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/ FEDERAL UNIVERSITY OF PETROLEUNM RESOURCES
COLLEGE OF SCIENCE
DEPARTMENT OF ENVIRONMENTAL MANAGEMENT AND TOXICOLOGY
secord FIRST-SEMESTER 2022/2023 EXAMINATION

ENiT224: Plant Science (3 units) Time: 3 hours
INSTRUCTION: Answer four (4) questions out of the six (8) provided.

1) (a) A former industrial site in your community requires remediation. Identify five
benefits of using this approach for site cleanup. (b) What 5 characteristics should
planis have to be suitable for this type of cleanup process? (c) A local industrial
site wants tfo implement phytoremediation to remove excess nutrients from the
soil; descritze the 5 principies by which phyteremediation might occur in this site.

(a) Enumerale the five kingdom of classification and state three characteristics of
each kingdom.(b)Briefly explain the subgroup of the kingdom Plantae.

_ké‘)"(a) List and briefly explain5 Macro and 5 Micro Nutrients that are vital to plant
growth (b) Identifys irnportance each of Gymnosperm and Angiosperms to Man

}}f'(a) Explain concisely, the (a) Light-dependent and (b) Iight—iﬂdepe_ndent Phlgsc o—f
Photosynthesis. Provide diagrams where necessary. (c) Briefly oulme4 5

importance is photosynthesis

# (a) Explain Plant Life Cycle (b) deseribe any five cormponents of Plant Cell (c)
Briefly discussthe functions of Root, Stem and Leaves.

Lat extent can soil mineral content and temperature siress affect plant?

5 To wi :
6) (a) v and physiological mechanisms plants use

(h) Explain any 5 developmenial
against envirenmental siress

Good luck!
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FEDERAL UNIVERSITY OF PETROLEUN RESOURCES
COLLEGE OF SCIENCE

DEPARTMENT OF ENVIRONMENT AL MANAGEMENT

SECOND SEMESTER 20222023 UNDERGRADUATE EX A WIHATY

EMTZ24: Plant Science (3

INSTRUCTION: Answer four (4 1)y ouestions in all, one & g
. - &4
1. A5 organism, we perform threr functions among ogthers - assimilatic
Lroauciion and response to siimuli. In a unicellular organism, nam:

three of -_f-.l:-u‘l‘. are

o

crganellez, twe of which are direcily and
asgociated with any two of these functions.

x 2. No matier how tall a free may be, water will always get io iis '::[:aex froin the
ement. How is this

2o0t, not bejactive walier trensport, but by passive moveiy
cven possible?

« 3. (a) Although all osmosis is diffusion, not all cifusion is osmosis. Argus (h)
Jil rs ny the fact that the ¢ ell theory biiefly explzins ithe call
—— 1\.. S ;'-T.Jllutc--vln« = e -
SeCTION B
4. (a) ;"iamo:ﬂgot other proposals for classification of orgsnisms VWnitsker's
sicod cut. On what basis was hiz made?

{h) Gf the 5 kingdoms, discuss 2, one of which does not hav
fined nucleus.Give examples in each case.

Having attended EMT 224 ciass, enlighten a prospective student on the
imporiance of understanding thz interaction/relationship betwezan
organisms and their environmer:t.

£ 6. Ecological factors could be biotic, abictic and anthropogenic. Discuss 4

anthropogenic factors. e
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EMT224:
PRINCIPLE AND PRACTICE OF PHYTOREMEDIATION

Definition and Overview

Phytoremediation is the use of plants to remove pollutants from the environment.
Phytoremediation is a natural, cost-effective, and eco-friendly approach to cleaning polluted soil,
water, and air. This innovative method leverages the power of living plants to absorb, break down,
and remove a wide range of pollutants, including heavy metals, pesticides, industrial
contaminants, and excess nutrients. By utilizing plants to clean pollutants, phytoremediation
provides a sustainable solution that enhances ecosystem services, improves soil health, and

supports biodiversity.

As a long-term solution, phytoremediation offers numerous benefits. It is a low-cost approach
compared to traditional remediation methods, requiring minimal equipment, labor, and
maintenance. Additionally, plants can be harvested and replaced, allowing for continuous
pollutant removal and soil improvement over time. By harnessing the natural abilities of plants,
phytoremediation provides a effective and environmentally friendly solution for pollution cleanup,

making it an attractive option for revitalizing contaminated sites and promoting ecological balance.
Principles of Phytoremediation

Phytoremediation operates on the principle that plants can absorb, break down, and transform
pollutants, making them harmless. Through their roots, stems, and leaves, plants take in
pollutants from soil, water, and air, storing or degrading them. Harvesting and disposing of these
plants removes pollutants from the environment. Different plant species are suited for specific

pollutants and environments, allowing for targeted remediation.

The process is further enhanced by microorganisms in soil, which work in conjunction with plant
roots to break down pollutants. Additionally, plant roots stabilize soil, preventing erosion and
runoff, and promoting a healthy ecosystem. By leveraging these natural processes,
phytoremediation provides an effective and sustainable solution for cleaning pollutants from the

environment, restoring balance to contaminated sites.

Types of Phytoremediation

These include:

1. Phytoabsorption: Plants absorb pollutants through their roots, stems, and leaves.

2. Phytoaccumulation: Plants store pollutants in their tissues, reducing their availability in the
environment.

3. Phytodegradation: Plants break down pollutants into less toxic compounds.

4. Phytotransformation: Plants convert pollutants into more stable, less toxic forms.

5. Phytostabilization: Plants stabilize pollutants in soil, preventing their migration.

6. Phytovolatilization: After contaminants have been degraded or modified in plant cells,

plants release the pollutants into the air, where they can be dispersed or volatilized.
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7. Rhizodegradation: Microorganisms in soil, associated with plant roots, break down

pollutants.
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Applications of Phytoremediation

It can be applied in the following;

1. Soil Remediation: Cleaning polluted soil by removing heavy metals, pesticides, and
industrial contaminants.

2. Groundwater Remediation: Removing pollutants from groundwater, making it safe for
drinking and irrigation.

3. Wastewater Treatment: Using plants to treat and purify wastewater, reducing
contaminants and pollutants.

4. Air Pollution Control: Absorbing and breaking down airborne pollutants, improving air
quality.

5. Brownfield Restoration: Revitalizing contaminated industrial sites, making them safe for
redevelopment.

6. Landfill Leachate Treatment: Treating toxic leachate from landfills, preventing
groundwater pollution.

7. Agricultural Runoff Management: Reducing excess nutrients and pesticides in agricultural
runoff, protecting waterways.

8. Urban Stormwater Management: Using plants to absorb and filter stormwater, reducing
urban pollution.

9. Environmental Restoration: Restoring ecosystems damaged by pollution, promoting
biodiversity and ecosystem services.

10. Climate Change Mitigation: Using plants to sequester carbon, reducing atmospheric CO2

levels.
Benefits of Phytoremediation

The following are some benefits of phytoremediation;
. Improves air and water quality

. Reduces soil pollution

. Enhances ecosystem services

. Increases biodiversity

. Cost-effective cleanup solution

. Low maintenance requirements

. Permanent solution for pollution cleanup

. Improves public health

O© 00 N O U Ao W N -

. Enhances community aesthetics
10. Supports sustainable land use

11. Can be used in conjunction with other remediation methods.
Plant Selection for Phytoremediation

Suppose one is called upon to make selection of particular plant species for use in
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phytoremediation, thee are some of the conditions for which these plants can be selected; these

are characteristics the plants must have to fit into being used in the phytoremediation intervention;

1. High Biomass Production: The plant should be able to grow rapidly and produce a large
amount of biomass to effectively absorb and remove pollutants.

2. Deep Root System: The plant should have a deep and extensive root network to absorb
pollutants from deeper soil layers and prevent further contamination.

3. Tolerance to Pollutants: The plant should be able to withstand high levels of pollutants

without suffering damage or dying off, ensuring continuous remediation.
Page 2 of 4

4. Hyperaccumulation: The plant should be able to accumulate high concentrations of
pollutants in its tissues, making it an effective tool for removing contaminants.

5. Fast Growth Rate: The plant should grow rapidly to enable frequent harvesting and
removal of pollutants, accelerating the remediation process.

6. Adaptability to Local Climate: The plant should be able to thrive in the local
environmental conditions, including temperature, humidity, and soil type.

7. Drought Tolerance: The plant should be able to survive with minimal watering, reducing
maintenance requirements and ensuring continued remediation during dry periods.

8. High Transpiration Rate: The plant should have a high water uptake rate to efficiently
remove pollutants from the soil and groundwater.

9. Easy Propagation: The plant should be easy to propagate and reproduce, allowing for
cost-effective and efficient large-scale cultivation.

10. Non-Invasive: The plant should not outcompete native species or spread beyond

designated areas, preventing unintended ecological consequences.
Case Studies

I shall introduce 4 case studies from my research Team, including that with one of your lecturers
here. Study at least 3 and see what was done and how it was done. Try to identify methodological

flaws, or any form of critic, based on your experience;

1. Ikhajiagbe, B. (2016). Possible adaptive growth responses of Chromolaena odorata
during heavy metal remediation. Ife Journal of Science 18(2): 406 - 411. (Published by

Obafemi Awolowo University, lle-Ife, Nigeria)

2. Ikhajiagbe, B., Igiebor, F.A., Omoregie, G.0., Ekhator, P.O., and Anoliefo, G.O. (2020).
Growth and remediation performance of Eleusine indica obtained from oil-polluted soils in
Benin metropolis after exposure to grey water. Journal of Materials and Environmental
Science, 11(8):1304 - 1314

3. Omoregie, G.O, Ogofure, A.G., Ikhajiagbe, B, and Anoliefo, G.0. (2020). Quantitative
and qualitative basement of microbial presence during phytoremediation of heavy metal
polluted soil using Chromolaena odorata. Ovidius University Annals of Chemistry 31(2):
145 - 151. DOI: 10.2478/auoc-2020-0023

4. Omoregie GO, and Ikhajiagbe B. (2021). Differential Morphological Growth Responses

of Chromolaena odorata under Heavy Metal Influence Article. Jordan Journal of Earth
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and Environmental Sciences. 12 (1): 50-61
Limitations and Challenges of Phytoremediation
The following are some limitations and challenges of phytoremediation;

1. Phytoremediation is a slow process that can take years to achieve significant remediation.
2. It is limited to surface contamination and may not be effective for deep-seated pollutants.
3. Plant growth and remediation rates can be affected by environmental factors like climate,
soil type, and nutrient availability.

4. Some pollutants may be toxic to plants, limiting their use in phytoremediation.

5. Large-scale phytoremediation efforts can be costly and resource-intensive.

6. Public acceptance and regulatory frameworks may hinder the adoption of

phytoremediation.
Page 3 of 4

7. Monitoring and maintenance requirements can be significant.

8. Phytoremediation may not completely eliminate pollutants, but rather reduce their
concentrations.

9. Genetic modification of plants for enhanced remediation potential raises ethical concerns.
10. Integration with other remediation technologies may be necessary for comprehensive site

cleanup.
All the best !

Page 4 of 4
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EMT224:
PRINCIPLE AND PRACTICE OF PHYTOREMEDIATION

Definition and Overview

Phytoremediation is the use of plants to remove pollutants from the environment.
Phytoremediation is a natural, cost-effective, and eco-friendly approach to cleaning polluted soil,
water, and air. This innovative method leverages the power of living plants to absorb, break down,
and remove a wide range of pollutants, including heavy metals, pesticides, industrial
contaminants, and excess nutrients. By utilizing plants to clean pollutants, phytoremediation
provides a sustainable solution that enhances ecosystem services, improves soil health, and

supports biodiversity.

As a long-term solution, phytoremediation offers numerous benefits. It is a low-cost approach
compared to traditional remediation methods, requiring minimal equipment, labor, and
maintenance. Additionally, plants can be harvested and replaced, allowing for continuous
pollutant removal and soil improvement over time. By harnessing the natural abilities of plants,
phytoremediation provides a effective and environmentally friendly solution for pollution cleanup,

making it an attractive option for revitalizing contaminated sites and promoting ecological balance.
Principles of Phytoremediation

Phytoremediation operates on the principle that plants can absorb, break down, and transform
pollutants, making them harmless. Through their roots, stems, and leaves, plants take in
pollutants from soil, water, and air, storing or degrading them. Harvesting and disposing of these
plants removes pollutants from the environment. Different plant species are suited for specific

pollutants and environments, allowing for targeted remediation.

The process is further enhanced by microorganisms in soil, which work in conjunction with plant
roots to break down pollutants. Additionally, plant roots stabilize soil, preventing erosion and
runoff, and promoting a healthy ecosystem. By leveraging these natural processes,
phytoremediation provides an effective and sustainable solution for cleaning pollutants from the

environment, restoring balance to contaminated sites.

Types of Phytoremediation

These include:

1. Phytoabsorption: Plants absorb pollutants through their roots, stems, and leaves.

2. Phytoaccumulation: Plants store pollutants in their tissues, reducing their availability in the
environment.

3. Phytodegradation: Plants break down pollutants into less toxic compounds.

4. Phytotransformation: Plants convert pollutants into more stable, less toxic forms.

5. Phytostabilization: Plants stabilize pollutants in soil, preventing their migration.

6. Phytovolatilization: After contaminants have been degraded or modified in plant cells,

plants release the pollutants into the air, where they can be dispersed or volatilized.
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7. Rhizodegradation: Microorganisms in soil, associated with plant roots, break down

pollutants.
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Applications of Phytoremediation

It can be applied in the following;

1. Soil Remediation: Cleaning polluted soil by removing heavy metals, pesticides, and
industrial contaminants.

2. Groundwater Remediation: Removing pollutants from groundwater, making it safe for
drinking and irrigation.

3. Wastewater Treatment: Using plants to treat and purify wastewater, reducing
contaminants and pollutants.

4. Air Pollution Control: Absorbing and breaking down airborne pollutants, improving air
quality.

5. Brownfield Restoration: Revitalizing contaminated industrial sites, making them safe for
redevelopment.

6. Landfill Leachate Treatment: Treating toxic leachate from landfills, preventing
groundwater pollution.

7. Agricultural Runoff Management: Reducing excess nutrients and pesticides in agricultural
runoff, protecting waterways.

8. Urban Stormwater Management: Using plants to absorb and filter stormwater, reducing
urban pollution.

9. Environmental Restoration: Restoring ecosystems damaged by pollution, promoting
biodiversity and ecosystem services.

10. Climate Change Mitigation: Using plants to sequester carbon, reducing atmospheric CO2

levels.
Benefits of Phytoremediation

The following are some benefits of phytoremediation;
. Improves air and water quality

. Reduces soil pollution

. Enhances ecosystem services

. Increases biodiversity

. Cost-effective cleanup solution

. Low maintenance requirements

. Permanent solution for pollution cleanup

. Improves public health

O© 00 N O U Ao W N -

. Enhances community aesthetics
10. Supports sustainable land use

11. Can be used in conjunction with other remediation methods.
Plant Selection for Phytoremediation

Suppose one is called upon to make selection of particular plant species for use in
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phytoremediation, thee are some of the conditions for which these plants can be selected; these

are characteristics the plants must have to fit into being used in the phytoremediation intervention;

1. High Biomass Production: The plant should be able to grow rapidly and produce a large
amount of biomass to effectively absorb and remove pollutants.

2. Deep Root System: The plant should have a deep and extensive root network to absorb
pollutants from deeper soil layers and prevent further contamination.

3. Tolerance to Pollutants: The plant should be able to withstand high levels of pollutants

without suffering damage or dying off, ensuring continuous remediation.
Page 2 of 4

4. Hyperaccumulation: The plant should be able to accumulate high concentrations of
pollutants in its tissues, making it an effective tool for removing contaminants.

5. Fast Growth Rate: The plant should grow rapidly to enable frequent harvesting and
removal of pollutants, accelerating the remediation process.

6. Adaptability to Local Climate: The plant should be able to thrive in the local
environmental conditions, including temperature, humidity, and soil type.

7. Drought Tolerance: The plant should be able to survive with minimal watering, reducing
maintenance requirements and ensuring continued remediation during dry periods.

8. High Transpiration Rate: The plant should have a high water uptake rate to efficiently
remove pollutants from the soil and groundwater.

9. Easy Propagation: The plant should be easy to propagate and reproduce, allowing for
cost-effective and efficient large-scale cultivation.

10. Non-Invasive: The plant should not outcompete native species or spread beyond

designated areas, preventing unintended ecological consequences.
Case Studies

I shall introduce 4 case studies from my research Team, including that with one of your lecturers
here. Study at least 3 and see what was done and how it was done. Try to identify methodological

flaws, or any form of critic, based on your experience;

1. Ikhajiagbe, B. (2016). Possible adaptive growth responses of Chromolaena odorata
during heavy metal remediation. Ife Journal of Science 18(2): 406 - 411. (Published by

Obafemi Awolowo University, lle-Ife, Nigeria)

2. Ikhajiagbe, B., Igiebor, F.A., Omoregie, G.0., Ekhator, P.O., and Anoliefo, G.O. (2020).
Growth and remediation performance of Eleusine indica obtained from oil-polluted soils in
Benin metropolis after exposure to grey water. Journal of Materials and Environmental
Science, 11(8):1304 - 1314

3. Omoregie, G.O, Ogofure, A.G., Ikhajiagbe, B, and Anoliefo, G.0. (2020). Quantitative
and qualitative basement of microbial presence during phytoremediation of heavy metal
polluted soil using Chromolaena odorata. Ovidius University Annals of Chemistry 31(2):
145 - 151. DOI: 10.2478/auoc-2020-0023

4. Omoregie GO, and Ikhajiagbe B. (2021). Differential Morphological Growth Responses

of Chromolaena odorata under Heavy Metal Influence Article. Jordan Journal of Earth
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and Environmental Sciences. 12 (1): 50-61
Limitations and Challenges of Phytoremediation
The following are some limitations and challenges of phytoremediation;

1. Phytoremediation is a slow process that can take years to achieve significant remediation.
2. It is limited to surface contamination and may not be effective for deep-seated pollutants.
3. Plant growth and remediation rates can be affected by environmental factors like climate,
soil type, and nutrient availability.

4. Some pollutants may be toxic to plants, limiting their use in phytoremediation.

5. Large-scale phytoremediation efforts can be costly and resource-intensive.

6. Public acceptance and regulatory frameworks may hinder the adoption of

phytoremediation.
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7. Monitoring and maintenance requirements can be significant.

8. Phytoremediation may not completely eliminate pollutants, but rather reduce their
concentrations.

9. Genetic modification of plants for enhanced remediation potential raises ethical concerns.
10. Integration with other remediation technologies may be necessary for comprehensive site

cleanup.
All the best !
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