio
available for root uptake. Trace element contents of palm oil may have both beneficial and
adverse effects on human health. The regular consumption of palm oil can contribute to the
daily dietary requirements of some of these elements. Owing to the importance of trace
elements and radionuclides, many studies were carried out to determine their levels in palm
oil, palm fruit oil, leaves, water and soils. In view of the growing awareness and concerns about
trace elements and radionuclides, an attempt was made to review recent scientific findings on
the concentration levels of some trace elements and radionuclides on red palm oil, fruit, leaves,

water and soil on palm oil plantations based on the available literatures.

3.1.1 The oil palm tree

The African oil palm (Elaeis guineensis) is indigenous to West and South West Africa and
grown in countries such as Angola, Nigeria, and the Gambia. Specie is the American oil palm
Elaeis oleifera grown in Malaysia, Central and South America. It is a tropical tree with a stem
and at maturity reaches a height of about 20 meters. The fruit of the oil palm tree is a fleshy
mesocarp with a kernel from which oil can be extracted (Reeves & Welhrauch, 1979). Biofuel
produced from palm oil, has increased the overdependence on the oil causing a controversy
on whether the oil be used for food or fuel. Developed countries and researchers now seek for
alternative energy by using waste from the oil palm tree such as the fronds, husks, as a form
of renewable energy, biogas and plastics. (Hilary Chiew, 2008). Consumption of palm oil is
associated with the reduction of serum cholesterol, low-density lipoprotein, decreased risk of
cardiovascular disease and cancer (Oguntibeju et al., 2010; Oluba et al., 2011). Red palm oil

is rich in vitamins, antioxidants, and phytonutrients responsible for good health and growth.

3.1.2 Trace elements

Trace elements are discharged from industries, farmlands, municipal urban runoffs into surface
waters causing contamination. The pollution of the ecosystem presents serious concern. Trace
elements are non-degradable and incessant in the ecosystem. Advancement in technology,
population growth and anthropogenic activities has led to high levels of industrialization
causing discharge of effluent bearing heavy metals into our environment (Igwe et al, 2005;
Jimoh & Mahmud, 2012;). The sources of trace elements on oil palm plantations that are
generally from natural and anthropogenic sources may have significant contribution to
environmental pollution. Many sources of chemical contaminants such as lead, nickel and
boron are gasoline additives that are released into the atmosphere and the soil through rain.

Trace elements in palm oils are due to palm oil trees grown in highly acidic soils where trace
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elements are potentially more bioavailable for root uptake. Several stages of processing in the
extraction of palm oil from fresh fruits bunch are as follows, sterilization, bunch stripping,
digestion, oil extraction and finally clarification and purification; each unit has its unique
operations (Igwe & Onyegbado, 2007). Trace element contents of palm oil may have both
beneficial and adverse effects on human health. The regular consumption of palm oil can
contribute to the daily dietary requirements of some of these elements. The accumulation of
aluminium in palm oil is associated with Alzheimer’s disease (Judith, 2011). In a similar way,
other trace elements, arsenic, cadmium, chromium, lead, manganese, and nickel contents
have been investigated in many South Asian and African countries where palm oil is used as
stable oil in food (Pais & O'Neill, 1990; Jones, 1997; Njoku et al., 2010; Asemave et al., 2011).

3.1.3 Radionuclides

Radionuclides occur naturally and can be produced artificially (Petrucci et al., 2002).
Radionuclides are important in industry. They are hazardous to animal and human health.
There are many radionuclides but only a few are encountered during routine testing in
medicine, military and industry (USEPA, 2007). Naturally, occurring radionuclides can be
classified as primordial, secondary, and cosmogenic radionuclides. Secondary radionuclides
are mostly derived from the decay of primordial radionuclides but have shorter half-lives to
their predecessors. Cosmogenic isotopes, such as carbon-14, are present because they are
created in the atmosphere due to cosmic rays (Petrucci et al., 2002). Nuclides of any element
that have atomic number greater than bismuth-83 are unstable and therefore radioactive
(Brandy, 1974). Americium-241, caesium-137, cobalt-60, iodine129 are some radionuclides
that occur naturally; caesium for example, is an alkali metal like potassium and resembles it
metabolically (Mster, 1996). Whereas potassium is an essential element for man, there is no
evidence, that caesium is also an essential trace element. Stable caesium-133 is rare in the
biosphere (Brandy, 1974). The radioactive isotope caesium-137 is produced in nuclear fission
and is one of the most significant products (Brandy & Weil, 1999). Artificial radionuclides are
produced from nuclear reactors, radionuclide generators and weapon testing (Petrucci et al.,
2002). The extent of this widespread but generally diffused contamination has caused concern
about its possible hazards on plants, animals, and human beings. Nuclear fission in connection
with atomic weapons testing and power generation provides some of the sources of soil
contamination (Holmgen et al., 1993; Nyle & Ray, 1996). These normal soil levels of the fission
of radionuclides are not high enough to be hazardous. Even during the peak periods of
weapons testing, soils did not contribute significantly to the level of these nuclides in plants.
Atmospheric fallout on vegetation was the primary source of radionuclides in the food chain

(Holmgen et al, 1993; Meiwether et al., 1988) Considerable research has been accomplished
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on the behaviour of radionuclides in the soil and plants (Meiwether et al., 1988; Osibote et al.,
1999; Petrucci et al., 2002; Awodugba & Tchokossa, 2008). In addition to radionuclides added
to soil because of weapons testing and accidents such as that which occurred at Chernobyl,
Ukraine, soil may interact with low-level radioactive waste materials that have been buried for
disposal (Iskauder, 1992; Knox et al., 2000). Radionuclides buried in landfills may be dissolved
in soil (Brandy & Weil, 1999). Plutonium, uranium, americium, neptunium, curium, and caesium
are among the elements whose nuclides occur in radioactive wastes and organic matter
content (Wiler 1965; Nyle & Ray, 1996). Fruits and seeds have generally much lower of these
nuclides than are leaves, suggesting that grains may be less contaminated by nuclides than

forage crops and leafy vegetables (Knox et al., 2000).

3.2 Trace elements in oil palm

3.2.1 Arsenic (As)

Arsenic is a deadly poison, which is persistent in the environment and capable of causing
mutations, cancer infertility and tumors (WHO, 2003). A compound of arsenic known as arsenic
trioxide was used to treat some forms of cancer; especially promyelocytic leukemia in the past.
It has a long history of use as a homicidal agent, pesticide and a constituent of consumer
product. Due to the toxicity of arsenic, its use in agriculture has drastically declined.
Occupational arsenic poisoning is common among miners and smelters mining arsenic and
farmers working in farms where arsenic fertilizers have been used (Pais & Jones, 1997).
Tables 3.1, 3.2 and 3.3 briefly summarizes a review of trace metals and radionuclides in food,
edible oils, soil and water analyzed with various instruments in different parts of the world. A
review indicates that the aim of the analysis was for safety, routine analysis and environmental

impact assessment.

Table 3.1: Trace metals & radionuclides in palm oil

Country of  Sample Number  Purpose of Concentratio  Instrument used Reference
Origin analyzed of investigation n range s
sample (mgkg™)
S
Arsenic As
Malaysia Palm oil 21 Evaluation of trace  0.005-0.027 GFAAS Hammid et
element level al., 2012.
Lagos, Red 25 Evaluation of purity  0.5ug/g- AAS Adepoju-
Nigeria palm oil and safety 25ug/g Bello et al.,
2012.
China Edible 3 Development of 0.005-0.027 Atomic Chen et
oils, red arsenic in edible fluorescence al., 2001
palm oil fats and oil Spectrometer
Cadmium
Markurdi, Red 25 Trace element 0.078 - AAS Asemave
Nigeria palm oil analysis 11.370 etal., 2010
Zinc
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Nigeria Palm 25 extraction, 2.82-3.40 AAS Atasie and
kernel oil composition and colleagues
physicochemical (2009)
characteristics
Chromium
Thailand Edible 6 Trace element 0.01-0.02 GFAAS/ICP-MS Surasak,
oils determination in 2011
edible oils
Copper
Nigeria Edible 4 Routine 7-3-28.1 Neutron Activation Umar,
Oils Microelement In Analysis 2011.
Edible Oils
Magnesiu
m
Nigeria Palm oil 4 Physicochemical 0.05-0.95 Spectrophotometry, Njoku and
properties and titrimetry and colleagues
dietary metal gravimetry (2010)
concentrations
Table 3.2: Trace metals & radionuclides in soil
Country Sample Depth Purpose Concentration Instrument  References
of Origin___analysed investigation range (mgkg™) used
Cadmium
Cd
Tarkwa, Soil on a palm 0- Routine analysis 1.23-4.63 Atomic Asante and
Ghana kernel oil  30cm Absorption Ntow, 2009.
plantation Spectromet
er
Zinc Zn
Malaysia  Soil on a 10- O0- Environmental 1.08-2.0 Atomic Singh et al,
20yr oil palm 30cm  Impact Absorption 2010
plantation Assessment Spectromet
er
Aluminiu
m Al
Negeri Soil on 5 yr. O- To improve soil 1.0-5.0 Atomic Manaf et al.
Sembilan old oil palm 30cm fertility Absorption (2009)
,Malaysia plantation Spectromet
er
Cote 40 yr. oil palm 0- Physical, 0.35 AAS Yeboua and
d'lvoire plantation after 30cm chemical and Ballo, 2000.
post clearing organic matter
properties
Copper
Cu
Benin, 30 yr. old oil O- Macro nutrients 0.32 ICP- Aweto and
Nigeria palm plantation 20cm  and micro MS/AAS Enaruvbe,
nutrients 2010.
Magnesiu
m
Nigeria 30yr oil palm O- Analysis of soil 0.23 ICP- Ogeh and
plantation 30cm chemical MS/AAS Osiomwan,
properties 2012
Nigeria 20 yr. oil palm O- Exchangeable 0.93 ICP- Uwumarongie-
plantation 30cm  calcium and MS/AAS llori and
magnesium colleagues,
2012.
Uranium
U
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Jengka, Top soil on oil 0cm Assessment of <1 HPGe Low et al., 2008
Malaysia  palm plantation radiation dose counting
from soils system
Table 3.3: Trace metals & radionuclides in water
Country of Sample Purpose of Concentration Instrument References
Origin analysed investigation range (mgkg™') used
Cadmium
Sampadi, River Water and 0.05-0.66 Atomic Ling et al.,
Malaysia sediment quality Absorption 2011.
of river Spectrometer
Johor, Malaysia  Drinking water Physicochemical 0.99 + 1.52 Atomic Farizwana et
properties in Absorption al., 2010
selected palm oil Spectrometer
estates
Radium
Ogoni, Porthar ~ Stream Enviromental 0.05+0.01 Co-axial type UNEP, 2011
Court, Nigeria Impact germanium
Assessment detector
Table 3.4: Trace metals & radionuclides in plants
Country of Sample Purpose of Concentration Instrument used  References
Origin analyzed investigation range (mgkg™')
Zinc
United Soil, Absorption of heavy 0.05 Atomic Anklam et al.,
States of sediments, metals from plants Absorption 2001
America roots and Spectrometer
leaves on oil
palm
plantations
Chromium
Greece vegetables Absorption of heavy 0.04-0.27 ICP-MS/AAS Toepfer et al.,
metals from 1973.
different parts of
plants
vegetables Absorption of heavy 0.021 to 0.28 ICP-MS/AAS Bratakos and
metals from plants Lazos, 2002.
Lead
vegetables Absorption of heavy 0.02-0.51 ICP-AES/FAAS Finster et al.,

metals from plants

2004

3.2.2 Arsenic in soils from oil palm plantations

Sources of atmospheric arsenic may be from microorganisms or volcanoes. Anthropogenic
activities such as the burning of fossil contribute to about 80 % of atmospheric arsenic pollution.
Arsenic phytotoxicity in soil depends on factors such as pH and soil texture and increases
especially at low pH and in sandy soils (O'Neil, 1995). The oil palm plantation is an economic
crop and the waste such as the fibers and shells can be used as a source of fuel. Hamzah et
al., (2012), investigated the effect of the use of fiber and shell as a source of fuel on soil of an
oil palm plantation. The study was carried out to determine the effect of anthropogenic activities
such as fertilizer application and agronomical practices such as burning of fuel on the soil of

the oil palm plantation. The soil and palm fronds of the oil palm tree were analyzed for As, Cu,
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Ni, Co, V, Hg, Zn and Mn using Energy Dispersive X-ray Fluorescence (EDXRF) Technique.
The concentration of elements such as Arsenic in the soil and palm fronds (leaves) was
attributed to the fly ash, fertilizer and pesticide application. The plot distribution pattern of
elements on the soils of the oil palm tree was established to determine hot spots for such
metals (Hamzah et al., 2012).

3.2.3 Arsenic in water from oil palm plantations

Significant amounts of toxic inorganic arsenics in water can cause some form of mutations in
aqua culture, which poses health risks. Symptoms of chronic contamination are seen as
diarrhea, skin cancer, abdominal pain and neurological defects. A lot of research has been
conducted on arsenic in water and effluents (Wals et al., 1980; Hughes et al., 2011; Kumar et
al., 2011; Chengbei et al., 2013; Tyson, 2013). Data on the studies of arsenic in water from oil

palm plantation is limited.

3.2.4 Arsenic in plants from oil palm plantations

Plants absorb arsenic easily, so high concentrations of arsenic may be present in food. Arsenic
is known to alter and disturb uptake and transport of nutrients in plants (Paivoke & Simola,
2001). Disturbance of plant mineral nutrition is the main cause of decrease in yield. Visual
symptoms of phytotoxicity include leaf wilting, retardation in root and shoot growth, root
discoloration, and leaf necrosis (Wool son et al., 1971). The phytotoxicity of arsenic is attributed
to its ability to substitute for phosphate in enzyme-catalyzed, phosphorylation reactions and
thus interfere with the energy status of the plant. Plant is the major uptake of arsenic to animals
and humans. Determination of arsenic in seeds, fruits and some /8researchers, Kukier et al.,
1994; Jurgen et al., 2000, Melendez et al., 2011, Ramirez-Andreotta et al., 2013 have studied

stem of various plants. The determination of arsenic in water from oil palm plantation is sparse.

3.2.5 Arsenic in palm oil

In addition to food, edible oils like palm oil may act as an important potential dietary ingestion
source of toxic elements in daily life. The regular consumption of palm oil may contribute to the
daily dietary requirements of several elements. Nevertheless, at the same time, some toxic
elements like arsenic are ingested into the body (Han et al., 2005). The oil palm tree especially
fruits can accumulate trace elements from soil and soil solution from the application of fertilizers
and herbicides containing arsenic. Recently, this practice is gradually fading. Hammid et al.,
(2012), determined the concentration of arsenic in by products of palm oil using the microwave

digestion technique and the graphite furnace atomic absorption spectrometry method. The
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mean recovery of arsenic showed that the method was suitable in the determination of palm

oil and palm kernel oil.

3.2.6 Cadmium (Cd)

Cadmium is mainly found in the earth crust and anthropogenically in industrial work places.
Naturally, 25,000 tonnes of cadmium is released into the environment every year mostly in
rivers through weathering of rocks, fires and volcanoes (Waalkes, 2000). Cadmium mostly
occurs in combination with zinc. Hence, where zinc is suspected to be a major pollutant, the
possibility of cadmium cannot be ruled out. It is the byproduct after the smelting of lead, copper
and zinc in the mining industry. An overexposure occurs where trace quantities of cadmium
are found because of its low permissible exposure limit. Industrial methods such as
electroplating and spray-painting of materials constitute occupational hazards to workers.
Cadmium is one of the most deleterious toxic trace metals to plants and to animals. It is
designated as a human and a potent multi-tissue animal carcinogen (Johri et al., 2010).
Principally the accumulation of cadmium in humans occurs in visceral organs especially the
kidneys. Biologically the half-life of this could be close to 20 years. Symptoms of such
accumulation are manifested as pulmonary emphysema and renal tubular damage to the renal
organs. In chronic cases, osteomalacia and bone fractures are consequences of toxicity.
History recorded a disease in Japan in the late 1950s and 60s of populations who ate majorly
rice, which could have been contaminated with cadmium. The disease was named ltai-ltai
because of the severe pain people felt in their spine and joints. Other health effects caused by
cadmium in human are infertility, mental and immune system disorders, cancer and DNA
damage (Johri et al., 2010).

3.2.7 Cadmium in soils from oil palm plantations

Soil analysis, has the advantage that it can measure the level ofimmediately available nutrients
in the soil (nutrient intensity) and the soil ability to continue the supply of nutrients throughout
crop growth. Interpretation of soil analysis allows for assessing fertilizer needs but it does not
allow an evaluation of the efficiency or sufficiency of nutrient uptake to ensure optimal growth
and productivity of the crop. With the development of modern industry and agriculture,
cadmium has become one of the most harmful widespread pollutants in agricultural soils,
mainly due to industrial emission, application of cadmium- sewage, phosphate fertilizers and
metropolitan waste disposal (Gupta & Gupta 1998). It is an impurity in phosphate fertilizers
pathway into the environment, which is mainly through soil, manures and pesticides.
Acidification of soils enhances the mobilization of cadmium from soils into surface and ground

waters. Phosphate fertilizer application is a significant contributor of trace elements, especially
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for cadmium accumulation in cropped soils. Repeated application of phosphate fertilizers may
lead to a gradual buildup of cadmium in agricultural soils over time. The continuous application
of phosphate rock fertilizer caused a lot of concern about the increasing accumulation of Cd
and Zn in soils. Aini et al., (2010) investigated two oil palm plantations in Malaysia. Trace metal
concentrations were investigated on the plantations aged 10, 15 and 20 years. Cd and Zn
isotherms were used to report the findings from the study. The results of the investigation
indicated no accumulation of Cd but Zn, indicating that Cd adsorption can be suppressed by

the presence of the zinc metal (Aini et al., 2010).

3.2.8 Cadmium in water from oil palm plantations

Cadmium exposure can cause adverse health effects over long periods. It is a trace element
that is non-biodegradable. Cadmium may be found in soil or water near industrial areas or
hazardous waste sites. High levels of cadmium in surface waters usually result from cadmium
particles settling from the air. Cadmium in water tends to sink and accumulate in bottom
sediments. Oil palm agriculture and palm oil processing has the potential to pollute surface
water through cadmium containing fertilizer run off and Palm Qil Mill Effluent (POME).
Physicochemical and heavy metal parameters were investigated in a palm oil mill effluent
selected randomly in palm oil milling sites in River state, Nigeria. Heavy metals found in the
samples were Cd, Cr, Cu and Fe. Cu, Cr and Fe were significantly different while Cd had no
significant difference. It was recommended that it is preferably to recycle POME rather than

discharge into water bodies due to the concentration of trace elements (Ohimain et al., 2012).

3.29 Cadmium in plants from oil palm plantations

Trace element ions are reported as priority pollutants due to their mobility in natural
ecosystems and their toxicity. Trace element uptake by plant can be useful in phytoremediation
whereby plants clean up soils. The phytotoxicity of cadmium is known due to disruptions in
plant ion. Increase soil cadmium content results in an enhanced uptake of cadmium by plant
that is the pathway of human exposure through agricultural crops. Many studies have been
conducted in order to identify plant species capable of accumulating undesirable toxic
compound such as heavy/trace metals uptake by the roots and leaves of the plants (Adriano,
1986; Alloway, 1990; Cunningham & Ow, 1996). Elaeis guineensis was identified to remove
heavy metals from soils. Monitoring of the content of heavy metals compounds in leaves/plants
is necessary because of the toxicity of these metals. Aini and colleagues further investigated
soils of a Malaysian oil palm plantation aged between 10, 15 and 20 years. Leave fronds of
the oil palm plantation were analysed for the presence of cadmium. A correlation study

revealed that that cadmium in soil and soil solutions possibly contributed to the concentration
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of cadmium in oil palm fruit and leaf fronds. They reported that these might influence the uptake
of Cd by the oil palm tree. Adsorption isotherms also revealed that the concentration of Cd was

also suppressed by the presence of zinc (Aini et al., 2012).

3.2.10 Cadmium in palm oil

Food is a major route for cadmium exposure in plants and animals. Plants may only contain
small or moderate amounts in non-industrial areas, but high levels are found in plants cultivated
on contaminated soils. Oil palm trees grown on soils contaminated with trace elements such
as cadmium may influence the uptake of Cd to the fruit. A correlation study conducted by Aini
et al., (2012) revealed that that cadmium in soil and soil solutions possibly contributed to the
concentration of cadmium in oil palm fruit. Processed oil may be contaminated by trace metal
from soils and soil solutions and contamination from oil processing. Asemave and colleagues
collected palm oil samples from two major markets in Markurdi, Nigeria. The oil samples were
analysed for Cd, Cu, Fe, Cr, Al and Pb. The concentrations of the trace elements were within
the safe limits and safe for consumption. The physicochemical properties of the oil such as

viscosity, saponification, and acid value were also investigated.

3.2.11 Zinc (Zn)

Zinc is an essential mineral that is naturally present in some foods, added to others, and
available as a dietary supplement and takes part in numerous aspects of cellular metabolism.
It is required for the catalytic activity of about 100 enzymes and actively takes part in immune
function, protein metabolism, foetus development and the healing of wounds. It is a
micronutrient that has been recognized as an essential trace element for normal healthy growth
of animals and plants (Hartley, 1988). The average human body contains about 3 grams of
zinc and a deficiency of this essential element results in oxidative stress, dysfunction of several
enzyme systems of various metabolic activities. Zinc is involved in over one hundred different
reactions in the body such as the growth and repair of DNA, tissues and systems. It has high
antioxidant properties protecting the body from the action of free radicals. It is the active site
for metalloenzymes required for nucleic acid synthesis. Zinc deficiency may lead to hair loss,
mental apathy, reproductive, and growth disorders. Although zinc is an essential trace element,
an excess in the human diet can lead to copper deficiency, immune system disorders, fatigue,
and nausea (Hajo & Lothar, 2009).

3.2.12 Zinc in soils from oil palm plantations
A study on Zinc as it relates to crop nutrition was extensively studied by Alloway, (1990). This
appreciably provides an enhanced perception of zinc complexes in soil and plants. The causes

and occurrence of zinc deficiency in crops growing on different types of soil in most agricultural
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regions of the world are reasonably well understood. Scientific methods are available to
diagnose crop problems revealed by visible symptoms that identify soils of marginal or deficient
zinc supply capacity. Therefore, the problem of wide spread zinc deficiencies can be solved if
farmers are made aware of zinc deficient conditions and how to treat it. Zinc deficiency is not
just a problem in developing countries; it also occurs in most developed nations. The difference
in the situation is the existence of an extension agronomy service and rapid access to analytical
facilities in developed countries, thus helping to reduce loss in yield brought about by zinc
deficiency. Sandy, calcareous, and saline soils are usually prone to zinc deficiency. The
problem of zinc deficiency is global and the most commonly encountered deficient trace
element to plants. Soil analysis has the advantage that it can measure the level of immediate
availability of nutrients in soil that is the soil nutrient intensity, and the soil’s ability to continue
the supply of such nutrients throughout crop growth. Interpretation of soil analysis allows for
assessing fertilizer needs, but it does not allow evaluation of the efficiency or/of nutrient uptake
to ensure optimal growth productivity of the plant. Levels of zinc in surplus of 500 ppm in soil
hinder the ability of plants to absorb other essential elements especially iron and manganese.
Aweto & Enaruvbe (2010) evaluated the effect of variation of soil properties on a 30-year-old
oil palm plantation in south west Nigeria. Five soil samples were selected, 0-20 cm depth,
segmented into upper and lower slopes. These were evaluated for exchangeable calcium and
cation exchange capacity. Trace elements such as Zn, Cu, and Iron were significantly higher
in the lower slopes. The significance of the study was to manage parts of the oil palm
plantations on different topographic levels considering the variation in soil properties such as
pH.

3.2.13 Zinc in water from oil palm plantations

Zinc is concerned with several aspects of cell metabolism. It is essential for the catalytic
functioning of about 100 enzymes and it plays a significant role in immune function, protein
synthesis, wound healing, growth and fetus development. The indiscriminate dumping of waste
and mining operations leach significant amounts of zinc and cadmium into the water and
sediments of the Geul River due to the production of zinc ores. About 1.1 million tons of metallic
zinc and 130 thousand tons of lead were mined and smelted in the towns of Belgian of La
Calamine and Plombieres between the year 1806 and 1882. Smelter slag and other residues
of the process also contain significant amounts of trace elements hence polluting the Geul
River (Kucha et al., 1996). Some research has been conducted on the determination of zinc
metal in different types of water (Yilmaz, et al., 2009; Arancibia, et al., 2010; Braga, et al.,

2012; Kiran, 2012). Information on the studies of zinc in water from oil palm plantation is sparse
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3.2.14 Zinc in plants from oil palm plantations

The importance of zinc to plants was scientifically established about 70 years ago. The latest
innovation of prevalent zinc deficiency problems in plants is linked to the intensification of
farming in many emerging nations. This has involved a revolution from conventional
agricultural practices to the use of recent agricultural chemicals. Many of the modern crop
varieties are much more prone to zinc deficiency than the traditional crops and the increased
use of macronutrient fertilizers, particularly phosphorus, can intensify the deficiency of zinc in
crops. The yield of many other crops can drastically decline due to zinc deficiency (Kauser et
al., 2001). Providentially, the sources and occurrence of zinc deficiency in many crops growing
on different types of soil in agricultural regions of the world are reasonably well understood
because tools are available to diagnose crop problems revealed by visible signs and
symptoms. The importance of fertilizer in the production and maintenance of large and
sustainable yields of palm oil fruit bunches cannot be overemphasized. Considerable efforts
have been made to develop methods providing a scientific basis for estimating fertilizer
requirements of oil palm and oil palm products. However, although soil and leaf test analysis
may provide basis for decisions on fertilizer use, the success of the final crop is the result of
the interaction of so many different factors such as plant growth factors and nutrient
relationships. The normal range of zinc in most plants is between 20 to 100 ppm. Zinc is not a
very mobile element in plants, and deficiency symptoms occur in newly emerging leaves.
Stunted growth is a common symptom linked with zinc deficiency and concentration in leaves

remains constant with a rapid increase at the end of the growth cycle (Kauser et al., 2001).

3.2.15 Zinc in palm oil

Excessive absorption of zinc in the diet from foods such as palm kernel oil can suppress copper
and iron adsorption into the blood stream. The free zinc ion in solution is highly toxic to humans,
plants, and animals. Micro molar amounts of the free ion can be lethal. There is evidence of
copper deficiencies at low intakes of 100-300 mg Zn. Possible symptoms of chronic toxicity of
zinc have been reported as lethargy, ataxia, hemolytic anemia, liver and kidney damage,
vomiting and diarrhea (Fosmire, 1990). Zinc has been determined in various vegetable oil
using different instrumental methods (Sun, et al., 1999; Huang and Shih, 2001; Anwar, et al.,
2004; Pehlivan, 2008)

3.2.16 Aluminum (Al)
Humans and plants are exposed to high aluminium levels in the environment. These exposures
originated from water in drinks and food preparation, cooking utensils as well as antacid

preparation. Aluminium is the risk factor of Alzheimer's disease, dementia, osteomalacia and
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encephalopathy (Chen et al., 2011). Toxicity of aluminium is traced to deposition in bones and
the central nervous system in patients with reduced renal function. Aluminium competes with
calcium for absorption in the bone marrows, thereby contributing to the reduced skeletal
mineralization observed in infants with growth retardation (Ma et al., 2001). In high doses,
aluminium causes neurotoxicity, and is associated with altered blood function. Other symptoms
of high doses of aluminium in humans are dermatitis, digestive disorders, and vomiting. Studies
have also shown that aluminium increases the incidences of breast cancer in humans.
Although the use of aluminium cookware has not shown to lead to aluminium toxicity,
excessive consumption of antacids and the use of cosmetics containing aluminium compounds

provide significant exposure levels (Chen et al., 2011).

3.2.17 Aluminium in soils from oil palm plantations

Aluminium is a primary factor that reduces plant growth on acid soils but generally harmless
to plant growth in pH-neutral soils. Acid soils are usually saturated with Aluminium instead of
hydrogen ions. The acidity of the soil is consequently due to the hydrolysis of aluminium
compounds. Aluminium is a major constituent of most soils but it can only be useful to plants
in acidic soils in the form of AI**. Exchangeable Aluminium (AI**) values may be high in soils
with pH below 5.5 but may occur at pH values as high as 6.0 in heavy textured soils (Brown &
Johnston, 1982). The critical soil pH, at which Aluminium becomes exchangeable in toxic
concentrations depends on many factors including the predominant clay minerals, organic
matter level and concentrations of other cations, anions and total salts as well as the species
of the plant (Brown & Johnston, 1982). Acosta & Munevar (2003) observed a strong
relationship between high aluminium saturation in soils and the occurrence of bud rot disease
of mature oil palm tree. Further investigation was that the addition of soil amendments could

improve aluminium toxicity and enhance soil pH and fertility status.

3.2.18 Aluminium in water from oil palm plantations

Aluminium is the most abundant element and occurs naturally on earth in the form of silicates,
oxides, and hydroxides (Farizwana, 2011). Excessive addition of Aluminium salts as
coagulants in water treatment processes might produce elevated concentrations of aluminium
in processed water. Aluminium salts reduce organic matter, colour, and turbidity and
microorganism levels in polluted water. To acknowledge the limited knowledge of aluminium
exposure among consumers and the fact that high concentration of aluminium in water is
detrimental to health; researchers performed several studies (Farizwana et al., 2011; Warmate
et al., 2010). Farizwana et al., (2011) investigated the concentration of Aluminium and the

physicochemical parameters of different water in selected estates in Kota, Tinggi, Johor using
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the Inductively Coupled Plasma Mass Spectrometer. The estates were situated in the oil palm
plantation with public and private water supplies. The water supplies were within the safe water
limits except for the private water supply which hard poor turbidity values. The study was
conducted to determine if trace elements from various agronomical practices leached into the

drinking water supply.

3.2.19 Aluminium in plants from oil palm plantations

Aluminum is the key element in the soil which complexes with oxygen and silicate. At low pH,
aluminum becomes solubilized in soil and easily available for plant uptake, which immediately
prevents root growth. Aluminum toxicity limits global crop production because half of the global
lands have pH below five and Aluminium is solubilized easily at such pH. Thus, much research
has been conducted to understand the mechanism of Aluminium toxicity and resistance that is
important for stable food production in the future (Nosco et al., 1988). Aluminum resistance is
accelerated by exclusion from the root and by methods that make the plants capable of
tolerating Aluminum. Many characteristics of Aluminium toxicity remain ambiguous and difficult
to detect. In plants, the foliar symptoms are similar to those of phosphorous deficiency that
presents itself as stunted growth, late maturity, leaf discoloration and reduction in root growth
(Poschenrieder et al., 2008). Findings on the determination of Aluminium in plants are sparse

and more research needs to be focused in that area.

3.2.20 Aluminum in palm oil

Until recently, Aluminium was considered harmless for the human organism as it is readily
excreted through urine. Nevertheless, research in environmental toxicology conducted in
recent years indicated that Aluminium could be a cause of many diseases in humans, animals,
and plants. Aluminum can be found in many food products and feed for animals. In this way, it
enters the organism and accumulates in various tissues. Although the mechanism of toxic
Aluminium actions on humans has not been elucidated yet, prophylactic action should be
undertaken aimed at limiting the contact of humans with Aluminium. Most of all, it should be
eliminated from food, food additives and medicines. Kitchen utensils and appliances made of
Aluminium as well as Aluminium wrappings and containers should be avoided (Ma et al., 2001).
Trace metals such as Zn, As, Pb has been determined in various vegetable oils but findings
on the determination of Aluminium in palm oil are sparse and more research needs to be

focused in that area.
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3.2.21 Chromium (Cr)

Chromium is an essential element that actively takes part in the metabolism of carbohydrates,
cholesterol and cardiovascular diseases. It is linked with the inhibition of diabetes and
cardiovascular diseases. The Hexavalent Chromium (VI) is more toxic, mutagenic and
carcinogenic in nature when compared to Chromium Ill. Dietary intake is the main route by
which chromium is absorbed by humans. Diets that contain foods made from whole wheat,
brown sugar meat, cheese, cereals, nuts, and certain vegetable contributes to a high chromium
intake. Packaging technology used in food and beverage processing can increase the natural
levels of chromium in raw products, since this metal is widely used in the food industry,
especially in stainless steels. The US National Research Council has concluded that a varied
and balanced diet is the best way to guarantee adequate chromium intake. Chromium is
essential elements that functions in the regulation of blood sugar levels by insulin and helps
the body absorb energy from food (Schwarz, 1972). A high dose of the essential element above

0.05mg in the environment is harmful to living things (WHO, 2004).

3.2.22 Chromium in soils from oil palm plantations

Chromium occurs naturally in soil but contamination due to chromium related anthropogenic
activities has been a matter of apprehension to researchers over the ages. Its complex
speciation chemistry has been a major difficulty in unraveling its toxicity mechanism (Adriano,
1986). Absorption of chromium has resulted to acute effects such as stomach, blood and
convulsion syndromes. An epidemiological study has related occupational exposure with
chromium (V1) compounds to mortality due to lung cancer (Adriano, 1986). Soil contamination
is an important factor contributing to total chromium concentration in plant tissues. Another
study has revealed that plants growing on high-chromium rich soils contained higher chromium
concentrations and vice versa. Studies have shown that there is sufficient evidence of
respiratory carcinogenicity in humans exposed to chromium (VI) in occupational settings
(Mohammed et al., 2012). Data on lung cancer risk in other chromium-associated occupational
settings and for cancer at sites other than the lungs are considered insufficient. The
epidemiological data does not concede to an assessment of the relative contributions to
carcinogenic risk of metallic chromium, chromium (1) and chromium (VI) or of soluble versus
insoluble chromium compounds. It appears that exposure to a mixture of hexavalent chromium
compounds of different solubility results in the highest risk to humans (lwegbue et al., 2011).
Research has been performed extensively on the determination of chromium in soils using
different extraction techniques (Jankiewic et al., 2005; Hanharan and Krishna, 2012; Shah et
al., 2013). Adequate information is lacking on the determination of chromium in soils on oil

palm plantations.
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3.2.23 Chromium in water from oil palm plantations

Chromium is widely distributed in the earth's crust. Hexavalent Cr (VI) that is the most toxic
form of the metal chromium is a major drinking water contaminant. In several countries, a limit
of 50 pg/l has been established for the presence of chromium in potable water (Shils et al.
1994). Information was acquired from the U.S. Environmental Protection Agency (EPA) and
the State of California and the assessment was to identify general occurrence trends of
chromium, capture regional occurrence patterns and to assess the geographical coverage with
the extent of impact of a potential future revision of total chromium on the nation’s water utilities
(USEPA, 1991; Seidal & Corwin, 2012). Analysis of chromium in various water bodies were
analyzed by Nagaray et al., (2009); Sendil et al., (2011) using recent analytical methods.

Information is lacking on the analysis of chromium in water from oil palm plantations.

3.2.24 Chromium in plants from oil palm plantations

Chromium when compared with other toxic trace metals such as cadmium, lead, mercury and
aluminum, has received little understanding concerning its toxicity mechanism in plants. The
impact of Chromium contamination in the physiology of plant depends on the metal speciation,
which is accountable for its mobilization, toxicity, and consequent plant uptake. Chromium
toxicity in plants is manifested by reduced yield, inhibition of plant growth and mutagenesis
(Becquer et al., 2003; Shanker, 2005). Due to its extensive industrial relevance, chromium is
considered a significant environmental pollutant. Toxicity of chromium to plants depends on its
valence state: Chromium (VI) is highly toxic and mobile whereas chromium (lll) is less toxic.
Toxic effects of chromium on plant growth and development include alterations in the
germination and growth process that consequently affects total productivity and yield.
Chromium toxicity in plants is exhibited by stunted growth, chlorosis, and finally the death of
the plant Chromium also causes deleterious effects on plant photosynthesis. The potential of
plants with the capacity to accumulate or to stabilize chromium compounds for bioremediation
from chromium contamination has gained interest in recent years. Sources of chromium in the
environment have also ensued from human activity such as industrial and urban effluents and
sewages (Alvarez-Cabal et al.; 1994). Information on the determination of chromium in some
plants species is available in literature (Cary and William, 2013; Hernandez-Martinez &

Padron-sanz, 2013) but that of Oil palm tree (Elaeis guineensis) is lacking.

3.2.25 Chromium in palm oil
The determination of the inorganic profile of oils is important because of the metabolic role of

trace elements in humans. Information on food nutritional composition is significant to ascertain
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food quality concerning its regards to freshness, storability, and toxicity. Trace levels of metals
like Iron, copper, calcium, magnesium, cobalt, nickel, and manganese are known to increase
the rate of oil oxidation. In addition, metals like arsenic, cadmium, chromium, and selenium are
identified for their harmfulness. The advancement of rapid and precise analytical methods for
trace elements determination in edible oil has been a challenge to quality control and food
analyst (Cordella, et al., 2002). Bratakos & Lazos, 2002 reported that virgin olive oil contained
significantly lower levels of chromium than other vegetable oils. This variance could be
attributed to chromium uptake by these vegetable oils during purifying, as well as from the
material of packaging. Oils are usually packaged in plastic containers, which often contain
certain chromium compounds, with chromium (V1) and chromium (lll) compounds being used
as additives and polymerization aids (Bratakos & Lazos, 2002). Utensils used in the
preparation of food may contribute to chromium levels. Some operations such are grinding,
sedimentation and/or centrifugation for oil separation may contribute to chromium uptake
during processing. This may be minimized by using other processing methods like the seed oll

extraction and refining.

3.2.26 Copper (Cu)

Copper is a reddish metal that occurs naturally in rock, soil, water, sediment, and air. Copper
has many practical uses in society. It can be found in coins, electrical wiring, and water pipes.
It is an essential micronutrient needed in small concentrations for proper functioning of systems
for humans and plants. Copper is a component of hemoglobin and alongside vitamin C, helps
in the maintenance of elasticity of the skin, blood vessels, and lungs. It has high antioxidant
properties protecting the body from the action of free radicals and the only defense against
free radicals is a healthy supply of a diet rich in antioxidants such as red palm oil. Free radicals
deplete antioxidant nutrients and trace elements. High levels of trace elements in plants such
palm oil can generate oxidative stress; thereby increasing the activity of antioxidant enzymes
such as superoxide dismutase, catalase and glutathione peroxidase. Therefore, the levels of
these trace elements in red palm oil on the water and soil on palm oil plantation will have a
significant effect on the antioxidant activity of the red palm oil. Copper is toxic at high
concentrations and adverse health effects of copper toxicity in humans include vomiting and
diarrhea. It has also been linked with liver damage and kidney disease. Copper levels in water
and food must be regulated on a daily basis. Copper Il ion is water-soluble and functions at
low concentration as antiseptics, fungicides, and wood preservatives. Chronic copper toxicity
does not normally occur in humans due to transport systems, which regulate absorption and
excretion. Small quantities of various copper salts have been used in suicide attempts that

produced acute copper toxicity. The toxicity is due to red-ox cycling and the generation of
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reactive oxygen species that damage DNA cells. Recessive autosomal mutations in copper
transport proteins can disable such systems leading to Wilson's disease. Copper accumulation
is responsible for cirrhosis of the liver in persons who have inherited defective genes (Fry et
al., 2012).

3.2.27 Copper in soils from oil palm plantations

The amount of copper in soil available to plants varies. Available copper ranges from 1 to 200
ppm in both mineral and organic soils and this are a function of soil pH and soil texture. Fine
textured mineral soils generally contain the highest amounts of copper. The lowest
concentrations are associated with organic or peat soils (Aweto & Enaruvbe, 2010). Neutron
activation analysis was used for the determination of trace elements of soil samples in two oil
palm plantation towns in Ghana. The Assin North Central town’s soils were analysed for soil
fertility. The acidity of the soil decreased with depth so was the concentration of Cu, Ca and
Zn.

3.2.28 Copper in water from oil palm plantations

Copper can be found in many wastewaters of electronic and metallurgical industries. Although
the judicious use of copper fungicides may not cause any problem to human health and
environmental contamination, its indiscriminate use may lead to the presence of undesirable
levels of copper content in water (Zhang & Gao, 1999). Cu has been determined in
wastewaters and effluents (Zhang et al., 1999; Brun et al., 2001; lwegbue et al., 2011). Limited

research is available on the determination of Cu on oil palm plantations.

3.2.29 Copper in plants from oil palm plantations

Copper is an essential nutrient for plant growth especially for seed, chlorophyll formation and
proper enzyme activity. It is an important components of proteins found in enzymes of plants
that regulate biochemical reactions. Plants require the presence of these specific enzymes for
growth. Deficiency symptoms of copper in plants are depicted by leaf discoloration and stunted
growth, which finally leads to death. The majority of Bud Rot Disease (BRD) cases in the oll
palm tree initiate the deficiency of copper in the tree amongst other trace elements. Affected
plants, however, may require four months to three years to recuperate. During this time, plant
production drastically declines. A typical symptom of copper deficiency in plants is the
yellowing of young leaves during the months of high rainfall and humidity. Infected leaf tissue
eventually becomes necrotic and withers as the disease progresses. The disease is most
severe when growing palm tips are infected and the fungal pathogen allowed extending deep

into plant tissues. Palms can recover from BRD if the infection is superficial. However, if
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enough plant tissue is damaged, measures such as the implementation of extreme measures

such as heavy pruning may fail to save the tree (Acosta & Munevar, 2003).

3.2.30 Copper in palm oil

Trace elements are significant in the diet of humans; however, trace elements such as
mercury, lead, cadmium and arsenic have detrimental effects on health. Copper is an essential
component of enzymes that plays an important role in Fe transport. The harmful effect induced
by copper only occurs when taken in high concentrations. High levels of Cu in the body is
known to cause blood and kidney disorders. In plants, toxicity is manifests in stunted growth
and low yield Trace elements have been determined in oil due to its importance to animal and
man. Trace elements are toxic and are available in edible oils from fertilizer applications, soil
and anthropogenic activities. Significant research has been conducted quantitatively and
qualitatively on the concentration of metals in oil (Obi et al., 2001; Anwar et al., 2004; Asemave
et al., 2011; Adepoju-Bello et al., 2012). Limited research is available on the level of copper in

palm oil.

3.2.31 Selenium (Se)

Selenium in its pure form is metallic grey in color and referred to as elemental selenium or
selenium dust. It is rare in the environment in its elemental form, but usually combined with
ores of other elements. Selenium is a naturally occurring solid substance widely but unevenly
distributed in the earth's crust in rocks and soils. It finds its way into the environment through
weathering of rocks and soils, volcanic eruptions, burning of fossil fuels and waste dumps.
Sources of selenium toxicity may also be from crops grown on soils contaminated with
selenium (ATSDR, 2003). Elemental Selenium is produced primarily as a by-product of copper
refining. The utmost function of Selenium compounds is in the manufacture of electronics,
industrial, medical and therapeutic agents. Selenium is an essential trace element needed by
the body. It has a strong antioxidant activity and is a thyroid hormone producer. It is very
antagonistic to toxic metals like lead, mercury, cadmium and aluminium. It works with Vitamin
C and E in preventing free radical damage to cell membranes, proteins, and DNA. Adequate
Selenium in the diet reduces the risk of cancer and cardiovascular diseases and slows the
progression of HIV/AIDS. Selenium relieves symptoms of osteoarthritis, rheumatism, mood
disorders, and cataracts. Though selenium is, an essential trace element acute concentration
in the body is related to symptoms such dizziness, tiredness, inflammation of mucous
membranes and chronic bronchitis (ATSDR, 2003).
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3.2.32 Selenium in soils from oil palm plantations

The main threats to soils are urbanization, industrial revolution, erosion, acidification, poor
agronomical farm practices and pollution. This leads to, organic matter loss and deteriorating
soil structure (Aweto & Ekuigbo, 1994). Soil contamination by heavy metals can originate from
a number of sources included above. Contaminants usually sink and are persistent. Land use
pattern has also had a significant impact on the quality of the soil in a typical environment. The
maintenance of natural systems or soil fertility in tropical forest ecosystems is achieved by high
and rapid circulation of nutrients through decomposition of leaves (Ola-Adams & Egunjobi,
1992; Oliveira & Lacerola, 1993; Regina et al., 1999). The regrettable occurrence of so many
immune diseases in Africa is because of depleted soils. China has a low rate of colon cancer,
probably because of the nation's low fat diet. Cases of cancer have been reported in China
where soil is devoid of Selenium. A study in China showed that Foods containing significantly
high levels of Selenium are usually foods grown on Selenium rich soils. The Selenium drained
regions were known as illness belts. The amount of selenium in plant proteins depended upon
the Selenium content of the soil on which the plants are grown. Brazil nuts grown in Selenium-
rich soil may supply 100-microgram mores of Selenium. However, those grown in soil that had
poor selenium content may provide 10 times less selenium. Selenium has been determined in
soils of various depths but is lacking on soils of the oil palm (Levesque & Vendette, 1971;
Garcia et al., 1996; Vinceti et al., 2001; Nazemi et al., 2012). Research needs to be intensified

in the area of the oil palm.

3.2.33 Selenium in water from oil palm plantations

The forms of Selenium absorbed from the digestive tract are inorganic Sodium Selenate and
Sodium Selenite. People who eat food especially edible oils-containing excess selenium
typically encounter hair and nail losses, numbness, and circulatory system disorders. Major
sources of Selenium in drinking water are from discharges of petroleum, mining, and metal
refining industries (ATSDR, 2003). Various researches have been determined on the levels of
Selenium in vegetable oils (Wallschlager & Roehi, 2001; Tyburska et al., 2010; Jiang, et al.,
2013).

3.2.34 Selenium in plants from oil palm plantations

Despite selenium’s status as a toxic heavy metal when taking in high concentrations, the
element is vital to good human health. Selenium is an important part of a molecule in the body
that protects blood cells from certain radicals. Vitamin E and selenium helps the immune
system produce antibodies, which keeps the pancreas and heart working properly. A

deficiency of selenium is related to the development of leukemia, arthritis, and heart diseases.
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Researchers have also found that the low concentrations of selenium in the blood stream have
led to higher risks of cancer. Fish, grains and Brazil nuts are considered good dietary sources.
Nevertheless, in the current global marketplace it is difficult to know whether the food you eat
comes from selenium-rich or selenium-poor growing areas (Goldhaber, 2003). The antioxidant
property of selenium has been extensively determined in various plants and seeds (Levesque
& Vendette, 1971; Xu et al., 2003; Cartes, et al., 2005; Cartes et al., 2011) but information is
lacking on the oil palm tree.

3.2.35 Selenium in palm oil

Selenium forms part of proteins known as selenoproteins, which help prevent cellular damage
from free radicals. These vital antioxidant enzymes assist in controlling thyroid function that is
important in immune system functioning (Goldhaber, 2003). Tiahou and colleagues, 2004
studied the lack of oxidative stress in a selenium deficient area in Ivory Coast due to the
potential nutritional antioxidant role of crude red palm oil. The study involved 57 subjects aged
15 to 69 in the Glanle and Boudou regions who consume a vegetarian and crude oil diet. The
absence of oxidative stress damage in the subjects provided evidence of a selenium

independent protection against oxidative stress (Tiahou et al., 2004).

3.2.36 Lead (Pb)

Lead is highly poisonous to plants and animals and affects almost every organ and system in
the body. Long-term exposure to lead or its salts can result in decreased performance of the
nervous system, high blood pressure, particularly in middle-aged and older people and
anaemia. Exposure to high lead levels can severely damage the brain and kidneys and
eventually cause death. Acute concentrations may cause miscarriage and reduce fertility. Lead
in the environment, has been identified as a health threat. It leads to mental retardation and
learning disabilities in children even at very low levels. Lead pathway into the environment may
be from the inhalation of airborne lead particulates, consumption of water, food, or dust
contaminated by lead. Several studies have indicated that young children have an increased
risk of lead poisoning (Francek, 1994; Rabinowitz & Bellinger, 1988; Staudinger & Roth, 1988).

3.2.37 Lead in soils from oil palm plantations

Environmental levels of lead have been increasing for hundreds of years, and may just start
declining in response to greater awareness of its harmful effects. Today, much of the lead in
the environment is from the use of lead-acid batteries. Common industrial sources of lead
pollution include mining, primary, and secondary metal smelting, steel and iron production, car

battery recycling, and the production of pigments (Ogunseitan et al., 2009 Chen et al., 2011).
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The application of fertilizer and animal manure may over time contaminate oil palm plantations
with heavy and trace metals. This may pose risk to plants and animals and their environment.
Uwumanrongie et al., (2012) investigated the effect of Pb and Cr in soil from Nigeria Institute
for Oil Palm Plantations in Nigeria. The physicochemical parameters of the soil were also
investigated. Fractionation studies revealed that the concentration of Pb and Cr were bound
to different fractions especially the residual fractions after planting. The researchers concluded
that cow dung could be used to immobilise heavy metals found on contaminated soils on oll

palm plantations.

3.2.38 Lead in water from oil palm plantations

Aquaculture is an important industry in Malaysia due to water availability. Recent commercial
development in the Sampadi river watershed may have an impact on the water quality of the
river. Ling and colleagues conducted a study to determine the water and sediment of the river
along a shrimp culture farm and a palm oil plantation. Results show that oxygen demand,
nitrogen and phosphorus concentrations at both stations were lower at low tides than high
tides. The station along the palm oil plantations showed the lowest pH and dissolved oxygen
and the highest in lead and calcium (Ling et al., 2011).

3.2.39 Lead in plants from oil palm plantations

Plants take up lead from soil and under certain conditions; high levels of lead accumulate in
the leaves and other edible parts of the plant. For instance, the oil palm tree can take lead from
the soils and inevitably, transported to the leaves. Plants grown in lead contaminated soils can
accumulate into plant tissue. Research on the translocation of lead contaminated from the soll

and roots into leaves on palm oil plantation is limited.

3.2.40 Lead in palm oil

Palm oil is an edible substance with anti-inflammatory and antioxidant properties. Nwokocha
& colleagues (2012) examined the prospective effect of red palm oil against lead and calcium
in the liver. Wister rats exposed to cadmium (200 ppm) and lead (100ppm) in drinking water at
different feeding regimes fed with rat chow mixed with 12 % w/w of palm oil. The heavy metal
accumulation in the liver of the rats was determined using Atomic Absorption
Spectrophotometry. Weight loses induced by the metal accumulation were significantly
reduced due to the ingestion of red palm oil. The studies show that red palm oil is beneficial in

reducing heavy metal accumulation in the liver (Nwokocha et al., 2012).
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3.2.41 Magnesium

Magnesium is an essential element in biological systems. Magnesium occurs typically as the
Mg?* ion. Its ions are essential to all living cells, where they play a major role in biological
compounds like ATP, DNA, and RNA. The main source of energy in cells, ATP, must be bound
to a magnesium ion in order to be biologically active. Over 300 enzymes need the presence of
magnesium ions for their catalytic action, as well as all enzymes using or synthesizing ATP,
nucleotides, DNA and RNA. Magnesium compounds are used medically as laxatives, antacids,
in the stabilization of abnormal nerve excitation and blood vessel spasm. Cell types may
regulate the concentrations of magnesium in different ways based on their unique metabolic
needs. Magnesium is an important ion that activates and mediates many biochemical reactions
(Marschner, 1995). An example of this is the fixation of carbon in the chloroplasts during
photosynthesis. Magnesium has many functions in the metabolism of the oil palm tree. It aids
in photosynthesis, being the central atom of the chlorophyll molecule that captures light energy
required for photosynthesis. It acts as a co-enzyme in carbon dioxide synthesis for the
production of macromolecules such as starch, carbohydrates, and some vitamins. The
significance of magnesium to proper cellular function cannot be overemphasized. Deficiency
of magnesium results in disease in animals and plants. These are seen as stress responses
in plants and a decrease in photosynthesis. In humans, signs and symptoms are seen as
muscle spasms, heart, kidney and bone dysfunction, diarrhoea, diabetes, anxiety and
migraines (Euser & Cipolla, 2009). Dietary sources of magnesium are, grains, lean meat, dairy
products, vegetables, and dark chocolates. Over 50 % of total magnesium in the body is found
in the bone and the remaining percentage is distributed between the tissues, organs and the
blood. Magnesium essentially allows the body control insulin levels in the blood. (Broschat,
1997; Uza et al. 1987; Saris et al. 2000; Bo et al. 2008; Cunha et al. 2012). Magnesium is
practically used in the manufacturing industry as filler and fire retardant, in agriculture as a

component of fertilizers, a flocculent in wastewater treatment and a laxative in medicine.

3.2.42 Magnesium in soils from oil palm plantations

Though the oil palm is a use economic tree, the expansion of the oil palm industry has resulted
to some environmental impacts. One of such is the loss of wild life such as the orangutan and
a decline in soil fertility. Ogeh & Osiomwan (2012) evaluated the effects of the oil palm tree on
the properties of Mg in the soil in a field of over 15 years. The results of the study revealed the
variation in some nutrients such as Mg could be attributed to the soil management properties

and emphasizes on maintenance of the soil properties is of paramount importance.
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3.2.43 Magnesium in water from oil palm plantations

The provision of water for use is one of the most intractable problems in society today. Access
to water is essential to health, food and sustainable development. Contamination of surface
and ground water from industrial, agricultural and municipal wastes is immense. The infiltration
of rainfall into landfill and waste produces leachate, high in trace elements that seep into
ground and surface water. Trace elements such as Mg have been determined in water and
sediments of rivers (Chapman, 1986). Data on the studies of magnesium in water from oil palm

plantation is limited.

3.2.44 Magnesium in palm leaves from oil palm plantations

Soil analysis is not particularly useful for diagnosing palm nutrient deficiencies, since palm
nutrient symptoms often bears little resemblance to soil nutrient profiles (Broschat, 1997).
Magnesium has many functions in the metabolism of the oil palm tree. It aids in photosynthesis,
being the central atom of the chlorophyll molecule that captures light energy required for
photosynthesis. It acts as a co-enzyme in carbon dioxide synthesis for the production of
macromolecules such as starch, carbohydrates and some vitamins. Magnesium deficiency
appears on the oldest leaves of palms as broad chlorotic (yellow) bands along the margins
with the central portion of the leaves remaining distinctly green. In severe cases, only the
leaflets remain green on the oldest leaves, but younger leaves show necrosis. For instance, in
Elaeis guineensis, leaflet tips on the oldest leaves may be necrotic, but this necrosis is due to
potassium deficiency superimposed on deficient leaves of magnesium. Where the two
deficiencies occur on the same palm, the oldest leaves will show characteristic potassium
deficiency signs, while magnesium deficiency signs will be seen on the mid-canopy leaves.
Deficient Mg and the imbalance between the ion and other cations may cause magnesium
deficiency symptoms. Magnesium deficiency is often detected in very high rainfall areas
(greater than 3,500 mm/year). This is likely when the amount of soil exchangeable ion is less
than 0.3 mg/kg. Inadequate application of magnesium to high yielding palms or to palms on

magnesium, deficient soils may cause magnesium deficiency (Rankine & Fairhurst, 1999).

3.2.45 Magnesium in palm oil

The determination of trace elements in vegetable oil is one of the criteria for the assessment
of quality of oil. Trace metals in vegetable oils are known to have an effect on the rate of oil
oxidation and storage capabilities. Njoku and colleagues (2010) in Nigeria investigated the
physio-chemical characteristics and dietary metal concentrations of oil from Elaeis guineensis
species. Physiochemical and dietary metal components were analyzed using standard test

methods such as Spectrophotometry, Titrimetry and Gravimetry. The three species of Elaeis
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guineensis studied were Elaeis pisifera, Elaeis dura and Elaeis tenera. The physicochemical
parameters determined were acid values, saponification values, iodine values and antioxidant
content. The dietary metal concentrations for the Pisifera, Dura and Tenera were 0.95, 1.13
and 0.37 mg/kg for dietary magnesium and 0.08, 0.24 and 0.05 mg/kg for dietary zinc
respectively (Njoku et al, 2010).

3.3 Radionuclides in oil palm

3.3.1 Radium (Ra)

Radium is a radionuclide formed when isotopes of uranium and thorium decay in the
environment. It is a naturally occurring radioactive metal with common isotopes ??°Ra, ??*Ra,
and ??8Ra. It occurs at low levels in virtually all rock, soil, water, plants, and animals. Radium
was discovered in the 1900’s and its potential health hazards were unknown by then. lts
characteristics as a luminescence material made it popular in consumer goods. The use of
radium declined due to health and safety reasons (Douglas et al, 1990). Radium is a radiation
source in some industrial radiography devices and an early radiation source for cancer
treatment. Safer, more effective radiation sources, for instance cobalt-60 have substituted it.
Radium is highly radioactive and hence carcinogenic and microscopic quantities in the
environment can lead to some accumulation in bone tissues. Radium, like calcium, is a group
Il element and our bodies treat it in a similar way. It is present in tiny amounts in all uranium
ores and at very low concentrations in seawater, surface, and well water. Exposure to radium
can be from the burning of fossil fuels. Certain occupations such as working in uranium mines
or ore processing plant can lead to high exposures. Phosphate rocks typically contain relatively

high levels of both uranium and radium (Douglas et al, 1990).

3.3.2 Radium in soil from palm plantations

Naturally occurring and anthropogenic radionuclides depends on geological and geographical
conditions in the soils of each region in the world (UNSCEAR, 2000). It is well known, for
instance, that higher radiation levels are associated with igneous rock and lower levels with
sedimentary rocks. There are some concessions, though, as a number of shale and phosphate
rocks have comparatively high content of radionuclides (UNSCEAR, 2000; Tzortzis et al.,
2004; Alias et al, 2008). Human beings are exposed to natural radiations from their
surroundings. Transfer of long-lived radionuclides such as radium and cesium were analyzed
in contaminated soils after the Chernobyl accident in Japan (Muramatsu et al., 1987;
UNSCEAR, 2000). Much research has been conducted on radium in different soil types, mines,
agricultural lands and phosphate fertilizers (Muramatsu et al., 1987; Banzi et al., 2000).
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Adequate research has not been conducted on the analysis of Uranium on soils from palm oil

plantations.

3.3.3 Radium in water from oil palm plantations

Radionuclides have always been present in the earth’s crust but usually brought to the surface
by oil and gas production and processing operations. Occurrence of radionuclides in ground
water depends on the presence and solubility of the parent element. Oil and gas exploration
causes radionuclides to accumulate at elevated concentrations in streams. Radium has a
similar chemical behavior to other alkaline earth metals. Therefore, in aquifers with limited
sorption or ion exchange sites, radium solubility can be improved by the common-ion effect
when other cations are abundantly present. Recently, high concentrations of radium were
associated with ground water affected by poor agricultural practices (Kraemer & Reid, 1984;
Zapecza & Szabo; 1987 Focazio et al., 2001). An environmental impact assessment of the
coastal plain and freshwater zone vegetated by forest tree species and oil palm in crude oil
exploration regions was conducted in Ogoni land Port Harcourt, Nigeria by UNEP, 2011.
Radium as one of the naturally occurring radionuclides is usually encountered in oil and gas
exploration in the region. Radionuclides have always been present in the earth’s crust but
usually brought to the surface by oil and gas production and processing operations.
Occurrence of radionuclides in ground water depends on the presence and solubility of the
parent element. Oil and gas exploration causes radionuclides to accumulate at elevated
concentrations in streams. Radium has a similar chemical behavior to other alkaline earth
metals. Therefore, in aquifers with limited sorption or ion exchange sites, radium solubility can
be improved by the common-ion effect when other cations are abundantly present. Recently,
high concentrations of radium were associated with ground water affected by poor agricultural
practices (Kraemer & Reid, 1984; Zapecza & Szabo; 1987 Focazio et al.,, 2001). An
environmental impact assessment of the coastal plain and freshwater zone vegetated by forest
tree species and oil palm in crude oil exploration regions was conducted in Ogoni land Port
Harcourt, Nigeria by UNEP, 2011. Radium as one of the naturally occurring radionuclides is
usually encountered in oil and gas exploration in the region. The study conducted by UNEP,
2011 revealed high concentrations of radium in the streams nearby oil palm plantations. The
UNEP team recommended that restoring the livelihoods and well-being of future Ogoni
generations is within reach but timing is critical. Given the dynamic nature of oil pollution and
the extent of contamination revealed in UNEP’s study, failure to address crucial civic health
concerns and commencing a cleanup will only exacerbate and unnecessarily prolong the
Ogoni people’s suffering. A transition phase was recommended to begin detailed planning in

the intervening period between the release of UNEP’s environmental assessment and the
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commencement of a clean-up operation guided by an Ogoni land environmental restoration
authority (UNEP, 2011). Ambient dose rates were investigated on all sites. The values were
found to be within the normal levels of radioactivity guidelines of 80+40 nanosievert per hour
(nSv/h). The studies included sites that had fresh spillage of crude oil and the levels of
radionuclides on such sites were still within the save limits. A measurement of NORM was also
performed on sites and the concentrations in Ogoni crude oil were recorded with no additional
radioactivity contribution to the ambient dose rate within acceptable measurement
uncertainties. An ambient dose rate of the range 100 nSv/h does not pose a radiological hazard
since the annual dose limit guideline which is above the background limit for humans is
1,000,000 nSv per year. Ogoni crude oil sites were measured for surface contamination
measurements and all the sites recorded natural background radioactivity level of 312 counts

per second (cps).

3.3.4 Radium in palm leaves from oil palm plantations

Analysis of radionuclides uptake from contaminated soils by plants is important for
remediation. Accumulation of radium has been studied in some plants like Dicranopteris
linearis (Chao & Chuang, 2011), Dicranopteris dichotoma (Simon & Deming, 1986), vegetables
and fruits (Tracy et al., 1983) and in wheat grass, yellow clover and rye (Rumble & Bjugstad,
1985). Extensive research and literature has not been done on the investigation of radium in

palm leaves from oil palm plantations.

3.3.5 Radium in palm oil

Radionuclide can be released into the environment through accidents, poor waste disposals
and other means. Some level of radiation is naturally present in surface and ground water but
other degrees of radiation exposure come from rocks and soil that have been contaminated by
artificially produced radionuclides. Some major pathways to commonly encountered
hazardous radionuclides are food contamination and occupational exposure at mining and
processing sites. Studies on acute toxicity of radionuclides have been conducted on
radionuclide content in food, water, waste dumps, feed materials, environmental matrices and
crude oil (Osibote et al., 1999; Strouble et al., 1985; Olomo et al., 1990; Przylibski et al., 2002;
Awodugba & Tchokossa, 2008). Faweya & Babalola (2010) carried out gamma spectroscopic
assays of radionuclide and heavy metals from waste dumpsites in southwestern Nigeria. The
activity concentration level due to “°K, ??°Ra, 2?Th, '¥’Cs, '9°Cd, 2'°Pb, 2"Bi and 2%Tl in the
samples were determined using coaxial-type Ge detector. Faweya & Babalola recorded
maximum concentrations of “°K, ??®Ra, ??8Th and '3"Cs as 357+12, 6817, 132+10 and 0.96

Bgkg™ at Ado, Abeokuta, Lagos and Ibadan; while the minimum concentrations were 180+6,
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40%5, 22+2 and 0.19 Bgkg™ at Akure, Ado, Oshogbo and Abeokuta respectively. The highest
concentrations of heavy metals 2%Ti, 2'9Pp, 2'4Bj and '°°Cd are 35+1, 465, 40+1 Bgkg™ were
at Lagos, Ibadan and Ado, while the minimum concentrations were 51£0.24, 20+3, 17+2 and
40+1 Bgkg™ were at Ado and Ibadan respectively (Faweya & Babalola, 2010). Analysis of

radium in palm oil is sparse.

3.3.6 Uranium (U)

Uranium is an abundant naturally occurring element that can be found in low levels in rock,
soil, and water. It occurs in combination with other elements. Significant concentrations of
uranium occur naturally in phosphate rock deposits, lignite, and uranium-rich ores. In nature,
uranium (VI) forms highly soluble carbonate complexes at alkaline pH. Uranium is produced
from anthropogenic activities such as uranium mining, fossil fuels, phosphate fertilizers, and
nuclear power production (Zaini et al., 2010). The primary health concern of uranium mining is
exposure to cancer-causing radiation. In addition to causing cancer, radiation, uranium may
cause genetic damage, disrupt hormone levels, and reduce blood cell counts. One of the most
troublesome aspects of radiation exposure is that symptoms of diseases may not arise until
decades after exposure. Exposure to uranium increases the chances of developing cancer. A
review of literature revealed that uranium workers’ risk of developing lung cancer is 2-5 times
greater than average. Close proximity to uranium-contaminated sites have been known to
cause an increase in negative health effects. Uranium is known to cause kidney, brain, heart,

and reproductive disorders (Miah & Roy, 1998).

3.3.7 Uranium in soil from oil palm plantations

Information of distribution pattern of radionuclides in soils is necessary in controlling radiation
exposure levels and sources (Miah & Roy, 1998). The natural radioactivity of soil and sediment
depends on chemical and biological formation and transport processes (Tenniseen, 1994).
Much research has been conducted on uranium in different soil types and in mines (Laure et
al., 2011) agricultural lands and phosphate fertilizers (Muramatsu et al., 1987; Banzi et al.,
2000). Zaini et al., 2011, in a study focused on the presence of natural uranium isotopes using
its progenies in soils in the river basin of the granitic region of Kuala Krai district, Malaysia.
Granitic characteristics of these regions were believed to produce significant concentrations of
natural radionuclide such as uranium and thorium. Therefore, the assessment of radiation dose
from soils on oil palm plantations is of particular importance, though limited research has been

conducted.
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3.3.8 Uranium in water from oil palm plantations

Higher rates of uranium intake have been reported for some populations who consume foods
grown in areas with elevated concentrations of uranium in the soil and drinking water.
Occurrence of radionuclides in ground water depends on the presence and solubility of the
parent material. Kris (1991), following a survey on ground water monitoring project in
southwestern North Dakota in the United States of America, determined uranium in reclaimed
abandoned mines. One hundred and fifty-eight water samples were collected from wells and
springs of which twenty-six exceeded the USEPA maximum contaminant level for uranium
(Kris, 1991). Some researchers (Brunskill & Wilkinson, 1987; UNSCEAR, 1988) have studied
the effects of uranium in wells, surface waters, shallow aquifers, old mines and hazardous

wastes. Information on the uranium on water from palm oil plantation is sparse.

3.3.9 Uranium in palm leaves from oil palm plantations

The accumulation of radionuclides by plants acting as a monitoring system in the environment
may occur by foliar absorption through the leaves and shoots of the plants or by uptake from
the roots. Accumulation of radionuclide in plants can be obtained from tracer or fusion studies.
Fission track technique has been widely used for the determination of uranium in
environmental samples such as leaves and soils. Leave samples were collected from Dumka,
Jhark land state in India and analyzed for uranium concentrations using fission track
techniques. The fission track and Lexan plastic technique was also used as the external
detector for uranium that varies in the different parts of the plant. The plant species used for
the study were Helianthus sativus, Lycopersicon escculentum, Hibiscus esculentus and
Capsicum annum (Singh et al., 2008). Uranium has been analyzed in the leaves of cypress
trees at the uranium processing facility in France (Giere et al., 2012). The transport of uranium
was also analyzed on Andropogon elliotti grown on sediments from a former radiological
settling pond (Punshon et al., 2004). Some wild plant such as Lagonychium farctum native to
Iragi’s desert were also polluted with uranium from the desert of Iraqgi’'s nuclear centers of
research (Riyad et al., 2012). Information on the analysis of uranium on Elaeis guineensis tree

plant is sparse.

3.3.10 Uranium in palm oil

Radionuclides are released into the environment through accidents, poor waste disposals and
other means. Some level of radiation is naturally present in surface are contaminated by
artificially produced radionuclides. Some major pathways to commonly encountered
hazardous radionuclides are food contamination and occupational exposure at mining and

processing sites (Ahmad et al., 2011). Uranium undergoes oxidation-reduction reactions in the
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environment and microbial reactions to form complexes with organic matter (Premuzie et al.,
1995). Uranium can only be removed from the environment by radioactive decay. Arogunjo
(2007), using a 7.6 by 7.6 cm Nal (TI) detector, carried out gamma radiation levels due to
primeval radionuclide in surface soils in some southwestern cities in Nigeria. The mean
absorbed dose rate and annual effective dose were evaluated from the measurement of 4°K,
238, 232Th, The absorbed dose rate values ranged from 18.6 to 68.4 with a mean (xSD) value
of 44.2+15.9 nGyh™' in Lagos area; 26.8 to 145.6 within a mean value of 72.9+35.6 nGyh™ in
Ibadan area and 30.9 to 98.9 with a mean value of 64.2+26.5 nGyh™" in Akure area. The mean
effective dose for these locations is 56.5, 93.3, and 82.2 uSv year, respectively. The average
value for the region is 0.8 mSv year' endorsed for normal environment (Arogunjo, 2007).
Awodugba, (2008), determined the level of radionuclide concentration in water from boreholes
in selected areas of Ogbomoso land. Concentration of 228U, 22Th and “°K was determined for
the water samples from eight boreholes in Ogbomoso land by y-ray spectrometry; with a high
purity germanium (HPGe) detector connected to a multichannel analyser. All the water
samples from these boreholes were found to contain acceptable levels of radionuclide with
mean activity values of 3.98+0.26, 11.0+2.58, and 17.73+5.04 Bql for 4°K, 22Th, and 23¥U
respectively. This shows that the mean activity of 28U for all the samples is the highest when
compared to those of “°K and 232Th. Therefore, the activity of uranium remains essentially

unchanged over thousands of years. Analysis of uranium in palm oil is sparse.

3.4  The oil palm tree in remediation technology

The palm oil tree is a cost effective alternative solution to phytoremediation. Nowadays, many
types of treatment methods are available as tools to reduce water and soil contamination by
trace/heavy metals. However, these treatment methods have several disadvantages such as
high cost and maintenance. Over the past decades, there has been an increasing interest for
the development of plant-based remediation technologies which have the potential to be cheap
and environmentally friendly (Cunningham & Ow, 1996). There are several mechanisms used
by plants, which allow cleanup of surface water, groundwater, soils, sediments, and sludge
contaminated by trace/heavy metals. Phytoextraction is the use of metal-accumulating plants
that can transport and concentrate metals, from soil/water through roots to other parts of the
plants. This ability of the plant is used to extract toxic metals from the environment and provides
an interesting tool for the remediation of metal contaminated sites (Baker et al., 1994). Most
plants in the ecosystem have great variation in the way they concentrate trace/heavy metals
(Freedman & Hutchinson). The oil palm tree (Elaeis guineensis) has been investigated by
various scientists as being able to absorb different concentrations of trace/heavy metals at

various parts of the plants. Roots of Elaeis guineensis showed highest uptake of zinc metals
75



(1.2810 mg/L) compared to the leaf (0.9298) mg/L and sediment (0.5924 mg/L). The results
show that Elaeis guineensis is able to accumulate Zinc metals more in the roots than other
parts of the tree. Lead trace element accumulation was in the order of 0.3297 mg/L, 0.3267
mg/L, and 0.2529 mg/L for sediments, roots and leaves respectively. This is in agreement with
Koeppe (1977), Adriano et al., (1986), and Alloway (1990), who stated that the amount of metal
uptake from the soils is influenced by soil factors such as pH, redox potential, organic matter
content, fertilizer application, plant age and species. Chromium uptake of trace/heavy metal
was highest in the shoots and lowest in sediments. Furthermore, the concentration of copper
showed lowest concentrations (0.0095 mg/L) for the roots while the leaf showed the highest
uptake of Copper (0.217 mg/L). From the research, cadmium had the lowest metal uptake by
Elaeis guineensis. The mean trace/heavy metal concentration uptake values showed that the
root has the highest value of metal adsorption (0.0118 mg/L) followed by leaves (0.0111 mg/L)
and then sediments (0.0110 mg/L). The conclusion agrees with Adriano et al. (1986) who
discussed the relevance of phytoremediation technology where tree parts can vary in their
ability to accumulate certain types and concentrations of trace/ heavy metals due to
differentiation in their solubility in soil, availability for plant uptake and their ability to undergo

translocation.

3.5 Conclusion

Palm oil is an important dietary oil component of food, beverages and snacks. Findings from
the present literature present strong evidence that essential and non-essential trace elements
and radionuclide can be ingested from palm oil. Nevertheless, it also provides vitamins and
carotenes that are powerful mediators for cellular functions and cure for several ailments.
However, it is still difficult to find out the adverse human health effect of palm oil as related to
trace elements and radionuclide and at the same time, it is difficult to translate diverse scientific
findings into public health messages and setting a health standard for trace elements and
radionuclides. The concentration of the trace elements and radionuclides in red palm oil could
be from natural and anthropogenic sources on the soil, water and leaves/fruit of the palm oil
tree on palm plantations. Despite significant research efforts, adequate research is lacking on
the concentration levels of trace elements on water, soil, fruits and leaves on palm oil
plantations. Research is required to comprehend the science of accumulation of trace
elements and radionuclides by oil palm plants, its specification of uptake and effects on human
health by regular consumption of palm oil and palm oil products.
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Abstract
The oil palm tree is an economic crop that has gained worldwide recognition due to its
importance. Produce from the tree such as the stem, fruits and leaves contain phytonutrients
and antioxidants that are mediators of cellular functions and a cure for various ailments. The
oil palm plantations receive inputs of elements from natural and anthropogenic sources.
However, while some of the elements are beneficial, they can be toxic at high concentrations.
The uptake of elements may be from water on the oil palm plantation. Trace and major element
contamination has become an issue of concern due the deleterious effect of their nature.

Therefore, the quality of ground water on oil palm plantations is important due to the uptake of
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trace and major elements from water to parts of the oil palm tree. In the study, an attempt was
made to quantify the concentration of 15 elements in ground water samples sampled on 15 oil
palm plantations in the southern parts of Nigeria where the oil palm tree is extensively
cultivated. Sampling was performed in March 2013. The Inductively Coupled Plasma Optical
Emission Spectrometer (ICP-OES) is an analytical instrument of choice because of the
relatively cheapness and ability to measure elements in a wide range of spectrum. Apart from
the major element concentration, the highest concentrations of trace elements were recorded
for Lead (Pb) (0.090-10.29 mg/L) and the lowest for Cadmium (Cd) (0.119-0.391 mg/L) on all
the plantations. The concentration of the metals found in the study was compared with the
water quality standard set the World Health Organization (WHO), 2011.

Key words: ICP-OES, Oil palm plantations, trace and major elements, water

41 Introduction

Oil palm plantation is recognized in most countries for the extent of socio-economic influence.
It has experienced rapid growth in recent decades and has become a significant contributor to
the world market for vegetable oils. The main composition of palm oil and palm kernel oil, which
are palmitin and olein, are major components of domestic and industrial products. Analysis on
phytochemical screening of the palm oil leave extract, lipids and sterol composition of the
pollen have been studied to contain diuretic, antioxidant, antimicrobial and anticancer
properties. The sap from the tree is used as wine, sugar, and parts of the plants such as the
palm oil, palm kernel oil, bark and leaves are used as traditional/folklore medicinal uses in
some parts of Africa. Red palm oil contains phytonutrients, tocotrienols, carotenoids,
phytosterols, squalene, tocopherols etc. Numerous researchers have proved these as
powerful protections against diseases of the cardiovascular and neurological systems [1-4].
Although palm oil is high in saturated fat, it protects against heart diseases. Tocotrienol is an
antioxidant that prevents oxidative stress by free radicals in the body. It slows the occurrences
of some forms of cancer. Oxidative stress has been the cause of several diseases and ageing.
Apart from antioxidants such as tocotrienols, tocopherols and flavonoids, other phytomolecules
such as Copper (Cu), Iron (Fe), Manganese (Mn), Zinc (Zn), and Selenium (Se) possess
antioxidant properties. These elements occur mostly in proteins in the form of metalloenzymes
and are excellent antioxidant defense against reactive oxygen species that causes oxidative
stress [5]. Much research is channeled in the area of the benefits of the oil palm tree in the
prevention of health problems. These problems include such as osteoporosis, asthma,
cataract, muscular degeneration, arthritis, liver disease, tuberculosis and even HIV/AIDS [6][3].
The management of the oil palm plantations has brought about land and water contamination

due to diverse agronomy practices. The eco-toxicological contamination of heavy metals in the
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environment is a great challenge to scientists all over the globe. Heavy metals are persistent
in the environment, non-biodegradable and accumulate in the eco-system. Anthropogenic
activities such as pesticide applications, industrialization, urbanization, crude oil exploration
are immense contributors to heavy metal contamination in the environment [7-11]. Some
metals are essential for the proper functioning of biological systems yet are toxic at high
concentrations. Plants and animals for the proper functioning of the organs and systems also
need trace elements; Cobalt (Co), Nickel (Ni) and Manganese (Mn) and major elements;
Calcium (Ca), Potassium (K), Sodium (Na) and Magnesium (Mg). Other elements; Lead (Pb),
Cadmium (Cd) and Arsenic (As) have no beneficial function to plants and are toxic to all forms
of life above critical levels. There is actually no clear-cut boundary between the benefits and
toxicity for trace elements. Toxic element contaminated ground and surface water can transmit
heavy metals through crops to humans. This is hazardous since heavy metals are not
metabolized by the body system causing bioaccumulation in organs such as the liver and
kidneys. It is therefore pertinent to evaluate the quality of ground water on palm oil plantations
by analyzing the metal concentration level. There is an increasing demand for metal analysis
of environmental samples. The cost of analysis is high when different instrumental methods
are suited for different analytes in a sample. The greatest challenge in creating one method
for all analytes is achieving the dynamic range. This dynamic range coverage is for low parts-
per-billion for toxic elements to high parts-per-million for the Group | and Il elements. A general
method for different analytes and sample is recommended. The (ICP-OES) with simultaneous
measurement of the entire elemental spectrum facilitates such universal methods and was
used for the study [12]. The ICP-OES has an advantage of being a multi-element technique
that allows the determination of minor, major and trace elements in liquid samples. It offers the
ideal solution in proficiency and flexibility and a cost effective solution to analysis. It is a desired
technique because of its high sensitivity, wide dynamic linear range and sensitivity. The
instrumentation of ICP-OES consists of a sample introduction system, plasma source and the
spectrometer. The dual view ICP-OES consists of an interface for either axial or radial plasma
observation. This allows the plasma to be directed to suit the linear range of the analysis [12].
The analyst is permitted to switch plasma views without instrument reassembly. The more
recent Charge Couple Device (CCD) optics system has replaced the photomultiplier detector
and the diffraction grating. The CCD is capable of observing all analyte wavelengths
simultaneously [12]. Samples are introduced in liquid form by the use of a nebulizer in most
analytical methods using the ICP-OES. The close vessel microwave assisted digestion was
used for this study, which is preferred over the open vessel. This is because the closed vessel
microwave assisted digestion incorporates the advantage of low reagent volume, short

digestion time, low loss of volatile species and the reduced risk of cross contamination. It also
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provides high precision and safety. Plants absorb dissolved minerals, elements present in
surface, and ground water through the root cell hairs and this is transported through osmosis.
The transportation of dissolved minerals and elements continues via the xylem and phloem
vessels to other parts of the plants such as the stem, leaves and fruits. Consequently, trace
and major elements are absorbed from water to plants via roots to the stem, leaves and fruits.
Based on the significance of the oil palm tree, as an economic crop for food and chemical
industry; a source of phytonutrients and antioxidants, the effect of the uptake of trace and major
elements from surface and ground water was determined. The present research presents
findings obtained by the development of the method for major and trace elements in water on
oil palm plantation by ICP-OES. The microwave assisted close vessel digestion was employed

using a mixture of acids.

4.2 Materials and methods

4.2.1 Instrumentation

The Spectro Arcos FHS 12 ICP-OES (Spectro Germany) equipped with radial viewed plasma
was used for the research. The Radial Slide Plasma Interface (SPI) was used with the Spectro
UV plus system for measurements in the UV range, which records the entire relevant spectrum
(165-770 nm). The Spectro Arcos FHS 12 ICP-OES is equipped with a CCD solid-state array
detector and smart analyser vision graphical user interface 4.02.0834 software. The CCD
detector shows a significant advantage over the conventional technology with respect to
speed, sensitivity, and lower instrument cost. Argon is continuously circulated through a small
membrane pump that has the advantage over systems that use vacuum or purge gas. The
radial view was used to accommodate high matrix content for major elements. An ultrasonic
nebulizer with a cyclonic spray chamber was used in the sample introduction system. The
instrumental parameters for the determinations of elements using the radially viewed ICP-OES
are presented in Table 4.1. Sample digestion was carried using the Milestone microwave

digester MLS 1200 equipped with six Teflon vessels and a ceramic jacket.

4.2.2 Sampling sites and sample collection

In Nigeria, oil palm cultivation is part of way of life — in fact part of culture. Areas in the Southern
part of Nigeria where oil palm is greatly cultivated include the states of Edo, Enugu, Delta,
Akwa Ibom, Ondo, Ekiti, Kogi, Oyo, Osun, Ogun and Lagos [13]. Table 4.2 shows the sampling
sites codes, locations and the respective latitude and longitude. Water sampling was
performed on fifteen major sites from areas in Nigeria. Sampling was performed in the dry
season of October 2012 to April of 2013.
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Table 4.1: Parameters for ICP-OES

Power (W)

Nebulizer

Spray Chamber

Outer gas flow (I/min)

Intermediate gas flow (I/min)

Nebulizer gas flow (I/min)

Sample uptake rate (I/min)

Analytical wavelength (nm)

Al (II) = 167.078

Ca (Il) = 393.366

Cd (1) = 228.802

Co (I1) =230.786

Cr (Il) = 205.618

Cu (I) = 324.754.

Fe (Il) = 259.941

1400W

Cross flow (Spectro)

Double pass, Scott-type

12

1.0

1.0

1.5

Mg (1) = 285.213

Na (I) = 588.995

P (I) = 177.495

Pb (Il) = 283.306

Se (1) = 196.026

Sn (Il) = 189.980

Zn (1) = 213.856

K (1) = 766.491

| = atomic line; Il = ionic line

Wavelengths were chosen in order of emission intensity and the most sensitive wavelength,
after consideration of the upper and lower concentration limit of linearity of response was
chosen. The sampling points were partitioned into four points in each state and samples were
collected from boreholes at each point. The sampling locations were based on factors such as
population density, farm settlements, and areas receiving significant pollution characteristics.
Storage containers for sampling were sterilized 1-liter plastic containers. The samples were
acidified with 10 % nitric acid per liter of sample and further preserved in an ice chest. The
samples were transferred to the laboratory and stored in the refrigerator at 4°C prior to analysis.
Glassware were washed with detergent and rinsed with distilled water. They were further
soaked overnight in 10 % analytical grade nitric acid, and then rinsed in high purity deionized

water.

93



4.2.3 Reagents and samples

The solutions used for the analysis were prepared from analytical grade reagents using high

purity deionized water (Milli-Q water purification system, Millipore, Belford, MA, USA).

Analytical grade nitric acid (65% v/v) from Merck, Darmstadt, Germany and hydrochloric acid

(37 viv %) also from Merck, Darmstadt, Germany were used for the acid digestion.

4.2.4 Reference materials for standard calibration curves

Reference materials for standard calibration curves used for the analysis were prepared from

single element standards (1000 mg/L).

Table 4.2: Sampling sites & locations

Code Location Latitude Longitude
PP1 Abak 4.9833 7.7833
PP2 Acharu 7.5320 7.2792
PP3 Agbarho 5.5833 5.8667
PP4 Ago-Emokpae 7.3400 6.4500
PP5 Apoje 6.9644 4.1064
PP6 Badagry 6.4166 2.8833
PP7 Benin city 6.3176 5.6145
PP8 Igede-Ekiti 7.6667 5.1321
PP9 Ikire 7.3533 4.1833
PP10 Iresa-apa 8.1504 4.2567
PP11 Nsukka 6.8667 7.3833
PP12 Okitipupa 6.5025 4.7795
PP13 Onishere 6.7150 5.1001
PP14 Ubiaja 6.6597 6.3822
PP15 Umuabi 6.17 36 7.2233

The starting materials for the trace elements were measured against a certified reference

material are and are traceable to NIST. Lower concentrations were prepared in the same

matrix using the non-serial dilution method.
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4.2.5 Microwave assisted digestion

The water samples may contain analytes that are organically bound in the matrix since it was
sampled from an oil palm plantation. It was necessary to digest the samples using the
microwave assisted digestion method in order to convert the organically bound analytes to the
elemental form. The sample (10 mL) was placed in the Teflon tube of the microwave digester.
Nitric acid (1 mL) and hydrochloric acid (3 mL) were added according to the aqua regia method.
The contents in the Teflon tubes after microwave-assisted digestion were filtered using a 0.45
pum filter paper then transferred into a 100 mL volumetric flask. This was made up to 100 mL
with ultra-pure water (Millipore distilled water 18.2 uym). 10 mL of the extract volume was put
in 15 mL polypropylene tubes and stored at 4 °C for ICP-OES instrumental analysis. Digestion
was performed using the Milestone Microwave 1200 Mega Microwave Oven according to the
microwave assisted digestion program in Table 4.3. The time of increment of the microwave

assisted digestion was geometrical.

4.2.6 Temperature, electrical conductivity, total dissolved solids and pH
Temperature, electrical conductivity, total dissolved solids and pH of the samples were
determined on the site of sampling using a Multi meter meant for that purpose. The results

are shown in Table 4.4

Table 4.3: Microwave assisted digestion programme

Steps Power (Watts) Pressure (Bar) Temperature ( °C) Time (Mins)
1 200 100 90 2
2 400 100 90 4
3 600 100 180 16
4 600 100 180 32

4.2.7 Validation of the analytical method:

Calibration curves were plotted for the determination of trace and major elements in the water
samples using varying concentrations of standards of the metals. Table 4.5 represent the
regression calibration plots of the major and trace elements under study. The linear calibration
curves obtained for all the metals under study ranged from 0.995 to 1.000 mg/L. The
repeatability or precision of the method was established with an evaluation of the percentage
residual standard deviation of the sample microwave assisted digestion procedure. Digested
samples were analyzed in triplicates and the analyzed mean, standard deviation and

percentage residual standard deviation calculated from this data. The acceptable criterion for
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repeatability and percentage residual standard deviation results is to be below 10 for elements
determined by ICP-OES.

4.3 Results and discussion

Table 4.6 presents the concentration (mg/L) of trace and major elements in ground water
sampled from fifteen sampling locations. The analysis of the sample was compared with
regulatory standards such as the WHO guidelines for drinking water quality, 2011 and the
significant deviations were equally noted. The results in Table 4.6 shows that the pH, electrical
conductivity and total dissolved solid values were an indication of trace/major element
contamination. Major elements recorded higher concentration. From the values of the trace
element investigated on the plantations, Pb (0.09-10.3 mg/L) was the most predominant trace

element and Cd (0.12-0.39 mg/L) the least on all the plantations under study.

4.31 Lead (Pb)

Pb is a soft metal that has several applications in industry. The study revealed that the
concentration of Pb metal ranged from 0.09 mg/L to 10.3 mg/L in ground water samples as
recorded in Table 4.6. All the ground water samples under investigation contained Pb above
the World Health Organization (WHO) permissible limit (0.01 mg/L) for Pb [14]. Highest and
lowest concentration values of Pb recorded in this study were from PP10 (Iresa —apa) and
PP12 (Okitipupa) plantations respectively. Okitipupa is a local government area in Ondo state
which contains bitumen deposits. Bitumen contains Pb in varying proportions. River Oluwa is
one of the rivers that flow through the plantation and this is located around a glass making
factory and bitumen mining. These factors may contribute to high Pb concentration on these
plantations. PP4 and PP9 plantations also recorded high concentration of this metal. These
plantations where located near mechanic workshops where Pb acid batteries were recycled.
In general, all the plantations recorded concentrations above the WHO permissible limit of Pb
probably because the automobiles and machineries on the plantations were run on leaded

petrol/diesel.

Table 4.4: Physicochemical parameters of water

Ground water
Code | Location Ph Electrical conductivity (uS/cm) TDS (ppm) Temp (°C)
PP1 Abak 5.29 105 51 18.4
PP2 Acharu 5.59 134 63 17.9
PP3 Agbarho 5.01 23 11 18.4
PP4 Ago-Emokpae 5.53 190 97 19.3
PP5 Apoje 6.30 104 52 18.0
PP6 Badagry 5.54 229 113 19.7
PP7 Benin city 7.28 30 15 16.9
PP8 Igede-Ekiti 5.59 137 68 18.2
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PP9 Apomu-Ikire 5.58 122 63 171
PP10 Iresa-apa 4.89 225 113 19.3
PP11 Nsukka 7.21 171 88 17.3
PP12 Okitipupa 5.86 111 55 15.8
PP13 Onishere 5.02 22 11 19.3
PP14 Ubiaja 5.40 216 112 16.9
PP15 Umuabi 6.28 19 09 19.0
PPI6 Control 5.51 227 107 18.77

Due to awareness on the detrimental effect of Pb in recent years, its concentration in the
environment has reduced. Increased exposure to Pb and its compounds have been studied to
cause disorders of the blood and nervous system, infertility and miscarriages. A major pathway
of environmental Pb contamination is from water and food [15-18].

4.3.2 Cadmium (Cd) and Zinc (Zn)

Naturally, Cd can be found in the earth crust and is released to rivers by the weathering of
rocks, volcanoes and bush fires [19]. Cd is usually found in deposits where Zn is a major
pollutant. All the ground water samples under investigation contained Cd and Zn above the
WHO permissible limit (0.005 mg/L and 5.0 mg/L for Cd and Zn respectively) [14]. Table 4.6
recorded highest and lowest concentration values of 0.391 and 0.255 mg/L of Cd in this study
were from PP6 (Badagry) and PP9 (lkire) plantations respectively. Zn is an essential element
required in minute concentrations by plants and animals for cell metabolism, cell development
and enzyme activity. High concentrations can be lethal causing nervous disorders, kidney
damage, [20] diarrhea and lethargy [21-22]. The highest and lowest concentrations of Zn
recorded in the study were from PP6 (6.79 mg/L) and PP14 (0.06 mg/L/) respectively. Cd is a
major byproduct of the paint and glass industry. It has a very low permissible limit and traces
of Cd in the environment can lead to overexposure. Cd is a byproduct of industry, especially
as a pigment in the paint industry and components of electronic waste. The concentration of
Cd exceeded the Maximum Permissible Limit in all the plantations investigated. This can
probably be because of unwholesome farm practices such as the use of Cd containing
fertilizers and insecticides. Other unwholesome practices included the burning of bushes and
forest fires. PP6 (Badagry) recorded the highest concentration of Cd. This sampling area
received pollution characteristics from Alaba International Market, Lagos, Nigeria. The market

is notorious for the sale of used electronics [23].
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Table 4.5: Regression data for calibration curve

Element Wavelength (nm) Linear range (mg/L) R? RSD (%) LOD LoQ
Al (I) 167.078 0.1 0.999 0.844 0.096 0.96
Ca(ll) 393.366 0.01 0.995 0.634 0.024 0.24
Cd (l) 228.802 0.03 0.999 0.989 0.057 0.57
Co (Il 230.786 0.02 0.999 0.594 0.006 0.06
Cr (Il) 205.618 0.01 0.998 1.075 0.003 0.03
Cu(l) 324.754 0.01 0.999 0.845 0.033 0.33
Fe (1) 259.941 0.03 0.999 0.980 0.333 3.33

K (1) 766.491 0.002 1 0.429 0.021 0.21
Mg (1) 285.213 0.001 0.999 0.899 0.084 0.84
Na (1) 588.995 0.001 0.999 0.843 0.006 0.06

P(l) 177.495 0.001 0.999 0.982 0.333 3.33
Pb (Il) 283.306 0.05 0.999 0.360 0.045 0.45
Se (1) 196.026 0.5 0.999 0.374 0.065 0.65
Sn (1) 189.980 1 1 0.635 0.041 0.41
Zn () 213.856 0.002 0.999 0.337 0.087 0.87

RSD (%)n=3

LOD = 30

LOQ=10XLOD

The Ologe lagoon flows through the plantation has pollution characteristics from electronic

waste from the Alaba International market, Ojoo, Lagos state. Electronic waste contains

significant concentrations of Cd primarily from Cd batteries, chip resistors and used monitors

[24.] Cd is one of the most deleterious toxic trace metals both to plants and to animals. It is

designated as a human and a potent multi-tissue animal carcinogen [23]. Cd has the tendency

to accumulate in organs such as the liver and kidney causing defects such as osteomalacia,

pulmonary emphysema, infer tility and renal tubular damage [25-27].
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4.3.3 Aluminium (Al)

Environmental contamination of Al in the environment can originate from water and the

preparation of food. However, Al is the third most abundant metal in the earth crust, studies on

its toxicity has revealed it a cause of many diseases in plants and animals. Al toxicity has been

traced to the use of Al utensils and cosmetics containing aluminum [28]. The signs of Al toxicity

in plants include the yellowing of leaves. Al has never been considered as an essential element

although some plants have shown cases of Al tolerance and resistance [29-31] Plant species

with hyperactive accumulation characteristics usually concentrate high levels of Al to levels

very toxic to animals [32]. Studies present evidence of lung diseases linked to occupational

hazards in employees in Al smelting companies [33-36]. It is a major cause of Alzheimer’s

disease, neurotoxicity and encephalopathy in humans [17].

Table 4.6: Concentration of metals (water mg/L)
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Toxicity of Al presents negative effects on the metabolism pathways and enzyme activity of

some major elements such as Ca and phosphorus (P). WHO/ MCL of Al in ground water is

0.05 mg/L [14]. Highest and lowest concentration of Al in the study was recorded from PP8 in

Igede Ekiti with a concentration of 0.50 mg/L and in PP7 in Benin City with a concentration of

0.01 mg/L as shown in Table 4.6. Only Igede Ekiti recorded highest concentration of Al. This

may be attributed to natural deposits of Al in Ekiti state and the establishment of Al smelting

company around the vicinity to the plantation. River Osun takes its source from Osogbo and

flows through llesha to Igede Ekiti plantation with pollution characteristics from the river. The
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pollution characteristics include natural deposits of Al and anthropogenic sources from the

metal smelting companies from Osogbo and lllesha.

4.3.4 Chromium (Cr)

Cr is one of the essential elements needed in trace amounts that prominently takes part in
metabolism. It is required in enzyme activity and acts as a cofactor in the regulation of sugar
levels in the body. High levels of Cr is toxic especially Cr VI which is known to be more toxic
and carcinogenic when compared to Cr Il [37]. Symptoms of acute Cr toxicity are related to
convulsion, respiratory and stomach disorder symptoms [25]. WHO/ MCL level of Cr in drinking
water is 0.1 mg/L [14]. All the plantations under study contained concentrations of Cr above
the WHO/ MCL for water that is 0.1 mg/L [14]. as recorded in Table 4.6. Highest and lowest
levels were recorded on PP6 (0.95 mg/L) and PP10 (0.02 mg/L) respectively. Cr is a major
component of electronic waste. Improper disposal of electronic waste and the illicit disposal of
used oils and automobile waste have contributed to the increase in the concentration of Cr
metal in most of the plantations. PP6 (Badagry) is situated close to a notorious e- waste
disposal and recycling site which may be a contributory factor to the high level of Cr on the

plantation.

4.3.5 Copper (Cu)

Cu is an essential element possessing antioxidant properties protecting organs in animals and
plants against free radicals. It is a component of hemoglobin and alongside vitamin C assist in
the proper functioning of the lungs, blood vessels and epidermal tissues. Cu is a component
of the enzyme ferroxidase, which regulated the transfer of iron and facilitates the release of
carbohydrate from storage. It is a structural element in the enzyme tyrosine, cytochrome
oxidase and ascorbic acid oxidase. Deficiency of Cu in humans causes liver malfunction and
genetic disorder especially Wilson’s disease. In plants, it is needed for seed and chlorophyll
formation. It is an essential part of proteins and various biochemical syntheses of plants [38].
Though Cu is an essential element necessary for proper functioning of organs and systems in
the body in minute quantities, high concentrations can be toxic and lethal. Symptoms of Cu
toxicity are related to liver and kidney damage. A high and toxic concentration of the essential
element causes adverse health effects, which includes nausea and diarrhea. Cu occurs
naturally in the environment and is used practically in industries in the manufacture of coins,
electrical wiring, and pipes. The random use of Cu pesticides may cause injury to human health
and environmental contamination leading to harmful levels of Cu in ground water. Cu can also
be found in household and electrical waste and battery cells. Table 4.6 showed that the highest
and lowest concentration of Cu in the study was recorded from PP11 (Nsukka, 1.37 mg/L) and

PP7 (Benin City, 0.01 mg/L) respectively. All the ground water samples under investigation
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contained Cu above the WHO permissible limit (0.01 mg/L) for Cu [14]. These plantations
recorded mechanic workshops close to the plantation where waste and electrical/mechanical
parts were deposited.

4.3.6 Cobalt (Co)

Co is an essential element required in minute quantities for proper functioning of the systems.
It occurs naturally in the environment in seawater, volcanic eruptions and forest fires.
Anthropogenic sources are from coal fires, burning of oil and industrial processes. Workers in
industry may be exposed to Co when grinding, smelting and refining tools. Some forms of Co
are also radioactive. It is an ingredient of porcelain enamel and a pigment in most paints. It is
a component of vitamin B12 used in the treatment of anemia and various blood disorders.
Exposure of the essential element in high concentrations is toxic and may cause infections
related to lung disorders such as anemia, pneumonia and asthma. The World Health
Organization (WHO) permissible limit (0.60 mg/L) for Co [14] and PP1 (Abak, 0.61 mg/L)
recorded the highest concentration of the element Co. This may be due to input from seawater,
crude oil drilling and mining. Input may also be from industrial and domestic sewage containing
Co from magnets, utensils and keys. Lowest concentration of Co was recorded on Onishere

plantation, which was 0.13 mg/L.

4.3.7 Iron (Fe)

Fe often occur naturally in groundwater and the weathering of rocks especially mica and clay.
An anthropogenic source is usually from industries involved in the casing of wells, pipes and
pumps. Other processes that contribute to levels of Fe may include effluents, acid mines,
drainage and landfills. WHO permissible limit for iron is 0.2 mg/L [14]. Table 4.6 recorded
highest and lowest concentration of Fe in the study in PP2 (Acharu, 0.02 mg/L) and PP11
(Nsukka, 0.01 mg/L) respectively. PP1 (Abak, 0.63 mg/L) also recorded high concentrations
of Fe. This could be attributed to effluents from crude oil processing and drilling taking place
not far from the vicinity of the plantation. Fe is one of the additives added to crude oil processing
[22]. There were also incidences of crude oil spills in the Kwa Ibo river which passes through
the plantation bringing along with it pollution characteristics of crude oil effluents. The oil palm
plantation located in Acharu is a NIFOR experimental station. Fe is mined in ltakpe, a few
kilometers from the plantation. Pollution characteristics may be from the Kantu River, which
flows through the plantation. The Kantu River is an overflow of the Benue and Niger River.
Other areas that recorded significant levels of the element Fe are Iresa apa plantation in
Ogbomosho and Agbarho plantation in Delta state. These areas recorded natural Fe ore
deposits and anthropogenic contributions from Fe ore smelting companies located around the

vicinity of the plantation.
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4.3.8 Selenium (Se)

Selenium is an essential element required by plants and animals in trace quantities. An excess
of this essential element in plants and animals may lead to toxicity. Symptoms of acute toxicity
may be systematic and manifested in respiratory and cardiovascular ailments. Other ailments
are numbness of the joints; hair and nail loss and heart related ailments [39]. MCL for Selenium
in ground water is 0.05 mg/L [14]. Major source of Se in groundwater is because of effluent
from petroleum and metal refineries and discharge of mines. Selenium can naturally be found
in ores. Selenium compounds are commonly employed in the manufacture of electronic and
photocopying components. They are also used in the manufacturing industry where glass,
rubber, metal, alloys, medical and therapeutic agents are being produced. The trace element
Se is of fundamental importance and is a major constituent of enzymes and Seleno-proteins.
It is an active enzyme in the production of thyroid hormone and the development of virulence,
which inhibits the development of the HIV hormone to AIDS. Vitamin C and E alongside
Selenium inhibits free radical damage to cells and DNA. Selenium in the diet increases fertility
and reduces the incidence of miscarriage. Selenium is abundant naturally in the atmosphere
from the weathering of rocks and soils, burning of fossil fuels and electronic waste [40]. Highest
and lowest concentrations were recorded in PP6 (0.07 mg/L) and PP14 (0.01 mg/L)
respectively. This is presented in Table 4.6. PP6 (Badagry) recorded pollution characteristics
from an electronic waste disposal/recycling site located close to the plantation.

4.3.9 Tin (Sn)

Sn is not known as an essential element to plants nor animals neither has its deficiency been
known. It has no known biological activity and it is not easily absorbed. Its low toxicity is related
to its use in kitchenware and canning though the organic compounds of Sn is very toxic.
Chronic toxicity of Sn from canned food leads to the development of nausea, diarrhea,
migraines, urinary tract infections, heart, brain and liver diseases, stomach disorders and skin
and eye irritation in humans. Symptoms of morphological changes are exhibited such as
reduction in size and loss of plant shape and colour [40]. Organic compounds of Sn are known
to be very toxic. Tributyltin has been extensively used in the maritime industry as an antifouling
agent in paints and has caused long-term pollution in waters due to its non-biodegradable
nature and persistence in the environment. However, depending on the organic group type,
some organotin compounds are powerful bactericides and fungicides. Recently, some
researchers have found that selected compounds of Sn have exhibited anti-tumor and
anticancer properties and can be useful in chemotherapy treatment [40-42]. WHO /MCL of tin
in ground water is 0.01 mg/L [14]. Highest and lowest concentration of Sn metal was recorded
in Table 4.6 on PP1 (Abak plantation, 0.73 mg/L) and PP7 (Benin City plantation, 0.02 mg/L)
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respectively. Abak plantation is located some kilometers from the Atlantic Ocean. Many
activities occur along the harbor some of which include the antifouling of ships with paint to
prevent rusting of metal parts, soldering of metal and automobile parts. Most of the paints used
for antifouling and solder iron contain organic compounds of Sn. This can be attributed to the
significant high level of Sn element in the water sampled on Abak plantation.

4.4 Macro elements

Macro elements are elements needed in large quantities for proper functioning of systems in
plants and animals. In most occasions access to these elements are readily available to plants
and animals although some occur in trace quantities. These include elements like Ca, K, Mg
and Na [40-42]. They are essential dietary elements necessary by living things for proper
functioning for organs and systems. Ca is a co-factor of many enzymes necessary for the
production of cell wall in plants and strong bones and teeth in animals. Deficiencies of Ca
causes shoot root necrosis in plants, and osteoporosis in humans. Mg functions as a
fundamental constituent of chlorophyll in plants and bone structure in humans. Deficiency of
Mg causes tetany and Ca deficiency. Na and K both function as a significant component for
the maintenance of pH and cellular fluid. K is required for the synthesis of protein, enzyme
activation and the transportation of membrane. Deficiency of these macro elements is
exhibited by necrosis and decrease in growth. Table 4.6 showed that the concentrations of the
macro elements are within the MCL for the elements in ground water found on the plantations.
Sources of the macro elements in ground water can be linked to natural and anthropogenic
sources. Natural sources of K in water can attributed to feldspar. Anthropogenic sources may
be from water softeners, ion exchangers and fertilizers. Ca and Mg are naturally abundant in
soil and rocks such as limestone, dolomite, calcite and magnetite. No numerical guideline
exists for Ca and Mg although high concentrations of these elements in the systems may
prevent the absorption of other essential elements. Na is also naturally present in rock salt.
High levels are indicative of salt-water intrusion from sewage, industries and leachates from
landfills and dumpsites. Although Na is an essential element that functions actively in body
fluids, high concentrations of the element in diet of patients on low Na intake may lead to heart
and kidney problems [40-42].

4.5 Conclusion

The results of the study conducted on the trace and major elements in ground water on the oll
palm plantations extensively show that elemental inputs in the water may be from natural and
anthropogenic sources. Most often, anthropogenic sources generally outweigh the natural
sources of contamination. The results of the analysis affirm that one of the pathways of

elemental contamination in plants is from water. Plants are also more prone to absorb ground
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water from roots than flowing water. The ICP-OES was an excellent instrument of choice

because it simultaneously measured the major and trace elements. Due to its multielement

capability, it was able to save time and cost.
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Abstract

We investigated the speciation, bioavailability, and mobility of metals in soils from selected
states on oil palm plantations in southwest south east and south south states of Nigeria. Soils
were analysed for total metal content and speciation on all sampling locations. Metal
concentrations were compared against pH, electrical conductivity (EC) and soil organic matter
(SOM), which were high at all the sampling locations. The speciation results deduced that the
concentrations of the different fractions vary widely at each sampling location. Cd is mostly

abundant in the exchangeable phase in all the samples analysed in the various locations. Ni
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in the Iresa-apa plantation (29.9 %) and Co in the Acharu plantation (29.9 %) also showed
appreciable concentrations in the Fe/Mn oxide fractions. The concentrations of Pb and Cu
were highest in the organic fraction. Metals in the organic phase are more released into soil
solution when compared to the residual phase fractions. Chromium and Zinc were mostly
associated with the residual phase when the values of the residual phase were compared with
other geochemical fractions. The plantations under study, which recorded the highest
concentrations of Cr and Zn in the residual fractions, were 87.9 % (Okitipupa), 86.3 % (lkire),
82.7 % (Apoje), 90.3 % (Onishere), 89.7 % (Benin City), and 85.6 % (Nsukka). The results of
the sequential extraction show that mostly Cr and Zn were strongly bound to the residual/inert
phase in all the soils under investigation. The potential mobility of the metals with high fractions
in the residual phase is as follows: Cr (74.8 %), Zn (74.0 %), Pb (73 %), Fe (69.5 %), Ni (67.0
%), Cu (63.8 %), Mn (30.5 %), Co (30.7 %), and Cd (25.9 %). These values were high when
compared to the values of other metals in the other mobile and potentially mobile fractions.

Key words
Oil palm planations, bioavaliability and bioaccessibility, heavy and trace metals,

sequential extraction.

5.1 Introduction

The socio-economic impacts of oil palm plantations are numerous in a good number of
countries. The ostensive environmental effects of the cultivation and management of the oil
palm tree cuts across land and water contamination [1]. Many physical, biological, industrial,
and agricultural processes bring about the pollution of soils since soils represent a vibrant and
vigorous structure. The contamination of soils may arise from the build-up of trace and heavy
metals owing to the application of natural and synthetic fertilizers, effluent and slush [2]. This
poses a risk to humans, animals, and plants. Plants and animals are exposed to pollutants
from the ingestion of plants grown on polluted soils or water on such soils. Municipal areas
where oil palm trees are greatly cultured in Nigeria are the states in southern areas of Nigeria
[3]. The oil palm (Elaeis guineensis) is a prolific oil producing plant, which grows on low pH
soils in the tropical regions of Nigeria between 15° N and 15° S. This is aboriginal to the
southern parts of Nigeria where it is a stable crop grown by numerous diminutive landowners.
This segment provides raw materials for the food and chemical industry; providing employment
for the populace [4]. The contamination of soil by heavy and trace elements limits the usability
of the land for agronomical purposes. This has an adverse effect on crop growth and food
quality [5]. Accumulation of heavy and trace elements is an ecotoxicological issue presenting

adverse effects to the environment. The contamination of heavy metals in the environment is
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irreversible; it persists and is usually non-biodegradable. Heavy and trace elements have long
residence time in the environment, ending up in the food chain. A natural factor such as
geology of heavy and trace element contamination of the environment is minimal [6]. Majorly,
contamination arises from anthropogenic sources such as unwholesome farming practices,
which include bush burning and the use of fertilizers and pesticides containing heavy and or
trace elements. Other sources of anthropogenic contamination are from crude oil exploration
and spillage, urbanization and industrialization. At acute concentrations, the potential toxic
heavy and trace elements present in the environment makes it an issue of concern. The effects
of trace and heavy elements are frequently present in industrial, municipal and crude oil spills
leading to soil contamination [7]. Not all elements present in soil are toxic. Elements such as
Zinc (Zn), Iron (Fe), Copper (Cu), and Chromium (Cr) are essential nutrients yet toxic at
elevated concentrations. Others like Lead (Pb), Mercury (Hg), Arsenic (As) and Cadmium (Cd)
are toxic with no beneficial properties. A serious environmental problem is the accumulation of
these elements in plants due to the phytoxicity of most of these elements affecting vegetation
and wildlife. Metals with a density greater than 6.0 gcm™ are known as heavy metals. These
are deleterious to life at the lowest concentrations in the atmosphere. Heavy metals are bound
in soils in various oxidation states. The toxicity of such metals differs with oxidation states.
Major concerns of regulatory agencies in countries worldwide are the susceptibility of heavy
metals in the environment [8] [9]. The contamination of soils and its susceptibility determine
the bioavailability of the elements to plants and animals. Bioavailability of heavy metals in soils
differs extensively from the bio-accessibility. The speciation of the heavy metals, its
biotransformation, the weathering of the parent material and its adsorption, organic matter
content, electrical conductivity and pH are factors responsible for its bio-accessibility and
bioavailability. Biological, geological, and anthropogenic factors affect the bioavailability and
bio-accessibility of the concentration of heavy metals in soils. Total metal concentration is not
sufficient to qualify and quantify the metal speciation or the behaviour of heavy metals in soils
because such metals are present in soils in various oxidation states, which influence their
availability and uptake by plants [10-15]. Speciation is used to determine the forms or fractions
of heavy metals in soils. Heavy metals are usually present in different forms such as
exchangeable fractions, carbonate bound, bound to iron, manganese oxides and carbonates,
organic bound and residual fractions. Therefore, knowledge on the total concentrations of
metals alone is not adequate to evaluate the environmental effect of heavy metals in soils. In
order to qualify and quantify the fractions or forms in which a metal exists in soils, it is crucial
to obtain a detailed knowledge and perception of the probable and genuine effects of the
concentration of the heavy metals in the soils. Other factors to consider include high

concentrations of the heavy metals under study, translocation and transportation and altering
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climatic situations [10-16]. An extraction scheme was developed [11] to establish an extraction
procedure, which permits the classification of the total metal concentration into five segments:
exchangeable, carbonate bound, iron/manganese oxide bound, organic bound and residual
fraction. Initially, this scheme was applied for sediments but it has now been used extensively
in soil speciation. A number of researches have been conducted on the speciation of heavy
metals in soils [16-22]. The study aimed to investigate the relationship between heavy metals
and the most important soil factors, which influence heavy metal concentrations in soils. The
mobility and availability of heavy metals in the soils depend on how the metals are associated
with the components of the soil. The study was to initiate and evaluate a measure of the
mobility and availability of the heavy metal concentration and their speciation on oil palm
plantations in South western, South southern and South eastern States of Nigeria. The
plantations were selected from areas, which receive significant pollution from domestic and
industrial activities, which serves to predict the behaviour of the metals in the soil. The following
elements Al, Cd, Co, Cr, Cu, Fe, Mn, Pb, Sn, and Zn were determined.

5.2 Experimental procedures

5.2.1 Description of sampling areas

The states in southern Nigeria nearly exclusively depend on the oil palm tree for their source
of revenue. The main station of the organization comprises of a campus of 1735 hectare of
property situated near Benin City approximately 29 km from the metropolis. Areas in the
southern part of Nigeria where oil palm is greatly cultivated include the states of Edo, Enugu,
Delta, Akwa-lbom, Ondo, Ekiti, Kogi, Oyo, Osun, Ogun, and Lagos. The states in southern
Nigeria have a tropical weather. Soil samples were collected in fifteen sampling areas to

characterize different fraction of metals and their bioavailability in surface soils.

5.2.2 Sampling sites and sample collection

Soil sampling was accomplished on fifteen main sites in land areas in Nigeria. These sites are
the nine sub-stations of NIFOR (Nigeria Institute for Oil Palm Research) located at Abak in
Akwa-lbom state, Acharu in Kogi state, Agbarho in Delta state, Onishere in Ondo state, Ubiaja
in Edo state, Umuabi in Enugu state, Nsukka in Enugu state, Ago-Emokpae in Edo state and
from their headquarters at Benin. Five samples were also collected from other locations in the
south west of Nigeria from oil palm plantations receiving substantial pollution of heavy metals.
These locations were Iresa-apa in Oyo state, Igede-Ekiti in Ekiti state, lkire in Osun state,
Okitipupa oil palm plantation in Ondo state and Apoje oil palm farm settlement in Ogun state.
Execution of sampling was done in October 2012 to April of 2013. A composite sample was

used for analysis, which was achieved by partitioning the sampling locations into four parts in
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each state, and samples were collected from each part in each state. The sampling locations
were centered on reasons such as population density, farming communities and regions
receiving major contamination. An auger was used for soil sample collection and the samples
were stored in black sterilized plastic bags. This was preserved instantly in an ice chest at 4
°C. Soils were air-dried, sieved and preserved in plastic bags and further dried at 105+50°C for
3 hours. The apparatus used for sampling were properly washed in nitric acid and rinsed with

high purity deionized water (Milli-Q water purification system, Millipore, Belford, MA, USA).

5.2.3 Reagents and samples

The solutions used for the analysis were prepared from analytical grade reagents using high
purity deionized water (Milli-Q water purification system, Millipore, Belford, MA, USA).
Analytical grade chemicals from Merck, Darmstadt, Germany, and Sigma-Aldrich were used

for all the analysis.

5.2.4 Reference materials for standard calibration curves

Reference materials for standard calibration curves used for the analysis were prepared from
single element standards (1000 mg/L). The starting materials for the trace element were
measured against a certified reference material and are traceable to National Institute for
Standards and Technology (NIST). Lower concentrations were prepared in the same matrix
using the non-serial dilution method.

5.2.5 Electrical conductivity and pH determination:

Saturated extracts of samples were obtained by dissolving 20 g of soil sample in 100 cm? of
ultra-pure water (Millipore distilled water 18.2 ym) in a beaker for 30 minutes at 40 °C for the
determination of electrical conductivity and pH. A multipurpose hand held pH and conductivity
meter was used for this purpose. The soil mixture was stirred for 30 minutes at 40 °C and
allowed to cool for an hour. The saturated soil mixture was used for the determination of pH
and electrical conductivity as described [23].

5.2.6 Organic matter determination: Loss on Ignition Method (LOI)

Application: The routine estimation of soil organic matter by the loss of weight was achieved
using the Loss on Ignition Method (LOI) procedure. This involves heating of the sample to a
temperature as high as 600 ‘C to decompose most or all organic matter and carbonates in the
soil sample. The previously dried and sieved samples were oven dried at 105 °C, cooled in a
desiccator, and weighed. The weighed samples were further combusted in a muffle furnace

(Memmert oven, Model 380) at 600 °C for 4 hours, cooled in a desiccator and reweighed. The
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modified equation of Schulte and Hopkins (1996) was used in the estimation of the Soil Organic
Matter [23].

5.2.7 Total metal extraction using microwave assisted digestion

Digestion was performed using the Milestone Ethos Microwave Lab station. Total Metal
Extraction using Microwave Assisted Digestion was performed as follows. 1g of finely ground
and homogenized soil was digested using the aqua regia digestion method (HNO3/HCl in 1:3
ratio). Millipore distilled water (18.2 ym) was added to the digested soil volume and the volume
made to 100 mL. The contents in the Teflon tubes after microwave-assisted digestion was
transferred to centrifuge tubes, centrifuged at 3000 rpm for 30 mins and filtered through a filter
paper (0.45 uym). The extract volume (10 mL) was put in polypropylene tubes (15 mL) and

stored at 4°C for ICP-OES instrumental analysis.

5.2.8 Sequential extraction procedure

The principle of sequential extraction procedure is based on the selective extraction of different
fractions of metals with the use of specific reagents. Various procedures have been used for
the determination of the bioavailability and bio-accessibility of heavy metals but the most
conventional methods are the five and the six-step methods. Numerous researches has been
done using the two methods and adaptations performed for best results. The BCR three-step
method was recommended by the European Community Bureau of Reference in 1992 to
harmonize the various procedures on sequential extraction by researchers [11] [12] [13] [14]
[15] [16].

5.2.9 BCR Sequential Extraction Procedure
The modified BCR procedure recently referred to as the Standard Methods and Testing
consists of three different steps; acid soluble fractions, reducible fraction, oxidizable fraction

and residual fraction.

5.2.9.1 First step

The first step of the analysis consists of the acid soluble fraction which is bound to carbonates.
Samples of soil (0.5 g) which were previously air dried and sieved were placed in polypropylene
centrifuge tubes (50 mL). Immediately, 0.11mol/L of acetic acid (20 mL) was added to each of
the sample in the polypropylene tubes. The polypropylene tubes were shaken for 16 hours at
room temperature prior to centrifuging. Centrifugation was performed at 3000 rpm for 30
minutes. The top liquid layer was poured into a 15 mL polypropylene tube and stored at 4°C

prior to elemental analysis in the fraction. The residue from the first step was washed with 10
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mL ultra-pure distilled water (Millipore water 18.2 ym). The residue was washed to remove all
traces of the acetic acid. It was consequently shaken for 10 minutes and centrifuged at 3000
rpm [11][12] [13] [14] [15] [16] [17].

5.2.9.2 Second step

The second step of the analysis consists of the reducible fraction which is bound to Fe and Mn
oxides. The metals bound to Fe and Mn oxides were separated from the residue from the first
step by using 0.5 mol/L hydroxylamine hydrochloride (20mL) and adjusted to the pH of 2 with
nitric acid. The contents in the polypropylene tubes were shaken for 16 hours, and further
centrifuged for about 10 minutes. The supernatant from the second step was poured into a 15
mL polypropylene tube and stored at 4°C prior to elemental analysis. The soil residue from this
step was washed with 20 mL ultra-pure distilled water (Millipore water 18.2 um) centrifuged
and the supernatant discarded [11] [12] [13] [14] [15] [16] [17].

5.2.9.3 Third step

The oxidizable fraction is the fraction that is bound to organic matter and sulphides in the soil
sample. Approximately 10 mL of 8.8 mol/L hydrogen peroxide was added drop wise to the
residue from Step 3 and digested in a water bath at 30 °C for 1 hour. The 50 mL centrifuge
tube was lightly capped and digestion was continued at 85 °C for 30 minutes till the volume of
liquid in the centrifuge reduced to 2 mL. The procedure was continued with 5 mL of 8.8 mol/L
H20- till when the volume reduced to near dryness. The contents were cooled and 25 mL of
1.0 mol/L ammonium acetate added. This was shaken and centrifuged at 3000 rpm for 16
hours. This was further centrifuged and decanted and the extract stored at 4°C for elemental

analysis [11-17].

5.2.9.4 Fourth step

The analysis of the residue was done using the aqua regia method. The extract from the third
step was digested using the microwave assisted digestion method. This was done for metals
that were not soluble in the preceding step [11-17].

5.2.10 Instrumentation

The Spectro Arcos FHS 12 ICP-OES (Spectro Germany) equipped with radial viewed plasma
was used for the research. The Radial Slide Plasma Interface (SPI) was used with the Spectro
UV plus system for measurements in the UV range, which records the entire relevant spectrum
(165-770 nm). The Spectro Arcos FHS 12 ICP-OES is equipped with a CCD solid-state array
detector and smart analyser vision graphical user interface 4.02.0834 software. The CCD
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detector shows a significant advantage over the conventional technology with respect to
speed, sensitivity, and lower instrument cost. The essential operating principle in Inductively
Coupled Plasma- a cyclonic spray chamber was used in the sample introduction system.
Sample digestion was carried using the Milestone microwave digester MLS 1200 equipped
with six Teflon vessels and a ceramic jacket [24] [25].

5.2.11 Validation of the analytical method

The repeatability or precision of the method was established with an evaluation of the
percentage residual standard deviation of the sample microwave assisted digestion procedure.
Digested samples were analyzed in triplicates. The mean, standard deviation, and percentage
residual standard deviation calculated from this data. The acceptable criterion for repeatability,
percentage residual standard deviation results is to be below 10 for elements determined by
ICP-OES.

5.3 Discussion of results

Soil properties are found to control the bioavailability and uptake of heavy metals in soils. The
chemical extraction procedures are based on the assumption that a relationship exists
between the bioavailable fractions in the soil and the soil properties. As shown in Table 5.1,
soil pH obtained in the study ranged from 4.96 to 7.01. Bioavailability and transport of heavy
metals decreases with increase in pH due to precipitation of hydroxides, carbonates, or
formation of insoluble organic complexes. Heavy metals are more mobile at acidic pH. This is
consistent with the results obtained from studies conducted [25] [26]. Soil pH is a useful
indication of toxic elements in soil and plants have difficulty in absorbing some elements such
as Cu, Zn, Mg and Fe in basic soils. The values of the pH from the study areas indicated the
tendency of the availability of the heavy metals and high metal uptake by plants. The soil pH
serves as a useful index of availability of nutrients and the potency of toxic substances present
on soils from the plantations. The values of pH in Table 5.1 varied slightly and this could be
related to indigenous deposits of pollutants from the different sampling sites. Electrical
conductivity is a measure of the salinity of the soil. The results for the electrical conductivity in
the study ranges from 22 to 229 Scm™. It is important and influences major key processes.
The soil electrical conductivity was more variable than the pH as seen in Table 5.1, which could
be due to the content of available soluble salts. Electrical conductivity has been correlated to
the concentration of elements in soils. High values of soil organic content can be attributed to
arable and cultivated soils, the presence of vegetation cover and decomposition of organic
matter. Low organic matter content in soils indicates low electrical conductivity. Interactions

among these factors appear to be in control in the distribution of the heavy metals among the
115



different plantation sites. This correlated with the bioavailability of the metals in the soil. Soil
properties can additionally be considered when predicting the bioavailability and bio
accessibility of heavy metals in soils and is consistent with studies conducted by some
researchers [24] [25].

The heavy metal distribution in the sample under study was used to assess their mobility and
bioavailability. The mean and standard deviation results got from each extraction and residual
step using the BCR sequential extraction procedure are discussed in Tables 5.2 for soils from
15 sampling locations on oil palm plantations in southern Nigeria. The mobility order is as

follows for the first, second, third and fourth fractions respectively.

Cd>Mn>Co>Pb>Zn>Cu>Ni>Fe>Cr
Mn>Co>Cd>Ni>Pb>Zn>Fe>Cu>Cr
Cd>Pb>Mn>Co>Zn>Cr>Cu>Ni>Fe
Fe>Cu>Ni>Zn>Cr>Pb>Mn>Co>Cd

5.3.1 Mobile element

5.3.1.1Cd

The bioavailable fractions are the exchangeable fractions and have potential hazardous effect
on man and the environment. Incoming pollutants from sources may first exist in an unstable
form, which later degrade to pollutants forming precipitates. Cd is the most available and
assessable heavy metal in the four fractions. Cd was observed to be the most mobilisable
element and 86 mg/kg of the mobilisable form is found in the first to third fractions in the
extraction stages. About 40 mg/kg, 20 mg/kg and 26 mg/kg were found in the first to third
extraction stages respectively. This shows that Cd is found in the soluble fraction or the non-
residual fractions and not the insoluble or residual fractions, which is consistent with findings
obtained by some researchers [10] [11] [12]. It is the most available heavy metal in soils and it
is mainly bound to the acid soluble and carbonates fractions. This demonstrates that Cd is
easily available in the soil and transferable to humans through the food chain [25]. Intensive
review has been conducted on the toxic effect of Cd in the environment because it is an
experimental animal carcinogen [8] [27] [28]. Natural and anthropogenic sources of Cd in the
environment are from the weathering of rocks, volcanoes, and bush fires. Other sources
include electronic waste especially from cadmium batteries. Soils can be polluted by the
application of fertilizers, sewage, and/or sludge from automobile, metallurgical, and mining
industries. Effects of Cd in humans include osteomalacia, pulmonary emphysema, infertility,
and renal tubular damage [8] [27] [28].
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Fairly mobile elements

5.3.1.2Co, Pb and Mn

About 40 mg/kg of the total Co present in soil is distributed in the residual fraction, which is the
insoluble part of the soil. The remaining is distributed in the reducible fraction, which is bound
to Fe and Mn oxides (26 mg/kg). The other fraction is the oxidisable fraction, which is bound
to organic matter and sulphides (16.5 mg/kg). A form in which Co exists in the oxidisable
fraction is CoS (Cobalt Sulphide). Co is similar to Fe and Ni in physical properties 2003 [29]
[30]. It exists in the diet as Vitamin B12, which is necessary for good health and in the treatment
of anaemia and various blood disorders. Pregnant women require Co because it stimulates
the production of red blood cells needed for foetal development. It occurs naturally in the
environment in seawater, volcanic eruptions, and forest fires. Anthropogenic sources are from
coal fires, burning of oil and industrial processes. Workers in industry may be exposed to cobalt
when grinding, smelting, and refining tools. Some forms of cobalt are also radioactive. It is an
ingredient of porcelain enamel and a pigment in most paints. High concentration of Co may
cause asthma and pneumonia in workers in occupational settings where cobalt is used as a
major element. Plants cultivated on soils where cobalt is mined or smelted may accumulate
significant amounts of the element. Effects of Cobalt in humans are vomiting/nausea, eye,
heart and thyroid gland damage, sterility, hair loss, diarrhoea and death. Other effect of high
concentrations of cobalt is manifested by weight loss, skin lesions and breathing disorders. It
is a known experimental animal carcinogen [29] [30]. Soluble lead, which is dissolved in soil,
is bound to organic matter and carbonates. This greatly reduces the solubility and mobility of
lead in soils making it strongly held by soil constituents to a greater degree. The results
obtained agree with the findings of some researchers [10-14]. Lead in the environment can be
from sources such as the exhaust pipes of petrol engines and lead acid battery recycling. Soils
may be contaminated with lead when located close to Pb mines, glass making factories,
pesticides, fertilizers, smelting operations and the combustion of fossil fuels [30] [31]. Zinc is
an essential element required in minute concentrations by plants and animals for cell
metabolism, cell development, and enzyme activity. High concentrations can be lethal causing
blood and nervous system disorders, kidney damage, diarrhoea, infertility, miscarriages and
lethargy [32] [33]. Mn is partitioned between the reducible and residual phase as 34.8 mg/kg
and 38.4 mg/kg in the fractions. It is mobile, therefore the potential of transfer either through
the soil profile down to the ground water is possible [10-14]. The bioavailability of heavy metals
is important when it concerns the food chain. Mn is an essential element, which has excellent
antioxidant properties vital in oxidative stress. For instance, Manganese superoxide dismutase
is the primary antioxidant enzyme in mitochondria, which consumes nearly all the oxygen used

by cells. Research has shown that various manganese-activated enzymes play important roles
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in metabolism of starch, amino acids, and lipids. It is the ideal co-factor of enzymes
(glycosyltransferases) required for secretion of proteoglycans for the development of strong
bones and cartilage. Mn is also responsible for the secretion of the enzyme prolidase.
Prolidase is responsible for amino acid, a key component in collagen production and wound
healing. Although an essential element, it can be toxic at elevated concentrations. It plays an
important role in enzyme synthesis [34] [35]. The elements are associated with the organic
matter fraction and in oxidizing conditions may be remobilized into the environment. This has
a deleterious impact on plants and animals because the heavy metals become toxic and

persistent in the environment.

5.3.2 Immobile elements

5.3.2.1Cr, Cu, Fe, Ni, and Zn

In the metabolism of carbohydrates, hexavalent Cr is the toxic form of Cr. It has high
antioxidant properties, which is crucial for carbohydrate metabolism, prevention of some form
of diabetes and cardiovascular diseases. Cr may occur in the environment from tanning and
electroplating sewage and sludge [36] [37] Sources of Cr in foods include cereals, nuts among
others. High consumption of Cr containing foods may lead to gastrointestinal and blood
disorders and convulsion. Research has proved that cancer of the respiratory tract is common
in occupational settings where high concentration of Cr is prevalent. The analysis shows that
in all four fractions, Cr can be considered as an almost immobile and insoluble heavy metal
because the value of the percentage of the residual concentration is very high. The Crions are
held tightly to the compounds in solution and are not easily solubilized. Cr does not present
high risk of environmental contamination because its compounds are not available for plant
uptake. It is neither bio accessible nor bioavailable for plants and hence presents no risk to the
food chain [38] [39]. The category of these elements are associated with the residual phase
and represents metals largely embedded in the crystal lattice of the soil fraction and are not
available for remobilization except under extremely severe conditions.

Copper is predominantly found in the insoluble fractions making it neither poorly oxidized nor
reduced. lts percentages are 7.6, 5.6, 6.7, and 86.5 mg/kg in the exchangeable, reducible,
oxidizable and immobile fractions respectively. Its predominantly high percentage in the
residual fraction signifies its immobility at high percentages. Cu is strongly held to minerals and
components that are neither oxidizable nor reducible. Copper is usually held in soils through
adsorption and exchange processes by soil [10-14]. Copper is an essential element
possessing antioxidant properties which protects organs in humans against the action of free
radicals. It is a component of haemoglobin and alongside vitamin C assist in the proper

functioning of the lungs, blood vessels, and epidermal tissues. For plants, this is needed for
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seed and chlorophyll formation [40] [41]. It is an essential part of proteins and various
biochemical syntheses of plants. Though copper is an essential element necessary for proper
functioning of organs and systems in the body in minute quantities, high concentrations can
be toxic and lethal. A high and toxic concentration of the essential element causes adverse
health effects, which includes nausea, diarrhoea, liver and kidney damage. Anthropogenic
sources of copper in industries include the manufacture of coins, electrical wiring, and the use
of copper pesticides in agriculture. Due to immobile and persistent nature of copper in the soill
fractions, it does not pose high risk to the environment [42] [43].

Iron is a very essential element especially in cells for the production of haemoglobin. It
presence in the blood ensures a strong immune and digestive system and mental alertness.
Iron is crucial to human health but it not excreted or used by the body. High concentrations of
the essential metal in blood leads to acute toxicity manifested by oxidative stress and inability
of the body to metabolise or absorb nutrients [44] [45]. Other defects are anaemia, stunted
growth, and death. It often occurs naturally in groundwater and the weathering of rocks
especially mica and clay. An anthropogenic source is usually from industries involved in the
casing of wells, pipes, and pumps. Other processes that contribute to levels of Fe may include
effluents, acid mines, drainage, and landfills [46-48]

Metals associated with Fe-Mn oxides may change in medium during redox conditions. The
oxides exist in the form of cements between the particles of the metals and are excellent
scavengers. Zinc is readily absorbed by clay minerals, carbonates, and hydroxides. The total
Zn in contaminated soils was associated with the residual fractions. Zinc is an essential
element with high antioxidant properties protecting humans from the actions of free radicals
[49-51]. It is required for metabolism of cells, enzyme activation, foetus development, and
protein and DNA synthesis. A deficiency of the essential element in the diet may cause growth

and reproductive disorders, nausea and lethargy [52-54].

5.4 Conclusion

The maximum permissible concentrations of heavy metals in surface soils are usually based
on the concentrations of their total concentration but it is the concentration of the bioavailable
metal fraction that possess the most environmental concern. These factors are also insufficient
since they are related to the soils physicochemical characteristics and the forms in which the
metals exist. The presence of heavy metals in soils was identified through speciation studies
on all sampling locations. Furthermore, this may cause uptake of heavy metals by the trees on
the plantations that can cause serious environmental problems due to bioaccumulation and
bioaccumulation in the food chain and consequently affect human and animal health. The

research work shows the application of sequential extraction procedures for the process of
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controlling and influencing the speciation of heavy metals in soils. It provides information on

the dangerous effects of these heavy metals since the mobility, Eco toxicity depends on their

chemical forms, and they tend to be easily mobilized and dispersed. The bioavailability of

heavy metals in soils responds to the fraction that is phyto-available to them. The heavily

soluble fractions that are generally the exchangeable and the fractions bound to organic matter

are generally considered phytoavailable. The accurate evaluation of the concentration of the

phytoavailability of heavy metals in soils is becoming a useful tool for risk assessment and

remediation studies. The study acknowledges the fact that total metal concentration may not

be a very important tool for predicting metal phyto-availability on the plantations.

5.5
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Table 5.1: Physical characteristics of soil

Location pH Electrical Conductivity ( S/cm) Soil Organic Matter (%)

Abak 5.12 105 3.26

Acharu 5.58 134 7.86

Agbarho 5.15 23 3.39

Ago-Emokpae 5.41 190 9.73

Apoje 5.51 104 3.54

Badagry 5.01 229 4.06

Benin City 5.06 30 3,45

Igede- Ekiti 7.01 137 3.82

Ikire 5.47 122 4.08

Iresa-apa 5.37 225 5.03

Nsukka 5.16 171 3.45

Onishere 5.02 22 3.79

Okitipupa 5.18 111 3.24

Ubiaja 4.96 216 4.47

Umuabi 5.41 19 2.76

Table 5.2: Concentration of metals in soil (mg/L)

Location | Fraction Cd Co Cr Cu Fe Mn Pb Ni Zn

Abak Exchangeabl | 44.7+0. 12.7+0. | 3.9+0.1 8.9+0.1 3.1+0.1 16.310. 14.5+0. | 7.5+0.1 10.9+0.
e 1 1 1 1 1
Bound to Fe 18.1+0. | 29.9+0. 1.510.1 4.5+0.1 47401 35.640. 13.9+0. | 8.5+0.1 9.7+0.1
and Mn 2 1 1 1
oxides
Bound to 20.5+0. 18.240. 9.040.1 10.6+0. 1.8+0.1 17.540. 22.7+0. 8.1+0.1 9.240.1
organic 1 3 1 1 1
matter
Residual 25.6+0. 54.6+0. 90.9+0. 89.4+0. 99.2+0. 39.4+0. 57.0+0. 83.0+0. 84.5+0.

1 4 1 1 2 1 1 2 1
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Acharu Exchangeabl | 49.0+0. 19.7+0. | 3.0+0.1 8.2+0.1 5.3+0.1 20.0+0. 19.6+0. | 6.9+0.1 13.410.
e 1 1 1 1 2
Bound to Fe 18.4+0. | 29.7+0. | 4.840.2 | 8.840.1 3.640.1 40.510. 11.420. | 6.1+0.1 9.940.1
and Mn 1 1 1 1
oxides
Bound to 26.5+0. 14.240. | 8.1+0.1 7.810.1 3.610.1 15.840. | 23.2+0. | 6.4%0.1 7.5£0.1
organic 2 1 1 1
matter
Residual 21.840. | 53.0+0. | 93.4+0. | 89.0+0. | 93.3#0. | 37.6+0. | 55.1+0. | 85.8+0. | 83.6%0.
1 1 4 3 1 1 1 2 2
Agbarho | Exchangeabl | 44.9+0. 16.9+0. | 6.8+0.1 14.6+0. | 6.1+0.1 13.1£0. 12.4+0. | 8.8£0.2 | 18.0+0.
e 1 1 1 1 1 1
Bound to Fe 18.1+0. | 28.6+0. | 4.6+0.1 6.840.1 5.3+0.1 49.0+0. 11.710. | 4.3+0.1 7.7+0.1
and Mn 1 1 1 3
oxides
Bound to 22.410. 13.1£0. | 8.5+0.1 5.7+0.1 3.41+0.1 16.710. 19.840. | 7.7¢0.2 | 7.1£0.1
organic 1 1 1 1
matter
Residual 22.3+0. | 41.9+0. | 81.3+0. | 94.2+0. | 94.840. | 36.7+0. | 58.2+0. | 85.9+0. | 87.9+0.
1 1 1 1 1 2 2 1 1
Ago- Exchangeabl | 43.9+0. | 22.7+0. | 4.70.1 6.9+0.1 5.6+0.1 13.7+0. 15.1+0. | 7.440.1 13.9+0.
Emokpa | e 1 4 1 1 1
e
Bound to Fe 18.0+0. | 30.1%0. 1.8+0.1 4.8+0.1 6.1+0.1 43.4+10. 12.320. | 4.6+0.1 2.0+0.1
and Mn 1 1 1 1
oxides
Bound to 22.5+0. 13.840. | 8.9+0.1 6.710.1 2.4+0.1 18.910. 12.420. | 7.1£0.1 6.5+0.1
organic 1 1 2 1
matter
Residual 21.840. | 42.5+0. | 82.1+0. | 92.9+0. | 98.4+0. | 37.5+0. | 59.7+0. | 85.6+0. | 85.70.
1 1 2 1 2 1 1 2 1
Apoje Exchangeabl | 45.1+0. 17.1£0. | 3.4+0.1 7.910.1 5.7£0.1 14.210. 13.5+0. | 9.1+0.1 18.940.
e 1 1 1 1 1
Bound to Fe 22.5+0. | 25.0+0. | 8.1%0.1 1.2+0.1 9.9+0.1 37.110. 18.0+0. | 2.2+0.1 5.7+0.1
and Mn 1 1 1 1
oxides
Bound to 24.0+0. 12.7+0. | 3.41+0.1 6.5+0.1 2.740.2 | 19.8%0. 19.2+0. | 3.5#0.3 | 4.840.2
organic 1 1 1 1
matter
Residual 37.3+0. | 49.24¢0. | 82.740. | 97.74#0. | 93.0+0. | 36.2+0. | 59.3+0. | 85.9+0. | 89.6%0.
1 3 1 2 1 1 1 1 1
Badagry | Exchangeabl | 48.4+0. 12.110. 1.3120.1 9.1+0.1 1.1£0.1 16.5+0. 12.2+0. | 6.240.1 8.110.2
e 1 1 1 1
Bound to Fe 28.2+0. 19.5+0. | 9.8+0.1 5.840.1 9.740.2 | 39.740. | 9.8+0.1 3.410.1 6.3+0.1
and Mn 1 1 1
oxides
Bound to 24.510. 19.840. | 7.6+0.3 | 6.240.3 | 3.940.1 18.610. 17.0+0. | 4.1+0.1 5.0+0.1
organic 2 1 1 1
matter
Residual 26.7+0. | 40.6+0. | 82.6+0. | 93.9+0. | 94.240. | 34.9+0. | 56.5+0. | 89.7+0. | 89.7+0.
1 1 1 1 1 1 1 2 1
Benin Exchangeabl | 44.2+0. 12.1£0. | 3.5%0.1 8.310.1 3.410.1 16.410. 14.4+0. | 8.6+0.1 8.8+0.1
City e 1 1 1 1
Bound to Fe 19.510. 16.410. | 6.2¢0.3 | 6.240.1 5.7£0.1 36.9+0. | 8.8+0.1 4.2+0.1 7.910.1
and Mn 1 2 2
oxides
Bound to 28.7+0. | 22.0+0. | 5.4%0.1 6.5+0.1 2.1+0.1 19.310. | 22.9+0. | 6.31#0.1 7.310.2
organic 1 1 1 1
matter
Residual 28.9+0. | 45.5+0. | 84.7+0. | 94.7+0. | 88.5+0. | 43.3#0. | 55.7+0. | 86.0+0. | 98.1+0.
2 1 1 1 1 1 1 1 3
Igede- Exchangeabl | 47.9+0. 11.1£0. | 3.44+0.1 7.3+0.1 6.5+0.1 18.110. 13.2+0. | 4.110.1 9.7+0.1
Ekiti e 1 1 1 1
Bound to Fe 22.7+0. 17.310. | 6.410.1 9.6+0.1 3.6+0.1 27.9+0. | 2.6+0.1 3.2+0.1 8.510.1
and Mn 1 1 1
oxides
Bound to 26.210. 17.5+0. | 8.3+0.1 6.8+0.1 2.620.1 18.7+0. | 22.9+0. | 2.7+0.1 9.240.1
organic 2 1 1 1
matter
Residual 39.4+0. | 39.940. | 73.4+0. | 76.0+0. | 97.9+0. | 44.840. | 59.6+0. | 86.5+0. | 82.30.
1 2 1 3 1 1 1 2 1
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Ikire Exchangeabl | 49.5+0. 12.8+0. | 2.240.1 6.8+0.1 3.9+0.1 14.7+0. 13.0+0. | 9.240.1 6.310.1
e 1 1 1 1
Bound to Fe 16.1+0. | 23.1+0. | 3.7%0.1 7.1£0.1 5.740.1 27.140. | 5.2¢0.2 | 7.840.1 5.140.1
and Mn 1 1 1
oxides
Bound to 25.7+0. 16.210. | 4.9+0.1 5.51+0.1 1.1£0.1 26.4+0. | 27.8+0. | 2.0+0.1 9.840.2
organic 3 1 1 1
matter
Residual 31.240. | 36.9+0. | 88.0+0. | 85.6+0. | 82.8+0. | 34.9+0. | 50.9+0. | 97.6+0. | 86.90.
1 2 2 1 1 2 1 3 1
Iresa- Exchangeabl | 45.2+0. 13.24¢0. | 4.6£0.1 7.810.1 4.2+0.1 14.040. 13.5+0. | 6.4+0.1 6.7+0.1
apa e 1 1 1 1
Bound to Fe 18.6+0. | 24.4+0. | 9.0%0.1 3.1£0.1 8.1+0.1 22.7+0. | 8.6+0.1 29.9+0. | 4.8+0.1
and Mn 1 1 1 1
oxides
Bound to 23.910. 15.5¢0. | 6.7+0.1 5.41+0.1 1.8+0.1 29.6+0. | 24.2+0. | 3.24#0.1 7.310.1
organic 1 1 1 1
matter
Residual 29.7+0. | 27.8+0. | 80.8+0. | 76.5+0. | 83.5+0. | 49.4+0. | 50.8+0. | 67.1+0. | 82.4+0.
1 1 2 1 1 1 3 2 3
Nsukka Exchangeabl | 54.2+0. 14.9+0. | 3.240.1 5.7+0.1 7.1£0.1 17.0+0. 12.5+0. | 3.540.1 9.6+0.1
e 1 1 1 1
Bound to Fe 15.9+0. | 23.4+0. | 4.5+0.1 3.2£0.3 | 9.8+0.1 35.840. | 8.6+0.1 27.3+0. | 7.240.1
and Mn 1 1 1 1
oxides
Bound to 27.910. 16.1£0. | 9.1+£0.1 6.310.1 2.6+0.1 23.2+0. | 27.0+0. | 9.4+0.1 7.5£0.1
organic 1 2 2 1
matter
Residual 28.1+0. | 27.5#0. | 88.5+0. | 79.2+0. | 85.5+0. | 44.6+0. | 65.2+0. | 61.0+0 88.110.
1 1 1 1 1 1 1 1 1
Okitipup | Exchangeabl | 44.5%0. 14.610. | 8.3+0.1 6.010.1 4.9+0.1 14.910. 12.010. 1.5+0.1 9.340.1
a e 1 1 1 1
Bound to Fe 27.8+0. | 29.0+0. | 5.7+0.1 3.410.1 8.60.1 38.2+0. | 7.1+0.1 34.7£0. | 5.5+0.1
and Mn 1 1 1 1
oxides
Bound to 33.410. 18.6+0. | 3.0£0.1 6.0+0.1 1.1£0.1 23.740. | 27.6+0. | 68.8+0. | 6.7+0.1
organic 1 1 1 1 1
matter
Residual 29.610. 13.9+0. | 88.8+0. | 83.5+0. | 64.3+0. | 41.5+0. | 58.5+0. | 51.1+0. | 69.0+0.
1 1 2 1 1 1 3 1 1
Onisher Exchangeabl | 41.9+0. 13.7+0. | 8.6+0.2 | 4.7+0.1 7.8+0.1 12.110. 16.310. 1.910.1 7.0+0.1
e e 1 1 2 1
Bound to Fe 15.6+0. | 33.8+0. | 5.1+0.1 5.9+0.1 3.4+0.1 35.840. | 5.9+0.1 33.140. | 8.1+0.1
and Mn 1 2 1 1
oxides
Bound to 23.240. 12.740. | 2.7+0.1 6.8+0.1 3.24¢0.3 | 22.740. | 33.8%0. | 6.6+0.1 2.4+0.1
organic 1 1 1 1
matter
Residual 25.0+¢0. | 20.1+0. | 81.9+0. | 82.4+0. | 72.1+0. | 33.6%0. | 57.0+0. | 80.5+0. | 96.7+0.
2 1 1 1 1 1 2 3 1
Ubiaja Exchangeabl | 38.7+0. 15.840. | 7.9+0.1 5.1+0.3 | 6.2+0.1 15.210. 14.620. | 3.7+0.1 5.940.1
e 1 1 1 1
Bound to Fe 17.1+0. | 33.0+0. | 2.1%0.1 8.210.1 6.8+0.1 33.4+0. | 5.5+0.2 | 33.2+0. | 5.0#0.2
and Mn 1 1 1 1
oxides
Bound to 28.610. 19.4+0. | 9.9+0.1 6.610.1 2.4+0.2 | 18.7+0. | 30.7+0. | 9.0£0.1 2.6+0.1
organic 2 2 1 1
matter
Residual 39.4+0. | 26.5+0. | 72.0#0. | 85.4+0. | 76.3+0. | 39.0+0. | 52.1+0. | 81.8+0. | 99.1%0.
1 1 1 2 1 1 1 1 1
Umuabi Exchangeabl | 35.4+0. | 21.3+0. | 3.1%0.1 6.0+0.1 6.5+0.1 17.2+0. 19.7+0. | 4.1£0.3 | 9.640.1
e 1 1 1 1
Bound to Fe 17.5+0. | 38.6+0. | 2.8+0.1 47+0.2 | 8.0£¢0.3 | 18.7+0. | 33.0+0. | 37.5#0. | 33.140.
and Mn 2 1 1 2 1 1
oxides
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Abstract

Naturally occurring radionuclide activity was investigated on soils from oil palm plantations
using a Hyper-Pure Germanium detector with appropriate shielding coupled to a Canberra
Multichannel Analyser. Activity concentrations of the radionuclides 238U, 2%2Th and “°K were
obtained from the activity concentrations of their respective daughter radionuclides. The
activity concentrations at a soil depth 0 — 15 cm ranged from 187.4 to 514.4, 2.328 to 6.571,
and 1.509 to 6.121 Bqg/kg for “°K, 238U, and 2*2Th, respectively. For the risk assessments, the
Absorbed Dose Rate (D) ranged from 11.5 to 24.54 nGy/h, while the Annual Effective Dose
Equivalent (E) ranged from 1.4 x 102 to 2.98 x 102 mSv/y and the Radium Equivalent ranged
between 21.72 to 49.14 Bqg/kg in soils of depth 0-15 cm. The values were lesser than the
worldwide values. None of the samples exceeded the permissible levels of 370 Bgkg™
recommended for radium equivalent by the United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR). Other radiological hazards in terms of Internal and External
hazard indices and Representative hazard index were determined and found to be within safe

limits.

Keywords: Oil palm plantation Radionuclide, Activity Concentration, Dose Rate,

gamma-ray, HPGe detector

6.1 Introduction
Naturally Occurring Radioactive Materials (NORM) are radioactive substances which occur

naturally in the environment. Humans are exposed to radiations from NORM mainly from decay

127



series headed by 28U and 232Th, and a third non-series natural radionuclide, “°K in the soil and
rocks in our environment and other human activities such as as the fallout from nuclear weapon
testing and nuclear accidents [1-2]. As reported, no matter the origin; natural or human made,
these radioactive materials pass through the food chain in the same way as non-radioactive
materials [3].

The degree of harm to human health depends on the type of radionuclides and the length of
time people are exposed to it. The amount of radiation people are exposed to vary from place
to place and among individuals [3-5]. In addition, background levels of radionuclides vary and
depend on factors such as the geographical region, farming practises on agricultural lands,
abandoned mines and industrial sites and thermonuclear testing of nuclear power plants, all
these can lead to increase in the risk of radionuclide contamination via ground water and soil
to food. The determination of the level of radionuclides is essential since their radiotoxicity
could subsequently contribute to a high contribution of cumulated dose to man.

The common radionuclides in food and environmental samples are Potassium-40 (*°K),
Thorium-232 (?*2Th) and Uranium 238 (*3®U) and their associated progeny [4]. In general, “°K
is the most commonly occurring natural radioisotope. Other natural radioisotopes exist in much
lower concentrations, and originate from the decay of Uranium and Thorium [5]. As reported
by the World Health Organisation (WHO), the main health concern for consumers in the long
term due to high radiation exposure is development of cancer. Cancer types and target organs
depend on the radionuclides [5]. Data on the analysis of gamma radiation on soil samples from
oil palm plantations is sparse or none existent. Therefore, it is necessary to study the
radioactivity in soil from oil palm plantation as radionuclides are transferred through soil into
crops and animals, or into rivers, lakes and the sea where fish and other seafood could take
up the radionuclides as reported by World Health Organization [3-5]. This work presents the
evaluation of the activities of naturally occurring radioactive materials studied in soil samples

from oil palm plantations.

6.2 Materials and methods

6.2.1 Sampling area and sampling preparations

The study area comprises of the Nigeria Institute for Oil Palm Research (NIFOR) Headquarters
and its substations in states located at the southern area of Nigeria. The topography and
physiology of the area falls within a humid tropical region and vegetation is mostly forest type.
The choices of sampling locations were centred on reasons such as population density,
farming communities and regions receiving major contamination from industrial activities. A
composite sample was collected and used for analysis, which was achieved by partitioning the

sampling locations into four parts. Soils collected were sampled at a depth of 0-30 cm. An
128



auger was used for soil sample collection and the samples were stored in black sterilized
plastic bags. The apparatus used for sampling were properly washed in nitric acid and rinsed
with high purity deionized water (Milli-Q water purification system, Millipore, Belford, MA, USA).
The collected samples were then placed in labelled polythene bags and transferred to Center
for Energy and Research Development (CERD) laboratory, Obafemi Awolowo University, lle
Ife for preparation and analysis. Soil samples were air-dried, sieved using a 2 mm sieve, and
further dried at 105+50°C for 3 hours. The soils were then tightly sealed in Marinelli beakers
using the same geometry as the reference samples. They were kept for 28 days to achieve

secular equilibrium prior to gamma spectroscopy [6-8].

6.2.2 Gamma spectrometry

The gamma-counting equipment was a Canberra vertical high-purity coaxial germanium
(HPGe) crystal detector, model GC2018-7500, series number b 87063 enclosed in a 100 mm
thick lead shield and coupled to a Canberra Multichannel Analyser (MCA) computer system.
Calibration of the energy and efficiency of radionuclides was performed with the aid of a well-
calibrated standard soil reference standard source supplied by the International Atomic Energy
Agency (IAEA), Vienna. The MCA was calibrated to display gamma photopeaks in the energy
range of 200—1500 keV, this being the energy range covering all the gamma energies of
radionuclides of interest identified with reliable regularity (many other peaks outside this energy
range are useful too). The detector chamber was shielded with three layers of copper,
cadmium, and lead of 30 mm, 3 mm and 100 mm thick, respectively.

The analytical method was effective because it provided a non-destructive method of analysis
for quantification and qualitative identification of radionuclides in environmental samples. The
photo-peaks observed with regularity in the samples were identified to belong to the natural
radioactive decay series headed by ?*U and 232Th, and a third non-series natural radionuclide,
40K, for a counting time of 36000 seconds. The activity of the natural radionuclides was

calculated using equation 6.1.

Ag= ———— .o Equation 6.1

where Ca is the net counting rate of gamma ray (counts per second), E is the detector efficiency
of the specific gamma ray, Pr is the absolute transition probability of gamma decay and Ms

the mass of the sample (kg) [8-9].
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6.3 Calculation of the radiological effect

To compare the combined radiological effect of the soil containing these radionuclides by a
single quantity, a collective index called the Radium Equivalent was used to describe the
gamma radiation from the varying mixtures of the radionuclides in the soil [4, 7-10].

Radium equivalent (Raeq), Absorbed Dose (D), Annual Effective Dose Equivalent (E), External
Radiation Hazard Index (Hex) and Internal Radiation Hazard (Hi\) have been used for the

assessment of naturally occurring radioactive materials 2%U, 2°2Th and “°K.

6.3.1 Radium equivalent (Racq)
Radium Equivalent was used to describe the gamma radiation from the varying mixtures of the

radionuclides in the soil and is calculated using the relation
Raeq = CRa + 1.43CTh + 0.077CK ... ...... Equation 6.2

Where: CRa, CTh and CK are the activity concentrations of 22Ra, 2*2Th and “°K respectively.
The index represents a weighted total of the above-mentioned radionuclides’ activity
concentrations because of an assumption that states that 1 Bq/Kg of ??Ra, 0.7 Bg/Kg of 2%2Th

and 13 Bqg/Kg of “°K produce an equal amount of gamma radiation dose [11, 12, 14-18].

6.3.2 Absorbed dose rate (D)
United Nations Scientific Committee on the Effects of Atomic Radiation [UNSCEAR] defines
the Absorbed dose rate as a quantity which is a measure of the energy deposited in matter by

ionizing radiation per unit mass [13]. D was calculated using equation 6.3.

nG
D (Ty) = 0.462CRa + 0.604CTh + 0.0417CK ... ...... Equation 6.3

This is the absorbed dose rate in air outdoor at 1 m above the ground surface due to specific

activity concentrations of 23U, 2%2Th and “°K [4, 8, 13].

6.3.3 Annual effective dose equivalent (E)
Annual effective dose equivalent E is the parameter to determine the overall effects of the

radiation on health due to the absorbed dose rate and calculated by the equation

E (mTS") = D (*2)x 8760 (g) X02X0.7 (g—’;) X 10%....... Equation 6.4
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Where the values 0.7 SvGy' is the conversion coefficient from absorbed dose in the air 1m
above ground to effective dose received by adults, 8760 is the time taken in hours in a
particular year, 0.2 represents the outdoor occupancy factor [13] and D and is the observed

dose rate.

6.3.4 External and Internal hazard index and representative level index
External Hazard Index is used to estimate the external exposure and it is calculated using the

equation

Hex = CRa/ (370 Bq/kg) + CTh /(259 Bq/kg) + CK/ (4810 Bq/kg) ... ... ... Equation 6.5

Where CRa, CTh and CK are the activity concentrations in Bg/kg for 2%Ra, #2Th and “°K
respectively and this value must be less than unity which means that the radiation dose must
be in the accepted dose limit of 1 mSv/y and this corresponds to the upper limit of Ragq of 370
Barkg [14].

Internal Hazard Index is used to estimate the internal exposure to radon and its daughter

products, which must be less than unity is calculated using the equation

Hin = CRa/ (158 Bq/kg) + CTh/ (259 Bq/kg) + CK/ (4810 Bq/kg) ... ... ... Equation 6.6

Representative level index is the approximation of gamma radiation associated with natural
radionuclide activity that is calculated from the equation

Hyr = CRa/ (150 Bq/kg) + CTh/ (100 Bq/kg) + CK/ (1500 Bq/kg) ... ... ... Equation 6.7
This value must be less than unity [14].

6.4 Results and discussions

The activities of various radionuclides were determined in Bq kg™ using the count spectra
obtained from each of the samples. The gamma ray photopeaks corresponding to the energy
of 295.1 keV and 352 keV (?"Pb), 609.3 keV and 1120.3 keV (?"Bi) were considered to
determine the activity concentration of 228U. The 2*2Th activity concentration was determined
from the gamma peaks of 238.6 keV (>'?Pb) and 338.4, 911.2, and 969 keV (*?®Ac) and 583.0
keV (2°8TI). The “°K activity concentration was calculated from the 1460 keV gamma ray line.
The mean and standard deviations activity concentrations of 4°K, 238U, and 232Th in soils on the

oil palm plantations are presented in Table 6.1. The Radium equivalent, Dose rate and Annual
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effective dose equivalent at 0 -15 cm depths are presented in Table 6. 2. Table 6.3 represents

the internal and external hazard index and representative level index in soils at depth 0-15 cm
and 15-30 cm.

Table 6.1: Concentration values for NORM in soils

(0-15) cm | Activity of | Activity of | Activity of | (15-30) Activity of | Activity of | Activity of
40K (Bgkg~ | 238U 232Th cm 40K (Bgkg" | 238U 232Th
") (Bakg™) (Bakg™) ") (Bakg™) (Bakg™)
Abak 430.9+0.0 | 4.905+0.0 | 4.929+0.0 | Abak 343.2+0.0 | 2.467+0.0 | 4.935+0.0
7 2 6 3 1 9
Acharu 444.66+0. | 3.2284+0.0 | 1.820+0.0 | Acharu 421.61£0.0 | 2.392+0.0 | 4.365+0.0
01 7 1 1 2 1
Agbarho 345.0+0.1 | 5.176+£0.1 | 3.148+0.0 | Agbarho 463.2+0.0 | 4.877+0.0 | 5.041+0.0
7 9 5 2 3 2
Ago- 389.740.0 | 5.7784+0.0 | 3.426+0.0 | Ago- 653.4£0.0 | 6.575+0.0 | 4.770+0.0
Emokpae | 8 2 2 Emokpae | 3 4 2
Apoje 434.610.0 | 4.15320.0 | 1.777+0.0 | Apoje 219.24¢0.0 | 4.6804+0.0 | 1.476+0.1
1 4 9 1 5 3
Badagry 193.910.6 | 3.812+0.4 | 2.732+0.0 | Badagry 211.4+0.0 | 1.80210.0 | 4.007+0.2
7 5 4 2 2 2
Benin City | 187.4+0.3 | 6.1731£0.2 | 4.816+0.0 | Benin City | 281.1£0.0 | 9.410+0.0 | 6.275+0.3
4 3 1 2 9 4
Igede Ekiti | 411.5£0.0 | 5.030+0.0 | 6.121+0.0 | Igede Ekiti | 467.5£0.0 | 6.579+0.0 | 4.237+0.9
5 1 2 5 2 8
Ikire 514.4+0.0 | 3.471+0.1 | 4.237+0.0 | Ikire 169.0£0.0 | 1.726+0.0 | 1.829+0.2
4 3 3 1 1 2
Iresa Apa | 455.840.0 | 6.571+0.2 | 4.121+0.0 | IresaApa | 163.4+0.0 | 1.345+0.0 | 3.613+0.1
3 3 9 3 3 2
Nsukka 309.2+0.0 | 2.328+0.1 | 4.760+0.0 | Nsukka 318.8+0.0 | 1.789+0.0 | 3.500+0.3
1 1 1 2 3 2
Okitipupa | 302.7+0.0 | 3.189+0.0 | 5.98810.0 | Okitipupa | 602.7+0.0 | 3.788+0.1 | 4.239+0.1
4 2 3 4 2 1
Onishere | 405.5£0.0 | 5.462+0.1 | 3.855+0.2 | Onishere | 507.4+0.0 | 5.775+0.9 | 5.472+0.0
8 1 1 5 9 1
Ubiaja 458.5+0.0 | 3.106+0.0 | 5.476+0.0 | Ubiaja 451.7+0.0 | 5.064+0.3 | 2.343+0.0
1 3 2 2 4 1
Umuabi 475.610.0 | 2.884+0.0 | 1.509+0.0 | Umuabi 281.310.0 | 2.32710.1 | 4.264+0.0
3 1 2 1 5 2
Table 6.2: Values for Ra, D and E in soils
Soil depth 0-15 cm
Raeq) (Ba/kg) D (nGy/h) E(mSv/y)
(x10?)
Abak 45.13 23.21 2.82
Acharu 38.07 21.13 2.59
Agbarho 36.25 21.12 2.56
Ago-Emokpae 40.69 20.99 2.55
Apoje 40.15 21.11 2.56
Badagry 22.65 11.50 1.40
Benin City 27.49 13.58 1.65
Igede Ekiti 45.47 23.18 2.81
Ikire 49.14 23.17 2.81
Iresa Apa 47.56 24.54 2.98
Nsukka 37.19 16.85 2.04
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Okitipupa 21.72 17.71 1.41
Onishere 42.20 21.76 2.64
Ubiaja 46.25 23.87 2.90
Umuabi 41.66 22.07 2.68
Table 6.3: Hx, Hin and Hyr
Sampling sites Hex Hex Hin Hin Hyr Hyr
Soil depth Soil depth Soil depth Soil depth Soil depth Soil depth
0-15cm 15-30 cm 0-15cm 15-30 cm 0-15cm 15-30 cm
Abak 0.121 0.097 0.139 0.106 0.813 0.370
Acharu 0.108 0.111 0.119 0.119 0.336 0.341
Agbarho 0.098 0.129 0.117 0.147 0.297 0.392
Ago-Emokpae 0.110 0.172 0.131 0.196 0.333 0.528
Apoje 0.108 0.064 0.123 0.081 0.336 0.192
Badagry 0.061 0.064 0.079 0.467 1.345 0.193
Benin City 0.074 0.108 0.097 0.143 0.214 0.317
Igede Ekiti 0.123 0.034 0.141 0.058 0.369 0.086
Ikire 0.133 0.046 0.145 0.053 0.408 0.143
Iresa Apa 0.129 0.052 0.153 0.057 0.389 0.154
Nsukka 0.071 0.681 0.080 0.067 0.270 0.217
Okitipupa 0.032 0.152 0.043 0.164 0.081 0.470
Onishere 0.100 0.143 0.120 0.164 0.345 0.433
Ubiaja 0.125 0.117 0.136 0.135 0.382 0.538
Umuabi 0.113 0.081 0.123 0.090 0.351 0.246
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Fig 6.1: Hazard and gamma index in soil

The activity concentrations of 4°K from soil depth of (0 — 15 cm) ranged from 187.4 — 514.4

Ba/kg. The activity concentrations of 223U from soil depth of (0 — 15) cm ranged from 2.328 -
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6.571 Bag/kg. The activity concentrations of 232Th from soil depth of (0 - 15 cm) ranged from
1.509 - 6.121 Bg/kg. This was based on the analysis of the soil within the range of 0 -15 cm.
For the risk assessments, the Absorbed Dose Rate (D) ranged from 11.5 to 24.54 nGy/h, while
the Annual Effective Dose Equivalent (E) ranged from 1.4 x 102 to 2.98 x 102 mSv/y and the
Radium Equivalent (Raeq) ranged between 1.4 to 2.98 Bqg/kg in soils of depth 0-15 cm. This
was based on the analysis of the soil within the range of 0 -15 cm. Values were lesser than
worldwide average values of 370 Bgkg™" recommended for radium equivalent by the United
Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR). The calculated
values for external hazard index illustrated in Figure 6.1 range from 0.032 — 0.133 on soils (0-
15 cm) in Okitipupa and Umuabi plantations. The Values for Internal Hazard index and
representative index were 0.043-0.153 (0-15 cm; Okitipupa/lresa-apa) and 0.081-1.345 (0-15
cm; Okitipupa/Badagry) respectively. Most of the values of hazard and gamma index in the soil
samples obtained in the study were below the critical value of unity and this is below the
recommended safe limit of 1 mSv/y [14-16]. None of the samples exceeded the permissible
levels of 370 Bgkg™ recommended by the United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR) for the Radium Equivalent. In addition, the calculated values
of hazards in terms of Internal and External hazard indices and Representative hazard index
were determined and found to be within safe limits. [17].

6.5 Conclusion

The activity concentrations of 28U, 232Th and “°K in soils of oil plantations from Nigeria have
been determined by gamma ray spectroscopy. The absorbed dose rates at 1m in air
associated with these activities have been calculated. Other radiological indices derived from
the activities have been calculated. It can be concluded from the result that the soil of the oil
plantations sampled, pose no radiological health hazard to the workers of the plantation and

the public.
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Abstract
Palm oil contains important dietary nutrients and it is important to humans since it contains

antioxidants, which are mediators of various diseases especially of the cardiovascular system.
Virgin palm oil pressed from the oil palm fruit is stored in vessels prior to usage. During storage,
virgin palm oil undergoes various oxidation processes making it rancid. This reduces its shelf
life and causes it to change in colour and composition giving off an offensive odour. It is
possible for small and large-scale oil palm plantation owners to preserve the virgin palm oil by
some natural means or artificially with the use of synthetic phenolic antioxidants. Synthetic
phenolic antioxidants are added to food for preservation and to prolong its shelf life. In this
study, virgin palm oil was analysed for synthetic phenolic antioxidants by Reverse Phase-High
Performance Liquid Chromatography (RP-HPLC) coupled with an Ultraviolet /Visible (UV-Vis)
detector. A mixture of solvents, hexane, and acetonitrile was used for the extraction method.
Virgin palm oil was analysed qualitatively and quantitatively to determine the concentration of
Butylatedhydroxytoluene (BHT), butylatedhydroxyanisole (BHA), propyl gallate (PG) and 2-
ethylhexyl 4-methoxycinnamate (EEMC). PG was detected below the detection of the method.

A new extraction method was proposed to validate the experimental procedure.

Manuscript received August 23, 2015; revised October 23, 2015.
Adelaja O. Osibote is the Corresponding author: Tel. +27733545569.
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antioxidants

7.1  Introduction

Edible oils are needed for cooking and for most industrial processes. They are also an active
ingredient in most processed foods. Edible oils could be extracted from plants, seeds, nuts, or
fruits. Irrespective of the method of extraction, they are extensively used in food and non-food
productions and a feedstock for the production of biodiesel. There is a growing desire for edible
oils due to an increasing world population and improved diets. Elaeis guineensis is commonly
known as African oil palm. It consists of pinnate-leaved palms with dense clusters flowers and
bright red fruit that produce rich quality red palm oil [1]. It is aborigine to West Africa
(Madagascar and Nigeria) [2], [3], and some parts of Asia [4] and widely propagated in the
tropical regions of these countries. Virgin palm oil (Elaeis guineensis) is edible oil used in
several culinary dishes in improving the diets of the populace. In addition, it contains
tocotrienols, tocopherols and carotenes among other antioxidants that are useful mediators in
the prevention of several diseases especially heart maladies. It is important to monitor the
processes for the production of the red palm especially the finished products prior to storage.
Rancidification of oil and fat containing foods due to oxidation is a common problem. It affects
food quality. To prevent this, synthetic or phenolic antioxidants are added [5].
Butylatedhydroxytoluene (BHT), butylatedhydroxyanisole (BHA), propyl gallate (PG) and 2-
ethylhexyl 4-methoxycinnamate (EEMC) are lipophilic (fat-soluble) organic compounds which
are derivatives of the compound phenol. They are useful for their antioxidant properties and
are used as standard for antioxidant assay [6]. BHT, BHA, PG, and EEMC are commonly used
antioxidants found in several foods which include cheese, butter, chewing gums, baked foods,
processed foods and pharmaceuticals. They are used to preserve odour, colour, and flavour
of foods. Synthetic phenolic antioxidants find their use as food additives used to prevent
rancidification, due to their suitability cheapness and availability. However, numerous studies
by various researchers have shown that the use of phenolic antioxidants above the
requirement limit can result to serious health risks [6]. A number of synthetic antioxidants,
about thirty of them have been permitted to be used in foods as additives directly or indirectly
[6]. Their use in food may be singly or in combination with other synthetic antioxidants. As a
result, it is of paramount importance to determine qualitatively and the widespread use of
permitted synthetic antioxidant. A number of analytical instruments and methods have been
documented for the qualitative and quantitative determination of synthetic antioxidants in foods
and edible oils. These methods include UV-visible photometry [6], [7], paper and thin-layer

chromatography [8], gas chromatography [9] [11], and liquid chromatography [12] - [14]. The
138



sample extraction steps of most of the methods mentioned are time consuming and
cumbersome. Phenolic antioxidants are oxidized preferentially in fats or oils and protect the
foods from spoilage. There are some reports about the possible carcinogenic effect of
antioxidants like BHA, BHT, PG, and EEMC in high doses and long-term use may have
potential health risks [7]. Conversely, phenolic antioxidants are advocated as dietary
supplements, which have antiviral properties and are useful against herpes and some family
viruses [7]. In lower doses, BHT is not carcinogenic. The reason for BHT non-toxic property to
be used in foodstuffs is that the tert-butyl groups surround the hydroxyl group. The alkyl groups
being so bulky, the hydroxyl group is screened off from possibilities of chemical activity and
above all from the possibility of hydrogen bonding [9]. Due to this controversial reports the
detection and estimation of BHT in food products is considered important.

Phenolic compounds such as BHA and BHT, PG and EEMC are added singly or in combination
to prevent oxidative rancidity in personal care products [3]. This makes it possible for the
unstable peroxide radicals [4], [5] to inhibit reactions promoted by oxygen, thus avoiding the
oxidation and are intended to prevent the appearance of ketones and aldehydes that can give
a product a disagreeable smell and rancidity [5]. To prevent edible oils from peroxide radicals
we must use antioxidant compounds, which have the ability to neutralize those radicals through
the transfer of hydrogen to this radical, stabilizing the radicals. Analysis is performed to
determine the amount of BHT, BHA, PG, and EEMC in virgin palm oil. A method was proposed
to achieve high throughput, low flow rate using minimal mobile phase solvent. Reversed Phase
High Performance Liquid Chromatography method with UV/Vis detector (RP-HPLC- UV/Vis)
is an important analytical technique with strong chromophores that absorb light in the
wavelength region from 200nm to 800nm [12]. The UV/Vis detector is a suitable detector for
the determination of BHA, BHT, PG, and EEMC as a phenolic antioxidant added singly or in
combination in red palm oil. To our knowledge, no method has been proposed or developed
for the determination of the phenolic/synthetic antioxidants in virgin palm oil. There is need to
develop a RP-HPLC method, which could be employed for the routine analysis of virgin palm
oil either singly or in combination using simple mobile phase composition. The present study
was undertaken to develop, optimize, and validate a RP-HPLC method for analysis of BHA,
BHT, PG, and EEMC.

Therefore, the aim is to determine the optimum analysis condition and validate the method for
a simultaneous detection, identification, and quantification of synthetic/phenolic antioxidants
with the objectives of developing an analytical method for the evaluation and quality control of
phenolic/synthetic compounds in virgin palm oil using Reverse Phase High Performance Liquid
Chromatography method (RP-HPLC).
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7.2 Methodology

7.21 Sampling sites, sample collection and preparation

Red palm oil was sampled from the Headquarters of Nigeria Institute for Oil Palm Research
(NIFOR) in Benin and from its substation. One of the oils from a substation in Apoje oil palm
plantation was used to validate the analytical method. The oil palm plantation sampling point
was partitioned into four points and samples were collected from each point. The sampling
locations were based on factors such as population density, farm settlements, and areas
receiving significant pollution characteristics. Storage containers for sampling were sterilized
1-liter plastic containers. The samples were preserved in an ice chest at 4°C. The samples
were transferred to the laboratory, and stored in the refrigerator at 4°C prior to analysis.
Glassware were washed with detergent and rinsed with distilled water. They were further
soaked overnight in 10 % analytical grade nitric acid, and then rinsed in high purity deionized

water.

7.2.2 Chemicals

Butylhydroxytoluene (BHT) (299 % pure), Propyl gallate (PG) 99.8% pure, (HPLC grade)
butylatedhydroxyanisole (BHA), 2-ethylhexyl 4-methoxycinnamate (EEMC), n-hexane,
methanol (HPLC) grade, acetonitrile, ethanol, acetic acid, Petroleum ether. All chemicals were

purchased from Sigma Aldrich USA and were of analytical/chromatography grade.

7.2.3 Preparation of standard solution

Individual stock solution of BHA, BHT, PG, and EHMC (20 mg/L in methanol) were prepared
accurately. The mixture was shaken until a homogenous and clear solution was formed and a
serial dilution of each was prepared to obtain a linear calibration curve. The solution was
covered with aluminium foil and stored in a freezer (4°C); (this was away from heat and sunlight
for a maximum of one month). Before analysis was performed, standard working solutions

were prepared by diluting appropriate amounts of the stock solutions in methanol.

7.2.4 Extraction procedure and Instrumentation

About 0.5 g of the virgin palm oil was weighed into a centrifuge tube using an electronic
weighing balance. Acetonitrile (3 mL) which was saturated with hexane was added to the
mixture in the centrifuge tube. The mixture was homogenized for 5 minutes at 1800 rpm using
a shaker followed by centrifugation using a centrifuge for 5 minutes at 4000 rpm.

The non-polar phase, which is the acetonitrile phase, was collected and the oily layer was re-
extracted thrice using similar extraction procedures. All the acetonitrile phases were

recombined into a 10 mL capacity volumetric flask and diluted to the mark with acetonitrile.
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The solution was set aside to be analysed by RP- HPLC. This is a modified procedure of Dr
Ancos et al. An ODS C1s Chromatographic column was used (4.6 cm x 250 cm). The ODS C1s
Chromatographic column used for the analysis had a particle size of 5 pyL. An Isocratic system
with mobile phases of 75:25 v/v methanol: water mobile phase was employed. The Agilent
Technologies (1200 series) RP-HPLC Instrument used for the analysis was equipped with
UV/Vis detector and quaternary pumps. The maximum wavelength chosen was 280 nm and 1

mL/min flow rate.

7.3 Results and discussions
7.3.1 Analysis of real samples

Real samples of red palm oil were analysed. In this study, optimization of the extraction
procedures for red palm oil sampled on Apoje plantation was evaluated to obtain the best
analysis time was evaluated. The result of the chromatogram of the analysis is presented in
fig. 7.5. A peak was observed at the retention time of 2 minutes, which could be PG. The
concentration of the peak was poorly resolved. From the calibration curves represented in the
graph in Figure 7.1 - 7.6, the peak area was measured and RF determined. The concentration
of the calibration curve was greater than the concentration of the PG. PG was resolved within
2 minutes. The calibration curve in Figure 7.6 depicts that the analyte gave a linear curve and
this determined the linear dynamic range. PG was detected in the sample but it was below the

linear dynamic range

Fig 7.1: Chromatogram for PG
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Fig 7.2: Chromatogram for BHA

Based on the result obtained from the initial extraction procedure which involved the use of
acetonitrile and hexane, it can be deduced that the synthetic phenolic antioxidants are absent
in the sample of virgin palm oil or it can be deduced that the extraction procedure is inaccurate.
A new extraction technique was proposed to validate the extraction procedure. The analysis is

in progress.
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Fig 7.3: Chromatogram for BHT
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The linearity of the method was determined by linear calibration curves for each of the

antioxidants.

Table 7.1: Calibration curve regression data

Antioxidant

Equations R2 LOD

LOQ

PG

0.998 0.001

y=1941x+4903

0.01

143



120000

y = 1941.4x + 4903.3 4
100000 R?=10.9988

80000
60000 /

40000

response peak area

20000

O T T T T 1

30 40 50 60

concentration pg/L

Fig 7.6: Regression curve for samples

Fig. 7.1 shows the chromatograph of the standard calibration curve for PG. The retention time
of PG waswithin 2 minutes at a flow rate of 1mL/min and 50pL injection volume. Fig. 7.2 shows
the chromatograph of the standard calibration curve for BHA. The retention time of BHA
waswithin 3-4 minutes at a flow rate of 1mL/min and 50 yL injection volume. Fig.7. 3 presents
the retention time for BHT which was within 8 minutes at a flow rate of 1mL/min and 50uL
injection volume. Fig. 4 shows the retention time for EEMC which waswithin 15-16 minutes at

a flow rate of 1mL/min and 50uL injection volume.

7.3.3 Recovery efficiency and method performance
The accuracy of the analytical method was determined using external standardization
addition methods for four spiked samples at 1, 5, 10 and 25 mg/L and comparing with a

standard chromatogram of similar concentration.

7.4 Conclusion

Virgin Palm oil was investigated to determine the levels of synthetic phenolic antioxidants.
Virgin palm oil contains important dietary nutrients such as antioxidants that are mediators of
cellular functions and cures for several ailments including cancer and cardio vascular diseases.
The rancidity of virgin palm oil during storage causes the oil to have an offensive odor, color

and taste. Synthetic phenolic antioxidants may be added to offset these changes in the oil
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during storage. The study aimed to know quantitatively and qualitatively the type and amount
of these synthetic phenolic antioxidants. This is of paramount importance because the levels
of the synthetic phenolic antioxidants above the Recommended Dietary Allowance have been
investigated to be a major contributor of some forms of cancer. Other health effects include
hyperactivity, irritability, and migraines. The modified RP-HPLC procedure by Dr Ancos et al.
with an ODS C4s Chromatographic column was employed using 75:25 v/v methanol: water
mobile phase. PG was detected below the detection limit of the machine using the procedure.

A new extraction procedure was proposed and the analysis is in progress.
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Abstract

Anthropogenically polluted soils with metals are detrimental to human life. The present study
assessed the concentration of metals in soil and the risks associated with the consumption of
the metals when transferred from soil to palm oil. The metals of interest were Cd, Co, Cr, Cu,
Fe, Mn, Ni and Zn. Analysis was done on metals in soil and virgin palm oil from fifteen
independent sampling locations in the southern states of Nigeria, which includes the Nigeria
Institute for Oil Palm Research (NIFOR) and its substations. Top soils were collected at a depth
of 0-15 cm and virgin palm oil in 1 litre container by grab sampling method. The method
proposed was to achieve high throughput with minimal mobile phase solvent. Micro emulsion
technique was involved as sample preparation method for the extraction of metals in virgin
palm oil from the matrix. Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-
OES) was used to analyse metals in virgin palm oil and soil. This reduces analysis time and
does not require complex sample preparation. Zinc metal recorded the highest concentration
of metal in the palm oil and Chromium metal recorded the highest concentration of metal in

soil. There was a correlation between the accumulations of metals from soil to palm oil. Risk
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was assessed using various indices. Cadmium metal recorded the highest concentration in the
Target Hazard Quotient (THQ), Accumulation Factor (AF), and Health Risk Index (HRI). Daily
Intake of Metals (DIM) was highest for Chromium metal. Cadmium was the highest

accumulator of metals in the palm oil.

Key words: Metals, oil palm plantations, palm oil, soil, micro emulsion, ICP-OES, health
risk assessment.

8.1. Introduction

A major pathway through which metals enter soils is by anthropogenic means [1, 2]. Plant
species significantly accumulate metals in various parts especially the fruits thereby
remediating soils. This leads to bioaccumulation and bio magnifications in the food chain and
the disruption of chemical and biological activities in the human body [3, 4]. The routes through
which metals enter the food chain are via inhalation and ingestion. Although literature reveals
that, some species of plants can bio accumulate metals more than the other species [5].
Anthropogenic sources of metal pollution are mostly from industries and unwholesome farming
practices. Wastewaters from factories usually drain to farmlands elevating the levels of metals
in soils. The populace is incessantly exposed to metals through the consumption of food grown
on such soils. Numerous literatures supported this fact [6-10].

The study of metals in soils requires systematic assessment as monitoring approach to
eradicate the effects on the food chain. Risk assessment have been studied using various
tools such as the Accumulation Factor (AF), Hazard Quotient (HQ), Health Risk Index (HRI),
Daily Intake of Metals (DIM), Target Hazard Quotient (THQ), Morbidity Status (MS),
Enrichment Factor (EF), and Degree of Contamination (Cge) [2]. Overtime, non-essential
metals bio accumulates in plant parts that become toxic to animals and humans when
consumed as food. Application of fertilizers, untreated sewage water from municipal and
industrial applications, leaching from dumpsites, fertilizer application, and waste from mining
have contributed significantly to the build-up of metals in soils.

The oil palm tree (Elaeis guineensis) is a perennial crop. It is an excellent source of fatty acids,
minerals, and vitamins for the food and chemical industry [11]. Palm oil from the oil palm fruit
has been proven to cure various diseases especially cancer and heart maladies [12, 13, 14,
15, 16]. Nigeria is a tropical country characterized by a wet and dry climate at various times of
the year. This is particularly beneficial for the production of the oil palm fruit. The oil palm fruit
produces palm oil that is a stable ingredient in most local dishes consumed by Nigerians [17].
Metals are also present in palm oil due to various reasons ranging from environmental and
processing operations to unwholesome agronomical methods. Ayodele and Oluyomi in 2011

[9] reported on the issue of contamination arising during cultivation of the oil palm tree and
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harvesting of the oil palm fruit due to pre-planting and post-planting farming practices such as
the use of fungicides and fertilizers residues. Contamination may also arise from a number of
factors that includes washing of the oil palm fruit with water from lead/metal pipes or rivers. In
addition, mechanical stripping of the oily flesh from the oil palm fruit, cooking and sieving of
the flesh to obtain the virgin palm oil, corrosion of the processing equipment and storage in
large metal vessels; are sources of metal contamination [18]. Other sources of anthropogenic
contamination may also arise from the oil palm plantation situated close to domestic and
industrial sources of pollution [8].

The determination of elements in virgin palm oil is of economic importance because palm oil
is a very important cash crop for the food and chemical industry. It is essential to determine
the presence of metals in palm oil as this is one of the criteria for oil quality. Metals in palm oil
are deleterious because this affects the shelf life and aesthetic quality of the oil. Metals in the
oil enhance the oxidation of fatty acids to esters, which affects the nutritional value and the
properties of the oil [19, 20, and 21]. Metals are toxic at elevated concentrations. However,
some metals are essential to humans, their presence in palm oil, which is a raw material for a
variety of food and chemical industries may not be ideal for production processes. This is
particularly an issue in the production of biodiesel due to the presence of such metals that
consequently affects the quality of the oil.

Hence, an analysis was performed to determine metals (Cadmium Cd, Cobalt Co, Chromium
Cr, Copper Cu, Iron Fe, Manganese Mn, Nickel Ni, and Zinc Zn) in virgin palm oil from fifteen
independent sampling locations. The proposed method of micro emulsion as sample
preparation method alongside with the instrumental analysis using the ICP-OES for this
analysis was initiated to achieve high throughput and low flow rate with minimal mobile phase
solvent. It was able to eradicate the impending problem of former analysis that was majorly the
dense matrix of oil samples and the concentration of metals in oil samples at very critical
concentrations [22]. Analytical chemists have also employed several instrumental techniques
for the determination of elements in oil samples, the most common technique being Inductively
Coupled Plasma Optical Emission Spectroscopy (ICP-OES) [9, 8, and 23]. The determination
of elements in oil using AAS recently by some scientists was not adequate due to the nature
of the matrix and the difficulty in separating the analyte from such matrix [24, 25]. This could
be attributed to the instability of the analyte in the oil and the high organic content of the oil.
The use of hazardous solvents has to be employed to destroy or dissolve the matrix as the
case may be so that the analyte may be free in solution. Sample separation and pre-treatment
steps were long and laborious. Such sample preparation steps such as solid phase extraction,
microwave assisted acid digestion and wet/dry ashing, involving hazardous acids or a mixture

of both was normally employed. Another disadvantage of using AAS process was the use of
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very expensive organometallic standards for instrument calibrations. The proposed method
eradicated the use of hazardous chemicals and the use of expensive unstable organometallic
standards for calibration [25, 26]. Hence, micro emulsions were employed as sample
preparation method for the determination of metallic elements in this study. The micro
emulsions were stable thermodynamically when tested using a UV spectrometer after being
observed for about three hours. The micro emulsions were composed of water, oil, and alcohol.
In addition, the micro emulsion particles were homogenous and were actually in the order of
5-100 nm in size suspended in a phase that is continuous [27 - 29].

The proposed ICP-OES analysis using oil-water micro emulsion as sample preparation method
was not only reproducible, accurate and reliable but also equally convenient because it
provided a sample extraction capable of breaking down the complex matrix in virgin palm oil.
This was for metal analysis by ICP-OES [30].

8.2. Materials and methods

8.2.1. Sampling and chemicals

Virgin palm oil and soils were sampled from fifteen sampling locations in the Nigeria Institute
for Oil Palm Research (NIFOR); the headquarters in Benin city and substations in the south
western area of Nigeria. The choice of the sampling areas was based on Oil Palm Plantations
in the region receiving significant input of pollution characteristics from crude oil in crude oil
producing areas of the region. Other inputs were from effluents of domestic, industrial, and
electronic waste. Oil palm fruits were pressed from the bunch and the virgin oil was collected
in 1 litre plastic containers in all the sub sites by random sampling for each site. The collected
palm oil samples were mixed in order to achieve a grab sample and to give a true
representative of all the plantations. Choice of sampling sites was also based on densely
populated areas. Soil sampling was also performed by random and grabs sampling. The soils
were collected from a depth of 0-15 cm. Majorly the choice of the sampling areas were based
on oil palm plantations in the region receiving significant input of pollution characteristics from
crude oil in crude oil producing areas of the region. Other inputs were from effluents of
domestic, industrial, and electronic waste. Soil samples were collected from topsoil using a
spiral auger of 2.5 cm at a depth of 0-15 cm. A total of fifteen soil and virgin palm oil samples,
one from each site was transferred into cleaned polythene bags and 1-litre containers for soil
and virgin palm oil samples respectively, labelled and transported to the laboratory. Figure 8.1
shows the sampling locations. They were stored in pre sterilized ice chest at lower
temperatures prior to transportation to the laboratory for chemical analysis. The soil samples
were air dried for over a week, ground with a porcelain mortar and pestle, passed through a 2

mm aperture sieve, further dried in the oven at 105+5°C for about 4 hours, well labelled
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accordingly, and kept in clean polythene bags for further analysis. The virgin palm oil samples
were kept in a cool dry cupboard awaiting further analysis. All apparatus used for the analysis
have been previously soaked in nitric acid, washed with detergent, and rinsed twice with
deionized water. The sampling containers were sterilized and the samples preserved in a
refrigerator prior to analysis in the laboratory. High purity analytical grade chemicals and
reagents (purchased from Sigma Aldrich (USA) and Merck, (Germany.) were used alongside
deionized water (Milli-Q water, Belford, America). Standard calibration curves for the analysis
were prepared from single element standards that were certified and traceable to the National
Institute of Standards and Technology (NIST). Non-serial dilutions of much lower
concentrations of the standards were also prepared in making the calibration curve throughout

the analysis.

8.2.2. Analysis of soil samples

The soil samples were tested for parameters such as the electrical conductivity, pH and organic
matter. The pH of the soil was measured with a pH meter in a suspension of the soil and water
[31]. One part of soil by weight to 5.0 parts of deionized water by volume was measured and
analysed using the glass electrode pH meter. The solid to liquid ratio of 1:5 soils: deionized
water suspension is sensitive to seasonal variation in the pH of soil solution. Organic matter
was measured using the modified Walkey and Black method [32]. Total metal extraction was

accomplished using the microwave assisted digestion method.

8.2.3. Analysis of palm oil samples by the micro emulsion method

About 0.5 g of each of the oil samples was accurately weighed into a 100 mL polypropylene
tube with lid. HCl was added (c.a 2 mL) and propan-2-ol to a final volume of 10 mL. The mixture
was shaken vigorously on a shaker for 30 minutes to obtain an evenly dispersed homogenous
emulsion that remained stable without dispersing when left for about four hours [33, 34]. This
was kept in the fridge at 4 °C for metallic element analysis using the ICP-OES. The instrument
of choice for the analysis of metals in soil and the palm oil was the Inductively Coupled Plasma
Optical Emission Spectrometer (ICP-OES) [23, 25, and 35]. In order to validate the analytical
method, the following method validation parameters such as instrumental detection limit, limit
of detection, limit of quantification, precision, and accuracy studies were carried out. The
Instrumental detection limit (IDL) is the smallest signal above background noise that an
instrument can reliably detect. This can be calculated to be the concentration that is equal to
thrice the standard deviation of the signal produced by the blank. In this study, the IDL for each

metal was calculated from the analysis of seven replicates of the blank concentration. This
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was represented as; IDL = 3 x Sbl; where Sbl is the standard deviation of the calibrated blank

solution.

Roads

0 100 200 300 400 500 km

Fig. 8.1 Map of Nigeria showing sampling points

The limit of detection (LOD) is the minimum concentration of the analyte that can normally be
detected without necessarily quantifying it. This has an acceptable level of uncertainty.
Calculations for the LOD for each metal was made by determining the analysis of seven
replicates of the method blank which was digested in the same way as the samples. This was
represented as; LOD = 3 x Sbl; where Sbl is the standard deviation of the method blank
solution.

The limit of quantification (LOQ) is the lowest concentration of an analyte in the sample which
can be quantitatively determined with some levels of uncertainty. This can be achieved in
triplicate of seven method blanks which are digested as the actual samples. This is represented
as; LOQ = 10 x Sbl; where Sbl is the standard deviation of the method blank solution [36, 37].

8.2.4. Accumulation Factor Calculation (AF)

The movement of metals from the soil to various parts of the plants especially the edible parts

can be described by the accumulation factor using Equation 1 [2, 38]
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Heavy metal concentration in virgin palm oil .
AF = — : Equation 1
Heavy metal concentration in the soil

8.24.1. Metals Daily Intake (DIM)
Equation 2 was used in the calculation of the daily intake of metals ingested by human [39,
40].

A intake X Bmetal X Cfactor

DIM = Equation 2

Dweight

Aintake, Bmetal, Cractor, and Dweight are the average daily intake of the oil samples by humans, metals
present in the oil sample, a constant that is the conversion factor (0.085) and the average
human weight (55.5 kg) respectively. A factor of 0.0527 kg person™ day' was used as the

average daily intake of palm oil per person per day [40].

8.24.2. Health Risk Index (HRI)
This was achieved by comparison of the ratio of the daily intake of metals in the oil to the oral
reference dose (RfD) [40].

HRI = —— Equation 3

The RfD is quantitatively used in risk assessment to evaluate the ingestion of a non-
carcinogenic contaminant per milligram per kilogram per day. An HRI greater than one signifies

that the population suffers a health risk when such food is consumed [2, 39].

8.2.4.3 The Target Hazard Quotient (THQ)

It was of paramount importance to investigate the health risk associated with the consumption
of the palm oil. This was achieved by the use of the Target Hazard Quotient (Equation 4). The
THQ describes the ratio of the evaluated dose to the reference dose by the following equation
[2, 39, and 41].

Efr X ED XFI XMC X 0.001

THQ =
¢ RfD XBW XAT

Equation 4

The exposure frequency (Efr) was calculated as 365 days in a year and the duration (ED) as

60 years for an adult. Fl and MC signify the ingestion and metal concentration in the food. The
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average body weight (BW) and exposure time (AT) are 60 kg and 365 days in 60 years for
adults when considering non-carcinogenic effects. A THQ value greater than one is very risky

to the population consuming such food [2, 39].

8.3. Results and discussion

8.3.1. Soil properties

Soil properties such as pH, electrical conductivity, organic matter, and particle size are
significant contributors to bioaccumulation and magnifications of metals in plant parts
especially the fruits and bioaccumulation of metals in different fractions of the soil. The study
on the soil properties and the bioavailability of the metals in the soil to investigated toxicity and
mobility has been extensively discussed in Olafisoye et al., 2016 [42, 43]. The soils
investigated had a pH of four which shows acidic soils and hence an increase in toxicity and
mobility of metals with decrease in pH, particle size and organic matter. In the present study
toxic metals (Cd, Co, Cr, Ni) were found in soil and palm oil at elevated concentrations so were
the essential metals (Cu, Fe, Mn, Zn) which invariably would be toxic at high concentrations.
Metals such as Cu, Zn, Fe, and Mg possess antioxidant properties and are components of
antioxidant enzymes. Acidic soils generally favour the transport of metals from soil to edible
plant parts. This assessed the possible human health threats linked with the intake of palm oil
contaminated with toxic metals. Contaminated palm oil with essential metals above the
recommended values also become toxic. A possible route of human contact to slow poisoning
is from the ingestion of contaminated food [42, 43]. Several sources of contamination of the oil
palm plantations were identified in this study such as anthropogenic sources of metal pollution
in soil mostly from industries and unwholesome farming practices. Application of fertilizers,
untreated sewage water from municipal and industrial applications, leaching from dumpsites,
fertilizer applications, and waste from mining and crude oil spills have contributed significantly
to the build-up of metals in soils. Ayodele and Oluyomi [9] reported on the issue of
contamination arising during cultivation of the oil palm tree and harvesting of the oil palm fruit
due to pre-planting and post-planting farming practices. The application and use of fungicides
and fertilizers residues, palm oil production using corroded vessels and storage of the palm oil

in metal vessels are great contributors to metal build-up in the oil [18, 44].

8.3.2. Metal concentrations in soil and palm oil

The results for the analysis of metals in virgin palm oil and soil are presented in Tables 8.1 &
8.2 respectively. The results revealed detectable levels of the metals as most of the metals in
palm oil and soils exceeded the WHO permissible limits for metals in vegetable oils and soil

[45]. The authors observed that the metal concentration in the soils were a bit lower than those
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in the palm oil due to bioaccumulation and bio magnifications in the tissues of the plant. This
is in agreement with the study by El-Hassain et. al. 2020 [46] that cultivated plants in polluted

soils would have higher levels of heavy metals, as well as exceeding the permissible levels.

Table 8.1: Concentration of metals in palm oil

Location Cd Co Cr Cu Fe Mn Ni Zn

Abak 12.7 £0.001 | 9.8+0.003 5.6+0.004 7.0+0.002 21.1+£0.007 | 6.6+0.001 6.8+0.001 8.3+0.002
Acharu 13.940.001 10.4£0.001 | 4.7+0.001 11.720.001 | 9.1+0.004 7.3+0.004 16.4£0.003 | 34.2+0.001
Agbarho 68.3+0.001 23.9+0.001 | 3.4+0.002 7.5+0.001 15.9+0.005 | 2.3+0.001 8.9+0.005 12.6+0.001
Ago- 14.0+£0.001 10.4£0.001 | 6.8+0.001 7.0+0.003 16.8£0.013 | 6.4+0.001 20.2+0.004 | 18.2+0.002
Emokpae

Apoje 26.6+0.002 45.8+0.001 | 77.8+0.002 | 8.3+0.002 15.240.009 | 45.6+0.002 | 78.6+0.001 | 162.1+0.073

Badagry 12.7 £0.001 | 9.1+0.002 2.8+0.003 18.4+0.003 | 17.4+0.043 | 7.1+0.001 18.4+0.003 | 9.6+0.001

Benin city | 55.7+0.002 33.2+£0.001 | 66.1£0.002 | 9.1+0.002 13.94£0.005 | 7.3+£0.001 76.0+£0.002 | 10.0+0.001

Igede-Ekiti | 76.2+0.002 55.1+£0.002 | 43.0+0.002 | 9.0+0.001 13.7+0.002 | 7.6+0.001 17.7+0.001 | 5.3+0.003

Ikire 13.8+0.001 10.3+0.001 | 3.2+0.001 10.9+0.001 | 18.4+0.005 | 7.0+0.001 18.2+0.002 | 9.2+0.001

Iresaapa 13.940.001 13.1£0.001 | 4.6+0.001 8.2+0.002 13.6+£0.001 | 6.8+£0.001 16.7+£0.001 | 32.9+0.001

Nsukka 61.1+0.001 66.5+0.004 | 33.4£0.002 | 2.2+0.001 3.320.002 | 48.2+0.001 | 67.2+0.003 | 45.2+0.001

Okitipupa 38.9+0.002 31.1£0.002 | 2.8+0.001 33.2+£0.002 | 11.2+0.001 | 67.2+0.003 | 67.2+0.003 | 11.1+0.001

Onishere 44.5+0.0050 | 88.7+0.002 | 1.1+0.001 44.6+0.006 | 67.3+0.003 | 11.3+0.002 | 54.3+0.003 | 66.3+0.002

Ubiaja 13.7+0.001 10.2+0.001 | 99.8+0.001 | 7.6+0.005 18.74£0.023 | 3.7+0.002 17.4£0.001 | 64.2+0.001

Umuabi 13.1£0.001 10.0£0.001 | 4.0+0.001 10.1£0.007 | 17.0+0.003 | 26.4+0.003 | 17.8+0.002 | 77.9+0.001

FAO/WHO maximum permissible limits for Cd, Co, Cr, Cu, Fe, Mn, Ni and Zn are 9, 0.06, 0.1, 30, 48, 20, 300 and 60 mg/L
respectively. (mg/L) (n=3)

Chromium, Copper, Nickel, and Zinc recorded rather high concentrations of metals in soils on
all the fifteen sampling plantations in the study. Iron recorded a high concentration in Acharu
while manganese was high in Acharu and Benin City respectively. Highest value of metals in
soils was recorded in Chromium in Agbarho plantation. This is evident in Table 8.2. Rich
deposits of Iron were found in Acharu. Acharu is a local government in Kogi state near Itakpe,
a famous Iron smelting company in Nigeria. The soils of the area are also rich in Iron Ore. Iron
is a trace element necessary for proper functioning of the body and haemoglobin. Benin City
is a haven for Bronzes and Brass ornaments, smelting of metals, and artwork. High values of
Copper and Zinc were recorded in soils sampled from Benin City. These metals are
components of antioxidant metals in trace concentrations. The rather high concentrations of
these metals in soil are toxic and detrimental to humans when transferred to consumable parts
of plants. The high concentration in soil is fatal. Elevated concentrations of these metals in
soils and their detrimental effect on humans have been broadly discussed in a previous study
[42].
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Table 8.2 shows the accumulation of metals from soil to palm oil. Chromium and Copper
generally recorded high concentrations of metals in all plantations under study. A high value
of Cadmium in palm oil was also noted in Igede Ekiti and Cobalt in Apoje. Igede-Ekiti, Nsukka,
and Onishere plantations respectively. Chromium metal recorded high concentrations of the
metals in palm oil in Apoje, Benin City, and Ubiaja. Copper and Nickel and iron recorded high
values in palm oil in Onishere. High values were also noted for Nickel in Apoje, Benin City, and
Okitipupa in palm oil. High values of Manganese, and Zinc metals were noted in palm oil in
Apoje, Nsukka and Okitipupa respectively. The plantations, which recorded the highest value
of metal, was Apoje with the highest concentration of Zinc metal The data obtained was
compared with Balkhair and Ashraf [2]. Nearly all the concentrations of the metallic elements
exceeded the permissible limits in palm oil and soils analysed from the plantations. The
deleterious effects of the metals in elevated concentrations and their beneficial outcomes have
been discussed in a previous study [42]. In addition, the bioavailability fractions in which the
metals exist in soil gave an insight into their mobility and toxicity as expatiated in the previous
study [47, 48, 49, 50, and 51].

Table 8.2: Concentration of metals in soils

Location Cd Co Cr Cu Fe Mn Ni Zn

Abak 1.09 + 942+ 109.56 + 39.11+ 30.99 + 0.88+0.1 | 40.66 63.11 £ 0.1
0.2 0.3 0.1 0.2 0.3 0.1

Acharu 1.16 + 217 45.67 £ 0.1 12.92 + 40.34 19.22 + 37.24 + 89.33+0.2
0.1 0.1 0.1 0.1 0.1 0.2

Agbarho 1.66 + 3.98 + 132.21 ¢ 45.06 12.34 = 0.23+0.2 | 39.11% 23.01+£0.1
0.1 0.2 0.1 0.4 0.1 0.1

Ago- 0.64 + 2.07 + 2550+ 0.3 | 35.08 911+0.2 | 942+0.3 | 30.27 92.48 £ 0.1

Emokpae 0.2 0.1 0.1 0.1

Apoje 128 1.03+ 99.92+0.1 | 33.22+ 6.63t0.1 | 0.45+0.1 | 3567+ 96.67 £ 0.1
0.1 0.1 0.1 0.1

Badagry 426 + 261+ 108.67 69.11 181+02 | 1.33+0.2 | 49.08+ 53.82+0.2
0.2 0.1 0.1 0.1 0.1

Benin city 133+ 132+ 78.11+0.1 | 23.02 2.02+0.1 | 29.38 3235+ 107.33
0.1 0.2 0.2 0.1 0.3 0.2

Igede-Ekiti 0.39 145+ 56.45+0.1 | 3341+ 0.05+0.1 | 0.76£0.1 | 39.46 78.62+0.2
0.2 0.1 0.1 0.2

Ikire 0.27 + 1.05+ 3499+0.2 | 2263 1.10£ 0.1 149102 | 4476 94.42 £ 0.1
0.1 0.2 0.1 0.2

Iresaapa 132+ 255+ 111.08 + 30.82 1.03+0.1 | 0.75+0.1 | 4534+ 12.36 £ 0.1
0.1 0.1 0.1 0.2 0.1

Nsukka 112+ 223+ 12442 + 28.56 + 1.01+0.2 | 0.12+01 4922 + 37.43+0.1
0.1 0.1 0.3 0.1 0.1
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Okitipupa 012+ 261+ 66.89+£0.1 | 33.78 = 1.01£0.1 | 0.99+0.2 | 34.04 + 60.28 £ 0.1
0.1 0.2 0.2 0.1

Onishere 0.37 + 0.80 = 11111+ 37.99 + 2.02+0.1 | 0.62+0.1 | 50.62 75.07+ 0.1
0.1 0.1 0.3 0.1 0.2

Ubiaja 0.32 245+ 4290+0.2 | 30.22 1.06+£02 | 1.51+£0.1 | 59.11 % 91.64 £0.3
0.1 0.1 0.1 0.1

Umuabi 0.32 1.14 111.02 + 25.52 1.13+£0.1 | 0.18+0.1 51.02 = 90.88 £0.2
0.1 0.1 0.1 0.1 0.1

(mg/kg) (n =2)

Metallic elements have the ability to be translocated from soil to various parts of the plants.
Invariably researchers have studied the oil palm tree extensively as an effective crop in
remediation technology. It is a cheap choice to phytoremediation because it is low in
maintenance and eco-friendly. Soils are cleaned up as the oil palm tree translocated metallic
elements from soils to parts of the plant such as fruits and stems. This provides interesting
tools to sites contaminated by toxic metals. Researchers have studied the accumulation of
metallic elements in parts of the oil palm tree such as the stem and the root. Research is limited
in area of the virgin palm oil, which is the oil palm fruit to decide if accumulation may be higher
in such parts [51- 58].

8.3.3. Risk Assessment

Toxic metals on-route to humans and the food chain, via consumption of food crops grown on
contaminated soils [2, 59]. This is especially hazardous and a critical health risk issue when
the metallic elements exceed the permissible levels in palm oil. The food chain as a pathway
of toxic metallic elements is vital in risk assessment in developing countries like Nigeria since
ingestion of palm oil remains deregulated. Palm oil is a stable ingredient for the preparation of
most dishes in Nigeria and consumed regularly by the population at large. Horiguchi and
colleagues [60] implied that the intake of metals does not equate the concentrations absorbed
by humans. He further explained that part of the absorbed dose is eliminated through various
biochemical processes. The remainder portion becomes bio accumulated and biomagnified in
humans. This study can be used to assess crop pollution and prospective risk assessment.
There is a risk to the masses since they are not aware of the nutritional content of the palm oil
consumed daily in the form of an ingredient of most of their stable food.

Tables 8.3a — 8.3c presents the values for the entire Risk Assessment factors such as the
Accumulation Factor (AF), Daily Intake of metals (DIM), Health Risk Assessment (HRI) and
Target Hazard Quotient (THQ) calculated for each sampling location while Table 8.4 highlights

the minimum and maximum values for each factor in the respective metals.
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Table 8.3a:

AF, DIM, HRI, & THQ (Cd, Co, and Cr)

Cd Co Cr
AF DIM HRI THQ AF DIM HRI THQ AF DIM HRI THQ
Abak 0.12 0.012 11.77 0.2032 | 1.04 0.010 2.86 0.0480 | 0.05 0.004 0.03 6.38E"
4
Acharu 5.85 0.008 7.84 0.2224 | 8.45 0.012 3.43 0.0450 | 0.12 0.004 0.03 5.36E"
4
Agbarho 17.16 0.016 15.68 0.0368 | 14.4 0.052 14.86 | 0.1092 | 0.26 0.002 0.014 | 3.88E"
4
Ago- 5.02 0.016 15.68 0.1024 | 21.90 | 0.072 20.57 | 0.0480 | 0.67 0.006 0.04 7.75E
Emokpae 4
Apoje 20.78 0.08 78.43 0.0720 | 445 0.024 6.86 0.2093 | 0.78 0.06 0.43 8.87E"
3
Badagry 2.98 0.012 11.77 0.1136 | 3.49 0.010 2.86 0.0416 | 0.03 0.002 0.014 | 3.19E"
4
Benin City | 41.90 0.08 78.43 0.1168 | 25.2 0.04 11.43 | 0.1517 | 0.85 0.06 0.43 7.54E"
3
Igede- 52.60 0.12 117.65 | 0.1216 | 141.3 | 0.06 17.14 | 0.2518 | 0.76 0.04 0.29 4.90E
Ekiti 4
Ikire 51.10 0.010 9.80 0.1120 | 9.81 0.010 2.86 0.0471 | 0.09 0.009 0.06 3.65E"
4
Iresa-apa 10.50 0.24 235.29 | 0.1088 | 5.14 0.010 2.86 0.0600 | 0.04 0.006 0.04 5.24E
4
Nsukka 29.80 0.012 11.77 0.7712 | 54.6 0.04 11.43 | 0.3039 | 0.27 0.0026 | 0.02 3.81E
4
Okitipupa | 324.20 | 0.075 78.43 1.0752 | 11.92 | 0.04 11.43 | 0.1422 | 0.04 0.026 0.19 3.19E
4
Onishere 120.30 | 0.078 78.43 0.1808 | 110.9 | 0.04 11.43 | 0.4054 | 0.009 | 0.0008 | 0.006 | 1.25E
4
Ubiaja 4.16 0.004 3.92 0.0592 | 42.8 0.0010 | 2.86 0.0466 | 2.23 0.08 0.57 1.10E
2
Umuabi 40.93 0.0010 | 0.98 0.4220 | 8.77 0.0010 | 2.86 0.0457 | 0.04 0.004 0.03 4.56E
4
(mg/kg/person/day) values for Cd, Co and Cr
Table 8.3b: AF, DIM, HRI & THQ ( Fe, Mn, and Ni)
Fe Mn Ni
AF DIM HRI | THQ AF DIM HRI | THQ AF DIM HRI | THQ
Abak 0.68 0.016 | 3.0 6.75E° | 7.5 0.006 0.04 | 7.52E* | 0.17 | 0.006 | 0.3 | 5.4E*
Acharu 0.52 0.008 | 0.4 2.91E® | 0.34 0.006 0.04 | 8.32E* | 0.18 | 0.014 | 0.7 1.3E2
Agbarho 1.29 0.012 | 0.6 5.09E° | 10 0.0018 | 0.01 | 2.62E* | 0.8 0.008 | 0.4 7.1E3
Ago-Emokpae 1.84 0.014 | 0.7 5.38E° | 0.68 0.006 0.04 | 7.30E* | 0.66 | 0.016 | 0.8 1.6E3
Apoje 2.29 0.012 | 0.6 4.86E° | 101.3 | 0.04 0.29 | 5.20E® | 2.20 | 0.006 | 0.3 6.3E2
Badagry 9.61 0.014 | 0.7 5.87E° | 5.34 0.006 0.04 | 8.09E* | 0.38 | 0.014 | 0.7 1.5E2
Benin City 6.89 0.012 | 0.6 4.45E° | 0.25 0.006 0.04 | 8.32E“ | 2.35 | 0.06 3.0 6.1E2
Igede-Ekiti 27.4 0.012 | 0.6 4.39E° | 10 0.006 0.04 | 8.66E* | 0.45 | 0.014 | 0.7 1.4E2
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Ikire 16.73 | 0.014 | 0.7 5.89E° | 4.70 0.006 0.04 | 7.98E* | 0.41 | 0.014 | 0.7 1.5E2
Iresa-apa 13.20 | 0.002 | 0.1 4.35E° | 9.07 0.006 0.04 | 7.75E* | 0.37 | 0.014 | 0.7 1.3E2
Nsukka 3.27 0.010 | 0.5 1.06E° 1.7 0.038 0.29 | 5.50E® | 1.37 | 0.06 3.0 5.4E?
Okitipupa 11.09 | 0.006 | 0.3 3.58E° | 67.9 0.006 0.04 | 7.66E® | 1.94 | 0.06 3.0 5.4E?
Onishere 33.3 0.006 | 0.3 2.15E% | 18.2 0.010 0.07 | 1.29E3 | 1.07 | 0.04 2.0 4.3E2
Ubiaja 17.6 0.014 | 0.7 5.98E° | 2.45 0.004 0.03 | 4.22E* | 0.29 | 0.014 | 0.7 1.4E2
Umuabi 15.04 | 0.014 | 0.7 5.44E° | 22.40 | 0.02 0.14 | 3.21E* | 0.34 | 0.008 | 0.4 1.4E2

(mg/kg/person/day) values for Fe, Mn, and Ni

Table 8.3c: AF, DIM, HRI, & THQ (Zn and Cu)

Zn Cu

AF DIM HRI THQ AF DIM HRI THQ
Abak 0.13 0.006 0.0045 9.96E° 0.17 0.004 0.003 7.49E
Acharu 0.09 0.02 0.0150 4.11E# 0.54 0.010 0.0007 1.25E4
Agbarho 0.32 0.010 0.0075 1.51E* 0.17 0.006 0.004 5.63E*
Ago-Emokpae 0.20 0.014 0.0105 2.18E* 0.20 0.004 0.003 7.49E5
Apoje 1.68 0.12 0.0902 1.95E3 0.25 0.009 0.006 8.88E
Badagry 0.18 0.008 0.0060 1.15E4 0.27 0.014 0.009 1.97E4
Benin City 0.09 0.008 0.0060 1.20E4 0.40 0.008 0.005 9.74E4
Igede-Ekiti 0.07 0.004 0.0030 6.36E° 0.27 0.008 0.005 9.53E°
Ikire 0.10 0.008 0.0060 1.11E# 0.48 0.002 0.001 1.17E4
Iresa-apa 2.66 0.02 0.0150 3.95E+ 0.27 0.006 0.004 8.77E%
Nsukka 1.21 0.04 0.0300 5.43E+ 0.08 0.0016 0.001 2.35E°
Okitipupa 0.18 0.006 0.0045 1.33E# 0.98 0.02 0.01 3.55E4
Onishere 0.88 0.06 0.045 7.96E+ 1.17 0.04 0.03 4.77E*
Ubiaja 0.7 0.06 0.045 7.71E* 0.25 0.006 0.004 8.13E*
Umuabi 0.86 0.06 0.045 9.35E* 0.40 0.08 0.05 1.08E3

(mg/kg/person/day) values for Zn and Cu

The Accumulation Factor (AF) summarised in Table 8.4 and Figures 8.2 & 8.3 can best be
used to describe the degree in which the palm oil accumulates in the biological system, which
is the oil palm fruit. The AF for the metallic elements in the palm oil ranged between 324.20-
0.78 mg/kg and was greatest for Cd (324.20 mg/kg) in Okitipupa and Ni (141.3 mg/kg) in Igede-
Ekiti plantations respectively. The AF value of 0.03 mg/kg (Cr) in Badagry plantation and 0.07
mg/kg (Zn) in Igede Ekiti plantations were the least AF values investigated respectively. The
sequence of accumulation was can be described using the bioaccumulation factor, as Cd was
the greatest bio accumulator in the palm oil. The Accumulation factor (AF) for the metallic
elements Cd, Co, Fe and Mn was greater than unity in all or most of the palm oil sampled from
the plantations. This is an indication of bioaccumulation in the edible part of the oil palm tree,

the fruit. AF factors lesser than one and very close to unity were recorded for metallic elements
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such as Ni, Cu, Cr and Zn. Lower AF values show low transfer of metallic elements and a lower
risk of contamination. Overall, the value of the Accumulation Factor was maximum for

Cadmium in Okitipupa plantation and the lowest value was in Zinc (Igede EKkiti).

Table 8.4: AF, DIM, HRI, and THQ (Summary of maximum and minimum values in metals)

Meta AF AF DIM DIM Lowest HRI HRI Lowest = THQ THQ

| Highest Lowest Highest Value Highest Value Highest Lowest
Value Value Value Value Value Value

Ca 324.2 0.12 0.24 (Iresa- = 0.001 235.29 0.98(Umuabi  1.0752 0.0368(Agb
(Okitipup  (Abak) Apa) (Umuabi) (Iresa- ) (Okitipupa) = arho)
a) Apa)

Co 141.3 1.04 0.072 (Ago- = 0.001 20.57 2.86 (Abak, 0.4054 0.0416
(Igede- (Abak) Emokpae) (Ubiaja/Umua = (Ago- Badagry, (Onishere) (Badagry)
Ekiti) bi) Emokpae) @ Ikire, Iresa-

Apa, Ubiaja,
Umuabi)

Fe 333 0.52 0.016 0.002 (Iresa- 3.0 (Abak) = 0.1 (Iresa- 2.15E% 1.06E%
(Onishere  (Acharu) (Abak) Apa) Apa) (Onishere) (Nsukka)
)

Cr 2.23 0.03 2.23 0.03 0.57 0.006 1.10E°%2 1.25E°%
(Ubiaja) (Badagry) @ (Ubiaja) (Badagry) (Ubiaja) (Onishere) (Ubiaja) (Onishere)

Mn 101.3 0.25 0.04 0.0018 0.29 0.01 7.66E%3 0.01
(Apoje) (Benin (Apoje) (Agbarho) (Apoje, (Agbarho) (Okitipupa)  (Agbarho)

City) Nsukka)

Ni 2.35 0.29 0.06 (Benin | 0.006 3.0 (Benin | 0.3 6.3E02 1.6E93

(Ubiaja) (Ubiaja) City, (Abak/Apoje)  City, (Abak/Apoje) = (Apoje) (Agbarho)
Nsukka, Nsukka,
Okitipupa) Okitipupa)

Zn 2.66 0.07 0.12 0.004 (Igede-  0.0902 0.003 1.95E°% 6.36E°%
(Iresa- (Igede- (Apoje) Ekiti) (Apoje) (Igede-Ekiti) (Apoje) (Igede-
Apa) Ekiti) Ekiti)

Cu 1.17 0.17 0.08 0.0016 0.05 0.0007 1.80E°% 2.35E°%
(Onishere  (Abak/Agb = (Umuabi) (Nsukka) (Umuabi) (Acharu ) (Umuabi) (Nsukka )
) arho)

Summary of maximum and minimum values in metals
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Fig. 8.3: AF for Cr, Ni, Zn & Cu

Daily Intake of Metals and Health Risk Index

Risk assessment of the palm oil in humans was best described by the Metals Daily Intake
(DIM) and Health Risk Index (HRI) values. The exposure of the pollutants is the target
organism. This is particularly risky and hazardous to the food chain. Risk assessment is of
paramount significance in developing countries like Nigeria where the disposal of waste on

agricultural lands is largely unregulated. Although several pathways of exposure such as the
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air, water, and soil may contribute to contamination, food is significantly a higher route of
exposure. The consumption of palm oil as the stable ingredient in most foods is the pathway
to the ingestion of the metallic elements in this study. The index that describes the average
consumption of the palm oil is the DIM and HRI values (Table 8.3a, b, and c). The values
obtained for DIM and HRI in the plantations are summarised in Tables 8.4 and Figures 8.4 &
8.5.

The DIM values of the contaminated palm oil were highest for Chromium (2.23) in Ubiaja
plantation and Cadmium (0.24) in Iresa Apa plantation respectively. Lowest values were
recorded for Chromium (0.0016) and Manganese (0.00180) at Nsukka and Agbarho
plantations respectively. The DIM and HRI values were close to unity/greater than unity in most
of the plantations indicating a high risk to the food chain. The Oral Reference Dose, (RfD) was
earlier defined as a tool quantitatively used in risk assessment to evaluate the ingestion of a
non-carcinogenic contaminant per milligram per kilogram per day. An HRI greater than one
signifies that the population suffers a health risk when such food is consumed. The RfD is
related to the HRI by an equation earlier explained [40]. Much lower values of HRI were found
in metallic elements Cu, Mn and Zn. HRI values above unity signifies an indication of future
toxicity to humans via the food chain. Essential and non-essential metallic elements at high
and low concentration are detrimental at the risk assessment point of view. The values of HRI

obtained in this study are in agreement with those obtained by [2, 61, and 62].
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8.5 Target Hazard Quotient

Another important tool for the evaluation of risk assessment with the intake of toxic metallic
elements in food is the Target Hazard Quotient (THQ) [2, 59]. Toxicity of the palm oil is a
possibility since most of the THQ values obtained in the present study were above the
permissible limits as shown in Table 8.4 and Figures 8.8 & 8.9. Although non-essential
elements such as Cr, Ni, and Cd were present in the palm oil at elevated concentrations,
biochemical processes are available for their reduction in the human system. Biochemical
processes emphasize that ingested metallic elements from food is not only absorbed into

tissues as some may be excreted by the skin, kidneys etc.
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Fig. 8.8: THQ for Cd, Co & Ni

164



1.20E-02
1.00E-02
8.00E-03
6.00E-03
4.00E-03
2.00E-03

0.00E+00

8.6 Correlation studies and the distribution of metals in palm oil and soils
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Fig. 8.9: THQ for Cr, Fe, Mn, Zn, & Cu

The mobility and transfer of metals from soil to palm oil showed a positive correlation in the

metals Copper and Zinc (+0.218 and +0.266) respectively. Negative correlation was exhibited

with metals Cadmium, Cobalt, Chromium, Iron, Manganese and Nickel which showed negative
correlation of -0.106, -0.352, -0.196, -0.113, -0.253 and -0.266 values respectively. Figures

10-17 depicts the correlation between the concentrations of metals in soil and palm oil.
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Fig. 8.10: Correlation of Cd in soil and palm oil
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Co in soil and palm oil

100
90
80
70
60
50
40
30
20
10
0
Fig.8.11: Correlation of Co in soil and palm oil
Cr in soil and palm oil
140
120
100
80
60
40
20
0
¥ O © 2 ¢ QA QX . @& RO P
> L @ ¥ ' &N LY LS S
WP S EF ¥ FS @ E S
W (& & &L < & N
?93' ¥y Soil  —e—Palm oil
Fig. 8.12: Correlation of Cr in soil & palm oil
Cu in soil and palm oil
80
70
60
50
40
30
20
10
0
& F S S &
VSI \?90 %@0 Ao R Q)Q/Q\ Qgp@ \&Q,") é") \Q\} o(\\"’ N \5@
e J N—@=50il =@="Palm oil

166



80
70
60
50
40
30
20
10

90
80
70
60
50
40
30
20
10

¥ O O £ 2 QAR R R C
@”" &q;x ¥ & 6“& on\ Py @QQ : 6?: 63{‘& \Q\;Q .%(g} \5‘0\%\ RS
Yo R Q)Q’Q\ Qg’b N Y O\i_\“ N N
2 N

&

Fig. 8.14: Correlation of Fe in soil and palm oil

Fig. 8.15: Correlation of Mn in soil and palm oil

Fig. 8.13: Correlation of Cu in soil & palm oil
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Zn in soil and palm oil
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8.7. Conclusions

Agronomical practices such as pesticides and fertilizers use have been extensively applied in
agriculture due to the quest for improved yield. Agriculture produce have always been grown
on acclaimed lands such as landfills and dumpsites. The unavailability of land for agricultural
purposes, leached and drained soils, and unsuitable topography has led to the quest for
improved soil using sewage water, effluents, fertilizers, and pesticides on agricultural lands.
Pesticides, fertilizers, sewage water, and effluents contain a relatively large concentration of
metallic elements that are toxic to plants and humans when above the permissible limits. So
do landfills and dumpsites. This present study assessed the concentration of palm oil pressed
from oil palm fruits grown on anthropogenically contaminated oil palm plantation soils. This
has led to an accumulation of metallic elements in the soil onto the palm oil. However, it was
observed that the Accumulation Factor in the palm oil varied for each metal with Cadmium and
Zinc being the top accumulators in palm oil. Hence, the palm oil sampled from most of the
plantations was not desirable for human consumption but may be suitable for the agro allied
and chemical industries and for the production of biodiesel. The plantation soils have a high
concentration of metallic elements which bioaccumulated in the palm oil. The concentration of
essential and non-essential metallic elements in elevated concentrations is toxic to human life
and various signs and symptoms exhibit this.

To the best of the understanding of the authors, data is not available in the region for an
effective risk assessment on the consumption of palm oil contaminated with metallic elements
and its effect on humans. The present findings emphasize on anthropogenic contamination as

the source of pollution in the palm oil. The intake of the palm oil has the potential of causing
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detrimental and undesirable health issues in the present and future. The results disclose high
AF and HRI values above one and close to unity for most of the plantations. The investigation
proffers a concise understanding on the prevailing situation and circumstances of palm oil
poisoning and pollution with imminent and impending prospective health hazard assessment.
A crucial demand prevails to control the palm oil processed from the palm fruits in the region.
In addition, policies and programmes must be implemented, to forestall the accumulation of
the metallic elements in the palm oil. This will abate future health risks to the susceptible
population of the region. The study declares anthropogenic source of pollution as the source
of point and non-point pollution in the palm oil. The values arrived at in this study will furnish
baseline records and data for the consumption of palm oil in the region. Recommendation is
required to prevent the onset of anthropogenic pollution into the farmlands and measures be

taken for clean-up of soils before the embankment of pre and post planting operations.
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Abstract

A Reverse Phase High Performance Liquid Chromatography analysis with Ultra Violet
Visible detection spectrophotometry was employed for the simultaneous analysis of synthetic
antioxidants in virgin palm oil. The synthetic antioxidants under study were
Butylatedhydroxyanisole  (BHA), Butylatedhydroxytoluene (BHT), 2-ethylhexyl 4
methoxycinnamate (EEMC) and Propyl gallate (PG). The limits of detection for BHA, BHT,
EEMC and PG were 0.041, 0.057, 0.06 and 0.03 mg/L respectively. Limits of quantification for
BHA, BHT, EEMC and PG were also 0.56, 0.49, 0.05 and 0.04 mg/L respectively. None of the
synthetic antioxidants was detected in the real samples under investigation. This was an
indication that local farmers probably preserved the oil samples prior to storage by traditional
methods. In addition, the elemental analysis of virgin palm oil is necessary to decide if the oil

is suitable for food, fuel or raw materials for the chemical industry. The concentrations of
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metallic elements found in the oil samples analysed in this study ranged between 0.006 mg/kg
in Ubiaja plantation and 161.576 mg/kg in Benin City plantation respectively. Tin recorded high

concentration in Benin City plantation and Pb a low concentration in Ubiaja plantation.

Key words: synthetic antioxidants, virgin palm oil, micro emulsion techniques, metallic
elements, RP-HPLC, ICP-OES.

9.1 Introduction

Elaeis guineensis is commonly known as African oil palm is the virgin palm oil, having pinnate
leaves and a dense cluster of flowers, produces a thick bright red liquid. A cash crop which
strives in the tropics and is native of west Africa, such as Nigeria and others like Sri Lanka,
Malaysia and Indonesia. It is important in food processing and in industry (Adeniyi et al., 2014).
It is an essential ingredient in most processed foods, non-food productions and as a raw
material for the production of biodiesel. There is a growing need for this essential vegetable oil
as the world population increases extensively and there is a desire for good health and
improved diets (Imoisi et al., 2015). Being an essential crop for food and non-food uses, it
becomes paramount to monitor the processing of the virgin oil from planting to storage of the
finished products.

Auto-oxidation usually sets in when edible oils are stored prior to usage. This can be seen in
deterioration of the aesthetics of the oil. Antioxidants may be added to the virgin palm oil, either
natural or synthetic before storage to prevent the onset of auto-oxidation and oxidative
degradation of the oils during storage. Mancini et al., (2015) defined synthetic antioxidants
generally as substances added to foods/oils to prolong the shelf life of such foods/oils
preventing the onset of auto-oxidation that causes rancidity, change in colour, texture, and
odour of the oils. Mancini et al., (2015), further emphasized that synthetic antioxidants act by
inhibiting reactions that catalyse oxygen through the transfer of hydrogen and hence inhibiting
the chemical reactions, which favour the production of aldehydes, ketones and peroxide
radicals which are major substances contributing to auto-oxidation. The applications of
antioxidants range across a wide variety of products such as fruit concentrates and juices,
snacks, confectionaries and meat. Usually manufacturers and local farmers may use
antioxidants in the preservation of their products and this may be oblivious to the consumers.
There is a possibility of synthetic antioxidants added to farm produce. Local farmers may add
these additives to prolong the shelf life. This could be without adequate analytical
measurements or quality control. Possible health risks are associated with the intake of
synthetic antioxidants. The increased concentration of synthetic antioxidants in various

analyses from various countries in foods is not strictly recognized. Synthetic antioxidants are
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chemically synthesized since they do not occur naturally in nature and are more harmful than
beneficial to human (Kamar, 2014). At low and permitted concentrations, synthetic antioxidants
could be helpful in the prevention of spoilage of food in addition to possessing anti-
inflammatory and antiviral properties. Regulatory bodies responsible for the administration and
control of synthetic antioxidants have not been very effective especially in developing
countries. Most manufacturer label synthetic antioxidants as dietary supplements while others
especially local farmers do not give any information on the composition of a particular food
additive whether singly or in combination with other antioxidants. Synthetic antioxidants in
minute concentrations may not pose a threat to human health although elevated
concentrations and long-term use in humans can lead to acute and chronic toxicity. Chronic
toxicity is manifested in symptoms such as cancer, obesity, infertility, mutation and decreased
immunity (Hamid et al., 2010). The choice of synthetic antioxidants by the manufacturer is
dependent on many factors that range across value regulation and its efficacy (Akkbik, 2011).
Other synthetic antioxidants have been banned at some point in time in various countries.
Generally, the guidelines for the administration and control of synthetic antioxidants vary from
country to country (Pezo et al., 2008). This is one of the reasons the use of synthetic
antioxidants in foods be checked and kept under control; Hence the need to assess them in
this study.

Trace/heavy elements are also present in palm oil due to various reasons ranging from
environmental and processing processes to unwholesome agronomical methods. Ayodele and
Oluyomi (2011) reported on the issue of contamination arising during cultivation of the oil palm
tree and harvesting of the oil palm fruit due to pre-planting and post-planting farming practices
such as the use of fungicides and fertilizers residues. Contamination may also arise from a
number of factors that includes washing of the oil palm fruit with water from lead/metal pipes
or rivers. In addition, mechanical stripping of the oily flesh from the oil palm fruit, cooking and
sieving of the flesh to obtain the virgin oil palm, corrosion of the processing equipment and
storage in large metallic vessels are sources of metallic contamination (Iltumoh et al., 2013).
Other sources of anthropogenic contamination may also arise from the oil palm plantation
situated close to domestic and industrial sources of pollution (Asemave et al., 2011). The
determination of elements in virgin palm oil is of economic importance because palm oil is a
very important cash crop for the food and chemical industry. It is essential to determine the
presence of trace and major elements in palm oil as this is one of the criteria for oil quality.
Metallic elements in palm oil are deleterious because this affects the shelf life and aesthetic
quality of the oil. Elements in the oil enhance the oxidation of fatty acids to esters, which affects
the nutritional value and the properties of the oil. Trace elements are toxic at elevated

concentrations. However, trace elements are essential to man, their presence in palm oil,
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which is a raw material for a variety of food, and chemical industries may not be ideal for
production processes (Brandshaw and Thompson, 2007). This is particularly an issue in the
production of biodiesel due to the presence of such metals that consequently affects the quality

of the oil.

Hence, an analysis was initiated for the determination of four synthetic antioxidants (BHA, BHT,
EEMC and PG) and metallic elements (Al, Co, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Se, Sn and Zn) in
virgin palm oil from fifteen independent sampling locations. These methods were proposed to
achieve high throughput and low flow rate with minimal mobile phase solvent for synthetic
antioxidants and an impending problem majorly due to the dense matrix of oil samples and the
presence of metallic elements in oil at very critical concentrations. Literature survey revealed
that several analytical methods like HPLC, LC-MS, GC and GC-MS have been reported for the
estimation of synthetic antioxidants (Guo et al., 2006; Mohamed et al., 2012). Analytical
chemists have also employed several instrumental techniques for the determination of
elements in oil samples, the most common technique being Atomic Absorption Spectrometry
(Ayodele and Oluyomi 2011; Asemave et al., 2011; Olafisoye et al., 2013). The determination
of elements in oil using AAS was not adequate due to the nature of the matrix and the difficulty
of the analyte to be separated from such matrix. This was also attributed to the instability of
the analyte in the oil and the high organic content of the oil. The use of hazardous solvents
had to be employed to destroy or dissolve the matrix as the case may be so the analyte may
be free in solution. Sample separation and pre-treatment steps were long and laborious. Such
sample preparation steps such as solid phase extraction, microwave assisted acid digestion
and wet/dry ashing, involving hazardous acids or a mixture of both was normally employed.
Another disadvantage of this process was the use of very expensive organometallic standards
for instrument calibrations. There was also a need to develop a HPLC method, which could be
employed for the routine analysis of virgin palm oil either singly or in combination using simple
mobile phase composition. The method eradicated the use of hazardous chemicals and the
use of expensive unstable organometallic standards for calibration. Micro emulsions were
employed for the determination of metallic elements. They were stable thermodynamically
when tested using a UV spectrometer after being observed for about three hours. The micro
emulsions were composed of water, oil, and alcohol and in some instance, a surfactant such
as a base in other instances. Additionally, the micro emulsion particles were homogenous and
were actually in the order of 5-100nm in size suspended in a phase which is continuous (Xiu-
Qin et al., 2009).

The proposed ICP-OES analysis using oil-water micro emulsion as sample preparation method

was not only reproducible, accurate and reliable but also equally convenient because it
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provided a sample extraction capable of breaking down complex matrix in virgin palm oil for
metallic element analysis (Perrin and Meyer, 2003; Maruyama et al., 2014). To the best of our
knowledge, research has not been conducted on the simultaneous analysis of BHA, BHT, PG
and EEMC in virgin palm oil samples using HPLC and also trace elements in virgin palm oil
with micro emulsion as sample preparation method by ICP-OES; both methods using UV/Vis
detection techniques. The analyses provided accelerated and precise methods for the
qualitative and quantitative determination of synthetic phenolic antioxidants and trace elements
in virgin palm oil sampled from 15 locations on oil palm plantations in southwestern, south

eastern and south southern Nigeria.

9.2 Materials and methods

9.2.1 Sampling and chemicals

Virgin palm oil was sampled from fifteen sampling locations that included the Nigerian Institute
for Oil Palm Research (NIFOR) and its substations. More samples were collected from areas
in the southern states of Nigeria where the oil palm tree was extensively cultivated and
received input of pollution characteristics. Sampling points were partitioned into four sections
and a sample was collected from each section to make a grab sample. Sampling was also
based on factors such as densely populated areas and areas receiving intense pollution stress.
The sampling containers were sterilized and the samples preserved in a refrigerator prior to
analysis in the laboratory. All chemicals used for the analysis were purchased from Sigma
Aldrich (USA) and were of analytical grade. The chemicals included Propyl gallate (PG) 99.8
% pure, n-hexane, methanol (HPLC grade), Butylhydroxytoluene (BHT) (=99 % pure),
acetronitrile, ethanol, acetic acid, 2-ethylhexyl 4 methoxycinnamate (EEMC),
Butylatedhydroxyanisole (BHA), Petroleum ether, Hydrochloric acid, propan-2-ol and metal

standards

9.2.2 Preparation of micro emulsion for metal analysis

About 0.5 g of each of the oil samples was accurately weighed into a 100 mL polypropylene
tube with lid. HCl was added (c.a 2 mL) and propan-2-ol to a final volume of 10 mL. The mixture
was shaken vigorously on a shaker for 30 minutes to obtain an evenly dispersed homogenous
emulsion that remained stable without dispersing when left for about four hours (Brandshaw
and Thompson, 2007). This was kept in the fridge at 4 °C for metallic element analysis using
the ICP-OES.
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9.2.3 Extraction procedure for virgin palm oil for synthetic antioxidant analysis

The modified extraction method proposed by Capit'an-Valley et al. (2002) for the determination
of BHA, BHT, PG, and EEMC method was employed. Virgin palm oil samples (0.5 g) from
fifteen independent sampling locations were weighed in individual centrifuge tubes.
Acetronitrile and hexane in a ratio of 3:1 were added to each tube and the contents of the tubes
homogenized for about 5 minutes at 1800 rpm and further homogenized at 4000 rpm for an
additional 5 minutes. Centrifuged samples were allowed to separate into two layers and the
non-polar phase (acetronitrilephase) was collected and extracted thrice using the same
extraction technique. The re-extracted phases were re-collected into a 10 mL sample flask and
made up to the 10 mL mark with acetronitrile. This was kept in the refrigerator prior to HPLC

analysis.

9.2.4 Preparation of stock solution standards for synthetic antioxidants and metal
analysis

Quality type water (reverse phase osmosis) was used throughout the analysis. A concentration
of 5000 mg/L of stock solution was employed for the analysis and was prepared by dissolving
1250 mg/L of each of the antioxidants comprising of BHA, BHT, PG and EEMC in a100 mL
standard flask and made up to the mark with acetronitrile. Out of the stock solutions, working
solutions of 10 yg/mL were prepared. The repeatability of the method was checked using six
injections of the working standard. The linearity was determined in the range of 0.3-11 pg/mL.
The recovery of the method was achieved by spiking 50 mg/kg of each antioxidant and
analysed using similar methods (Capitan-Valley et al., 2002; Capitan-Valley et al., 2004;
Reichenbach et al., 2009).

9.2.5 HPLC analysis and instrumentation

An ODS C1g Chromatographic column with a particle size of 5 yL was used (4.6 x 250) cm. An
Isocratic system with mobile phases of 75:25 v/v methanol: water mobile phase was employed.
The Agilent Technologies (1200 series) RP-HPLC Instrument used for the analysis was
equipped with UV/Vis detector and quaternary pumps. The maximum wavelength chosen was

280 nm and 1 mL/min flow rate.

9.2.6 ICP-OES analysis and instrumentation
The Inductively Coupled Plasma Optical Emission Spectrometer (Spectro Arcos FHS 12 ICP-
OES) equipped with radial viewed plasma was used for the research. The instrumentation has

been extensively discussed in Olafisoye et al., 2014.
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9.3 Results and discussions

9.3.1 High performance liquid chromatography analysis for the determination of
synthetic antioxidants Identification assignment and integration of peaks

The aim and objective of qualitative analysis is to identify what type of analyte is contained in
the sample. In this analysis, this was achieved by the use of reference standards. The optimum
wavelength of the UV/Vis spectrometer for BHA, BHT, EEMC and PG shows maximum
absorption between 275 nm and 300 nm. The UV/Vis wavelength for the RP-HPLC was fixed
at 280 nm for simultaneous determination of the four antioxidants.

The sample components to be identified were known and the peaks within the chromatogram
were assigned to the known components. Hence, standards of the pure components were
injected into the HPLC-UV instrument under identical conditions and peaks were assigned
based on the retention times of the standards with the UV/Vis detector aiding in the
identification of the spectra in assigning peaks. The retention factor and the response of the
peaks in the instrument were compared with the sample chromatogram. The concentrations
of the standard solutions were matched to that of the real samples as peak mis-assignment
due to shape defects and were avoided as much as possible (Capitan-Valley et al., 2002;
Capitan-Valley et al., 2004; Reichenbach et al., 2009). The analysis was carried out in the

reverse order and a more vigorous peak assignment and confidence was achieved.

9.3.2 Spiking

The samples were spiked with standards for the confirmation of the identity of the sample
component peaks. Table 9.1 presents the results of the recovery study for BHA, BHT, EEMC
and PG by RP-HPLC-UV/Vis at Amax = 280nm.

9.3.3 Quantitative identification

Matching the recorded spectra of the standard solution with that of the sample spectrum was
used as a quantitative determination of the peak assignment. Quantitative peak areas were
used to calculate the concentration of the compounds in the samples. Standard solutions (10)
of BHA, BHT, EEMC, and PG of multi linear concentrations of 1.5, 10, 15, 25, 50, 75, 100, 125
and 250 mg/L were prepared in acetronitrile. The peak areas of the four antioxidants standards
(BHA, BHT, EEMC, and PG) were plotted against the concentrations to obtain a wide
concentration range in the samples. The samples were analysed to obtain instrument response
and the response was compared with the responses obtained from the four standards. The
quantitative determination of the compounds in the samples was achieved using this method

under identical conditions.
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9.3.4 Requirements of the chromatogram

The accuracy of the quantification was affected strongly by the resolution of the peaks and the
nature of the baseline around the peaks under investigation. Peaks well separated were easy
to reproduce and integrate. In addition, measures were taken as to ensure that other interfering
peaks do not affect the integration or height of the peaks of interest. The results show that
some of the peaks were eluted on sloppy and noisy baseline that made reproducibility difficult.
Other peaks were eluted with split or shoulders and tailings. The baseline and perpendicular
method was used to resolve the abnormality. From the calibration curve, the concentration of

the sample was calculated using the formula.

Concentration of Sample = Response RF X M X D ...........(9.1)

where Response is the peak area; RF is the response factor got from the calibration curve, M
is a multiplier, which takes into account the purity of the standard, while D is the dilution factor
(Capitan-Valley et al., 2002; Capitan-Valley et al., 2004; Reichenbach et al., 2009).

9.3.5 Information from the calibration curve

9.3.5.1 LOD (Limit of Detection)

This was calculated as the minimum concentration of the analyte that can normally be detected
in the sample. LOD was expressed as the concentration of the lowest measure in the analysis.
The samples, standards and blanks were analysed under identical conditions.

9.3.5.2 LOQ (Limit of Quantification)
This was the lowest concentration of an analyte in the sample where positive identification was
measured for quantification. It is thrice the LOD. Table 9.2 shows the validation of the analytical

procedure.

9.4 Analysis of real samples

Fifteen different virgin palm oil samples from independent palm oil plantations in the southern
states of Nigeria were analysed. The samples were analysed for BHA, BHT, EEMC and PG
contents. The real samples were analysed in triplicates. The retention factors and response of
the peaks presented in all the samples were compared against that of the standards for BHA,
BHT, EEMC and PG. The peaks of the real samples could not be assigned tentatively. This
was no agreement with the peak of the samples and standards since all the antioxidants under
studies were not detected in the analysis of the real samples. Hence, there was no close match

between the chromatograms of the real samples and standards. Hitherto quantitative analysis
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of the real sample peaks was integrated and identified for determination of sample
concentrations. The response of the samples containing the unknown concentration was also
matched against that of the response of standards to determine the amount of antioxidants
present. This was closely observed to avoid peak mis-assignment due to peak size and shape
effects. The analysis was performed under a reverse phase condition to increase the
confidence of the results. None of the antioxidants under study was detected in any of the real

samples under study.

9.5 ICP-OES analysis for the determination of metals

The results for the analysis of metallic elements are presented in Tables 9.3 - 9.7. The results
revealed detectable levels of the metallic elements as most of them exceeded the WHO
permissible limits for metallic elements in vegetable oils (WHO, 2011).

The application of Pb metal is numerous in industry. It is not an essential element with health
importance to neither plants nor animals. The concentration of Pb recorded was highest in
Onishere (0.847 mg/L) and lowest in Badagry (0.014 mg/L) respectively). WHO (2011)
permissible limit for Pb in vegetable oils is 0.01 mg/L and most of the palm oil samples analysed
recorded elevated levels above this limit. An exception was Ubiaja plantation that recorded
0.006 mg/L. Pb is a soluble metallic element in soil solution. Concentration of Pb in the
environment is usually from anthropogenic sources such as the exhaust pipes of vehicles or
machines being ran on leaded petrol and electronic waste such as leaded batteries (Chibuike
and Obiora, 2014; Olafisoye et al., 2014; Anju and Barnajee, 2011). Bitumen deposits, lead
acid battery factories, and glass-making industries in and around the vicinity of the plantation
may contribute to particulate Pb, which may get into the oil during processing. Generally, all
the machineries used for processing were run on leaded petrol/diesel and could be a
contributory factor of high lead concentrations on the plantations. Similar studies on soils
sampled on the oil plantations have shown that Pb is a potentially mobile element and soluble
in soil water and under acidic conditions of the soil, it becomes mobile and can bio-accumulate
in the palm fruit (Yasmin et al., 2000).

A recent study on the bioavailability of metallic elements in the soil reflected the environmental
quality objectives of manganese in soil solution (Olafisoye et al., 2016). This reflected that Mn
is loosely bound to organic matter and clays in the form of precipitates in the speciation studies
in soil of the oil plantation under investigation. Mn is essential to plants and animals and it is a
potentially mobile metallic element in soils, which is usually bound to the organic phases.
Potentially mobile elements also exist in the mobile phase as carbonate, sulphides, or organic
forms. The metallic element is released into soil solution under acidic conditions and accessible

for plant uptake. Mn possesses antioxidant properties and is a very active component of the
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mitochondria preventing plants and animals from cellular damage and oxidative stress. This
makes it an essential metallic element that may be toxic at elevated concentrations. It is also
accessible to plants since it is soluble in soil solution and not bound to the crystalline lattice of
soil. This has the tendency to bio accumulate in the palm oil fruits under acidic conditions. A
study on plant and human health has also revealed the devastating effects of Mn in human
(Levy and Nassetta, 2003; Lawrence et al., 2009). Previous studies on the oil palm plantation
have shown that the soil has a pH of between 4 and 5 which is acidic. The oil samples analysed
did not reveal elevated levels of Mn. Since the concentrations of Mn in all the oil samples under
investigation were below the WHO (2011) permissible limits of Mn in vegetable oil, the
bioaccumulation of Mn in this study may not pose danger to plants and humans.

Cadmium is a metallic element that is found in the exchangeable fractions of the soil. The
exchangeable fraction of the soil has potential toxic and hazardous effects on man and plants.
Cd is the most assessable metallic elements to pollutants because it is the most mobilisable
metallic element (Aziz et al., 2014). This is because it is found in the soluble fraction or the
non-residual fraction, it is not found in the insoluble or the residual fraction of the soil. The
concentration of Cd in oil on the plantations ranged from 0.127 (Badagry/Abak plantation) to
0.762 (Igede-Ekiti plantation). All the plantations under study had elevated concentrations of
Cd, which exceeded the WHO (2011) permissible limits for Cd (0.005 mg/L) in vegetable oils.
Cd is not an essential element. Although Cd may be found naturally in the earth crust, possible
sources of anthropogenic Cd poisoning in the oil samples may be from the use of fertilizers
and insecticides in unwholesome farming practices. Other sources may be from effluents of
electronic waste, mining, and metal smelting companies. Toxicity of Cd in humans includes
infertility, pulmonary and renal maladies (Aiwegbue et al., 2011). The concentration Cd on the
oil palm plantation can also be traced to the accessibility of the metal element by the plants
from soil water. Previous studies of the soil water from the oil palm plantations especially
recorded high concentrations of Cd due to electronic waste dump leachate in soil water from
the plantations. Such oil sampled from the plantation may be rather suitable for industrial use
rather than consumption because Cd is as a human/animal carcinogen. Other deleterious
effects of Cd poisoning include respiratory tissue ulcers/lesions and infertility. Since Cd is a
very mobile element readily available in the exchangeable fractions of the soil, it is the most
bioavailable metallic element found in this fraction and easily released to soil solution hence
toxic. This makes it accessible to the plants and hazardous when bio-accumulated in the fruit
(Bernhoft, 2013, Tran and Popova, 2013).

Cobalt being a mobile element is fairly mobilised in the soil. It is essential for the treatment of
blood disorders, foetal development, and exists in the diet as vitamin B+, (Permenter et al.,

2013; Zhang et al., 2010). The concentrations of Co in the oil samples studied ranged between
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0.098 mg/L in Abak and 0.665 mg/L in Nsukka plantation respectively. Although Co occurs
naturally in the environment, anthropogenic sources may arise from the burning of fossil fuels
and the smelting of metals. Cobalt may also be found in effluents of porcelain and paint
industries. Cobalt being a mobile element, hence the concentration of Co in soil will be
assessable to plants and may bio-accumulate in the fruits. In addition, production processes
can also accumulate Co in the palm oil fruit. Elevated concentration of Co is toxic and
manifested in humans as symptoms such as blood and lung disorders (Bhattacharya et al.,
1995). WHO (2011) permissible limit for Cobalt in vegetable oils is 0.060 mg/L. All the olil
plantations investigated revealed elevated concentrations in the palm oil. This buttresses the
results from previous speciation study on the oil palm plantations that show that the
concentration of Co was above the permissible limits for Cobalt in soils and this is in agreement
with the bioaccumulation of the Cobalt in the fruits of the oil palm tree.

Chromium is easily found with soil organic matter when studied in speciation studies. It exists
as Cr* in soil solution. Cr¥*is used extensively in industry, hence it is readily available in the
environment (Baralkiewicz and Siepak 1998). In the presence of elevated pH and organic
matter, Cr3* is metabolised to Cr®*, which is the toxic form of Chromium. Although Cr may be
an essential metallic element required in trace amounts for the metabolism in plants and
animals and enzyme activity, elevated concentrations especially Cr8* is toxic and lethal to life.
WHO (2011) permissible limit for Cr in vegetable oil is 0.1 mg/L. The plantations under study
revealed highest and lowest concentrations of Cr as 0.011 mg/L (Onishere plantation) and
0.998 mg/L (Ubiaja plantation) respectively. Most of the oil samples investigated showed high
concentrations of Cr metallic element.

A metallic element, which possesses antioxidant properties, is Copper. It is a component of
antioxidant enzyme ferroxidase. This assists in the regulation of iron and the metabolism of
carbohydrate from storage. Previous speciation studies on soil on the oil palm plantations
revealed Cu exists in the immobile fraction of the soil that is insoluble in soil solution and poorly
oxidised or reduced. The concentrations of Cu in the palm oil samples ranged from 0.022 mg/L
to 0.446 mg/L. This was above the WHO (2011) permissible levels for Cu in palm oil. Studies
on the toxicity of Cu had revealed that elevated levels of Cu are toxic and causes
bioaccumulation and bio-magnifications in fruits. Being a semi mobile metallic element, bio-
accessibility and bioaccumulation is enhanced since its mobility is increased at lower soil pH.
Adverse effects of this are seen as manifested in liver and genetic disorders and Wilson’s
disease (Ek et al., 2001). Anthropogenic sources of Cu on the oil palm plantation could be from
effluents of coin and electrical wiring industries and pesticides containing Cu.

Anthropogenic pollution from Iron usually outweighs the natural forms in which Iron exists

especially in the forms of mica and clay. Anthropogenic sources of Fe pollution may be from
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casings of wells, pumps, Iron pipes, and crude oil drilling. Effluents from landfills may also
leach the metallic element into soil water. Toxicity of Fe is manifested in oxidative stress,
anaemia, reduced growth and death (Xing and Liu, 2001; Ajala and Onwukeme, 2012). Iron is
also a semi mobile element. It is an essential element and a component of the enzyme
haemoglobin. WHO (2011) permissible limit for Cr in vegetable oil is 0.2 mg/L. Onishere and
Abak plantations recorded 0.211 mg/Land 0.673 mg/L elevated levels of Fe in the study. Crude
oil drilling and processing near Abak plantation may be responsible for the elevated
concentration of Fe in the palm oil sampled from the plantation.

Zinc, nickel and selenium are immobile elements and their concentrations in the oil samples
under investigation were relatively high in the oil samples under study (Hajo and Lohar, 2009;
Laura et al., 2010). Under favourable conditions, these metals may be released from their
residual crystalline and immobile phases into soil solutions for absorption by plants. Zn, Ni,
and Se have been considered by researchers as essential elements with great antioxidant
properties protecting the body against the actions of free radicals and usually toxic when
concentrations are elevated (Sieprawska et al., 2015). Human, for the proper functioning of
the respiratory and cardiovascular organs requires selenium. It actively participates in the
activity of the thyroid hormone. Its strength as an antioxidant enzyme is manifested in the
inhibition of the HIV to AIDS (Oguntibeju et al., 2010). Ni and Zinc assist vitamin C and E by
Enhancing fertility and the prevention of oxidative stress by free radicals. Plants take in metallic
elements via the soil solution and ideally, this reflects the level of environmental pollution of
the area. It is erroneous to base environmental quality of the area on the total metal
concentrations rather than the availability of the metallic elements in soil solution (Chibuike
and Obiora, 2014).

Environmental pollution arising from aluminium and tin are usually from utensils on dumpsites
and in landfills. The leachate from such sites seeps into soil water causing environmental
pollution (Roseland et al., 1990). Al and Sn are not essential elements and have no biological
importance to life. Nervous system disorder and Alzheimer diseases are signs of Al toxicity
(Sparling and Lowe, 1996; Vardar and Unal, 2004; Ashraf et al., 2012). Tin element toxicity is
seen in symptoms such as intestinal and urinary tract infections. WHO (2011) permissible limits
of Al and Sn in vegetable oils are 0.05 and 0.01 mg/L respectively. All the plantations under
study showed elevated levels of Al and Sn. Organotin compounds have been studied to be
carcinogenic. However, recently, some of the compounds are useful in agriculture as
insecticides, fungicides and in the treatment of some forms of cancer (Wesdock, 2014).

Total concentration of metallic elements (mg/L) analysed in water and soil from previous
findings and virgin palm oil samples presently on the oil palm plantations were presented in

Tables 9.5, 9.6 and 9.7. This assessed the possible human health threats linked with the intake
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of palm oil contaminated with toxic metals. Contaminated palm oil with essential metallic
elements above the recommended values also become toxic. A possible route of human
contact to slow poisoning is from the ingestion of contaminated food. Several sources of
contamination of the oil palm plantations were identified in this study. Soil acidity and/or
alkalinity are a major contributing factor to the bioavailability and accessibility of metallic
elements in soils. Smith and Giller (1992) confirmed a decrease in the bioavailability and
accessibility of metallic elements with increasing pH. This fact was attributed to the formation
of insoluble complexes coupled with the removal of hydroxides and carbonates from soil
solution. Low pH values have also been associated with a reduction on particle soil size and
organic matter. Other factors, which varied significantly in the bioavailability and mobility of
metallic elements in soil, were redox reactions, cation exchange capacity, soil chemistry
amongst other soil properties (Mukherjee, 1998). The pH of the soil studied on the oil palm
plantation ranged between 4 and 7. Under these conditions, metallic elements in the soil
solution are bioavailable and accessible to the plants grown on these soils due to increased
mobility. This is hazardous to humans and the food chain due to the fact the crops bio
accumulates toxic metals in their edible parts especially their fruits (Wei et al., 2005).
Bioaccumulation and bio magnifications of metallic elements in plant tissues is influenced by
factors such as pH, moisture content of the soil, soil organic matter and nutrient load. Rupa et
al., 2003 studied an elevation in the uptake of metallic elements such as Zn, Cr, Fe and Fe
due to the occurrence of soil organic matter. In this study, the relationship between soil factors
and metallic elements determined the bioaccumulation and accessibility of the toxic elements
in the palm oil. The soils analysed on the plantations were acidic, an indication of elevated
concentrations of the metallic element in the oil samples. This prompted an increase in
mobilization and uptake of the metallic elements in the palm oil. Iltanna in 2002 emphasized
the influence of morphology and physiology of plants as an important factor in mobility,
bioaccumulation and elimination of metallic elements in soils. Toxic metallic elements route to
humans and the food chain via consumption of food crops. This is especially hazardous and a
critical health risk issue when the metallic elements exceed the permissible levels in palm oil.
The food chain as a pathway of toxic metallic elements is vital in risk assessment in developing
countries like Nigeria since ingestion of palm oil remains deregulated. Palm oil is a stable
ingredient for the preparation of most dishes in Nigeria and consumed regularly by the
population at large. Scientists such as Horiguchi et al., 2004 implied that the intake of metallic
elements does not equate the concentrations absorbed by humans. He further explained that
part of the absorbed dose is eliminated through various biochemical processes. The remainder
portion becomes bio accumulated and biomagnified in humans. This study can be used to

assess crop pollution and prospective risk assessment.
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Comparison of the concentration of metallic elements on the water and soil of the oil palm
plantations from previous findings to that found in the palm oil in this study show that the
concentration of the metallic elements varied considerably. Metallic elements have the ability
to be translocated from soil and water to various parts of the plants. Invariably researchers
have studied the oil palm tree extensively as an effective crop in remediation technology. It is
a cheap choice to phytoremediation because it is low in maintenance and eco-friendly. Soils
are cleaned up as the oil palm tree translocated metallic elements from soils/water to various
parts of the plant such as the fruits or stems. This provides interesting tools to sites
contaminated by toxic metals. Cunningham and Ow (1996) have studied the accumulation of
metallic elements in parts of the oil palm tree such as the stem and the root. Research is limited
in area of the virgin palm oil which is the oil palm fruit to decide if accumulation may be higher

in such parts.

9.6 Conclusion

Auto-oxidation usually sets in when virgin palm oil is stored prior to usage. This can be seen
in deterioration of the aesthetics of the oil. Antioxidants may be added to the virgin palm oil,
either natural or synthetic before storage to prevent the onset of auto-oxidation and oxidative
degradation of the oils during storage. Trace/heavy elements are also present in palm oil due
to various reasons ranging from environmental and processing processes to unwholesome
agronomical methods. High concentrations of metallic elements in virgin palm oil affect the
flavour, colour, shelf life, and taste of oil used as food. Elements in the oil enhance the oxidation
of fatty acids to esters, which affects the nutritional value, and the keeping properties of the oil.
The research determined the simultaneous analysis of synthetic antioxidants in virgin palm oil
samples using HPLC and trace elements in virgin palm oil, with micro emulsion as sample
preparation method by ICP-OES. Both methods used UV/Vis detection techniques. Synthetic
antioxidants were absent in the virgin palm oil in all the plantations under study. Most of the
plantations recorded significant levels of the metallic elements. The virgin palm oil is not
suitable for food at its present state due to the presence of elevated concentrations of the
metallic elements; but can be used in the raw material/chemical industry and in the production
of biodiesel. The maximum concentration of metallic elements allowed in virgin palm oil used
as food is much lower than that used as biodiesel or raw material for the chemical industry. It
is recommended that the level of environmental pollution on the plantation be eradicated or
reduced to the barest minimum to improve the quality of the virgin palm oil for human
consumption. In addition, agronomical practices, pre-planting, and post planting activities
should be done under sanitary conditions. This would potentially reduce metallic elements

improving the quality of virgin palm oil. Individuals and governmental bodies should address
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point and non-point sources of the environmental pollution on the oil palm plantation. This is
of paramount importance considering the fact that the oil palm tree is an essential crop. The

analytical methods may be employed for routine laboratory analysis.
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Table 9.1 BHA, BHT EEMC & PG

Spiked (mg/L) BHA BHT EEMC PG

1 126.2 103.4 151.7 101.3
2 108.7 99.4 109.2 95.3
5 83.4 773 81.7 89.4
10 62.1 61.3 66.8 59.4
15 59.9 448 55.2 50.8
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Table 9.2 Analytical validation for SPA

Compound Rgtention time | Calibration Equation R? RSD (%) | LOD (mg/L) | LOQ (mg/L)
BHA :(;ngs) y=1933x+12722 1 0.635 0.041 0.56
BHT 15.58 y=95893x+42687 0.999 | 0.989 0.057 0.49
EEMC 8.55 y=20773x+20897 0.999 | 0.594 0.006 0.05
PG 2.22 y=1941x+4903 0.998 | 1.075 0.003 0.04
Table 9.3: Concentration of metals in oil A
Location Al Co Cd Cr Cu Fe
Abak 0.062+0.024 | 0.098+0.003 | 0.127+0.001 0.056+0.004 | 0.070+0.002 | 0.211+0.007
Acharu 0.524+0.004 | 0.104+0.001 | 0.139+0.001 0.047+0.001 | 0.117+0.001 | 0.091+0.004
Agbarho 0.451+0.008 | 0239+0.001 0.683+0.001 0.340+0.002 | 0.075+0.001 | 0.159+0.005
Ago- 0.245+0.006 | 0.104+0.001 | 0.140+0.001 0.068+0.001 | 0.070+0.003 | 0.168+0.013
Emokpae
Apoje 0.3904+0.001 | 0.458+0.001 | 0.266+0.002 | 0.778+0.002 | 0.083+0.002 | 0.152+0.009
Badagry 0.115+0.007 | 0.091+0.002 | 0.127+0.001 0.0284+0.003 | 0.184+0.003 | 0.174+0.043
Benin city 0.11240.002 | 0.332+0.001 | 0.557+0.002 | 0.661+0.002 | 0.091+0.002 | 0.139+0.005
Igede-Ekiti 0117+0.001 0.5511£0.002 | 0.762+0.002 0.430£0.002 | 0.090+0.001 0.137+0.002
Ikire 0.833+0.010 | 0.103+0.001 0.138+0.001 0.032+0.001 0.109+0.001 0.184+0.005
Iresaapa 0.041+£0.010 | 0.131+0.001 0.139+0.001 0.046+0.001 0.082+0.002 | 0.136+0.001
Nsukka 0.368+0.001 | 0.665+0.004 | 0.611+0.001 0. 334+0.002 | 0.022+0.001 | 0.033+0.002
Okitipupa 0.112+0.002 | 0.311+0.002 | 0.389+0.002 | 0.028+0.001 | 0.332+0.002 | 0.112+0.001
Onishere 0.098+0.003 | 0.887+0.002 | 0.445+0.0050 | 0.011+£0.001 | 0.446+0.006 | 0.673+0.003
Ubiaja 0.018+0.001 | 0.102+0.001 | 0.137+0.001 0.998+0.001 | 0.076+0.005 | 0.187+0.023
Umuabi 0.074+0.002 | 0.100+0.001 | 0.131+0.001 0.040+0.001 | 0.101+0.007 | 0.170+0.003
Table 9.4: Concentration of metals in oil B
Location Mn Ni Pb Se Sn Zn
Abak 0.066+0.001 0.068+0.001 0.043+0.027 | 0.116x0.001 0.110+0.001 0.083+0.002
Acharu 0.073+0.004 | 0.164+0.003 | 0.090+0.001 0.699+0.048 114.993+1.03 | 0.342+0.001
Agbarho 0.023+0.001 0.089+0.005 | 0.054+0.001 0.011+0.003 3.09010.004 0.126+0.001
Ago- 0.064+0.001 0.202+0.004 | 0.030+0.004 | 0.810+0.081 7.685+4.025 0.182+0.002
Emokpae
Apoje 0.456+0.002 | 0.786+0.001 0.155+0.001 0.672+0.003 0.552+0.002 1.621+0.073
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Badagry 0.071+0.001 0.184+0.003 0.014+0.008 0.374+0.105 145.429+4.15 | 0.096+0.001
9
Benin city 0.073+0.001 0.76040.002 0.341+0.001 0.913+0.048 161.576+£3.90 | 0.100+0.001
7
Igede-Ekiti 0.076x0.001 0.177+0.001 0.028+0.006 0.926+0.001 160.328+0.73 | 0.053£0.003
1
Ikire 0.070+0.001 0.182+0.002 0.020++0.003 | 0.077+0.001 86.583+5.729 | 0.092+0.001
Iresaapa 0.068+0.001 0.167+0.001 0.221+0.003 0.440+0.027 109.867+3.32 | 0.329+0.001
3
Nsukka 0.482+0.001 0.672+0.003 0.672+0.003 0.672+0.003 23.112+0.003 | 0.452+0.001
Okitipupa 0.672+0.003 0.672+0.003 0.6720+0.003 | 0.672+0.003 56.444+0.001 | 0.111+0.001
Onishere 0.113+0.002 0.543+0.003 0.847+0.001 0.256+0.003 32.680+0.002 | 0.663+0.002
Ubiaja 0.037+0.002 0.174+0.001 0.006+0.001 0.176+0.029 92.272+5.215 | 0.642+0.001
Umuabi 0.264+0.003 0.178+0.002 0.175+0.001 0.864+0.002 0.682+0.001 0.779+0.001
Table 9.5: Concentration of metals (Cd Co Cr)
Plantation | cd Co | Cr
Soil Water Qil Soil Water Qil Soil Water Qil
Abak 1.09 + 0.261£0. | 0.12740 | 9.42 + 0.61+0. | 0.098+0 | 109.56 0.97+0. | 0.056+0
0.2 01 .001 0.3 03 .003 +0.1 01 .004
Acharu 1.09 + <0.26 0.13940 | 2.17 + 0.3240. | 0.104+0 | 45.67 = 0.96+0. | 0.047+0
0.2 .001 0.1 09 .001 0.1 03 .001
Agbarho | 1.09 + 0.261£0. | 0.683+0 | 3.98 + 0.31+0. | 0239+0. | 132.21 0.98+0. | 0.340+0
0.2 01 .001 0.2 04 001 +0.1 02 .002
Ago- 1.09 + 0.261£0. | 0.140+0 | 2.07 0.304£0. | 0.104+0 | 25.50 + 0.95+0. | 0.068+0
Emokpa | 0.2 01 .001 0.1 02 .001 0.3 05 .001
e
Apoje 1.28 + 0.33+0. | 0.266+0 | 1.03 + 0.31+0. | 0.458+0 | 99.92 + 0.90+0. | 0.778+0
0.1 03 .002 0.1 01 .001 0.1 01 .002
Badagry | 4.26 + 0.39+0. | 0.127+0 | 2.61 % 0.31+0. | 0.091+0 | 108.67 <0.94 0.028+0
0.2 02 .001 0.1 06 .002 +0.1 .003
Benin 1.33 % 0.26£0. | 0.557+0 | 1.32 % 0.31£0. | 0.332+0 | 78.11 = 0.94+0. | 0.661+0
city 0.1 02 .002 0.2 05 .001 0.1 01 .002
Igede- 0.39 + 0.261£0. | 0.762+0 | 1.45+ 0.31£0. | 0.551+0 | 56.45 + 0.91+0. | 0.430+0
Ekiti 0.2 01 .002 0.1 02 .002 0.1 06 .002
Apomu- | 0.27 + 0.26£0. | 0.138+0 | 1.05 0.4440. | 0.103x0 | 34.99 + <0.31 0.032+0
lkire 0.1 03 .001 0.2 06 .001 0.2 .001
Iresa- 1.32 0.27£0. | 0.139+0 | 2.55+ 0.44+0. | 0.131x0 | 111.08 0.02+0. | 0.046z0
apa 0.1 01 .001 0.1 06 .001 +0.1 02 .001
Nsukka | 1.12 % 0.27+0. | 0.611+0 | 2.23 0.31+0. | 0.665x0 | 124.42 0.83x0. | 0.
0.1 01 .001 0.1 05 .004 +0.3 05 334+0.0
02
Okitipup | 0.12 £ 0.2740. | 0.389+0 | 2.61 * 0.34+0. 0.311+0 | 66.89 + 0.86+0. | 0.028+0
a 0.1 01 .002 0.2 03 .002 0.1 05 .001
Onisher | 0.37 + 0.3240. | 0.445+0 | 0.80 0.13%0. 0.887+0 | 111.11 <0.21 0.011+0
e 0.1 03 .0050 0.1 08 .002 +0.3 .001
Ubiaja 0.32 <0.32 0.137x0 | 245+ 0.54+0. 0.102x0 | 4290 £ <0.02 0.998x0
0.1 .001 0.1 01 .001 0.2 .001
Umuabi | 0.32 0.32+0. | 0.131+0 | 1.14 ¢ 0.55+0. 0.100£0 | 111.02 0.26+0. | 0.040%0
0.1 03 .001 0.1 01 .001 +0.1 02 .001
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Table 9.6 Concentration of metals (Cu Fe Pb)

Plantation | Cu Fe | Pb
Soil Water Qil Soil Water Qil Soil Water Qil
Abak 39.11+ | 1.01£0.0 | 0.070+0. | 30.99+ | 0.63+0.0 | 0.211+0. 6.84 1.13+£0.0 | 0.043+0.
0.2 1 002 0.3 2 007 0.2 4 027
Acharu 12.92+ | 0.99+0.0 | 0.117+0. | 40.34 + | 0.81+0.0 | 0.091+0. 7.03 1.36+0.1 | 0.090+0.
0.1 2 001 0.1 1 004 0.1 5 001
Agbarho | 45.06 £+ | 1.31+0.0 | 0.075+0. | 12.34+ | 0.09+0.0 | 0.159+0. | 11.01+ | 1.43+0.3 | 0.054+0.
0.4 9 001 0.1 1 005 0.1 8 001
Ago- 35.08 + | 0.10+0.0 | 0.070+0. 9.11+ 0.02+0.0 | 0.168+0. | 10.92+ | 1.39+0.2 | 0.030=0.
Emokpa 0.1 1 003 0.2 2 013 0.2 4 004
e
Apoje 33.22+ | 0.12+0.0 | 0.083%0. 6.63% 0.05+0.1 | 0.152+0. | 12.32+ | 0.85+0.0 | 0.1550.
0.1 1 002 0.1 1 009 0.1 4 001
Badagry | 69.11+ | 0.12+0.0 | 0.184+0. 1.81+ 0.17+0.1 | 0.174+0. | 1243+ | 1.39+0.2 | 0.0140.
0.1 1 003 0.2 4 043 0.2 4 008
Benin 23.02+ | 0.01£0.0 | 0.091+0. 2.02 + 0.10+0.0 | 0.139+0. | 1253+ | 1.15+0.2 | 0.3410.
city 0.2 1 002 0.1 4 005 0.3 3 001
Igede- 3341+ <0.13 0.090+0. 0.05+ 0.01+0.0 | 0.137+0. | 11.51+ | 0.78+0.2 | 0.0280.
Ekiti 0.1 001 0.1 1 002 0.1 3 006
Apomu- | 22.63+ | 0.10+0.0 | 0.109+0. 1.10 + 0.03+0.0 | 0.184+0. | 10.35+ | 5.29+0.0 | 0.020++
Ikire 0.1 1 001 0.1 1 005 0.1 1 0.003
Iresa- 30.82+ | 1.24+0.0 | 0.082+0. 1.03 + <0.01 0.136+0. | 13.61% | 10.3+0.2 | 0.221+0.
apa 0.2 1 002 0.1 001 0.1 1 003
Nsukka 28.56 + | 1.37+0.0 | 0.022+0. 1.01+ 0.01£0.0 | 0.033+0. | 1046+ | 0.17+0.0 | 0.672+0.
0.1 3 001 0.2 1 002 0.1 5 003
Okitipup | 33.78+ | 1.24+0.0 | 0.332+0. 1.01+ 0.02+0.0 | 0.112+0. | 12.32 % <0.09 0.6720%
a 0.2 2 002 0.1 2 001 0.1 0.003
Onisher | 37.99+ | 0.88+0.0 | 0.446+0. 2.02 + 0.06+0.0 | 0.673+0. | 11.69% | 0.27+0.2 | 0.8470.
e 0.1 2 006 0.1 1 003 0.2 1 001
Ubiaja 30.22+ | 1.01+£0.0 | 0.076+0. 1.06 + 0.07+0.0 | 0.187+0. | 11.24 + | 0.30+0.1 | 0006+0.
0.1 1 005 0.2 2 023 0.1 1 001
Umuabi 2552+ | 0.56+0.0 | 0.101%0. 113+ 0.10+0.0 | 0.170=0. 9.61+ 10.1£0.1 | 0.175%0.
0.1 1 007 0.1 1 003 0.1 2 001
Table 9.7: Concentration of metal (Zn)
Plantation Zn
Sail Water Qil
Abak 63.11 + 0.1 5.06+0.01 0.083+0.002
Acharu 89.33+0.2 4.07+0.02 0.342+0.001
Agbarho 23.01+0.1 4.93+0.01 0.126+0.001
Ago-Emokpae 92.48 £ 0.1 4.86+0.02 0.182+0.002
Apoje 96.67 + 0.1 6.54+0.01 1.621+0.073
Badagry 53.82+0.2 6.79+0.04 0.096+0.001
Benin city 107.33+0.2 4.94+0.02 0.100£0.001
Igede-Ekiti 78.62+0.2 5.35+0.25 0.053+0.003
Apomu-Ikire 94.42 £ 0.1 3.10£0.29 0.092+0.001
Iresa-apa 12.36 £ 0.1 3.49+0.24 0.329+0.001
Nsukka 37.43+£0.1 6.09+0.09 0.452+0.001
Okitipupa 60.28 + 0.1 6.22+0.68 0.111+0.001
Onishere 75.07+£ 0.1 2.36+0.03 0.663+0.002
Ubiaja 91.64 £ 0.3 <0.06 0.642+0.001
Umuabi 90.88 £+ 0.2 4.84+0.36 0.779+0.001
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CHAPTER TEN

Assessment of naturally occurring radionuclides accumulation in palm oil from

soil

OB Olafisoye’, OO Oguntibeju?, OA Osibote®

Abstract

Hyper Pure Germanium (HPGe) Radiation Detector was used to estimate the activity
concentration of fifteen soil and palm oil samples collected from the oil palm plantations in the
southwestern, southeastern, and south southern states of Nigeria, and evaluated for the risk
assessments. The activity concentrations at a soil depth 0 — 15 cm ranged from 187.4 to 514 .4,
2.328 to 6.571, and 1.509 to 6.121 Bq/kg for “°K, 238U, and #2Th, respectively. The activity
concentrations in the palm oil ranged from 122.3 to 968.0, 1.240 to 6.651, and 1.199 to 8.061
Baq/L for 4°K, 238U, and 2*2Th respectively. Risk assessments for soils (0-15 cm): Absorbed Dose
Rate (D) ranged from 11.5 to 24.54 nGy/h, while the Annual Effective Dose Equivalent (E)
ranged from 1.4 x 102 to 2.98 x 102 mSv/y and the Radium Equivalent ranged between 1.4 to
2.98 Bq/kg respectively. The radium equivalent, absorbed dose rate, and the annual effective
dose rate in the palm oil samples ranged from 17.23 to 88.00 Bq/L, 2.46 to 46.29 nGy/h, and
1.05 x 102 to 56.90 x102 mSvl/y, respectively. The activity concentrations reported for soil and
palm oil samples were lower than the recommended world average values of 370 Bg/kg given
by UNSCEAR for radium equivalent. The translocation factor of radionuclides from soi to palm
oil was also investigated to be within safe limits. Hence, the hazard and risk assessments
indicated a low radiation risk within the studied areas.

Index Terms—activity concentration, Oil palm plantations, pressed -palm fruit oil, risk
assessment indices

ORIGINAL PAPER under review in the journal; “International Journal of Environmental
Science and Development”.

10.1 Introduction

The palm oil plantation is one of the cash producing crops in the south western, south eastern
and south southern states of Nigeria supplying palm oil and palm kernel products for local
farmers, chemical and allied industries. Vegetable oils or vegetable fats can be referred to as

fats extracted from seeds or other parts of the fruit. They are similar to animal fats because

195



they contain a mixture of triglycerides, saturated acids, palmitic acids and polysaturated acids.
Palm oil is an edible vegetable oil that is reddish in color. It is extracted from the fleshy
mesocarp of the fruit of the oil palm tree, which is indigenous to Africa and Asia. Red virgin
palm oil is mechanically pressed from the flesh mesocarp of the oil palm fruit. The red orange
color of the oil is derived from its high content of beta-carotene content. It is a highly saturated
vegetable oil and solid at room temperature. It is commonly used for cooking in parts of Africa,
Asia, and South America [1]. It is a useful raw material for culinary purposes and also the food
and chemical industry. Palm oil is favorable amongst food scientist due to its low cost and high
oxidative ability and nutritional value as it contains a good amount of vitamin A and E known
to cure various forms of cancer and heart disease [2] [3]. Unrefined, unbleached and un-
deodorized virgin palm oil is rich in carotenes, (alpha and beta-carotenes) and lycopene. Palm
oil is also used as a raw material in the production of biomass and biofuels. It is also used
extensively in industry because of its medicinal value and long shelf life [1] [4-7]. Nigeria is the
third largest producer of palm oil with approximately 2.3 hectares of oil palm plantations under
cultivation of small and large-scale processes of palm oil. [8] [9] [10] Other countries with
relatively high yields in the production of palm oil are Thailand, Malaysia, and Indonesia [1].

Naturally occurring radioactive materials are useful in medicine, research, agriculture, industry
and much more. Prolong exposure to such radiation is detrimental to health and can lead to
mutations and cancer, which could be fatal [11] [12]. Naturally occurring radioactive materials
are seen in the environment (air, water, soil, food and even in living things such as plants and
animals). The oil palm fruit can be contaminated in several ways; one of the ways involves the
transfer of the radionuclides through soil and water [11] [13]. This introduces radionuclides into
the food chain and possesses risk to human life. The primary route is through the ingestion of
the palm oil that has been previously contaminated with the naturally occurring radioactive
material through transfer from the soil. The extent and concentration of radioactive materials
in a particular region is dependent on geology, climate agronomical farming practices and more
[14-17]. Seepage of pollutants into ground water bodies, excessive fertilization of agricultural
lands, abandoned mines, industrial sites and thermonuclear testing of nuclear power plants;
increase the risk of radionuclide contamination via ground water and soil to plant. More of the
effects of radiation are manifested in pulmonary and kidney cancer, leukemia and anemia [6,
18-19]. United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR,
2000) [18], stated that over one-eighth of the annual effective mean dose of radionuclides
ingested by man is because of food. Contamination of palm fruits by naturally occurring
radionuclides is more prominent in the rainy season when accumulation in fruits, shoots, and

roots is put into consideration. This could be attributed to direct fallout or runoff from rain [11]
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[12] [13]. Radionuclides are accumulated by plants via soil through a process known as

translocation from the roots to other parts of the plant. A complex mechanism exist through

which radionuclides are transferred from soil/ground water to man and a correlation exists

between this depending on the extent of contamination and the degree of accumulation in

different types of plants [20-25]. Globally studies were carried out on the determination of

Naturally occurring radionuclides on various environmental samples in different areas of the

world either as routine checks or baseline studies in order to update previous investigations or

investigate fallouts of radionuclides [26-39]. Hence, the study aims at the estimation of the

palm oil samples and evaluates the associated risk it poses. The radionuclides of interest are

the naturally occurring radionuclides “°K; 238U and 2*2Th in palm oil pressed from oil palm fruits

grown on fifteen independent oil palm plantations soils that may have been polluted

anthropogenically by human made activities. These regions are famous for oil palm production

in Nigeria. The survey carried out measurement of naturally occurring radioactivity in soils and

aimed to determine dose of radiation exposure from sources and the evaluation of the health

risk assessment posed by such radiation.

Table 10.1: Previous works in agreement with present work

Reference Region Indices Instrument | No of | Results obtained
Investigated Used Samples
Alausa et | Elere Oil Palm | Activity Na(TI) Twenty 40K, 28 and %2Th in palm oil ranged
al., 2017 | Plantation, Ibadan, | Concentration of | Detector samples of | from 50.48 - 112.16 Bgkg™'; 6.35 -
[21] Oyo State, Nigeria NORM. Transfer Soil & palm | 12.80 Bgkg™" & 6.08 - 10.13 Bgkg'
Factor from Soil Oil from | respectively. The activity
to Palm Oil respective concentrations of *°K, 232U & 2%2Th in
Hazard & Risk Palm Oil | the soil samples ranged from 412.43 -
Assessment Trees 672.16 Bakg™; 10.25-17.43 &8.12" -
12.48 Bgkg™ respectively.
Ademola Oil Palm Plantation, | Activity HPGe 84 soil | The average concentration of ?*Ra,
ALK, 2019 | Oyo State, Nigeria | Concentration of samples, 36 | ?®Ra & “K in soil was 25.3 + 7.1, 26.2
[39] NORM. Transfer food crop |+ 50 & 3818 + 16.0 Bgkg,
Factor from Soil samples, & | respectively in Agbaaru; 254 + 3.1,
to Palm Oil 48 vegetable | 39.5 + 3.8, & 401.9 + 25.4 Bq/kg in
Hazard & Risk samples Abuja; 26.5 £ 3.3, 39.2 + 7.4, & 394.9
Assessment + 18.6 Bg/kg in Arget; and 26.5 + 3.5,
38.8£2.5,& 389 + 18.6 Bg/kg in Igbeti.
The soil-to-vegetables Transfer Factor
(TF) for ?*Ra, ??®Ra, and “°K is 0.123,
0.058, & 0.215, respectively, in
Agbaaru; 0.065, 0.040, & 0.185 in
Abuja; 0.093, 0.035, & 0.243 in Arget;
and 0.080, 0.050, and 0.265 in Igbeti
Usikalu et | Ewekoro Cement | Activity HPGe Sixty  Soil | The concentration of 2¥U was
al, 2014 | Factory, Ogun | Concentration of Samples 1.60+1.60 Bgkg™ and 2.56+0.08 Bgkg
[40] State, Nigeria NORM in Soil ' respectively. For 2%2Th, 44.78+1.83
Samples used for Bagkg™' (east) and 56.62+1.96 Bgkg™
Construction. (north) were recorded respectively. “°K
Hazard & Risk recorded 261.54+12.67 Bgkg™ (south)
Assessment & 342.08+14.17 Bqkg' (east). The
assessment of NORM in eastern &
northern part of Owowo village was for
28Y; 1.78+0.09 Bgkg' & 2.62+0.08
Bgkg™” respectively. For the
radionuclide 2*2Th, 50.07+1.93 Bgkg™'
(west) & 61.69+1.89 Bgkg™' (north)
were recorded. Values of “°K were
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244 .11+£13.38
296.40+14.90
respectively.

Bakg™
Bagkg™'

(north) &
(south)

Chad- Soil samples in | Activity HPGe Ten soil | The activity concentration range from
Umoren & | Abak, Nigeria Concentration of samples 14.80+1.16 Bqg/kg to 150.20+11.47
Umoh, NORM in Soil Bq/kg for “°K. Values of 28U were from
2014 [41] Samples used for 14.52+3.49 Bq/kg to 42.04+8.59 Bq/kg
Construction. & from 3.05+0.27 Bq/kg to 7.00+0.58
Hazard & Risk Ba/kg. Values of 18.789+3.102 nGy/h
Assessment were for absorbed dose, 0.3+0.05
Bag/kg for representative level index,
39.82+6.65 Bqg/kg for  radium
equivalent, 0.11+0.02 for external
hazard index, and 0.18+0.032 for
internal hazard index and 0.023+0.004
mS/yr for effective dose rate
respectively.
Oladapo, Wasteland around | Activity Na(TI) Thirty  Soil | The mean value of 28U, 2%Th and “K
2012 [42] Olusosun Concentration of | Detector Samples concentrations determined for soil
Dumpsite, Ojota, | NORM in Soil samples from the active dumpsite were
Lagos, Nigeria Samples used for 69.69 + 19.10 Bgkg™', 14.49 + 3.22
Construction. Bgkg' and 409.44 * 86.08 Bgkg’
Hazard & Risk respectively. For the soil samples from
Assessment the dormant dumpsite, the mean value
of 28U, 2%2Th and “°K concentrations
were 61.25 + 21.82 Bgkg”, 12.08 +
1.74 Bgkg™" and 345.98 + 56.92 Bgkg™
respectively. The mean annual
effective dose for soil from active
dumpsite is 0.2767 while 0.2550 was
obtained for soil samples from the
dormant dumpsites.
Jibiri & | Samples of soil | Activity HPGe Samples of | ™Cs was not detected in the samples
Amakom, waste stream in the | Concentration of soil  waste | that proved no occurrence of such
2010 [43] sedimentation NORM. Risk stream sources in the area.
tanks of an oil & gas | assessment,
production well site | Cumulative
Petroleum Cancer Mortality
Company in Warri, | & Morbidity Risk
Delta, State,
Nigeria
George et | Samples of soil in a | Activity HPGe Eleven Soil | The mean activity concentrations for
al., 2018 | Kaolin Deposit of | Concentration of Samples 40K, 232Th and 2%U and gamma dose
[44] the mining field of | NORM in Soil were estimated as 93.9 Bq kg™, 65.1
Ifonyintedo Town, | Samples used for Bq kg, 38.2 Bq kg™ and 59.6 nGyh™
Nigeria. Construction. respectively. The radiological hazards
Hazard & Risk estimated were Radium Equivalent,
Assessment External and Internal Gamma and
Alpha Indices, and Representative
Level index. These were calculated as
138.5 Bq kg', 0.37 mSvyr', 0.48
mSvyr', 0.29 mSvyr, 0.48, 0.19, and
0.97 respectively.
Olalekan et | A review of soil, | Activity HPGe A review of | The activity concentrations of the rocks
al., 2019 | rock, sediment, & | Concentration of over fifty | determined in the study was highest
[45] water samples | NORM in Soil samples when compared to other matrices. The
used in agriculture | Samples used for concentration of “°K and 23U in granite
& construction | Construction. rocks are higher  than  the
industry in the | Hazard & Risk recommended permissible value. All
northern and | Assessment the water samples were within
southern area of acceptable concentrations of

Nigeria.

radionuclides with mean activity values
of 3.98+0.26, 11.00+2.58, and
17.73+£5.04 BqL™" for “°K, 2°2Th, and
28y, respectively. The value of the
mean absorbed dose rate for all the
area is 0.123 mSvyr', which is within
acceptable limits recommended limit of
1 mSvyr'. The mean in situ measured
absorbed dose rate is 232.8 + 49.8
nGy h™' and the total annual effective
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ingestion dose obtained was 339.4
mSv y’

10.2 Materials and method

10.2.1 Geology of area

The study area is characterized by few mountains and steep terrains, which are rough with
vegetation that is mostly rain forest. Most of the terrain is flat land with rivers. The climate is
characterized into two major climates, which are the raining season and the harmattan. The
raining season is between March and November and lasts for more than half the year. The soil
receives a lot of rainfall all through the year and percolation of ground water into soil is to be
considered in the transportation of radionuclides from water into soil and accumulation in the
fruit. Hence, the transport of rainfall and the translocation from ground water to soil is of
paramount importance [19]. The selected sampling locations (Table 10.2) in states of Nigeria
are home to rocks and sediments enclosing valleys and mountains from the south to the
western regions of Nigeria. The geology of Nigeria was formed in the Archean and Proterozoic
eras. Its province and more than half of the surface is igneous and metamorphic rocks with a
crystalline and sedimentary basement. Massive sedimentation was under way in these basins
as it returned to its terrestrial conditions within the Pan African mobile belt. The western and
southern states lie between eight degrees North latitude and ten degrees’ south longitude. The
terrain is mostly swampy, forest and some marshy areas with various rivers, landscapes,
meadows, springs, peninsulas, and islands adorning the regions. The vegetation of the area
is mostly forest, shrub land, and wetland, which support the growth of a lot of plantation and

cash crops such as the oil palm, rubber, and cocoa tree plantations.

10.2.2 Description of sampling areas

Figure 10.1 is the map of Nigeria showing all the fifteen sampling points. A brief description of
some of the major cities and towns is given. Acharu is a town in Dekina local government area
of Kogi state. Kogi state is popularly called the confluence state because of the confluence of
river Niger and Benue. Flora Shaw coined the name Nigeria out of the river Niger in Lokoja.
The Acharu town is blessed with reserves of oil palm. Agbarho is a town in the Ughelli North
local government area of Delta state, Nigeria. This area is called the Niger delta and it is
affected by oil spillages. In the Niger Delta — oil spillages/leakages are constant features of oil
production, and have caused physical damage. Benin City is famous for its bronzes and carved
works. Deposits of bronze, tin and zinc are scattered around the metropolis. Agriculture is the
main occupation of the locality that provides income and employment for about 75 % of the

population.
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10.2.3 Translocation factor (Tf)

The entry of radionuclides that are present in the terrestrial environment and find entry into the
food chain is controlled in the long term by their uptake by plant roots known as the transfer
factor; Tf [13]. This is empirically addressed, and modelled in an equation as seen below. For
the radionuclide ‘i’ in the edible part of the plant %’, it is assumed that:

c? (BqL™" dry weight) is linearly related to its concentration in soil within the rooting zone C;
(15-30 cm) depth. This is to say:

activity concentration of nuclide per liter

Tf=—7"F7"%""—/—¥—"“""""""""""— _....... Equation 1 [13]

activity concentration in dry soil within the rooting zone
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Fig 10.1: Map of Nigeria showing sampling points

Table 10.2: Sampling locations

Code Location Latitude Longitude Elevation above
sea level (m)

PP1 Abak 4.9833 7.7833 174

PP2 Acharu 7.5320 7.2792 210

PP3 Agbarho 5.5833 5.8667 111

PP4 Ago-Emokpae 7.3400 6.4500 200

PP5 Apoje 6.9644 4.1064 24

PP6 Badagry 6.4166 2.8833 36

PP7 Benin city 6.3176 5.6145 88
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PP8 Igede-EKkiti 7.6667 5.1321 576
PP9 Ikire 7.3533 4.1833 207
PP10 Iresa-apa 8.1504 4.2567 118
PP11 Nsukka 6.8667 7.3833 552
PP12 Okitipupa 6.5025 4.7795 305
PP13 Onishere 6.7150 5.1001 68

PP14 Ubiaja 6.6597 6.3822 255
PP15 Umuabi 6.17 36 7.2233 221

10.2.4 Sampling Procedure

Fifteen samples (S1-S15) were collected from topsoil (0-15 cm) and furthermore from a depth
of soil (15-30 cm) by conventional methods of diagonal systematic sampling using an auger.
Diagonal sampling was performed for each sampling point and the samples mixed for
homogeneity to give a sample per location. The soil samples were left to dry in a cool airy
cupboard for a month. Palm oil samples were taken from the same sampling points as soil
samples. Palm oil was collected in 1L plastic bottles and the containers were labeled PO1-
PO15 with respect to the fifteen sampling points as revealed in Table 10.2. After the drying
period for the soils, the previously dried samples were pulverized, crushed, and sieved using
a 2 mm mesh sieve size to obtain soils with definite and homogeneous fine sizes. Sieved
samples of soils were dried in an oven set at 100 °C for 24 hours then transferred to previously
cleaned Marinelli beakers. This was properly sealed with paraffin film to prevent any escape
of radon gas. Palm oil samples were treated similarly and, sealed accordingly. The soil and
palm oil samples were kept for a month for the radon gas and its progeny to attain secular
equilibrium after which, gamma spectrometry measurements of the samples were carried out.

The sampling locations, elevation, and coordinates are listed in Table 10.2.

10.3 Gamma Spectrometry

The gamma-counting equipment was a Canberra vertical high-purity coaxial germanium
(HPGe) crystal detector, model GC2018-7500, series number b 87063 enclosed in a 100 mm
thick lead shield and coupled to a Canberra Multichannel Analysing (MCA) computer system.
Calibration of the energy and efficiency of radionuclides was performed with the aid of a well-
calibrated standard soil reference standard source supplied by the International Atomic Energy
Agency (IAEA), Vienna. The MCA was calibrated to display gamma photo peaks in the energy
range of 200—1500 KeV, this being the energy range covering all the gamma energies of
radionuclides of interest. The detector chamber was shielded with three layers of copper,
cadmium, and lead of 30 mm, 3 mm and 100 mm thick, respectively. The photo-peaks
observed with regularity in the samples were identified to belong to the natural radioactive

decay series headed by #*8U and 232Th, and a third non-series natural radionuclide, “°K, for a
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counting time of 36,000-seconds. The activity of the natural radionuclides was calculated using

Equation 2.

_ Ca
= EPrMs

As

where Ca is the net counting rate of gamma ray (counts per second), E is the detector efficiency
of the specific gamma ray, Pr is the absolute transition probability of gamma decay and Ms the

mass of the sample (kg).

10.3.1 Radium Equivalent (Racq)
Radium Equivalent was used to describe the gamma radiation from the varying mixtures of the

radionuclides in the soil and is calculated using the relation
Raeq = CRa + 1.43CTh + 0.077CK ..........3

Where: CRa,CTh and CK are the activity concentrations of 22Ra, 2*2Th and “°K respectively.
The index represents a weighted total of the above-mentioned radionuclides’ activity
concentrations because of an assumption that states that 1 Bq/Kg of ?*Ra, 0.7 Bg/Kg of 232Th

and 13 Bqg/Kg of “°K produce an equal amount of gamma radiation dose [19].

10.3.2 Absorbed Dose (D)
Absorbed dose rate is defined by United Nations Scientific Committee on the Effects of Atomic
Radiation and provide the characteristic of the external gamma ray. This was calculated using

the equation 4.

nG
D (Ty) = 0.462CRa + 0.604CTh + 0.0417CK ..........4

This is the absorbed dose rate in air outdoor at 1 m above the ground surface due to specific
activity concentrations of 23U, 2%2Th and “°K (UNSCEAR, 2000) [18].

10.3.3 Annual Effective Dose Equivalent (E)
Annual effective dose equivalent, E is the parameter to determine the overall effects of the

radiation on health due to the absorbed dose rate and calculated by the equation

E (mSv/y) = D (nGy/h) x 8760 (h/y) x 0.2 x 0.7 (Sv/Gy) x 105... ... ... .....5
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Where the values 0.7 SvGy™' is the conversion coefficient from absorbed dose in the air 1m
above ground to effective dose received by adults, 8760 is the time taken in hours in a
particular year, 0.2 represents the outdoor occupancy factor and is the observed dose rate
[19].

10.3.4 Excess Lifetime Cancer Risk

The results of the statistics of cancer in Nigeria revealed that the age normalized occurrence
estimate for all intrusive cancers was 66.4 per 100 000 men and 130.6 per 100,000 women.
Data was based on the Population Based Cancer Registry (IBCR) and the Abuja Population
Based Cancer Registry (ABCR) covering a 2 year period which was from 2009-2010 [46]. The
term excess lifetime cancer risk describes the risk of death of cancer in excess of the natural
background risk existing from a lifetime of exposure to carcinogenicity. Excess Life Time
Cancer Risk (ELCR) was computed from the calculated values of the Annual Effective Doses

as seen in equation 6 [20][46].

ELCR = EXDy X Rp e ... .. Equation 6

Where D; and Ry are the life time duration (70 years) and fatal cancer risk factor for the

stochastic effect (0.055 Sv™* for the general public respectively).

10.4 Spectrochemical Analysis

The prepared samples were analysed by gamma ray spectroscopy with the use of a Hyper
Pure Germanium (HPGe) Detector. The counting time for the analysis was 36,000 seconds
and the soil reference material IAEA-375 was prepared in the same way as the sample and
counted in triplicates alongside the sample. The photo peak, of the gamma ray for the (2"Bi)
1764 keV; (**®Ac) 911.21 keV; (*°K) 1461 keV. The Absolute Full Energies were 0.02, 0.001,
and 0.04 respectively. These were used to determine the activity of the naturally occurring
radionuclides 28U, 232Th, and “°K. Their percentage emission probabilities corresponded to
14.9, 62.8, and 12.4 respectively. The detector was calibrated using the standard source which
was a mixture of 2?Na, %'Co, 8°Co. Spectra analysis was performed using Genie software 2000
developed by CANBERRA. The background contribution was removed by subtracting this from
the result of the analysis. The Detection Limit (DL) is the net signal above which a signal can
be considered to have been reliably detected. In this study, the Detection Limit (DL) and the
Minimum Detectable Activity (MDA) was achieved by modelling the Curies Model formula that

presents the background counts, branching ratio, sample mass and detector efficiency.
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DL =271+ 4.66,/Ng ........7  and

MDA = DL/TEBm ... ... ... 8

M is the mass the sample (kilograms) and Nj is the background counts (counts per second).
For the photo peak of the gamma ray (3*Bi) 1764 keV; (?®Ac) 911.21 keV and (*°K) 1461 keV.
The Detection Limit (DL) and Minimum Detectable Activity (MDA), was calculated using
equation [18].

10.5 Results and discussion

Table 10.3 presents the concentrations (mean+SD) of radionuclides (Bg/kg) of 4°K, 23U and
232Th in soil and palm oil samples collected from the various plantations. An unusual variation
is seen in the sampling location. The activity concentrations at a soil depth 0 — 15 cm ranged
from 187.4 to 514.4, 2.328 to 6.571, and 1.509 to 6.121 Bg/kg for “°K, 28U, and #*?Th,
respectively. The activity concentrations in the palm oil ranged from 122.3 to 968.0, 1.240 to
6.651, and 1.199 to 8.061 Bq/L for “°K, 238U, and #*2Th respectively. Meanwhile, variations of
activity concentrations values of radionuclides are better explained by the properties of the soil
and accumulation of humus. In the uppermost layer, due to decay and mobility distribution, will
require more advanced techniques and studies to determine if an area is safe or unsafe as far

as health hazards is concerned. The values for Palm oil were in a similar pattern [41-43].

Table 10.3 Concentration values for NORM in soil (Bg/kg) and Palm Oil (Bg/L)

40K [ 238U | 232Th 40K [ 2380 [ **Th K [ %' [ *Th

Soil Depth (0-15) Soil Depth (15-30) Palm Oil
1 | 430.9+£0.07 [ 4.905+0.02 | 4.929+0.06 | 343.2+0.03 | 2.467+0.01 | 4.935+0.09 | 236.1+0.02 | 2.677+0.98 | 6.881+0.01
2 | 444.66£0.01 | 3.228+£0.07 | 1.820+0.01 | 421.6+0.01 | 2.392+0.02 | 4.365+0.01 | 214.3£0.01 | 4.790+0.34 | 5.432+0.02
3 | 345.040.17 | 5.176+0.19 | 3.148+0.05 | 463.2+0.02 | 4.877+0.03 | 5.041£0.02 | 150.4+0.54 | 4.790+0.11 | 2.156+0.03
4 | 389.740.08 | 5.778+0.02 | 3.426+0.02 | 653.4+0.03 | 6.575+0.04 | 4.770£0.02 | 187.5£0.02 | 1.705+0.12 | 4.243+0.01
5 | 434.6:0.01 | 4.153+0.04 | 1.777+0.09 | 219.2+0.01 | 4.680+0.05 | 1.476£0.13 | 367.0£0.03 | 3.757+0.45 | 3.461+0.24
6 | 193.9+0.67 | 3.812+0.45 | 2.732+0.04 | 211.4+0.02 | 1.802+0.02 | 4.007£0.22 | 122.3+0.01 | 2.890+0.01 | 3.443+0.33
7 | 1874034 | 6.173£0.23 | 4.816:0.01 | 281.120.02 | 9.410£0.09 | 6.275£0.34 | 347.2£0.02 | 3.924+0.39 | 4.311+0.07
8 | 411.5£0.05 | 5.030£0.01 | 6.121£0.02 | 467.5+0.05 | 6.579+0.02 | 4.237+0.98 | 327.8+0.01 | 2.960+0.11 | 6.378+0.21
9 | 514.4+0.04 | 3.471£0.13 | 4.237+0.03 | 169.0+0.01 | 1.726£0.01 | 1.829+0.22 | 266.7£0.12 | 3.192+0.15 | 4.109+0.17
10 | 455.8+0.03 | 6.571+0.23 | 4.121+0.09 | 163.4+0.03 | 1.345+0.03 | 3.613+0.12 | 212.5+0.15 | 2.661+0.41 | 1.199+0.03
11 | 309.2+0.01 | 2.328+0.11 | 4.760£0.01 | 318.8+0.02 | 1.789+0.03 | 3.500+0.32 | 128.2+0.12 | 2.475+0.08 | 5.249:+0.02
12 | 302.7+0.04 | 3.189+0.02 | 5.988+0.03 | 602.7+0.04 | 3.788+0.12 | 4.239+0.11 | 179.4£0.09 | 1.240+0.01 | 8.060+0.01
13 | 405.5+0.08 | 5.462+0.11 | 3.855+0.21 | 507.4+0.05 | 5.775+0.99 | 5.472+0.01 | 968.0£0.02 | 6.030+0.02 | 5.200+0.01
14 | 458.5+0.01 | 3.106+0.03 | 5.476+0.02 | 451.7+0.02 | 5.064+0.34 | 2.343+£0.01 | 229.8+0.02 | 1.996+0.01 | 5.042:0.02
15 | 475.6+0.03 | 2.884+0.01 | 1.509+0.02 | 281.3+0.01 | 2.327+0.15 | 4.264+0.02 | 238.6£0.01 | 6.651£0.03 | 1.509+0.01
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10.5.1 Risk assessment

Risk assessment indices can be used in the calculation of radionuclide dose in soils and palm
oil. Tables 10.4 represents the risk assessment results for soil and palm oil obtained in the
present study. For the risk assessments, the Absorbed Dose Rate (D) ranged from 11.5 to
24.54 nGy/h, while the Annual Effective Dose Equivalent (E) ranged from 1.4 x 102 to 2.98 x
102 mSv/y and the Radium Equivalent ranged between 21.72 to 49.14 Bq/kg. The radium
equivalent, absorbed dose rate, and the annual effective dose rate in the palm oil samples
ranged from 17.23 to 88.00 Bq/L, 2.46 to 46.29 nGy/h, and 1.05 x 102 to 56.90 x102 mSvly,

respectively.

Table 10.4: Values for Ra, D, & E in Soils and Palm Oil

Raeq) (Ba/kg) | D (nGy/h) | E (mSvly) | Raeq (Ba/kg) | D (nGy/h) | E (mSvly)
(x102) (x102)
Sail Palm Oil
Abak 4513 23.21 2.82 30.70 15.24 1.87
Acharu 38.07 18.54 2.25 29.06 14.43 1.77
Agbarho 36.25 21.12 2.56 19.45 9.787 1.20
Ago-Emokpae | 40.69 20.99 2.55 22.22 11.17 1.44
Apoje 40.15 21.11 2.56 36.97 18.18 2.23
Badagry 22.65 11.50 1.40 17.23 8.514 1.05
Benin City 27.49 13.58 1.65 36.82 18.90 2.23
Igede EKkiti 45.47 23.18 2.81 37.32 18.90 2.23
Ikire 49.14 23.17 2.81 29.61 15.08 1.86
Iresa Apa 47.56 24 .54 2.98 20.74 10.81 1.33
Nsukka 37.19 16.85 2.04 19.853 31.94 39.17
Okitipupa 21.72 17.71 1.41 26.58 12.92 1.60
Onishere 42.20 21.76 2.64 88.00 46.29 56.9
Ubiaja 46.25 23.87 2.90 26.90 13.55 1.67
Umuabi 41.66 22.07 2.68 27.18 13.93 1.71

The estimated average value of Radium equivalent (Raeq) in soils and palm oils were lower
than the recommended value of 370 Bg/kg (UNSCEAR, 2010) [19]. The gamma absorbed
dose rates (D) in air in the present study were lower than the worldwide average limit value.
The values for the Annual Effective Dose Rates (E) followed a similar trend. It was observed
that decrease in these values was attributed to rainfall. Transport by rainfall is expectantly high
due to changes in the elevation of the region. Radionuclides may be transported to new regions
and values varied amongst different sampling locations due to the geographic structures,
degree of rainfall and elevations of the region. Regions receiving higher degree of fertilizers,
pre planting and post planting activities also contributed significantly to the level of radionuclide
in the area. Values were generally lower than the global average limit value. Table 5, show
that the Transfer factor (Tf) in the pressed all palm oil was a little greater than unity/very close

to unity.
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Table 10.5: Tf and ELCR values for NORM in Soil and Palm Qil

Transfer factor Excess Life Time Cancer Risk
Sampling Location | 9K [ 28U [ %2Th [ ELCR

Soil Depth (15-30 cm) | Soil Depth (0-15 cm) | Soil Depth (15-30 cm) | Palm Qil
Abak 0.688 | 1.085 | 1.394 | 0.1086 0.0947 0.0720
Acharu 0.508 | 2.003 | 1.244 | 0.0866 0.0997 0.0682
Agbarho 0.325 | 0.982 | 0.428 | 0.0986 0.1151 0.0462
Ago-Emokpae 0.287 | 0.259 | 0.890 | 0.0982 0.1783 0.0554
Apoje 1.674 | 0.803 | 2.345 | 0.0986 0.0569 0.0859
Badagry 0.579 | 1.604 | 0.859 | 0.0539 0.0562 0.0404
Benin City 1.235 | 0.417 | 0.687 | 0.0635 0.0928 0.0859
Igede Ekiti 3.278 | 0.450 | 1.474 | 0.0861 0.0882 0.0859
Ikire 1.578 | 1.849 | 2.247 | 0.1082 0.0416 0.0716
Iresa Apa 1.301 | 1.978 | 0.332 | 0.1147 0.0451 0.0513
Nsukka 0.031 | 1.384 | 1.500 | 0.0785 0.6349 0.0157
Okitipupa 1.794 | 0.327 | 1.901 | 0.0836 0.1375 0.0616
Onishere 1.908 | 1.044 | 0.950 | 0.0264 0.1267 2.1907
Ubiaja 0.509 | 0.394 | 2.152 | 0.1117 0.1055 0.0643
Umuabi 0.848 | 2.858 | 0.354 | 0.1032 0.2518 0.0658

This is an indication of low concentration of NORM from soil to pressed palm oil. Factors
responsible include rhizospheres and bioavailability of NORM supported by soil factors and
pore size of soils [47]. Rhizospheres can be defined as the section or area around the plant
root. Environmental scientists define bioavailability of metals in soil solution as the
concentration of that particular metal or compound that is accessible for the plant or organism.
For uptake by plants, bioavailability is related to the abundance of nutrients or contaminants
such as heavy metals and trace metals, persistent organic pollutants, soil water, soil organic
matter, oxygen in soils and water available for plant uptake [48]. Risk assessment can also be
determined by the bioavailability of such elements in soils and factors, which influence the
uptake. These factors include pH, cation exchange capacity, soil size and texture, soil organic
matter, sorption, diffusion and fractions of the soils. The bioavailability of the metals and
radionuclides from soil to the edible part of the plant also depends on the competing ions [49-
54].

10.6 Conclusion

All the naturally occurring radionuclides were detected in all samples of the soil and palm oil
on the oil palm plantation, but they did not exceed the recommended guidance levels for the
ingestion of radionuclides in food. The concentration of “°K was found to be high in comparison
to other radionuclides due to transfer from soils and high transfer ratio. Potassium is found
readily in soils especially due to preplanting and post planting operations and the use of
pesticides and phosphate fertilizer. The high concentration of potassium in soil samples may
be due to the tiny potassium ions trapped inside the clay particle composition of the soil

attributed to the crystalline forces that hold these potassium ions uptake [54]. In addition, soil
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characteristics may favor its mobilization and translocation into plant tissues of a micronutrient.
However, radioactive potassium, “°K concentration must be monitored closely as it transports
and translocate to fruits through roots/shoot and ingested by humans, although radionuclide

40K is regulated by the human body.
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Abstract:

The study presents an assessment of the Annual Effective Dose and Cancer Risk from
groundwater sampled in oil palm plantation communities in Nigeria. Groundwater was sampled
from fifteen independent sampling locations where palm oil is extensively cultivated. The
activity concentration of 4°K, 238U and 232Th were assessed. Annual effective Dose for different
age groups and cancer risk were estimated. The values for the Annual Effective Dose
Estimation (Ew) (mSvy') for 4°K, 28U and 2%2Th revealed that Ew for “°K was elevated in infants,
children, and adults in the order; 3.51 x 10, 8.21 x 10, and 11.72 x10* at W4 plantation
respectively. The calculation of cancer risks based on the radium isotopes ranges from 5.91 x
10 - 21.10 x 10 for ?*°Ra. For ??°Ra, the values were from 5.87 x 10 - 1.64 x 10*. The
estimation of the Annual Effective Dose for all the individual populations were below the
recommended reference value of 0.1 mSv from a year intake of drinking water in accordance
with the WHO, IAEA and UNSCEAR regulated guideline values. The values are within the
acceptable Incidence Cancer Risks of the recommended guidelines for drinking water quality

reference levels for radionuclides in drinking water.

Keywords: Activity concentrations, palm oil plantations, ground water, radiological
consideration, annual effective dose estimation, cancer risk
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11.1 Introduction

Naturally Occurring Radioactive Materials (NORM) include the isotopes of uranium and
thorium in addition to their daughters/progenies and potassium-40. NORM can be found in
drinking water. Table 1 summarises the external and internal average radiation dose due to
NORM. Drinking water and household water are potentially important pathways, directly or
through their use in food preparation and processing, although dilution, time delays, and water
treatment can reduce the contamination levels markedly (Tchokossa et al., 1999). Waterways
from streams, lakes, and ponds could be a source of contamination when they seep into
groundwater. Radium is considered as a highly toxic element in water and requires attention
for human health (Tchokossa et al., 1999). Two natural radium isotopes are a cause of worry
in public water supplies; ??°Ra, which is daughter series of 23U, and ??®Ra, which is daughter

series of 2%2Th decay.

The largest percentage of NORM exposure from radon gas is decay of radium found in
underground rocks and soils. This releases the gas in the surrounding water, air, and buildings
due to the use of such materials for constructions (Tchokossa et al., 1999). Radon is produced
from the isotopes of radium during the decay of naturally occurring radioactive elements,
uranium, and thorium. Radon is a gas found underneath the ground and is inert which easily
dissolves with ground water and can be translocated over long distances. The longest-lived

isotope of radon, radon-222 is abundantly found in ground water supplies though it readily
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disintegrates with a radioactive half-life of 3.8 days (IAEA, 2010). Radon concentration in
ground water has higher concentration than surface water since surface water is usually
aerated (Chen et al., 2018; Aieta et al., 2019; Olise et al., 2016). Figure 1 provides a description
of NORM and TENORM sources in water.

Table 11.1: Average dose of NORM radiation

Source Worldwide average annual effective Typical range
dose (mSv)
External exposure
Cosmic rays 04 0.3-1.0
Terrestrial gamma rays? 0.5 0.3-0.6

Internal exposure

Inhalation (mainly radon) 1.2 0.2-10b
Ingestion (food and drinking 0.3 0.2-0.8
water)
Total 24 1-10

2 Terrestrial exposure is due to radionuclides in soil and building materials
b Dose from inhalation of radon may exceed 10 mSvy' in certain residential areas (UNSCEAR, 2000).

Radioactive
industrial waste

Mining and

extractive

industries;
processing of
mineral sands

Radioactive
medical waste

NORM &
TENORM
exposure in
drinknig
water

Radionuclides

of thorium and Nuclear and

uranium (?2°Ra medical wastes
and 228Ra)

Phosphate
fertilizer in soil

Fig. 11.1: NORM and TENORM sources
The value of potassium-40 is not as significant as radon to the assessment of radionuclides in

drinking water when compared to radon. This is because potassium is a major element in the
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regulation of the body physicochemical and biological functions and this is kept constant by
the bodies’ physiological processes (Tchokossa et al., 1999). The toxicity of NORM greatly
depends on physicochemical properties such as pH, and redox reactions, electrical
conductivity, bioavailability and bio accessibility in soil solution. Thorium is generally immobile
and insoluble while uranium is very mobile in neutral and alkaline soil water (WHO Geneva,
2009; WHO Geneva, 2018). Drinking water is not a global hazard but other environmental
contributions may lead to a radiological hazard. The dose, which results from the ingesting of
radionuclides, is dependent on chemical and biological points to consider such as the absorbed
dose by the tissues or visceral organs and their sensitivity, nature and persistence in the body
before disintegration. The World Health Organization (WHO) in a book, “the management of
radioactivity in drinking water”, and International Atomic Energy Agency (IAEA) has recorded
data coefficients in relation to ingestion of radionuclides for age groups (IAEA, 2013; WHO
Geneva, 2018). WHO handbook on indoor radiation and the Management of Radioactivity in
drinking-water sets a compliance level for radon concentrations in indoor air (100 - 300 Bg m"
%). This is due to the volatility of radon in dissolved water used in homes. Inhalation and
ingestion are two key factors to consider when assessing radon concentrations in indoor air
and ground water used in homes. Ingestion of radon is minimal in comparison to inhalation
(WHO Geneva, 2009; WHO Geneva, 2018). Degassing of water and aeration in water
treatment, distribution, and storage removes the greater percentage of radon in drinking water
(IAEA, 2010; WHO Geneva, 2009; WHO Geneva, 2018).

A major concern is the tendency of radon exposure in water used for domestic purposes from
ground water bodies such as springs boreholes and wells, which have relatively a short time
between water extraction and usage of water (WHO Geneva, 2018; EI-Gamal et al., 2019).
There is generally no guideline level for radon since it is more logical to measure the
concentration of air as indoor radon rather than radon in domestic or drinking water. Hence,
an average of the dose from radon in water is actually from inhaling rather than ingesting
dissolved radon (UNSCEAR, 2000; WHO Geneva, 2009; WHO Geneva, 2009). The
concentration and dose of radon in indoor air is mainly from domestic activities such as heating,
agitating, showering, bathing, and toilet flushing. The value of 0.1 mSvy' consumption of
drinking water holds independent of the age group. Uranium is assessed based on its chemical
toxicity and the WHO guideline value for the overall concentration of uranium in drinking water
is 30 pugL™" (0.37 BgL™) of 2%8U/?**U. Due to the toxicity of uranium to the visceral organs and
tissues, the guideline for the determination of uranium in drinking water is 15 pugL™. Studies
have shown the health effects caused by radiation on the population and cancer related effects

occurs when the probability coefficient for radiation exceeds 0.1 mSv per year from
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inhaling/ingesting radionuclides in water which is minimal when compared to other health
related issues (WHO Geneva, 2009; IAEA, 2010; WHO Geneva, 2018; Lema et al., 2014;
Edition et al., 2017). United Nations Scientific Committee on the Effect of Atomic Radiation
(UNSCEAR) reviewed levels of NORM in drinking water globally and this varied with respect
to the geology of the area. For instance, mean uranium concentrations in water bodies used
for portable water showed variability for groundwater and the concentration were between 1.0
x10-5 BqL™" to 200 BqL™". Less than 3 % of samples analyzed exceeded the guidelines for
uranium in drinking water (UNSCEAR, 2015) and the data compiled show that NORM is usually
low in drinking water. The concentration of NORM in drinking water can be reviewed, by a past
data of the geology and hydrology of an area. This is in the management of radiology in water
especially in non-emergency cases (WHO Geneva, 2009; EI-Gamal et al., 2019; Mohammed
& Mazunga, 2013). Globally humans receive a radiation dose of an average of 0.3 mSvyr'
from ingesting NORM and a dose of 0.01 mSv is from drinking water. The remainder dose

comes from radon, cosmic rays and food (UNSCEAR, 2015).

The IAEA and WHO therefore, drew upon experts and specialists in the radio analytical field,
to provide guidelines for collecting, preparing and analyzing relevant environmental material,
and basic food for radionuclides of interest. For water samples, an assessment of annual
effective dose and cancer risk for different age groups were determined. During a radionuclide
assessment, several radionuclides are usually identified and the sum of all the radionuclides
needs to be considered to ascertain they do not exceed unity (WHO Geneva, 2018). Hence,
the aim and objective of the study and the significance of the present work was to investigate
groundwater samples taken from fifteen independent sampling locations on oil palm
plantations producing areas in states in the south eastern, south western and south southern
areas/states of Nigeria. The ground water samples were investigated for the annual effective
dose and cancer risk for different age groups. If there is an exposure of radionuclides in the
proximity of the oil palm plantation, its concentration in the water will provide far more
meaningful information than its concentration in air. Different age groups in the oil palm
plantation for drinking and domestic purposes, use the ground water. The oil palm plantation
community is of paramount importance in the provision of a source of revenue and livelihood.
The ground water was sampled and the radionuclides analyzed in view of the consumption of

the ground water which may contribute to the population exposure.
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11.2 Materials and Methods

11.2.1 Geology of the sampling area

The study areas are the substations of Nigeria Institute for Oil Palm Research Headquarters
(NIFOR) and its Headquarters in Benin City, Nigeria. The headquarters of NIFOR is an
establishment of hectare of land situated in Benin City about 29 km from the city center. More
samples were collected in the southern states of Nigeria where oil palm is greatly cultivated.
These states include Edo state, Enugu state, Delta state, Akwa-lbom state, Ondo state, Ekiti
state, Kogi state, Oyo state, Osun state, Ogun state and Lagos state. Figure 2 provides the

map of Nigeria showing the sampling points.

11.2.2 Sampling procedure and preparation

A composite sample was used for analysis, which was achieved by partitioning the sampling
area into four parts. This was based on factors such as population density and areas where
pollution was suspected to be high. Fifteen water samples were collected from ground water
in polyethylene containers labelled W1-W15 using automatic samplers. The ground water
samples were collected at the water plant just after sedimentation and filtration. They were
properly stored to avoid degradation, spoiling, decomposition of the radionuclides and
contamination. Proper care was taken to avoid the loss of volatile radionuclides. The ground
water samples were transferred to plastic containers, which have been pre-cleaned with
hydrochloric acid. Prior to storage of the water in the refrigerator, 11 mol/L hydrochloric acid
was added at the groundwater at the rate of 10 mL per litre after sampling to avoid adsorption
of radionuclides on the walls of the container (IAEA, 2010; WHO Geneva, 2009; WHO Geneva,
2018; UNSCEAR, 2000). The water samples were hermetically sealed in Marinelli beakers.
They were then stored for a minimum of 28 days to attain secular equilibrium. The sealed
samples were placed on the shielded High Purity Germanium detector (HPGe) and counted
for 36,000 seconds. Sample preparation and gamma spectroscopy was performed at the
Centre for Energy and Research Development (CERD), Obafemi Awolowo University, lle Ife,
Osun State, Nigeria according to standard procedure (IAEA, 2010; WHO Geneva, 2009; WHO
Geneva, 2018).
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Fig 11.2: Map of Nigeria showing sampling points

11.2.3 Instrumentation

The HPGe detector enclosed in a 100-mm thick lead shield was connected to a Genie 2000
acquisition and analysis software that matched gamma energies to a library of possible
isotopes was used for the analysis. The photo-peaks observed with regularity in the water
samples were identified to belong to the natural radioactive decay series headed by 238U and
232Th, and a third non-series natural radionuclide, °K. The ?*Ra concentration was calculated
by averaging over the measured concentrations for ?'*Pb and 2'“Bi. The 2*2Th activity was
determined from the gamma peaks of 238.6 (43.6 %) keV from 2'?Pb and 338.4 (12 %), 911.2
(29 %) and 969 (17 %) keV from 226Ac and 583.0 (86 %) keV gamma rays from 2%TI. The “°K
activity concentration was calculated from the energy 1460 (10.7 %) keV gamma ray line

The activity of the natural radionuclides (As) was calculated using the software formula.

S=———— i Equation 1

Where:
Ca is the net count rate of gamma ray (counts per second)

E is the detector efficiency of the specific gamma ray
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Pr is the absolute transition probability of gamma decay
Ms the mass of the sample (kg)

The prepared samples were analysed by gamma ray spectroscopy with the use of a Hyper
Pure Germanium (HPGe) Detector. The counting time for the analysis was 36,000 seconds
and the soil reference material IAEA-375 was prepared in the same way as the sample and
counted in triplicates alongside the sample. The photo peak of the gamma ray for the (2"Bi)
1764 keV; (*®Ac) 911.21 keV; (*°K) 1461 keV were used to determine the activity of the
naturally occurring radionuclides 228U, 232Th, and “°K. Their percentage emission probabilities
corresponded to 14.9, 62.8 and 12.4 respectively. The detector was calibrated using the
standard source which was a mixture of 2Na, 5Co, %°Co. Spectra analysis was performed
using Genie software 2000 developed by CANBERRA. The background contribution was
removed by subtracting this from the result of the analysis. The Detection Limit (DL) is the net
signal above which a signal can be considered to have been reliably detected. In this study,
the and the Minimum Detectable Activity (MDA) was achieved by modelling the Curies Model
formula, which presents the background counts, branching ratio, and sample mass and

detector efficiency.

DL =271+ 4.66,/Ng ........ Equation .2  and
MDA = DL Equation 3
= TeBm quation

M is the mass the sample (kilograms) and Nj is the background counts (counts per second).

11.2.4 Radiological considerations

It is appropriate to use guidance levels in the determination of the radiological quality of water.
Though this may be conservative because it is assumed that drinking water is consumed and
the activity is based at a rate of 2 liters per day. This assumption is used in the calculation of
the radiation dose estimation of more vulnerable groups such as infants and children. Drinking
water consumption rates may vary between countries and ages of the population, habits, and
climate. If local data exist, this can be used for the calculation of radiological doses. If they do
not exist, data from neighboring countries may be used. Ground water for use in the
preparation of infant food should also be put into consideration (IAEA, 2013; WHO Geneva,
2018; EI-Gamal et al., 2019).
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11.2.5 Radiation Dose Estimation

The total annual effective doses were measured for the Environmental Protection Agency
(EPA), USA, which introduced different age groups according to the equation (WHO Geneva,
2018; El-Gamal et al., 2019).

Ew= AWMWMX qgW)X Cf(W) ......... Equation 4

Where

Ew is the annual effective dose in water(mSvy™).

A(W) is the radionuclide activity concentration in water (BqL™").

q(W) is the water consumption rate for a person in one year, which is 150, 350 and 500 L for
infants, children and adults respectively.

Cf(W) is the effective dose equivalent conversion factor (mSvBq™).

11.2.6 Cancer Risk Estimation
The radiological risk related to the radium isotope can be determined by calculating the lifetime
cancer risk (R) using the following equation (WHO Geneva, 2018; EI-Gamal et al., 2019).

R= MCLXRCXTWI ... ... ... Equation 3
where
MCL is the contaminant level of the activity concentration of the radionuclide in water with unit
BqgL™" (activity concentration of uranium-238 in water at each sampling site), RC is the mortality
risk coefficient (7.17 x 10-° and 2.0 x 108 Bq™' for 2?°Ra and ??Ra respectively, TW1I is the total
water intake (2Ld'x 365.4 dyear' x 70 years). (El-Gamal et al., 2019).

11.3.0 Results and discussion

Table 2 show the Ingestion dose coefficients for different age groups. The average and
effective dose equivalents are presented in Tables 1 and 3 were used in the calculation of
radiation doses. Table 4 show the activity of NORM in water. Activity concentration of 4°K
(Bg/L) were least in Okitipupa plantation (171.7 + 0.01 Bqg/L) and the highest activity was
recorded in Ago-Emokpae plantation (468.9 + 0.01 Bq/L) respectively. 274.8 BqL™", 3.8142
BqgL™" and 4.927 BqL™" are the activity concentrations of “°K, 23U, and 232Th respectively. The
activity concentrations of 228U (Bg/L) ranged between 1.611 + 0.01 Bg/L — 5.750 + 0.01 Bq/L

and the concentrations were least in Ikire plantations and highest in Ago-Emokpae plantations
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respectively. Activity concentrations values (Bg/L) for 2%2Th in water were highest in Ikire
plantation (9.619 £ 0.26 Bq/L) and lowest in Apoje plantation (1.554 + 0.62 Bg/L) respectively.
Table 5 presents the values for the Annual Effective Dose Estimation (Ew) (mSvy') for K,
238 and 2%2Th respectively. The highest E,, recorded at W4 were 3.51 x 10+ 8.21 x 10, and
11.72 x 10* mSvy for infants, children, and adults respectively. The highest Ew recorded at
W4 was 3.51 x 104, 8.21 x 10*, and 11.72 x 10* mSvy for infants, children, and adults
respectively. The E,, or “°K was highest in infants, children, and adults (3.51 x 104, 8.21 x 10-
4 and 11.72 x 10%) at W4 plantation respectively. Lowest values of E,,(mSvy™") were recorded
in the same order at W12 plantation respectively (1.29 x 104, 3.01 x 10, and 4.29 x 10*). E,
values (mSvy™) for 22Th were negligible at W1 and W12 plantations. Highest and lowest
values were recorded as 6.49 x 10 (W9), 9.76 x 10 (W9) and 9.17 x 10** (W2) for infants,
children, and adults respectively. Lowest values of 232Th Eyw values (mSvy™) in the sampled
ground water were recorded (1.12 x 104, 1.68 x 10, and 1.12 x 10*) for infants, children, and
adults in W5 and W9 plantations respectively. The radionuclide 22U recorded Ew values
(mSvy") in the range of 0.77 x 10 mSvy' — 11.06 x 10* mSvy™, 1.04 x 10-4 mSvy"' — 16.10
x 10* mSvy" and 2.25 x 10* mSvy' — 8.05 x 10* mSvy™ for infants, children, and adults
respectively. The values were generally low for infants. Radionuclide 2%2Th was not detected

in Abak and Nsukka plantations.

Table 11.2 : Ingestion dose coefficients

Radionuclide Dose coefficient (mSv/Bq')*P
Adults Infants (< than 6 Children (1 year | Children (10 year
months old)¢ old) old)
Tritium 1.8 x 108 6.4 x 108 4.8 x 108 2.3 x108
Carbon-14 5.8 x 10”7 1.4 x106 1.6 x 10-8 8.0 x 10”7
Strontium-90 2.8 x 10° 1.3 x10* 7.3 x 104 6.0 x 10+
lodine-131 2.2 x10-° 4.8 x 10* 1.8 x 104 5.2 x 105
Caesium-134 1.9 x 105 2.6x 105 1.6 x 105 1.4 x 105
Caesium-137 1.3x 105 1.1 x10°% 1.2x10° 1.0 x 105
Lead-210 6.9 x 10+ 2.4 x 103 3.6 x 10 1.9 x 103
Polonium-210 1.2x03 5.6 x 102 8.8 x 103 2.6 x 103
Radium-226 2.8 x 10+ 5.7 x 103 9.6 x 10+ 8.0 x 10+
Radium-228 6.9 x 10+ 3.0 x 102 5.7 x 103 3.9x10°3
Uranium-234 4.9 x10° 1.7 x 10* 1.3 x 104 7.4 x 105
Uranium-238 4.5 x10° 1.4 x10* 1.2 x 104 6.8 x 10-°
Thorium-228 7.2 x10° 3.7 x 103 3.7 x 10 1.4 x10*
Thorium-230 2.1 x10* 4.1x108 4.1 x10* 2.4 x 10+
Thorium-232 2.3 x 10+ 1.6 x 108 4.5 x 10+ 2.9 x 10+
Plutonium- 2.5 x 10+ 5.2 x 103 4.2 x 10+ 2.7 x 10+
239/240

Americium-241 2.0 x 10+ 4.7 x 103 3.7 x 104 2.2 x10*

a Taken from WHO (2018)
b Taken from IAEA (2013)
¢ Values to be used for bottle-fed infants where tap water is used for making bottled milk (IAEA, 2013; WHO, 2018)
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Table 11.3: Conversion Factor Cf(W) of 4°K, 2*2Th and 238U for age groups

Age groups 225Ra x 107 (SvBq™) 22Th x 107 (SvBq™) 4K x 107 (SvBqg™)
Infants 9.6 4.5 5
Children 8 2.9 5
Adults 2.8 2.3 5

(WHO Geneva, 2018)

Hazards may not be acute or immediate compared to other sources of radiation. The level of
the radionuclide “°K is not a hazard when considering radiological cancer health risks
associated with radiological dose as the “°K is a major element in the regulation of various
physiological processes in the human systems. These physiological processes keep the
concentration of “°K constant (Chen et al., 2018). The activity concentrations of the
radionuclides in ground water sampled for this study were from sources in rocks and soils.
Some of the sampling areas had tailings from mining and crude oil drilling activities. These
activities did not elevate the concentration of NORM as they were still within the background
levels according to WHO guidelines (WHO Geneva, 2018). The activity concentrations of the
40K, 238 and 2%2Th varied across the sampling states due to the underlying geology of the rocks
and parent material. The results of the study show that the water sampled for radiological
testing of NORM contributed to a minor extend to the total value of the annual background
radiation. The activity concentration of NORM in the water were below the recommended
safety limits for the cancer risk estimation and the radiation dose guidelines given by WHO and
UNSCEAR (WHO Geneva, 2018; UNSCEAR, 2000). The calculation of the children dose was
most relevant making them the targeted population. Children are more sensitive to exposure
from some radionuclides as reflected in different dose coefficients, although they typically
consume smaller quantities of drinking water when compared to adults. The estimation of the
assessed annual effective dose for all the individual populations were below the recommended
reference value of 0.1 mSv resulting from a year intake of drinking water in accordance with
the WHO, IAEA and UNSCEAR regulated guideline values (UNSCEAR, 2000; IAEA, 2013;
WHO Geneva, 2018). The consumption of ground water of the study location does not pose
any radiological hazard. Drinking water and household water are potentially important
pathways for radionuclide ingestion and radium is considered as a highly toxic element in water
and requires attention for human health. Although drinking water is not a global hazard, other
environmental contributions may lead to a radiological hazard. The dose, which results from
the ingesting of radionuclides, is dependent on chemical and biological points to consider such
as the absorbed dose by the tissues or visceral organs and their sensitivity, nature and
persistence in the body before disintegration. The oil palm plantation community depends on

the source of ground water for drinking and other domestic uses.
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Table 11.4: Activity concentration of “°K, 232Th, and 2*U in water samples

Code Activity (BgqL™) | Activity (BqL™") | Activity (BqL™")
Water of 4°K of of
238U 232Th

W1 Abak 225.8+0.03 3.722+0.01 ND
W2 Acharu 377.0+0.02 4.738+0.05 7.977+0.02
W3 Agbarho 189.740.43 4.764+0.02 3.543+0.01
W4 Ago-Emokpae 468.9+0.01 5.750+0.01 5.170+0.02
W5 Apoje 213.4+0.01 5.058+0.05 1.654+£0.62
W6 Badagry 343.2+0.03 5.058+0.03 5.621+0.91
W7 Benin City 422.3+0.02 2.844+0.04 5.778+0.73
W8 Igede Ekiti 382.3+0.02 2.309+0.06 3.368+0.22
W9 Ikire 190.0+0.01 1.611+0.01 9.619+0.26
W10 Iresa Apa 196.3+0.03 1.713+£0.02 7.293+0.02
W11 Nsukka 259.4+0.03 3.046+0.24 ND
W12 Okitipupa 171.7+£0.01 4.773+0.03 2.015+0.01
W13 Onishere 183.0+£0.35 4.585+0.01 5.157+0.03
W14 Ubiaja 226.7+0.43 3.330+0.01 2.937+0.01
W15 Umuabi 248.2+0.06 3.912+0.01 3.912+0.01

Table 11.5: Annual Effective Dose Estimation (Ew)

Sample codes | Ew x 10 (°K; mSvy") | Ewx 10 (3*2Th; mSvy") | Ew x 104 (238U; mSvy-')

Infant | Children | Adults Infant Children Adults | Infant | Children Adults
W1 1.69 3.95 5.65 ND ND ND 1.79 1.04 5.21
W2 2.83 6.60 9.43 5.39 8.10 9.17 2.27 1.33 6.63
W3 1.42 3.32 4.74 2.31 3.60 4.08 2.89 13.27 6.70
W4 3.52 8.21 11.72 3.49 5.25 5.96 2.76 16.10 8.05
W5 1.60 3.74 5.34 1.12 1.68 1.92 2.43 14.16 7.08
W6 2.57 6.01 8.58 3.80 5.71 6.46 2.43 14.16 7.08
W7 3.17 7.39 10.56 3.90 5.89 6.65 1.37 7.96 3.98
W8 2.87 6.69 9.56 2.28 3.42 3.87 11.06 6.47 3.23
W9 1.43 3.33 4.75 6.49 9.76 1.12 0.77 4.51 2.25
W10 | 1.47 3.44 4.91 4.92 7.40 8.39 0.82 4.80 2.40
W11 | 1.95 4.54 6.49 ND ND ND 1.46 8.53 4.26
W12 | 1.29 3.01 4.29 1.36 2.05 2.32 2.29 13.36 6.68
W13 | 1.37 3.20 4.58 3.48 5.23 5.93 2.20 12.84 6.42
W14 | 1.70 3.97 5.67 1.98 2.98 3.38 1.60 9.32 4.66
W15 | 1.86 4.34 6.21 2.64 3.97 4.50 1.88 10.95 5.48

Table 11.6: Radiological cancer risk for Radium isotopes

Radiological risk x 10 Radiological risk x 103
Sample code

226Ra 228Ra
W1 13.65 3.80
w2 17.39 4.83
W3 17.48 4.85
w4 21.10 5.87
W5 18.56 5.16
W6 18.56 5.16
W7 10.44 2.90
w8 8.47 2.36
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W9 5.91 1.64

W10 6.29 1.75
W11 11.18 3.1
W12 17.52 4.87
W13 16.83 4.68
W14 12.22 3.40
W15 14.36 3.99
SUM 209.96 58.37
Average 26.25 3.891
Maximum value 21.10 5.87
Minimum value 5.91 1.64

11.4.0 Conclusion

The result of the annual effective dose and cancer risk estimation in the present study proves
that the NORM in the ground water samples from all the plantations under study do not pose
any significant health risk to the public. The oil palm plantation community depends on the
source of ground water for drinking and other domestic uses. Studies have shown the health
effects caused by radiation on the population and cancer related effects occurs when the
probability coefficient for radiation exceeds 0.1 mSv per year from inhaling/ingesting
radionuclides in water which is minimal when compared to other health related issues. In the
present study, the hazard indices were below permissible limits provided by regulatory bodies
such as WHO and UNSCEAR. The research provides a foundation and procedure for the
establishment of national regulatory standards and risk assessment information for safety in
the use of water on the oil palm plantations especially in non-emergencies. The present work
revealed that the dose received by children by drinking the ground water sampled on the
plantation was higher than infants and adults. Adults also received higher dose compared to
infants. Children are more sensitive to exposure from some radionuclides as reflected in
different dose coefficients, although they typically consume smaller quantities of drinking water
when compared to adults. The ingestion of the radionuclides from different age groups and
cancer risk from the ingestion over a prolong period was estimated. The research will assist in
the implementation of drinking water standards for the management of risks and for provision
of support from radiological agencies, water suppliers in emergency and non-emergency
situations. Palm oil being a cash crop and the plantation a source of revenue to the inhabitants
of the selected areas were palm oil is extensively cultivated may have such areas receiving
pollution characteristics. Hence, the plantation is a community and the water needs to be
assessed for radioactivity concentration levels from sources of NORM or/and TENORM. The
study could also be modified for utilization in emergencies and aimed at consciousness on
relevant international criteria and standards in the management of water for drinking and

domestic use, on the oil palm plantations in the southern states of Nigeria. It is intended for
224



organizations to set and/or enforce standards. This is in relation to the management of risks
from the consumption and use of water at local and international levels. This is beneficial to
agencies, regulators on radiation protection measures. It includes the information on radon
assessment and the management of risks associated with radon inhalation and ingestion.
Routine monitoring of radionuclides is necessary when there is a suspicion of a significant
source of radionuclides such as oil spillage and mining activities in the sampling area and high

level of NORM in rocks and soils.
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CHAPTER TWELVE
12.1 General discussion

The PhD study focused on trace and essential elements, radionuclides and antioxidants in
palm oil sampled from fifteen independent sampling locations in the south west, south east
and south south states in Nigeria. The study was aimed to examine the quality of the palm oil
that is pressed from the mesocarp of the oil palm fruit. Palm oil differs in chemical and physical
composition when compared to the palm kernel oil. The palm kernel oil is oil derived from the
kernel of the oil palm fruit. Palm oil is important due to its suitability for various culinary,
domestic, and industrial applications. A cure for various ailments, and a raw material for the

food and chemical industry (May & Nesaretnam, 2014; Ismail et al., 2018; Zwolak et al., 2019).

Various scientists have investigated the accumulation of toxins in vegetables and have
deduced and inferred that the safety of food is endangered by the pollution of soil and water.
Soil pollution constitutes a serious challenge to human physical health and the environment by
damaging plant and human metabolism and making crops hazardous for use (Thompson &
Darwish, 2019). Several metals were investigated in the course of the study. The metals
include trace, essential and toxic metals. Toxic metals such as Lead, Cadmium, Arsenic,
Mercury etc. have the potential to cause damage to the nervous system, kidney, and liver as
declared by the Food and Agricultural Organization (FAO) of the United Nations (Hashim et
al., 2014; Rai et al., 2019 ). Most of the health hazards associated with humans are linked to
the pollution of the soil through soil water especially, Lead, Arsenic, Cadmium, and Mercury.
An accumulated concentration of toxic metals is detrimental to the food chain. Metals are
accumulated in plants and enter the food chain through absorption by plants. Other exposures

to toxicity may be from ingestion and atmospheric deposition.

The study on the analysis of water on the plantation by ICP-OES revealed the water sample
had elevated levels of metals from pollution caused by human activities such as the burning of
fuels, mining activities, and effluents from industry and fertilizer application on farmland. Plants
generally absorb nutrients and toxic metals from soil water. The ICP-OES was a better option
to determine trace and toxic elements because it was able to measure the entire spectrum with
reliable sensitivity (Tangahu et al., 2011). The results obtained were compared with standards
set down by the World Health Organization (WHO Geneva, 1998; Chochorek et al., 2010).
Toxicity of drinking water and its assimilation in human cells depended on factors such as pH,
electrical conductivity, total dissolved solids, which are the physicochemical parameters. The
ground water was acidic, an indication of trace/major element contamination. Major elements

such as Calcium, Sodium, Magnesium, and Potassium recorded higher concentration. Lead
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(Pb) (0.09-10.3 mg/L) had the highest concentration for all elements and Cadmium (0.12-0.39
mg/L) the least on all the plantations under study. The result of the study was extensively
explained in the chapter Four of the thesis alongside instrumentation and method
development. The published paper is entitled “Determination of trace and major elements in
water on oil palm plantations by Inductively Coupled Plasma Optical Emission Spectrometry”.
The section expatiates on the benefits, toxicity, and deficiencies of the intake of the elements
through water. At elevated concentrations, essential metals become toxic. The method
developed for the analysis was relatively cheap and it was able to measure a wide range of
spectrum of metals. Generally, elevated concentration of metals was found in the water. The
results of the analysis confirmed that the source of point and non-point pollution was from
anthropogenic sources. A list of the various elements detected in the oil palm plantation were
Aluminium, Chromium, Copper, Zinc, Cobalt, Iron, Selenium, Tin, and Lead and macro
elements such as Potassium, Calcium, Sodium and Magnesium (Satarug et al., 2010; Alfrey,
1984; Kowalczyk et al., 1986; Klotz et al., 2017; Rahimzadeh et al., 2017). The application of
Lead (Pb) metal is numerous in industry. It is not an essential element with health importance
to neither plants nor animals. The permissible limit for Pb in vegetable oils is 0.01 mg/L and
most of the palm oil samples analysed recorded elevated levels above this limit. An exception
was Ubiaja plantation that recorded 0.006 mg/L. Pb is a soluble metallic element in soil
solution. Concentration of Pb in the environment is usually from anthropogenic sources such
as the exhaust pipes of vehicles or machines being ran on leaded petrol and electronic waste
such as leaded batteries (Adedeiji et al., 2013). Bitumen deposits, lead acid battery factories,
and glass-making industries in and around the vicinity of the plantation may contribute to
particulate Pb, which may get into the oil during processing. Generally, all the machineries
used for processing were run on leaded petrol/diesel and could be a contributory factor of high
lead concentrations on the plantations. Similar studies on soils sampled on the oil plantations
have shown that Pb is a potentially mobile element and soluble in soil water and under acidic
conditions of the soil, it becomes mobile and can bio-accumulate in the palm fruit (Anju &
Banerjee, 2011). The concentrations of the elements were generally elevated in water sampled
on the plantation when the values obtained were compared with permissible levels set down
by regulatory bodies.The pH of the water sampled, generally acidic facilitated the dissolution
and uptake of the metals by plant roots (WHO, Genewa 1998; Hout, 2012; Hashim et al., 2014).

This section of the thesis expatiates on the bioavailability, uptake, and toxicity of metals in
soils. Total metal concentrations and sequential metal analysis were performed on soils on the
oil palm plantations. The uptake and mobility of metals in soils depends on properties and soil

factors, which include but are not limited to pH soil organic matter, pore size of the soil etc.
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(Sharma & Kamalpreet, 2017). There was a decrease in the bioavailability and accessibility of
metals with increasing pH. Low pH values have also been associated with a reduction on
particle soil size and organic matter. The pH of the soil ranged between four and six. Acidic
soil pHs favours the bioavailability and uptake of metals to plants due to a higher degree of
mobility. This is hazardous to humans and the food chain due to the fact the crops bio
accumulates toxic metals in their edible parts especially their fruits. This is not beneficial in the
agricultural point of view since plants accumulate toxic metals especially in their consumable
parts (Zhu et al., 2012). An elevation in the uptake of highly mobile metals such as Zn, Cr and
Fe due to the occurrence of soil organic matter and several soil factors have the potential of
contributing to the bioaccumulation and accessibility of the toxic metals in edible plant parts.
(Zhu et al., 2012). Chemical extraction procedures were used for the sequential extraction and
based on the assumption that a relationship exists between the bioavailable fractions in the
soil and the soil properties. The soil pH obtained in the study ranged from 4.96 to 7.01. Toxicity
and accessibility of metals for plant uptake is favoured by a decrease in pH due to
precipitations of hydroxides ions, carbonyls and/formation of insoluble complexes of organic
compounds. Heavy metals are more mobile at pH less than 7 than greater. Soil pH is a useful
indication of toxic elements in soil and plants have difficulty in absorbing some elements such
as Cu, Zn, Mg, and Fe in basic soils (Bucher et al., 1999; Weinberg, 2009; Catalani et al.,
2011; Mohan & Kasprowicz, 2016). The values of the pH from the study areas indicated the
tendency of the availability of the heavy metals and high metal uptake by plants. The soil pH
serves as a useful hint to the presence of nutrients and the potency of toxic substances present
in soils sampled from the plantations. Electrical conductivity is a measure of the salinity of the
soil. The results for the electrical conductivity in the study ranged from 22 to 229 Scm™. A
measure of the electrical conductivity is important as it influences major key processes in the
mobility and uptake of metals and nutrients by plant root hairs (Anju & Banerjee, 2011). The
values of the soil electrical conductivity and the pH obtained in the Ph.D. research study could
be due to the content of available soluble salts. Electrical conductivity has been correlated to
the concentration of elements in soils. High values of soil organic content could be attributed
to arable and cultivated soils, the presence of vegetation cover and decomposition of organic
matter. Low organic matter content in soils indicates low electrical conductivity. Interactions
among these factors appear to be an unavoidable influence in the allotment of the metals
among the different plantation sites. The heavy metal distribution in the sample under study
was used to assess their mobility and bioavailability. The mean and standard deviation results
got from each extraction and residual step by applying the BCR sequential extraction
procedure were expatiated for soils. Maximum limits for concentrations of metals in soils are

usually based on the concentrations of their total amount. It is the bioavailable metal fractions
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that gives scientist the environmental concern (Ono et al., 2016). These factors are also
insufficient since they are related to the soils physicochemical characteristics and the forms in
which the metals exist. The presence of heavy metals in soils was identified through speciation
studies on all sampling locations. Furthermore, this may cause uptake of heavy metals by the
trees on the plantations that can cause serious environmental problems due to
bioaccumulation and bioaccumulation in the food chain and consequently affect human and
animal health. The research work shows the application of sequential extraction procedures
for the process of controlling and influencing the speciation of heavy metals in soils (Agbenin
& Welp, 2012). It provides details on the hazardous effects of these metals as the mobility and
eco toxicity depends on their chemical forms, and they tend to be easily mobilized and
dispersed. The uptake and toxicity of metals in soils acknowledges the fraction that is phyto-
available to them. The heavily soluble fractions that are generally the exchangeable and the
fractions bound to organic matter are generally considered phytoavailable. The accurate
evaluation of the concentration of the phytoavailability of heavy metals in soils is becoming a
useful tool for risk assessment and remediation studies. The study acknowledges the fact that
total metal concentration may not be a very important tool for predicting metal phyto-availability
on the plantations (Olaniran et al., 2013). The average concentration of metals in soils and the
sequence of their distribution have been discussed extensively in Chapter Five of the thesis.
This is in addition to the toxicity, speciation, and mobility of the metals and the conditions that
favour plant uptake and bioaccumulation. Metal levels were elevated in soil samples and hence
translocated to the palm oil (Weinberg, 2009; Catalani et" al., 2011). The outcome of the PhD
study revealed that the elements concentration in the soils in a study on the oil palm plantation
were a bit lower than those in the palm oil samples when compared with soil samples due to
bioaccumulation and bio magnifications in the tissues of the plant. The mean concentrations
of metals in palm oil in this study were highest in Zinc (162.1 mg/L; Benin City) and Chromium
(99.8 mg/L; Ubiaja) respectively. The average value of metals in palm oil in this study was
lowest in Manganese and Copper and these were sampled from Agbarho and Nsukka
plantations respectively. The sequence of metals in palm oil and soil were
Cd>Fe>Co>Ni>Zn>Cr>Mn >Cu and Zn>Cr>Cu>Ni>Fe>Mn>Co >Cd respectively. Nearly all
the concentrations of the metals exceeded the permissible limits in palm oil and soils analysed
from the plantations. Palm oil samples analysed did not reveal elevated levels of Manganese
(Mn). The concentrations of Mn in all the oil samples under investigation were below the World
Health Organization (WHO) permissible limits of Mn in vegetable oil (WHO Geneva, 1998).
The bioaccumulation of Mn in this study may not pose danger to plants and humans. The soils
analysed on the plantations were acidic, an indication of elevated concentrations of the metals

in the oil samples (Hepworth & Mark Heron, 1997; Badiye et al., 2013; Green et al., 2017;
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Lopez, 2019). This prompted an increase in mobilization and uptake of the metals in the palm
oil. The influence of morphology and physiology of plants as an important factor in mobility,
bioaccumulation, and elimination of metals in soils indicated the possible transfer of these
metals from soil water to the palm oil. Soil factors affect the available ions for plant uptake of
heavy metals in soils. Cadmium (Cd) is the most assessable metal to pollutants because it is
the most mobilized metal in soil solution. The concentration Cd on the oil palm plantation can
also be traced to the accessibility of the metals by the plants from soil water. Previous studies
of the soil from water on an oil palm plantations recorded high concentrations of Cd due to
electronic waste dump leachate in soil water from the plantations (Zhou et al., 2016). Such oil
sampled from the plantation may be rather suitable for industrial use rather than consumption
because Cd is known as a human/animal carcinogen. The mobility of Cadmium is high hence,
released into soil solution and this makes it toxic and easily accumulated in the oil palm fruit
(Pelikan & Cerny, 1970; Kimbrough, 1976; Tinggi, 2008; Olmedo et al., 2013; Kieliszek &
Bfazejak, 2016). Cobalt being a mobile metal is fairly mobilised in the soil. Cobalt concentration
in soil will be available to plants and may bio-accumulate in the fruits. In addition, effluents from
industries may be a source of increased cobalt concentration. All the oil plantations
investigated revealed elevated concentrations in the palm oil. Speciation studies on soil on the
oil palm plantations revealed that Copper (Cu) exists in the immobile fraction of the soil that is
insoluble in soil solution and poorly oxidised or reduced (Fytianos et al., 2001). Toxicity of Cu
had revealed that elevated levels of Cu are toxic and causes bioaccumulation and bio-
magnifications in fruits. Anthropogenic pollution from Iron usually outweighs the natural forms
in which Iron (Fe) exists as Fe is also a semi mobile metal. It is an essential metal and a
component of the enzyme haemoglobin. Crude oil drilling and processing near Abak plantation
may be responsible for the elevated concentration of Fe in the palm oil sampled from the
plantation. Zinc (Zn) and Nickel (Ni) are immobile metals and their concentrations in the oil
samples under investigation were relatively high in the palm oil samples under study (White &
Brown, 2010). (Soetan et al., 2010). (Vargas et al., 2018). Under favourable conditions, these
metals may be released from their residual crystalline and immobile phases into soil solutions
for absorption by plants. Researchers as essential metals with antioxidant values have
appraised Zinc and Nickel and acting as a defence mechanism against infection but toxic when
concentrations are elevated. Plants take in metals via the soil solution and ideally, this reflects
the level of environmental pollution of the area (Zheng et al., 2016). It is erroneous to base
environmental quality of an area on the concentration of metals in samples. Importance must
be stressed on the bioavailability, mobility and the factors that affect the accessibility of the
metals in soil water and translocation to the edible parts of the plant. Environmental pollution

arising from metals could also be from discarded utensils on dumpsites and in landfills. The
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leachate from such sites seeps into soil water causing environmental pollution. Non-essential
metals have no biological importance to life. Nervous system disorder and Alzheimer diseases
are few signs of such toxicity. In addition, toxicity is seen in symptoms such as intestinal and
urinary tract infections. Metals have the ability to be translocated from soil to various parts of
the plants. Invariably researchers have studied the oil palm tree extensively as an effective
crop in remediation technology. It is a cheap choice to phytoremediation because it is low in

maintenance and eco-friendly (Jiang et al., 2013).

Soils are cleaned up as the oil palm tree translocated metals from soils to parts of the plant
such as fruits and stems. This provides interesting tools to sites contaminated by toxic metals
on the oil palm tree with emphases on the fruits. Toxic metals are transported to humans and
the food chain through the consumption of food crops on contaminated sites. This is especially
hazardous and a critical health risk issue when the metals exceed the permissible levels in
palm oil. The food chain as a pathway of toxic metals is vital in risk assessment in developing
countries like Nigeria since ingestion of palm oil remains deregulated (Jia et al., 2018). Palm
oil is a stable ingredient for the preparation of most dishes in Nigeria and consumed regularly
by the population at large. The intake of metals does not equate the concentrations absorbed
by humans as implied by some reported research work. A part of the absorbed dose is usually
eliminated through various biochemical processes. The remainder portion becomes bio
accumulated and biomagnified in humans. The results for the analysis of metallic elements in
virgin palm oil in the PhD study results revealed detectable levels of the metallic elements as

most of them exceeded the WHO permissible limits for metallic elements in vegetable oils.

Accumulation Factors (AF) in the palm oil can best be used to describe the degree in which
the palm oil accumulates in the biological system. The value of AF in this study was between
324.20-0.78 and was greatest for Cd (324.20) in Okitipupa and Ni (141.3) in Igede-Ekiti
plantations respectively. The AF value of 0.78 was obtained in Apoje oil palm plantation, which
was the least AF value, investigated. The sequence of accumulation was described using the
bioaccumulation factor as Cr<Cu< Ni<Zn<Fe<Cr<Mn <Co<Cd with Cd being the greatest bio
accumulator in the palm oil. The AF values for Cd, Co, Fe and Mn was greater than unity in
most of the palm oil sampled from the plantations (Tangahu et al., 2011 ; Zhou et al., 2016).
This is an indication of bioaccumulation in the edible part of the oil palm tree, the fruit. AF
factors lesser than one and very close to unity were recorded for Nickel, Chromium, Zinc, and
Copper. Lower AF values show low transfer of metallic elements and a lower risk of
contamination. Risk assessment can be reported by calculating the Metals Daily Intake (DIM)
and Health Risk Index (HRI) values. This is particularly risky and hazardous to the food chain.
Risk assessment is of paramount significance in developing countries like Nigeria where the
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disposal of waste on agricultural lands is largely unregulated (Fytianos et al., 2001). Although
several pathways of exposure such as the air, water, and soil may contribute to contamination,
food is significantly a higher route of exposure. The consumption of palm oil as the stable
ingredient in most foods is the pathway to the ingestion of metals in the study. The index that
describes the average consumption of the palm oil is the DIM and HRI value. The DIM values
of the contaminated palm oil were highest for Zn and the sequence of intake was
Zn>Cd>Cr>Cu>Co>Mn>Ni >Fe. The DIM and HRI values were close to unity and greater than
unity in most of the plantations indicating a high risk to the food chain. The RfD was earlier
defined as a tool quantitatively used in risk assessment to evaluate the ingestion of a non-
carcinogenic contaminant per milligram per kilogram per day (Zheng et al., 2016). The RfD
values obtained for the metals Cd, Co, Cr, Cu, Fe, Mn, Ni and Zn in the study were 1.02E3,
2.50E3, 1.40E2, 1.5E° 2.0E?, 1.4E2, 2.0EZ and 1.33E° respectively. The present study
revealed that the metals Cd, Co, Cr and Fe had HRI values above unity and very close to unity
on all the plantations analysed. Much lower values of HRI were found in metals such as Cu,
Mn, and Zn. HRI values above unity signifies an indication of future toxicity to humans via the
food chain (Inengite et al., 2015). Elevated concentrations of THQ values were observed. THQ
is essential for the assessment of toxic metals in food crops. In the present study, it was
observed that THQ values were high and this poses a risk to the food chain. Although
biochemical and redox processes are available for the reduction of toxic metals in biological
systems, such processes emphasize that ingested metals from food is not only absorbed into
tissues as the skin and kidneys may excrete some toxins in sweat and urine (Inengite et al.,
2015 ; Taghvaei & Jafari, 2015)

Local farmers, prior to use store palm oil for longer shelf life. To preserve the freshness and
aesthetics of the palm oil, preservatives in the form of synthetic phenolic antioxidants may be
added to prolong the shelf life of the palm oil (Taghvaei & Jafari, 2015). An aspect of this study
determined fifteen different virgin palm oil samples from independent palm oil plantations in
the south west, south east and south south states of Nigeria. The samples were analysed for
BHA, BHT, EEMC, and PG contents. The real samples were analysed in triplicates. The
retention factors and response of the peaks presented in all the samples were compared
against that of the standards for BHA, BHT, EEMC, and PG. The peaks of the real samples
could not be assigned tentatively. This was no agreement with the peak of the samples and
standards since all the antioxidants under studies were not detected in the analysis of the real
samples (Perrin & Meyer, 2003; Goulart et al., 2014). Hence, there was no close match
between the chromatograms of the real samples and standards. Hitherto quantitative analysis

of the real sample peaks was integrated and identified for determination of sample
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concentrations. The response of the samples containing the unknown concentration was also
matched against that of the response of standards to determine the amount of antioxidants
present. This was closely observed to avoid peak mis-assignment due to peak size and shape
effects. The analysis was performed under a reverse phase condition to increase the
confidence of the results. None of the antioxidants under study was detected in any of the real
samples under study (Perrin & Meyer, 2003; Seneviratne et al., 2016).

Radionuclides also present itself as contaminants in the palm oil and hence needed to be
studied. There is the likely transport and accumulation of such Naturally Occurring Radioactive
Materials being accumulated from the soil water to the fruit of the palm tree. An aspect of the
Ph.D. study focused on radionuclides as a contaminant in the soil, water and palm oil and the
need to access the hazards posed by the utilization of the product, which is palm oil. Hence,
levels of radioactivity were determined in soils, water, and palm oil from selected plantations.
Naturally occurring radionuclide activity was investigated on soils from oil palm plantations
using a Hyper-Pure Germanium detector with appropriate shielding coupled to a Canberra
Multichannel Analyzer. The radioactivity concentrations of 228U, 232Th and “°K were obtained
from averaging out the radioactivity concentrations of their respective progenies. With the
assumption of secular equilibrium being attained, the dose rate in air 1m above ground and
the effective annual dose rates were determined. Activity concentrations of the radionuclides
238, 232Th and “°K were obtained from the activity concentrations of their respective daughter
radionuclides. The activity concentrations of “°K from soil depth of (0 — 15 cm) ranged from
187.4 — 514.4 Bqg/kg. The activity concentrations of 2%U from soil depth of (0 — 15) cm ranged
from 2.328 - 6.571 Bq/kg. The activity concentrations of 2*2Th from soil depth of (0 - 15 cm)
ranged from 1.509 - 6.121 Bg/kg. This was based on the analysis of the soil within the range
of 0 -15 cm. For the risk assessments, the Absorbed Dose Rate (D) ranged from 11.5 to 24.54
nGy/h, while the Annual Effective Dose Equivalent (E) ranged from 1.4 x 102 to 2.98 x 107
mSv/y and the Radium Equivalent (Raeq) ranged between 21.72 to 49.14 Bg/kg in soils of
depth 0-15 cm. Values were lesser than worldwide average values of 370 Bgkg™
recommended for radium equivalent by the United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR). The calculated values for external hazard index range from
0.032 — 0.133 on soils (0-15 cm) in Okitipupa and Umuabi plantations. The Values for Internal
Hazard index and representative index were 0.043-0.153 (0-15 cm; Okitipupa/lresa-apa) and
0.081-1.345 (0-15 cm; Okitipupa/Badagry) repectively. Most of the values of hazard and
gamma index in the soil samples obtained in the study were below the critical value of unity
and this is below the reccommended safe limit of 1 mSv/y [14-16]. None of the samples

exceeded the permissible levels of 370 Bgkg™' recommended by the United Nations Scientific
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Committee on the Effects of Atomic Radiation (UNSCEAR) for the Radium Equivalent. In
addition, the calculated values of hazards in terms of Internal and External hazard indices and

Representative hazard index were determined and found to be within safe limits.

Palm oil is a useful vegetable fat for the oil and chemical industry and Nigeria is a third world
producer of such oil. Hence, the oil palm plantation is an economic cash crop in such a region.
Nigerian soils may be contaminated with radionuclides from natural and anthropogenic means.
This motivated an aspect of the study to be conducted on palm oil sampled from fifteen regions
on oil palm plantations in the south western, south eastern and south southern states of
Nigeria. Pressed oil palm samples were selected from these regions using grab sampling
methods and the pressed palm fruit oils analysed for their radioactivity concentrations using
gamma ray spectrometry and the Hyper pure germanium detector. Radioactivity and risk
assessment indices were determined in the oils. The activity concentrations in the palm oil for
40K, 238 and 232Th ranged from 122.3-968.0, 1.240-6.651 and 1.199-8.061 BqL"" respectively.
The risk assessment indices for Radium equivalent activities (Ra (eq), Gamma absorbed dose
rate (D) and Annual Effective Dose Rate (E) was highest in sampling point L1 (Abak) due to a
high transfer of radionuclides from crude oil spills from a crude oil drilling area of the region.

Translocation factor (Tf) in the all pressed palm oil was greater than unity/very close to unity.

The section of this study assessed the annual effective dose and cancer risk in water polluted
with Naturally Occurring Radioactive Materials (NORM) sampled from fifteen independent
sampling locations in the southeast, southwest, and south south regions of Nigeria where palm
oil is extensively cultivated. The ground water in the community is used as a source of drinking
water and for domestic use in the community. The activity concentration of 4°K, 238U and 2%°Th
were discussed and the annual effective dose for different age groups and cancer risk was
estimated in the ground water samples. Activity concentration of “°K (Bg/L) were least in
Okitipupa plantation (171.7 £ 0.01 Bg/L) and the highest activity was recorded in Ago-Emokpae
plantation (468.9 + 0.01 Bq/L) respectively. The activity concentrations of 2%U (Bg/L) ranged
between 1.611 + 0.01 Bg/L — 5.750 = 0.01 Bg/L and the concentrations were least in lkire
plantations and highest in Ago-Emokpae plantations respectively. Activity concentrations
values (Bq/L) for 2%2Th in the ground water was highest in Ikire plantation (9.619 + 0.26 Bqg/L)
and lowest in Apoje plantation (1.554 + 0.62 Bq/L) respectively. The values for the Annual
Effective Dose Estimation (E) (mSvy™) for “°K, 2%8U and 2*2Th reveal that E for “°K was highest
in infants, children, and adults in this order; 3.51 x 10, 8.21 x 104, and 11.72 x 10* at W4
plantation respectively. Lowest values of E (mSvy') were recorded in the same order at W12
plantation respectively as 1.29 x 104, 3.01 x 10, and 4.29 x 104). E values (mSvy™") for 2*2Th
were negligible at W1 and W12 plantations. Highest and lowest values were recorded as 6.49
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x 10 (W9); 9.76 x 10 (W9) and 9.17 x 10** (W2) for infants, children, and adults respectively.
Lowest values of 232Th EDW values (mSvy') in the sampled ground water were recorded (1.12
x 10, 1.68 x 104, and 1.12 x 10*) for infants, children, and adults in W5 and W9 plantations
respectively. The radionuclide 2%®U recorded E values (mSvy™") in the range of 0.77 x 10
mSvy' —11.06 x 10* mSvy, 1.04 x 10* mSvy ' —16.10 x 10* mSvy" and 2.25 x 10* mSvy
1-8.05 x 10* mSvy' for infants, children, and adults respectively. The values were generally
low for infants. Radionuclide 2*?Th was not detected in Abak and Nsukka plantations. The
calculation of cancer risks based on the radium isotopes ranges from 5.91 x 10 to 21.10 x
10* for ?*®Ra. For ??®Ra, the values were from 5.87 x 10* to 1.64 x 10*. Mean estimations
were calculated as 26.25 x 10* and 3.891 x 10 for ?2Ra and ??®Ra respectively. The
estimation of the assessed annual effective dose for all the individual populations were below
the recommended reference value of 0.1 mSv resulting from a year intake of drinking water in
accordance with the WHO, |IAEA and UNSCEAR regulated guideline values (UNSCEAR,
2000; IAEA, 2013; WHO Geneva, 2018). The mean values for values ?2Ra and #?®Ra obtained
in this study for both isotopes were 3.891 x 10* and 26.25 x 102 for 2Ra and ?*®Ra
respectively. The mean estimation of the radiological cancer risk for radium isotope for both
226Ra and ??®Ra in this study is acceptable within the guideline limits of 1 x 10*to 1 x 106, The
values are within the acceptable incidence cancer risks of the recommended guidelines for

drinking water quality and reference levels for radionuclides in drinking water.

Based on the results, with respect to the radium equivalent, internal and external hazard
indices, as well as the representative level index, there is no evidence of any threat of a health
hazard from the soil on all palm plantations studied concerning gamma radiation. All the
naturally occurring radionuclides were detected in all samples of the soil and palm oil on the
oil palm plantation but below permissible limits. Nevertheless, the activity concentrations did
not exceed the recommended guidance levels for the ingestion of radionuclides in food. The
concentration of “°K was found to be relatively higher in palm oil in comparison to other
concentrations of NORM due to transfer from soils and high transfer ratio. Potassium is found
readily in soils especially due to preplanting and post planting operations and the use of
pesticides and phosphate fertilizer. In addition, soil characteristics may favor its mobilization
and translocation into plant tissues of a micronutrient. However, radioactive potassium, 4°K is
radioactive hence, its concentration must be monitored closely as it transports and translocate
to fruits through roots/shoot uptake (Bian et al., 2018; Ji et al., 2019).

The result of the annual effective dose and cancer risk estimation in the present study proves
that the NORM in the ground water samples from all the plantations under study do not pose
any significant health risk to the public. The research provides a foundation and procedure for
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the establishment of national regulatory standards and risk assessment information for safety
in the use of water on the oil palm plantations especially in non-emergencies. The results of
the study revealed that the dose received by children by drinking the ground water sampled
on the plantation was higher than infants and adults. Adults also received higher dose
compared to infants. Children are more sensitive to exposure from some radionuclides as
reflected in different dose coefficients, although they typically consume smaller quantities of
drinking water when compared to adults. The result of the study could also be modified for
utilization in emergencies. It is aimed at consciusness on relevant international criteria and
standards in the management of water for drinking and domestic use on the oil palm
plantations in the southern states of Nigeria and for organizations to set and/or enforce

standards.
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CHAPTER THIRTEEN

13.1 Conclusion

Metals, radionuclides and synthetic antioxidants may be present in palm oil as additives or
contaminants. Hence, characterization, clean-up and remediation of such soils is necessary.
Several inorganic species present themselves as additives or contaminants in edible parts of
plants. The source of contamination may be via soil water transfer to plants via translocation
and transportation. Information on the availability and concentration of metals and
radionuclides in soils, toxicity, risk, mobility, and remediation technologies are very important
tools to the environmental toxicologist.

Metals are persistent in the environment. Radionuclides with very short half-life are dangerous
and fatal. Both radionuclides and metals can be complexed in soils or soil solutions. Long-term
biodegradable methods are possible solutions to reduce and remediate such soils.
Radionuclide risks may reduce overtime depending on the duration it takes to decay. Uranium,
Thorium and their progeny half-lives is very long, hence they persistent and are of particular
concern to the toxicologist; although their toxicity depends on their oxidation states in soil
solution, effect on food chain, mobility and transfer. Agronomical practices such as pesticides
and fertilizers use has been extensively applied in agriculture due to the quest for improved
yield. Agriculture produce has always been grown on acclaimed lands such as landfills and
dumpsites. The unavailability of land for agricultural purposes, leached and drained soils, and
unsuitable topography has led to the quest for improved soil through the use of sewage water,
effluents, fertilizers and pesticides on agricultural lands. However, it was observed that the
Accumulation Factor in the palm oil varied for each metal, so also is the translocation factor.
Hence, the palm oil sampled from most of the plantations was not desirable for human
consumption but may be suitable for the agro allied and chemical industries and for the
production of biodiesel. The results disclose high AF and HRI values above one and close to
unity for most of the plantations. The investigation profers a concise understanding on the
prevailing situation and circumstances of palm oil poisoning and pollution with imminent and
impending prospective health hazard assessment. A crucial demand prevails to control the
palm oil processed from the palm fruits in the region. In addition, policies and programmes
must be put in place to forestall the accumulation of the metals in the palm oil that will abate
future health risks to the susceptible population of the region. All the naturally occurring
radionuclides were detected in all samples of the oil on the oil palm plantation with reasonable
activity levels. Radiation dose results from intake through drinking water as well as from the
inhalation of radioactive gases such as radon and is progenies were within safe limits.

Ingestion is the primary exposure of NORMS through the mouth and lungs to the viscera
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organs. Effects are mostly manifested in nephrotoxicity especially in bones and bronchial
epithelium. Causes may also be associated with natural background radiation and nuclear
electricity generators. It was pertinent to address the overall concentration of radionuclide
concentration activity and profer routine monitoring in the oil palm plantation as a whole due
the economic important of the cash crop. Naturally, occurring radioactive materials have
biological effects on man as manifested in cancer and tumours. The oil palm plantations in
Nigeria are situated in historical towns and the implications of migration, settlement and
resettlement of plantation owners has a huge impact on the economic development of the
nation. The palm oil tree products have been used in traditional medicine since time
immemorial without checks or baseline literature on the level of contamination on the leaves
or oil palm fruit. Ground water has also been utilized for domestic and industrial purpose and
the soils used in the production of building materials in homes and offices. The baseline results
will review current inventories on radionuclide plant uptake, accumulation, regulation, and
application on the oil palm plantations and other similar works. The baseline report values will
be used to access the lifetime cancer risks and dose assessment as the towns were the oil
palm plantations are situated are historical towns and for the overall benefit of the oil palm tree
as an economic crop. The values arrived at in this study will furnish baseline records and data
on the concentration of metals and radionuclides for the consumption of palm oil in the region.
The study was able to establish baseline records for protection and safety of radiation dose,
metal toxicity and the application of synthetic phenolic antioxidant in the preservation of the

palm oil.

13.2 Recommendations and further study

Further study will focus on the speciation of radionuclides since radionuclides are not
biodegradable except by radioactive decay. Radioecology is another aspect of interest where
the ability of microorganisms such as fungi and rhizospheres enhance translocation of NORM
into plant roots, tissues, and fruits. Scientist may have looked at the reclamation of the land as
a way of enhancing the aesthetics of the environment after drilling or mining of the precious
mineral; but at what cost? Future studies will also concentrate on the impact of the
contaminants to the environment as the present study was essentially on impact on human
health. However, routine study of the area is recommended to monitor human health. This
study is useful as a monitoring tool for baseline studies of radionuclides, synthetic phenolic

antioxidants, and metal accumulation in the region.
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APPENDIX

| Permission to undertake research studies at NIFOR

NIGERIAN INSTITUTE FOR OIL PALM RESEARCH

(An Institute under Federal Ministry of Agriculture and Water I_?eso;ir_ces)_
Benin-Akure Road, Private Mail Bag 1030, Benin City, Nigeria.
BENIN CITY CONTACT OFFICE:

206, Benin-Lagos Road,

Benin City, Nigeria.

Telephone: 052-602485, Fax: 052-602486

E-mail: info@nifor.org
nifor@infoweb.com.ng

Website:www.nifor.org

All correspondence to be
Addressed to the Executive Director.

Our Ref:’fﬁ}M/Q—ZfA/o[- 137/157‘ 13" March, 2013

Olafisoye Oladunni Bola,

D Tech Student,

Department of Chemistry, cﬂwggﬁ B

Faculty of Applied Sciences, id Eié?ﬁ@i
Cape Peninsula University of Technology,

Cape Town,
South Africa.

RE: PERMISSION TO UNDERTAKE RESEARCH STUDIES

With reference to your letter dated 12 March, 2013 on the above subject, | am directed to
convey the approval of the Executive Director for you to carry out your research studies in our
oil palm stations located at Abak, Agbarho, Ubiaja, Onishere, Acharu, Umuabi and the NIFOR

Demonstration Farm at Ohosu.

2 You are to first report to the Officers in-charge of these stations who will properly direct
you before engaging in your task therein.

3 | wish you success in your studies, please.

Bl —

E.l Ujadughelé Esq.
For Executive Director
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Introduction
The palm oil plantation is one of the cash producing crops in the south wester,
south eastern and south southern states of Nigeria supplying palm oil and paim
kernel products for local farmers, chemical and allied industries. Palm oil
contains a good amount of vitamin A and E known to cure various forms of
cancer and heart disease. The of ion of radionuclides in
pressed palm oil is essential because the palm oil can be

v, e of
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Fig 1: Graphicl representation of radionucides n pam ol

from
other sources other than the soil. Plants i and their

progenies through unwholesome agronomical practices. More of the effects of
radiation are manifested in pulmonary and kidney cancer, leukaemia and
anaemia. Naturally occurring radioactive materials (NORM) (40-K, 238-U and
232-Th) are generally persistent in the environment because they have long half-
life and it takes days and years to completely decay depending on the energy of
the emitted radiation and half-life. It is pertinent to assess these naturally
occurring radionuclides as a baseline or monitoring evaluation to ascertain they
do not exceed the permissible levels in the environment. The analysis of
radionuclides using the Hyper Pure Germanium Detector (HPGe) provided
analysed values of radionuclides and other required data for the calculations of
these radionuclides which were compared with standard and permissible
values.

Table 1 Actviyforpam il BqL)
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Materials and Methods
Palm oil samples were collected in 1Liter plastic bottles and the containers were
labelled PO1-PO15 (Abak-Umuabi as seen in Fig 2 and Table 1) with respect to the
fifteen sampling points then transferred to previously cleaned Marinelli beakers. This
was properly sealed with paraffin film to prevent any escape of radon gas. Palm oil
samples were kept for a month for the radon gas and its progeny to attain secular
equilibrium after which, gamma spectrometry measurements of the samples were
carried out to determine the activity concentration of the naturally occurring
radionuclide materials in the paim oil samples. The gamma-counting equipment was
a Canberra vertical high-purity coaxial germanium (HPGe) crystal detector. The
photo-peaks observed with regularity in the samples were identified to belong to the
natural radioactive decay series headed by 238-U and 232-Th, and a third non-series
natural radionuclide, 40-K, for a counting time of 36000 seconds. The risk
ices such as Radium Equivalent (Ra), Absorbed Dose Rate (D), and

Annual Effective Dose were also the p:

Table2: Ra, 0, and En plm of
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Fig 2: Concentrations of NORM in palm oil
Results and Discussions

The activity concentrations in the palm oil ranged from 122.3 to 968.0,
1.240 to 6.651, and 1.199 to 8.061 Bg/L for 40-K, 238-U, and 232-Th. The
Radium i Gamma Absorbed Dose Rate, and the Annual Effective

Fan G Sl

o B3]
n

Dose Rate in the palm oil samples ranges from 9.981 to 88.00 BqL, 4.315 to
46.29 nGy/h, and 0.53 x 10-2 to 56.90 x 10-2 mSvly, respectively. These are
represented in Tables 1 and 2 and Figure 2. The activity concentration of
40-K and 238-U were highest in Onishere (PO13) plantation. The activity of
232-Th was highest in (PO12 ) plantation. The activity concentrations
reported for palm oil samples were lower than the recommended world
average values given by UNSCEAR. Risk assessment indices were also
below permissible limits. Figure 2 represents a graphical representation of
! Conclusion
Concentrations were below permissible limits and hence NORM in the
palm oil caused no risk to humans when consume
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