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ABSTRACT

Practical solutions to soil pollution by the petroleum industry are still to be fully realised. With
new, unresolved and recurring cases, remediation optitret are readily available, cost
effective andenvironmentally fiendly are required. Analytical methods for quick and easy
monitoring are also crucial. To find appropriate solutionsp&troleum-contaminatedsoils
particularly for the Niger Delta, Nigeriaptions, which satisfy the above principlesgre
investigated Thus, the aims of this researaere toidentify readily available and sustainable
techniques for remediation of petrolewwontaminated soilsevaluateways to overcoming
associated limitations, #rebyenhandéngthese techniquesandinvestigate foreadily available
methodsof monitoring the petroleuracontaminated and remediated soil&fter a systematic
and critical literature review, phytand myceremediation were identified as viable options for
this research, their limitations were evaluatéitheactualstudy involved sampling gietroleum:
contaminatedsoils,treatment with phyto and myceremediation agents and investigation of
methods for analysis and monitoring of the soils. Agents used faretmediation(evaluated in
terms of reduction in Tatl Petroleum HydrocarborBEPHSs in the soil samplesgre: 3 species

of sunflowers Helianthus annupacino gold Helianthus sunsatio& Helianthus annusunny
dwarf), the fern-Dryopteris affinisfermented palm wine (from 2 species of palm tre&faeis
guineensis & Raffia africapaandoyster mushroom(Pleurotus ostreatys Supplementing the
agents with Tween 80 and the use of alternative substrates and methods for applicaton of
ostreatus enabled the investigation of possible enhancement of their miateon efficiency.
The investigation revealed up to 52bof TPHper Kg dry weight ofoils. The emediation
treatments produced as much a89% reduction in TPHs by the sunflovegrecies 70% by
fermented palm wine, 74% LY. affinisand 85% byP. ostreaus; with up t0100% enhancement
on the addition of TweerB0. It was also found that substrates type and method of application
hasa significant effect on the remediation efficiency®f ostreatusThe study further revealed
that available nitrate, elecical conductivity, standardised crude oil and the biomarkers
dodecane and benzenrk 3-bis(1,tdimethylethyl) can be used to broadly monitdhe
concentrationof TPHs@nd remediation progress in soilBhis researcthus demonstrated that
phyto-and myceremediation can provide readily available and sustainable techniques for
remediation d TPHsin soils. Further studies are required to evaluate the application of these
techniques for individugbetroleum contaminant components such as the polycyclic aromati

hydrocarboncompoundsand Asphaltenes
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CHAPTER ONE

Generalintroduction and studybackground

1.1 Introduction

¢CKS LISGNRESdzY AYRdzAGNE KFa | &adzomadlyaal
because ahost every sector depends directly or indirectly on its products and services
(He et al., 2010;Gatfaoui2016; Weiand Gug 201§. However, issues associated with
environmental dgradation,especially from oil spills tertt cast anegativelight on the
industry Prasad and Kumari, 198Pgzeshket al.,2000; Leeet al.,2015. While many
petroleum-contaminatedsites remain untreatechew and recurring cases are frequently
reported bothin developed and developing countrigeenssen, 1994; Zakagatal.,2000;
Aghalino& Eyinla, 2009; Eliopouloet al., 2012). The problem with management of
petroleumcontaminated sites i1 two ways. These are finding a suitaldest effective

and readily available method ofemediation; and that of monitoring both the

contaminated and remediated sites

Techniques foremediationof petroleumcontaminated sod include incineration, soll
washing, soil flushing, soil vapour extraction, biovegtinair biosparging, soil
attenuation, bicaugmentation, biestimulation, composting, phytoremediation and
mycoremediation (Vanderleliet al.,2003; Singh, 2006; Doet al.,2012; Wiszniewska
et al.,2016).

Most of these techniques amather expensive ad require significant technical inputs
and expertise (Cole, 2018). Thefators restrict their deployment in developing
countriesbecause ofnadequatefundsand lower level of technology. The consequence
is undue delays in theleanup of petroleumcontaminated sites. Numerous cases of
petroleumcontaminated sites which have remained for decades without remediation
are known (Usmaet al.,2018; French, 2019). One example is that of Ogoniland, Nigeria,
where over7000 oil spill incidets involving more han2300m? of crude oilhave been

reported (Allisoret al.,2018; Bodo, 2018; Itet al.,2018;Mogaiji,et al.,2018).

Apart from the cost and technical restrictions associated with many ofd¢heediation
techniques someof thesealsodisrupt the phygal, biological and chemical functions of

soil, making it unfit for practical us@Brusseau, 201%Xiaet al.,2019).Adenipekun and

1


http://www.sciencedirect.com/science/article/pii/S014098830900245X
http://www.sciencedirect.com/science/article/pii/S0140988315001735
http://www.sciencedirect.com/science/article/pii/S014098831630041X
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Lawal (2012) and Fernandemqueiio et al., (2019) stated that for sustainable
remediation of contaminated soils, it is imant to utilise techniques that clean up the
contaminants and preserve soil structure and ecological functibherefore workable
solutions topetroleum-contaminatedsites requiremethods, whichare readily available,

costeffective and environmentallfriendly (Songet al.,2019).

Phyto and myceremediation are some of the techniqu#sat could provide sustainable
remediationof petroleum-contaminatedsoils (Rhodes, 2014; Wiszniewstal.,2016).
When @mpared toother techniques phyto- and myceremediationare costeffective,
environmentally friendly and require less technological inputs and expertise
(Cunninghamet al., 1995; Gerhardtet al., 2009; Dubchak & Bondar, 2019). These
techniques have previously been employed commercially for the managerof
pollution episodes in developed countries in North America and Europe (Vandetlelie
al.,2001; Donet al.,2012). However, the techniques are yet to be utilised in developing
countries, particularly in theropics, despite the existence of seversitu studies
(Adenipekun and Lawal, 2012; Oti, 2015).

One difficulty with phyte and myceremediation is he long duration othe process
(Dubchak & Bondar, 201®jbalet al.,2019). Other limitationgncludeproblem of plants
survival andadaptabilty, and limited root length which confines its application tthe
upper soil profilgAliet al.,2013; Fasaret al.,2018. Over the years, several innovations
have been explored to enhance phytnd myceremediation processes fdhe clean

up of contamninated environments (Zharej al.,2010; Fatimat al.,2015; Cagt al.,2016;
Liaoaet al., 2016). Although many of the outcomes are promising, adapting these to
commercial applications remains problematic. Mendez and Mair (2008) observed that
most of te plant species used in phytoremediation studies are not native to
contamination sites, thus promisimgasshous@utcomes may noproducethe expected
results duringin situ application, due to issues of adaptatiomhese challenges
necessitate investigmg of phyte and myceremediation agents that are either
generally available in many parts of the word native to contaminated sites and
exploring ways to enhasmctheir remediation potential forthe management of

petroleum-contaminatedsoil.



Generaly, monitoring ofpetroleum-contaminated soils require sampling, extraction and
analysis to establish the extent of contaminationremediation.The analysis typically
employs TPBImix as the analytical standard in Gas Chromatograptypled with
detectors such as FID or MEPA SV846, Methods 8015, 8015/50/TS 16558, 2015).
Nevertheless, as crude oil is a mixture of many organics other than hydrocarbons, the
use of TPBIstandards can overlook other organics especially those of halogenated
aromatics Blaisdell & Smallwood, 1993)here are also instances where these standards
are notreadily availabl€Blaisdell and Smallwood, 1993; Anderson and McCarthy, 1994;
McKennaet al.,1995. Therefore, it isalsoimperative to explore other options for the

quick assessment of petroleum contaminardaad remediation processes in soils.

Petroleum biomarkersre utilised in the oil industry for several purposasd consist of
individualcompounds representative of TBHliphatig alicyclic, aromatic, fusedng and
hetero-substituted classeasually found in petroleum or source rocké&net al.,2011;
Madu and Ugwu, 2017; Krajewski al.,2018). Bomarker analysis can provide reliable
evidence for spilled crude oils and petroleum produatsd can be used to idetify
sources of oil spilléHan and Clement, 2018; Walteesal.,2018. Howeverthere is very
limited information on the application of petroleum biomarkers for quantitative

assessment of petroleum contaminantssioils and sediments.

Ultimately, there is a need tinvestigatephyto- and myceremediation agents that are
available in many parts of the worltt native to sites of petroleum contamination and
in addition,examineways of enhancing their remediation potentials. There is also an
opportunity to explore readily available options for the assessment of petroleum

contaminated and remediated soils.

1.2  Aims of the Study
Theoverallaim of this study was to develop analytical, phyamd myceremediation

techniques to manage petroleutpntaminded soils.Theseinclude



(1) identification of readily available phytand myceremediation agents fathe
reduction of Total petroleum hydrocarbons (TPHS) petroleum
contaminated soils

(i) evaluating ways to overcoming associated limitations, thus enharitiese
techniquesand

(i)  investigationfor readily available methodsf monitoring the petroleum

contaminated and remediated soils.

13  Scope of the study

The soilsamplesused in this study were from historic contamination sites in Tibshelf,
Derbyshire(United Kingdom) and Ogoniland, Niger Delta (Nigeria). The research was
targeted towards achieving cost effective, time efficient and readily available options for
remediation andmonitoring of TPHs impetroleum-contaminated soils.

The first phase of thetudy involved the use of petroleumontaminated soils from
Tibshelf 859414 N, 444927E) in Derbyshire, United Kingdomhd& outcomes were
applied on different soil types (sand, clay, loam) and sediments from the Niger Delta,
Nigeria.Petroleumcontaminaed soilsand sedimentdrom Tibshelf, Derbyshire, United
Kingdom andOgoniland {4997083N, 1468956E) in the Niger Delta region of Nigeria

were used as case studies for this research.

The reduction in concentrations of TPHs in the soils was used asaaumeof the

remediation efficiency of the phytand myceremediation agents.

1.4 Conceptual plan and approach to the study
1.4.1 Approach to the study
1. Having identified the problem of interest (petroleyoontaminated soils in the
Niger Delta, Nigerla an appraisal of the techniques for remediation of
petroleumcontaminated soils was carried out. Based on readily availability, ease
of application and environmental sustainability; phytoremediation and

mycoremediation were chosen for this study.



2. A sysematic and critical literature review to appraise the concept of phyto
remediation, mycoremediation, and the methods for monitoreagd analysi®f
petroleum-contaminated soils was then carrie@hese reviews were used to
identify the progress, limitations and prospects of these methods for
management of petroleuntontaminated soil. Gaps in knowledge were also
identified and recommendations for enhancement of these techniques proffered.
The methods used for the study were therefore built up from the knolgéefrom

these literature reviews.

3. Thus, thestudy methodologiesvere chosen from standard and recommended
procedures. The methods were at certain times investigated for optimisation
based on identified limitations (from literature), and the optimised heds used

for the study.

4. Petroleumcontaminated soils from TibshelDebyshire, United Kingdomere
used for the first part of the investigation. This allowed for immediate
investigation of TPHs remediation properties of the identified pkama myce
remediation agens before application to soils frothe Niger Delta, Nigeria. The
use of petroleuracontaminated soil samples from Tibshelf, Derbyshire
(temperate region), and the Niger Delta, Nigeria, also albfor evaluation of

the techniqueson both temperate and tropical soils.

5. Phyto and mycoremediation agents thate found in many parts of the world,
and especially the Niger Delta, Nigeria were used for the study. This was to
investigate the prospect of such readily available optiongHercleanup of TPHs
in petroleumcontaminated soil. The phytoremediati@gents used for the study
were threespecies of sunflower plants namelelianthus annugPacino gold),
Helianthus sunsatignand Helianthus annugSunny dwarf), and the Fern

Dryopteris affnis The mycoremediation agents vwee(1) fermented palm wine



from two species of palm tree€(aeis guineensis and Raffia africgnand (2)

white rot fungus- Pleurotus ostreatus.

These agentwere also specifically chosen due to the following reasons:

(a). The sunflowerHelianthus annubas been used for phytoremediation of soils in
temperate regions (Parlet al., 2011). Its use can provide aesthetic relief to
objectionable sites of petroleum contamination. However, from extensive literature
review, nopublished studies have been carried out using the sunflower on tropical
soils. Also, sunflowers species with different biomass are known (CalamaiVakova,
al.,2018). There are also no reports relating phytoremediation of sunflowers to their
different gecies or biomass Thus, sunflowers were chosen for the
phytoremediation study to assess its efficiency on petrolezontaminated soil from

the tropical region of the Niger Delta, Nigeria, and to investigate the variation of the
remediation efficiency oftte different species. This will help in the choice of the plant

type for use in future remediation projects.

(b). Palm wine is a juice obtained from Palm trees which are abundant in many
tropical regions such as the Niger Delta, Nigeria, and consistscohsortium of
microorganisms principally the yeaS8accharomyces species (Nwaieital.,2016).
Mycoremediation potential of Saccharomyces (yeast) on crude oil has been reported
(Abioyeet al.,2013). Since palm wine consist principally of Saccharomitcesas
needful to investigate the potential of palm wine in remediation of petroleum
contaminated soil. This couldso provide readily available method for remediation

of such soils.

(c). The white rot fungus,Pleurotus ostreatuss found in many partsf the world
including the Niger Delta, and is known for degradation of TPHSs in soils (Stamet, 2005;
C S NFSd., 2018). @rrent methods of its application requires substrates
sterilisation, which is energy consuming. Adapting this fungi for remediadfon

petroleumcontaminated soils in the Niger Delta, Nigeria, will require substrates,
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which are abundant in the region. It will also require appropriate techniques for
successful in situ applications. Thus, various substrates and methods for optimal

application of the fungison petroleumcontaminated soils were also investigated.

(d). During the sampling and collection of petroletaontaminated soils in the Niger
Delta, Nigeriafor the study, the fern Dryopteris affinilAGM was observed as one

of the prominent resistant plants growing on the peteum-contaminated soils.tl

was also necessary to investigate the phytoremediation potential of such a specie.
Thus, Dryopteris affiniswas investigated for its potential phytoremediation

properties on petrolem-contaminated soils of the Niger Delta.

6. One significant limitation of phytand mycoremediation is the long duration of
its application. Therefore, this study at certain points sought to enhance the

remediation activities of these agents by the additiof Tween 80 to the soils.

7. Finally, the need for readily available methods to asshssconcentration of
TPHSs in petroleurcontaminated and remediated soils led to investigation of
readily available options for evaluating TPHSs in soils. This wasigatest using
physicochemical parameters, contaminated crude oil as standard against the

conventional TPHs standards, and the use of biomarker compounds.

1.4.2 Thesis Chapters

This thesis consists of eight chapters arranged in progressing order ofiastiltitstarts
with a general introduction in chapter one; chapter two, the literature review; and
chapterthree, the general methodology whiléapters four, five, six and seven deal with
the main experiments, results and discussions. The final chgpight) provides a

summary of the thesis and the main conclusions.



Chapter one

This chapteprovidesa general introductiorand backgrounaf the study the problem
statement as well as thaims and scopel’he conceptual and thesis plan is also provided

in this chapter.
Chapter Two

This presents a critical review on phytoremediation, mycoremediation and techniques
for analysis and monitoring of petroleusnontaminated soils. The progress, application
trends and methods, limitations and advancement of thechniqueshave been
identified in this chapter. Gaps in study in these technigq@es identified, and

recommendations for improvement also proffered.
The specific objectives of the studye also outlinedn this chapter
Chapter three

Chapter three proves a general survey of the methodologised for soil sampling,
glasshouse preparationgnd samplecollection after glasshouse treatments, sample
preparations and the analysis carried out in the research. The methods specific to certain
sections of the thbsisare discussed in their relevant chapters. The general approach to
the research was identification and sampling of petrolecomtaminated soils, followed

by glasshouse remediation treatments witie phyto- and myceremediation agents.

The knowledgacquiredduring the literature review in chapter two was used to initiate

andat certain timesmodify the study methodologies.

For instance, conventional petroledoontaminated soils were used for the study
because such provided typical contamination sitoas. The agents used for
remediation were also those with high tolerance to petroleum contamination and locally

available in the Niger Delta, Nigeria.
Chapter four

Chapter four investigated the remediation potential of sunflower species, fermented

palm wine andP. ostreatu®n petroleumcontaminated soils.



The soil used for the study in this chapter were petrolecomtaminated soils obtained
from Tibshelf, Derbyshire, United Kingdom. The outcomes were to be applied to soils
from the Niger Delta, Nigeri® assess the application of the methods in both temperate

and tropical soils.
Chapter five

The results obtained in chapter four were applied to soils from the Niger Delta, Nigeria,

in this chapter.

In addition to the agents used in chapter four, anothgent the fern-Drypoteris affinis
which was observed as the dominant resistant specie growing in petreleum
contaminated soils and swarms in the Niger Delta, Nigeria was added to the

investigation.

This chapter further investigated for possible enhancetre# the remediation efficiency

of the agents.One of the ways of enhancing phytand myceremediation (fron the
literature review) waghe used of surfacactive agents. Thus, Tween 80 which is readily
available, cheap and biodegradable was added toghgto- and myceremediation to

investigate for possible enhancements of TPHs remediation.

Hence chapter five investigated the effect of Tween 80 on phgtod myceremediation

agents applied on petroleum contaminated silty loam soil from the Niger Diitgeria.
Chapter 6

Results obtained from chapters four and five revealed that optimal remediation was
obtained with the mycoremediation agents palm wine, ahdstreatus. Thus, it was now
expedient to evaluate the application of the mycoremediationhieicue on different

soil types of sandy, clay, and loamy; as well as sediments from the Niger Delta, Nigeria.

Therefore, chapter six dealwith utilization of mycoremediation for the treatment of

petroleum-contaminated soils and sediments from the NigeitB, Nigeria.
Chapter 7

In dhapter seventheinvestigaton iscarried out to identifyreadily available methods for

assessment of the petrolewtontaminated and remediated soils.



Two approachesra investigated in this chapter. Firstly, the used of domtaminating
crude oil as analytical standard, and secondly the use of certain biomarkers as indicators

of TPHs concentrations in soils.
Chapter 8

Chaptereightsums up the main finding of the thesis, limitations, practical considerations

for applicationof the techniques and recommendations for further studies.
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CHAPTER TWO
Literature review

2.1 Phytoremediation of petroleumcontaminated soils

Phytoremediationthe use of plants to clean up contaminated environmehiss been

a topicof interest for many years because of its anticipated benefits (Abloanalet al.,

2019; Songet al.,2019). The technique ignvironmentaly friendly, costeffective,and
eager to operate and monitoSaltet al., 1995; Burge®t al.,2018; Haret al.,2018).

This makes it preferable to other physical, chemical and biological techniques of soll
remediation {Yavariet al.,2015).However, there arecertain factors which tend to limit

the maximsgation of this techniqueThese include long duration of theemediation
process, problem of plants adaptabilitgnd limited root length which confines its
application tothe upper soil profile(Ali et a., 2013 Fasaniet al., 2018; Raman and

Gnansounou, 2018).

Phytoremediatiorproceeds viaifferent mechanismsSiciliano & Germida, 1998; Huang
et al.,, 2005). Different categories of phytoremediation proocesdiave also been
identified (Figure2.1). Pilon-Smits (2005) an&ascio and Navakzzo (2010) categorised
phytoremediation of contaminated soils inthytoextraction, phytodegradation,
phytostimulation, phytostabilsation, phytovolatilization, andphytodesalination. The
entire process ophytoremediation in soils malpe a combination of two or more of

these mechanism@ilonSmits, 2005)

One ofthe most impotant factorsin phytoremediation is the ability of plants to survive

and grow comfortably in the targetontaminated environmenBernabéAntonioet al.,

2018 Fatimaet al., 2018 and Fencet al.,2018) Thus, identification and development
oftolerantpl yi &aLISOASE& YR FLILINRBLINAI GS O2yRAG
for effective application of phytoremediatioffrthur et al.,2000; Glick, 2003).

The gplication of phytoremediation to petroleumontaminated soils is necessitated by
the need toexplore cheaper, locally available aeavironmentaly friendly options for
management of environmental issues arising from the petroleumsadior (Aisieret

al., 2015 Asgharet al., 2015). Severalinvestigationshave been carried out to identify
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ideal plant species and conditions for phytoremediation e#troleum-contaminated

soilsand will be discussed in section 2.1.1

Several factors that influengehytoremediation are alsadentified. These include type
of contaminating crude oil, the concentratiaof the oil in the soil, plants type and
adaptability to growing in the soitlimatic factorsas well as edaphic variables such as
physicochemical and nutrient contents of the sdiidienet al., 2015 Sheoranet al.,
2016).

Many innovations have beenntroduced overtime to improve the process of
phytoremediation (Harmt al.,2018; Liret al.,2018; Muthusaravanaat al.,2018; Nayak

et al.,2018). However, translating these advances to commercial applications especially
in crudeoil contaminated soils yet to berealised Most petroleumproducing areas are
associatedwith vast forest and abundant phytagesources(Looneyet al., 1993 Ige,
2011) There iaultimately a need to explore the prospect of phytoremediatitor the

management opetroleumcontaminatedsoils.
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Figure 2.1Phytoremediation processes on petroletsontaminated soil



2.1.1 Plant types and families with phytoremediation potential on petrolewm
contaminated soils

Several plant types and families inciogl grassesprnamental plats, legumes shrubs,
and treeshave been utilised for phytoremediation of contaminated sQppendix V1).
Some commercial applications of phytoremediation on petroleaontaminated soils

have also been reportelable2.1).

Phytoremediation of petra@um-contaminated soils have been reportadth grasses such
asPanicum virgatum, Festuca arundinacea, Eleusine indica, Brachiaria brizantha, Cyperus
aggregatus, Lolium multiflorum, Cynodon dactylon, Lolium perenne, Spartina patens,
Cyperus rotundus, Sorgtmubicolor, Hordeum vulgare, Axonopus compressus, Leptochloa
fusca, Brachiaria mutica, Triticum repens, Linum Usitatissumum, Zea amayRanicum

maximum(Saadawiet al,, 2015; Fatimat al.,, 2018).

Wang et al. (2008) demonstrated that up to -8 times degadation of petroleum
hydrocarbons can be achieved on petrolegantaminated soil using grass plants sash
Panicumvirgatum, Festuca arundinaceand Eleusine indicacompared to controls.
Glasshouse experiments were carried out using the agents foriadpef 150 days on
conventional petroleurrcontaminated soils. The contaminated soibere mixed with
pollutant-free soil to reduce the oil content from an initial concentratiorddf75to 5,000
mg-kg'. Merlket al. (2005), reported that the remediatioproperties of certain grasses
such afBrachiaria brizantha, Eleusine indigad Cyperus aggregatusxtend beyond the
treatment of total petroleum hydrocarbons to specific fractions such as saturates and
aromatics. In a study, soil samples were artifigiabntaminated with 5% (w/w) of a heavy
crude oil, and treated with the agenBrachiaria brizantha, Eleusine indiaad Cyperus
aggregatudor a period of 190 days in a glasshouse. Results obtained revealed up to 70%
degradation of saturates fraction arapproximately 15% higher reduction in aromatics
than controls. This outcome tends to illustrate that phytoremediation with these grasses
favours aliphatic, rather than the aromatics. Whéteal. (2006), however demonstrated
that alkylated twering naphttalene were successfully degraded in insitu treatment of
petroleumcontaminated sites with up to 9,175 mg/kg (dPEbncentration over a period

of one year using the grass plantolium multiflorum and Cynodon dactylonAlso, an
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increased degradation ohe larger threering alkylated phenanthreneanthracenes and
dibenzothiophenes were also observed compared to controls. These outcomes illustrated
that phytoremediationof petroleum hydrocarbon groups may be plant related, and that
grass plants have the pential to remediate either saturates, aromatic and polyaromatic
fractions of petroleum contaminants in soils.

Lin and Mendelssohn (2008) investigated the effect of crude oil concentration on
phytoremediation potential of grass plants using soils artificieontaminated with crude

oil at concentrations of 0, 40, 80, 160, 320, 640 and 800 mg/g (w/w) of a crude oil per soil
for a period of 8 months. The result revealed that phytoremediation efficiency of grasses
depends on its tolerance limits, and that geplants can only operate successfully within
the tolerance limits. Fathe grass Spartina patengs tolerance limits was found to be

320 mg/g dry soil which is over 30% of crude oil contamination in the soil.

Shiraziaet al. (2015)stated that theuse of ornamental plants for phytoremediation of
petroleumcontaminated soils could provide aesthetic appeals to the objectionable
scenes associated with petroleum contamination. Ornamental plants that have been used
for remediation of petroleurcontaminded soils includeMirabilis Jalapa, Crotalaria
pallida Aiton, Dracaena reflexa, Melampodium Paludosum, Echinacea purpurea,
Gaillardia aristate, Matricaria chamomilla, Mimosa, Zinnia elegans, Gazania linearis,
Ipomoea quamoclit, Bassia scoparia, Iris pseodas, Impatiens balsaminand Canna

generaligBoonsaneret al,, 2011; Ikeurat al., 2016).

Ornamental plants have also been used femoval of petroleum organicecluding
saturated hydrocarbons, aromatic hydrocarbons, asphaltene, and polar compannds
soils. Pengpt al. (2009) demonstrated up to 63% TPHSs in soils by the ornamental plant
Mirabilis Jalapan a glasshousdn the study, highly contaminatezbnventional soils were

first diluted with uncontaminated soils to a concentration (Woil/Wsail)0.5% (5000
mg/kg), 1.0% (10,000 mg/kg), and 2.0% (20,000 mg/kg) before application of the agents.
Baruahet al. (2016) however reported up to 78 % removal of TPHs at 60,000 ppm
concentration of crude oil in soil Hyracaena reflexaDadrasnia and Agami (2013),
Shirazieaet al. (2015) and Wangt al. (2016)all demonstrated that the removal rate of

TPHs in soils by ornamental plants was dependent on the initial concentrations, with
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higher efficiencies obtained in soils with lower crude oil contamimatizinyon and
Seghosime (2013)Isoestablishedthat the remediation efficiency of ornamental plants

on contaminated soils is also a function of the duration of application. About 34 %
reduction of TPHs were obtained by treatment of contaminated satls Melampodium
Paludosunafter 2 weeks, compared to over 60 % obtained after 16 weB&ensaneet

al. (2011)further reported that the ornamental plan€anna generalisan removed up to
80% of BTEX and that these substances were concentrated in thamdehizome of the

plant.

Among the ferns, phytoremediation potential of water ferns on crude oil contaminated
soil has been reported6sesakadt al. (2016) demonstrated that thdegradation rate of
total aliphatic and aromatic (phenathrene) hydrocansowas up 94% and 81%,
respectively, by the water ferizolla filiculoidesThe study also illustrated that the
degradation rate is favoured at lower concentrations of the contaminants, and
contaminants were degraded rather than extracted. There howevemseto be no report

on phytoremediation of terrestrial ferns on petroledoontaminated soils.

Legumes such asGlycine max, Calapoigonium mucunoides, Ricinus communis,
Stylosanthes capitate, Centrosema brasilianum, Aeschynomene americana, Vicia faba,
Arachis hypogea, Cajanus CajarLablab purpureushave been employed for the
remediation of petroleurrcontaminated soils (Ibrahimt al., 2013; Saadawet al.,2015).
Ibrahimet al. (2013) demonstrated that legumes can effect up to 99.8% remediation of
TPHSs ioils in an insitu application, and like other planit® phytoremediation efficiency

of leguminous plants is also dependent on contaminants concentrations, decreasing with
increasing contamination. Although leguminous plants especially cover cropss offer
additional advantages of nutrient replenishment and soils protection in addition to
remediation efficiency (Whiteet al, 2002), Njokuet al. (2009) established that
phytoremediation potential of legumes can be inhibited at certain high concentration of

crude oil in soils.
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Shrubs and trees have albeenused for remediation of TPHs, saturated, aromatics and
polycyclic aromatic compounds in soils (Matktial.,2010;Saadawet al., 2015). Saadawi

et al. (2015) described up to 76% and 89% of §Pémoral by the shrubsRicinus
communisandMalva parviflorarespectivelyin soils Shirdamet al.(2009) and Kitamura

and Maranho (2016&)emonstratedup to 6%%and 67% reduction of TPHs in contaminated
soils by the shrubkinum usitatissimunand Desmodiunmncanum respectively during a
90-days glasshouse study. Unlike other plants, trees have the advantage of reaching down
to lower soil profile. EGendyet al. (2009) reported thathe Poplar tree Populus nigra
exhibited up to 81%, 90%, 67%, 78%, and 8R¥rease of toluene, ethylbenzene, xylene,
and gasoline range organics respectively in lower soil profile during an insitu application.
Dadrasnia and Agamuthu (2013) further established that the remediation efficiency of
trees can be enhanced with additi®f soil amendments. The studgvealed upo 90%

and 99% degradation of crude oil in contaminated soils amended withbsawy cake

compared to 52% and 62%bserved in unamended soil using the tieeacaena reflexa

Table 21: Somein situ/largescalephytoremediation ofcrude oil contaminatedsoils.

Plants Sites Sources
Polar plants Cabin Creek, West Virginia, USA ElGendy et al.(2009)
Rye grasd.plium perenngand An industrial site in the Republic of Ireland Germaneet al.(2015)
White clover Trifolium repenp
Rye grass An oilsludge pit on the Saratov Petroleum Muratovaet al(2008),
Refinery grounds, Russia.
Rye grass, Augustine grasses; Sorghum Gulf Coast, USA Flathman and Lanza (1998).
White clover, USbl g8 Qa [/ NrySe La&at | yR| Flathmanand Lanza (1998).
tall fescue, andermudagrass) Norfolk,
Virginia, USA
Willow trees An industrial site in Wisconsin, USA Carmanet al.(1998).
Tall wheat grass; Altai wild rye; Alfalfa A weathered hydrocarbon flarpit site in Phillips et al.(2009)
southeastern Saskatchewan, Canada.
RyegrassLlium perenng Tall fescueRestuca | A Southern Ontario sité)130 g k& TPH) used for| Gurskeet al.(2009)
arundinacea, var. InfernjpBarley Hordeum land farming of refinery hydrocarbon waste for
vulgare many years.
Cyperus rotundu@.inn.) andCyperus Brevifolius| hydrocarbon sludge contaminated soil in Duliajal Basumataryet al. (2013)
(Rotth.) Hassk. Fertilized and unfertilized Assam (India) (initial TPH concentration of 650
treatments 75,000 mg.kgl)
Poplars Limon, Colorado, USA with TPED00 milligrams | www.epareachit.org
per liter (mg/L)
Poplars Tacoma, WA, USA. www.epareachit.org
Hybrid popar Warren, OH, USA Van Epps (2006)
Willows and poplars Abandoned Gasoline Station; Trapp et al.(2001)

Axelved, Ronnede, Denmark with TPHore than
20,000 mg/kg

Bermuda grass, Rye grass, White clover, Tall | Craney Island Fuel Terminal, Hutchinsonet al. (2003)
fescue Portsmouh, Virginia, USA

Sorghum; Rye grass; St. Augustine grass Crude Oil Spill Site, Southeast Texas, USA Nedunuri et al. (2000)
Hybrid Poplar New Gretna, New Jersey Van Epps (2006)
Willows Menen, Belgium Lust (2003)
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Hybrid willows

Stratford, Wisconsin, USA

Carmanet al. (2000).

White and black willows, Wooly bull rush, Rus
Native sedge, Cattail

Georgia, United States

O'Niell and Nzengung (2004)

Poplars, Willows

Indiana Harbors Canal, Near Gary, Indiana, USA
with

TPH- 20,00 to 430,000 mg/kg (mean of 250,000
mg/kg)

Total PAHsmean of 4,100 mg/kg

Zalesnyet al. (2005)

Annual Rye (Rye), Black Willow (Willow), Lake
Sedge (Carex), Bull Rush (Scirpus), Natural
Attenuation (NA), Prairie Cord Grass (Spartina

Jones Island Comfed Disposal Facility
Milwaukee, Wisconsin, USA

Van Epps (2006)

Hybrid poplar trees

Oneida Tie Yard Site, Oneida, Tennessee, USA

Widdowsonret al. (2005)

Grasses: Big Bluestem, Little Bluestem,
Bottlebrush Grass, Prairie Cordgrass
Sedges: Sprengel Sed@ilrush

Herbaceous: Leadplant, New England Aster,
Pasture Thistle, Boneset, JoePyeWeed,
Prairie Smoke, Cardinal Flower, Pragazk
Shrubs: New Jersey Tea, Common Ninebark,
Meadowsweet, Arrowhead

Viburnum

Allen Park, Michigan, USA

Rughet al. (2005)

Red mulberry trees, Bermuda grass

Privately Owned Scrap Yard, Soetkstern United
States. TPH10 to 14,800 mg/kg (average of 4,01
mg/kg); PCBs0.77 to 222 mg/kg (average of 65
mg/kg)

Hurt (2005)

White clover, boreal red fescue, Kentucky
Bluegrassannual rye, perennial
Rye, willow, poplar, volunteer revegetation

Utica, New York, USA

Kulakow (2000).

Western wheatgrass, sweet clover, tall fescue,
switch grass

RTDF Site G, Fort Riley, North Central Kansas,

Kulakow (2006).

Rye, legume, fescue, Beuda grass

RTDF Site J,
El Dorado, Arkansas, USA with FBEO00 to
24,000 mg/kg

Kulakow (2006).

Prairie buffalo grass and twelve warm season

grasses

Union Carbide Seadrift Plant, Seadrift, Texas, U{

Olson et al. (2003).
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2.1.2 Application practices and trends in phytoremediation of petroleum-
contaminated soils

Some of the practices involved phytoremediation ofpetroleumcontaminated soils
include trial and identification of plants with phytoremediation potential,
monocropping, intercropping ith two or more plant species anghytoremediation
with microbial agentgAnet al., 2011, Sunet al.,2011; Agnelleet al.,2016). Others
include use of enhancement agents such as humic acids, biochar, bedestiéind
surface-active agents (Cailkt al.,2004; MathéGaspar, and Anton, 2005; Houbetal.,
2013; Pa#erreiroet al., 2014;Agnelloet al., 2016). The nfluence of compost and
other soil amendmentsliming, the use obrganic and inorganic fertilisers as well as
biotechnologyon phytoremediationhave also been reported (Mendez and Maier, 2008;
Liuet al.,2013).

2.1.2.1 Application of intercropping in phytoremediation of petroleurmontaminated
soils

Both intra and interspecies intercropping have been utilised for phytoremediation of
petroleum-contaminated soils (let al., 2009; Maet al., 2012; Yanqunet al., 2017).
These include using legumgsasses, different ornamental species, grasses with
ornamental plants, hyperaccumulato@nd economic crops as well as trees and shrubs
(Ma et al., 2013; Maet al., 2016, Wicheet al., 2016). Mohebi and Dialami (2011)
demonstrated that intercroppingdate palms with alfalfa, corn and sunflower
significantly increasethe remediation of TPBIl in soils compared to using individual
plants. Other rports have shown that intercropping can further be enhanced with
chemical agents, soil amendments, integration of other agronomic practices such as
crop rotation as well as other biological agents (Marchiol and Fellet, 2011;eflaq

2011; Taret al.,2015; Jwet al,, 2015).

Several advantages of intercropping time remediation of petroleuracontaminated
soils have been postulated (Mohebi and Dialami, 2011;etal., 2012). This include
improved nutrient balance, reduction in oxidative damage, increhsmzymatic and
antioxidantactiviyl & ¢St f | d& AYyONBIlI aSR OKétsglhQ®a 2 7F
Cuiet al.,2018; Luo and Tu, 2018). Although most studies tend to suppegnhancing
effects of intercropping in phytoremediation, Wieshamnetial. (2007) demonstrated

that intercropping did not enhance total cadmium (Cd) extraction. It is therefore,
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necessary to identify phytoremediation agents and the specific contaminants which

they exhibit the remediation potentials.

2.1.2.2 Phytoremediationpractices involving combinations with microorganisms

The ntegration of phytoremediation with microbial agentshaeen demonstrated to
enhance efficiency. Asghat al. (2017) established increased phytodegradation of
petroleum hydrocarbons by biaugmentation of Zea mayswith the bacteria PM32Y.
Agnelloet al.,(2016b) reported an enhancement thie remediation potential of Alfalfa

on petroleumcontaminated soils by bioaugmentation wilseudomonas aeruginosa.
Zhanget al., (2010) demonstrated that plarmicrobe remediation processes could
further be enhanced bthe addition of biosurfactants. Fungal species such as arbuscular
mycorrhizal fungi and yeast have also been combined to enhance phytoremediation of
petroleumcontaminated soils (Hassaat al.,2013; Salanet al.,2017). Schmidet al.
(2018) further demonstrated that the use of a consortium of bacteria and fangin
petroleum-contaminated soils could result irhigher decrease in TPHghan

phytoremediation alone.

2.1.23 Phytoremediation practies involving combinations with enhancements
agents e.g humic acids, bio surfactantsipchar, liming, organic fertilisers, inorganic
fertilisers

Several soiamendments are known tamprove phytoremediation efficiencies. This
includes additions of EDTA, xalic acid, humic acid, citric acid and tartaric acid
(Fiorentinoet al.,2017; Yaret al.,2017), liming and biochar (lai al.,2015; Wuet al.,
2012), organic and inorganic manures (Patlal., 2011) and surfactants (Lizet al.,
2016; Liduincet al., 2018; Weiet al., 2018). Chemically synthesisedurfactantsand
biosurfactants improve phytoremediation by increasing the solubility and bioavailability
of the hydrophobic petroleum contaminants (PactvéD 2 O Aef &l. @011; Liacet al.,
2016; Chenget al., 2018). Organic and inorganic fertilisers enrich thd sgih the
required nutrients (Adewole & Bulu, 2012; Xhenet al.,2011). According to Pait

al. (2011), organic amendments also act a<onditioner, helping to improve the
physical properties and fertility of soiland enhance contaminant bioavaildity.
Organic amendments also help to dilute highly contaminated soilsdocentrations

that sustains the growth gbhytoremediation plants(Muratovaet al.,2018).
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2.1.24 Application of biotechnology and engineering on phytoremediation of
petroleum-contaminated soils.

Biotechnological and engineering strategae alsocombinedwith phytoremediation

for optimisation. Examplesnlcudethe use oftransgeniglants and modifications dhe
molecular mechanism of phytoremediation agents resulting in agdements of
transportation and degradation of contaminants (Agnihotri & Seth, 2019; Arehad,
2019; Kauet al.,2019). Doty (2000) reported the development of transgenic poplars
(Populus spp by overexpressing a mammalian cytochrome P450, a sehnfnees
commonly involved in the metabolism of toxic compounds. This boosted the ®lant
ability to metabolise trichloroethylene and clean up other organics such as benzene,
vinyl chloride, chloroform and carbon tetrachloride. Stepanogt al. (2016)
demondrated an improved phytoremediation of petrolewsontaminated soilsising
transgenicalfalfa plants (Medicago sativh Higher degradation rates were further
obtained when theplant was integrated with the fungfandida maltoseOther reports

on enhancing pytoremediation using transgenic plants include Ratial. (2011), Song

et al.(2003) and Bennett al. (2003).

2.2 Mycoremediation of petroleumcontaminated soil

Mycoremediation offers an alternativeenvironmentally friendly technique for
remediationof contaminaton in environmental matrice@Baldrianet al.,2000;Stamets,
2005;Acevedcet al.,2011;Thakur, 2014). It entails the use of fungi and has been applied
to both soil and water Kulshreshtha et al., 2014; Anderson and Juday, 201L6The
techniquehasseveral advatages over othemethods ofbioremediation. Apart from
cost and technical eas&yngi are found in many parts of the world, whicbuld afford

a wide-spread application in different regior(toskeet al., 1990; Kharet al., 2004).
Leonardiet al. (2007) ad Rahmaret al. (2013) stated that mycoremediation seems to
be the safest means of soil remediation in terms of ecological impachamén health.
This is because most organic contaminants are degraagbr than extractedwhich
reduces the risk of biaaumulation and transfer of pollutants into the food chain
(Hammel, 1989; Flouet al.,1995; Eggen and Majcherczyk, 1998; Haritash and Kaushik,
2009). According to Asamudet al. (2005) and Adenipekun and Lawal (2012),
mycoremediation is unique even amgrother biological techniques such as bacterial,
becausdhere is narequirement for pre-conditioning to a particular pollutanAsamudo
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et al. (2005) further stated that in mycoremediation, the efficiency is not also limited to
specific pollutant concenations. It is therefore, necessary to examine why the
technique of mycoremediation has not been mased for clearup of petroleum

contaminated soils, and possible solutidnghe challenges that may arise.

2.2.1 Factors affecting mycoremediatiagfficiency

The efficiency of mycoremediation is affected by factors such as temperature, sunlight,
oxygen level, nutrients and moisture contef@hattacharyaet al.,2012).1t has been
demonstrated that mycoremediation is optimal at temperatures of3Z8C (Haa et al.,

2015). Aguilarivereet al. (2012 reported that 70% relative humidity is ideal for
mycoremediation withP. ostreatus According to Bradynd Weil (2007 carbon
nitrogen ratio of 10 in soil is optimal. Nutrient requiremastusuallymaintainedusing

both organic and inorganic manur¢sloaet al., 2015). Gueren (2000) demonstrated

that a combinatiorof mycoremediatiorwith compost resulted in up to 50% increase in

the remediation efficiency of PAHs. Thddition of compost also aids in temperat!
optimization (Anderson and Juday, 2016). Am@dal. (2017)further listed factors
affecting the efficiency of mycoremediationto include environmental and genetic
factors, e.g. pH, ecology, type of substrate, enzyme type and mycelium age. Das and
Chardran (2011) reported that nutrients suesnitrogen and phosphorus could be the
limiting factors The fungabiomass content, length of remediation process and type of
substrates as well as mobilizing agemrte also known toaffect the efficiency of
mycaemediation(Kapahi and Sachdeva, 2017). Other factors include life cycle of fungi
agents, fungal species, soil geochemistry as well as surface active and chelating agents
0. FYT2NIK YR {Ay3Jedh 2R3> wnnpT 5Q! yYAol f

2.2.2 Fungal types used fanycoremediation of petroleumcontaminated soils

Different species of fungi have been demonstratedtfoe remediation of petroleum
contaminated soils (Tab22). Thesenclude microfungi such as arbuscular mycorrhiza,
yeast(Soodet al.,2010;Kumari ad Abraham, 2011Abioyeet al.,2013; Xie, and Qin,
2014),as well agenicillium andAspergillusspeciegfAFNasrawi, 2012; El Hanady al.,
2015). Mycoremediatiomwith macro fung(mushroomsis also knowrfAdenipekun and

Lawal, 2013; Rhodes, 2014).
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One significant class of fungi with demonstrated mycoremediatfstential on
petroleum-contaminated soils are the ligninolytitungi such aswhite rot fungi
(Isikhuemheret al., 2003;Gaoet al.,2010; Faret al.,2013).Leboet al. (1991) Fetzer
(2000) and Gargulak and McNally (2001) stated thatahgity of white rot fungi to
degrade most recalcitrant organic pollutants stems frdra fact that these mushrooms
naturally feed on and degrade lignin, a substance with similar monomeric unit to most

recalcitrant organic contaminants (Figu2e?).

Mycoremediation potential in fungother than white rot have also been reported. This
includes brown rot fungi such a&anodermaspeciesedible(button) mushroom such as
Agaricus specigsvhich grows naturally on soilsEérniglia, and Perry, 197Bavies and
Westlake, 1979; Prenafef@olduet al.,2000;5 Q! y y ét all;2008.>

2.2.3 Mechansm ofmycoremediation

The mechanism of fungal degradation of organic contaminants in soils is presently
thought to follow a similar mechanism for degradation of ligridarf and Aust, 1994;
Novotny et al., 2004; Das, and Chandran, 2011). Several mechaniken& been
proposed including both direct and indirect oxidation of the organic molecule by the
fungal enzymes namely Ligrperoxidase (LiP), Manganeperoxidase (MnP) (Figure
2.3), Versatile peroxidase (VP) and Lacagidase and Teunissen, 2QQChristanet al.,
2005;Gorskaet al.,2014). Hatakka (1994) suggested a possible combination of two or
more enzyme mechanisms in the degradation process. Hofrichter (2002) proposed a
radicatmediated reaction initiated by manganese peroxidase (MnP). Thisvewol
indirect oxidation of aromatic (phenolic) rings (ether peroxide formation), spontaneous
ring opening to produce mueic acid derivatives and decarboxylation of the formed
carboxyl groups to carbon dioxide (Fig8). This mechanism does not necedyari
produce small fragments since the aromatic rings are gradually degraded extracellularly

(Das and Chandran, 20111
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Figure2.2: Structures of lignin polymer fragment and some petroleum contaminants
This illustrate the similarities in the structure of lignand other recalcitrant
contaminants in petroleum Thus, the ability of lignin degrading fungi to also degrade
them (Barr and Aust, 1994; Novotmy al.,2004)
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Table 22: Mycoremediation of petroleurtontaminated soils

(all microscopic)

SIN STUDIES FUNGI SPECIES EXPERIM¥T DESIGN CLIMATIC OUTCOME
REGION
Adenipekun et al. [ 1. Pleurotus 1. Laboratory glasshouseScale: 2 months Tropical climate Overall range of PAHs degradatioby P.
(2015). pulmonarius 2. Artificially contaminated soilécomposition: 0, 10, 20 o pulmonariusinoculated on FCF contaminated s
2. Pleurotus ostreatus 30%) with spent cutting flukBCFand fresh cutting fluids was 17.3 to 27.3%, while folP. ostreatus
(All macroscopic) FCF inoculated soil was 69.0 to 99.07% at differe
3. Target contaminants: 16 priority PAHs contamination levels.
4.  Solvent for extraction: Hexane, Dichloromethane (3:1). Overall PAHs degradation f&. pulmonariugnd
5. Method of application: Layering growing substrates a P.ostreatusinoculated on SCF ranged iin®27.4 to
active spawn on top of soil 57.4% and from 37.8 to 45.2%, respectively.
Nicholas (2015) 1. Heterobasidion 1. Laboratory flasshouseScale: 36 days Temperate ANOVA showed significant decrease in TPHs
annosum 2. Artificially contaminated soils with diesel (3.5 and 7.0%| Climate time.
2. Resinicium bicolor | 3. Target contaminants: TPHs
(All macroscopic) 4.  Solvent for extraction: Dichloromethane
5. Method of application: prepared mushroom spawn (ri
grain colonised with fungsubstrates) were transferred tq
and mixed with soil
Younget al. (2015) 1. Irpex lacteus 1. Laboratory flasshousescale: 180 days Temperate Average degradation efficiency between C10 g
2. Trichaptum biforme| 2.  Artificially contaminated soil samples were used Climate C14 alkanes was observed to be 98.1% and 48
3. Phlebia radiata 3. Principal substrate: white pineP{nus strobussawdust respectively after 180 days.
4.  Trametes versicolor was used forrpex lacteuswhile others were grown on| Highest efficiency was obtagd for P. ostreatus
5.  Pleurotus ostreatus wheat bran and sawdust, which was properly moistene against Phenanthrene (94.9%fter 180 days
(All macroscopic) 4. 20 g of Bunker C oil was added to each substnatdch
were then maintained at 2TC for 180 days
5. Target contaminants: TPHs and PAHs
6. Solventfor extraction: Methylene Chloride
El Hanafet al. (2015) 1. Aspergillus niger |1. Laboratory flasshousescale: 2 weeks Temperate Aspergillusnigerdegraded 54% of crude oil, whilg
2. Penicillium 2. Crude oil samples were used climate Penicilliumcommunedegraded 48%
commune 3. Germinating fungi preultured for one week were
(all microscopic) transferred to 100ml of Bushnell dds media then to
500ml conical flask containing 1% crude oil, 0.1% )
Tween 80 and 0.016 mg/ml of redox oxidation. The flg
was incubated for 2 weeks before assessment.
Flayyih and Alawhari | 1. Aspergillus niger, 1. Laboratory flasshouseScale: 28 days Temperate Highlighted that time is factor on remediatio
(2014). 2. Aspergillus fumigatus) 2.  Artificially contaminated soil samples with crude oil (4 climate efficiency
3. Fusarium solani w/w) were used Highest remediation efficiency was 95% wih
4. Peniclllium 3. Target contaminant: TPHs nigerafter 28 days of treatment.
funiculosum 4. Extracting solvent for TPHs: Dichloromethane Highest remediatin efficiency by mixed culture:

of fungi were 90% with A. niger and A. fumigatu
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SIN STUDIES FUNGI SPECIES EXPERIM¥T DESIGN CLIMATIC OUTCOME
REGION
6. Fanaet al.(2014). Yeast Candida tropicali§ 1. Laboratory flasshouseScale:180days Temperate 0 Microbial enumeration showed that the yeast SK
SK2all microscopic) 2. Naturally contaminated soil samples with crude oil climate could grow well in the contamated soil
3. The Candida trpicalis SK21 was inoculated into the s| 0 Yeast removed 83% of TPH in 180 days
to reach a density of 1.0x106 CFU/g. U0 815 of PAHs were removed by the fungi during t
4. Target contaminant: TPHs and PAHs period of 180days
Extracting solvent for TPHs: Dichloromethane
7. Rahmanegt al. (2013) | Oyster mushroom 1. Laboratory flasshouseScale: 31 days Temperate U Fruit bodies of mushroom was found 7 day
(macroscopic) 2. Artificially contaminated soil samples tvicrude oil were| climate after inoculation
used 0 35% of TPH was removed
3. Layer of oyster mushrooms substrate were equad
distributed on top of the soil and gently compacted
8. Abioyeet al.(2013) Yeas-Saccharomyces |1. Laboratory flasshouseScale: 28 days Tropical climate | U  Degradation activities increased with days
cerevisiae 2. crude oil samples (3.5 and 7.0%) 0  49.29% of crde oil degradation was achieve
(microscopic) 3.  Yeast was isolated from Zobo drink and developed after 28 days.
Sabauroud dextrose agar by spread plate meth
incubated at 25C for 48 hours.
4. Cultured yeats were then inoculated on a 50ml Minerg
salt medium containing 1g of crude oil and maintained
30°C for 28 days
5. Target contaminants: TPHs
6. Solvent for extraction: Dimethyl ether
9. Al-Nasrawi (2013). 1. Aspergillus niger 1. Laboratory flasshousescale: 21 days Temperate 1} Highest degradation was recorded fBennicillin
2. Penicillium 2. Naturally contaminated soils taken from-1Gcm of | climate documbenst 21 days.
documbens, contaminated sites were used
3. Cochliobolus lutanus | 3. Prepared fungi on nutrient medium were used |
4. Fusarium solani. inoculates soils and maintained at
(all microscopic) 4.  Extracting solvent: acetone and dichloromethane (DCI
11
5. Target contaminants: PAHs
Method of application: Layering growing substrates and a&ct
spawn on top of soil
10. | Edemaet al.(2011) Basidiomycetes 1. Laboratory glasshousesScale: 4 weeks Tropical climate | U 98.93% PAHSs reduction was achieved

(macroscopic)

2. Artificially contaminated soils (soils thoroughly mixeith
crude oil 11/5.0 Kg).

3. Extracting solvent: acetone and dichloromethane (DCI
11

4. Target contaminants: PAHs

Method of application: Layering growing substrates and act

spawn on top of soil
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SIN STUDIES FUNGI SPECIES EXPERIM¥T DESIGN CLIMATIC OUTCOME
REGION
11. | Kridantietal.(2011) Polyporusp 1. Laboratory glasshouseScale: 60 days Temperate U0 highest degradation rate of crude oil was 93%
(macroscopic) 2. Artificially contaminated soils with crude ¢8000mg) climate the soil after 60 days
3. Extracting solvent: hexane, dichloromethane (DCM) &
chloroform successively
4. Target contaminants: TPHs
Method of application: wood meal prgrown fungi were
applied to contaminated soil surface, then mixed thoroughly
12. | Adenipekun and Lawa Pleurotus pulmonarius |1. Laboratory glasshouse&Scale: 2 months Tropical climate | U  Trace metal contents decreased during treatme
(2011) (macrosceic) 2.  Artificially contaminated soils with Crude oil and Pa U  There was a 40.80% degradation of TPHs at
kernel oil (0 40%). crude oil concentration and 9.28% at 40% afte
3. Target contaminants Total Petroleum Hydrocarbon months.
(TPHSs)
Method of application: Layering growing substrates and act
spawn on top soil
13. | Adenipekun and Fasid Lentinus subnudus 4. Laboratory flasstouseScale: 3 months Tropical climate |4  Total Petroleum Hydrocarbon decrease we|
(2005). (macroscopic) 5. Artificially contaminated soils (soils thoroughly mixed wi 33.04%, 56.67%, 14.85%, 25.27%, 22.57%
crude oil concentrations (0, 1, 2.5, 5, 10, 20 and 40%). 15.25% respectively for each concentration aft
6. Target contaminants Total Petroleum Hydrocarbon 3months, and
(TPHs) 0  60.60%, 78.25%, 85.64%, 89.54%, 95.12%
7. Method of application: Layering growing substrates a| 95.12% respectivelyfeer 6months
active spawn on top of soil
14. | Stamets (2005) Pleurotus ostreatus 1. Large Scale: 8 weeks Temperate 0 About 99% of TPHs were degraded after 8 weel
(macroscopic) 2. Naturally contaminated soils of diesel and o| Climate
approximately 20,000 parts per million of Total Aroma|
Hydrocarbons
3. 4 piles of contaminated soils where place on a laigeets
of 6mm black polythene tarps. Each pile measured ab
4 X 20 X 8 feet in width
4. A corresponding 30 % of sawdust spawns were mixe(
contaminated soils.
5. Spawn where placed in layers between contaminated s
in a parallel sheet spawning
6.
15. | Isikhuemhen et al. | Pleurotus tuberregium |1. Laboratory flasshouseScale: 30 days Tropical climate |0  There was 85% reduction in TPHs after 30days

(2003)

(macroscopic)

2. Artificially contaminated soilél, 3, 5, 10 and 15%, w/w) @
crude oil

3. Target contaminants: TPHs

8. Solvent for extraction: Xylene

Method of application: mixing contaminated soils wil

substrates, then inoculation active spawn (25% w/w)
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Petroleum - Treatment with
contaminated soils white rot fungi

Redox mediators e.g

Co-oxidants e.g Veratrole alcohol
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contact with fungal hyphae 0z

Fungal Enzymes

1. Lignin-peroxidase

R 2. Manganese Peroxidase I

i oxidation
oxidation 3. Versatile peroxidase
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Aromatic ring openings; Aromatic ring openings;
Cleavage of long chain MnP mediated complexes Cleavage of long chain
hydrocarbons, and side chains; Invalving hydrocarbons, and side chains;
Ether peroxide formation Mn>* Chelated Mn’® Ether peroxide formation

Degradation products:
Muconic acid derivatives, RO-. RCOO- . CO: R+ R-

simpler hydrecarbons. other organic fragments

Figure2.3: Mechanism of mycoremediation of petroledoontaminated soil by white rot fungi
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2.2.4 Application procedures for mycoremediationrocontaminated soils

The gneral procelure for application of white rot fungio contaminated soils iby
layering(Sasek, 2003; Elisashaetlial.,2008; Singlet al,, 2011) This has beeparried

out by layering actively growing substrates on topsoil or by way of vertical and horizontal
sandwiching ofactive fungal substrates betweencontaminated soil{Stames, 2005;
Adenipekuret al.,2015).The atively growingungalsubstrates may be prdeveloped

to a level where myceliare actively sprouting before inoculatiorf soils or spawns

may be inoculated directly on substrates layered on ¢Bifattet al.,2000; Adenipekun

and Fasidi, 2005).

Adenipekunet al. (2015, described a procedure whereby 490of soil was artificially
contaminated with 630% crude oil and placed in sterile 35 bottles. 80g of
moistened rice straw were then laid on these soils, and after sterilization and cooling,
109 of actively growig mushrooms spawns were inoculated on the samples. In Bhatt
et al. (2000), 250g of contaminated soil was plagdé&etween two layers of rice straw
colonized with fungal mycelium (i.e. B0of the fungal mycelium on top and $0at
bottom of the soil). Matsubara et al. (2005) reported that instead of layering,
contaminated soils could also be mixed with substrates followed by inoculation of fungal
spawns. In a study, 459 of sawdust was mixed with 5800f contaminated soils, then

previously prepared spawnsgere inoculated into the migMatsubaraet al., 2005)

For microscopic fungi, these are often prepared first on their respective growth media

before inoculation on soilAtNasrawi, 2013Flayyih and Alawhari, 201}

2.2.5 Qubstrates for mycoremediatiorof contaminated soils

Substrates that have beeamsedfor growing whiterot fungi include rice straw, cotton
waste, wheat bran, rice bran, shredded straw, corn cobs, soybeans flour,
pasteursed/fermented/fresh cereal straw, pine barks, fragmented woodsmMast),

and straw bales, sugar beet pulpsid coffee pulps Rolzet al., 1988; Zadrazil and
Reiniger, 1998). Tlse substrates could also be enriched with animal manures in

different proportions for effective growth (Obiret al.,2005; Nwogtet al.,2015).

The substrates are often stesdid in autoclavesbefore used for inoculation of fungal

spawns (Stamet, 2005; Adenipekeinal.,2011). Adenipekuet al. (2015) reported that
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sterilization of fungal substrates reduces competition by other microbial osgan

which could infbit the growth of the mushrooms.
2.2.6 Advances on mycoremediationfgetroleum-contaminated soils

Studies on mycoremediation have evolved frtre direct use of fungi to that of fungal
derived enzymes as well as spent fungal subsggBiraudet al.,2001; Sasek, 2003;
Elisashavikt al.,2008; Singlet al.,2011).These involve both isitu and exsitu studies,

and there aresome largescale applicationszZfiou,et al., 2007; Thomast al., 2011,
Zebuluret al.,2011) There are als reports on mycoremediation inoth temperate and
tropical regions(Table2.3), as well as developed and developing countries (Stamets,
2005; Edemat al., 2010;Anasonyeet al, 2014; Rhodes, 201%yinquist,et al.,2014;
Adenipekuret al.,2015) Thereare also reportshat combinationof fungi and bacteria

can enhancehe efficiency of mycoremediation (et al., 2008; Cheet al.,2009).

Studies such as Arandaal.(2010), Hirantsuka (2005) and Satkl.(1997) have shown

that fungal enzyme extrastcould degrade organic contaminants in soils. Anasehye

al. (2014) howeverreported that MnRenzymes extracts of the fungk&iehneromyces
mutabiliscould not replicate the activity exhibited by the fungi itself on contaminated
soils. These observationkustrate that a combination of more enzymes systems and
other physiological processes are involvédring mycoremediation. Winquiset al.
(2014, demonstrated thdaboratory outcomes of mycoremediation could be applied in
the field. Okparanmaet al. (2011), Zitteet al. (2012) and Albert and Anyanwu (2016)
have also shown that spent mushroom substrates can be used for mycoremediation of

petroleum contaminated soils.

2.3 Techniques for monitoring and analysis of petroleugontaminated soils

2.3.1 Methodsfor sampling of contaminated soils

Several protocols, technigues and instruments are availablsdmplingof petroleum
contaminated soil§Table 23). The ollection of soil samplesequires several visits to

site to characterise the nature of the pdiion problem(ISO/DIS 1840003 2015E)
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Table 23: Methodsof sampling and handling of soil samples.

Criteria Protocol Description
Soil sampling | USEPA SESDPRIDCGR3 (2014)| Operating procedure for soil sampling,
AWE (2009) Sampling of contaminet land
ISO/DIS 18406203 (2015E) Soil quality samplinginvestigation of potentially
contaminated sites
ISO/DIS 18406002 (2015E) Soil quality sampling preliminary investigation
BS EN ISO 25177 (2011) Soil qualityt field soil description, ISOIB
18400107 (2014E) Soil quality sampling recording and reporting,
Storage of soi| BS ISO 18512 (2007) Guidance on longand shortterm storage of soi
samples.
samples
Pretreatment | BS 1SO 11464(2006) Pretreatment  of  sail sample  for
of soil samole physicochemical analysis,
Ples ISO 23909 (2008E) Soil qualityt preparation of laboratory sample|
from large sample,

2.3.2 Methods of extraction of petroleumrcontaminated soils

Petroleum organics which include T$&hd PAHs can be extracted from suwtrices
using a variety of methods. This incls@d®akingsoxhlet extraction, automatedoxhlet,
ultrasonicextraction, pressurisedluid extraction (PFE), accelerated solvent extraction,
super critical fluid extraction (SCFE), amlicrowaveassistedextraction (MAE) (USEPA,
METHOD 3500C, 2007; Coulon and Wu, 20a4e et al.,2014). According to Adenigt

al. (2017), each method exhibits peculiar extraction efficiency depending on the sample
and solvent matrix. Typical solvents for extraction are miethg chloride, hexane,
heptane ordichloromethane(Vare et al.,2011) Most current procedures utilise 1:1
mixture of Dichloromethaneacetone; or acetone and either of hexane or heptane

(Weisman, 1998; Richter, 2000:Bdury, 2019).

Soxhlet apparatusastraditionally the method of extraction of petroleum organics with
reported high recovery ratefRazeet al.,2018) Anyakoraet al. (2005) demonstrated
between91% to 118% recoveyf PAHs using theoxhlet method. A major limitatioof

the soxhlet methal is that the technique is timeonsumingwith typical extraction time

of up to 24 hourgLauet al.,2010;Razeet al.,2018). Adenijet al. (2017) reportedthe
use ofmechanical shakg with suitable solvents to extract petroleum hydrocarbons.
Schwabet al. (1999) demonstrated that the shaking method could give §PH

concentrations equal to or greater than that obtained witle soxhlet method. The
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shortcoming of these methods that it islabour intensiveand impracticaivhendealing
with large numberof samples USEPA Method S®46 3550C (2007) describes an
ultrasonic extraction method for servolatiles including TR+nd PAHSs in soil arices.
This method is faster thasoxhlet extraction and use®wer volume of solvents.
However, it requires mulple extractions, decanting, and filtration for every sample

processed and is therefore labceuttensive (Majicet al.,2015).

Supercriticalfluid extraction, acceleratedsolvent extraction and microwave assisted
extraction offerafaster and more econorally efficientmethod of extraction of TPHs

in soilsin terms of solvent utilization and extraction tines compared to the alternative
solvent extraction(Wang & Weller 2006; Antunest al., 2019). The issue with these
methods is the cost of the equipmeand associated parts in events of a brakdwn.
According to Prevagt al. (2001), microwave assisted extraction offers an excellent way
for the extraction of multiple samples. Typically, it utilises a solvent ratio of 1:1 acetone
hexane or heptane mture to a homogenised soil matrix. Saai al. (2007)
demonstrated the efficiency of the 3 methods MAE, Soxhlet and CEN shake extraction
for the extraction of TPHs in soil matrices to be in the order 99% for MAE,f{&0%
Soxhletand 72% for CEN shake mdtion. The eproducibility of MAE was also better
when compared to the other two methods with a relative standard deviation of 3%

compared to Soxhlet (5%) and CEN shake (11%).

2.3.3 Instrumental methodsof analysis of petroleuracontaminated soils

Instrumental methods for analysis of TPHs, PAHs and other petroleum organic
contaminants in soils includenmunoassay (IMA)gravimetry, infrared spectroscopy

(IR), raman spectroscopy, fluorescencespectroscopy, latroscan technique, HPLC
techniques andjaschromatography with detectors such as FID and K3paranma and
Mouazen, 2013; Adenigt al., 2017). Generally, instruments and methods of choice
depend on instrument availability as well #se targeted aim of the analysis. For
instance, although G@iased mehods are broadly useful for different kinds of
petroleum organics, the methods are most suitable for analysis of nonpolar
hydrocarbons. The typical ranges for GC are those with carbon numbers between C6 and
C25 or C36 (TPHCWG, 1998). GraviméRiar latroscanmethods are often preferred

for very heavy fractions gietroleum, such asmolecules found in lube oils with more

than 40 carbon atomsvhichare difficultto detectby GC(TPHCWG, 1998).
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Targeted analysismay be in terms of dtal Petroleum Hydroadon (TPHH), Petroleum
Group Type (PGT), or Petroleum Constituent (PC) measurement (TPHCWG, 1%98). TPH
measurements are carriedut for determination of the overall amount of petroleum
hydrocarbons present in an environmental matrix. Such determinatioms be
performed with gas chromatography (GC), infrared spectrometry (IR), gravimetric
analysis latroscanand immunoassay (Paiget al., 2012). Petroleum group type
measurement is carried out for determination of the quantity of the various classes of
petroleum compoundsuch as saturates, aromatics, and polar or resins that are present
in a contaminated sample (Sét al.,2010). Techniques used ftire petroleum group

type test include higiperformance liquid chromatography (HPLC), multidimensional gas
chromatography, and thin layer chromatography (TLC) (TPHCWG, 1998; Baraian
2000).

Petroleum constituent measurement is usually used tanalyse for individual
compounds. This helps for the detection of individual components and their
concentrations ina sample. This is particularly very useful for human health risk
assessmen{TPHCWG, 1998Techniques for measurement of petroleum constituent
include gas chromatography with second column confirmation, gas chromatography
with multiple selective detect@ and gas chromatography with mass spectrometry

detection (GC/MS). (TPHCWG, 1998; Frysiegak, 1999.

Gravimetric methods involve the use of a weight difference technique after extraction
of the petroleum contaminants from the soils (Kawahara, 199Apugtthe gravimetric
method would seem quick, easy and inexpensive method, the-tiomg involved for
complete solvent evaporation, increases the costs of the process. The method is
therefore not readily available for quick analysis and could be labsrand unsuitable

for largescale samples. Gravimatmethods for the determination of TPHs in soése

also nonspecific anddo not indicatethe types of compounds present. This limits any
assessment on the toxicity of the polluting compounds preséviathiew, 2009).
Stenstrom and Silverman (1986) stated that gravimetric mestaréd more applicable

to samples withahigh concentration of analyteandareimpracticable for measurement

of low concentrations especially of the very toxic components suclh&s P

34



IR analysis involves measurement of absorbance of the extracts at a specific wave
number and comparing such with that of a calibration standard with a knowrs TPH
concentration. This method is very swift, simple and inexpensive and was previously
listed as an official TPHs screening method by the USEPA. The method also has the
advantage to distinguish different classes of hydrocarbon in the gasoline range organics
(GRO), oil and grease (OG), or total petroleum hydrocarbons (TPHs) (Stenstrom and
Silverman, 1986). Falkovat al. (2016) demonstrated that IR methods could be
automated for onsite determination of petroleum contaminants. The metl®édlso
applied to identifying the sources of petroleum (Lynch and Brown, 1973). Abduétadir

al. (2016) repored that the use of Fourier Transform Infrared (FTIR)tha
determination of petroleum contaminants could give results comparable to those

obtained in GC analysis.

However, the limitations of the IR method include norspecificity to petroleum
hydrocarbonsand inadequate information on the type of hydrocarb@npresent
(Lambertet al.,2001; Strotheret al., 2013). The frequency of use of IR methodsl ha
decreased massively recently due to the ban on the commonly used eluting solvent
Freon (1 1, 2-trichlorotrifluoroethane), due to its harmful effects on the ozone layer
(Strother et al., 2013. The availability of portable spectrophotometersecent
innovations such as application of neand midinfrared (NIR and MIR) spectroscopy
and the introduction of syems with direct sample applicatiofas helgdto bring back

the popularity of the IR method (Forrestet al.,2010).

Thelatroscaninstrument is a rapid and inexpensive way to determine slagurates,
aromatics, resins, and asphaltenes fractions in erwds and bitumen extracts. It
combines the thidayer chromatography (TLC) resolution efficiency with the
guantification capacity of detectors such as the flame ionisation detectoflamne
photometric detector (Rezaeeet al., 2019) The instrumentuseschromorods (Quartz
rods coated with Siligato perform like columns/TLC plates and uses flame to burn the
separated samples for final analyss detectors FID and FPDThe system was
developed for the analysis of organic compounds, which show ralidMption and no
fluorescence. Using the latroscangiaect detection can be made for a large variety of

organic compounds especially those with higher boiling point which are difficult to
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analyse by GC, and those that are problematic to detect witlKafs€n &Larter, 1991).

Data obtained with thelatroscan, can banore reproducible because the volatile
components are not separated and are measured as a part of saturates or aromatic
fractions, and the process automation significantly reduces human eAssociating
latroscanwith FPD allows for simultaneous determinationiradrganic compounds such

as Phosphorous and Sulphur on the systédmanget al., 2008) The analysis with
latroscan is also cost effective in termsegfuipmentmaintenance and pricegecause

of the low consumption of solvents and reusability of the Chromarods. The equipment
is also easy to set up and maintain in the laboratory. There are several limitation on the
use of the latroscan in petroleum analysis. For instances, relativelly émgunts of
polar compounds are retained near the spot location of the TLC rods, potentially causing
both separation and quantitation problems during the analysis of heavy oils and tar
sands. Also, heteroatoms in polar fractions cause different FID regdantors, further
complicating the quantitation of the saturated and aromatic fractioBsg$adeet al.,
2016)

Gas Chromatographic (Gkgsed methods provide the best option fothe
determination of TPHs and other petroleum organic compounds in envieotal
matrices. The methods provide sensitivity and selectivity aad be used for the
detection of a wide range of petroleum hydrocarbons-i@B€thods are suitable both for

the identification and quantification of petroleum hydrocarbons and can meassiteva

as 0.5 mg/L of TPHs in water af Ing/kg in soil (TPHCWG, 1998). There are several
protocols by the USEPA for GC determination of petroleum hydrocarbons. These include
EPA SV846, Methods 8015, 8015A as well as the modified Method 8015. Other
proceduresarethe ISO/BSI methods such as BS EN ISO 16703(2011), ISO 18287(2006),
ISO/TR 11046(1994), ISO/DIS 13859 (2012), ISO/DIS 11504 (2015), ISO/AXS 16558
(2015) and 1SO 18287 (2606 E).

A number of detectors are available for GC analysis of petrolsamaminants. These
include Flame lonization Detector (FID), Thermal Conductivity Detector (TCD),
Photoionsation Detector (PID) and Mass Spectrometer Detector (MSD) (Lough and
Wainer, 1995; Andersson, 2014). Each detector has its advantages and lingitatien
MSD has a sensitivity of betweerl@ng (full scan) or-1.0 pg (SIM) with &near range
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of 1(°-1CP. It operates a temperature: range of 2800°C (transfer line) and 1550°C
(source). The selectivity of MSD covers any compound that fragmeritsnvthe
selected mass range. It may also include range of masses (full scan) or onselect

(SIM) (Gregset al., 2006; Andersson, 2014). The FID has great selectivity for compounds
with GH bonds. It is however associated with poor response foresomnhydrogen
organics such as hexachlorobenzene. The sensitivity of the FID is very high and range
from 0.1-10ng with a linear range of 20.0’. The temperature range for the detector is
250-300°C, and 404@50°C for high temperature analyses (Dal anctluL962; Sarafraz
Yazdet al.,2009).

For most petroleum analysis, FID is often used tloe measurement of total
hydrocarbons, while the aromatic fractiacan bedetermined with a photoiorgation
detector (PID). Estimation of the aliphatic fractiord@ne by subtracting the result of
the aromatics from the total hydrocarbon. One drawback with PID is that analytical
results could be overestimated because the detector is not entirely specific for
aromatics (Langhorst, 1981; Soo, 2018). MSD, used iselketed ion monitoring (SIM)
mode, isideal for aromatics because of its ability to detect and quantify compounds.
The MSD also has the added advantage of offering more detailed informatithre on
identity of individual components of the petroleum matfCorteset al.,2012). An MSD

is described as a universal detectbecause it has naliscrimination between

compounds, and can measure TPH, PAHS, or individual compounds.

The main drawback of GC methods is the costhef instrument. This makes its
application practically unavailable for ultimate end users (Chetra.,2018). There is a
possibility of TP#lconcentration overestimation arising from the detection of Ron
petroleum compounds (e.ghlorinated compounds, plant oils and wax€eB)is can be
eliminated by asilica gel clearup, which may also remove some polar hydrocarbons
(TPHCWEL998 Muijs & JonkeR009).A baselingo-baseline integration mode caiso

be used for quantification of the unresolved complex mixture (UCM)giBali, 2018).

Immunoassay methods involve a biochemical test, which measures the concentration of
a macromolecule in a solution using an antibody or sometimes an antigen. Fer TPH
measurement, the method correlates the response of antibodies to specific petroleum

components (Patnhaik, 2010). USEPA method 4030 provides a procedure on the use of
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immunoassay fothe screening of petroleum hydrocarbons in soils. Several portable
test kits designed for online field measurement of $Bt¢ also available. Immunoassay
methodsare presently designed for measurements of aromatic fractions of petroleum
hydrocarbons such as BTEX and PAHsaamdhostly used as a screening technique
(Okparanma and Mouazen, 2013; Yu Goryactet\al.,2017). A correction factoram
then be used to stimate the concentration of TRH Based on product type, this
correctionfactor could vary because it attempts to correlate SRHth the measured

surrogates.

Typically, the range of TBHetection limits with Immunoassay tests is from-300

mg/kg in ®il and 200 to 500 pg/L in water. Fillmaeanal.(2007) demonstrated thahe

results of analysis of petroleum hydrocarbons using Immunoassay tests could compare
well with those obtained by Gf@ethodsand stated that the method could serve as a
useful sceening protocol. One limitation dhe Immunoassay method is that it does

not identify specific fuel types, thus it is best used as a screening tool. When used for
clay and other cohesive soils, its low capacity to extract hydrocarbons from such samples
tends to limit its application. Thus, soil type and homogeneity tend to affect results

obtained with the method (TPHCWG, 1998).

High Performance Liquid Chromatography (HPLC) can be used to separate, identify, and
guantified petroleum fractions (Robard$994; Taylor, 2005). Different detectors such

as UWis absorbanceDiode Array Detectors (DADQ)ChargedAerosol Detector (CAD),

and multiple detectors such as a combination of\4% with a mass spectrometer on an
LCMS can be integrated for its routineadysis (Vaningt al.,2018). Individual aromatics

and polyaromatic compounds can also be evaluated (USEPA Method 8310). Suatoni and
Swab (1975) demonstrated that HPLC can be used to quantitatively fractionate crude
oils into saturates, resins, aromaticand asphaltenes. Assadi and Mathur (1991)
reportedthat the technique can provide good separations and quantitation of saturates,
aromatics, polars (resins) and asphaltenes crude oil. &taad. (2009) utilised HPIC
GCXGC/FID to achieve a detailed chemmampositional analysis of crude oll
contamination with better predictions of the leaching potentials and ecotoxicological

risk of petroleum and hydrocarbons in soils. Typical concentration ranges of target
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analytes that can be determigkein sample matries with HPLC techniques are from
0.0132.3 pg/L. The technique of HPLC is particularly useful for risk analysis and

ecotoxicological assessmentmé#troleumcontaminatedmatrices.

2.4 Critical evaluation of phytoremediation, mycoremediation andmethods of
monitoring and analysis of petroleuntontaminated soils

Phytoremediation is often applied as a post contamination measure after oil spéls (Li
al., 2009; Luet al., 2015; Asghaet al., 2017). Thus, the contaminants yealready
moved down the soil priiles beyond plant root zonebviously, avoiding oil spills
altogether is preferable, however adequate provisions should be put in place in events
of spills. Thugantegrating phytoremediation into the petroleum industry environmental
management strategyvould help overcome the limitation of plant roots not reaching
the lower solil profile. This is because the plants would be already available to pick up
these contaminants while they are still within the root zon€siiiningham & Ow, 1996;
Tangahtet al.,2011). The process can further be improved by using plants wisch

high tolerance for petroleum contamination and are either ubiquitous or native species
to avert issues of plant adaptability (Mendez and Maier, 2008b). Identification of
nutrient requirenents, as well as appropriate nutrient sourceis essential forthe
successful implementation of phytoremediation quetroleum-contaminated soils
(Dineshkumaet al.,2019; Kumaet al.,2019). This is because, as stated by Feirgy.,
(2018), Bernabé&ntonioet al.,(2018), and Fatimat al.,(2018), the plants need to grow

well, before effecting their remediation potentials.

An understanding of the phytoremediation mechanism associated with each plant
would aid the effective selection of plant speciesrfintercropping (Khandare and
Govindwar, 2015)Intercropping would also need to be carried out in such a way to
incorporate different plant types and their associated functions such as
hyperaccumulators and hyperdegraders (Kumar, 2019), plants withtblghance to
petroleum contaminants (Kulakow, Schwab & Banks, 2000; Bidhendi & Mehrdadi,
2010), deep and shallow rooted plants (Chaudhatyal, 2019; MartineZOré et
al.,.2019), ornamentals, legumes and plants with extensive root systems (Banetowe

al., 2019; Dubchak & Bondar, 2019). Yaedral. (2015) reported that careful selection
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of plant types could further reduce the cost of phytoremediation resulting in overall cost
efficiency. As stated by Reichenauer and Germida (2008) and Das (2018) thég@hvo
need to be executed with appropriate agronomy practices such as crop rotation and

effective nutrient supply.

Biotechnology and engineering with transgenic species offer great prasgect
phytoremediation (Cherian & Oliveira, 2005; Doty, 200if)c&there are many plants
with promising potential for phytoremediation of petroleum contaminated gd#hble

2.1 & 2.2) integrating biotechnology into these species could help enhance their
potential. There is a need for more biotechnological inputdhe development of
enhanced species of plants and associated microbes to aid phytoremediation of crude
oil contaminated soils. Certain plant enzymes have been identified to aid
phytodegradation of petroleum contaminants (Schnoor, 2002; Schwitzguebaill,
2009; Lew, 2018). Other organic exudates by plants that stimulate the activities of
petroleumdegrading microbes in soils have also been identifieet(ai., 2019a; Let

al., 2019b). Efforts on developments of biotechnology techniques such as sokatd
commercial preparation of such enzymes and incorporating such with phytoremediation
would result in enhancements. Biotechnology would also have to incorporate
elucidation of metabolic pathways for transport and degradation of petroleum
contaminantsas well as developments of more transgenic species for phytoremediation

of petroleum contaminants.

Certain fungi such as the white riatngi like Pleurotus ostreatubave been identified

as good degraders of petroleum hydrocarbons (Yateeu.,1999;Isikhuemheret al.,
2003; Kristantet al.,2011). Combining these agents with plants could be advantageous.
Huanget al. (2000, 2004) demonstrated that a combination of physical, photochemical,
microbial and phytoremediation could be synergistic, resgltin a more efficient
removal of PAHs. Thus, the concept of coupling phamd myceremediation agentso

increase remediation efficiency is plausible and worth researching.

Surfice active agentsuch as TweeB0, and biosurfactants like Rhamnolipid bav
shown potential to enhance phytoremediation and would bighly relevant inthe
remediation of organics like crude oil (¥YAhenget al.,2007; Liaet al.,2015).Research

seems centredaround the use of synthetic and biosurfactants. Several plants can
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produce natural surfactants (Tmakoeéal.,2016; Kregieét al.,2017). However, little
investigatiors have been carried out on the use of biosurfactants from plants in soil
remediation. Rants could also be bioengineered to produce-biofactants (Stepnova

et al.,2016). Itis therefore worthinvestigating the potential of using such plants or their
biosurfactants to aid phytoremediation gfetroleum-contaminatedsoils. Enhanced
phytoremediation of petroleumcontaminated soils with surfactants is itsél very
promising due to increased solubility and bioavailability of the contaminants ¢Galg
2006; YarZhenget al.,2007).

The limitations ofphytoremediation on petroleuntontaminated sof have been
identified (Naeeset al.,2011 Ramamurthy & Mememn, 2012 Maharet al.,2016) but

potential solutions are availabl@able2.4).

Table 24: Solutions tachallenges on application of phytoremediation on petroleum
contaminated soils.

Challenges Possiblesolutions
Long duration of the i Enhancement of phytoremediation using several agents/methods.
remediation proess U More research to identify ideal enhancement agents with respect to soil ty

crude oil type and concentration levels.
U Used of hyperaccumulators or hyperdegraders of petroleum contaminant
Low plants biomass an{l Integration of Biotechnology to developed high biomass plants with enhal
slow growth rate efficiency.
U Biotechnology can also be used to developed plants with faster growth rg
Problem of disposal oli  Solvent extraction system could be used to recover petroleum substa
extracted contaminants i accumulated in plants system.
plants system U Plants could be prune or uprooted and the biomass treated in Bioremedig
piles for degradation of petroleum substances accumulated intplgystems.
U Plants biomass could also be used for generation of biofuels.

Biotransfer of |0 Proper handling ofplants biomass through adequate monitoring, time
contaminants into food pruning, uprooting and treatments of biomass.

chain U Digging up and trdanent in biopiles.

Nonbioavailability of|{U  Integration of surfactants, compost and other organic manure would aid
contaminants bioavailability of contaminants.

Introduction of invasive i  Used of ubiquitous and plants species locally availablohtaminated sites.
species

Climatic factors U Identification of ideal climatic conditions for application of phytoremediat

programmes through research
Limits of plants root to |U Integration of phytoremediation with onset of petroleum actiei
upper soil profile U Use of deegrooted plants and Intercropping

Most studies on mycoremediation gfetroleum-contaminatedsoils are carried out
using artificially contaminated soils glasshoussg, under sterileconditions(Abioyeet
al.,2013; Rahmaret al., 2013).There could beseveraissues in translating results from

such studies iglasshousdo field scale.

41



Firstly, the varying concentrations added to soils to crehteartificial contamination
cannot be compared to ideal crude oil spills with massive quastitf petroleum
contaminants in soils. Liet al. (2012) reported up to 50% Total Petroleum
Hydrocarbons in petroleum contaminated sitesShengli Oil Fie]JdChina Thus, it would
be ideal to use conventional petroleum contaminated soils for mycoremediati

studies.

Secondly, substrate stes#ition and incubation at room temperatures creates an
artificial environmentwhich is different from those of thdield during in situ
applications Using unsterilised substrates and conditions identical élal ftonditions

would aid for replication of laboratory outcomes during field applications.

Thirdly, climatic and edaphic factors are not usually incorporated into laboratory
glasshouse studieand this will certainly be encounterad the natural environment.

Ideal research in mycoremediation of petroletoontaminated soils should be tailored
towards reallife situations using typical petrolewigontaminated soils and unsterilised
conditions. This would involve investigations into various substrates and comsliti
which can be easily replicated during in situ applications. Using substrates and fungi
species which are ubiquitous or native to sites of contamination would alsoigtate

potential adaptation problems

There seem to be limited reports on applimat of enhancement agents such as the use
of surfactants, combination with other microbial communities, as well as combinations
of mycoremediation with phytoremediation for treatment of petroleum contaminated
soils. Surfactants can increase the bioavalilgbiof organic contaminantgPacwa

t 02 OA gt/ ot} Liaoet al., 2016). Therefore, integrating surfactants with
mycoremediation and combination of mycoremediation with other biological agents

could lead to increase efficiency petroleumcontaminatedsoils.

Finally, nuch d biotechnology and engineering ¥ not been incorporated into
mycoremediation fothe management opetroleum-contaminatedsoils.Bamforth and
{Ay3tSG2y 06 Hn etmi(20L3)dRort8datyaytdrdstich & life cycle, size
of the fruity bodyand mycelium biomass influence the efficiency of mycoremediation.

Biotechnology can be integrated to developed mushrooms wgtimal fruit body size,
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mycelium biomass and improved enzymes yield (Ohga and Kitamoto, T8airus

and Townsley, 1984yvhich will result inincreased mycoremediation efficiency

2.5 Gonclusiors from chapter two

Phytoremediation opetroleum-contaminatedsoils is very promising because most of
the regions associated with petroleum have vast flora resources (Loena, 1993;

Ige, 2011). The technique of phytoremediatican be used to modifypetroleum-
contaminatedsoils. However,physical and biological techniques could be integrated
improve the effectiveness of the remediatigfigure2.1). This review has identified
plants with reported phytoremediation potential getroleum-contaminatedsoil. With
vast flora resources, more research is required to identify potential phytoremediation
agents especially those that are ubiquitous or locapétroleum-contaminatedsites.
Some techniques with promising potential for enhancement of phytoremediation of
petroleum-contaminatedsoils hae also been identified. Most of these techniques are
also cheap and locally availal§@oty, 2008).Thus, the concept of phytoremediation if
enhanced and properly integrated into the petroleum industry environmental plans
could offer a reliable, costffective and environmentally friendly approach for

remediation of petroleum contaminated soil.

Mycoremediation is also capable of providing rel@loptions forthe treatment of
petroleum-contaminatedsoils. This is because fungi afford cheaper and safer means for
the simultaneous degradation of organic contaminants and extraction of inorganic
species (Adepekunet al., 2015) In addition most fungare found in many parts of the
world, whichensures their widespread applications. The typical warmperatures for
growth of macro fungmakes the technique ideal for tropical regions with varieties of
fungi and locally available substrates. There aenumber of innovations on
mycoremediation of contaminated soils, notably, the use of fungal enzymes, and spent
mushroom substrates. These provide options in situations wiieeefungicannot be
cultivated. Most of the macro fungpecies are hyperaccumuidais of trace metals. It is
therefore worth not only studying their degradation/extraction efficiencies but possible
speciation and transformation of the inorganic speciise macro fungnhave short life
cycleswhich is somewhat an advantageecause aamediation cycle can be achieved

within a short time However, care must be taken such thhe mushrooms are not
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consumed as food, and thaubstances already taken up are not returned to soils via
putrefaction. The end use and treatment of the harvestadshrooms should also be

integrated into remediation programs.

The challenge ithe development of mycoremediation from laboratory studies to large
scale field applications on petroledoontaminated soils lies in incorporating ideal
environmental, edaphi@and climatic factors of a typical contaminated site intee
procesdrom first principles. There is still much to be done to maximize the potential of
mycoremediation onpetroleum-contaminatedsoils. Areas for further development
include integrating procgses that could enhance mycoremediation patroleum-
contaminatedsoils. Identification of ideal environmental and edaptanditionsand
methods of application of fungi species to petrolewontaminated soils is essential to

translateglasshous@utcometo field success.

Determination of petroleum hydrocarbons is necessary for assessment, planning and
evaluation of remediation programs on contaminated soils. Howetlrex,choice of
techniques for monitoring and analysis of petroleum contaminants depemdshe
target aim of such programs. There is also an added element of function of instrument
availability and expertise. Most times advance instruments such as GC may not be
readily available for routine investigation pétroleum-contaminatedsoils especidy in
remote communities, therefore other methods suchgravimetric, immunoassay and

use of FTIR, which are more readily available, could be employeddpidassessment.

Risk assessment, which would require separation and quantification of petrajeaun

types such as aromatics, would also require LC methods, while biomarker analysis would
require a GC method (TPHCWG, 1998). When usiajteod, the analyst must be aware

of the various limitations associated with such and the implications in thesagsent.

For adequate assessment of petroletomntaminated sites, recommended procedures
for sampling, sample preparations, storage and analysis must be followed for data
reliability and adequate reflection of the environmental situatidmethods, whichare

easy to operate and are quick and readilsailable would help fortimely evaluation of

contaminants levelrisk assessments and planning for remediation.
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2.6 Objectivesof the study
The specific objectives of the studsere to:

U Evaluate soil qualitparameters for typical petroleursontaminated sites at
Tibshelf, Derbyshire, United Kingdpamd Ogoniland, Niger Delta, Nigeria

U Assess thaise ofsunflower speciesHelianthus annupacino gold, Helianthus
sunsation and Helianthus annganny dwarfyand ferns Qryopteris affinisfor
remediation of petroleuracontaminated soils in the study areas.

U Assesghe use ofmycoremediation agents such asite rot fungus Pleurotus
ostreatus) and palm wine (from Raphia africanaand Elias guineensjsfor
treatment of petroleumcontaminated soils.

U Investigate ways of enhancing the phy@nd myceremediation efficiency of
these agents using surfa@etive agents.

U Evaluate the use of crude oil from the contaminating source for monitoring TPHs
levels and the overalemediation efficiency of crude oil contaminated soils.

U Evaluate theuse of biomarker compounds for assessment of petroleum
contaminated soils and remediatiggrogress

U Investigate other options fothe quickassessment gbetroleumcontaminated

and remedated soils
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CHAPTER THREE
Generalmethodology
3.1 Study areas

Twomain study areas wereselected namelyTibshelf in Alfreton, Derbyshire, United
Kingdomand Ogoniland in the Niger Delta region of Niget&m®ils fromrlibshelf, United
Kingdomwere used for methoddevelopment, whichwaslater applied to those from
OgonilandNigeria A third site at Brackenhurst, Nottingham, United Kingdom was used
for verification of the techniques involving the use of the biomarkers dodecane and
benzenel,3-bis(1,1-dimethylethyl).

3.1.1 Study site aDerbyshire, United Kingdom

The sampling site at Derpynited Kingdomwas located at Oilwell Nursery, Tibshelf,
Derbyshire, United Kingdom. Tibshelf ascommunity of 3787 inhabitants at an
elevation of 154 metersbove sea levelwith coordinates359414 Nand 444927 E
(Figure 3.1)The village is ithe Bolsover district of Derbyshire, United Kingdom and is
surrounded by other villages such Hardstoft Morton, Pilsley, Teversal and Newton
(HS2 2018) Tibshelfis home to Hardstoft No. 1Britain's first mainland oil well
Hardstoft No.1 washe first successful oil exploration well ever drilled in the UK with oll
struck on the 27th May 1919. The oil well produced lightroih a depth 0034 metres

The initialproduction output was aboutl metric toriday for many years but later
doubled to abou2 metric tons/day (Brentnall, 1995). According to Craigal. (2013),

two additional wells were drilled on the Hardstoft Anticline in th®20s However,
although sone gas was found, no additional oil production was gained. The gas was used
to power the site for several years. Before decommissioning of the site, the total oil
production from the Hardstoft No. 1 well between 1920 and 1946 was abbumhetric
tons. The &e is currently used for Oilwell Nursery, a small garden centre. Although the
site has beemlecommissioned for years, crude oil stidleps out of the pump head and

spills around the surrounding so{Boothroydet al.,2016).

The topography of Tibshelfries with locations and is characterised by the River Doe
Lea valley with protruding points of higher land ttee east (184mAbove Ordnance
DatumAOD) and west (194m AOD), and even more undulating high ground in the north
(HS2 2018).At certain pointsthe topography is levidd with some moderate slopes.
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Prominent topography featuraacludesthe undulating lowlands comprising woodlands
intermingled with diverse arable and pastoral farmi@yeighton 2002;LDBP 2011)
Themaindrainage consistof a series of tributaries and smaller waterways, which drain
the land toward the Doe LeRiver(DCC 2014) Soils in Tibshelf are categorised as
disturbed soilgAvery, 198D The most predominant soil types comprise fiegtured
soils derived fronctarboniferaus mudstone with the top consisting of sitiay, clay
loam, clay or sandyclay-loam (MAF&F 1998) Sandysilt-loam and sandyoam topsoil
are also predominant. A variable soil profile is expected for the (88&&\W1984;HS2
2018).

In terms of geologyTibshelf is underlain by Triassic sandstoo@ssising of the Peak

[ AYSa02yS DNRdzLJ 60F2NN¥SNI & W I NDb2yHKiESNER dz
predominantly consists of commonly thin bedded, cherty limestones with reef knolls in
the uppermost part bthe sequencevith more massive, cherty and often porcellaneous
limestone below the uppermost 60 KBanks, 2017)The limestones are capped by up
to 15 m of mudstonesand are interbedded with considerable thicknesses of basic
volcanic stratayhich haswo discrete basalt lava horizonEheupperhorizon isup to

37 m thick whilethe lower rangsup to 45 m Major parts of these limestones have
been intensively dolomitisedyith a commonly sharp contact between limestone and
dolomite which cuts across beding atmostlocations(Boothroyd et al., 2016). There are
also widespreadikcification of the limestonesand most have beesubject to intense
mineralisationyesultingin the presence of ore bodies and mineral veifus, minerals
such asgalena cdcite, sphalerite barites and fluorspar which are of economic
importanceare also found in the areaMining for lead, zinc and silveave also been

reported (Sorkhabi, 2018).

The crude oil obtained from Tibshelf is classified as light oil found irctufesl sandy
limestone unit at the top of the lower carboniferous limestone succession at a depth of
3,070 ft. Theoilis further described as exceedingly matamed likened to
Pennsylvani@rade Crude ofCraiget al.,2013). Pennsylvania Grade Crudigie a type

of sweetcrude oil having superior qualities such as trace quantitiesnifogen and
sulphur, and alsence of asphalticcomponents Patil et al., 2019) Such oils are
thermally stable with higliscosityindex and aresery high in paraffin and other waxes

which makes it highly desirable for refinement into petroleluiricantssuch asnotor
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oil, and for use in certaihydraulicapplications Riehm et al., 2015) Pennsylvania
Grade Crude oilpossess excellent characteristics for refining intaricdnts and have
been used for medicinal purposemnd as a source of lamp fuel and machinery
lubrication. The oils have green or fluorescent colour when reflected in surdight
ultraviolet lights, respectivelyThus crude oil from Tibshelf, like the Pennsylvaniadg
crude oils can be broken down ing@asolinekerosenefuel oil gas oilwax
distillate, cylinder stockor bottoms) and other productdike white oiland paraffin
(Riehmet al.,2015, Patilet al.,2019).

The weather and climate in Tibshaletypical ofDerbyshire. The area has a temperate
maritime climate with cool to cold winters and warm summers and the characteristics
four distinct seasons of winter, spring, summer and autui@ordenet al.,2003 Hollins

et al.,2004). The warmest period of the year is usually in July and the ccldasuary
with average temperatures and precipitation valuast-11°C and 108mnrespectively

The area has an annual average rainfall of-800 (19612000 longterm average), with

May and December as the driest and wettest mor(tBerden, Stach & Millington, 2002).

The vegetation afTibshelf consistof seminatural calcareous grasslamdixed with
temperate woodland Anderson& Radford, 1994Kotilineket al., 2018). The areais
mainly semirural with the land principally used for agricultuf@oothroydet al.,2016).
It is associated with earlier industrial sites and incluheportant zones resteed from
previous open cast coal mines to agricultukéajor natural resources associated with

Tibshelf include crude oil, coal and timb8opthroydet al.,2016).
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Figure 3.1aMap of United Kingdonshowing the location of Tibshelf, Derbyshire, tedi
Kingdom (nap drawn with coordinates obtained with GPS Garmin GPSMAP 64 Handheld
Navigator using ArcGIS 10.x)
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Figure 3.1blocation of the sampling point around the oil well head at Aelfs United
Kingdom(map drawn with coordinates obtained witAPSsarmin GPSMAP 64 Handheld
Navigatorusing ArcGIS 10.x

3.1.2 Study sites at Ogoniland, Niger Delta, Nigeria

Ogoniland is part dhe coastal plain of the Nigddelta region of Nigeria. The areshieme

to approximately2 million people and covers abb1,050 k. It is located witlin the
geographical coordinate$® 53' 57" N, 4° 28' 48" N, 6° 52' 30" E and 7° 35' 37" E (Figure
3.2) (UNEP, 2011Yhe climate of the area tsopical, with distinct rainy and dry seasons.
Rainfall occurs throughout the gg with an average of 4,700 mm/yefte, 2013) The

rainy season starts from February or March and ends in October or November. Even
during the dry season, the area receives up to 150 mm of rainfall. Relative humidity
fluctuates between 90% and 100% foost of the yearwhile the temperature range is

28 to 33C (UNEP, 2011; Brown and Tari, 2015).

The topography of Ogoniland is characted bya combination ofwamps, lakes, lagoons,

creeks, and river@JNEP, 2011)The land surface can be categorizatd the freshwater
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zone, mangrove swamps and caassand ridge zone. The mainland consists of the
riverine area, whose land surface is between 2 and 5 metres above sea level, and the drier
uplands 10 to 45 metres above mean sea leVéke najority of water channels in the
freshwater zone are surrounded by natural embankments. These support settlements and
agriculture, whichis the main occupation of the locabmmunities (Ite, 2018)These
water channels are also intermingledth small ridges and shalloswamp basins, as well

as gently sloping terraces intersected by deep valleys that carry water intermittently
(UNEP, 2011 Soil type consists principally of silt and diayndation, whichare more
susceptible to perennial inundation by river floods.e®oils of the area are also mostly
silty-loam, with sandy and sandgam aroundthe coastal sand ridge@\rior & Jirigwa,
2017).

Ogonilandhasatropical rain foreswvegetation The riverine part is characterised by three
hydro-vegetation zones. Theseabeach ridge, salt water and fresh water, each with its
characteristics and compositiq@®zigis 2018) Dominant vegetation consists tfie palm

tree -Elaeisis guineensi®©ther dominants crops include cocon@ocos nucifena raffia
palm (Raffia africam) and cocoyam(Xanthosoma spp Two distinct storeys can be
identified within the forest strata. Emergents inclu@&mphonia globulifera, Cleistopholis
patens, Uapaca spp., Musanga cecropioides, Hallea ledermannii, Terminalia spp.,
Anthostema aubryanum, éctona grandis and Elaeis guineensihie understory is
characterised by species such @alamus deeratus, Alchornea cordifolia, Monodora
tenuifolia, Harungana madagascariensis, Strophanthus preussii, Rauvolfia voraitdria
Raphia spggFentiman and Zabbeg015).

The main mineral resources found in Ogonilangkisoleum,which includecrude oiland
associated natural gas Production and exploration gfetroleum commenced in the
1950s in Ogoniland. This was followsgdextensive production facilitiesséablished over
three decades. The sole oil exploration company operating in Ogoniland is the-Royal
Dutch company, Shell Petroleum Developm@umpany (SPDC). Tablé S8ummarises
crude oil facilities available in OgonilafldNEP, 2011)

51



Table 3.1 Cruck oil facilities available in Ogoniland (UNEP, 2011).

Oll facility Number
Oilfields 12
Wells drilled 116
Wells completed 89

Flow stations 5

Ogoniland hasa history of crudeoil contamination and environmental degradation
associated withpetroleum activities The first major oispill was reported in 1970 with
thousands ottubic metres of crude odpiled on farmland and riversBy the year 2000,
over 7,000 spills have been reportéte, et al.,2013). Many of the spilsiteshave been
left untreated for decades. Althoughil production operationdave beensuspended, oll
facilities are still widespread within the region. While some of these facilities have
deteriorated,others arefrequently vandalisedgiving riseto recurring episodes of sysll
These spill sites are spreatoundthe three local government areas of Gokana, Tai and
Eleme Severaprotestsand campaignbave been carriedut by theOgoni people against
the environmental degradation caused by the petroleum industry in their.ake@otable
episode is that which culminated in the killingnife environmental rights activists in the

region, including Ken Sarowia (Oviasuyi and Uwadiae, 2010; Yakubu, 2017).

According toUNEP (2011rbout 1,000 krh area of Ogoniland has been cantinated
with crude oil. Thisvill take up to 2530 years for environmental restoratiqite, 2018)
Thethe oil pollution has spread into drinkingrater, whichcontains dangeroukevelsof
benzene and other pollutants with hydrocarbons levels in wataching more than 1,000
times the allowable level of drinking water standar@dNEP, 2011)Levels of oil
contamination in soils ere found to have reached depth of greater 5 meters (UNEP,
2011) The landsare still highly contaminatedvenin areas whee remediation has been
reportedly carried out There are also indications that oil firms have been dumping

contaminated soil in unlined pif®&gochukwu and Ertel, 2008; Mmom and Igbuku, 2015

Sampling points for this research were located to reflectaonnated sites across the oil

producing local government areas of Ogoniland. The samples were taken to reflect spatial
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and profile variations as well as different soil types. Decription asulilglition of the

sampling sites in the study areae given irFigure 3.4 and Table 3.2.

Table 32: Sampling sites and description of soils samples from Ogoniland, Nigeria
Sampling | Sampling| GPS  Coordinateg Profile Soil Visible geology Landuse
locations | Sites (UTM} Cassotto et| depth Characteristics
al., 2019 (meters)
Ogale N E
1 0294996 | 0532999 | 0-0.15 Light brown,| Dry land, level surfac§ Farming, Residential
silty sand topography
2 0294965| 0532977 0-0.15 Light brown,| Dry land, level surfacq Farming, Residential
silty sand topography
3 0295428 | 0533596 | 0-0.15 dark  brown, | Dry land, level surfacq Farming, Residential
silty sand topography
Gio 4 0304418 | 0519421 | 0-0.15 dark brown, | Dry land, hilly slopel Farming, Residential
silty sand topography oil bunker reservoir,
lllegal refinery point
5 0304409 | 051939 | 0-0.15 Yellowish Dry land, hilly slopg Farming, Residential
brown, silty | topography oil bunker reservoir,
sand lllegal refinery point
6 0304429 | 0519401 | 0-0.15 dark brown, | Dry land, hilly slope Farming, Residential
silty sand topography oil bunker reservoir,
lllegal refinery point
K-dere 7 0308842 | 0515267 | 0-0.15 Light brown,| Dry land, level surfac§ Farming, Residential
silty sand topography
8 0308690 | 0515438 0-0.15 dark  brown, | Dry land, level surfacg Farming, Residential
silty sand topography
Okwade 9 0321707 | 0529849 0-0.15 dark  brown, | Dry land, level surfacqg Farming, Residential
silty sand topography
Bodo 9 0305473 | 0510286 0-0.15 dark grey, clay| Marshy area| Fishing
surrounded by rivers
10 0305325| 0510090 0-0.15 dark grey, Marshy area| Fishing
cIay surrounded by rivers
11 0307283 | 0509572 | 0-0.15 dark grey,| Coastal plan, bank of { Fishing
sandy clay river

53



300E 400E 50DE €00E TO0E FO0E F00E 1WoTE noeE 12°CrE TO0E
1 1 1 1 1 1 1 1 1 1 1

[ south West
T P

[/ ~Amaspa NG

Legend

* Points
Zones
|77/ North Central
[] North East
[ North West
[ south East
[ south South

||||||

Figure 3.2al ocation of Ogoniland iNiger DeltaNigeria showing the sampling poin{snap drawn with coordinates obtained with GB&min

GPSMAP 64 Handheld Navigatemg ArcGIS 10.x

54



0%
1
=
N =
Rumuwaj
b
Umuigbekwo
Okojagu
Okoro

Abulomd Absm Ama

& =
Okrika
Ogulama
Anderekir)
=

Opu Adakir

Blemekir

wrachochoma

Alo

Alesa

Schia-Igobama

Kiriam

aooe
Kilometers N

0 3.25

Afa
Egbury
labom Emu
Ban Ogc
mabom
Alar
o Tasdro 2
Afax
0gq
koloma-T.
Burw Barana
Ebubu
Ete
wakas NS Nonwa Kenbawa Gbene Ue
Barayira
Yaa Ogon Uekon
Oyu Boter
Onne Ogu Barabarobara Korokoro
Akporc
Tkpok POID Deyor Chara
e Deke:
Kpogo
Jmodara Ang
Wakama o Kpopie
Deyor
Baranyon
Bolo o e g Ja
Dere Bel
Owuorgoner —
Owo Ogono ‘
hor
Aworkr| r‘“
ogho
Oroberakic
Bomu
Gbe

Ininokinb Asangalaka

Opuada
agh <~ Gbolabiri

Bodo

6.5 13

Akporo Sogho
Bar Akani Soghc

Luugue Sogho

Kani

Yeghe Barako Kor

Bor|

Kono Bewa

Ekem

- Legend

@ Sample Points

B CpenSteetMap jand) contributors, CC-BY-SA

Figure 3.B: Ogoniland showinghe sampling point§map drawn with coordinates obtained with GB&rmin GPSMAP 64 Handheld Navigator
using ArcGIS 10.x




3.2 Soil sampling for the study

3.2.1 Samplingt Tibshelf, Derbyshire Site

A preliminary visit to the site was carried out on thé"26ovember 2016; whepossible
sampling and control sites were identifie@ampling ofthe contaminated soil was
carried out on the 2¥ of March 2017. Site selectiosampling, transportation and
preservation of soil samples were carried out according to Methods BSI ISO/DIS 18400
203 (2016) ornthe sampling of potentially contaminated sp&nd reported in the

following sectios.

3.2.2 Sample collection at Tibshelf, Dathire Site

Contaminated soil samples were taken directly from the spill site while control soll
samples were collected from abo2®0m uphill. After clearingegetation and ledltter,

the soil was dug to the depth of the shovel blade €80) around thevicinity of the oil

well. Up to 100 kg of crude oil contaminated soils, 50 kg of uncontaminated soils and 1L
of crude oil samples were collected. Samples were collected in thick black plastic bags
then placed in dark plastic boxes with lids and transpirte the glasshouseat NTU
Brackenhurstampus, where theyvere preserved under airtight conditiorduringthe

same day of sampling.

3.2.3Glasshouseet up/activities with soils from Tibshelf, Derbyshire Site
Glasshousactivities were carried out accortyy to the methods of Yadaat al. (2009)
and Ciurli et al. (2014) using the dedicatedlasshousdacility at Nottingham Trent
University Soil samples were spread quextraneous materials removeair-dried,
ground, sieved through a 2mm sieve, homogeusnd stored. The samples2 mm soill

fractionwere then weighed out and placed in pots for the remediation studies.

3.2.4 Glasshousepots, preparations and designations with soils from Tibshelf,
Derbyshire

1.5litre plant pots were used for the studf¥he pots were placed in plant trays (Grow
bag standard 108 40x 5 cm) to avoid seepages from the pots into the environment.
3009 of the homogenised soil was then weighed out and placed in eaéelitré. plant
pot. The pots were labelled according to imidual constituens (Table 3.3). Each plant

pot for the glasshousetudy was prepared bthe addition of cowmanure to the soils
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in a ratio 16 (50 g of cow compost added to 3@Dof soilsYMarqueset al.,2000) The
cow manure was mixed with soils foniformity. This is referred to abe amended soill
samples. A subset of the amended soil samples was selected and given treatments for

the growing ofP. ostreatus

Pots for growind. ostreatuswere prepared as followd0 g of the dried and grounded
stumps of thepalm tree (substrates)were added to amended soilS.g spawnof P.
ostreatuswere then added by uniformly spreading into the soils. This was then followed
by layering of another 1§ of the substrates on top of these soils. The layered palm
substrates were also inoculated withgbofthe fungal spawn. Tl arrangement allowed

P. ostreatusto be applied by mixing the substrates with the soil and also by layering it
on top of the soil. This approachas a modification of usual practices of laysy

substrate andP. ostreatusfor remediation(Adenipekuret al.,2015).

Furthersubses of the amended saslwere treated with fermented palm wine in a ratio
detailed inTable3.3.

Table 3.3Composition and designation gfasshousgots using soilffom Derby, UK.

Sample Groups | No. of pots Soll Cow Sunflower Mushroom | Mushroom | Palm wine
manure substrate Spawn

S1: (control 1) 9 300.00g -

uncontaminated | {3 (triplicates)

soil X 3 months)

S2: 9 300.00g

(control 2) {3 (triplicates)

contaminated X 3 months)

soil without

amendment

S3: 9 300.00g | 50.00g

(control 3) {3 (triplicates)

contaminated X 3 months)

soil with

amendment

S4: 9 300.00g | 50.00g 1

contaminated {3 (triplicates) seddling

soil +| X 3 months)

amendment +

Sunflowers

6 9 300.00g | 50.00g 20.00g 10.00g

contaminated {3 (triplicates)

soil +| X 3 months)

amendment +

mushrooms

6 9 300.00g | 50.00g 0.25

contaminated {3 (triplicates) litres

soil +| X 3 months)

amendment +

Palm wine
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3.2.5Samplingof soils from glasshousewith Derby soils for laboratory analysis

The dasshousestudy wascarried out for a duration of 3 months in the months of July

to October 2017. Composite soil samples were collected at the start of the study (time
= Odayg and afer a 3month treatment period (90 day$Adenipekuret al.,2015).Soil
samples were homogenised prior to laboratory treatment and analysis. Methods BS ISO
11464 (2016) was used for sample preparation prior to determination of other
parameters. The soibsnples were atdried, homogenised, ground and sieved through

a 2mm mesh before extraction of TPH was carried out 8&iral.,2014).

3.3 Sampling at Ogoniland, Niger Delta, Nigeria

Method BSI ISO/DIS 184Q03 (2016) orthe sampling of potentially comiminated soil

was used for site selection, sampling, transportation and preservation of soil samples
The soilsamples from Ogoniland, Nigeria, were carefully taken to reflect 3 different
textural soil classes of sand, loam and clay. Prior to arrivatahtact person in Nigeria

Dr Ferdinand Giadom haatrangedfor a team consisting of experienced professionals
and indigenes of the study area. &team membershad previously ben involved in
environmental sampling of Ogoniland by the United Nations enwirental program
(UNEPaNd included soil scientist, a community Chief, a youth leader and postgraduate
student at theDepartment of Geology, University &brt Harcourt, Nigeria, where Dr
Giadom works as &ecturer (Appendix 5)On arrival, an initial meting was held to
discuss the situation in the study area. This ranged from political, ®ecinomic,
geographical as well as environmental issues. Also, a plan of action for the sampling
program was discussed and agreed. This included approach to locahunities,

sampling sites and dates, as well as preservation and storage of samples.

3.3.1 Sample collection at Ogoniland, Niger Delta, Nigeria

The samplingsites werein remote communitiesand required a significant amount of
traveltime with an adequag vehicle (at least 1 hour from camp bageh arrival at site,
consultations were made with interest groups and site guides were allocated to take the
team on a survey of the area. After these surveys, actual sampling sites were discussed

and agreed uponbased on history of contamination, approximation to oil facilities such
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as pipe lines, well heads, tank farms, bunkering activity zgrtessical and geographical

barriersas well as avoiding restricted areas.

Once an ideal sampling point was establisited, geographical coordinates of the site
wasdeterminedusing a GPS metarodelNF178 Soil samples were then taken@tL5

cmwith the help of asoil auger. The next two sampling points were often taken &0

both sides of the first. Control sites saraplwere taken at areas far away from the
contaminated zones based on history. Each of the soil sampésscallected into
sealable plastic bags, then placed in a black plastic bag which is sealed again before been
placed in a cooler for onward transportati to the University of Port Harcourt

geochemistry researclaboratoryfor preservation

At each sampling poir{Tables 3.}, a method ohand feeling andibbon (Whitinget al.,
2014; Sallewt al., 2018)was used to determine approximate soil texturelléwingthis,
3 bulk samples corresponding to sandy, silty and clayey soils eodlexted. These
samplesbulked according to soil textureere to be used foglasshouseemediation
study. After collection, soil sampleswvere placed in sealable plasticentainers and
bagged in thick black plastic bags, then placed in thick dark travelling bags for

transportation to the United Kingdom

The packaged soil samples were taken to the Port Harcourt internatforgdrt, after
customs checks and clearances, tiags containing the samplegere transported via
air cargo to the United Kingdomnder the acquired licence for transportation soll
samples by the Nottingham Trent Universit9n arrival at Birmingharmternational
Airport, UK, the samples were cleared eth transported to Nottingham and
subsequently to the storage facilities at NTU Brackenhzastpus for further research
studies. The oerall time taken for sampling and transportation of samples from

sampling sites to thglasshousdacilities at Brackenlrst campus, NTU, was one week.

3.3.2Glasshouseet up with soils from Ogoniland, Niger Delta, Nigeria
The same methods used for setting upasshouseemediationtreatmentswith the soils
from Tibshelf, UKvere also employed for soils of the Nig&elta. However,some

modifications were introduced to thglasshouseots and remediation plans as follows:
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1. The introduction of a new plant namedyfern (D. affinig that was found growing
naturally on crude oil contaminated soils and is typical flora ofNigerDelta
region of Nigeria

2. Introduction of the surfacective agents TweeB0-added subset, to each set of
the glasshouseoots sets.

Table 34: Glasshousset up for investigation of effect of Tween 80 on petroleum contaminated
silty loamy soils fron©gale, Ogoniland, Nigeria

Sample Groups Sample Soll Cow Sunflow | Mushroo | Mushroo | Palm
number Manure | er m m wine
Total no. substrate | Spawn
of pots
/I 2y ONRBE {2Af Q& asSi

S7: (Control 1) 3 pots 300.00g | - - - - -

uncontaminated soil
B: (control 2) | 3 pots 300.00g | - - - - -
contamirated soil
without amendment
D: (control 2) | 3 pots 300.00g
contaminated soil
without  amendment
with TWEEN 80

S10: (control 3)| 3 pots 300.00g | 50.00g | - - - -
contaminated soil with
amendment

SiL (control 3)| 3 pots 300.00g | 50.00g | - - - -
contaminatd soil with

amendment with
TWEEN 80
Sunflower
S12: contaminated soil { 3 pots 300.00g | 50.00g |1 - - -
Sunflower only seedling
S13: contaminated soil { 3 pots 300.00g | 50.00g |1
Sunflower only with seedling
TWEEN 80
Ferns
Sl4: Contaminated soil 3 pots 300.00g | 50.00g |1 - - -
+ ferns alone seedling
of ferns
S1: Contaminated soil 3 pots 300.00g | 50.00g |1 - - -
+ ferns alone with seedling
TWEEN 80 of ferns
P. ostreatus
S16: Contaminated soil 3 pots 300.00g | 50.00g 20.00g 10.00g -
+P. osteatusalone
ST7: Contaminated soil 3 pots 300.00g | 50.00g 20.00g 10.00g -
+ P. ostreatust Tween
80
Palm wine
S1: Contaminated soil - - - - - - 0.25I
+Palm wine
S1: Contaminated soil - - - - - - 0.25I

+Palm wine+ Twe@&-80
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3.3.3 Collection of samples fromlasshouseausing soils from Ogoniland, Niger Delta,
Nigeria for laboratory analysis

Glasshousestudies using the NigebDelta soils vere also carried out forthe same
duration of 3 months. Compositesoil samples were collected at the start of the study
(time = Oday9 and every 30 days for the 3 months. Thus, samples were collected at T=0,
30, 60and 90 days.The frequency of collection ofjlasshousesoil samplesduring
treatment with soils from Ogol@ndwas increasetio monthly basis from the previous
three months used for the soils from Tibshelf. This weaallow for increasedperiodic
monitoring of the remediation after the results with the sdilem Tibshelf, UK showed

a remarkable decrease in2sh f Q& ¢t | & | {(rhe &l B es Wezey (I K &
homogenised prior to laboratory treatment and analysis. Methods BS 1SO 11464 (2016)
was used for sample preparation prior to determination of other parameters. Soil

samples were aidried, homogenised, groxd and sieved through a 2mm mesh.
3.3.4 Choice of soils samples from Ogoniland, Nigeria

Different soils types and sediments from Ogoniland were used for diffexspecs of
the study (refer to 6.1 and 6.2)First, for enhancement dhe remediation effciency of
the agents, silty loamy soils from Ogoniland was used. This was because silty loam is the
predominant soil in the study area. Loamy sodlsopredominantly used for farming of
food crops in the study are@/enturiniet al.,2008).Thus, remedition of this soil type
would aid for food sustainability, job creation and preventstoansfer of contaminants
into food chain. Different soil types of sandy, clayey and loamy from Ogonianel
also used for the study. The choice of the different $giles was to evaluate the
adaptability of the methods developed in this reseatotdifferent soil types that are
found in the Niger Delta region of Nigeria. Petroleaantaminated sediments from the
study area were also treated for remediation. This Viither carried out to evaluate
the application of fermented palm wine fdhe treatment of such environmental

matriceswhere the growth of plants or mushrooms may be difficult.
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3.4 Physicochemicglarameters of soils

3.4.1 Determination of moisture contet of soil samples

Soil moisture content was determined as a volume fraction according to methods BS EN
ISO 11461(2014). 3Poffield-wet soil was measured out and placed in a clean and dry
weighing aluminium coring sleeve of known volume and the ligperly caped. The
container was carefully filled to volume to eliminate spaces and allow for correct volume
of soil. This volume was noted and record@te caged weighing aluminium coring
sleeve with the field wet soil asweighed and recorded (W1). Theewvere then placed

in an oven and dried between 185 and 118C for 16 hours. After 16 hours, the
container and its contents were removed from the oven and place in the dedicator to
cool and weighed again. The process was repeated by placing back tla&eorind

its contents in the oven and drying for another 4 hours at same temperatures, then
removal and cooling in a dedicator followed by weighing, until a constant (Final) weight

(W2) was obtained.
Moisture content (M) was calculated as follows:

W = Mass of the weighing tin and lids in Kilograms

W1 = Total mass of field weight soil, weighing tin and lids in Kilograms
Then mass of field wet soil only §\\= W ¢ W

Wz = Total mass of oven dried soil, weighing tin and lids in Kilograms
Then mas of oven dried soil only W =Wsq¢W

Thus % Moisture content (M as volume fraction was calculated as:

Mc= Wo-Ws X 100%
“w.V

Where W = Total mass of field weight soll
W, = Total mass of oven dried soil
“w = densiy of water at soil temperature, in Kilograms per cubic meter
V = volume of tin container or coring sleeve used.

3.4.2 Determination of temperature of soil samples

Temperature was determined in situ on pla@tpots by methods of World
MeteorologicalOrganisation (WMOQ No 8 (2008) using a standard soil thermometer
in cooperated in a H88129 PockeEC/TDS and pH Tester. A satawer (Pozi #2 Phillips
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Screw Driver) was used toeate a pilot hole t@a depth of5-6 cmin the soil. The hole

was made alittle wider by gentle twisting of the screwdriver. The standard soil
thermometer was then introduced to the hole and its bulb allowed to firmly make
contact with the soil for about 2 minutes for the temperature to register and a reading

taken

3.4.3 Detemination of pH of soil samples

Soil pH was determined by methods of BS ISO 1(33@6). 10g of soil was measured
into a 50ml beaker, which was then made up to 80 mark with distilled water. The
sample was plackin a mechanical shaker and shaken@0rminutes, then allow to rest
for about 1 hour. The pH of the suspension was then measured using a pH (ieter
98129 Pocket EC/TDS and pH Tester

3.4.4 Determination of electrical conductivity dhe soil

Electrical conductivity of soil was measuredrbethodsBS ISO 11265 (201&p g of soil
was measured into 80 ml beaker, which was then made up30 ml mark with distilled
water. The sample was plag@ a mechanical shaker and shaken for 30 minutes, then
allow to rest for 1 hour. Electrical coadtivity of the suspension was then measured
using a conductivity metgaHIF98129 Pocket EC/TDS and pH Tegstdre temperature
was maintained at20°C by carrying out the masurementwith the sample in a

thermostatic controlledwater bath modeSWBR17 $H. LAB

3.4.5Determination of particle size distribution and soil texture

Particle size distribution of soil was determined usiager diffraction systems
Beckman L$3 320laserdiffraction particle sizeanalyzer(Seagaét al., 2009; Wanogho,
and Gettinby and Caddy, 1987). & of air-dried and sieved (<2mm) soil samples were
weighed out into 50ml beakes. For crude oil contaminated soils, samples were- pre
washed with 10nl hexanesolution (99% v/vjo remove hydrocarbon contaminants. 5
ml of 30% KO solution as added to the samples for oxidation of organic matter. Finally,
10 ml of Calgor(sodium polymetaphosphafesolutionwas added and the sample left

overnight. The sample was then dried in a desiccator.

400mg of the soil sample was weighed @uid prepared in 1@l of distilled water using

ultrasonic bath(SWBR17 SHEL )ABhe sample holder of the granulometer was filled
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with 380ml of reagent water. The water was sonicated, scanned and the background
number of particles determined. The salsple was thoroughly shaken and transferred
into the sample holder. All soil particles were transferred by repeated washing with
reagent water. Finally, the volume of suspension in the sample holder was adjusted to
400ml using the reagent water. The sus@n was stirred, sonicated amutroduced

into the sample handler of the Laser diffraction system for particle reigasurenent,

from where the particle size distribution was determined.

3.4.6 Determination of soil texture

Soil texture was determined fro the % composition of the particle sizes usartigxtural
triangle and confirmation with the online todlound on the US Department of

Agriculturewebsitehttps://www.nrcs.usda.golvwps/portal/nrcs/detail/soils/suvey/

?cid=nrcs142p2_054167

3.5 Laboratory treatment and analysis of soil samples
Treatments carried out on the prepared samples include extraction of Total Petroleum

Hydrocarbong TPHS)GCGMS analysis fabiomarker compounds, and determination of

TPHsusing bothhydrocarbons standards armude oilstandards

3.5.1 Extraction

TPHswere extracted bymicrowaveassistedextraction with a Milestone MA18201
ETHOS UP Microwave system, using aadetone - heptane solvent mixture (USEPA
3546:2007). 1@ of ar-dried and sieved (<2mngoil samples were weighed into the
glass vials of thextraction vessels of the microwave. 88 of extracting solvent (1:1
acetone heptane) was added to the soil samples. Both Teflon heating pads and
magnetic stirrer were inséed into the extractingzessel, whichvas then sealed, placed
into the microwave instrument and extracted for 15 minutes. Conditions of the
microwave are as listed in Tal8&. Method blanksas well as matrix spikes withe
surrogates 2-flurobiphenyland 4terphenytdl14, were also prepared similarly to the
samples and placed along for extraction (1ISO13859, 20fet) determination of

extraction efficiency
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After extraction, extracts were allowed to cool in the extractor #&rminutes, then
removed andiltered into a centrifuge tube. These extracts now congaithe TPHsas
well as the acetone and pganesolvents. To remove the acetorggionised water was
added to the extractsthe extracts were centrifuged at 4500 rpm for 10 minutes and
allowed to ®ttle. The supernatantheptane containing the TPHsgs carefully pipetted

out into a falcon tube and stored prior to analysis.

Table 35: Operating conditions of microwaassisted extraction instrument

Temperature: 100-1150C
Pressure: 50- 150psi

Time at Temperature: 15 min

Cooling: To room temperature

3.5.2 Analysis in GBIS

Semiquantitative standards suitable for quantification of TPHYSEPA 8270E;
ISO/16558, 2015; Webekt al.,2018; Dahkt al.,, 2019)were used in the study. This
includes commercial TPHgasoline diesel range and TPHs {CUD, dodecane and

benzenel,3-bis(1,tdiemthylethyl) standardéSection 3.6.

3.5.2.1 Identification of marker compounds in the crude oil and crude oil
contaminated soil

First, several concentratns of the contaminatig crude oil collected at site were
prepared as followsl g of crude was weighed out and dissolved@ml of n-heptane

to give a concentration of 0.¢/ml (100,000mg/l). From these concentrations of 1, 10,
50, 100, 300, 700, 1000500, 2500, 5000, and 80@ay/I of the crude oil samples were
prepared via serial dilutionfAppendix II)Extracts from the crude contaminated soils
(at T=0) were also dilutedith heptaneby a factor of 5. The solutions were all analysed
in a GEMS accading to methods of ISO 13859 (2014).-MS conditions are listed in
Table3.6.

65



Table 36: GCMSconditions forTPHs

Column SLB5ms, 30 m x 0.25 mm 1.D., 0.25 pm (28451
Oven 45 °C (3 min), 20 °C/min to 360 °C (10 min)
Carrier gas helium, 1.3 mL/minconstant

Injection 1.0 pL, splitless

Liner 2 mm |.D. straight

Injector temp. 250 °C

Detector MSD, 300°C

From the chromatograms obtained, searches were conduaisihg peakby-peak

analysis for compoundsat fits into the classes of hydrocarbon cooynds in crude oil
namely: saturated straight chain, substituted aromatic and substituted cyclic- (non

aromatic). The compounds identified in this sample were determined by a NIST library

search of the mass spectrum using the AMDISMSCprogram, and the s match

percentage (those with highest probability) chosen as possible biomarkers. The common

occurrence of the peaks on the chromatogram was also considered in making this

decision. The compounds identified within the various classes are listed in3[@faad

Appendix I.

Table 3.7: Compounds identified within the various classes of organics in the

contaminated soils

Peak no Compound Retention Match % | Class of organics
time (mins)

1 Dodecane 10.315 40 Aliphatic

2 Benzene,1,3 11.064 81 Substituted aromatic
bis(1,1dimethylethyl)

3 Tridecane 11.774 41 Aliphatic

4 Dodecane 2,6,-&rimethyl 12.789 28 Substituted #iphatic

5 Tetradecane 13.147 32 Aliphatic

6 Pentadecane 14.436 27 Aliphatic

7 2, 4-ditertbutylphenol 14.532 42 Substituted aromatic

8 Hexadeane 15.650 26 Aliphatic

9 tert-hexadecanethiol 16.009 10 Substitutedaliphatic

10 Octadecane 17.897 19 Aliphatic

11 Eicosane 19.929 27 Aliphatic

12 17-pentatriacontene 21.625 28 Aliphatic(unsaturated)
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Onlyone compound was selected as a represen@biomarker for each of the classes

of compounds expected itrude oil. The marker compounds were selected so that their
abundance could be monitored by simply observing the relevant peak size in the
chromatogram. These compounds were then monitored fonsistency in retention
time among the various concentrations of the crude oil prepassd] in the extract of

the crude oil contaminated soils.

From thisanalysis, a number oharker compounds were identifigd@able3.8). Onlytwo

of these compounds coulde chosen The choice of the compounds was because they
were consistently present at different concentrations of the crude oil and soil samples.
Another reason was because their standards were also readily availégl€ompounds
were ddecane (aliphatic and benzene 1,3-bis(1,tdimethylethyl) (aromatic). The
biomarker compounds were confirmed by running standard solutions of the compounds
independentlymixed standards (of the markers compounds) and as spikes on the crude
oil concentrations of 100, 708nd 1000mg/l. Mass spectra and retention times of the
biomarker compounds in the standards, crude oil and soil extracts were compared and
confirmed according to methods of USEPA 82AJpendix 1)

Table 38: Potentialrepresentativemarker compoundsonly dodecane and benzene 1,3
bis(1,1dimethylethyl) were selected.

Retention time (mins) Compound Match %
14,912 Dodecane 42
16.255 Benzene 1,3is(1,kdimethylethyl) 78
18.892 Tridecane, &yclohexyl 3
21.042 tert-hexadecanethiol

23.090 2, 4ditertbutylphenol 38
42.190 17-pentatriacontene 34

3.5.2.2 Quantification obiomarker compounds in the crude oil and crude oil
contaminated soils

Methods ISO 13859(2014) and USEPA 8270E were used for quantification of the marker
compounds in the crude oil sangd, contaminated soils and treated soil$ireebasic

steps were involved in # quantification. First was the initial calibration of the
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instruments, followed byhe evaluation of the concentration of the marker compounds
then carrying out of alibrationverification

The initial calibration was carried out to establish the working range of the calibration.
According to methods of ISO 13859 (2014), aufnl stock solution of the nater
standard of dodecane and benzene 1:8s (l,1-dimethylethyl) wereprepared by
measuring out 2511 of 4000ug/ml of the stock standards of these compounds and
dissolvinghe sameamountin 10ml of heptane.ln addition a 10ug/ml stock solution
containing deuterated internal standard of the dodecadliz6 was also preparely
measuring out 2511 of 4000 ug/ml certified stock of deuterated internal standard
(dodecane e26) and dissolving in 10ml of heptane. These two stock solutions were

then used to prepare the calibration standards.

The calibration standard was preparever a range of ug/ml to 10ug/ml (1, 3, 5, 8,
and 10ug/ml) by transferring 0.50 5.0ml (0.5, 1.5, 2.5, 4.0, and 548/ml) of the stock
solution containing the native markers compoundsedecane andenzene 1,3bis(1,1
dimethylethyl); and a constd volume of 0.5nl of the internal standard (dodecara26)

to a 10ml volumetric flask anaddition of appropriate volume of heptane to complete
a5 ml volume.Each of these calibration standards contadri.O pg/ml of the internal

standard

These solutins were then run in the GMS for the initial calibration of the instrument.

The relative response ratio for the native biomarkers and the internal standards were
calculated by plotting the ratios of the mass concentration against the ratio of the peak
areas according to methods of ISO 13859(2014) and USEPA 8270E using the equation:

6 0 .
— I& A
0 U

= measured response (Peak Area) of the native biomarker
= measured response (Peak Area) of the deuterated biomarker
S = slope of the calibration function
Pn.=mass concentration of the native biomarker in the calibration solution,
expressed in microgram per litre |§g/l)
Pi= mass concentration of the deuterated biomarker in the calibration solution,
expressed in microgram per litre 1g/l)
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b = intercept of the calibration curve with the ordinate

For evaluation of the concenttian of the marker compounds, jig/ml (or 0.1 ml of the
stock) of internal standard were added to test samples (extracts) as in the case of th
calibration standard. The samples were run in the-NB& Calibration verification
standards of 2.06.0 and 9.0ug/ml representing 20%, 60% and 90% of calibration range
were also included in each batch of the analysis according to methods of ISO
13859Q014).
Concentrations of individual marker compoundsiotiecane andenzene 1,3bis(1,1-
dimethylethyl) from the multipoint calibration of the total method was calculated
according to methods of ISO 13859(2014), using the equation

0]

e i

With 6 ———8n

wnh= content of the individual marker compound in the sample, expressed in
milligramper kilogram (mg/kg) on the basis of the dry matter;

Ai= measured respose (Peak Area) of the deuterated compound in the sample
extract;

An= measured response (Peak Area) of the native marker compound in the sample
extract;

S = slope of the calibration function;

b = intercept of the calibration curve with the orditex

Ps= mass concentration of the deuterated marker compound in the sample extract,
expressedn microgram per litre (ug/l);

m = mass of the test sample used for extraction, expressed in grams (Q);

s= dry matter fraction in the field moist sample, @emined according to ISO 11465,

expressed in percent (%);

V = volume of the final solution, expressed in millilitres (ml).

The resultwasexpressed in milligram per kilogram (mg/kg) dry matter and rounded to

two significant figures.

3.5.2.3 Determinatbn of Total Petroleum Hydrocarbons usiftydrocarbon standards

Total Petroleum Hydrocarbon mix standard was purchased from SAddneh, UK.

Retention time windowRTW)standard solution was prepared by weighing3§ of
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tetracontane into a 1L volumetic flask and dissolving it completely in an appraie
volume of nheptane. 30uL of n-decane was theadded;the solutions were mixed by
shaking and sonication and then made up to tHe Qalibration standard solution of the
TPHwas then prepared aceding to methods of ISO/16558(2015) by diluting the TPH
mixed standard solution with appropriate aliquots of the RTW solution to give
concentrations of 10, 50, 100, 500, 1000, 1500, and 2660 of TPH mix which was
used for calibration of the instrumeénThe LOD, LOQ, the linear range and the working

range of the instrument were established prior to running of samples.

Samples analysed in the @&4S include blank theptane), sample extracts, calibration
standards, control solutions and retention timedasdard solution. Three control
solutions of 300700 and 1300ng/l were used ireachrun, for checking calibrations did
not shift during the runThe total area between the-decane (C10) andtetracontane
(C40) peaks of the chromatogramasvintegrated. The integration started at the
retention time just after the end of 4lecane peak and the signal level in front of the
solvent peaks and ended at the retention time just before the beginning of the n
tetracontane at the same signal level-té&lracontane vas integrated separately for the
recovery check.

Calculation of the TPH was carried according to ISO/TS 2§3b6&5) out using the

formula
r . WO PTT]
6 Oee 8w 8
Q
With o —
Where
c = hydrocarbon content of the sample, expressed in milligram per kilogram dry
matter (mg/kgdm);
cs= hydrocarbon content of the extract calculatém the calibration function in

milligram per litre (mg/l);
Vh= volume of the rheptane extract, expressed in millilitres (ml);
f= dilution factor (when the extract is diluted);
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p = fraction of soil extract used for the analysis;
= mass of the samplaken for analysis, in grams (Q);
m= dry matter content, determined according to ISO 11465, expressed in %;
As= integrated peak area of the sample, expressed in instrument dependent units;
a= slope of the calibration function, expressed in litres pelligram(lI/mg);
= intercept of the calibration curve with the ordinate, expressed in instrument
dependent units;

3.5.2.4 Determination of Total Petroleum Hydrocarbons using #tandardisedcrude

oil

Several dilution concentrations of the contamimagicrude oil samples obtained from
the sampling points were prepared. glof the crude oil sample was weighed out and
dissolved to 10nl of nheptane in a 50nl measuring flaskCrude oil concentration of
these solutios was evaluated a400,000mg/l. Fran this several dilutions, first of 4

10 mg/l, then 10to 100 mg/l, then 100, 300, 700, 1000, 1500 and 2508/l were
prepared.

The first lower dilution series were prepared to ascertain t@®land DDof the crude

oil samples, while the later higher rses were created for calibrations of the GC
instrument with respect to the crude oil calibrations.

Theabovepreparedcrude oil concentrations were used to assess the consistency in the
relationship between the concentrations of the biomarkers and theél§Eontents in
varying concentration of the crude oil. This was also used to determine the remediation
efficiencies of the phyteand myceremediation agents on the crude oil contaminated

soilsusing thecrude oilas analytical standard

3.6 Datatreatment, validity andreliability

Values for Total petroleum hydrocarbons (TRMaije obtainedin mg/Kg but converd

to g/Kg dry weight of soildue to large valuesEach sample was extracted and analysed

in triplicate and the values were reported as mean vatlietandard deviation (2 (Bao

et al., 2018; Hanley, 2019) Consistencies in replicate analysis were evaluated by
precision (Cumming, 2014). Accuracy in analysis of TPHs was evaluated by running

calibration verification in each set of analysis and evahggthe accuracy.

71



PairedsamplesT-test was used to evaluate differences in TPHs at different treatment
times (Time=0 days and Time = 90 day) with same sample treatinetdgtermine if

such a difference was significg@henget al.,2019). Analysis ofwiance (ANOVA) were
carried out to evaluate variability in TPHs content among soils samples from different
sampling pointsglasshousgot and the different remediation treatment set§he esult

data and standard deviations are presenteddar signifi@ant figures while psalues and

are presented tothree decimal places The paireesample Test and analysis of
variances were carried out using Microsoft office excel spread Sfizmiatelli& Lee,
2013).

For collection of soils from thglasshousepots, samples were taken from at least 10
different parts of the pots reflecting each section of the soil profile such as the top, the
middle and the bottom strata. Teiwas also carried out with the aid of a small hand
auger, which can sample at different pot epths. The samplesvere always

homogenisedand composite samples used for extraction and analysis.

Internal consistency

Internal consistencywas evaluatd in terms of instrumental variability,analytical
accuracy reproducibility reliability and samplingvariability. Internal consistency
returnedn @y )X fdr the analytice results obtained in the reseangtrall, et al.,
2009;Yanget al.,2009).

Reproducibility reliability
Certain sets of samples were selected and analysed monthly for 3 months. Variability

was evaluated by Twavay ANOVA whout replications.

Analytical accuracy

Analytical accuracy was 95%. This waserified by running calibration verification
standards atregularintervals of sample runs and evaluating accuracy and precision

I FEAONF GA2Y OSNAFTRADFGA2Yy NBUGAdNYSR nody X
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Instrumental validity
This was determined bgepeatanalysis ofin adequatesubset of samples repeatedly
carried out monthly for 3 months along with calibration verification. Results obtained

were treated to 2way ANOVA test.

Extraction validity

Extraction validity wasvaluatedby spiking soil samples with known concentrations of
surrogate compounds. The spiked soils were extracted with same conditions of
microwave and extracts analysed in @@ Ay GNALX AOF iS&ad 9EGNI
> 095.

Sampling validity

For sampling validity irglasshousepots, three different composite samples were
prepared from3 representative pots analysed in triplicates. Theserewoften carried

out at each point of the sampling for TPHs analysis (that Tsna¢= 30 days, 60 days &

on RIFE2&a0®d { I YL AYy3 GFtARAGE NBUOd2NYySR noy
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CHAPTER FOUR

Investigating the potential of sunflower species, fermented palm wine aRd
ostreatusfor remediation of petroleum-contaminated soils

4.1 Background informatin
Environmental issues arising from the petroleum sector are well knowig8tawi,
2012; Adenipekuret al., 2013; Leeet al., 2015). These can be particularly serious in
remote communities and developing countries where resources for effective
managemat are not readily available (Sagrera, 2014; Schweérat.,2015; Albertet
al., 2018). Even with the current drive for greener energy sources, it will be difficult to
completely obviate the need for petroleun®Gétfaouj 2016;Weiand Gug 2016). The
scale of environmental pollution by hydrocarbons requires concerted efforts to develop
techniques for its effective management. This is necessary to create a balance between
resource utilization and environmental sustainability (Rhodes, 2014; Wiszniewaka
2016).

There areseveralreports on remediation potential of sunflowers (DomingtRasado

et al.,2004; Diab, 2008; Liduiret al.,2018). Sunflowerspecies with different biomass
are also known (Calamailkovaget al.,2018; Rigi, 2018; dos SastRochaet al.,2019).
However, there are no reports relating phytoremediation of sunflowers to species or
biomass. To maximise the potential of sunflower plants for clgarof petroleum
contaminated soils, it is also necessary to investigate the vamiaif the remediation
efficiencyof different species. This will help ime choice of the plant type for use in

future remediation projects.

Palm trees are abundant in many tropical regions such as the Niger Delta, Nigeria (Cheng
et al.,2018;1zah & Seigboh, 2018). The juice of palm trees (palm wine) is used as food
and ceremonial drinkOkwu & Nnamdi, 2008). The drink becomes sour and unfit for
drinking if left overnight due to fermentation and is often discarded (Santiadon &
RuizTeran, 2014). Pal wine consists of a consortium of microorganisms principally the
yeast Saccharomycespecies (Chandrasekhat al., 2012; Nwaiwuet al., 2016)
Consortiumsof microorganismshave been usedof the effective treatment of

petroleumcontaminated soilfRobchaudet al., 2019).Consequently, it is needful to
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investigate the potential of fermented palm wine in remediation of petroleum

contaminated soil.

P. ostreatusirefound in both temperate and tropical regions of the wodldC S NRIS &
2018; Familoni,et al., 2018; Zhanget al., 2018). These fungi are known agents for
treatment of petroleumcontaminated soils (Stamet, 2006ao0et al.,2010).Adapting
thesefungifor remediation ofpetroleumcontaminatedsoils in the NigeDelta, Nigeria,
will requiresubstrates, whiclare abundant in the region. It will also require appropriate

techniques for successful in situ applications.

The aim of thischapter was to investigate the potential of soméocally available
sunflower speies, fermented palm wine ané. ostreatugor treatment of petroleum
contaminated soils that can be adapted to the Nideelta, Nigeria. The chapter
specifically evaluates the variation of remediation efficiency of the agents with respect
to their speciesand application methodsThis information is important in the choice of
the agents among their numerous speciégiaptingP. ostreatugor use in the cleafup

of petroleumcontaminated soils labeen problematiqStamet, 2005; Dicksoet al.,
2019) Thepresent studyalso seeks talevelop a realistic approach arvestigatea
novel substrate (Palm tree which is abundant in tropical regions) for applicati®n of

ostreatusin the clearup of petroleumcontaminated soils.

The plytoremediation agents usetbr the studywere 3 species of sunflower plants
namely, Helianthus annugPacino gold)Helianthus sunsatignand Helianthus annus
(Sunny dwarf). The mycoremediation agents were (1) fermented palm wine from 2
species of palm tree€(aeis guineensagnd Rdfia africang; and (2) white roffungk
Pleurotus ostreatugrown on palm tree substrates. These agents fand in many
parts of the world and are particulagpundant in the Niger Delta region of Nigeria. Soils
from a petroleumcontaminated site at Tihelf, Derbyshire, United Kingdom
(temperate soilsyvere used for tle initial pilot study The outcomes would be applied

to petroleumcontaminated soils from a tropical region (the Niger Delta, Nigeria), to

evaluate the adaptability of the methods for botdmperate and tropical soils.
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4.2 Materials and Method

Soil samples were collected from an oil spill site near a decommissioned Bilitrgdi|
(Figure 4.1) at Tibshelf, Derbyshire, (38941, 4449278 The soils samples include
petroleum-contaminded soils collected at the immediate vicinity of the oil well, and
uncontaminated (control) soil samples collected?80 m uphill from the oil wellThese
samples were packaged, transported the glasshouseand stored underairtight
conditions (BSI ISOI® 1840203; 2016). Sunflower seedlings were purchased from
Nicky's Nursery Ltd, Broadstairs, Kent, UK andgpog/n on Ericaceous compost for a
period of 2 weeksTheEricaceous compost was purchased from Amenity Land Solutions,
Allscott Park, Shropsieir UK. Palm wine was purchased from African grocery shops in
Nottingham, United Kingdom, while grain spawns Bleurotus ostreatus were
purchased from Ann M £ SND& adzaKNRB2Ya [UGRX ! 6SNRSS
Trachycarpus fortunewas purchased from Bokfields garden centre, Mapperley
Nottingham, UK.

This_was Britain's FIRST oilwell :

Test drilling commenced around 191 S,

vening of 27th Ma
o 3070 1. y 1919 oil
Ping ceased in 1945 havin,

Oduced a|
eis of o 0% 3500 tons or 28 900

Figure 4.;: Sampling site at Tibshelf, Derbyshire, United Kingdom
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Figure 4.1bSampling team to Tibshelf, Derbyshire, UK

4.2.1Glasshousexperimentswith petroleum-contaminated soils from Tibshelf, UK
Glasshousexperiments were carried outsing themethods of Ciurlet al. (2014) and
Yadav et al. (2009) in the glasshousefacility at Nottingham Trent University,
Brackenhurstampus UK. 1.8itre terracotta plant pot§ Grow bag standard 10040 x

5 cm)were used for the study. The pots were placed ampkrays to avoid seepage. The
soil samples were air dried, ground, extraneous materials removed,ctbveugh a 2
mm sieve and homogenised. 3Q®f the homogenised soil was weighed out and placed
in each 1.9itre plant pots.Threesets ofglasshouseots were preparedo consistof
uncontaminated soils sets, contaminated soils without amendments and contaminated
soils with amendments. Cow manure was used as soil amendmentasatided to the
contaminated soils to provide nutriestaind asa diluent. Each Pot withthe amendment
was prepared byhe addition of cow manure to the soils in a ratio 06150 g of cow
manure compost added to 3@pof soils). The amendment was properly mixed with soils
for homogeneity.Theamendedpetroleum-contaminated soilsvere used for growing
sunflowers, treatment with fermented palm wine as well as the white ftotgus, P.
ostreatus(Table 4.1). Aljlasshousesetups were carried out in triplicates for a period

of 3 months (90 days).
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Table4.1: Glasshousesetups for remediation of petroleum-contaminated soils from
Tibshelf, UKisingsunflowerspeciespalm wine andP. ostreatus

Samples Soil Cow Sunflower | Mushroom | Mushroom | Palm
quantity manure substrate Sawn wine

Setl: (Control 1) uncontaminated soil 300.00g -

Set 2: (control 2) contaminated soil withoy 300.00g

amendment

Set3: (control 3) contaminated soil wit| 300.00g 50.00g

amendment

Set 4.contaminated soil + Sunflower 300.00g 50.00g 1 seedling | - -

Set 5:contaminated soil + Palmine 300.00g 50.00g - - - 0.20!
Set 6:contaminated soil P. ostreatus 300.00g 50.00g - 20.00g 10.00g -

4.2.2 Physicochemical properties of soil from Tibshelf, UK

Physicochemical properties of the soils such as particle size analysis, tempepiture,
electrical conductivity and availableitrate were monitored at the start ofthe
glasshousexperiments and the end of the 90 days treatment period. Soil temperature,
pH and electrical conductivity were determined insitu with soil conductivity meter
model H198129 (Liebiget al.,1996 Scoggins & van lersel, 2006). Availatileate was
measured with a HoribaLAQUAtwin NO31- NO311C- NO311S Compact portable
nitrate meter (Kuboteaet al.,1996; Hamptoret al.,2019).

4.2.3Glasshousexperimentswith sunflowers

The aim of this setup was to investigate phytoremediation efficiencyuoflewer
species onpetroleumcontaminated soils (Figure 4.2). Sunflower sedlings of
Helianthus annugPacino gold)Helianthus sunsatiorand Helianthus annugsunry
dwarf) were firstpre-grown on the Ericaceous compost for a period of 2 weeks. The 2
weeks old seedlings were then transplanted to the experimental pots containing the
amended petroleurrcontaminated soils in thglasshous€Sectiord.2.1) A control set

of sunflower plants were also grown on compdstil moisture contenivas maintained

by watering of the containintraysand uptake by capillary rise, and by vertical spraying

every 4 days.
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Figure 4.2: Sunflower plants growing on petroleum contaminated soils
(a). Helianthus annus sensation, (b). Helianthus annus- sunny dwarf (c). Helianthus annus pacino gold
(d). sunflowers grown on uncontaminated soils

4.2.3Glasshousexperiments with fermented palm wine

Twoof the dominant species of palm trees in the Niger Delta, Nigeria from which palm
wine is tapped ardclaeis guineensand Raffia africanaThe emediation efficiency of

palm wine from thes@wo species of palm trees on petroleum contaminated soils was
therefore investigated.The palm wines were left in the open overnight-{l& hours) to
ferment (SantiageUrbina & Ruideran, 2014). 20t of each of the fermented palm
wines were measured out and added tglasshousepots containing amended
petroleumcontamnated soils (Table 4.1). A further 26t of each freshly prepared
fermented palm wines were added to the pots each week (Figure 4.3). The use of the 2

species of palm wine was to evaluaryvariability in their remediation efficiency.
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Figure 4.3: Glasshouse pots for remediation of petroleum contaminated soil with fermented
palm wine

4.2.4Glasshouseet with P. ostreatus

Two set of experiments were carried out wRhostreatus First, was an investigation of
alternative substrates for growing the white réiingus under unsterilized conditions.
This was followed byssessing the effect of differerapplication methodson the

remediation efficiency oP. ostreatu®n petroleumcontaminated soils.

For the first partsixsubstrates(Table 47) were investigated for growing. ostreatus
under sterilised and unsterilized conditions. Based on outcomaleng’substrates of
Trachycarpus fortunevas selected for the study. The palm substrates were prepared
by maceration of plant parts (stems, roots, branches)aindryingfor one week. These
parts were further pulverized to sawdust form aft@r-dryingand usedas substratdor

growingP. ostreatus

For assessing the effects of application procedutiege subsets were created. Firstly,

the fungalspawns (10g) were applied directly on petrolewtpontaminated soils by
mixing without the substrates. Secdgdthe fungalspawns (1@) were appliedo the
substrates (2@) layered on top of the contaminated soils (Adenikpekun and Fasisdi,
2005; Ekundayo, 2014). Lastly, part of the substrates and spawns was mixed with the
contaminated soils, with some partssal layered on top of the soils. This last setsw
prepared as follows: 1§ of substrates were mixed with amended soilg the fungal
spawn were then added by uniformly spreading into the soils. This was then followed by
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layering of another 1@ of subsrates on top of these soils. The layered substrates were

also inoculated with § ofthe fungalspawns.

Figure 4.4: Glasshouse pots for remediation of petroleum contaminated soil with P.
ostreatus using palm tree substrates.|

(a). mushroom mycelia starting to germinate (b) mycelia fully germinated (c). fruity body of
mushroom formed

4.2.5Samplecollection, preparation andanalysis
After glasshouseset up, ompositesoil samples were collected at the start of the study
(Time= 0 day9 and after a dnonth treatment period (ime = 90 days). Samples were
air dried,sieved through a 2mm mesh amdtraneous materials removed, ground and
homogenised prior to laboratory treatment and analydS I1ISO 11464, 2014, \éaat
al., 2014).Exraction of TPKin samples was carried out usingracrowaveassisted
extraction with a Milestone MA18201 ETHOS UP Microwave system, using a 1:1
acetonec¢ heptane mixture(USEPA METHOD 35Réntet al, 1999).Commercial TPH
diesel range standard wased for quantification of TPHs as described in section 3.5.2.3.
Sample extracts and TPH standards wereaahblysed in a GEIS (model Agilent
Technologies 7000 GC/MS Triple Quad with 7890 GC and 7693 Autos@ufiearA
8270B8. GCMS conditions are listeahiTabled.2.
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Quantification of TPHs in the soils was carried out using the Methods of BS EN ISO 16703
(2011). Initial calibration of the instruments and evaluation of the concentration of TPHs,

were carried out. Calibration verification was also carraed.

Table4.2: GGMS conditions for TPHmalysis

Column SLB5ms, 30 m x 0.25 mm 1.D., 0.25 pm (28451
Oven 45 °C (3 min), 20 °C/min to 360 °C (10 min)
Carrier gas helium, 1.3 mL/min. constant
Injection 1.0 pL, splitless
Liner 2 mm |.D. straight
Injector temp. | 250 °C
Detector MSD, 300°C
4.3 Results

4.3.1. Physicochemical properties tfe soils

Particle size analysis of the soil samples (Table 4.3), revealed higher clay contents (50%),
followed by silt (30%) and sand particles (20%) in céstils from Tibshelf, Derbyshire.

A gmilar trend was observed in thegetroleum-contaminatedsoils from the area. Levels

of clay particles were higher in petrolesoontaminated soils than those of controls
(Table 4.3).

Table 4.3: Particle sizeanalysisof soils from Tibshelf, UKparticle size analysis was
carried out after the removal of the crude oil from the sdb of the soil amples were
pre-washed with 10nl hexanesolution (99% v/vjo remove hydrocarbon contaminants
(Taubneret al.,2009).

Particle size composition %
Soil sample | Description Sand | Clay | Silt Classification
(Wentworth, 1922).
1 Uncontaminated | 20 50 30 Clayey loam
soll
2 Petroleum 10 65 25 Clayey loam
Contaminated soil

Soil pH was significantly affected (p<0.05) by petnelezontamination (Table 4.4). pH
of control soil samples was near neutral (#855) and were not significantly different
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during the experimentsThepH of untreated petroleurtontaminated soil samples was
acidc (pH 6.53¢ 6.58) and were significantly fiirent (p= 0.00@&t T=0, 0.002 at T=3)
from those of uncontaminated soils. The pH of cow manure was in the range of 9.42
9.49. The adition of cow manure to the petroleurnontaminated soils increased soil
pH from acid to alkalm(Table 4.4). The pH vas were maintained at slightly alkaline
levels (8.5@ 8.90) throughout the duration of the remediation. pH in soils treated with
cow manure were not statistically different (p>0.05) during the treatment period from

those of controls.

A darp decrease inconcentration ofavailable nitrate was observed in untreated
petroleumcontaminated soils compared to controls (Table 4®)e aldition of cow
manure to the petroleumcontaminated soils significantly increased (p< 0.€%9
concentration ofavailablenitrate in the soils (Table 4.4 he concentration o&vailable
nitrate also increased as remediation progressed and correlated positively with %
decrease ini K S #P$AFigdreX.5). A Similar trend was also observed for electrical
conductivity. Elecical conductivity values increased as remediation progressed and
correlated positively with % decrease in BRHigure 4.6). Variation in temperature
values was also observed during the treatment but no particular trend could be deduced

for temperature. St temperature range during the treatment was-128°C.
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Table4.4: Variation inthe physicochemical properties gietroleum-contaminated soils and controls from Tibshelf, UK dugiagshouseemediation treatment
with sunflower species, fermented palmmei andP. ostreatusValues are given as average of triplicates with standard error Gple size, n=36

Samples/Treatment Temperature°C Ph Electrical conductivity AvailableNitrate (mg/l)

T=0 S.E T=3 SE T=0 S.E T=3 SE T=0 S.E T=3 SE T=0 S.E T=3 SE
Uncontaminated soil| 20.43 | 0.17 | 22.80 0.14 | 735 | 0.04 | 7.55 0.05 [ 735 | 0.03 | 1.03 | 0.03 | 621.3 5.21 610.0 4.96
samples
Cow manure 18.83 | 0.18 | 21.20 0.47 | 942 | 0.04 | 9.49 0.08 | 942 | 0.02 | 3.24 | 0.02 | 700.3 4.95 700.0 3.77
Untreated petroleum | 21.75 | 0.13 | 21.74 0.30 | 6.40 | 0.02 | 6.44 0.11 | 640 | 0.01 | 0.23 | 0.01 | 33.33 0.27 36.00 0.47

contaminated soil without
amendment (Control 1)
Untreated petroleum | 21.17 | 0.01 | 22.43 0.44 | 854 | 0.06 | 8.70 0.05 | 854 | 0.05 | 285 | 0.08 | 4367 2.72 469.0 4.78
contaminated  soil  +
amendment (Control 2)

Petroleumcontaminated | 20.60 | 0.25 | 22.67 0.28 | 861 | 0.11 | 8.53 0.03 | 861 | 0.04 | 268 | 0.01 | 486.7 2.72 793.3 2.72
soil +Helianthus annus

Petroleumcontaminated | 20.85| 0.12 | 21.96 0.04 | 863 | 0.11 | 8.70 0.07 | 863 | 0.05 | 2.81 | 0.03 | 486.0 2.49 7567 15.15
soil +Helianthus sunsation

Petroleumcontaminated | 19.50 | 0.25 | 20.70 0.74 | 865 | 0.19 | 8.90 0.00 | 865 | 0.04 | 3.07 | 0.05 | 465.0 4.08 910.0 4.71

soil + Helianthus annus
(sunny dwarf)

Petroleumcontaminated | 21.00 | 0.00 | 20.80 0.66 | 882 | 0.02 | 8.90 0.02 | 882 | 0.08 | 3.47 | 0.05 | 416.7 17.84 903.3 2.72
soil + fermented palm

wine from Elaeis

guineensis

Petroleumcontaminated | 20.57 | 0.46 | 20.84 0.36 | 855 | 0.15 | 8.89 0.01 | 855 | 0.05 | 3.80 | 0.08 | 393.3 5.44 873.3 5.44

soil + fermented palm
wine fromRaffia Africana

Petroleumcontaminated | 20.60 | 0.17 | 21.00 0.47 | 857 | 0.01 | 8.60 0.00 | 857 | 0.07 | 2.77 | 0.03 | 440.0 471 483.3 2.72
soil +P. ostratus without

substrates

Petroleumcontaminated | 21.03 | 0.03 | 20.30 0.09 | 855 | 0.13 | 8.90 0.00 | 855 | 0.00 | 3.00 | 0.00 | 430.0 0.00 720.0 0.00

soil + P. ostreatus +
substrates layered on soil
Petroleumcontaminated | 21.01 | 0.08 | 20.60 0.33 | 879 | 0.04 | 8.73 0.12 | 879 | 0.02 | 3.83 | 0.03 | 483.3 11.86 973.3 5.44
soil + P. ostreatus +
substrates mixed with
soils and layered
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increase remediation and peaks at remediation efficiency of 70%. These points correspond to
TPHs concentrations in uncontaminated sdlample size, n=12
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The curve shows a steady rise of electrical conductivity with increase remediation and peaks at remediation
efficiency of 70%. These pt8 correspond to TPHs concentrations in uncontaminated Salsple size,
n=12
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4.3.2Concentrations offPHSs in soilsf Tibshelf, UK

Initial concentrations of TPHs in glasshouse pots varied fr@dto 340 g of TPHs/Kg dry
weight ofsoil with the higlest (340 g/Kg) observed in pots of untreated sdfsriations
were also observed amorthe treatment sets such as those of sunflower species, palm
wine and those treated withP. ostreatugFigure 4.7)For the set involving théhree-
sunflowerspecies, iitial TPHs concentrations were 200 g/Kg fbrannussunny dwarf,
2509g/Kg forH. sunsation ad 150 g/kg foH. annuspacino goldGlasshouse pots treated
with fermented palm wine fronkt guineensidad initial TPHsoncentrationof 340 g/Kg
while that of R africanawas 280 g/Kg drweight ofsoil. Concentration offPHs at time =
0 days were 290, 130, and 210 g/Kg dry soilffarstreatusapplied without substrates,
applied by layering substrateson topsoil and that applied by a combination of mixing

substrate with soil and layering.

After the 90 days remediation treatmerthe concentration offPHs decreased to 290, 90,
120 and 50 g/Kg dry soil for untreated soils and those treated Mitannussunny dwarf

H. sunsationand H. annuspacino gold For he set treated with palm winethe
concentration ofTPHs were 100 fdt guineensisand 90 forR africana Treatments with

P. ostreatusesulted in 210, 60 and 30 g of TPHs per Kg dry soil fapbkeationswithout
substrates, layeringubstiates on topsoil and those by a combination of mixing substrate

with soil and layering, respectively.

4.3.3 Remediation efficiencies of sunflower species, fermented palm wine &hd
ostreatuson the petroleumcontaminated soils

All the agents used in the treatmenf the petroleumcontaminatedsoils demonstrated
noticeable remediation efficiency after 90 days (Figure 4.7). A comparison of remediation
efficiencies of the agents revealed the following order ostreatus> palm wine >
sunflower species (Table 4.5).iFkwas however based on enhanced application method
of mixing substrates anthe funguswith soils followed by layering. With respect to the
typical method of layerin®. ostreatusind substrates on soilthe remediation efficiency

of the agentswas obseved in the following order Palm wineP ostreatus> sunflower

species
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For the sunflower species, highest percentage reduction in TPHs was obtaineH. with
annus(Pacino gold) and was 69% (Table 4.5). This was followddabyus(Sunny dwarf)
(54%) andastly byH. sunsation(53%). Phytoremediation efficiencies of the sunflower
species were significant (p<0.05) compared tosof control soils. Similar remediation
efficiency was observed the remediation potential oH. sunsationandH. annus Sunny
dwarf) (p>0.05). Remediation efficiency ldf annus pacinogold) was observed to be
significantly higher (p<0.05) than those of bathsunsationand H. annus Sunny dwarf)
(Table 4.5).

Table 4.5:% reductions in TPHs levels in petroleaomtaminated sils treated with
sunflower species, fermented palm wine aRdostreatusSample size, n=18

Samples/Treatment % reduction p-values
In TPHSs contents of soil (@ 95% CI) o
between T=0 days an¢ T=90 days value
T=90 days against T=0 days

Untreated Petrolem-contaminated soil 15

(Control)

Petroleumcontaminated soil +H. annus| 54 0.001

(Sunny dwarf)

Petroleumcontaminated soil -H. sunsation | 53 0.003

Petroleumcontaminated soil +H. annus| 69 0.011

(Pacino goly

Petroleumcontaminated soil + ferm#ed | 70 0.001

palm wine fromE guineensis

Petroleumcontaminated soil + fermente( 69 0.000

palm wine fromR africana

Petroleumcontaminated soil +P. ostreatus 29 0.164

without substrates

Petroleumcontaminated soil P. ostreatus 4 60 0.000

substrates layeredn soil

Petroleumcontaminated soil P. ostreatus 4 84 0.000

substrates mixed with soils and layered

p-values are for fest on TPHs concentrations at T=0 days against Time = 90 days, to see if TPHs
concentrations at Time = 90 days (after rewdhiation) are significantly different from T=0 days (before
remediation). Raw data are in Appendix42. P-values lighlightedin red signify results where there is no
significant differences in TPEsncentrationat Time =0daysand 90days(p>0.05).Those highlighted yellow
signify results where theris significantifferences between in TPHsncentrationat time= 0 days and 90
days.
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Figure 4.7Concentratiorof TPHSs in soilsf Tibshelf, UKat start of remediation (T= 0 days) and after T= 90 dayeatments with the different agents. Errors bars represents
standard deviation from the mean of triplicate analysis. Raw values are available in Appetidixddtment numbers are as follows:

(1). Untreated Petroleuntontaminated soil (Controlf2). Contaminated soil + Helianthus annus (Sunny dwggf) Contaminated soil + Helianthus sunsat{@d). Contaminated soil + Helianthus
annus (Pacino gold}5). Contaminated soil + fermented palm wine from Elaeis guine€@si€ontaminated soil + ferméed palm wine from Raffiafricana(7). Contaminated soil #. ostreatus
without substrateg8). Contaminated soil P. ostreatus substrates layered on s¢g). Contaminatedsoil +P. ostreatus substrates mixed with soils and also layerethe soilsised for the

study were amended with cow manur8ample size, n= 580il useddr the study were amended with cow manure.
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Physiological parameters such as height and biomass of sunflower plants were

negatively affected by presence of petroleum contammitsain soils (Tabld.6). Plants

growing in contaminated soils had lower height and biomasmsitive correlation was

observed between phytoremediation efficiency of sunflower species and their biomass

(Figure4.8). H. annus (Pacino gold)ad both the hghest biomass and remediation

efficiency with respect to TRHn petroleum-contaminatedsoil (Table4.6).

Table 4.6Physiological properties ofspecies osunflowerplantsgrown on petroleum
contaminated soils and controls from Tibshelf, UK. Values rmean of triplicates
measurements with standard deviatioBample size, n= 18

(sunny dwarf)

Samples Height ofplants (cm) Totaldry biomass ofplants (g)

Sunflower Grown on| Grown on| Grown on| Grown on

species uncontaminated| petroleum uncontaminated| petroleum
soil contaminated | soll contaminated

soil soil

H. annus| 75.11 + 2.00 45.80 + 0.95 | 49.49+ 0.53 23.75+ 0.46

(pacino gold)

H. sunsation | 29.40 + 0.32 19.28 £ 0.41 | 29.30+ 0.43 16.75+ 0.93

H. annus| 32.84 +1.19 20.67 £ 0.70 30.17+ 0.82 18.29+ 059

80

% decrease in TPHs after 3
months phytoremediation

5 10

15

20 25

dry biomass of sunflower plants (Q)

30

Figure 48: Correlations between remediation efficiencies (% decrease in TPH)rand
biomass of sunflower plant&rrors bars represents standard deviation of the
mean Sample size, n=12.
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Fermented palm wine frorthe two species of palm treeg€(guineensigndR africang
each demonstrated significant remediation potentigp<0.05), on petroleum
contaminated soils compared to controls (Figurd). Palm wine fromE guineensis
effected up to 1% reduction of TP$while that fromR africanawas69% {[able 4.5.
There was no significant difference=p000) in remediation efficiencies of fermented

palm wine obtained fronkt guineensior R africana.

Investigation of alternative substrates for growiRgostreatusrevealed thathe fungus
germirated and grew faster under sterilised conditions (Table 4.7). Growtl®.of
ostreatuswas still achieved under unsterilized conditions at temperatures ef3C.
Shorter timeframe was observed for germination and fruitingPof ostreatuswith

substrates soh as palm tree and pine bark compared to others.

Table 4.7Growth ofP. ostreatusunder sterilised and unsterilized conditions using different
substrates. Bimated lignin content of substrates also givenSample size, n=18

Time Taken for mushroom® Temperature of growth = 1615°C
germinate and produce fruity
body (weeks)
SIN Substrate Type Without With Extent of Estimated lignin
sterilisation sterilisation germination of content of substrates
mushroom
mycelia
1 Cassava peels 6 34 Very extemive 7.52 % Daudet al.,
2014)
2 Pine barks 34 2 Very extensive 53.36% (OLA& al.,
1998)
3 Palm tree 34 2 Very extensive 32.8% Abdul et al.,
2006)
4 Maize cob 8 34 Very extensive 16¢18% (Wangt
al.,2011)
5 Saw dust 8 4 Extensive Varies accordig to
wood type (Joshua
2016).
6 Hay 8 4 Extensive 7.1 and 7.8\(Vhitehead
& Quicke, 1964).

The effectiveness of these substrates to support the growth offtimguscan also be
related to their lignin contentgTable 4.8)P. ostreatuswas able to growfaster on
substrates with higher lignin contents. Pine bark and palm tree substexbibited

better growth even in unsterded conditions.
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The highest remediation efficiency of 85% for TPHSs in soils treatedPwistreatusvas
obtained by the methoaf mixing boththe fungusand substrates with soils combined
with layering. This was followed liyat of layering substrates anidinguson soil (60%),
while the method of mixing the fungspawn with soils without substrates resulted in
28% TPHSs reductidifable 4.5). Application &f. ostreatusising the corbined method

of mixing the fungusnd substrates with soils and layering resulted in 25% increase in
remediation efficiency compared to the usual method of layering. There was also a
significant diffeence in remediation efficiency between contaminated soils treated by
layeringP. ostreatuswith substrates and the control (Table 4.5). Although there were
reductions in TPHs in untreated soils and those treated \Witlostreatus without
substrates (Tabld.5), the difference was not significant (p=0.294) when compared to

the TPHs values in soils at Time =0 and Time =90 days.

4.3.2 Discussion

4.3.2.1Physicochemical properties of the soil from Tibshelf, UK

From patrticle size analysis, the soil from Tib§hekerbyshire can be categorised as
clayey loam. This findinggreeswith data from the UK soil maps (Soilscapes, 2017).
Higher levels of clay particles petroleumcontaminatedsoils obtained from the study
area suggest a particle degradability by cruaeon soil. Studies suds Okoroet al.
(2011) and Abosede (2013) demonstrated that crude oil pollution could increase clay

and silt particulates in soils.

The onstituents of the contaminating crude @hdease of abrasion are two possible
factors tha could boost the weathering of soil particles during contamination. Crude oil
consists of trace metals, and acidic compounds such as sulphur, halides and nitrogenous
compounds (Dickson & Udoessien, 2012; Ribetira.,2019 Vare et al.,2019). Organic

acids have also been reported in crude oil samples (Mereatiti.,2000; Robichauet

al., 2019). These compounds can interact with soil chemicals resultisglirions,
whichcould accelerate the breakdown of soil particles (Blattmanal.,2019). Irnterms

of abrasion, the presence of oil in soils can lead to more frequent drifting and rubbing

of particles, which could enhance break doviry, mechanical actions. There is also a
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possible combined effect of chemical and mechanical weathering of soilclearti

induced by the presence of petroleum contaminants (Holbreb&l.,2019).

Gogoiet al. (2003) reported a pH of 4.5 in soils at a petrolegpilled site. Osuji &
Nwoye (2007), reported a pH of 4¢95.1 in petroleumcontaminated soils. The soil
addification by petroleum contaminants observed in this study thus corroborated those
of Gogoiet al. (2003) and Osuji & Nwoye (2007). The observed decrease in soil pH by
petroleum contaminants is due to the constituents of the contaminating petroleum. For
instance, petroleum with high contents of acids and acid anhydrides will reduce soil pH.
Interactions of these constituents with soil chemicals could further results in acidic
substances, whickan further reduce the pH gdetroleum-contaminatedsoils (Sasar

et al.,2005).

As observed in this study, Whalehal. (2000) reportedhat cow manure can be used

to amend acidic soil to near neutrality. The result of the study further revealed that the
cow manure acted asa buffer, whichprovided appropriatgoH during the remediation
treatments (Table 4.5, 4.7, and 4.9). Gogfoal. (2003) stated that favourable pH range

is required for optimal performance of remediation agents in soils. The suitable pH aids
in the release of soil nutrients (Tisdale & Nelsd®58). Degradation of organic
contaminants in soils is also known to proceed faster at slightly alkaline pH (@wén
1977; Xwet al.,1994). Therefore, the pH condition (8:BM) induced by the additioaf

cow manure in the present study provided tadile conditions for the remediation to

proceed.

Solubility and bioavailability of the hydrophobic petroleum contaminants are possible
reasons for the observed increase in remediation activity at the relatively higK yét

al., 1994) The solubility obrganic matter is known to be relatively low around pH 4.6
and 6.4 but increases markedly beyond this range to a maximum of around 7.7
(Ashworth & Alloway, 2008.he hgh solubility of organic matter at slightly alkaline pH
leads to more organic mattenisoil solutions (Jardinet al., 1989). The solutions
become more hydrophobic and more petroleum contaminant molecules are drawn into

it, thereby increasing their bioavailability.
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John et al. (2016) stated that the presence of petroleum hydrocarbons aiss
immobilises available nitrate. From the present investigations, it was observed that high
concentrationsof petroleum contaminats resulted in lowvaluesof nitrate in soils and

vice versa. When these contaminants were taken out of the soils durmgdmtion,
more nitrate were realised (Table 4. 4). This illustritbe release ohitrate that were
immobilised by petroleum contamination as remediation progressed. At high levels of
remediation (Table 4.4, Figure 4.4glues ofthe availablenitrate were greater than
those of contaminated soil, contaminated soils with amendment and even those of the
cow manure alone. It can therefore be deduced that in addition tortheate supplied

from the cow manure (Tarkalsaet al.,2006), certaimitrate that were immobilised by
petroleum contamination were then available due to reductiortha concentration of

TPHSs as remediation progressed.

The observed reduction in availabiérate with high petroleum contaminations in soils

is related to the great affity for organic compounds such as organic matter by soil
nitrate (Taylor & Townsend, 2010). Therefore, some ofrilteate issequestered by the

high content of petroleum contaminants making them unavailable in soil solutions. In
addition, the petroleum cotaminants also take up much of the soil pores thereby
reducingnitrate availability. The addition of cow manure increds®ganic matter and
moisture contents (Ravet al.,2004) and consequently dilutéhe concentration of the
petroleum contaminants. s, more nitrates were available in soil solutions. The
presence of certain functional groups (such as carboxylic acids and hydroxyl groups) in
the organic matter of cow manure further ad the preferential attraction ofitrate

away from the petroleum ataminants into soil solutions, making them more available.

Tejada et al. (2006) and Khamehchiyart al. (2007) described increase in
physicochemical properties of petroledoontaminated soils on addition of organic
manure. In this studythe addition d cow manure tahe petroleumcontaminatedsoils
increased soil pH, electrical conductivity and available nitrate. The cow manure served
as diluents reducing theoncentrationof TPHs in soils and provided nutrients for the
LI I yiaQ 3ANER S0 Kbgressad,thBlBala&se sdil ditkag yand lelectrical
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conductivity increased and was proportionalttee remediation efficiency of the agents
(Table 4.4) Thus, availablaitrate and electrical conductivity can serve pessible

indicators of¢ t | ré@m@diaion progress ipetroleum-contaminatedsoils.

4.3.2.2Remediation efficiency of theagents

Variation inthe concentration offPHs in the soil samplased for the glasshousstudy

was dueto the inhomogeneity of the petroleum contaminants in the solil tnra
Variable concentration of TPHs is expected in soils due to factors such as proximity to
contaminants source, duration of impact, constituent soils particles, soil structure and
chemistry Bu et al., 2009; Yanget al., 2015). Soil samples collected g@iroximity to
contaminant sourceare expected to have higheroncentrationsof contaminants than
others (Dudhagaraet al., 2016). The soil samples for the present study, soils were
collected at variouslocations around the point of contaminationthen mixed as
composite. Some points at the sampling points had large objects such as dead leaves,
large roots, gravels and wood chips. These substances can obstruct penetration and
distribution of the oil in the soil matrices resulting in uneven spread, hendatian.

The soils from Tibshelf, used in the study had predominant clay par{iCisde 4.3)
which are cumby and difficult to break. Hsecrumbs each accumulate peculiar levels

of the petroleum contaminants and there may even be -sgigregates withinte soil
crumbs In this study, the soil samples were mixed by hand, there is also the chances of
poor homogeneity. These factors all resulted in tserved variability in TPHs levats

T= 0 days in the soil sampl@uriet al., 1994;Kristenseret al., 2010;Xinget al., 2011).

Variations in contaminant levels is expected even durirgjtin applications due to the
indicated factors. This has been a major challenge in the remediation of Zaiés y

et al.,2005. The applicability of emediationmethod under varying concentrations of
the target contaminants is therefore important. Adenipekenal. (2015) stated that
mycoremediation methods are not specific to contaminant concentrations, thus
variationin the initial levels ofconcentrationsshoull not affect the applicability of the
results. However, it would be ideal to further investigate the effect of initial

concentrations on remediation potential of the phyémd myceremediation agents.
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The general observation in this study was tbahcentationsof TPHs at Time = 90 days
was proportional to their respectivelyoncentrationsat Time = 0 days. For instance, for
the sunflower speciesTPHs concentrations at time = 0 was 200 and 90 g/Kg at time =
90 days foH. annussunny dwarfand 250and 120 g/Kgfor H. sunsationThis trend

also holds for the palm wine set (340 and 100 g/Kgefoguineensi280 and 90 g/Kg

dry soil forR. africanaat time = 0 and 90 days, respectivelWinquistet al. (2014)
demonstrated @6% degradation of PARgth an initial concentration of 3500 mg/kg

in a glasshouse, and 94% during a field study with an initial concentratist06fmg/kg

of soil after three monthsThus, it is reasonably assumed that the initiahcentration

of TPHs at the start of the remediah does not affect the remediation potential of the
agents. Hence, the variability in initial concentrations of TPHs among sample treatment

sets can be accommodated.

Although the samples labelled(figure 3 were not treated, natural attenuation plays a
part in reduction of TPHSs in soils, however, the progress is very slow, and most times
insignificantd h Q . eNal.,8019).

4.3.2.2.1Sunflower species

Plants can phyt@xtract, phytedegrade or phytostabilise organic contaminants in soils
(PilonSmits 2005. Thus, the sunflowers could utilise any of these mechanikiassan

et al., (2018) demonstrated a phytoremediation efficiency of up to 56% wiih
sunflower Helianthusannus)in the remediation of crude oil contaminated soils
suppkmented with inorganic fertilisersLiduinoet al. (2018) demonstrated up to 58%
and 48% reduction of TRHoy sunflowers Klelianthus annus L.)supplanted by
biosurfactants on petroleurgontaminated soils aftethree months. A smilar range of
phytoremediation efficienas (53%, 54%)agobserved for 2 of the sunflower species
used in the present study, substantiating the potential of sunflowers for remediation of
petroleumcontaminated soils. The sunflower plants could not grow in the high
concentrations of crude oil ithe soils of the present study without amendment. The
plants only grew in the amended soils. The use of cow manwas@srce of amendment

in this study demonstrated that organic manures can be used to successfully initiate

phytoremediation of petroleurrcontaminated soils.
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The reduction in height and biomass of the sunflower plants observed in the present
investigation are comparabl® that of Brandtet al. (2006). These reductions can be
attributed to difficulties in adapting to the stress environmemsufficient nutrients or
toxicity of the petroleum contaminants (Merkt al.,2005). Jong (1980) reported that
soil contamination by crude oil leads to a reduction in nutrient parameters such as
availablenitrate with a marked reduction in water uptak&hese are essential factors

for plant growth. Thus, any constrain which negatively affects nutrients and water

availability would invariably result in poor growth and biomass yield.

Robinsoret al. (1998) and Chekdat al. (2004) stated that phytoremediain efficiency

is influenced by biomass of plants. Plant species with higher biomass are known to
exhibit better phytoremediation potential (Kayset al.,2000; Mejare & Bulow, 2001,
Chekolet al., 2004). BothH. annus (sunny dwarfand H. sunsationexhibted similar
heights and biomass (Table 4.6). The measured height and biomisarofus (Pacino
gold)wasobserved to be significantly higher than thosetbfannus(sunny dwarfand

H. sunsation(Table 4.6). Therefore, the remediation efficiency of s@flower species
with respect to TPHis related tatheir biomass (Figure 4.2yhis finding is important for
in-situ application. It implies that using sunflower species with high biomass would
produce better results in the treatment of petroleuoontaninated soils. In addition to

the TPHs remediatioeffectiveness, the use of sunflowers for treatment of petroleum
contaminated soils will provide the additional benefits of removing trace metals and
other pollutants with aesthetic appea(Hull et al., 2000; Duncanet al.,2004; Simus,
2008 Barrett, 2011 Chauhan & Mathur, 2018).

4.3.2.2.2Fermented palm wine

Chandrasekhaet al. (2012) stated that fermented palm wine consists principally of
yeast of theSaccharomycespecies A mnsortium of microbial spcies such as yeast,
candida pichia, lactobacillusand acetobacterare also found in palm wine (Santiago
Urbina & Ruideran, 2014; Nwaiwat al.,2016). Therefore, the remediation potential
of palm wine may be a synergy among the different species aboriganisns present

in the fermentation product (Santiagdrbina & Ruideran, 2014). Enhanced

remediation ofpetroleumcontaminatedsoils by synergistic microbial relationships is

96



well known (Chhatreet al.,1996; Rahmaiet al.,2003; Galleget al.,2007, Fan & Qin,
2014). Chandrasekhaet al. 012) and Nwaiwuet al. (2016) also reported that
fermented palm wine chemically consists of mixtures of alcelsoich as ethanol,
propanol and methanol; esters like ethyl propanoate; and organic acids such as
ethanoic, methanolic and propanoic acids. These compounds are organic solvents and
can act as surfacactive agents (Mahmoocet al., 2019; Stjerndahlet al., 2019).
Therefore, the observed remediation potential of fermented palm wine would be a
combined actionof a consortium of microorganism and that of surfactants organic
compounds.

The observed similarity in mycoremediation potential of fermented palm wine on
petroleumcontaminatedsoilsfrom the two species of palms trees indicated that palm
wine obtained fom these sources may be of similar microbial or chemical constituents.
This implies that palm wine from other palm trees edsobe used fothe treatment of
petroleum-contaminatedsoils. The use of fermented palm wine for remediation of
petroleumcontamnated soils is very promising because there are varieties of palm
trees for the supply of palm wine in tropical climates like the Niger Delta, Nigeria
(Svenning, 1999; Kweldunget al.,2016; Asulet al.,2018). Application of fermented
palm wine for renediation of petroleum contaminated soils as observed in this study
did not required much expertise and preconditioning, substrates or nursery activities.
The fermented Palm wine can easily be applied directlyhtosoil. This makes it a

method of choicecompared to the other agents used in the study.

4.3.2.2.3P. ostreatus

4.3.2.2.3.linvestigating of substrate for growing P. ostreatus

Adenipekun and Lawal (201&tated that substrates sterilisation hedd in the
decontamination of othemicroflora, whit can compete and slow dowthe growth of
white rot fungi. Thus, these fungi could growfaster in sterilised substratedue to
absence of competition from other microflaraHowever,the destruction ofthese
natural microfloraby sterilisationcaneliminatetheir activities which may be useful in
the remediation processes. It waberefore, necessary to investigate the feasibility of
growing thefungus P. ostreatuswithout sterilisation.This investigation foundhat P.

ostreatuscan still grow in substtas without sterilisation (Tabld.8). The outcome is
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useful for potentialin situ applicationsinceit saves energy and removes the need for
sterilisation equipment. It would also allow for the contribution of natural microflora

towards remediation.

White rotfungisuch ad>. ostreatusaturally feed on lignin (Crawford & Crawford, 1976;
Rabinoviclet al.,2004) therefore, substrates with higher lignin contents should favour
its growth. P. ostreatugyerminated and fruited faster in substrates with highgnin
contents (Table 4.7). A further study to also investigate the types of lignin present in
thesesubstrates and possible application of biotechnology for extraction is required.
This would aid their commercial preparations for prospective usihertreatment of
petroleum-contaminatedsoil (Gottliebet al.,1950). The cultivation of white rétingion

palm substrates is yet to lreported;therefore, this investigation has added palm trees
as promising substrates fdoine cultivation of white rotfungi. Palm substrates will also
serve as valuable substrates the application of the mycoremediation on petroleum

contaminated soil, particularly imopical regions likéhe Niger Delta, Nigeria.

4.3.2.2.3.2Effects of application procedures on mycoremedion efficiency ofP.

ostreatus

Thetypical method of application ¢?. ostreatu®n petroleum-contaminatedsoils is by
layering (Stamet, 200&denipekuret al., 2015). Theesults in this study demonstrated

that mixing palm tree substrates arttle fungus with soil combined with layering on
topsoilresulted in significant enhancement (p=0.000) of mycoremediation efficiency of
P. ostreatu®n petroleumcontaminated soils even under unsterilized conditions (Table
4.5). The observations can be attributed &m increase in surface area of contact
between thefungusand the hydrocarbons contaminants in the soil matrix (Winetle

al., 2004; Singh & Gauba, 2014). Since these substrates were not sterilised, activities of

other microorganisms may also contribute the observed results.

Adenipekun and Fasidi (2005) obtained a biodegradation of 20% after 3 months and 40%
after 6 months on petroleuatontaminated soils. Mehrashkgt al. (2003) reported
remediation efficiencies of 36%, 55% and 60% after 6 months. Houdtgebtained by
layering in this study under unsterilised conditions are comparable to those of

Adenipekun and Fasidi (2005), Mehragi al., (2003), Chiuet al., (2009) and
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Adenipekunet al., (2015) usind. ostreatusunder sterilised conditions. Howey, the
remediation efficiency obtained bymixing the substrates anthe funguswith soils
combined with layering is much higher than thagported in the literature The soils
used in this study had very high initial levels of TPHs and were convergainaleum:
contaminated soils taken from a site closeproximity to anexuding oil well at Tibshelf,
UK. Thus, the remediation outcome Bf ostreatus (85%)under these conditions is

unique.

Althoughfungican grow straight from spawn without substratemost times this is not
ideal (Royse & Beelman, 2007). Meysami and Baheri {2808rted that substrates are
required for action of white rot fungi opetroleum-contaminatedsoils. Mamiro & Royse
(2008) stated that a small quantity fafngalspawn cannoculate a much greater amount

of substrate resulting in bettefungalgrowth and yield compared to using the spawn
alone. The low remediation efficiency in TPHs contents obtained in untreated soils and
those treated withP.ostreatus without substrates @ble 4.5) are comparable to those

of Meysami and Baheri (2003). The present investigation verified that a suitable
substrate is required forthe application of mycoremediation onpetroleunm:
contaminatedsoils. The use of palm substrates resulted in up@&6&eduction irthe
concentration ofTPHs witHayeringand 85% when the substrates are both mixed with
the soils and also layered under unsterilised conditions. A comparison of remediation
efficiency for the methods of layering of substrates, with thatoking thefungusand
substrate with soils combined with layerimmgvealed an increase of about 25% for the
later. Thus, substrates type, and method of application can influence mycoremediation

efficiency of white rot fungi opetroleumcontaminatedsoils.

The application procedure of mixing the substrates #mfunguswith soils combined
with layering is advantageous forsitu applications of mycoremediation getroleum-
contaminatedsoils. Palm substrates can pwughedinto contaminated soils ftdwed

by the inoculation of thefungal spawns for remediation opetroleum-contaminated
soils. The combination of the mixing procedures with layering would also allow for
protection of the remediation process against heaeyns, whichare common in

tropical climates (Larsen & Simon, 1993; Yabi & Afouda, 2012). Thus, the spawns
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underneath the layered samples could continue the remediation almost undisturbed

even during rainy season.

Commerciafungalspawnsare usually availablas grain or sawdust spawifiiseatham,
1981; Bonneret al.,1994; Royse, 2002; Chang & Hayes, 2013). There is thertfere
possibility forthe development of sawdust spawn &f. ostreatususing palm tree
substrates, whichcould be used for remediation of petroledoontaminated Sos.
Overall, mixing the substrates and mushroom with soils followed by layering resulted in
optimisation of the mycoremediation efficiency Bf ostreatusompared to the usual

method of layering.

4.3.2.3Comparative remediation efficiencies of thegents

A comparison of remediation efficiency of the phyamd mycoremediation agents used

in this study demonstrated that any of these agents can be used for remediation of
petroleum-contaminated soils. The efficiency of these agents is a function of pH,
nutrients supply, substrates type as welltae method of application. For remediation

of the petroleum-contaminatedsoil, fermented palm wine was the most effective. This
is because it does not require substrates for application like the whitéuragi, or pre-
growing like the sunflowers. Fermented palm wine can simply be applied directly to the

petroleumcontaminated soils for remediation.

4.4 Conclusios from chapter four
This study investigated the potential of sunflower species, fermented palm win®.and
ostreatusfor treatment of petroleumcontaminated soils. The main conclusions are as

follows:

i Cow manure can be used to increase soil nutrients, decrease acidity in soils and
provide buffer for soil during remediation of petroledoontaminated soils.

U Soils available nitrate and electrical conductivity increases with remediation
efficiency and can be used to monitor remediation progress of petroleum

contaminated soils.
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U Phytoremediation efficiency of sunflower species could be related to their
biomass, wth those having higher biomass exhibiting better remediation
potentials.

U Fermented palm wine can be used for the remediation of petroleum
contaminated soils.

U Palm tree substrates can be used for growing whitefuogi under unsterilized
conditions. Thesubstrate can also be used for the application of whitefuoigi
on petroleumcontaminated soils.

U Mycoremediation potential ofP. ostreatuscan be enhancedy mixing the
substrates and mushrooms with the contaminated soil combined with layering.

U Mycoremaliation efficiency of white rofungion petroleumcontaminated soil

depends on the application method and type of substrates.

The concept of phyt@and myceremediation has been developed overtime with many
challenges and shotomings. The present studyogs beyond the remediation of
petroleumcontaminated soils by sunflowers to the assessment of the remediation
efficiency with species; and has established that this varies with biomass. This
information is important in the choice of sunflowers for remedat The use of
fermented palm wine for treatment of petroleurnontaminated soils is novel and is
useful for tropical regions where palm trees are abundant. AdagRingstreatugor use

in the cleanup of petroleumcontaminated soils has been problematithe present
study has developed a realistic approach and with a novel substrate (Palm tree which is
abundant in tropical regions) for applicatiohP. ostreatus the clearup of petroleum

contaminated soils.

The applications of these phytcand myceremediation techniques can provide
environmentally friendly options for treatment of petroleunontaminated soils. These
techniques would be beneficial to tropical regions like the Niger Delta, Nigeria because
of the abundance of the phytgand mycoremediabn resources such as palm trees and
palm wine. The methods would also provide readily available and-eftesttive

alternatives for the management of petroleuoontaminated soil.

101



CHAPTER FIVE

Effect of Tween 80 osome phyto- and myco-remediation agents onpetroleum-
contaminated silty loam soil from Ogoniland, Niger Delta, Nigeria

5.1 Background information
Surface active agents have the ability to enhanice efficiency of bioremediation
substances on petroleumcontaminated soil{Zhanget al., 2002; Rulliet al., 2019).
Enhancement with surfactants is considered a viable option because it helps solubilise
the contaminating crude oil, making tr@ntaminantsreadily available for actions of
the applied agents. Both synthetic and biosurfactants are kmdwt biosurfactantsare
preferred because oftheir biodegradability. Biosurfactants often exhibit specificity
towards soil contaminantsvhich limits their widespread application. Thus, synthetic
surfactants still enjoy extensive patronage (Noordman &sdan, 2002; Pengt al.,
2007). The advantage of Tween 80 over other surfactants is that it is cheap, readily
availableand environmentally friendly (Chengt al., 2018). Tween80 also has the
advantage of nosspecificity oftennot encountered withother biosurfactants (Zheng &

Obbard, 2001; Fonseca, 2011; SaneWiézquezt al.,2017).

The research in this chapter was therefore initiated to investigate the effect of Tween
80 on the identified remediation efficiency of the phynd myceremediation agets

used in the previous chapter. The target soilr@petroleum-contaminated soils from
Ogoniland, Niger Delta, Nigeria. From the sunflower species, sunfidel@anthus
annuspacino goldwas selected because it exhibited the highest efficiency among the
three species used. Based tme same criteria, palm wine frorilias guineensiwas

also selected from palm wine. The white rot funleurotus ostreatusvas also used
while a new phytoremediation agent, the fernBryopteris affinis AGMas added. The
choice of the fern was based on the observation that it was one of the prominent
resistant plants found on petroleuroontaminated soils in the Niger Delta, Nigeria

(Fagbamet al.,1988; Ige, 2009).

5.2 Materials and Methods
Methods for soil samplingjlasshouseemediation, sample preparation and analysis are
as discussed in Chapter 3 and chapter 4. Silty loamy soils contaminated with petroleum

and controls(uncontaminated silty loam soilsyere collected from Ogale, Ogoniland,
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Nigeria (0295428 N, 05335%). The choice of the loamy soil from Ogoniland, Nigeria
for the study was because it is the dominant soils in the study area and the soil type used

by farmers foithe cultivation of crops (Venturiret al.,2008).
5.2.1 Application of TweefB0 onglasstousepots

5 %aqueous solution of Tween 80 was usedtfwe study (Chengt al.,2019; Menget

al., 2019). The Tween 80 solution was prepared as followsnkbf Tween 80 was
measured out into a 50l flask and dissolved in deionised water with gentleriavg.

The solution was then made up the mark and homogenised with a sonicator. The
prepared solution was applied on subsets of each of glesshouseremediation
involvingHelianthus annuspacino gold Dryopteris affinigFigure 5.1), palm wine and

P. ostreatus(Table 3.9as follows. 10nl of the solution was added to the soils in sample
pots by uniformly spreading the liquid around the soil samples. This application was
repeated every 2 weeks for a period of 3 months.

Overall, two sets of experimentgere set up for each agent, one without Twe8, and

the other with Tweenrn80.

Figure 5.1 Dryopteris affiniggrowing on petroleurrcontaminated silty loam soils from
Ogale, Nigeria iglasshouseots.

103



5.2.2 Determination ofremediation efficiencyof H. annus pacino gold D. affinis,
palm wine andP. ostreatuson silty loam soil from Ogale, Nigeria

For evaluation of remediation efficiency of the agents, composite soils samples were
collected fromglasshouseots for a period of 3 months at time=0, 38) and 90 days.
Assessment for TPHs contents was carried out and percentage remediation evaluated
as reduction in TPHs concentration between the periods®~=30, 60 and 90 days.
Determination of soil texture and analysiEthe concentration of PHavas carried out

as reported in 3.4.2.5 and 3.5.2r2spectively.

5.2.3 Kinetic studies othe remediation efficiency ofH. annus pacino gold, D. affinis
palm wine andP. ostreatus

Kinetics studies were carried out on the data obtained from 5.2.2. €&drations of
TPHSs athe start of the experiment (4§ and those at different points of the remediation
(Time =30, 60, 90 days) were insertedhe rate equations of zero, first and second
order reactions. These were carriedt for each treatment at thalifferent options of
using the agents with or without Tween 80. The unigueness of each data to fit into any
of the rate laws as indicated by the shape of the linear plot, slope and intercept was
used to determine the order of reaction at which the remedatprogressed (Espenson,
1995). Thus, the order of reaction at which the remediation progressed were

determined for each subset of the treatment.

5.3 Results

5.3.1 Particle size analysis of sofrom Ogale, Nigeria
Particle size analysis revealdtetsoils from Ogale as silty loam (Table 5.1). There were
no significant differences (p=10) in soil textural properties between contaminated soils

and control (Table 5.1).
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Table 5.1Particle size analysis of sfilom Ogale, Ogoniland, Nigeri&anple size, n=6

Particle size composition %

Soil sample location Description Sand Clay Silt Classification
(Wentworth,
1922).
0294996 N, 0532999 E Uncontaminated soil (Control) | 45.33 20.83 | 33.83 Silty loam
0295428 N, 0533596 E PetroleumContaminated ail 42.67 23.83 | 33.50 Silty loam
p-value (for Ttest of mean 1.00
of uncontaminated soils
against petroleum
contaminated soil

5.3.2 Remediation efficiencyH. annuspacino gold D. affinis, fermented palm wine
andP. ostreatuson petroleum-contaminated silty loam soil fromOgale,Ogoniland,
Niger delta, Nigeria.

Theconcentrationrange of TPHs observed for the petrolewwantaminated loamy soils

at the start of theglasshousestudy was 227 to 576 g/Kg dry weight of soil.
Remediation efficiency of thegents increased proportionally with time (Figure 5k2).
annuspacino gold educedthe concentration ofTPHsn the contaminated soils at the
rate of 31, 39 and 60% after a time of 30; 86d 90days respectively. F@. affinis, its
remediation efficency was 58, 72 and 74%espectively Fermented palm wine from
Elias guineensisxhibited 53%, 81% and 87%%while for P. ostreatusthe observed
efficiency was 53, 61 and 88 %. A decreaséhé concentration ofTPHswas also
observed in untreated contamated soils. This also increased proportionally with time.
Percentage decrease tihe concentration offPHs for untreated soils was 9, 10 and 20%

at 30, 60 and 90 days, respectively.

The hghest remediation efficiency after 30 days wadsserved inD. afinisfollowed by

P. ostreatus, palm winmnen H. annugFigure 5.2). During the second month (60 days),
remediation efficiency was in the order palm win®>affinis>P. ostreatus H. annus

At the end of the 90 days, the highest remediation efficievithe agents was observed

for P. ostreatudollowed by palm wineD. affinisthen H. annuspacino gold.

A general increase in remediation efficiency was observed for each of the agents on
addition of Tween 80 (Figure 5.2). The increase was more noteeabl H. annus
pacino gold(Table 5.2)Increase in remediation efficiency of the agents was also time

dependent. This was more from 30 to 60 days than from 60 to 90 days (Figuréhg.2).
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highestincrement inthe remediation efficiency with addition ofileen 80 for the agents

was observed foH. annuspacino gold(103%) after 60 days, while the lowest was for
palm wine (8%) after 6@ays (Table 5.2). Féf. annuspacino goldand P. ostreatus,
addition of Tween 80 resulted in increased remediation efficiefrom 0 to 30 days
which peaked at 60 days and decreased after 90 day® Faffinisand fermented palm

wine, the increase began at 30 days, lowered at 60 days but increased again between
60 and 90 days. Overall, the highest remediation efficiencglfdhe agents on addition

of Tween 80 was observed for fermented palm wine (98%). This was follow&d by
ostreatus(96%),D. affinis(92%) andH. annuspacino gold(92%) after a period of 3

months treatment.
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Table 52: Increment in emediation efficiencyn addition of Tweer80

% Increase in remediation efficiency by addition of Twe8@
Agents Time =30 day$l month) | Time = 60 days Time = 90
(2 months) days
(3 months)
Helianthus annus| 78 100 53
pacino gold
Dryopteris affinis 24 20 25
Palm wine from Elias| 29 8 12
guineensis
P. ostreatus 43 45 9

5.3.3 Kinetic studies on remediatiofficiency ofthe agents

A plot of InA against time {fhie=0,30, 60, 90 day$ for remediation withH. annuspacino
goldwithout Tween 80 restd in a straighiline graph with slope-K and intercept In&
Where A is the concentration dfPHsat any time (ime = 30, 60 or 90 dayand Ais
the initial concentration offPHsat the start of the remediatiorfFigure 5.3). A plot of
1/A against timgTime = 30, 60 or 90 day$or remediation withH. annuspacino gold
with Tween 80 produced a straighhe graph with slope = K and intercept 3/AVhere
A is the concentration of PHsat agiventime (Time = 30, 60 or 90 daysnd Ais the
initial con@ntration of TPHs Similar kinetic plots werebtained for D. affinis and P.
ostreatusexceptfor palm wine (Figure 5.3). For palm wjmeplot of a plot of InA against
time (Time = 30, 60 or 90 day$or remediation without Tween 8produceda straight
line graph with slope K and intercept In& This was also the case with the addition of

Tween 80.
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Figure 5.3b: Second ordeate plot for degradation of TPH'S biyelianthus annuswith
Tween 80. Time 1, 2, 3, represents 30, 60 and 90 days, respectively

0.07
y = 0.0178x + 0.0011
0.06 R? = 0.9694 i

0.05

< 0.04

~

~ 0.03
0.02
0.01

0
0 0.5 1 15 2 25 3 35

Time (months)

Figure 5.3c: First order rate plot for degradation of TPH®byopteris affinis
without Tween 80. Time 1, 2, 3, represents 30, 60 and 90 days, respectively.

Figure 5.3d: Second order rate plot for degradation of TPH'®bwffinis with Tween
80. Time 1, 2, 3, represents 30, 60890 days, respectively
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Figure 5.39: First order rate plot for degradation of TPHSbystreatus
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Figure 5.3f: First order rate plot for degradation of TPH'S by fermented Palm wine with
Tween 80. Time 1, 2, 3, represents 30, 60 and 90 days, respectively.
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Figure 5.3h: Second order rate plot for degradation of TPH'$bystreatus
with Tween 80 Time 1, 2, 3, represents 30, 60 and 90 days, respectively
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5.4 Discussion

5.4.1Particle size analysis of soils from Ogale, Ogoniland, Nigeria

The smilarity in textural properties betweeithe petroleumcontaminated soils and
controlsfrom Ogale, Ogonilandndicatedthat the soilsare within proximate location
(Chang & Islan2000). During sampling, controls soils samples were obtained some
500m from the petroleurrcontaminated sites. Unlike the soils from Tibshelf, UK
(chapter 4), thee were no observable effeston soil textural properties by petroleum
contaminants (Table 5.1)Thus, it would seem petroleum contamination may not
necessarily lead to degradation on soil textural properties as reporte@Knroet al.
(2011) and Abosede (2013). The ability of petroleum contaminants to degrade soll
textural properties towards clagarticles may howevebe related tothe type of crude

oil as well as volume and duration of impact. The site where the contaminated soils were
collected vasreported as those of fresh spills (F. Giadom, personal communications,
March 2017). This explainghy the textural properties of both the contaminated and

control sites are similar.

5.4.2 Concentratia of TPHSs in soils from Ogale, Ogoniland, Nigeria
The relativéy high concentrationof TPHs in petroleurmpacted soils from Ogale
compared to those at aurol sites demonstrated that the major source of TPHs
contamination in soils of the area is oil spillage. Ogoniland and particularly the Ogale
area has been subjected to oil spills over the past 2 decades without clear programs for
cleartup (Iteet al., 2013; Lindén & &sson, 2013). The ability of soils from the study area
to hold up to 50% of TPHs contamination per dry weight is alarming because of potential
health hazards and ecological impathe highestoncentrationof TPHs§76g/Kg dry
soil) obseved in soils from Ogale, Nigeria are comparabld26 g/Kg obtained by Kim
et al. (2019) from petroleurrcontaminated soils in Chin&oils like tlese could act as
reservoirs for petroleum contaminants releasing such into other environmental
components sule as air andwater (Unlii & Demirekler, 2000)hus, there is an
associatedigh risk to cultivated crops, aquatic organisms, animal and ultimately human
lives (Venturiniet al.,2008). Ogale is a renowned farming settlement and has close links
with major cities inthe south and eastern Nigeria. The consequence is that food crops
cultivated in the area are sold to cities and processed into food. Thus, toxic contaminants
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can be transferred across citiesd via food exchange into biological systems. The
situation requires frequent monitoring of petroleum facilities and soils within the area
to ascertainthe risk level. It also requires clear and walhnned programs for rapid

response to issues of petroleum contamination in the area.

5.4.3Remediation eftiency H. annupacino gold, D. affinis, fermented palm wine and
P. ostreatus on petroleum contaminated silty loam soils from Ogoniland, Niger Delta,

Nigeria

The remediation efficiency of each of the agents revealed that time is a factor in utilising
these agents forthe treatment of contaminated soils (Figure 5.2). Therefore, it is
important to identify the ideal time frame at which optimal remediation occurs so that
these agents can be uprooted and disposed to avoid the contaminants returnthg to

sol. This is particuldy to the phytoremediation agentsvhere extraction is the main
mechanism (Hutchinsoret al., 2001). For instance, at 60 days, the remediation
efficiency ofD. affinis was at 72% and 74% at 90 days. Thaieianthus annusvas

60% affer 90 days. Thus, it would be ideal to uproot, disposed and refdlacaffinis

after 60 days of usage ithe remediation of petroleurrcontaminated soil. For
fermented palm wine, the remediation efficiency was 81% at 60 days and 87% at 90
days. Remediatio efficiency of fermented palm wine has been linked to the presence
of consortium of microorganissiand certain chemicals in the fermentation product
(Chapter 4). Thus, at 60 days most of the components of palm wine are either exhausted
or the organisms wald have developed insensitivity to the petroleum contaminants at
this time. Therefore, soil treated with palm wine may require reconditioningfoore

productive outcome.

BernabéAntonioet al.(2018), Fatimat al.(2018) and Fenet al.(2018) statedhat one
unique quality of an ideal phytoremediation agent is its ability to survive in a stressful
environment. The ability o. Annusand D. affinisto act on soils with high levels of
petroleum contaminants in this study is significabt.affinis is a major inhabitant of
petroleum-contaminated soils and swamps in the Niger Delta, Nigeria (Fagledrai.,
1988; Ige, 2009). Therefore, its potential use for remediation of petroleum

contaminated soils will be beneficial to the region. The plant is isedufor food; this
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eliminates the danger of bitransfer of contaminants via consumption; or shortage of

its foodstuff.

The remediation efficiency of these agents in chapter fau®0 daysvere 69% foH.
annus Pacino golil 70% forfermented palm winerbom E guineensisand 84% forP.
ostreatus These were grown in glasshouse pots of silty loam contaminated soils from
temperate maritime climat€Tibshelf, UK). Thaitial concentrations of the TPHstime
soils at which these agents were grown were kg for H. annuspacino gold 340
g/Kg forE guineensisand 210 g/Kg dry soils fd?. ostreatusin the present study
(Chapter five), the initial concentrations @PHs in thesilty loam soil from Ogale,
Ogoniland, Nigeria in the glasshouse pots whérese agents were applied were 220
g/kg forH. annuspacino gold310 g/Kg forlE guineensisand 220 g/Kg dry soils fét.
ostreatus(Appendix IH3). The observed remediation efficiencies in soils from Ogale, at
90 days were 60, 87 and 88% fér annuspacino gold E guineensisaand P. ostreatus
respectively (Table 5.3).

Table 5.3:Comparison of remediation efficienciestéf annuspacino gold Fermented

palm wine fromE. guineensiand P. ostreatuson petroleum contaminated soils from
Ogale, Niger Deadt Nigeria and Tibshelf UK.

Agents Soil Types

Silty loamy soils from Ogale, Nig Silty clay soils from Tibshelf, UK

Delta, Nigeria
Starting TPH % Remediation| Starting TPH % Remediation
conc. @time = ( efficiency at 90 conc. @time = efficiency at 90 days
(g/Kg dry soil) | days 0 (g/Kg dy soil)

H. annuspacino| 220 60 150 69

gold

Fermented palm 310 87 340 70

wine from E.

guineensis

P. ostreatus 220 88 210 84

The ability of the agentd. annuspacino goldfermented palm wine an®. ostreatuso
replicated similar remediation efficieyfrom soils of Tibshelf, UK (Chapter 4) to that of

the Niger Delta, Nigeria, demonstrated their potential for use in remediation of
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petroleumcontaminated soils both in temperate and tropical regions. This is also

significant as these species are ubiquitous.

5.4.4Effect of Tweer80 on remediation efficiency oH. annus, D. affinispalm wine
andP. ostreatuson a silty loamy soil from Ogale, Niger Delta, Nigeria

Tween 80 is known to promotihe remediation efficiencyf agents on contaminated
soils (Suret al., 2013; Chenget al., 2018). Hence, the observed general increase in
remediation efficiency of the agents @he application of Tween 80 was expected. The
ability of Tween 80 to enhance remediation efficiencyPofostreatus and D. affinis
within a period of 30 days by reducitfte concentration off PHs in affected soils to that
lower than the residuakoncentrationin control (Table 5.2) is remarkable. This is
because the method can be used to clagm sites, whth requires urgent actions.
Addition of Tween 80 can be particularly used in the treatment of petroleum
contaminated soils withH. annuspacino gold (Figure 5.2). For this agent, the
remediation efficiency increased at over 70% at 30 days and doubled days. This
implied that the method can be utilised where sunflower is the most readily available

option.

Ramamurthy & Memarian (2012) reported a remediation efficiency of 75% in soils
contaminated with 500 mg/Kg of TPHs by addition of Tween 8Brass$ca juncea
compared to the 38% by the phytoremediation alone, after 50 days. This illustrated an
increase of 37%. Agnellet al. (2016b) demonstrated &-fold increase inthe
remediation efficiency oMedicago sativaon soils cecontaminated with metals ah
petroleum hydrocarbons othe addition of Tween 80, after 90 days. The result of this
study demonstrated an increase of-Z8% in the remediation efficiency of the agents

after 30 days, and up to 100, after90 days (Table 5.2).

It was further observedHhat the gplication of Tween 80 to all the ageritsthis study
provided a remediation efficiency of over 90% after 90 days (Figure 5.2). The results
demonstrated that at this pointthe TPHs contaminants from crude oil were completely
clearedup. This idecause values for the remaining TPHs were all below that of residual
concentrations offPHs in control soils. A comparisoriled result obtained by addition

of Tween 80 to the agents to that without (Figure 5.2), demonstrated that Tween 80 has

an enhanaig effect on remediation efficiency dfi. annuspacino gold,D. affinis
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fermented palm wine andP. ostreatusappliedon petroleumcontaminated silty loam

soils from Ogoniland, Nigeria.

The ability of Tween 80 to enhance remediation of petrolecmntaminatd soils stem
from its ability to reducethe surface tensiorbetween the hydrophobic petroleum
contaminantsand soil solution thereby increasing their solubility andnaking the
contaminantsmore readily available in soils solutio(Racwat U 2 O A ef al.(2011;]
Liaoet al.,2016; Chengt al., 2018). The increased bioavailability is utilised differently
by the different agents and is also a function of soil chemistry, and the associated
remediation mechanisms (Browet al.1994; &in et al., 2013). Agnelloet al. (2016)
reported a general increase in translocation and bioconcentration factokdeaficago
sativaon treatment of Tweer80 which aided in the enhancement of its remediation

potential.

The highest effect of the additiorf @Gween 80wvas always observed for sunflom80,

60, 90 days). This illustrates that the rhizosphere of the roots hairs of the sunflower plant
has better mechanisms to draw out the dissolved organics in soil solutions. The
observation also illustrates thahe possible mechanism of the sunflower plant is
phytoextraction than degradatiori{hite et al.,2006;Martins et al.,2014). This seems
plausible because the remediation efficiency of the mycoremediation agent$like
ostreatuson the addition of the Ween 80 tend to beonstantat time = 30 and 60 days.

The same trend is also observed for fermented palm wine at 60 and 90 days.

P. ostreatusis a known degrader of petroleum contaminarfddarquezRochaet al.,
2000, Sukoet al.,2012) thus, its behavior under this condition can offer useful insight
to possible mechanisms of the agents. As observedfoaffinisthe increase in its
remediation efficiency on addition of Tween &bso remained constant during the
treatment periods. This possibly point® tsome elements of phytodegradation
mechanism by the plantKdsesakagt al. (2016) reported that the water fermAzolla
filiculoides has the ability to degrade bothliphatic and aromatic (phenathrene)
hydrocarbons in crude oil. Therefore, the possiblecmanism of remediation by the
fern- D. affinisin this study is phytoderation, and collaborates with the findings of
Kosesakaét al. (2016). The exponential differences in enhanced efficiencies of the

sunflower with time distinctly points to the facthat its mechanism of remediation is
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different from those of the other agents. Evaluation of the mechanisms associated with

the activities of these agents requires further investigation.

5.4.5Kinetic studies on remediation potential of the phyt@nd myco-remediation

agents

Remediation efficiency of all the agents without addition of Tween 80 proceeded by first
order kinetics. Thus, the rate equatidny ! 8 I' b Taih bd applied&d® decision
making.

Where K is the slope of the rate plot (Figure 28)l In[A} the intercept.

The result of this study revealed resideaincentration ofTPHs in soils @he controls

from the study area at the range of 45 to 46 g/Kg dry soils. This amoube of TPHs
concentration in the control soils. Using this inftation and setting target remediation
TPHs concentratiomo 46g/Kg dry soils, the time required for each agent to effect

complete removal of TPHs from the petroletoontaminated soils can be estimated.
Using the integrated first order rate laivy ! 6 I'b { G bf Y ! 8 2

Where [A] is the targeteadtoncentration of TPH#6 g/Kg dry soil) and [A] = initial
concentration ofTPHs in contaminated soils, K the slope for each of the agents (Figure
5.2), and t, the time in dayshe time for each of the agents teffect complete
remediation of TPHs in the $®has been evaluated (Table 6.4

Table 5.4 Estimated time for complete removal of TPHs in soils by each of the agents
without the addition of Tween 80

Glasshouse Treatment | Initial TPH Target reduction In(A/A) K 1/k Time
conc leveHA] (g/Kg dry (days)
[Ad] (g/Kg dry | soily
soil)
Contaminated soils + 284.3 45.67 1.820 0.2889 | 3.460 | 190
Helianthus annupacino
gold
Contaminated soils + 300.3 45.67 1.880 0.4455 | 2.240 | 127
Dryopteris affinis
Contaminated sdg + 400.4 45.67 2.170 0.7131 | 1.400 | 91
Fermented Palm wine
from Elias guineensis
Contaminated soils P. 295.2 45.67 1.860 0.6531 | 1.530 | 86
ostreatus
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Remediation efficiency on addition of Tween 80 to fermented palm wine still followed
first order kinetcs (Figure 5.2). Again, using the first order rate equation, the evaluated
time to reach the remediation target for fermented palm wine kvitween 80 is given

in Table 5.5

Table 5.5Estimated time for complete removal of TPHSs in soils by fermented paim w
on addition of Tween 80

Glasshouse Initial TPH | Target In(A/A) | K 1/k T (days)
Treatment conc reduction
[Ad] 9/Kg level [A]
dry soil) (9/Kg dry
soil)
Contaminated 379.0 45.67 2.110 1.309 0.7641 | 48
soils + Fermented
Palm wine from
Elias guineensis
tween 80

Addition of Tween 80 to all the agents except fermented palm wine followed second

order kinetics. For second order kinetics, the rate law is
1/[A]=1/[Ao] +kt. Allvariablesretainingsamemeanings

Again,putting the variablesinto the secondorder rate equation,time requiredto reach

the target remediationconcentrationwith addition of Tween80 canalsobe evaluated
(Table5.6).

Table 56: Estimated time for complete removal of TPHs in soils by each of the agents

with the addition of Tweei80

Glasshouse Treatment | Initial | Target 1/A 1/A0 (L/A)- K T
TPH | reduction (1/A0) (days)
conc | level A]
[A] | (9/Kg dry
(g/Kg | soily
dry
soil)
Contaminated soils + 309.5 | 45.67 0.0219| 0.0032| 0.0187 0.0100 | 58
Helianthus annupacino
gold
Contaminated soils + 227.0 | 45.67 0.0219| 0.0044| 0.0175 0.0178 | 29
Dryopteris affinis
Contaminated soilsP. | 246.0 | 45.67 0.0219| 0.0041| 0.0178 0.028 | 19
ostreatus
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The above kinetic studies revealed a reduction of estimated time for complete removal
of TPHsn the soils byH. annusfrom 190to 58 dayson addition of Tween 80. That BX.
affinis was from 127 to 29 daysfermented palm wine fron®1l to 48 days andP.

ostreatusfrom 86to 19 days

Thus, the kinetic studies confirmed that addition of Tween 80 to the phyto and
mycoranediation agents enhanced their remediation efficiency on the petroleum

contaminated silty loam soils.

5.5 Conclusios from chapter five

This study has demonstrated that soils of Ogoniland have been impacted with high
concentrationsof TPHdrom crude oilources.It has also revealed th&t. annuspacino
gold, D. affinis, fermented palm wine andP. ostreatusanbe used for theemediation

of TPHs ipetroleum-contaminatedloamy soil from the Nigebelta, NigeriaThe study
has further established thatween 80has an enhancing effect on the remediation
efficiency ofHelianthus annupacino goldDryopteris affinisfermentedpalm wine and

P. ostreatuswhen used to treapetroleum-contaminated soils.

The comparative rate of success for complete removal'PHs in the silty loamy soil
from the Niger Delta, Nigeria without the addition of Twed was Fermented Palm
wine >P. ostreatus> D. affinis > H. annuspacino gold On addition of Tween 80, the
rate of success waB. ostreatus D. affinis> FermentedPalm wine >H. annuspacino

gold.

Overall, the study has demonstrated that the results obtained with soils of Tibshelf, UK
(chapter four) can be applied tpetroleum-contaminatedsoils from the Niger Delta,
Nigeria.lt also demonstrates that kinetic stuedi can be used to evaluate the mechanism

of phyto- and myceremediation.
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Chapter Six

Utilising mycoremediation for treatment of petroleurrcontaminated soils and
sediments from Ogoniland, Niger Delta, Nigeria

6.1 Background information
The results otained with soils from Tibshelf and the Niger Delta in chapteur and
five revealed that treatment withthe mycoremediation agents produced better
outcomes compared to the phytoremediation agents. Therefore, mycoremediation
options were further chosenottreat different soil types and sediments contaminated
with petroleum in the Niger Delta, NigeriaP. ostreatus was applied to 3 different
textural soil types (clay, sand and loam) from Ogoniland, Nige#idle palm wine

supplemented with Tween 8Wasused to treat petroleurrcontaminated sediments.

The choice oP.ostreatusfor the treatment of the different soil types was because it
produced the highest remediation efficiency among the agents. Furthermore, palm tree
substiates and the white rofungus -P. ostreatusre abundant in the Niger Delta. This
makes its ultimate use significant. For the treatment of sediments, fermented palm wine
supplemented with Tween 80 was used. This Wwasauseit offers a more feasible
option in the treatment of sedimes due to difficulties that would be encountered in

growingthe fungus-P. ostreatusn aquatic conditions.

The aimof the study in this chapter was to assess the application of mycoremediation
for the treatment of different soil types and sediments cantinated by petroleum in

the Niger Delta, Nigeria.

6.2 Methodology

Threetextural soil types of loamy, sandy and clay, contaminated by petroleum were
sampled at €0.15m soil profile depth fronthree different locations in Ogoniland, Niger
Delta, NigeriaBSI ISO/DIS 184@03, 2016). The locations were Ogal244996 N,
0532999 E), Gio (0304418 N, 0519421 E) and Bodo (0305325N, 051008Qt&Rl
properties of the soils were first assessed onsite by hand feeling and ribbon method
(Whitinget al.,2014; @lleyet al.,2018) and later determined witlaser density particle

size analyser LS 13 (Yana@l.,2015; Yangt al.,2019). Petroleuntontaminated river
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sediments were also collected from Gio (0304429 N, 0519401 E) and Bodo (0307283 N,
0509572 E).

The soils were separately treated witR. ostreatususing the application method of
mixing the substrates anthe funguscombined with layering the substrates and
mushroom on top soil described in section 4.2.4. Treatment of the sediments was
carried out usig a combination of Tween 80 and fermented palm wine frBhas

guineensisAll treatmentswere carried out inglasshousdor a period 0f90 days

Samples were collected at the beginning of the study (Rideays) and after 3 months

(90 days) and anaed for TPHs and remediation efficiency evaluated.

6.3 Results

Highconcentrationsof TPHs were observed in the soil samples from Ogoniland, Nigeria
(Table 6.1)The hghest TPHs contamination of 525 g/kg dry weight of soil was found in
clay soil. This as followed by loamy soil (213 g/kg dry weight) then sandy soils (121 g/kg
dry weight of soil).P. ostreatusexhibited significant remediation efficien€p=0.000)

on each of the contaminated soils types of loamy, clay and sandy compared to controls.
Remaliation efficiency of thdunguswas found to be 100% on loamy soils and clay soils
and 81% on sandy soils after the 3 months treatment period. A comparison of the
remediation efficiency olP.ostreatuson the Niger Delta soils with those of Tibshelf, UK
(Chapter 4) revealed an increase of over 16% for loamy soil, 15% for clay soil and a
decreased of 4% for sandy soil.

Table 6.1:Remediation efficienc. ostreatuson petroleumcontaminated loamy, sandy and

clay soils from Ogoniland, Niger DelResults a& given as meatt standard deviation’(). The
soils used for this study were amended with cow manure. Sample size, n= 18

Coordinates Levels ofTPHqg/kg dry weight of soil)

Samples/ N E Sample | T=0 Months) T=3Months %Reduction | P-VALUES

Treatment locations (@ 95% ClI) of
T3 Values
against TO

P. ostreatuson | 0294996 | 0532999 | Ogale 2128+4.09 Below 100.0 0.0000

loamy soil guantification

limit (BQL)

P. ostreatuson | 0304418 | 0519421 | Gio 120.6+ 2.96 23.20 £ 0.95 80.76 0.0000

Sandy soil

P. ostreatuson | 0305325 | 0510090 | Bodo 525.0+11.75 2.47 + 99.53 0.0000

Clay soil 0.25
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For the sedimentghe concentrationrange ofTPHdrom the 2 locations ws297to 346
0/Kg dryweight Sediments from Bodo had highewncentrationof TPHscompared to
those of Go. A combination of TweeB0 and fermented palm wineyielded a
remediation efficiency of ®bafter 90 daydor river sediments from Gio. For sediments
collected from Bodo, a remediation efficiency d8% was obtained. There was no
significant difference étween the remediation efficiency of the methdadr removal of

TPHdrom the 2 locations.

Table 6.2Remediation efficiency dhe combination of Twees80 and fermented palm wine on
petroleumcontaminated river sediments from Gio and Bodo communitiesgar@and, Niger
Delta, NigeriaResults are given as meastandard deviation'(). The sediments were amended
with cow manure. Sample size, n=12.

Sampling point| Sample TPH (g/Kg dry soil)
description

TO T3 % remediation

0307283 N, Bodo sednent | 243.4 + 56.64 Below quantification | 100.0

0509572 E limit (BQL)
0304429 N, Gio sediment | 369.1 + 14.16 BQL 100.0
0519401 E

6.3 Discussion

6.3.1Remediation efficiencyP. ostreatuson petroleum-contaminated loamy, sandy

and clay soils from Ogoniland, Nigeria

The concentration of TPHs in the soil types and sediments observed in this chapter
varied from120to 525 g/Kg dry sailThe wariations inthe TPHsconcentrationat the
different sampling points and soils types from Ogonilandaigely due to their
respecive distances from contamination source. Some of the samples were collected
from points of direct impact while others were obtained some distances away from
contaminant sources. The range of values in this chapter-§2%0g/Kg dry soil) are
comparable tahose in chapter four (15@50), chapter five (28@00) andhe 420g/kg
reported by Kimet al. (2019). The closerange inthe concentrationsof TPHs in chapter
five is due to the fact these samples came from one bulk of silty loam obtainedlieom

sane location.

121



Issues of crude oil contamination are frequent in Ogonildteldt al.,2013; Lindén &
Palsson, 2013Most oil spill sites have remained untreated for decades and new cases
are also reportedEmoyan, 2008)The hghconcentrationsof TPHs otained in the soils

from Ogoniland in these studies may be due to recurring episodes on same locations
with cumulative effects. Timely treatment of contaminated sites would help reduced
cumulative effects of thesecontaminants, prevent leachingand trangort of
contaminants to other locations and biological systeifise hghestconcentrationsof

TPHSs wre observed on clayey soils, followed by loamy, then sandy soils. Clay soils have
smaller particles$chapekt al., 2019) The cohesive and adhesion propes of clay

soils are also higher compared to other so®@mehchiyaret al.,2007).Thus, crude

oil contaminants are more tightly bound to the clay particles than in other soil types
(Renet al.,2019).

The observed remediation efficiency®f ostratuson the different soil types of loamy,

clay and sandy from Ogoniland, Nigeria was in the order loamy > clay > sandy. Loamy
soil is a mixture okand, clay and siparticles inequal or nearly equal proportion
(Meleroet al.,2006). This allows for egslistribution of soil particles, contaminants and
fungalmycelia. The ease of contact of tfengal mycelia with contaminants accounts

for increased efficiency of remediation in the loamy soil. Clay soils are very sticky and
dense (Mitchell & Soga, 2005)he aldition of organic manure loosens the clay particles
and allows for penetration dfingalmycelia for remediation (Aggelides & Londra, 2000).
The method of mixing the substrates witie fungalspawns with soils combined with
layering further looses the aggregated particles and creates more room for contact of
the mushroom mycelia with petroleum contaminants resulting in increased remediation
efficiency. Soil particles are loosely heldamdy soils Sandy soils also halarger pore
spaces.The aldition of organic manure binds the sandy particles €Yuwal., 2012).
Further mixing of the substrates artie fungusP. ostreatuswith the soil can result in
sandy particles and the contaminant molecules being further part from contact with the
mushroommycelia. Thus, the observed trend in the remediation of efficiency.of

ostreatuson the different soil types.
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A comparison ofhe remediation efficiency ofP. ostreatusn petroleum-contaminated

soils from Tibshelf, UK with those of Ogoniland, Nigedaealed that methods
developed with the soils from Tibshelf, can be reliably applied to soils in the Niger Delta,
Nigeria. This finding is beneficial foture research. During the study, conditions were
replicated to representhosetypical of the NigeDelta, Nigeria with temperatures at
15-25°C and watering conditions. The study also utilised conventional petreleum
contaminated soils, soils amendment with cow manure araswarried out under
unsterilized conditions. These would allow for easy applicatiof the methods either

in situ or in bioremediation plants.

Application ofP. ostreatusdy method of mixing palm substrates and thegalspawn
combined with layering the substrates and spawn on topsoil yielded significant
efficiency on all the soil pes from Ogoniland. These demonstrated tlrfatostreatus

can be used for treatment of petrolewweontaminated soils in the Niger Delta region of
Nigeria. The soils in this study were conventional petroleagntaminated soils from
sites within the NigebDelta. Therefore, this technique would be ideal for treatment of

petroleumcontaminatedsoils in the region.

6.3.2Remediation efficiency of fermented palm winsupplementedwith Tween-80

on petroleum-contaminated sediments from Gio and Bodo communities in

Ogoniland, Niger Delta, Nigeria.

The concentration ofTPHs in sediments of Gio and Bodo, further confirmed the
precarious situation of Ogoniland environments curtesy of petroleum contamination.
UNEP (2011), reported that soil, air and water as well as unoleng water in
Ogoniland, Nigeria are impacted by petroleum contamination. The restiti®study
hasalso revealed that river sediments in the area are equally impacted. Possible sources
of river contamination in the area include oil bunkering and dlegfining of petroleum
products and transportation of such along the Oglamd waterways(lte et al., 2013;
Lindén & Palsson, 2013). Others include failed oil facilities of petroiedustry, which

had operated in the area. Such facilities includewsll heads, flow stations and
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pipelines(Emoyan, 2008 he hghconcentrationof TPHSs in river sediments of the area

implied possible bio transfer geafoodwhich is a major product of the area.

The problem of contaminated river sediments affects tgwwth and metabolic
activities in aquatic lives. Carmanal.(1995) stated that marine organisms have several
mechanisms of adapting to higlencentrationsof contaminants. Thus, toxic substances

in petroleumcontaminated sediments can be accumulated evtime and bie
transferred in high amounts into biological systems. The effects could be pathological

for both plants and animals.

Combining fermented palm wine with Tween 80 significantly redukedoncentration

of TPHs in contaminated sediments tdexel below the limit of quantification. This is
significant for the study because palm wine is one of the abundant resources of the area
(Williamson, 1970). The technique of using fermented palm wine is also easy to apply.
The potential of utilising ferented palm wine for remediation ofetroleum
contaminatedsoils and sediments could also boast the economic lives of the rural
people in the area who would engage more thre cultivation of palm trees and
production of the juice. Because fermented palm &is a plant juicethe resultmay

also applyto other fermented plant juiceThere istherefore the potential of using other
fermented plant juice such as fruit juice for treatmentpaftroleumcontaminatedsoils.

This requires further investigation.

Owerall, combining fermented pan wine and Tween 8Will offer a good option for
remediation of petroleum-contaminated sediments with respect to cost, resource

availability and time taken to achieve remediation.

6.5 Conclusioa from chapter six

The investjation has demonstrated that both soils and sediments of Ogoniland have
been impacted with higltoncentrationof TPHs from crude oil sources. The range of
TPHs values in soils and sediment of the area was from 5% in controls soils to over 50%
of TPHs perdldry weight of soils in contaminated sites. The study has also revealed that
P. ostreatuscan be used for remediation opetroleum-contaminatedsoils in both

temperate and tropical climatesThis chapterhas further demonstrated that
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remediation options dveloped using petroleursontaminated soils from Tibshelf, UK
can be applied to different soil types and sediments in the Niger Delta, Nigargall,
mycoremediation can provide a reliable technique for the claarof contaminated
soils and sedimentsThe findings of this chapter further indicate the prospect of

fermented plant juice in the treatment of petrolewgpontaminated soils.
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Chapter Seven

Assessment opetroleum-contaminatedsoils usingcrude oil standardsandthe
biomarker canpoundsdodecane, andenzenel,3-bis(1,tdimethylethyl)

7.1 Background information

Analysis ofpetroleum-contaminated soils isachieved bytechniqueswhich involve
extraction of Total Petroleum Hydrocarbons (TPHSs) prior to instrumental andlyss.
instrumental analysis itself employs analytical standards tloe calibration and
guantification of TPHs (Abbasi & Keshavarzi, 2019). A number of commercial TPHs
A0FrYyRIFINRA INB [ gFrAflofSd |1 26SOSNE (GKS&S
reagents ad must be ordered when required. Analytical standards are relatively
expensive and sometimes times difficult to come by. The acquisition and delivery
process of these standards can cause delagtseianalysis and evaluation of TPHs, even
when the analytal equipment is availabldeHarmseret al., 005) reported that with
current TPH standards as reference points, further developments in analytical standards
can be achieved for monitoring of petroleum contaminants in environmental matrices.

Therefore, inestigation for alternatives standards for T&4halysis is highly desirable.

Petroleum biomarkers are utilised in the oil industry foraliland oitsource correlation,
identification of organic matter type, depositional environmeahd degreeof therma
maturation and extent of biodegradation of crude oils (Peters & Moldowan, 1993;
Peterset al.,2007). Biomarker analysis can provide reliable evidence for spilled crude
oils and petroleum products archncorrelate to suspected sources (Han and Clement,
2018; Walterset al., 2018).Biomarkers classes used in petroleum analysis include n
alkanes, aromatics, isoprenoids, porphyrins, hopanes, siichnes (laret al., 2003).
Because these compounds persist in oil spills, refinery products and archaeological
artefacts, they can be used to identify stratigraphic origin, migration pathways and
associated environmental conditions prevalent during the formation and alteration of
existing petroleum deposits (Frysinger & Gaines, 2001; Wang, Stout and Finggs, 2006
Vane et al., 2011). Lerchet al. (2018) stated that petroleum formed under different
geological conditions and ages may exhibit different biomarker fingerprints. Thus,
biomarker analysis can effectively discriminate petroleum substances from different

soures.
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Information on concentrations of biomarkers can relate to a quantitative measure on oil
spill investigations (Yareg al.,2010; Wang, Stout and Fingas, 2006; Sedl.,(2000).
Bouchardet al. (2018) reported that the use of biomarkers for monitay remediation
LINEPAINBaa 2FFSNA | LINRPOS&aamalISOAFTFAO | yR
contaminant removal. Henceising petroleum biomarkers for oil spills quantification

and evaluation of remediation progress can afford alternatives for evaluatidioth

contamination levels and risk facwr

However, there seems to be limitetumber ofstudies relating petroleum biomarkers

to the quantification of oil spills orthe evaluation of remediation programs.
Development of methods, which can correlatencentrations of biomarkers witthat

of petroleum contaminants in soils can provide options for quick and easy monitoring of

petroleum contaminants and remediation processes.

Thus, the studyin this dapter was carried out tcexplore alternatives forthe quick
assessment gbetroleum-contaminatedsoils that can complement those involving the
use of commercial TPHs standardibe outcome can providesadily available options
for assessment dahe concentrations of TPHs soils particularly irthe monitoring of
remediation programsTheinvestigatons here evaluatethe prospects of using crude
oil from contaminating sourcesand biomarker compounddound in both the
contaminating crude oil, and the contaminated sdir assessment of TPHs

concentrationsn soils.

Hence, the study in this chapter can be summarised into two parts. First, the
contaminating crude i was usedas analytical standardor evaluating TPHs
concentration in soiln comparison to commercial TPHs standaiidsgs was followed by
another investigation for possible biomarker compounds that can be used to evaluate

TPHSs concentratiain soils.

7.2 Methodology

Petroleum contaminated soils were collected from a site at Tibshelf, Derbysinide7
other sites in Ogoniland, Niger Delta, NigetUncontaminated soils (controls) weatso
collected fromthree sites at Brackenhursthe site at Tibshelf, United Kingdom and 2

sites in Ogoniland, Nigeri&lasshouseemediation treatments were carried out on
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petroleumcontaminatedsoils from Tibsélf as discussed in Chapter 4. Phytod myce

remediation agents used for the remediation are also as reported in chapter 4.

7.2.1 Sample preparation and analysis

Soil samples were prepared for analysis as discussed in Chapberaction of TP&in
samples was carried out usingracrowaveassistecextraction with a Milestone MA182
001 ETHOS UP Microwave system, using aadelone ¢ heptane mixture (USEPA
METHOD 354@untet al, 1999).TPHsand biomarker standards were prepared as
stated in 1SO/T965582:2015(E) and ISO 18287:2006(®&)d reported in sections
3.5.2.1, and 3.5.2.3espectively.

Sample extracts, TRHcrude oil and biomarker standards were all analysed in-#SC
according to ISO 13859 (2014).-S conditions are listed ihable 42.

7.2.2 Utilising contaminating crude oil as standard for evaluating concentrations of
TPHSs in soils

This sectiorwasset to evaluate the possibilitysingthe contaminating crude ibas an
analytical standard in comparison to commercially available BRiftislards.This would

help provide alternatives in events of unavailability of commercial TPHs standards.

7.2.2.1 Preparation ofthe crude oil standard

Crude oil samples were collected from the 2 locations associated with the soil sampling
points: (1) Tbshelf, Derby, UK and (8io, Ogoniland, Nigeridhe crude oil standards
were prepared as follows given mass of oil was weighed out and dissolved im[LOf
n-heptane (Table 7.1). The solution obtained was filteredetboveundissolved solids.
Massof the residue was determined and subtracted from the initial mass of the crude
oil to determinethe actual mass of the oil in solution. From this, the concentration of
this stock solution of crude oil in heptane was determinednifligram per liter(mg/I)
(Table 7.1). Calibration standards of 8000, 5000, 2500, 1000, 500 anddiDOf the

crude oil concentrations were prepared by serial dilutions of the stock solution (Table

7.2).
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Table 7.1Preparation of stock solutions of crude oil standard

Derby (UK)Crude oil Nigeria Crude oil
Initial mass of crude oil 1.8509g 1.875¢g
Mass of residue after dissolution and filtratiq 0.709 g 0.651¢g
Actual mass of crude oil in 10ml otheptane | 1.152g 1.225¢g
solution
Initial concentrations of crude stockolution | 115,000mg/I 123,000mg/I|
in mg/|

Table 7.2:Preparation of calibration solutions of crude oil standard from stock
solutionsin mg/I

Derby (UK)Crude oil Nigeria Crude oil
Calibration | Volume | Volume of| Total Volume | Volume of| Total
solutions | of stock| solvent(ml)| volume | of stock| solvent(ml)| volume
(mgll) (W) (ml) (i) (ml)
using @Vi
=GV2
8000 695.7 | 9.300 10.00 | 650.4 | 9.350 10.00
5000 3125 1.880 5.000 | 3125 1.880 5.000
2500 1563 3.440 5.000 | 1563 3.440 5.000
1500 837.5 | 4.160 5.000 | 837.5 | 4.160 5.000
1000 625.0 | 4.380 5.000 | 625.0 | 4.380 5.000
700 437.5 | 4.560 5.000 | 437.0 | 4.560 5.000
500 312.5 | 4.690 5.000 | 312.5 | 4.690 5.000
300 187.5 | 4.810 5.000 | 187.5 | 4.810 5.000
100 62.50 | 4.940 5.000 | 62.50 | 4.940 5.000

7.2.2.2Quantification of TP usingthe crude oil and TPHs standards

The nmethod ISO/TS 16558 (2015) was used fdhe quantification of TPHs using both
the crude oils ad commercial TPHs standards (TPHs-C40 and TPHgasoline diesel
range). Boththe TPHs and crude oil standards were diger the estimation of TPHs
concentrationsin samples.The espective crude oils were also used to assess TPHs
concentrationsn associated soils (i.e. crude oil from Tibshelf was used for soil samples

from Tibshelf while those from Nigeria were used $oil samples from Nigeria). Initial
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calibration of the instruments, followed by evaluation of the concentration of the TPHs,

along with calibration verificatiowascarried out. Chromatograms of the crude oil and

commercial TPHs standards are given intféigul, Figure 7.2, Figure 7.3, Figure 7.4 and

Figure 7.5. Calibration functions for each of the standards are given in Figuré.¥06
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Figure 7.1.Chromatogram of commercial TPBtandard over a range @10C4Q The
names of individual peaks arevgn in table 7.2b

Table 7.2bNames of individual peaks in Figure 7.1

No of carbon atoms Names of petroleum hudrocarbons in Figure 7.
C10 Decane

C12 Dodecane

C16 Hexadecane
C18 Octadecane
Cc20 Eicosane

C24 Tetracosane
C26 Hexacosane
C28 Octacosane
C32 Dotricontane
C36 Hexatricontane
C38 Octatricontane
C40 Tetracontane
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7.2.3 Utilising petroleum biomarkercompoundsfor evaluating TPHs concentration in
soils

This section was carried out to further investigate possible relationship between
concentration of certain biomarker compounds present in the contaminating crude oil,
and the contaminated soil, and theifPHs concentrations. This could also provide

alternatives for a quick evaluation of TPHs concentration in soil samples.

Thus, in the following subsections, the crude oil and soil samples were investigated to
identify biomarker compounds common to the comaating crude oil, and the
contaminated soil sampledhis was followed by statistical analysis to assess possible
NBflFidA2y 06S06SSYy (GKS ARSYGATASR 0A2YI NS
crude oil and the soil samples.

7.2.3.1 Identification of the biomarker compounds

From the chromatograms of the sample extracts and crude oil sangblizsned from
section 7.2.]1 searches were conducted peak by peak for different classes of
hydrocarbon biomarker compounds expected in petroleum napeiurated straight

chain, substituted aromatic andsubstituted cyclic (noraromatic) (Wang, Stout and
Fingas, 2006;Peters et al., 2005. Common occurrence of the peaks on the
chromatogram of sample extracts and crude oil samples was also considered in making
this decision. Compounds identified within the various classes are listed in Table 7.3.

One representative compound was later selected from each of the classes based on
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structure and toxicity references (ISO 11504:2017). These compounds were then
monitored fa consistency in retention time among sample extracts (at T=0), and the
standardised crude oil. From this, certain marker compounds were finally selected
(Table 7.4). Only 2 of these compounds could be chosen as marker candidéies
choice of the compoods was because tlyewere consistently present at different
concentrations of the crude oil and soil samples. Another reason was because their
standards were also readily availablhe compounds were dodecane (aliphatic) and
benzene 1,3bis(1,dimethylehyl) (aromatic). The marker compounds were confirmed
by running standard solutions of the compounds independently, mixed standards (of the
markers compounds) (Figure 7.11, Figure 7.12 & Figure 7.13) and as spikes on the crude
oil concentrations of 100700 and 1000mg/l. The mass spectra and retention times of
the marker compounds in the standards, crude oil and soil extracts were compared and

confirmed according to methods of USEPA 8270E.

Table7.3: Compounds identified within the various classes of hgdrbon in the
crude oil

Retention time (mins) Compound Match %
10.315 Dodecane 40
11.064 Benzene, 1,dis(1,1dimethylethyl) 81
11.774 Tridecane 41
12.789 Dodecane 2,6,1@rimethyl 27.5
13.147 Tetradecane 32
14.436 Pentadecane 26.6
14.532 2,4ditertbutylphenol 42.2
15.650 Hexadecane 26.4
16.009 tert-hexadecanethiol 10.4
17.897 Octadecane 19.3
19.929 Eicosane 26.9
21.625 17-pentatriacontene 28.3

Table7.4: selected representative marker compounds in the crude oil

Marker Structure of compound Campound identified
1 Saturated straight chain Dodecane (GHze)
2 Unsaturated straight chain 17-pentatriacontene (&sHro)
Benzene, 1,3is(1,kdimethylethyl)
3 Substituted Aromatic
(CiatHe2)
4 Substituted Cyclic (nearomatic) Tridecane, &yclohexy (GoHss)
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7.2.3.2 Quantification of marker compoundsdodecane and benzen&,3-bis(1,
dimethylethyl)

Methods of 1ISO 13859(2014) and USEPA 8270E were used for quantification of the
marker compounds. Initial calibration of the instruments followed by evaluation of the
concentration of the marker compounds alowgh calibration verification were carried

out. Calbration curves for dodecane and benzeb@-bis(1,1dimethylethyl) are shown

in Figure7.12 and7.13.

7.2.3.3 Utilising the biomarkersdodecane and benzené,3-bis(1,l-dimethylethyl) for
monitoring of petroleumcontaminated and remediated soils.

Concentraions of the biomarkersdodecane and benzerg 3-bis(1,kdimethylethyl)

were monitored in the soils sampled in the UK along with their TPHs contents. The soils

were:

U Petroleum contaminated soils from Tibshdlferbyshire, UK

U Remediation teatments on etroleumsoils from Tibsheliising the agents
described in chapter 4

U Control soils from Tibshelf

U Uncontaminated soils from 3 sites at Brackenhurst, UK.

Concentratios of the biomarkers were also monited at different concentrations of
the crude oil preparedThese concentrations were related to TPHs contents of the soil.
The atio of dodecane to benzenrg,3-bis(1,2dimethylethyl) was also evaluated and

related with TPHs contents of contaminated, controls and remediated soils.

7.2.3.4Assessment of petroleuntontaminated soils in Ogoraind, Nigeria usingrude

oil standard and the biomarkerslodecane and benzeng,3-bis (1,Xdimethylethyl)
TPHs concentrations were determinedpatroleum-contaminatedsoils, controls soils
and crude oil samples from differefdcations in Ogoniland, Nigeria using both $PH

gasolinediesel range standards and the standardised crude oil.

Concentrations of the biomarkexdodecane and benzerk 3-bis (1,kdimethylethyl)
were al® determined in these petroleumontaminated soils,antrols soils and crude

oil samples from the Niger Delta, Nigeridne elationship between ratio of dodecane
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to benzenel,3-bis (1,tdimethylethyl) and the TPHSs in the Nigerians sample was also

evaluated.

Resultsof the commercial TPHs standard, crudiésiandard and the biomarkers were
used to comparatively assess concentrations of TPHs in soil samples from contaminated

hotspots in Ogoniland, Nigeria

Resultsof the concentrations of the petroleum biomarker compound®decane and
benzenel,3-bis (1,tdimethylethyl) was also further used to evaluate TPHs

concentration in different soil samples.

7.3 Results

A general observation revesad lower values ofTPHsobtained with TPE C106C40
standard when compared to TRjdsolinediesel and the crude oitandard(Table 7.5)
TPHsralues obtained by TPghsolinediesel range standard eve also observed to be
generally higher than those by the crude oil standard. Positive correlation was observed
for TPHs/alues obtained bpoth TPHgasolinediesel and the iude oil standard (Figure

7.14).

For monitoring of remediation efficiency in treated soils, simgarcentage reduction
in TPHs concentrationsere observed with all the standards (Table 7.5, Figure 6.16).
There was no significant difference in % redomictof TPHs obtained by used of either

TPHs C1C40, TPHs Gasolidéesel range or the crude oil standard (Table 7.6).
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Table 7.5Comparative analysis of TPHSs in soils of Tibshelf, UK using crude oil stamalafFdshelf, Derbyshire, UKndcommercial TPHs standard

(gasolinediesel range & C1Q40). Values are given as meami standard deviag y . 8ample size (n=198¥ellowcoloured columnsre used to
indicate similarity in reduction of TPHs measurement for all the standards.

Levels of TPHs (g/kg dry weight of soil)

Conecentrationsof TPHs (mg/kg dry weight of soil) usin|

TPHs standar§Gasoline Diesel range)

Conecentrationsof TPHs (mg/kg dry weight of soll
using TPHs standard (CI10)

Conecentrationof TPHs (mg/kg dry weight of soil) using crud

oil as standard

Samples/Treatment

T=0 (MONTHS)

T=3 MONTHS

% REDUCTION

T=0 (MONTHS)

T=3MONTHS

% REDUCTION

T=0 (MONTHS)

T=3 MONTHS

% REDUCTION

UNCONTAMINATED S(
SAMPLES

18.18 + 1.63

11.71 £ 0.46

35.60

2.200+0.20

1.420 + 056

35.84

7.630+£0.73

4.750+£0.20

37.78

Untreated petroleum
contaminated soil without
amendment (Control 1)

338.6 £19.12

286.9 £ 29.34

15.27

4147+ 234

3513+ 3.59

15.28

150.4 + 8.52

127.48 £ 13.07

15.32

Untreated petroleum
contaminated soil +
amendment (Control 2)

334.59 + 5.39

238.2+19.19

28.80

40.96 + 0.66

29.16+ 2.35

28.80

148.5 £ 2.40

105.67 + 8.55

28.89

Petroleumcontaminated
soil +Helianthus annus

202.0 £ 9.86

92.38 +1.52

54.28

13.43+£0.293

561+ 0.09

58.20

87.29 £4.39

38.43 £ 0.682

55.97

Petroleumcontaminated
soil +Helianthus sensation

251.9+84.14

117.7 £ 3.85

53.29

14.93 +0.22

7160+ 0.23

52.04

86.36 £ 4.81

38.21£3.79

55.75

Petroleumcontaminated
soil + Helianthus annus|
(sunny dwarf)

148.9 + 18.70

4553 +1.19

69.43

18.20+ 2.29

5530+ 0.14

72.10

64.98 + 8.33

18.79+0.48

71.08

Petroleumcontaminated
soil + fermented palm wing
from Elaés guineensis

276.2+1.60

87.12+7.76

68.46

33.79+ 0.19

10.62+ 0.95

68.57

121.4 +0.69

37.14 + 3.46

69.40

Petroleumcontaminated
soil + fermented palm wine
from Raffia Africana

344.09 £24.94

10.15+1.92

70.49

42.10+ 3.06

1239+ 0.24

70.58

151.62 £11.11

43.57 +0.86

71.26

Petroleumcontaminated
soil +P. ostreatuswithout
substrates

293.6 + 28.92

212.0 £ 26.52

27.80

3592+ 3.54

2592+ 3.25

27.84

129.1+12.88

92.78+11.82

28.15

Petroleumcontaminated
soil + P. ostreatus +
substrates layered onod

132.8 +38.14

53.28 + 8.061

60.13

16.21+ 4.67

6.46+ 0.99

64.71

78.32 £ 0.65

29.87+1.12

61.85

Petroleumcontaminated
soil + P. ostreatus +
substrates mixed with soil{

and layered

204.9 £ 6.08

30.90 + 1.60

84.92

25.05+ 0.75

373+ 0.20

85.18

89.70+ 2.71

12.16 £0.72

86.44

140



Table 7.6:Test of significance and Correlations Analysis in measurement of TPHs using TPHs

gasolineDiesel range Standard and crude oil as standanchl&es are for {est of significance
values obtained by commercial Gasehtiesel standard against the standardised crude oil
standard. Correlation values are also from similar compariSamples siz&=33

ostreatus +substrates mixed with soil

and layered

p-values Correlation | p-values Correlation

Samples/Treatment (@ 95% Cl) @T=0| Coefficient | (@ 95% CI) Coeficient
@T90 days

UNCONTAMINATED SOIL SAMPLES | 0.0086 1 0.0003 1
Untreated petroleurcontaminated soil| 0.0018 1 0.0154 1
without amendment (Control 1)
Untreated petroleuracontaminated soil +{ 0.0000 1 0.0067 1
amendment (Control 2)
Petroleumcontaminated sdi+Helianthus | 0.0010 1 0.0000 1
annus
Petroleumcontaminated soil Helianthus | 0.0014 1 0.0092 1
sensation
Petroleumcontaminated soil Helianthus | 0.0286 1 0.0000 1
annus (sany dwarf)
Petroleumcontaminated soil + fermented 0.0000 1 0.0000 1
palm wine fromElaes guineensis
Petroleumcontaminated soil + fermenteq 0.0045 1 0.0000 1
palm wine fromRaffia Africana
Petroleumcontaminated soil + P.| 0.0132 1 0.0285 1
ostreatuswithout substrates
Petroleumcontaminated soil  + P. | 0.0000 1 0.0003 1
ostreatus +substates layered on soil
Petroleumcontaminated soil + P.| 0.0001 1 0.0009 1

For the biomarkers, while the ratio of benzefg-bis (1,1-dimethylethyl) to dodecane

decreased as remedian progressed, the reverse was observed for that of dodecane

to benzenel,3-Bis(1,tdimethylethyl). Same observation was obtained in the varying

concentrations of the crude oil samples (Tablé).7Ratios of dodecane to benzefe3

Bis(1,xdimethylethyl)in different concentrations of the crude oil samples decreased

with increasing concentrations while that of benzeh@-bis(1,kdimethylethyl) to

dodecane increased.

Statistical analysis usingaired T-test for test of significance revealed a significant

difference in the ratios of benzend,3-bis(1,2dimethylethyl) to dodecane obtained in

crude oil samples from Tibshelf, UK and thoserfiOgoniland, Nigeria (Table Y..8
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Tables 7.7 Ratios of the biomarkerglodecane and benzerg 3-bis(1,kdimethylethyl) in
petroleum contaminagd soils from Tibshelf, UK during remediation treatments with some
phyto- and myceremediation agentsSample sizen= 33

Ratio of dodecane to Ratio of benzenel,3
benzenel,3-bis(1,* bis(1,kdimethylethyl) to
dimethylethyl) dodecane to
Soils samples T=0 T=3 T=0 T=3
Months Months
Uncontaminated soils 1.16 1.26 0.86 0.79
Untreated petroleuracontaminated soil without| 0.47 0.53 2.13 1.89
amendment (Control 1)
Untreated petroleumcontaminated soil + 0.61 0.72 1.64 1.39
amendment (Control P
Petroleumcontaminated soil Helianthus annus 0.59 1.60 1.69 0.63
Petroleumcontaminated soil Helianthus sensation| 0.48 1.35 2.08 0.74
Petroleumcontaminated soil +Helianthus annusg 0.48 2.32 2.08 0.43
(suuny dwarf)
Petroleumcontaminated soil + fermented palm win| 0.34 1.92 2.94 0.52
from Elaeis guineensis
Petroleumcontaminated soil + fermented palm win| 0.61 2.07 1.64 0.48
from Raffia Africana
Petroleumcontaminated soil P. ostreatuswithout | 0.68 0.80 1.47 1.25
substrates
Petroleumcontaminated soil + P. ostreatus + 0.54 2.01 1.85 0.50
substrates layered on soil
Petroleumcontaminated soil + P. ostreatus + 0.34 2.54 2.94 0.39
substrates mixed with soils and layered

Table7.8: Comparison ofatios of benzenel,3-bis (,1-dimethylethyl)to dodecandn crude oil
samples from Tibshelf, UK and Ogoniland, Nig&aanple sizen=30.

Crude oil concentrations | Ratio of benzend,3-bis(1,tdimethylethyl) to
(ppm) dodecane
Crude oil from Crude oil from Ogoniland p-values for ftest of means of ratio
Tibshelf, UK Nigeria of benzenel,3-bis(1,kdimethylethyl)
to dodecane in Crude oil from
Tibshelf, UK against Crude oil from
Ogoniland, Nigeria
500 504.56 X 10 1000 X 16 0.021
1000 536.58 X 10 870.0 X 16
2500 552.20X 16° 1240 X 16
5000 622.24 X 10 1838 X 16
8000 756.34 X 10 2378 X 16

7.4 Discussion

7.4.1 Assessment of petroleunrtontaminated soils and remediation progress using

the crude oil standard

Similarity inthe concentrationsof TPHs in antaminated soils obtained by both

commercial TPHs and tlceude oil standards demonstrated that the crude oil standards
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can be used to estimate TPHs levels in soils. This is further supported by similar
percentage remediation efficiency obtained by usamy of the standards. A look at the

GC chromatogram of the commercial TRjdsolinediesel range standard and that of

the crude oil standard (Figure 7.2, Figure 7.3) revealed similar distribution patterns of
the components. Therefore, the crude @tandad can pick up signals of TPHs
components within same rangm which the commercial TPHs standard does. The
commercial TP¥gasoline diesel range standard is prepared by a 1:1 w:w mixture of neat
diesel and mineral oil in 95 %hexane (limzhanovaet al., 2016). These are typical
components of crude oil, hence the observed similarities in TPHs measurements

obtained by both the crude odtandardand the TPHgasolinediesel range standard.

Michelsen & Boyce (1993) reported that commercial TR@Esolinediesd range
standard has the advantage of accounting for a wide range of petroleum hydrocarbons
in environmental matrices. He however stated that many of the commercial TPHs
standards were developed for targeted contaminants at particular contaminated sites.
Therefore, these standards may not be very suitable for other sites. The use of crude oil
from contaminated sources for evaluationtbie concentrationsof TPHSs in soils would
offer the advantage of specificity in addition to availability. Yatgal. (2015)
demonstrated that the use of TPHs standards can account for risk assessment of
petroleum contaminated sites. Similarity in remediation efficiency obtained by both
standards indicated that the crude oil standard can also give a measure of toxicity index

in the remediation process.

TPHs C1C40 standard consists more of individual hydrocarbon components in the
range of C1€C40 (Figure 7.2). Therefore, many components contaminants of crude oil
mix Eganhouset al.,1993) may be overlo@d using this stadard. This accounts for
the relatively lower quantification values of TPHs observed with the TPHEAL0

standard compared to the crude oil and TRjdsolinediesel standard.

Although TPHs values obtained by the crude oil standard in this study whdrtyslig
lower than those with the conventional TRjdsolinediesel standard, the values are
comparable to those reported by Salanigbal. (1997) using TRHtandard. The crude
oil standardyielded values for % reduction in TPHs during remediation studyhwieere

in agreement with those obtained by botthe TPH C1€40 andgasolinediesel
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standard. Thus, using the crudd standardis reliable. This finding revealed that the
crude oilstandardcould provide a better measure of TPHs contaminants emanating
from contamination crude oil compared to TPHs {CHD standard but less than those

of the gasoline diesel standard, thereby discriminating residual soils hydrocarbons.

Positive correlation both in the values of TPHs and percentage reductions of TPH for all
the standards (Table 7.5, Table 7.6, Figure 7.14), indicated th#tithe standards can

be used either qualitatively or semuantitatively for evaluation of soils TPHs
concentrations especially during remediation programOverall, thesefindings
demaonstrated that crude oil from a contaminating source can be used as analytical
standard for evaluation of contamination levels and remediation progress of TPHs in
petroleum contaminated soils. The outcome would aid daquick evaluation of TPHs

contents insoils in events of unavailability of commercial TPHs standards.

7.4.2 Assessment of petroleurtontaminated soils using the biomarkerslodecane
and benzenel,3-bis(1,kdimethylethyl)

Benzenel,3-bis(1,tdimethylethyl) has a molar mass of 190 g/mol, gs@dability of
24.98x1@*cm?and heat of vaporization of 83 kJ/mol and is practically insoluble in water
(IVerschueren2001) Dodecaneon the other hand has a relatively lower molar mass
of 170 g/mo| anda solubility of less than 1 mg/mL at 77°F.l8#oahas a lower heat of
volatilisation of 62 kJ/mol at 2& Kertes, 1989)The ligh ratios of benzene 1;Bis(1,%
dimethylethyl) to dodecane in the contaminated soils illustraégueferential retention

of the less volatile component in the soils. Tkiprobably because len soil pores are
saturated with petroleum contaminants, the more hydrophobic molecules are
sequestered within soil pores and become less available or exposed for reGoualns

et al. (1999)reportedthat during soil contaminatiorthe less hydrophobic components
are easily moved downwar@otrufoet al. (2003) stated that aromatic compounds and
their derivatives have better tendencies to form associations in soils and become matrix
stabilized by bonding with mineralrhus in this @ase, dodecane is comparatively more
available to be lost to air and other agents.the course of remediation, many of the
side chains of benzerk 3-bis(1,tdimethylethyl) are broken off, and one of these could
recombine to form straight chain compoundsder favourable conditions thus the

increased concentration of dodecane.
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Furthermore, microbial degradation of benzene ring can occur in soil by aerobic or
anaerobic processeLpateset al., 2001; Vogtet al., 2011). This can be achieved by
bacteria, fungi or yeasts (Evans, 1963; Evans & Fuchs, 1@B8¢lative microbial
degradation of benzene occurs with different electron acceptors (TaB)e Anaerobic
benzene oxidation bfpecholoromonaand other soil microbes have also been reported
(Boydet al.,1983; Cerniglia, 1984)The products of such degradations include smaller
aliphatic fragments andadicals, whichcan initiate additive reactions with other

fragments to increase dodecane concentratiowsdtet al.,2011).

Table 79: Stoichiometric equtons for benzene oxidation with different electron
acceptors Adapted fromvogtet al.,(2011)

Electrons acceptors Stoichiometric equations

oxidised/reduced

CQ/CH GHs + 6.75HO _ 225HC® + 3.75CH + 225H

SQ" S GHe + 3HO + 3.75S@'*_ 6HCQ@ + 1.875HS +
1.875HS + 0.375H

FelFe GHs + 18HO + 30F& _ 6HCG + 30F& + 36
H

NGs /N2 GHs + 6NQ _ 6HCG@ + 3N

NGs /NOy GHs+ 1I5N@ + 3HO . 6HC@ + 15NQ + 6H

Clq /CI GHs + 5CI@ + 3HO . 6HC@ + 5 + 6H

0,/Hz0 GHe + 75Q + 3HO _ 6HC@ + 6H

The observed arrelation in percentagereduction of TPHs and the ratios of the
biomarker compounds demonstrated that these ratios can be used for qualitative
evaluations of the extent of TPHs cantination and remediation progress. Aromatic
compounds inpetroleumcontaminated soils also relate tothe toxicity index of
petroleum Schreineret al., 1996). Therefore, the observed reduction in bena1,3
bis(1,xdimethylethy) to dodecane ratio duringhe remediation treatments further
demonstrated the potential of the agents to reduce toxicity associated with petroleum

contaminants in soils.

Peters & Moldowan (1993) and Petagsal. (2007) stated that biomarker analysis can

be used to discriminate ade oil sourcesLerchet al. (2018) reported that petroleum
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formed under different geological conditions and ages may exhibit different biomarker
fingerprints. The uniqgueness benzenel,3-bis(1,tdimethylethyl) to dodecane ratios

for each crude oil sanips (Table 6.10), established that benzenabis(1,t
dimethylethyl} dodecane ratios can also be used to discriminate crude oil samples from
different sources. This is further confirmed by thegues (0.021) which revealed that
the crude oils are sigficantly different. This outcomdurther signified that the
biomarkers dodecane and benzerg 3bis(1,tdimethylethyl) can be used to

discriminate crude oilsamples.

Variation in ratios of dodecane and benzeh@&-bis(1,tdimethylethyl) observed for
petroleum contaminated and remediated soils can be used to create a pattern for
evaluating petroleum contaminated soils. It was generally observed that the ratios of
dodecane to benzen#&,3-bis(1,tdimethylethyl) were generally igher in soils with
lower corcentration of TPHs (Table 6.8Jhis ratio also increased during remediation
treatment of the petroleum contaminated soils. Hence, dodecarezenel,3-bis(1,
dimethylethyl) ratios can also be used to evaluate soils contaminated with crude oil,
with highe ratios indicating soils with lower TPHs concentration. The converse is also
true. Higher ratios of benzenrg 3-bis(1,tdimethylethyl) to dodecane indicated soils
with comparativehigher concentration®f TPHs. Thus, the biomarkers dodecane and
benznel,3-bis(1,tdimethylethyl) can also be used to evaluate the extent of TPHs

contamination and remediation in soils.

It can therefore be generalised thate ratio of dodecaneand benzene-1,3-bis(1,t
dimethylethyl) can be used to evaluate extenfld?Hs irsoils. Higherratios of benzene
-1,3-bis(1,kdimethylethyl) to dodecane indicates sites with higher TPHs contents in

soils

Also, the atios of benzene-1,3-bis(1,tdimethylethyl)to dodecane can be used to
discriminate crude oils from different sourceghep-values for ratios of benzend,3
bis(1,xdimethylethyl) to dodecane for various concentrations of crude oils from

different sources is statistically significant.

These two findings requires further investigations which are carried out in the

subsetions that follows.
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7.43 Verification of dodecane - benzenel,3-bis(1,:dimethylethyl) ratios for
evaluation of TPHs concentrationms soil

To verify theindings from section 7.2,2he concentration®f TPHs and the biomarkers
dodecaneand benzenel,3-bis(1,tdimethylethyl) were determined in soils samples
collectedfrom 3 locations at Nottingham Trent University, Brackenhurst, UK (Tal@lg 7.1
and 6 locations in Ogoniland, Niger Delta, Nigeria (TabtB.Fburof the locations in
Ogoniland were renoned sites of petroleum contamination while 2 were contrdlae
ratios of benzenel,3-bis(1,xdimethylethyl)to dodecanewere evaluated in the soil
samples and related to their TPHs contents (Tabl6, able 7.1).

Table7.10: Relationship between TPidsncentrationand benzenel,3-bis(1,kdimethylethyl)
dodecane ratios in soils of Brackenhurst, United Kingddamples size=9.

Sampling Coordinate TPHs benzenel,3 Dodecane | benzenel,3 Dodecane
points level bis(1,% (g/Kg dry bis(1,% benzenel,3
(9/Kg dry | dimethylethyl) | soi) dimethylethyl} | bis(1,%
soil) (9/Kg dry sail) dodecane ratio | dimethylethyl)
ratio
BRACK1 53.063624N, 0.962283W | 18.84 27.01 16.79 1.610 0.6200
BRACK2 53.063594N, 0.962282W | 5.96 38.93 45.07 0.800 1.140
BRACKS3 53.063624N, 0.962283W | 14.25 21.92 12.52 1.7%0 0.5700

Table 7.11: Relationship between TPHsoncentrations and benzenel,3-bis(1,%
dimethylethyl}dodecane ratiosn soils of Ogoniland, Nigeri@ample sizen= 18.

LOCATIONY Coordinates TPH by diesel TPH BYXrude oil standard | Benzenel,3-bis (1,1)

gasoline (9/Kg dry weight) dodecane ratio

(9/Kg dry

weight)

SE SE X 16

GIO 030440N, 051939 17.11 0.52 13.94 0.36 0.5704 570.39
OKWALE 032170N,052984% 6.990 157 5.790 1.02 0.6783 678.37
BODO 030473N,05186E 416.8 5.90 5042 7.04 2.8014 2801.43
K-DERE 030884N,051526 E 1611 7.60 1151 4.95 1.30839 1303.97
K-DERE 0308690N,051543& 4.950 0.24 12.27 0.43 0.4609 460.86
CONTROL
OGALE 0294969N,0532977E 5753 12.08 3467 7.21 2.086 2086.91

The investigationavealed thafust like the contaminated soils from Tibshelf, UK, ratios
of benzenel,3-bis (1,1) to dodecane increased with increasing concentrations of TPHs
in soils fromNTU Brackenhurst UK The Brackenhurst sites with relatively higher
concentrationsof TPHsvere associated with vehicular parking or machinery, while the

site withconcentrationof TPHsvas an isolated tree shed.
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For soils fromOgoniland,Nigeria,the ratios of benzend,3-bis(1,tdimethylethyl) to
dodecane again increased with increasiTPHsS concentration. Benzebh@&-bis(1,1
dimethylethyl} dodecane ratios were however relatively higher in the petroleum
contaminated soils from Ogoniland, Nigeria when compared to those from the UK soils.
These observations may be due to high aromatintents associated with Nigerian

crude oils (Jonest al.,1986).

From the result§Table7.11), locationsin the Niger Delta soilwith high TPHs contents
corresponded to those with high benzenie3-bis(1,tdimethylethyl} dodecane ratios.
Same correlabn was also observed for TPHs contents of soils using bothgéBélme
diesel range standard and the crude oil standard. Sites at Ogale, Bododere Kre
historic petroleum contaminated sites. Til@eare reports that theige at kdere hasbeen
treated for remediation yet high concentratioa of TPHs (161 g/Kg dry weight of soil)
were obtained for this locationduring this investigation. Therefore, remediation
programs initiated in the area must be frequently monitored to ensure complete

removal of tageted contaminants.

7.5 Conclusios from chapter seven

The present investigation has demonstrated that crudestéindardand petroleum
biomarkercompoundssuch asdodecane and benzerg 3-bis(1,Xdimethylethyl), can

be used to evaluateoncentrations off PHsin soils.Thesebiomarkerscan also beised

to distinguish crude oil samples from the different sources from Tibshelf, UK and Gio,
Nigeria.The dvelopment of these analytical approaches can provide alternatives for
monitoring petroleumcontaminatal soils as well ashe remediation process. The

methods are also quick, easier and readily available.
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CHAPTER EIGHT
Summary overallconclusions and suggestions for further studies

8.1 Summary

Thefocus of this research was to identify readily avd#abptions for monitoring and
remediation ofpetroleum-contaminatedsoils that can be applied to the Niger Delta,
Nigeria. The research began with a literature search to explore the various options for
the remediation ofpetroleum-contaminatedsoils. Basedn environmentaffriendliness,
costeffectiveness and resource availability; phyemd myceremediation techniques

were chosen for the study.

This thesis consists of eight chapters arranged in progressing order of activitasel
with a general ntroduction in chapter ongchapter twg the literature review and
chapter three the general methodology. Chapters four, five, six and severt gt
the main experiments, results and discussionssfiial chapter provides a summary of

the thesis andhe main conclusions.

After the general introduction and literature review in chapters one and tviapter
three provided a general survey of the methodology employed for soil sampling,
glasshousepreparations, sample collection afteglasshousetreatments, sample
preparations and the analgs carried out in the research. The methods specific to
certain sections of the thesis were discussed in their relevant chapiéws.gneral
approach to the research was identification and samplingeifoleum-contaminated
soils, followed by glasshouse remediation treatments with phyto and myce
remediation agentsSoil samples from Tibshelf, UK were used for the initial phase of the
study and the outcomes applied to different soil types (sand, clay, loam) and sgdime

from the Niger Delta, Nigeria.

The knowledge compiled during the literature review in chapter two was used to initiate
and modify the various methodologies used for the research. For instance, conventional
petroleumcontaminated soils were used for thetudy becauseuchprovided typical
contamination situations. The agents used for remediation were also those with high
tolerance to petroleum contamination and locally available in the Niger Delta, Nigeria.

The phytoremediation agents used for the studglude 3 species of sunflower namely
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Helianthus sensation, Helianthus sunny dwarf and Helianthus apagsogold; and
the fern-Dryopteris affinisMycoremediation agents were fermented palm wine from
two species of palm trees nameliliasguineensisand Raffia africana as well as
Pleurotus ostreatusEach of these agents was used tbe treatment of petroleum-

contaminatedsoils for remediatiorfreduction)of TPHSs.

The research itself consisted fafur main parts reported sepataly in chapters four,
five, sixand seven The first part involved investigating the remediation potential of
sunflower species, fermented palm wine aRdostreatuson petroleum-contaminated
soils. Next, the ability of Tween 80 to enhance the remediation efficiency of the
identified phyto- and myceremediation agents was investigated. This was followed by
utilization of mycoremediation fothe treatment of petroleumcontaminated soils and
sediments from the Niger Delta, Nigeria. The final part involved method development

for assessment of the petroleurmnontaminated and remediated soils.

Results from chapter four demonstrated up to 3¢(Kg dry weight of TPHs in the
contaminated soils from Tibshelf, UK. The highest remediation efficiency among the
agents (84%) waachieved byP.ostreatus The remediation efficiency of the sunflower
species varied according to their biomass with the highest (688&)onstratedby
Helianthus annu@Pacino gold). Although fermented palm wine recorded a remediation
efficiency of 70%, the ease of igpplicationmakes itthe most ideal among all the

agents.

Based on the results in chapter four, chapter five investigated the possibility of
enhancing the identified remediation efficiency of the agents. Silty loamy soil from
Ogoniland, Niger Delta, Nigarwas used. The results revealean increase inthe
remediation efficiency ofelianthus annupacinogoldat 78% after 30 days, 100% after
60 days and 53% after 9@ays on addition of Tween 80. Kinetic studies were further
applied to the results, from wbh timeframes for complete remediation of the
contaminated soils with or without the addition of the surfaaetive agent were
estimated. Thus, from chapter five, it was established that ptaytd myceremediation

of the petroleum contaminated soils carelenhanced byhe addition of Tween 80This
chapter also demonstratetthat kenetic studies can be used to evaluate the mechanisms

of of remediation as either extraction or degration.
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The study in chapter six was carried out to assess the appiig@f the results obtained

in chapter four and five on different s@hd sedimentfrom the Niger Delta, Nigeria.
Petroleumcontaminated sandy, loamy and clay soils; and sediments from different
locations in Ogoniland, Nigeria were treated with the mycoremeaiia agents P.
ostreatus and fermenteghalm wine. The choice of mycoremediation was because
optimal remediation efficienciesn chapters four and five were obtained frothe
mycoremediation agents. After 80-day treatment on the soil types the highest
remediation efficiency of 100% was obtained Byostreatuson loamy and clay sojls
then sandy soils (81%). Fermented palm wine supplemented by Tween 80 also
demonstrated up to 100% remediation efficiency tme petroleum-contaminated
sediments. This chagr, therefore demonstrated thathe results obtained with soils
from Tibshelf, UKcan be applied to soils in the Niger Delta, Nigeria. It illustrated that
the phyto-and myceremediation techniques can be adapted to different soils types and

sediments asvell as temperate and tropical ssil

One difficulty inthe assessment of remediation efficiency duritite treatment of
petroleum-contaminatedsoils is the absence of readily available monitoring techniques.
Usually TPHsconcentrationsare analysed inGGMS or G&-ID and quantification
determined using commercial TPHs standards. Hence, the concentrations of TPHs in
chapters four five and sixof this Thesis were determined using commercial §PH
gasolinediesel range standard. However commercial TPH3/SRI NR& | NB y 2 {
O2dzy i SN NBIF3ISyitad ¢Kdzax | OljdAaiAdAzy | yR
to delays in quantification of TPHs in environmental matrices. During this research, it
took an average of 5 months for acquisition of ttmmmercial TPHstandard. It was
therefore, necessary to investigate other options for monitoring TBbt&entrationsn

soils especially during remediation programs.

In chapter seven, the research was tbfre designed to investigate alternative
methodsfor the assessment of the petrolewtontaminated and remediated soils. A
two-stage process was investigated. First, the use of crude oil as analytical standard for
the quantification of TPHs. The second stage was, the use of petroleum biomarker
compoundsdodecane and benzeng 3-bis(1,tdimethylethyl) for the monitoring

concentration of TPHsin the soils. Thesdawo methods were used to monitor and
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confirm the concentratioa of TPHs ancemediationefficiencies in chapters four and
five. The results from tkichapter established that standardised crude can be used as
analytical standard for quantification of TPHs. It also revealed ttatatios of the
biomarkers dodecane and benzerg 3bis(1,tdimethylethyl) can be used to

discriminate crude oil from diffrent sources, and for assessment of TPHSs in soils.

Other options that have been identified during this research for monitoring the
remediation progress of petroleum hydrocarbons in soils include monitoring of available

nitrate and electrical conductivitievels.

8.20verall onclusions

Although there are several conventional techniques for remediation and assessment of
TPHSs in petroleurcontaminated soils, these are often not readily available for a quick
application, due to the associated high cost,iteology, and other logistics. Therefore,
cases of crude oil pollution tend to linger for a long time, particularisemote areas

and particularly irdeveloping countries like Nigeria. Petrolesnontaminated soils are
objectionable sites resulting in landegradation and serves as reservoirs where
contaminants are released to other environmental matrices such the atmosphere,
underground water, and even food chains. The case of the Ogoniland, Niger Delta,
Nigerig is alarming. The region is associated viéttgeoil spill sites, most of which have
remained for decades without feasible remediation options. The problem of crude oil
soil contamination is also common to other regions of the warldch areassociated

with petroleum activities and is worse indeveloping countries. Even when a
remediation has been carried out, there are often questions of if such is effective
enough, due to the absence of readily available techniques for assessment of both the

contaminated and remediated sites.

This studytherefore ained to investigae readily available and sustainable techniques
for remediation of petroleurrcontaminated soils, and to evaluate ways of overcoming
any limitations associated with the identified methods, thereby enhancing these
techniques.tiwas also designed to investigateadily available methodsf monitoring

the petroleumcontaminated and remediated soils.
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The main research questions in this study were:

1. Can readily available and sustainable techniques be found for remediation of
petroleum-contaminatedsoils thatcan be utilised in the Niger Delta, Nigeria and
other regions of the world?

2. What technigues could be available for a quick assessment of TPHs in petroleum
contaminated and remediated soils, in addition to the already esthbtl
standards?

3. If there are limitations to these identified options, in what ways can these
limitations be overcome?

4. Can the identified options be practically applied to solving the problems of
petroleumcontaminated soils, particularly in the Niger Deliigeria, and what

could be the possible limitations of these techniques?

This study has identified that althougtssocted with several limitations, phyto

and mycoremediation techniques are sustainable. The techniques are readily
available, cost effeote and can be enhanced for remediation of petroleum
contaminated soils. The agents that have been identifed can be sustainably
utilised for phyto- and myceremediation of TPHs in petroleuwgontaminated soils

in this study are the sunflowers species (Helianthus pacino gold, Helianthus
sunsationandHelianthus annusthe fern (Dryopteris affinig palm wine(from Elas

guineensisnd Raffia africand, andthe white rot fungus Pleurotus ostreatus

For the sunflower plants, the remediation efficierafyT PHSs in soils is related to their
biomass. Thus, using sunflower plants with higher biomass will result in better
remediation efficiency. The use of the sunflowers can in addition to the remediation

offer aesthetic appeal to the obnoxious petroletsuntaminated sites.

The application of palm wine to petroledoontaminated soils, requires first, the

palm wine to be fermented, then this substance can be applied directly to the soil.
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P. ostreatugequires suitable substrates for its application for tlemediation of
TPHSs in soils. The method of application is also important. The substrate used for
the application ofP. ostreatudor remediation of TPHSs in this study was palm tree
substrates which is also in vast quantities in the Tropics. Thus, subsy@e¢ and
method of application can greatly affect the remediation outcomd>obstreatus.
Mixing the substrate with soils, followed by layering is very effective for application

of P. ostreatusluring the treatment of TPHSs in soils.

In terms of the mehanisms of remediation, kinetic studiesvealed thaf the
sunflower plants exhibé&d phytoextraction while the other agent®( Affinis palm
wine, andP. ostreatu¥ exhibited phytedegradation. The potential of these agents
to phyto-degrade TPHs is impgant because the contaminants are degraded
thereby reducing the risk of biotransfer into food chain. However, caustnbe
taken to ensure that substances take up by these agents are ndtdnesferred into

food chain.

The phyte and myceremediation @ents namely sunflowerddglianthus spp fern

(D. affinis), palm wine an®. ostreatusare readily available and in vast abundances
in many regions of the world especially in the Tropics and are also cheaper to,obtain
and easy to apply. Thus, with pect to the first reseaiit question, these methods

are readily available and sustainable and can be used for the remediation of
petroleumcontaminated soils, particularly for the Niger Delta, Nigeria and other

regions of the world.

Soil available nitrateand electrical conductivity are directly telated with TPHs
concentration in petroleurrcontaminated soil. Highly TPHs contaminated soils is
associated with low available nitrate and low electrical conductivity. The available
nitrate and electrical conduivity increase with decreasing TPHs in soil during
remediation. Therefore, these physicochemical parameters have been identified as
readily available techniques for a quick assessment of TPHs concentration during
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remediation of petroleurrcontaminated sod. These parameters are also quick and

easy to be assessed using portable instruments.

In addition to the commercially available TPHs standards, crude from the
contaminating source can be standardised and used as standard for analysis of TPHs
concentration in soil using the GMS, with outcomes comparable to those of
commercially available TPHs standards. The petroleum biomarker compounds,
benzenel,3 (dimethyl ethyl), and dodecane have also been identified as common
components in crude oil and their assated contaminated soil. The ratio of
benzenel,3- (dimethyl ethyl) to dodecane correlates positively with concentrations

of TPHSs in soil samples. This ratio is also distinct for crude oil samples from different
sources. Therefore, the biomarker compourcin alsobe used to evaluate TPHs

concentration in soil, and to discriminate crude oil from different sources.

Hence in addition to the already established techniques, physicochemical
parameters such available nitrate and electrical conductivity havenbdentified

for the quick assessment of TPHs in soils. Crude oil standard and the biomarker
compounds benzen&,3- (dimethyl ethyl) can also be used for a quick assessment

of TPHSs, in event of unavailability of the commercially available TPHs standards.

One of the limitations of phytcand myceremediation is that these methods take a
longer time to achieve remediation of TPHSs in soils. This study was able to enhance
the remediation efficiency of the identified phytand myceremediation agents by

the addition of the surfaceactive agents Tween 80 to the soil samples during the
remediation treatments. The addition of Tween 80 significantly increased TPHs
remediation efficiency of the agentand significantly reduced the length of time
taken for the remeiation (reduction in concentrationdpf TPHs in the contaminated
soils by the agents. For instance, for the sunflower pl&fglianthus annus the
TPHs remediation efficiency increased from 50 to 100%, and the time taken for
complete removal was reducedoim 190 days to 58 days. F@. affinis the
efficiency increased from 68 to 100% and remediation time reduced from 127 to 48

days. Palm wine exhibited an increase from 70 to 100%, with a reduction in
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remediation time from 91 to 29 days, while f&. ostratus, the efficiency was

improved from 70 to 100% and the remediation time reduced from 86 to 19 days.

Most of the issues raised ihe literature such as the absence of readily available
techniques, limitations of phyto and myceremediation, and challeges in
assessment of TPHs have been addressed in this study. In the course of this study,
new agents for phyteand myceremediation of petroleurrcontaminated soils have
been identified, along with new substrates and approach to application to
applicationof P. ostreatusNew techniques for assessment of TPHs concentration in
petroleumcontaminated and remediated soils have also been identified. An
enhancement of the remediation efficiency of the identified physnd myo
remediation agents, to overcome ¢hknown limitations of these techniques have
also been carried out. The identified methods have also been applied to different
soil types of sandy, clay, and loam as well as river sediments from the Niger, Delta,
Nigeria, and a remediation of up to 100%lvetion in TPHs achieved. The schematic
representation of the research carried out, and outcomes in this study is illustrated

in Figure 8.1.

Overall, thigesearch was able to

U ldentify phyto- and myceremediationagentsthat are found in many parts tie
world, whichcan be used for remediation gfetroleum-contaminatedsoils, in
both temperate and tropical climates like the Niger Delta, Nigeria.

U Demonstrate an enhancement of the phytand myceremediation of
petroleumcontaminated soilsising a suiace-active agent.

U Develop readily availableoptions for analysis and monitoring opetroleum

contaminatedsoils
The research specifically achieved the following:

U Identification of variabilityn textural properties and TPHs concentragan the

soils ofOgoniland, Nigeria. The soil types include sandy, clayey and loamy soils.
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U Remediation of typical petroleuroontaminated soils and sediments using
different species of sunflowerHglianthus annupacino gold, Helianthus
sunsationr, and Helianthusannussunny dwarj, Dryopteris affinisPleurotus
ostreatusand fermented Palm wine frorRaffia affricanaand Elais guineensis

U Enhancementof remediation efficiency oH. annuspacino goldD. affinis,P.
ostreatus,and fermented Palm wine gpetroleum-contamirated soils using the
surfaceactive agentsTween 80.

U Assessment of petrolewrcontaminated soils using availableitrate and
electrical conductivitycrude oil standardand the biomarkerglodecane and
benzene 1,3bis(1,tdimethylethyl).

Interesting novebutputs from this research include

U Use of fermented palm wine for remediation of petroletguantaminated soils

U Use of palm substrates fahe cultivation of the white rot fungPleurotus
ostreatusunder unsterilized conditions

U Use of the ferrADryopterisaffinis for remediation of petroleunccontaminated
soils

U ldentification of variability in TPHs remediation efficiency of sunflower species,
and that the remediation efficiency is related to biomass.

U Enhanced methods for application of phyaad myceremediation agents on
petroleumcontaminatedsoils using Tween 80.

U Assessment offPHsremediation progress on petrolewtontaminated soils
using availablaitrate and electrical conductivity.

U Evaluation of TPHs concentration ipetroleumcontaminated soils and
sediments usinghe contaminatedcrude oil as analytical standaid GCMS
analysis

U ldentification of the biomarker compounddodecane and benzene Hfs(1,t
dimethylethyl) as common components of contaminating crude oil and the
associated contaminatesbils

0 Evalation of TPHs concentration igoils using the biomarker compounds

dodecane and benzene H#s(1,tdimethylethyl).
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U Discrimination of crude oil from different sources using the biomarkers

dodecane and benzene t8s(1,tdimethylethyl).

Fram this study, it is concluded that phytand myceremediation can provideiable
and environmentallyiriendly options for the management of petroleuoontaminated
soils and sediments. Some of the agents that can be usié remediation of soils and
sedments in the Niger Delta, Nigeria includéelianthus annuspPryopteris affinis,
Pleurotus ostreatusand fermented Palm wine It is also concluded that the
contaminating crude oilcan be prepared and used as an analytical standard feMGC
analysis of PHs. Furthermorethe biomarkers dodecane and benzene 1;Bis(1,%
dimethylethyl), availablaitrate and electrical conductivity can also be usedtoadly
monitor the concentratiors of total petroleum hydrocarbons in soils. The remediation
potential of fermented palm wine from this study further illustrate the potential of

fermented plant juice for the treatment gdetroleumcontaminatedsoils.

8.3 Limitations of the study
This study was carried out in a glasshouse under experimental conditions. Thilg, in

application of these techniques on petrolestontaminated soils is further required.

The soil samples used in this study were manually homogenised. There, is therefore a
possibility of variability in preparations of the soil samples for glasshaesgntents

and during sampling of the soils for analysis. Analytical variability resulting from
analytical standards and reagents, and instrumental errors, is also possible. However,
these limitations have been reasonably contained through the use of caoibepos
samples, replicate sampling and analysis, and evaluation of data validity by assessment

of accuracy, precision, analytical, instrumental and sampling variability.

Adequatecaremusthoweverbe taken when applying these techniques, first to preven
the transfer of contaminants into the food chain and secondly, to prevent the
introduction of invasive species of plants and saprophytic fungi capable of destroying
other components of the ecosystem. Plants like the ferns are ecologically very resistant
species and are difficult to uproot from the soil. Ferns also reproduce by spores which

implies their capacity for invasion of the ecosystem if introduced. The white rouging
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¢ P. ostreatusequires substrate for its pr@gation, and thus could utiliseny suitable
substrate in tle ecosystem thereby creating atological irbalance, by destroying
useful economic and food cropFherefore application of these techniques requsire
adequate demarcation of treated areas aaway that the invasive effeadf these

agents, and biotransfer of the contaminants is properly contained.

The present study investigated the reduction of TPHs in the soils by the agents as
remediation. There are several other contaminant components from crude oil in soils.
Such includ trace metals, individual polycyclic aromatic compounds, and heavy
fractions of crude that cannot be analysed usingNd& The use of GKIS for the
analysis and quantification of the TPHs in the present study limits the assessment of
higher molecular compunds present in crude oil such as tagphaltenes and resins.
Therefore, an evaluation of the remediation efficiency of t#eEhniques on trace
metals,polar and higher molecular compounds using methods such aME;REMS

andlatroscanrespectivay, requires further investigation

8.4 Practical considerations for application of the phyt@and mycoeremediation
techniques in the Niger Delta, Nigeria.

Practical considerations for utilisation of these techniques in real pollution scenarios
involving petroleum contamination in soils requireonsideration of factors such as

relative costs of each approaeimd geographycareful considerations of the following:

U The practicality of utilising cow manures for large scale pollution episodes
U The practicalityof utilising palm wine for large scale pollution episodes
U The adaptability of the results obtained with the soils from Tibshelf, UK, in a

glasshouse to Nigerian soils.

In the present study, 50 of cow manure was used per 3§Mmf soil. This amounts to

17% of cow manure addition to soilhe atual quantity of cow manure required for a
remediation would then depend othe extent and quantity of soils to be treated. One
kilogram of petroleurrcontaminatedsoil at the levels used in this study would require

1709 of cow manure foamendment.
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According to the United StatBepartment of Agriculture (1995), a single cow on the
average produces 27 Kg of manure per day and 200 cows can produce as much manure
as a community of 50600,000 people. This howeveraries withthe body weight of

the animal (Tablé.1). Thus, a single cow can produce manuretifieramendment of

160 kg of petroleurrcontaminated soils.

LawatAdebowale (2012), reported that the documented population of cattle in Nigeria
is over 13.9 miltin. This number is capable of producing over 4 XKtpof manure per

day. From this study, the quantity of cow manure produced per day is enough to amend
2 X 16 Kg of soils. Although the actual quantity of soils contaminated by crude oil in
Nigeria is yeto be documented, considering the population in the Niger Delta, Nigeria
(20 million people), with an area of 70, 000 square kilometres and quantity of oil spills
(1,400,000 and 2,100,000 3n(Baird, 2010; Dare, 2013). The total quantity of cow
manure poduced in Nigeria is more than enough for utilization of the method in the

region.

Table 8.1: DairyCattle Manure Production and CharacteristigEsscher, 1998).

CowsSize(Kg) | Quantity of manure Nutrient content, Kgday
Kgday

N P,Os KO

60 5 0.03 0.01 0.02

114 9 0.05 0.02 0.04

230 19 0.09 0.04 0.08

450 37 0.19 0.08 0.15

640 52 0.26 0.10 0.21

A daily production of 80 litres and up to 150 litres monthly of palm wine is obtained
from a single palm tree (Simonart and Laudelot, 1951; Okaf8). In this study, 0.25
litres of fermented palm wine were used on 3Q®f soils. This implies 1000 Kg of soils
will require 800 litres of fermented palm wine for remediation. This equates to the
guantity of palm wine produced from 80 palm trees inaydand 5 in a month. Over
3000 species of palm trees are known with oveniiion hectares of formal oil palm
plantations in Nigeria (Dimelu & Anyaiwe, 2011; Retad.,2012; Iimfon et al.,2013).

A hectare of oil palm plantation is estimated to haa® much as 150 individual trees

(Sheilet al.,2009). Thus, over 450 million populations of oil palm trees can be estimated
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for Nigeria, and these plantations are majorly found in the Niger Delta (Ketjiah
1997). This is in addition to other populaits of palms such as raffia palms, coconuts
and date palms (Okafor, 1978; Chandraseldial.,2012).

From the estimated 150 litres of palm wine by a single palm tree, 100,000 population of
palm trees can produce 15 million litres of palm wine whichlzauwsed to treat 20,000
tons (2x 10° Kg) of petroleurrcontaminated soils. Chandrasekhetral.(2012) reported

that controlled tapping of palm wine from oil palm trees can be carried without
interfering with the primary purpose of palm oil productiorth@r species such as raffia
palms are principally usedéor the production of palm wine (Eze & Ogan, 1988;
Mbuagbaw & Noorduyn, 2012). Therefore, considering the population and varieties of
palm trees in the Niger Delta, Nigeria, the use of fermented paine ior remediation

of petroleumcontaminated soil is viable.

The present study was carried during the summer with temperatures betwee?t543

and up to 1614 hours daylight (Kllest al.,2006). This replicate typical conditions of
the Niger Delta, Nig&a (Ani & Okpara, 2019). Therefore, the results obtained in this
studywould apply to soils of the Niger, Delta Nigeria. However, other factors such as the
soil type, chemistry and microbiology; contaminants type, and levet®mfamination

will influence the application of these methods in soils of the Niger Delta.

The Niger Delta, and particularly Ogoniland, is bedevilled with the problem of
petroleum-contaminatedsites, many of which are yet to be remediated. This study has
demonstrated thatresources, which are locally available in the Niger Dett be used

for the cleantup. For practical application of these techniques in the Niger Delta, the

following is proposed:

U Adequate evaluation of theontaminationsituation in the area. This include
comprehensive auditing and mapping of existing contaminated areas and
identifying areas with high possibility of oil spill incidences.

U Evaluation of the extent of petroleum contaminationthre affected area. This

would involve spatial and profile extents aslvas concentration levels.
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U Identification of the remediation agents that are locally available in each of the
contaminated sites and the feasibility aéquiringother agents in terms of cost,
particularly transportation.

U Setting out plans for remediatiband courses of action. For instance, in areas
where contaminants are far down in soil profiles, bioremediation plants can be
constructed. This would allogoilsto be dug out, treated and returned.

U Preplanning remediation programs in areas witie potential impact of oil spills.
This includes areas where oil facilities such as pump head flow stations and tank
farms are located.

U Education and training of people on the techniques for awareness.

U Adequate plans to overcome unforeseen challenges such asiqgathyand

geographical barriers, and resistance by hostile groups in the communities.

For the overall success of such a program, all stakeholdergnvironmental
management in the Nigerian oil sector must be involved. This inshingegovernment,
goverrment agencies, multinational and indigenous oil companies and most
importantly the host communities. The host communities must be properly enlightened
and carried along with the remediation programmes. 3&geoplemust be aware of

the methods and resource and where they can easily provide services such as supply
of the remediation materials like palm tree substrates and palm wine. The overall

benefits of the scheme should be properly communicated to all stakeholders.

Ideal application of the techniquei the cleanup of contaminated soils in the Niger
Delta, Nigeria would involve a combined or sequential pattern where the contaminated

soils are treated with each of the agents in rotations.

8.5 Suggestions for Further Studies
To achieve more availableptions for remediation ofpetroleum-contaminatedsoils,
particularly in the Niger Delta, Nigeria, the following recommendations for further

studies are made.

U Assessment of profile and spatial variation of TPHs contaminants in the soils of

Ogoniland, NigeDelta, Nigeria. This will aithe evaluation ofthe extent of
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contamination down the soil profile and possible application of the identified
phyto and myceremediation techniques.

Investigationon the application of the identified phyto and mycoremediatio
techniques towards remediatioaf individualpetroleum contaminants such as
trace metals, polycyclic aromatic compounds, and high molecular mass organic
compounds that could be present in the petroleum contaminated saditss
would aid specific risk elzation of the remediation process.

Investigation into other methodsf enhancement of remediation efficiency of
phyto- and myceremediation agents. This includes coupling phata myce
remediation agents, use of locally available-biofactants, biotechology and
nanotechnology.

Investigation of the distribution of the contaminants in various parts of each of
the phyto and myceremediation agents as well as the investigation of the
mechanism of remediation as this is important to prevent undue accutionla
and biotransfer of thesecontaminants.

Investigation of remediation potentials aither fermented plant juice fothe
treatment of petroleumcontaminated soils.

Effect of Initial TPHsoncentrationsin soils onthe remediation efficiency of
phyto- and myceremediation agents.

Utilising the biomarkersdodecane and benzene 1#s(1,1-dimethyl ethyl) to
discriminate crude oil from different sources.
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Appendix } Images

AP1.2: sampling of ptroleum contaminated sites at Tibshelf, Derbyshire, United
kingdom
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AP1.4: Sampling team for Ogoniland, Niger Delta, Nigerfaright-Dr Giadom
Ferdinand

AP 1.5Sampling of petroleum contaminated sites at Bodo, Ogonilangeiia
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AP1.6: Contaminated diments fromBodo, Ogoniland, Nigeria.

AP1.7: Effect of petroleum contamination on Bodo rivetrBodo, Ogoniland, Nigeria
dead fish, an effect of the observable visible contamination of Bodo river by crude oil
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AP1.8: Petroleum contaminated sites &bio, Ogoniland, Nigeria
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AP 19: High performance microwave extraction system used for extraction of TPHs from soils

™

AP 110 GCGMS system used for the analysis of TPHs
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AP 112: Glasshouseots for of control sunflowers
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AP 1.13&: Glasshouse pots for phytoremediation of petroleum contaminated sites from Ogale
Ogoniland, Nigeria, usirig. affinis.

AP 1.18: Glasshouseots for phytoremediation of petroleum contaminatedes from Ogale
Ogoniland, NigeriausingH. annuspacino gold
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Appendix #GCGchromatogram of samples
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Figure AP2la: Mushrooms applied without substrates T=3 ~ Figure AP24b: Mushrooms applied without subrates
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Figure AP2.Qa: Soiltreated with fermented palm Figure AP2.@b: Soil treated with fermented palm wine
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