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Spectrum is a bi-annual magazine issued by the Organic
Chemistry Club of College of Chemical Sciences,
Institute of Chemistry Ceylon , to inspire Organic
Chemistry enthusiasts just like you!
Our issues highlight real world themes in Organic
Chemistry and its related fields while keeping it
interesting and simple, covering the entire "spectrum"
of Chemistry to enhance your knowledge. 
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Spectrum

  ... The Spectrum 

...The Organic
Chemistry Club of CCS 
The Organic Club of College
of Chemical Sciences (OCC-
CCS) since its inception in
2016 has remained strong in
driving passion in Organic
Chemistry in the
Undergraduates of CCS. It
remains as the sole
academic based club at the
College. 

Our Vision  
To empower the curiosity of young
chemists towards Organic Chemistry
and related fields, whilst promoting
teamwork and leadership in all.

Our Mission
To provide a platform of knowledge,
discussion, and critical thinking in
Organic Chemistry and related fields for
undergraduates at College of Chemical 
Sciences.
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Sachini De Silva
Editor in Chief - The Spectrum Magazine
Year 4 Undergraduate (GIC) at CCS 

It was a lightbulb moment for the 2020/21 OCC Executive Board to 
initiate the works for a club magazine since January, which encompassed real world
subject matter together with Chemistry, that was written by the students for the
students of our alma mater, College of Chemical Sciences.

After many setbacks, here we are in August 2021 introducing our very own
educational magazine "The Spectrum". This publication would have not been
possible without the immense support of the Editorial Committee of The Spectrum,
the continued guidance from our Lecturer in Charge, Dr. Dinusha Udukala, current
club President Mr. Dilhan Jayasinghe, our Past Club President Mr. Y. Vindula Alwis,
and last but not least, the valuable encouragement given to us by Dr. Sujatha
Hewage, the former Dean of College of Chemical Sciences.

The inaugural issue will look in depth at past incidents in Sri Lanka such as the
Xpress Pearl Maritime accident, the contamination of coconut oil with oncogenic
Aflatoxins and ongoing events in the case of COVID-19. These areas are however not
all the issue has to offer, as we have been fortunate enough to gain articles written
by notable academics in Chemistry - Prof. B. M. Ratnayaka Bandara of the
Department of Chemistry in University of Peradeniya and Dr. Medha Gunaratna of
the Department of Chemistry at University of Kelaniya.

Apart from the magazine providing valuable information to its readers, it also aims
to improve the skill of academic writing, a valuable attribute a scientist must have in
order to effectively communicate their ideas to the world. The Spectrum ensures
that its authors follow guidelines and plagarism rules set in par with a typical
reputable scientific journal to give a simulated experience in journal writing. 

Dear reader, I sincerely hope this magazine inspires the Chemist in you; and
encourages you to write on and share your ideas to the world one word at a time.
Hoping to see your article for the next issue of The Spectrum.
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Notes and Messages

Editor's Note



Notes and Messages
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Message from the President of OCC-CCS

Dilhan Jayasinghe - Undergraduate (GIC) Year 4 
B.Sc. (Hons.) in Polymer Chemistry (UJP)

I am extremely honored and privileged to introduce another interesting
project of the Organic Chemistry Club (OCC) of College of Chemical
Sciences (CCS). Organic Chemistry is a sub-area of Chemistry and can be
considered as one of the most applied areas of chemistry in Sri Lanka at
present. As the country adapts new policies of introducing more industries in
the country in the fields of organic fertilizers with the shift towards new
agricultural patterns, establishment of few pharmaceutical industrial
companies and COVID-19 vaccine manufacturing unit in Kandy, long term
investments in Rubber based industries and research, developments in textile
industry and uplifting the paper manufacturing industry etc. have led to the
development of application of science and technology in Sri Lanka than ever
before in recent past. 

   The knowledge in not only organic chemistry but
also in other applied areas of chemistry will be of
immense value in the future and a lot opportunities are
booming for the young and talented graduates in
chemistry. Hence it is a timely need to equip the
younger generation with good overall knowledge in
science with great managerial and entrepreneurial
skills, which is the ultimate goal of the educational arm
of our institute.
At the same time while seeking the knowledge, it is
quite important to educate the scientific community
and the general public with the knowledge gained
about new findings. Therefore developing the skills in
scientific communication is vital for all scientists,
particularly in the area of research. Hence we believe
that the platform we are creating through ‘The
Spectrum’ will be a good foundation in acquiring these
basic skills of a successful scientific communicator.
  As the only academic based club in CCS, we have
become a strong pillar of the College and the Institute
in the process of producing knowledgeable and skillful
graduates. As the most senior students in college, the
executive committee is dedicated to organize
important events and projects for the benefit of the
entire student community. The OCC is focused on this
journey with our own vision towards empowering the
curiosity of young chemists towards Organic
Chemistry and related fields, whilst promoting
teamwork and leadership in all and with the mission of
creating a platform of knowledge, discussion, and
critical thinking in these fields for undergraduates at
College of Chemical Sciences.
The idea of ‘The Spectrum’ is a result of widening the
scope of the club to involve students to participate in
club activities more actively than ever before. The OCC
has created a platform for the students at College of
Chemical Sciences to express their ideas related to
science, particularly in the areas of organic chemistry
and related fields while improving their scientific
writing skills.

  

    I am really happy to see the enthusiasm in our
students towards writing articles. We have been keen
on the quality of the articles and did all possible things
to make sure the articles have minimal plagiarism. The
talented team of our editors worked hard in the
reviewing process to make sure the facts presented are
accurate and are well organized for the readers to gain
an insight into the topic.
  The OCC has been organizing quite a lot of events
including webinars on important areas of chemistry
including natural products, organic synthesis and
bioinorganic chemistry, since taking over the club in
November 2020. We, as the executive committee have
faced the challenge of taking the club forward with the
active participation of members, while adapting to the
virtual platform.
  I make this an opportunity to thank the former Dean
of the College of Chemical Sciences, Dr. Sujatha
Hewage for her constant support and motivation, the
lecturer in-charge, Dr. Dinusha Udukala for all her
commitments and valuable advices and the immediate
past president Mr. Y. Vindula Alwis for his guidance. I
must thank the Editorial board headed by Ms. Sachini
de Silva, for all their hard work in making this project a
success. I should also thank the experienced and
talented senior academics and past students of CCS,
currently reading for their postgraduate degrees who
contributed with their intellectual skills in writing and
submitting articles to ‘The Spectrum'. Finally, I should
mention the valuable contribution of all writers of the
articles mainly comprising of students of CCS who
contributed towards the inaugural edition of ‘The
Spectrum’. 
 Hoping the readers will learn and benefit from ‘The
Spectrum’, I would like to conclude with the famous
quote of William H. Gass on the importance of
language and communication in disseminating
knowledge:
  

“The true alchemists don’t change lead into gold;
they change the world into words.”

 



    One such area which is holding an important significance in our lives is organic chemistry. This is described as the
study of the carbon-containing compounds (where the carbon atom is the parent atom in every organic molecule).
Organic chemistry can be classified as the toughest branch of chemistry in the world of science. All due to reasons
being the numerous amount of chemical reactions, pathways, and syntheses observed in the syllabus content in any
field. Due to its reputation, organic chemistry accounts for a major role in our daily lives associated with medicine,
textiles, cosmetics, polymers, petrochemicals, soap & detergents, food, etc. Another major importance is related to
biochemistry, studying bodily mechanisms, DNA studies, carbohydrates, proteins, fats, etc which are constantly
researched in the laboratory. 

       Organic chemistry can be challenging to most students but with proper practice and understanding, they unlock
the secrets of mechanisms and pathways governing this area of chemistry. Every student needs to have a common idea
of how the subject works but as mentioned before due to its toughness many students feel uneasy following the
enormous content.

 "The Organic Chemistry Club of College of Chemical Sciences is ideal for any student 
to discover the true essence of organic chemistry." 

    The organic enthusiasts of IChem have done an amazing job by starting this club sharing ideas, thoughts, the latest
news related to chemistry, and more to educate the students, lecturers, and the public. I believe the club will climb to
greater heights with the level of dedication and hardship the students have shown throughout their academics years.

  The Biannual Magazine Project – "The Spectrum" is indeed an amazing achievement organized by the students of the
Organic Chemistry Club of College of Chemical Sciences. I formally wish all the very best to the students of the
Organic Chemistry Club to continue this accomplishment and follow on with amazing projects to encourage students
to learn and join. 
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Message from the Lecturer In Charge of OCC-CCS

Dr. Dinusha N. Udukala 
B.Sc. (Colombo), Ph. D. (Kansas)
M. I. Chem. C.
Senior Lecturer I 
College of Chemical Sciences, Institute of Chemistry Ceylon

Notes and Messages

        I am honored to send this message to the OCC as we are completing the 5
year of the club in 2021. The OCC was founded in 2016 with the involvement
of myself and a few students who were passionate about organic chemistry.
Since then, the club has shown a lot of success by standing as one of the major
student - based clubs of the College. I would like to express my immense
gratitude for this excellent achievement by the Organic Chemistry Club of
College of Chemical Sciences. I believe this exposure encourages many
students to gain a brief understanding of the world through chemistry.
Chemistry can be described as the central science and the subject branches out
into a wide scope of areas such as inorganic, organic, analytical, physical, etc. In
our daily lives, chemistry is always observed, analyzed, visualized, and
experimented on by different ideas by the people and a deep level of
understanding of the environment.

Dr. Dinusha Udukala is an experienced Senior Lecturer at the College of Chemical Sciences, sharing her
expertise in Organic Chemistry and Material Chemistry. Her researchwrork also focuses on these areas, and
currently she plans to study about the synergistic effect between the pheromones of the insect pests and
allelochemicals of the plants, along with studies in urease and tyrosinase activity in natural products. 

th
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Dr. Sujatha Hewage
 

B.Sc. (Ceylon), Ph. D. (Newcastle upon Tyne)
C. Chem., F. I. Chem. C. 
Dean, College of Chemical Sciences

Message from the Dean of CCS

Notes and Messages

        It is with immense pleasure that I pen these few words for the first
issue of the new biannual scientific magazine “The Spectrum” published
by the Organic Chemistry Club through which aims to reach out to the
student population and others who are interested in organic chemistry
and related fields. The contributions to the magazine by the
undergraduates will help them to improve their knowledge in
Chemistry as well as their writing skills. 
The Organic Chemistry Club is an academic based club run by the
student body of the College of Chemical Sciences, Institute of
Chemistry Ceylon to promote Organic Chemistry and its related fields
among our undergraduates. 

   The efforts of the newly appointed executive council are commendable for bringing in new ideas to
improve the quality of activities conducted by the club despite facing the pandemic situation. The new
webinar series initiated, named “Trailblazers in Organic chemistry” enabling the student community to
interact with the local and foreign experts in the field of Chemistry is an admirable effort. I also joined
both the webinars organized by the club one on “drug discovery from natural products” and the other on
“Bioinorganic Chemistry” and were two excellent presentations conducted by two young scientists. The
presentations were ideally suited for our students as it covered important areas that they learn during the
four-year undergraduate programme which would form the basis for their future research activities. The
credit for organizing these two webinars surely must go to the organizers of the Organic Chemistry Club.

    I encourage the students to join the clubs and societies established at the college of Chemical Sciences
to enhance their knowledge and to learn many skills including team work, organizational skills, doing
activities according to protocols, collaboration with others etc. while balancing with their educational
activities.

   Special word of thanks to the lecturer in charge Dr. Dinusha Udukala for her untiring efforts to
improve the quality of the activities of the Organic Chemistry Club and the President Dilhan Jayasinghe
and the executive committee for bringing in new ideas and implementing them.

I wish every success for the future activities of the Organic Chemistry Club of College of Chemical
Sciences.

  

Dr. Sujatha Hewage is a retired Professor from the Department of Chemistry, University of Colombo. She
served as the Dean of College of Chemical Sciences for the Academic Year 2020/21. She is also a distinguished
past President of the Institute of Chemistry Ceylon for the years 2005/06 and is a former Head of the chemistry
department of the University in Colombo. She has played a pivotal role to many of her research students that
stand as ardent young scientists today.



 The College of Chemical Sciences (CCS) which is the educational arm of Institute
of Chemistry Ceylon (IchemC) has been grooming young chemistry graduates for
more than 40 years. There are plenty of chemists who graduated from CCS in
various parts of the world as part of the global scientific community. Along this
journey of producing chemistry graduates, the College has been focusing on
developing the soft skills and managerial abilities of their students by introducing
co-curricular and extra-curricular activities. 

The Organic Chemistry Club (OCC) was such an initiative of CCS in 2016,
beginning with a few members with the majority engaged in research projects
related to organic chemistry. The club was established with the intention of
popularizing organic chemistry among the undergraduate students at CCS. Thus
the organic enthusiasts met on regular basis with a Teaching Assistant (TA) or a
senior undergraduate student to discuss about a research project they are
undertaking or with information about any interested development in organic
chemistry and related fields. 

A
U

G
U

ST
  2

0
21

 IS
SU

E 
0

1

08

Our Story: History of OCC-CCS

2016
Club Inception

2021

Sri Lanka, a country which is enriched with an extraordinary biodiversity consists
of many varieties of flora and fauna which has boosted the interest in not only the
tourists who visit the country to witness the beauty but also the scientific
community all around the world to research on them. A large number of herbs
present in Sri Lanka have resulted in an expanded research sector in this field to
find the therapeutic values and potential drug leads to curb many health issues
including non – communicable diseases such as diabetes and cancer. This has led
to the popularity in natural products related chemistry in Sri Lanka which is a sub
section of Organic Chemistry. Thus from the undergraduate stage, organic
chemistry is much prioritized and focused in the research sector in local
Universities due to the high demand and ever growing enthusiasm in this field.

The then members of the club had their organic lecturers constantly involved with
the club activities, inviting them to hold discussions on organic related areas on
different topics ranging from natural products to advanced organic syntheses. The
club later went onto invite external lecturers from various Universities and
institutes for such popular speeches. 
In addition, the club organized industrial visits to educate its members about the
industrial sector and the research and development sector in these industries. Few
years back, the members had a very informative day at the Sri Lanka Institute of
Nano Technology (SLINTEC) with a good introduction on the advanced
instruments and the research environment. 

5th Year

SLINTEC Field Visit on 07/12/2017 OCC Popular Talk 2016

 

300+ Members
from Years 2-4 at CCS

2560+ Likes
 OCC-CCS 

Facebook Page
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Our Story: History of OCC-CCS

Apart from these major projects, OCC has contributed to the
upsurge of students in the College by various activities such as
the first edition of ‘The Roots in Organic Development’ which
was introduced in the year 2018 to introduce the ongoing
research projects in Organic Chemistry and related fields in the
institute to junior students. This series has been continuing since
then to guide the students and support them to select their area
of undergraduate research, while building up a link between the
undergraduate courses and research.

The Organic Chemistry Club has moved ahead since the
induction of new board members and revamped logo in
November 2020 at the AGM, organizing several discussions in
the form of webinars under the new-normal conditions
including the continuation of the ‘Roots in Organic
Development’ towards its second edition. The introduction of
the new webinar series ‘Trailblazers in Organic Chemistry’ took
place later which has been widened to a larger audience
including non-IchemC members, with the involvement of Ph.D.
holding researchers from Sri Lanka and USA participating as
resource persons. Now we have launched the first edition of the
biannual ‘The Spectrum’ magazine to allow its members to
forward their creative scientific articles for the first time at CCS. 

 

The value of a scientist will not support the world until the knowledge and skills are practically
applied. Hence the OCC introduced a quite timely project to educate not only the students but
also the staff members of IchemC to reduce the use of papers by adapting to electronic
methods when submitting lab reports to a certain extent and trying to maximize the reuse of
papers. Hence paper booths had been established in areas where students gathered for
discussions and in the library. The knowledge on 3R concept, Reduce, Reuse and Recycle was
spread among the community of the institute with the intention of enabling an attitudinal
shift from Paper to E-methods to be utilized whenever possible. 

Roots of Organic Development I on 18/03/2018

Written by
Dilhan Jayasinghe

OCC CCS President 2020/21

New Logo of OCC CCS
Unveiled at AGM 2020

 



Miss. Pevindra Ratnayake, a committee member for the year 2020/2021 welcomed all the distinguished
guests for the event, followed by the address of the Immediate Past President Mr. Y. Vindula Alwis who
highlighted the key events conducted during his tenure and also shared his experience as a president
with the incoming board. The lecturer in charge of the Organic Club of CCS Dr. Dinusha addressed the
audience and shared her wise words of wisdom. The incoming board of Officials was then introduced
and appointed starting with Mr. Dilhan Jayasinghe who took up the role as the President for the year
2020/2021 and delivered his address. Following it Mr. Isiwara Ratnayake was appointed as the Secretary,
Mr. Devin Abhayatunga as the Treasurer, Miss. Sachini de Silva as the Editor and Miss. Kavya
Sooriyaarachchi, Miss. Pevindra Ratnayake, Miss. Nisali Mendis, Miss. Mithuni Jayasinghe and Mr. Suhan
Weerasinghe were appointed as committee members for the year 2020/2021. The audience was next
addressed by Dr. AAP Keerthi who shared his experiences and wished the incoming board all the very
best for the upcoming year.  

The year plan for the year 2020/2021 which included the key events the club had planned to conduct
along with the objectives of each event was revealed by Miss. Nisali Mendis. The club logo (See page 09),
vision, and mission (See page 01) were then launched by Miss. Sachini de Silva. Mr. Isiwara Ratnayake
finally delivered the vote of thanking all guests and attendees including the host for the event Miss.
Yohara Ranasinghe and concluding the event on a high note.
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News and Events

Annual General Meeting of OCC CCS 2020

The Organic Chemistry Club of College of Chemical Sciences (OCC-CCS), established in 2016 is the
leading academic-based club at CCS. In line with the vision of empowering the curiosity of young chemists
towards Organic Chemistry and related fields, whilst promoting teamwork and leadership in all, it was of
vital importance to appoint the next group of leaders for the board of officials to lead the club for the year
2020/2021. These appointments were to be made during the Annual General Meeting which was planned
to be held at the Institute of Chemistry Ceylon, however, due to the prevailing pandemic situation the
organizers were forced to restrict the event to the virtual platform. Thus the Annual General Meeting for
the year 2020 was held online via Google Meet on the 8th of November 2020. The event was attended by
over 100 participants including Dr. Dinusha Udukala, the Lecturer-In-Charge of the Organic Chemistry
Club of CCS, Dr. A. A. P. Keerthi, Hon. Treasurer of the Institute of Chemistry Ceylon, Dr. Medha G.
Gunaratna, Senior Lecturer University of Kelaniya, Immediate Past President Mr. Y. Vindula Alwis,
Members of the outgoing board of officials, Members of the incoming board of officials and members of
the Organic Chemistry Club of CCS.

08/11/2020

Newly appointed Executive Board of OCC-CCS 2020/21



The Roots of Organic Development – II 12/11/2020

News and Events

'The Roots of Organic Development II', organized by the
Organic Chemistry Club of CCS was successfully held on
the 12th of November 2020 via zoom with the attendance of
over 150 individuals across the country. The objective of
this event was to address the practical aspects of
Undergraduate Organic and Biochemistry related Research
projects.
Three renowned researchers, Dr. Dinusha Udukala, Dr.
Medha Gunaratna, and Dr. A.A.P. Keerthi participated in the
webinar, sharing their experience and knowledge. The event
was further highlighted by the inspirational speech of the
Graduate Teaching Assistant of CCS and the immediate past
president of the club, Mr. Y. Vindula Alwis. He spoke about
the obstacles one has to overcome when carrying out
undergraduate research in Sri Lanka, sharing his own
research experience as an undergraduate.
Members of the Organic Chemistry Club, as well as
undergraduates from various other Universities in Sri
Lanka, took part in this webinar, which was held online due
to the prevailing pandemic. The club also intends to
organize similar webinars in the future to address vital areas
in Organic Chemistry and related fields.
 

Trailblazers in Organic Chemistry 

As the pioneer academic based club at the College of Chemical Sciences (CCS), the Organic Chemistry
Club (OCC) of CCS identified the need for a new platform where latest research developments in the
field of Organic Chemistry could be bought to its members and all those who are keen in Organic
Chemistry. Thus “Trailblazers in Organic Chemistry” was initiated. Trailblazers in Organic Chemistry
is a series of Webinars organized by OCC-CCS where researchers’ discuss the latest developments in
Organic Chemistry. 
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Webinar 1 - "Traditional Wisdom for Novel Therapeutics-Dream or Reality?"

The Inaugural webinar "Traditional Wisdom for Novel Therapeutics-Dream or Reality?" from the
series "Trailblazers in Organic Chemistry" on the 22nd of December 2020. The keynote speaker of the
session was Professor Chayanika Padumadasa (Ph.D. (Oxford), F.I.Chem.C, C.Chem.), a Professor in
Chemistry at the Department of Chemistry at University of Sri Jayawardenepura. The content of the
webinar was based on the fascinating area of drug discovery from natural products and the work
carried out by her inspired by traditional wisdom on the medicinal plant Cocos nucifera L. towards a
potential therapeutic agent for the treatment of Menorrhagia in women. All Participants gained
immense knowledge on the value of Natural Products and its application in medicine and therapy.

Trailblazers in Organic Chemistry II
A Webinar series curated to bring out the Organic Chemist in you!

https://www.facebook.com/vindula.alwis?__cft__%5b0%5d=AZVWtbtgcgMyREc3rk9V8KbSHEt5KCHqWk1t55ShxgGQFHGg1QvuUNBqQZoTy1Y2pttfAkjJDPXcvEnW--6nXfLQvFs9bYgkzmlnxeVlukKFU1UYyU8utyW302OemJY8rL1WUxfevStmhEI67q3NA_2w9MtUqdTGePyCyxUrdGUjqhrZ4UuTkoi3ACqF9ns1LZU&__tn__=-%5dK-R


The Organic Chemistry Club of College of Chemical Sciences successfully conducted the second
webinar from the series “Trailblazers in Organic Chemistry” on the 27th of May 2021. Having invited
pioneer researchers in the field of Chemistry from Sri Lanka for the previous webinars the club
decided to invite a pioneer researcher from overseas. Dr. Gayan Wijerathne an Assistant Professor of
Chemistry at the University of Alabama, Birmingham graced the session as the keynote speaker. Dr.
Gayan Wijeratne holds a Ph.D. from the University of Kansas and post-doctoral experience in Bio-
inorganic Chemistry from the John Hopkins University. The content of the Webinar was based on the
fascinating area of Bio-inorganic modeling with a primary focus on "Bioinspired Indole Dioxygenase
Mechanisms of Heme Superoxide Intermediates"
Both these events were graced with the presence of Professor S. Hewage, Dean of College of Chemical
Sciences, Institute of Chemistry Ceylon who offered words of encouragement and gratitude. These
sessions garnered a number of over 125 participants, including Undergraduates of the College of
Chemical Sciences and many prestigious state and foreign universities.

Webinar 2 - "Bioinspired Indole Dioxygenase Mechanisms of Heme
Superoxide Intermediates"
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News and Events

Written by

Isiwara Ratnayake
OCC CCS Secretary 2020/21



Retrospective

A
U

G
U

ST
  2

0
21

 IS
SU

E 
0

1

13

It was a historical moment when the Nobel Prize in Chemistry was
announced for the year 2020, as it marked the very first time that a
women duo namely Emmanuelle Charpentier (Max Planck Unit for the
Science of Pathogens, Berlin, Germany) and Jennifer A. Doudna
(University of California, Berkeley, USA) managed to bag the million
dollar prize for their revolutionary development of a method for
genome editing:  the CRISPR/Cas9 genetic scissors. 

As so often in science, the discovery of these genetic scissors was
unexpected. During Emmanuelle Charpentier’s studies of Streptococcus
pyogenes, one of the bacteria that cause the most harm to humanity, she
discovered a previously unknown molecule, tracrRNA. Her work
showed that tracrRNA is part of bacteria’s ancient immune system,
CRISPR/Cas, that disarms viruses by cleaving their DNA.

Charpentier published her discovery in 2011. The same year, she
initiated a collaboration with Jennifer Doudna, an experienced
biochemist with vast knowledge of RNA. Together, they succeeded in
recreating the bacteria’s genetic scissors in a test tube and simplifying
the scissors’ molecular components so they were easier to use. In an
epoch-making experiment, they then reprogrammed the genetic
scissors. In their natural form, the scissors recognise DNA from viruses,
but Charpentier and Doudna proved that they could be controlled so
that they can cut any DNA molecule at a predetermined site. Where the
DNA is cut it is then easy to rewrite the code of life. 

“There is enormous power
in this genetic tool, which

affects us all. It has not
only revolutionised basic
science, but also resulted
in innovative crops and

will lead to ground-
breaking new medical

treatments,” 
 

 Claes Gustafsson, 
Chair of the Nobel Committee

for Chemistry 

Since Charpentier and
Doudna discovered the
CRISPR/ Cas9 genetic scissors
in 2012 their use has exploded.
This tool has contributed to
many important discoveries in
basic research, and plant
researchers have been able to
develop crops that withstand
mould, pests and drought. In
medicine, clinical trials of new
cancer therapies are
underway, and the dream of
being able to cure inherited
diseases is about to come true.
These genetic scissors have
taken the life sciences into a
new epoch and, in many ways,
are bringing the greatest
beneft to humankind. 



Chemical Advances in 2020

Retrospective

Reviewing the year’s biggest trends in chemistry research, most memorable molecules, and more.

Dominating research on COVID-19

One topic has dominated much of the
scientific literature this year, just as it has
dominated news reports and family
conversations: the novel coronavirus and
COVID-19, the disease it causes. Cases of the
pneumonia-like disease were reported in
December 2019, but the coronavirus, now
known as SARS-CoV-2, became the story of
2020.
After SARS-CoV-2’s genetic code was
published Jan. 10, it wasn't long after that
the SARS-CoV-2 spike protein was one of
the first coronavirus structures to be
solved.

Credit: Jason McLellan/University of Texas at Austin
Science 2020, DOI: 10.1126/science.abb2507

Rotary Reactor: Spin and React

A whirling reactor that lets chemists run
small-scale transformations with multiple
steps and separate the products of those
reactions without using complicated fluidics
and mixers was created by OBartosz
Grzybowski and coworkers from Ulsan
National Institute of Science and
Technology and the Polish Academy of
Sciences.
The system consists of a circular container
that whips around at speeds of up to 5,400
revolutions per minute (Nature 2020, DOI:
10.1038/s41586-020-2768-9). Centripetal
force from that rapid rotation organizes
solutions into discrete layers according to
density. The densest layers form the outer
rings, while the least dense layers make up
the spinning core. By picking reagents and
products that are soluble in different layers,
the chemists can make their compounds
travel through the layers as each reaction
occurs. 
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http://dx.doi.org/10.1126/science.abb2507
https://cen.acs.org/synthesis/reagents/Pirouetting-reactor-run-purify-multistep/98/i38
http://dx.doi.org/10.1038/s41586-020-2768-9


Chemical Advances in 2020

Retrospective

Reviewing the year’s biggest trends in chemistry research, most memorable molecules, and more.

Smart Stir Bar - Mix and Measure

Putting a new spin on an old lab tool,
researchers have made a magnetic stir bar
that measures temperature, conductivity,
color, opaqueness, stirring rate, and
viscosity while simultaneously mixing a
solution. The whirling wonder can collect
physical property data continuously for
more than 100 h and transmits the
information wirelessly via Bluetooth so
chemists can get real-time information on
their stirring solutions (ACS Sens. 2020,
DOI: 10.1021/acssensors.0c00720).
A team led by Nikolay Cherkasov and
Dmitry Isakov at the University of
Warwick invented the smart stirrer, which
is made of stackable sensor boards tucked
inside a 3-D printed capsule. The stirrer’s
software platform is available for free
online, and its materials and components
cost less than $20. The team plans to add
other functionality to the stirrer, including
the ability to measure pH and dynamic
conductivity.
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Credit: Dmitry Isakov

Sensational Synthesis of 2020

Akin to scientific magicians, chemists pulled dinitrogen from thin air this year and
coupled it with benzene to make aniline derivatives (shown) (Nature 2020, DOI:
10.1038/s41586-020-2565-5). Nitrogen gas is famous for its strong and stable bond, so to
make it react, chemists need to use metals to add electrons. However, electrophiles in
solution tend to react with these metals, preventing the nucleophilic nitrogen from doing
so and keeping it from forming the desired organic compound. So Patrick L. Holland and
coworkers at Yale University made the nitrogen electrophilic. To perform this switcheroo,
the chemists used diketiminate-supported iron to activate one of benzene’s C–H bonds
and form a complex with Nitrogen. A trimethylsilyl ion in solution then joins the Fe-bound
and partially reduced Nitrogen. This makes the compound electrophilic and susceptible to
attack by the nearby benzene. After the aryl group joins, the nitrogen-derived aniline pops
off the metal.

Read more at https://cen.acs.org/education/science-communication/CENs-Year-Chemistry-2020/98/i48

https://cen.acs.org/analytical-chemistry/chemical-sensing/Multipurpose-magnetic-stir-bar-monitors/98/i30
http://cgi.cen.acs.org/cgi-bin/cen/trustedproxy.cgi?redirect=https://pubs.acs.org/doi/abs/10.1021/acssensors.0c00720?source=cen
https://cen.acs.org/synthesis/Making-anilines-thin-air/98/web/2020/08
http://dx.doi.org/10.1038/s41586-020-2565-5
https://holland.chem.yale.edu/
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Biologically Active Cyclic Biaryl Containing Natural Products
Medha J. Gunaratna, Ph.D. 

Department of Chemistry, University of Kelaniya

Introduction

In nature, there is a large number
of biologically important
molecules that contain cyclic
biaryl bridged scaffolds. These
molecules are secondary
metabolites of living organisms
such as plants, bacteria, and fungi.
The class of cyclic biaryl bridged
molecules has a broad structural
diversity, ranges from simple
structures like cyclic
diarylheptanoids to more
complicated molecules such as
vancomycin. Cyclic biaryl-
bridged compounds isolated from
natural sources have shown
diverse and important
pharmaceutical properties such as
antimicrobial, antitumoral,
antimitotic, and antioxidant
activities (Figure 1). Figure 1. Examples of naturally occurring cyclic biaryl-bridged molecules.

These compounds possess unusual molecular structures due to the restricted bond rotation about
the bridged aromatic rings. There is a large energy barrier for the free rotation about the bridged
C-C bond, due to the steric bulk of groups in the ortho positions as well as the groups attached to
the aliphatic chain, leading to two isomers. This conformational chirality is called atropisomerism.
It is assumed that these compounds have extraordinary physical and chemical properties due to
their molecular structure and the ring strain. In addition, they have unique three-dimensional
structures for bioactivities as well as the selectivity.

 Due to their significant biological properties, the chemical synthesis of these cyclic biaryl
compounds has gained much attraction. But the synthesis of these molecules is complex due to
the chirality. Further, the rigidity of the cyclic skeleton makes their synthesis even more
challenging. In principle, there are two retrosynthetic disconnections proposed for the
macrocyclic ring closure. As shown in Scheme 1, cyclic biaryl compounds can be obtained by
linking the two aryl groups in a linear manner or by linking the aliphatic chains in the biaryl
scaffold. 

Scheme 1. General retrosynthetic analysis for the macrocyclization step of diarylheptanoids

Guest Editorial
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Guest Editorial

A few examples of biologically active cyclic biaryl-bridged natural products are briefly discussed
in the following.

Cyclic diarylheptanoids

Cyclic diarylheptanoids are a class of secondary metabolites derived from plants that are
pharmacologically important due to their anti-Alzheimer, anti-inflammatory, antitumoral,
antioxidant, and antibacterial activities. The basic structure of cyclic diarylheptanoids consists of a
biaryl scaffold connected by an oxygenated seven-membered aliphatic chain. Cyclic 
 diarylheptanoids can be subdivided as meta,meta-bridged biaryls, and meta,para-bridged biaryl
ether type cyclic diarylheptanoids. Some examples of meta,meta-bridged cyclic diarylheptanoids
are shown in 
Figure 2. 
 

Figure 2. Some examples of meta,meta-bridged cyclic biarylheptanoids.

The structure of myricanol contains one asymmetric center and is also axially dissymmetric due
to the twisted biaryl moiety. Therefore, this structure could exist as two pairs of enantiomers:
(aR,S), (aS,R) and (aR,R), (aS,S) where the “a” prefix indicates the chirality of the axially
dissymmetric biphenyl (Figure 3).

 

Figure 3. Possible enantiomers of myricanol.8

However, the X-ray structure of myricanol isolated from Myrica cerifera contains only one
enantiomeric pair, (aR,S) and (aS,R). It is reported that the small rotational barrier between the
possible atropisomers causes fast interconversion of the axially dissymmetric moieties at room
temperature, resulting (aR,S) and (aS,R) or (aR,R) and (aS,S). In a cell-based assay carried out using
HEK P 301L cells that were treated with 30 µM of enantiomeric pure (aS,R) myricanol have shown
50% reduction in both phosphorylated and total tau levels after 72 h while treatment of 30 µM of
(aR,S) has not shown any reduction in the tau levels. This indicates that tau lowering activity of
myricanol is due to its minor constituent, (aS,R) enantiomer.



Biaryl cyclic peptides 

Biaryl cyclic peptides are a class of highly functionalized natural products that are being
commonly used as therapeutic agents. Vancomycin is a pioneer of such therapeutic biaryl cyclic
peptides, which are isolated from a soil bacterium Amycolatopsis orientalist. It is a glycosylate
nonribosomal peptide antibiotic that inhibits the construction of bacterial cell wall in Gram-
positive bacteria hence is used clinically as a powerful antibiotic for several decades. Vancomycin
is widely used against infections caused by Staphylococcus aureus, especially those caused by
methicillin-resistant and more importantly the multi-resistant strains. 

Arylomycins are another class of naturally occurring biaryl cyclic peptides isolated from strains of
Streptomyces. This class of nonribosomal peptide antibiotics includes three main types of
arylomycins called, arylomycin A, B and C. Basically, they all share a common structure including
a C- terminal tripeptide containing a biaryl bridged macrocycle attached to a N-terminal
lipopeptide. Structures of arylomycin A, B and C are shown in Figure 4. Their N-terminal peptide
region, which is located outside of the macrocycle, is composed of N-Me-D-Ser, D-Ala and Gly
residues. The macrocycle of arylomycin A contains N-Me-Hpg (Hpg = 4-hydroxyphenylglycine),
L-Ala and Tyr residues while the tyrosine residue is nitrated at the third position in arylomycin B.
In arylomycin C, the macrocycle is glycosylated. Arylomycins have shown to bind and inhibit
bacterial type I signal peptidase (SPase). Type I signal peptidase is a membrane-bound serine
protease which is essential for bacterial cell growth and viability. Inhibition of bacterial SPase I
activity leads to accumulation of secretory proteins in the cell membrane and eventually causes
cell death. Since bacterial SPases are different from eukaryotic signal peptidases in structure,
localization, and catalytic mechanism, targeting the bacterial SPases has gained much interest in
the antibacterial drug discovery. 

A
U

G
U

ST
  2

0
21

 IS
SU

E 
0

1

18

Guest Editorial

Figure 4. Structures of arylomycin A-C16 and arylomycin B-C16 correspond 
to A and B series respectively and arylomycin C-C16.

Protosappanins

Protosappanins are a class of homoisoflavonoid biaryl natural products where the biaryl scaffold is
connected by an oxygenated four membered aliphatic chain with an ether linkage (Figure 5).
Protosappanins are isolated from Sappan Lignum. which is derived from the heartwood of
Caesalpinia sappan L. (Leguminosae). Based on the structural differences, they are subdivided as
protosappanin A, B, C, D, and E. It is reported that protosappanins have anti-inflammatory
activity, neuroprotective activity, antitumor effects, and anti HIV-1 integrase effects.
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Figure 5. The structures of protosappanin A-C.

Concluding remarks 

Biaryl-bridged cyclic compounds comprise an intriguing class of structurally diverse natural
products with significant physical, chemical and biological properties due to the strain caused by
their cyclic structure and the biaryl bridged linkage. It is evident that natural atropisomerism
yields potential drug leads with greater selectivity that can be utilized to treat various diseases.

AUTHOR SPOTLIGHT
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COVID-19: Battling the unseen

The 3 tiny molecules of the darker side 
of COVID-19
Apart from the rising death tolls from the current global pandemic, the depletion of mental 
health is often looked past.

Death and economical losses are topics that are
being frequently spoken about during the
prevailing COVID-19 pandemic, but what is being
the least mentioned about, is the mental health of
the people.
Stipulated public health actions, such as social
distancing, are necessary to reduce the spread of
COVID-19, but they tend to make us feel isolated
and lonely.  The normal way of life of people have
been altered, and not everyone has had the capacity
to get adjusted to it. Friends and family have been
separated, people are losing jobs and infection rates
keep rising. These can increase stress and anxiety.

Serious attention should be given to people vulnerable to changes in mental health. While raising awareness and
taking action to improve the mental stability of people is important, it is quite fascinating to take a look at the
root cause or the tiny molecules in our body responsible for this sort of detrimental imbalance in mental health
and the reason why such incidents like staying at home for prolonged periods affect it. 

Stress, anxiety and depression are terrible chronic conditions that could be critical if not treated. To think all
these broad and dreadful situations are the result of one tiny chemical messenger called a neurotransmitter is
mind-blowing. Neurotransmitters are chemical messengers in the brain. Each type of neurotransmitter can
carry a different message and plays a unique role in creating an individual's brain chemistry. Imbalances in
these chemicals lead to dreadful, and often life-threatening conditions such as depression. 

There are 3 major neurotransmitters, the imbalance of which results in depression. They are dopamine,
norepinephrine and serotonin. Dopamine, simply known as the chemical of pleasure, is only a molecule with a
benzene ring with two hydroxyl groups and a primary amine attached to it. It is responsible for creating positive
feelings associated with reward or reinforcement that motivate us to continue with a task or activity. There is
evidence that reduced dopamine levels can contribute to depression in people.

Norepinephrine, the second molecule is identical to the structure of dopamine but with an extra hydroxyl
group, it is also both a neurotransmitter and a hormone. While having too little norepinephrine is not the only
chemical cause of depression, it is claimed that too much of it can induce mania or hypomania. 

Finally, there is serotonin whose chemical structure is quite different
from the other two. It is a heterocyclic compound but with similar
functional groups such as hydroxyl and amine attached. It is commonly
known as the feel-good chemical. Serotonin is the key hormone that
stabilizes our mood, feelings of well-being, and happiness. Like both
other neurotransmitters, too little of this can lead to depression. 
While psychotherapy is helpful for some people with depression, if there
is a chemical imbalance in the brain, it may not be enough to address
their symptoms. Understanding the chemistry of depression may help
people better understand the treatments available, especially in times
such as these where the whole world has come to a standstill, far away
from our normal lives. COVID-19 may disappear in the years to come,
but the consequences of it will be everlasting. 

Written by

Lihini Jayasinghe 
Graduate Chemist

GIC 38th Batch Top 
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COVID-19: Battling the unseen

The current state of therapeutics against
SARS-CoV-2
Updates on the treatments available for the virus are explored.

The Severe Acute Respiratory Syndrome
Coronavirus-2 (SARS-CoV-2) induced CoronaVirus
Disease 2019 (COVID-19) is one of the worst
pandemics faced by mankind since the outbreak of
Spanish flu in the early 1900s. The number of
patients infected with the disease has risen to 180
million cases and the number of casualties has
increased up to 3.9 million as of the 27th of June
2021. The disease was first identified in Wuhan,
China in 2019 and since then it has been spreading
rapidly across the globe. 

Transmission of this virus takes place when an individual gets exposed to infected respiratory
droplets and airborne particles exhaled by an infected individual. Often fever, cough, headache,
breathing difficulties, and loss of smell are considered common symptoms of the disease. A
tremendous amount of research is carried out in developing effective therapeutics for COVID-19 as
none are available as of 27th of June 2021. The fight against COVID-19 is currently mostly based on
preventive measures such as social distancing, practicing good hygiene, vaccination, wearing masks,
etc.  

In this article, we explore the current state of therapeutics available in the battle against COVID-19.
As of 31st May 2021, there are 10 COVID-19 treatments currently authorized for emergency use and
1 FDA (US Food and Drug Administration) approved drug for use in COVID-19. There are several
types of COVID-19 treatment being studied that include antivirals, cell and gene therapy,
immunomodulators, neutralizing antibodies, etc. According to the FDA, antivirals are drugs that
prevent viruses from multiplying and are used to treat many viral infections. Immunomodulators
are those which tamp down the body’s immune reaction against SARS-CoV-2, in situations where
the body’s immune system starts attacking the patient’s own organs. Neutralizing antibody therapies
help individuals combat the virus and include manufactured antibodies, animal-sourced antibody
therapies, and blood-derived products such as convalescent plasma and hyperimmune globulin,
containing antibodies obtained from those who had been previously infected with COVID-19. 

Remdesivir was the first drug to receive
Emergency Use Authorization(EUA) on 05.01.2020
by licensed health care providers for the treatment
of suspected or laboratory-confirmed COVID-19 in
hospitalized pediatric patients weighing 3.5 kg to
less than 40 kg or hospitalized pediatric patients
less than 12 years of age weighing at least 3.5 kg. On
22nd October 2020, FDA approved Remdesivir for
use in adults and pediatric patients (12 years of age
and older and weighing at least 40 kg) for the
treatment of COVID-19 requiring hospitalization.



Fresenius Kabi Propoven 2%, REGIOCIT replacement solution, COVID-19 convalescent plasma,
Baricitinib (Olumiant) in Combination with Remdesivir (Veklury), REGEN-COV, Bamlanivimab
and Etesevimab, Propofol‐Lipuro 1%, Sotrovimab, and Actemra (Tocilizumab) are the other FDA
approved drugs with Tocilizumab receiving it EUA on 24th of June 2021. 

Antivirals inhibit the entry of the virus by inhibiting various enzymes like Angiotensin-Converting
Enzyme 2 [ACE2], Transmembrane Serine Protease 2 [TMPRSS2]), SARS-CoV-2 3-Chymotrypsin-
Like protease (3CLpro), and RNA-dependent RNA polymerase. The exact mode of action pertaining
to antivirals is not known with certainty with respect to SARS-CoV-2. Thus further investigations
should be done to understand the exact role of antivirals in combating COVID-19.

The usage of monoclonal antibodies is also widely considered in the fight against COVID-19. Three
of the drugs listed under EUA are monoclonal antibodies i.e Bamlanivimab and Etesevimab,
REGEN-COV (Casirivimab and Imdevimab), and Sotrovimab. A monoclonal antibody is an
antibody developed by subjecting a unique white blood cell to cloning. Another type of therapeutics
used to treat COVID-19 patients are immunomodulators. The COVID-19 Treatment Guidelines
Panel of the National Institute of Health (NIH) recommends the usage of immunomodulators alone
or in combination with other drugs. Some of their recommendations are as follows, Baricitinib in
combination with Remdesivir when corticosteroids cannot be used, Dexamethasone (or other
corticosteroids) with or without Remdesivir, and Tocilizumab with dexamethasone (with or without
Remdesivir).  
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COVID-19: Battling the unseen

As COVID-19 is still rapidly spreading
across the globe through new, more
infectious variants which are causing
immense social and economic damage,
the need for successful therapeutics is
greater than ever. Thus more and more
research should be dedicated to the
development of novel therapeutics
exploring the areas that haven’t been
explored before in the development of
therapeutics to combat COVID-19. 

Written by

Isiwara Ratnayake
OCC CCS Secretary 2020/21

Advice to our readers and the common public
For more information please visit WHO.int



COVID-19: Battling the unseen

An Organic Chemistry Perspective of COVID-19
Deep-dive into the role of Organic Chemistry when it comes to combatting the virus

From the sanitizers to the powerful vaccines
that are created to combat the virus, it is with no
doubt that there is a vital role played by
chemistry, especially in the field of Organic
Chemistry. Hence, we will look into the
intriguing mechanisms used by molecules in
order to effectively halt the spread of COVID-19
and any other viral or bacterial attack.

Hand Sanitizers

Apart from our wallets and phones, COVID-19 forced us to include hand sanitizers as an
essential carry-with item as we go outside in public amidst the ongoing pandemic. 

The World Health Organization have
issued regulatory guidelines (Guide
to Local Production: WHO-
recommended Handrub
Formulations) for the manufacture of
hand sanitizers i.e. handrubs as
shown on the right, where the final
compositions must have Ethanol or
Isopropyl alcohol well over 70%. 

This is to ensure that the alcohol will effectively denature the proteins present in the cell walls of
bacteria and envelopes of viruses - including the coronavirus. Non alcohol sanitizers are effective
against bacteria but not so much against viruses. Glycerol is added into the formulation as a
humectant for the retention of skin moisture. It is a readily available reagent that is cost effective,
miscible with water or alcohol and does not pose allergic reactions to the majority of
applications. The addition of hydrogen peroxide ensures that the inactivation of contaminating
bacterial spores is carried out in the solution and is not an active substance for hand antisepsis. A
colorant may be added to allow differentiation from other fluids, but should not add to toxicity,
promote allergy, or interfere with antimicrobial properties. The addition of perfumes or dyes is
not recommended due to risk of allergic reactions.
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Vaccines

Three COVID-19 vaccines have been granted Emergency Use Authorization (EUA) from the U.S. Food
and Drug Administration (FDA) since mid-December 2020.  Once available to the broader public, it’s
critical that a high percentage of the population receive the vaccine in order to achieve herd immunity
against COVID-19. Herd immunity occurs when most of a population is immune to an infectious
disease (either from previous infection and/or vaccination) and provides indirect protection to those
who are not immune to the disease.
There have been many rumors flying around on the internet about what’s in the vaccine. Some rumors
even suggested that the vaccines contain gluten, wheat, eggs and even bee venom! All of that is simply,
untrue.
If you’re among the many wondering “what’s actually in it?” and, “is it safe to receive the injection?”,
keep reading.
There are two COVID-19 messenger-ribonucleic acid (mRNA) vaccines currently authorized for
emergent use in the United States: the Pfizer-BioNTech and the Moderna vaccines. A third vaccine
developed by Johnson &Johnson (J&J) Janssen uses a viral vector platform. 
The COVID-19 mRNA vaccines use a new approach by which mRNA is delivered into our cells to
provide the genetic instructions for our own cells to “temporarily” make a “specific” viral protein (the
coronavirus spike protein) that triggers an immune response.

COVID-19: Battling the unseen
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Pfizer-BioNTech Moderna J & J Jassen

mRNA (active constituent)
The mRNA molecules contain the

genetic material that provide
instructions for our body on how to
make a viral protein that triggers an
immune response within our bodies

Lipids
Their main role is to protect the

mRNA and provide somewhat of a
“greasy” exterior that helps the mRNA

slide inside the cells..
 

Salts
The following salts are included in the

Pfizer vaccine and help balance the
acidity in your body

 

Sugar
 

Basic table sugar, also known as
sucrose, can also be found in the new
COVID vaccine. This ingredient helps
the molecules maintain their shape

during freezing.

mRNA (active constituent)
Like the Pfizer BioNTech vaccine,

Moderna’s also uses mRNA
technology to build antibodies against

COVID-19.

Lipids
The Moderna vaccine also requires

lipids to help deliver the mRNA to the
cells.

 
The remaining ingredients (below),
including acids, acid stabilizers, salt

and sugar all work together to
maintain the stability of the vaccine

after it’s produced.
 

Acid (Acetic Acid)
Acid stabilizers (Tromethamine &

Tromethamine hydrochloride)
Salts (Sodium acetate)

Sugar (Sucrose)
 
 

Recombinant, replication-
incompetent adenovirus type 26
expressing the SARS-CoV-2 spike

protein
A modified and harmless version of a
different virus (Adenovirus 26) is used
as a “vector” to deliver the DNA gene
sequence to produce the coronavirus
spike protein. The coronavirus spike

protein is then produced and
displayed on the cell’s surface,

prompting the immune system to
begin producing antibodies and

activating T-cells to fight off what it
thinks is an infection.

 
Acids (citric acid monohydrate)

Salts (trisodium citrate dihydrate)
Sugars (2-hydroxypropyl-β-

cyclodextrin (HBCD), polysorbate-80,
sodium chloride)

Ethanol
 

Complied  by

Sachini de Silva
OCC CCS Editor 2020/21

The J&J COVID-19 vaccine is a type of “replication-incompetent vector
vaccine.” This vaccine also contains the genetic instructions to express a
stabilized coronavirus spike protein, but instead of mRNA, these instructions
are delivered via DNA stored inside a modified vector virus (Adenovirus 26).
This adenovirus has been engineered to enter the human cells and deliver the
desired genetic information without replicating itself or causing illness. Once
inside the cells, the DNA encoding for 
the coronavirus spike protein can be read by the cell and transcribed into
mRNA.  At this point, the J&J vaccine acts similarly to the mRNA vaccines.



Scores of dead turtles continue to wash ashore in Sri Lanka, almost two
months after a newly built container ship caught fire while anchored off
Colombo’s Port. The MV X-Press Pearl was carrying 1,486 containers and
burned for two weeks. It then sunk in early June, causing one of Sri Lanka’s
greatest environmental disasters.

Chemicals contaminated waters, killing marine life and destroying their
breeding grounds. The contaminants include nitric acid, sodium dioxide,
copper and lead, and tons of plastic nurdles (pellets) which can take centuries
to decompose.
Local communities entirely dependent on fishing for their livelihoods have
been ordered not to fish. Now, the environment faces the threat of an oil spill,
which authorities, with international assistance, are desperately trying to
contain. (The ship was carrying 350 MT of fuel for its own use).

It is believed that the leakage of properly declared, but inappropriately or
incorrectly packed or stowed nitric acid caused the X-Press Pearl fire. Nitric
acid is a corrosive, toxic and flammable liquid — and the X-Press Pearl was
carrying 25 tonnes of it.

Over 200 rare marine animals have died due to the fire aboard a Singapore-
flagged container ship that was carrying tonnes of hazardous chemicals and
sank off Sri Lanka's coast earlier this month, a court here has heard, days after
the carcasses of the sea creatures started to wash ashore.
Briefing on the damage to aquatic life in the aftermath of 'X-Press Pearl'
container ship sinking, the Attorney General's Office told the Magistrate's
Court, here, that at least 176 turtles, 20 dolphins and four whales have
perished.
Additionally, tons of tiny plastic pellets have already washed up on local
beaches nearby. And then there's the hundreds of tonnes of engine fuel sealed
in the sunken hull that could also potentially leak into the sea.

Aside from the environmental threats, there are also devastating
consequences for the local communities, fishermen who overnight lost their
livelihoods and will likely suffer for years to come.
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Marine Pollution

The Impact of Xpress Pearl DisasterThe Impact of Xpress Pearl Disaster
on Lankan Coastson Lankan Coasts  



Microplastics are plastic debris particles smaller than five millimeters in size. (Rochman and Bucci,
2020). They are found in almost all the habitats as well as in digestive tracts in most of the marine
organisms and sea birds. Microplastics carry toxic chemicals in the ecosystem, as vectors of transport.
There is a considerable lack of knowledge on major additives that are used in the plastic industry. Once
they are disposed to the environment, humans’ and marine organisms’ health is affected by micro and
nano plastics due to their consequent effects (USA.gov, 2016).

Numerous amounts of research studies have been carried out in the Pacific and Atlantic Ocean, while
very few research studies have been done in Arctic and Antarctic Oceans. There is a high possibility for
a larger microplastic content in Indian Ocean, but there are only a few investigations on that.
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Microplastics- An "invisible" menace

Marine Pollution

Plastic causing ocean pollution is recognized
as an environmental issue internationally.
Large pieces of plastic can been found almost
everywhere around the world. Wildlife gets a
major attack from regular exposure to plastic
pollution. Macro-plastics, which are larger
than five millimeters in size, break down to
micro-plastics, which are smaller than five
millimeters in size, and exist in nature for
millions of years. 

The main source of primary microplastics in oceans is
ordinary consumer products. That includes synthetic
textiles, city dust, tires, personal care products and
engineered plastic pallets. Synthetic textiles bring about
35% of the total volume of engineered microplastics into
the ocean. Through shedding of fibers from the fabrics,
most of the engineered plastics are washed off the
synthetic textiles.  Around 24% of the tires contain synthetic
fibers and plastic polymers, and 19% of natural rubber.
Microplastics form a matrix of synthetic polymers giving
the tire both rigidity and traction. Vehicle tires contribute
28 % of all the primary microplastics in the oceans, second
only to synthetic textiles.

Around 24% percent of the microplastics in the ocean come from city dust which is derived from many
sources. Despite the level or the significance of contribution, they all end up in polluting the
environment. As an example, scientists have recorded 365 microplastic particles per square meter
falling daily from the sky in southern France. 
One of the major types of engineered microplastics known as “microbeads” are contained in most of
the personal care products and cosmetic products. Microbeads are manufactured using polythene and
some other types of plastics. Up to 10% of the personal care products contain plastics. Some items have
several thousands of microbeads per gram of product. 



Humans all around the world suffer from chronic exposure to microplastic particles through inhalation
and dermal contact. Identifying and eliminating sources of microplastic contamination reduces the
social, environmental, and economical impact. Although elimination of sources of pollution is a policy
in most of the countries, sources of microplastics and their contamination to human and animal bodies
remain poorly understood. 
Identification of transportation of microplastics is challenging because transportation includes physical,
chemical, and biological processes. Density of microplastic particles (0.05g/cm  to 2.30g/cm  ) greatly
influences their distribution. Microplastic particles with lower density than that of sea water float on the
surface of seawater while particles with higher density are concentrated in marine benthic
environments. 

Plastics have already entered the food chain through sea water to most of the animals, and to the
human body as well. Animals carry microplastics in their body. When they are themselves eaten, those
microplastics are also ingested. This process is called “trophic transfer” of microplastics. Since animals
eat one another, microplastics can move through the food web easily. With plastics that moves through
the food web, attached toxins can also accumulate in animal fat and tissues through a process called 
“bio-accumulation”.

Reproduction in marine animals is affected by exposure to polystyrene microplastics.
Endocrine disruption in adult freshwater fish from ingestion. 
Altered gene expression was observed in male fish exposed to plastic. 

The role of plastics in bioaccumulation of toxins is quite small when compared to exposure via animals’
normal food. Most scientists have found that microplastics can enter brains of fish through food chains
and lead to abnormal behavior. Risks associated with ingestion of microplastics into the food web is a
function of hazard and exposure. Evaluating the risk of microplastics requires knowledge on hazards,
exposure levels and their effects. Different pollutants and additives can be transferred from ingested
microplastics to animal tissues and cause impairment of key body functions. (Nara, December 14, 2018)

Accumulation of microplastic could have adverse effects on human health. Different studies have
reported unusually high levels of microplastics in seafood. Therefore, there is no wonder, that human
bodies too have a high contamination level. Some adverse effects of microplastic accumulation in
animal bodies are as follows: 

However, there is still a huge gap regarding the threats, toxicities and adverse health effects in human
and animal bodies exposed by ingestion of microplastic contaminated food. (Nara, December 14, 2018)
Aside from beach cleaning and cleaning up of oceans, which is the first most popular step but not a
long-term solution, the best way to address plastic pollution is to Reduce, Reuse, Recycle and Educate
about these microplastics and their adverse effects. To efficiently reduce the plastic pollution the ideal
way is to reduce the plastic usage. It means changing our everyday behavior and not using plastic when
there is a better alternative to it. Plastics may cause pollution when they are poorly managed but also
have lots of advantages within them, such as being resistant and hence having long life. 
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Marine Pollution

Therefore, many plastic items can be reused for different
purposes. Therefore before throwing plastic items, it is important
to make sure to consider the ways it can be reused. Plastic
recycling consists of collecting plastic wastes and reprocessing
into new usable products. Another crucial solution to plastic
pollution is educating; to increase awareness and induce
behavioral changes. 

Written by

Risini M. Weerathunga
OCC CCS Member

3 3
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Marine Pollution

Save the marine life!
“When the last tree has been cut down, the last fish caught, the last river poisoned, 

only will we realize that one cannot eat money"
 

Currently, most people have a hectic schedule focusing only on their own life goals, meanwhile
forgetting the entire world around them. Hence, it affects the existence of the earth - including the
marine ecosystem as well. 
Oceans and continents are the two major divisions that sustain life on earth since about 71 % of the
earth’s surface is covered with oceanic water rich in marine life. Indeed, the ocean is a major source
of food, energy, and mineral resources. In addition to providing food, the ocean provides us limitless
inspiration as it has a very rich wealth of marine life. The ocean generates most of the oxygen we
breathe, regulates the climate, and cleans the water we drink, offers pharmaceuticals, and provides
habitats for marine animals by sustaining all life.

Majorly, aquatic ecosystems are classified into two types: freshwater ecosystems and marine
ecosystems. The marine ecosystems include the estuaries, tidal inlets, salt marshes, wetlands, coral
reefs, and foreshore ecosystems. However, the marine ecosystem consists of many biotic and abiotic
components. The biotic components are organisms and their species, predators, parasites,
competitors, and mates. The abiotic components are temperature, the concentration of nutrients,
sunlight, turbulence, salinity, and density. As well as some properties such as quality of seawater,
skeleton shape and size of organisms, buoyancy, gravity, the temperature of the water, density of
water, light penetration in water, availability of nutrients, water turbulence, and hydrostatic pressure
- are affecting the life in the seas and oceans. Most marine animals are invertebrates that have no
massive skeleton. Therefore, water becomes the fundamental requirement for the survival of these
marine animals.

The ocean plays a pivotal role in shaping marine biodiversity. There is some importance of marine
life: climate- biogeochemical cycling, knowledge - new marine ecosystems have been discovered
with many endemic and new species, aesthetic and cultural value- human spirit, tourism and
recreation, economics and employment – fisheries, tourism, food, and medicines. Even though the
ocean helps us tremendously to make our life easy, we humans keep being the major threat to the
survival of marine life in various ways.

The biggest problems the marine ecosystems are facing right now are land-based pollution, global
warming, overfishing, tourism, and the oil spill. Normally, rubbish in the ocean takes the life of 1
million seabirds and 100, 000 sea mammals per year. It is true to say, 80% of all pollution in marine
ecosystems occurs from land-based activity. Marine litter can be categorized into main four types
such as non-plastic waste (18%), plastic waste from fishing gear (27%), single-use plastics (49%), and
other plastics (6%). 



Unfortunately, more than 150 million tons of plastic waste exists in the ocean today and it has been
estimated 4.8 to 12.7 million tons of plastic may enter the ocean every single year. The consumption
of plastic becomes unavoidable because each person on this planet has already got familiar with it
directly or indirectly. Therefore, many environmental, health, economical and sociological problems
may arise due to the mountains of plastic waste accumulated in the marine ecosystems.

Global warming is caused due to the greenhouse gases available in the atmosphere. Marine
organisms help to absorb a large number of greenhouse gases. However, ocean pollution is directly
affected by the loss of marine life, causing global warming. Oceans absorb between 30% and 50% of
the carbon dioxide produced, burning fossil fuel and absorbed by plankton which in turn damage
the rest of the food chain. The world’s largest fisheries are overfished. Normally, big fish like tuna
and swordfish declined by 90% in the last century due to overfishing. Tourism is causing the
destruction of the reefs. By 2050 only 50% of our coral reefs will be intact. Oil spills are also a major
threat to marine life which poisons entire ecosystems.
There are some global initiatives to fix marine pollution. In 2017, Norway initiated a UN resolution
to eliminate plastic waste in oceans by 2020, which was signed by all 193 members of the United
Nations. In addition, 24 countries, including the US and China, made a 598,000 km  area in the Ross
Sea an MPA in 2017 in a bid to protect its wildlife and resources. In 2015, New Zealand created a
620,000 km squared Kermode marine reserve -completely protected from finishing and mining. It
can be considered crucial in protecting the area's ecosystem and biodiversity. 

 Sri Lanka is an island that is surrounded by an eye-catching coastal line. Due to the development in
tourism and urbanization, we are facing the threat of ocean pollution as a whole country. Recently,
Sri Lanka engaged in a lot of developing projects regarding marine life. Sri Lanka has three major
maritime zones: territorial sea, contiguous zone, and exclusive economic zone. Marine pollution in
Sri Lanka occurs due to two main reasons as Land base pollution and ships transportation marine
pollution. Land runoff, urban and domestic debris, industrial debris, agricultural debris, tourism, and
offshore installation are the types of land base pollution. Mostly in Sri Lanka, sea turtles and coral
reefs are affected by urban debris and it makes a huge impact on them, causing death even. Ship
transportation marine pollution is such as oily discharges from ballast water during the ship
operation and illegal dumping of solid waste as well as accidental spills from ships such as Xpress-
Pearl oil spill – carrying hazardous substances which are poisonous to marine life.

Have you ever walked on the beach and noticed the waste in the water or on sand? Have you ever
thought about how it is hurting the environment? Do you want to take action against it? If it is, there
are plenty of impactful activities to be done to save marine life. As an individual, you can use fewer
plastic products since plastic consumption would be harmful for marine life, entanglement, and
habitat destruction. Thus, you can use the 3-Rs method: Reduce, Reuse and Recycle -to prevent the
excessive use of plastic. You can engage with team projects to clean the coastal areas. Then you
should save water and avoid adding tons of industrial debris. As well as, you can practice eating
sustainably. It would be impactful to protect marine life, knowing where your seafood comes from. 
You can use eco-friendly products while doing dishes, laundry, 
or using personal care items. 
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Therefore, it is your responsibility to make wise decisions on
behalf of the planet Earth. Thus, individually we cannot heal
the Earth, but together we can. Keep in mind; we are also a
part of this planet Earth, so let us make life on Earth more
convenient and sustainable together.

Written by

Prasadie Karunaratne
OCC CCS Member

Marine Pollution



The very first organism on Earth is believed to be the Bacteria. They appeared in the
waters of the first oceans 3 billion years ago. There were only anaerobic heterotrophic
bacteria and later autotrophic bacteria appeared 2 billion years ago. The atmosphere was
enriched with oxygen due to the photosynthesis that occurred in these organisms.
Cyanobacteria or blue algae made the first step to lands above the sea and atmosphere
breathable. This is why I would like to say that ocean is like the womb of the first
organisms on Earth. In the evolution theories, it states that oceans have become the holy
place to give first lives on Earth. Therefore, think how oceans are important to our lives,
think how it has been connected to us.

Now the question rises. Are we showing our gratitude or respect to the ocean? Are we
taking the right steps towards protecting this womb, ocean? If we’ve thought about it
deeply, the word “pollution” won’t exist in the vocabulary. But it does exist as we
constantly engage in polluting our world. We get experiences on pollution each and every
day. The recent news on X-Press Peal ship incident has done a huge destruction to the
marine environment. Before getting in to the details, let’s know about what marine
pollution is. 

As defined by the Group of Experts on the Scientific Aspects of Marine Pollution
(GESAMP), marine pollution is “the introduction by man, directly or indirectly, of substances or
energy into the marine environment (including estuaries) resulting in such deleterious effects as harm
to living resources, hazards to human health, hindrance to marine activities including fishing,
impairment of quality for use of sea water, and reduction of amenities.” The X-Press Peal ship
incident reflects the above-mentioned definition excellently. 

A Cargo ship carrying chemicals caught fire. It had contained highly dangerous chemicals,
tons of plastic pallets & hundreds of tons of engine fuel. Some of them were burned off
and some contaminated sea water, poisoning the marine life. A thick dark smoke could be
seen and the fume had a higher percentage of NO  and CO . Because of this blackish
smoke, acid rains and death of marine birds who’ve inhaled will occur. Nitric acid, caustic
soda, methanol, vinyl acetate were some chemicals present there. Methanol is a highly
flammable solvent. Its boiling point is 64.7 degrees Celcius. By a little increment in
temperature, all the methanol will get burned. Nitric acid is one of the strongest acids
available. The water has now been contaminated with nitric acid which will cause coral reef
(composed of calcium carbonate) destruction. The dead bodies of fish, turtles, dolphins
have recently been found due to the exposure to these toxic chemicals. Tons of plastic
beads have blocked the surface of the ocean preventing sunlight reaching to the bottom of
the ocean, which will mainly cause problems in photosynthesis. Fish may have eaten these
plastic beads and they may have deposited in the airways/gills of fish which will ultimately
cause them death. Research on recovery of marine species indicated that populations may
take 3-6 generations to recover. This suggests that for short-lived species, recovery may be
achieved in a few years, whereas populations of perennial species take much longer to
recover.  
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Don't be the murderers of our own womb

Marine Pollution

2 2



Along with the food chains & biomagnification, we could also die one day because of this
destruction. Other harmful effects from ingestion of plastics include blocking the secretion
of gastric enzyme, lowered steroidal hormone levels, delayed ovulation and reproductive
failures. Humans bring the bad luck upon themselves.  

The other part of the story is oil leakage. Oil floats on the surface of water. Marine
mammals and birds who pass through the air-water interface to breath are particularly
exposed to oil. Harmful effects may include ingestion of oil, DNA damage, accumulation
of contaminants in tissues, bad impacts to immune system functioning, cardiac
disfunction, loss of buoyancy and insulation for birds and inhalation of toxic vapors.
Inhalation of toxic vapors can cause deleterious health effects ranging from dizziness and
nausea to certain types of cancers and issues with the central nervous system.

The final destination of all disposals is the ocean. The major part of all pollution comes
from the land, either through run-off and discharges or through the atmosphere, pollution
due to maritime activities and shipping accidents. Dumping of garbage and sewage as well
as mining and drilling offshore make up the rest. Many people, activities and industries
contribute, both intentionally and unintentionally to the plastic debris that travels to the
ocean and becomes marine debris. The main transportation of pollutants from the land to
the sea occurs through rivers. Rivers take up different forms of waste material from the
land, which ends up in the oceans. The most direct load of pollutants comes from the
urban and industrial sewage systems that are dumped into the rivers. The atmosphere is
another way for pollutants to reach the ocean. Lighter dust particles will be taken up by the
wind and blown towards the ocean. Most of marine pollution is simply by accidents. The
quantitatively largest aquatic form of accidental pollution caused by the maritime sector is
also the one that has been highlighted the most: oil spills.

Marine Pollution
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You can do everything you can to try to stop bad things from happening, but eventually things
will happen, so the best prevention is a positive attitude. We can take preventive measures for
the hazards that happened in the past. Some preventive measures to remove oil spills include
physical methods: 
1) Booms 
2) Skimmers 
3) Adsorbent materials.

Floating Boom used in Ocean Cleanup Mobile Skimmer



Adsorbent materials play a major role in controlling oil. They enable the conversion of
liquid to semisolid phase for complete removal of oil. Graphene based aerogels or Aero
graphene have attracted the attention due to its excellent hydrophobicity, reusability, high
uptake capacity and recovery of oil. Application of graphene aerogel for an oil spill is still
in its developing stage but it offers great promise for the future. Natural organic
adsorbents include kapok, saw dust, vegetable fibers, milkweed and straw. They are less
expensive, readily available and their adsorbing capacities are greater (3-15 times their
weight) but the major disadvantages for their use are that they are labor comprehensive,
adsorb water along with oil which lead to their sinking, difficulty in collecting adsorbents
after spreading on the oil spill water.

Some preventive measures to remove plastic debris are 
1) Using green algae 
2) Using membrane technology 
3) Coagulation & Agglomeration

The sorption of microplastics on green algae surface strongly depends on particles’ surface
charge. Positively charged polystyrene microplastics are more efficiently adsorbed on the
algae’s surface than those with negative charge. The membrane technologies were
efficiently used to remove microplastics from aquatic environments. The removal
efficiency of the membranes depends on its durability, influent flux, size and
concentration of the microplastics. The combination of the porous membranes with
biological processes could enhance the removal efficiency up to 99.9%. Many waste water
treatment plants worldwide use coagulation & agglomeration processes to form enlarged
contaminated particles that are easier to separate. These processes involve Fe and Al based
salts and other coagulants to bind tiny particles forming strong bonds between same
particles.

Detoxification of environmental chemicals using fungi is an evolving area of science. Use
of microbes anyways is a safe and environment friendly way to degrade pollutants in the
environment. Unlike bacteria, fungi do not require water phases for active dispersal. Fungi
co-metabolize many environmental chemicals. Important fact is that fungi do not depend
on the sources such as carbon and energy sources. Pollutant-degrading fungal enzymes
include several extracellular oxidoreductases, allowing fungi to act on a wide range of
pollutants. The ability of filamentous fungi may be useful in cases for the transformation
or detoxification of environmental chemicals. Fungi are suitable for the treatment of
organic or metal contaminants in surface soils, the treatment of concentrated or trace
organic contaminants in water streams, the removal of metals from water streams, the
removal of volatile organic chemicals from air streams.
 

Marine Pollution
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It is said that we, Homo sapiens (Latin: wise man) is the
most intelligent species out of all. But at the same time, we
bring the bad luck to our own world. Ocean is said to be the
place of origin of all the organisms, it is like our mother’s
womb. Therefore, don’t become the murderers of the
womb by disposing everything to the ocean. 
Save our ocean! Save our environment! Save our world!
Save our future! Written by

Nikitha Seneviratne
OCC CCS Member



A living hell vs. a never-never land

Marine Pollution

Earlier last month, the MV X-Press Pearl carrying
chemicals caught fire off the western coast of Sri
Lanka. It has been such an environmental disaster and
this might be a difficult decade for marine life.
Although the ship has already been sunken off and the
thick dark smoke that could be seen from miles away
has been stopped, the problems have only just begun.
Most of them are highly dangerous chemicals that
have already leaked into the ocean and caused around
30 deaths of marine animals such as fishes, turtles, and
dolphins who have beached themselves by turning a
greenish colour, suggesting contamination with
chemicals and metals such as Nitric acid, Copper, and
Lead.

Additionally, tons of tiny plastic pellets have already
been beached, increasing the number of deaths of fish
by getting stuck in their gills and dolphins by getting
stuck in their stomachs. The most long-lasting impact
is the chemical pollution, which makes its way into the
bellies of the local marine life. Small fish might die
quickly, but the bigger ones are less likely to. When
feeding on smaller fish, the toxins will slowly build up
in their bodies over time.

Not only is this a disaster, but the human impact on
marine life has been the biggest problem for marine
animals and habitats in this 21st century, where
humans are walking through a technologically and
scientifically improved world while ignoring that
marine animals are the ancestors of them. Ocean
pollution, overfishing, and ocean acidification are the
main impacts on marine animals. Mostly, ocean
pollution results from the wastes added through land-
based activities like industrial, agricultural, and
residential, like plastic, polythene, fertilizers, oil,
chemicals, dirt and gravel, etc. These pollutants may
degrade or destroy habitat for marine life by
contaminating the untreated waste.

Over 300 million plastics are produced every year.
Half of them are single-used. Sadly, at least 8 million
tons of plastic enter the oceans every year and it is
estimated that about 150 million metric tons of plastic
exists in our oceans. Plastics are light, therefore much
of them can be seen on the surface, but plastic trash
and particles are now found in marine habitats,
including the deep sea, coral reefs, beaches, etc. This
can cause seabirds, whales, fish, and turtles to die of
starvation with plastic-filled stomachs, and they can
also be suffocated or entangled in this garbage. 

Untreated water contains excess nutrients such as
nitrates and phosphates from the dumping of human
sewage into water bodies, which stimulates algae
growth. These algae then die, sink and are
decomposed by bacteria in the water. This process
consumes oxygen, depleting the supply for other
marine life and creating what is referred to as a "dead
zone". Dead zones are hypoxic, therefore they kill
marine life or force it to leave the area. This process
can occur naturally, but human activity has turned this
natural process into an environmental problem.

Overfishing is occurring in one third of world fish
stocks and it has led to habitat loss. Significant habitat
loss is particularly occurring in seagrass meadows,
mangrove forests and coral reefs. Coral reefs are
among the most productive and diverse ecosystems
on the planet, but one fifth of them have been lost.
Seagrass meadows are the provision of food and
habitat for many marine animals, but unfortunately,
seagrass meadows have lost 30,000 sqaure km during
recent decades. One-fifth of the world’s mangrove
forests have also been lost.
 

Ocean acidification is caused mainly by the uptake of
Carbon dioxide from the atmosphere due to the
burning of fossil fuels. When Carbon dioxide dissolves
in water, it forms hydrogen and carbonate ions by
increasing the acidity of sea water and making it
harder for marine organisms to depend on calcium
carbonate to form their shells. This causes coral
bleaching.

Now we can comment on whether the ocean has been
either a living hell or a never-never land for marine
animals. Of course, it was a never-never land before
the industrial revolution; no factories-no
environmental pollution. But that doesn’t mean that
we shouldn’t develop technology. With development,
we should be able to overcome these issues. There are
some proposed solutions to overfishing; making
government regulations (fishing quotas, closed
seasons, marine reserves etc.), removal of subsidies,
minimizing fishing impact, aquaculture, consumer
awareness, ocean pollution. 
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Written by
Jayani N De Silva

Level 2

If we are responsible for
the rules and regulations
and also for our
behaviour, we would be
able to create a never-
never land for our
ancestors and marine life.
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Aflatoxins

Aflatoxins: 
An overview

Introduction 

Since the dilemma that recently occurred in Sri Lanka, followed by the release of
Aflatoxin contaminated coconut oil imports to the market, that provoked public fear
concerning coconut oil consumption, Aflatoxins have been one of the widely discussed
topics.

Despite the immense benefits from molds to mankind, they also possess harmful
characteristics; some that cause food spoilage, various health issues and others that
produce chemical compounds known as mycotoxins; that are naturally occurring toxins
produced by some fungi that affect both food and feed.

Being the most prominent of all mycotoxins, Aflatoxins are a type of secondary fungal
metabolites that are produced by fungi of the Aspergillus species namely Aspergillus
flavus, Aspergillus nominus and Aspergillus parasiticus. Research and novel discoveries on
aflatoxin related infections, their occurrence, contamination and toxicity have been
conducted over the years due to the significant burden that falls on the economy by the
destruction of 25% or more of the world’s food crops annually. Chronic exposure to
aflatoxins can result in several health issues such as aflatoxicosis, liver and lung cancer,
immunosuppression and birth defects in children by toxic effects on the embryo or
fetus.

The contamination of aflatoxins and their toxic effects were first discovered in early
1960’s with the critical outbreak of the “Turkey X disease” that killed nearly 100,000
poultry in Great Britain due to the feeding of farm animals with a peanut meal that was
severely contaminated with Aspergillus flavus. Further analysis of this Brazilian
groundnut meal disclosed that the causative compounds responsible for the epidemic
were a series of toxic, fluorescent compounds called aflatoxins that received its name as
follows; first letter “A” for the genus of Aspergillus followed by “FLA” for the species
flavus, and “TOXIN” giving out the meaning of poison.

Aflatoxins are difuranocoumarin derivatives with a bifuran group connected to the
coumarin nucleus on one side, and a pentanone ring (in type B aflatoxins, AFBs) or a
lactone ring (in type G aflatoxins, AFGs) attached to the other side. There are 4 major
aflatoxins out of the identified 20 that are of major importance to human health,
namely, B1 (AFB1), B2 (AFB2), G1 (AFG1) and G2 (AFG2). The AFBs are produced only by
Aspergillus flavus while Aspergillus parasiticus produce both AFBs and AFGs. 



Among all types, aflatoxin B1 is said to be the most potent carcinogen and it is an
immunosuppressant. The letters B and G in its nomenclature refers to the colour that is
observed under long wave ultra violet light; AFB1 and AFB2 emit blue fluorescent light
while AFG1 and AFG2 emit green fluorescent light. The subscripts 1 and 2 represent the
separation pattern of these compounds on TLC plates.

Aflatoxins

Biosynthesis of Aflatoxins 
The biosynthesis of aflatoxins contains 18 enzymatic steps with at least 25 genes responsible for
the production of enzymes and regulating the biosynthetic procedure.
Aflatoxins are polyketide-derived difuranocoumarins, therefore, synthesis occurs through the
polyketide pathway, the main pathway of secondary metabolism in fungi.
In recent studies, it has been found that aflatoxins are synthesized in two stages from malonyl
CoA, first with the formation of hexanoyl CoA, followed by the formation of a decaketide
anthraquinone. Then a series of extremely organized oxidation-reduction reactions allow the
formation of aflatoxin.

The currently recognized outline for aflatoxin biosynthesis is:

hexanoyl CoA precursor —> norsolorinic acid, (NOR) —> averantin, (AVN) —>
hydroxyaverantin, (HAVN) —> averufin, (AVF) —> hydroxyversicolorone, (HVN)—> 

versiconal hemiacetal acetate, (VHA) —> versiconal, (VAL) —> versicolorin B, (VERB) —>
versicolorin A, (VERA) —> demethyl-sterigmatocystin, (DMST) —> sterigmatocystin, (ST) —> 

O-methylsterigmatocystin, (OMST) —> aflatoxin B1 (AFB1) and aflatoxin G1 (AFG1).

Figure 1: The four major types of aflatoxins that are important to human health.
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Aflatoxins

A division point in the pathway has been established, following VHA formation, leading
to different structural forms of aflatoxins, AFB2 and AFG2.

Numerous specific enzymes whose actions associated with precursor conversions in the
aflatoxin pathway have been partially purified whereas others such as
methyltransferases have been purified to homogeneity. A few other enzymes, which
are involved in aflatoxin biosynthesis such as a reductase and a cyclase, have been
purified from A. parasiticus. A desaturase which converts VERA to VERB has been found
in cell-free fungal extracts. It has been shown that in the latter stages of AFB1 and AFB2
synthesis, independent reactions and formation of different chemical precursors are
catalysed by common enzyme systems.

Figure 2: Biosynthetic pathway of aflatoxins.



Contamination of food and feed

Aflatoxins are known to contaminate a widespread variety of food such as, maize, groundnuts, dried
fruits, meat, milk-based products, peanuts, copra, figs, cotton seeds, rice, spices etc. Fungi that are
responsible for the production of these toxic compounds generally grow in warm and humid
conditions in tropical and subtropical regions. Therefore outbreaks due to aflatoxin toxicity are more
common in these regions with a few occurring in temperate regions.
Crops are affected by aflatoxins under natural conditions (at a temperature of 12-40 C and a moisture
content of about 3-18 %) due to unsuitable storage, processing conditions and changes in agricultural
practices such as improper drying of crops which results in an increase of moisture content retention
(for rice moisture content >14%)
. Fungi can affect crops at any stage, during the preliminary stage of crop development as well as the
crop maturing stage and during both post and pre-harvest conditions.

Due to many potent human health effects of these compounds, many countries have their own
regulations to control aflatoxin contamination in food and feed. The safe limit of Aflatoxins lies in
the range of 4–30 µg/kg for human consumption. The European Union has introduced a standard
level with AFB1 and total aflatoxins not beyond 2 µg/kg and 4 µg/kg, respectively, in any product
intended for direct consumption. Maximum acceptable limit set for total Aflatoxins in the United
States is 20 µg/kg while in Sri Lanka the aflatoxin levels can reach 10 µg/ kg, while the maximum
level of aflatoxins B1 is set at 5 µg/ kg.

Detection methods

Aflatoxicosis detection in living beings is a tough process because of factors such as, infectious
diseases suppressing the immune system and variations in clinical symptoms. One of the two
techniques used to detect aflatoxin levels in humans measure the decomposed product in urine while
the other measures the level of an AFB-albumin compound in the blood serum.
Aflatoxins detection from toxic food and feed is usually done utilizing photophysical properties since
these compounds are strongly fluorescing under UV light. This property also provides means for
isolation and purification of the afore mentioned compounds. In the original research procedures
carried out in 1961, the compounds have been extracted using methanol. Aflatoxins show a
characteristic absorption at 360nm, which is the absorption maximum for the aflatoxin ring.
Therefore, it is necessary to utilize a fluorescence-based detection method and among the most
common methods are chromatographic methods like thin layer chromatography, high-performance
liquid chromatography (HPLC) liquid chromatography-mass spectroscopy (LCMS) and the enzyme-
linked immunosorbent assay (ELISA).
Weaknesses of these standard techniques are that they are inappropriate for rapid and real-time
applications in food and feed samples as they are tedious, time-consuming, and operations have to be
done by skilled people. 
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Therefore, more efficient methods like polymerase chain
reaction (PCR) and non-destructive methods based on
fluorescence/near-infrared spectroscopy (FS/NIRS) and
hyperspectral imaging (HSI) have emerged for the rapid and
convenient detection of Aflatoxins.
Aflatoxin contamination of crops can be reduced to a certain
extent by implementing good agricultural, manufacturing
and storage practices. Furthermore, it is important to
understand methods of aflatoxin detoxification, control
strategies of aflatoxin and raise awareness among public to
ensure food safety as well as good health of living beings. 

Written by

Sasini Waidyalankara
OCC CCS Member
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Aflatoxins are a type of poisonous mycotoxins; hepatotoxic, immunosuppressive, mutagenic,
teratogenic, and carcinogenic secondary metabolites derived from polyketides produced by two
closely related species of fungi called Aspergillus flavus and Aspergillus parasiticus. These moulds are
highly prevalent in tropical and subtropical regions, specifically sub-Saharan Africa and Southeast
Asia where they flourish under the hot (25-37  C) and humid (80-85%) conditions that stimulate
fungal growth. There are more than 14 Aflatoxins scientifically found in the world. However, only
four of them: aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1 (AFG1), and aflatoxin G2 (AFG2),
are found to be present in all major food crops and are particularly considered dangerous to
humans. A higher proportion of human exposure to Aflatoxins comes from contaminated nuts,
grains, and their derived products. According to the Food and Agriculture Organization (FAO)
reports, an estimated 25% or more of the world’s food crops are destroyed annually, causing
problems in public health, agriculture, business opportunities, and high economic losses.

Recently, Aflatoxins have been the talk of the town in Sri Lanka due to their contamination effect
on coconut oil. However, scientific research on the topic has been carried out by a handful of
scientists over the last decade. According to a study in 2019, nearly 38% of the coconut oil samples
tested were contaminated with Aflatoxin, ranging from 2.25-72.70 μg/kg in total aflatoxin and 1.76-
60.92 μg/kg in aflatoxin B1. From those samples, few have exceeded the European Union's
maximum permissible levels applicable for total aflatoxins (4 μg/kg) and aflatoxin B1 (2 μg/kg) as
well. 

Coconut oil is the most widely used vegetable oil type in Sri Lanka which is the major source of fat
in a local diet. The extraction process of coconut oil is carried out in two different methods; dry
processing and wet processing. Any method involving the extraction of coconut oil from copra, the
dry coconut kernel, can be considered as the dry process whereas the extraction of coconut oil
using the emulsions of coconut milk which is referred to as the fresh coconut kernel as the starting
material is considered the wet process. Traditionally, the dry method involving copra has been
commonly used in Sri Lanka. It involves sun-drying fresh coconut kernels, followed by hot air
curing to produce copra with a moisture content of less than 6%. The oil is extracted from
granulated dried kernels with the use of a high-pressure mechanical press or a combination of
high-pressure mechanical press and solvent extraction. 

Aflatoxins

Aflatoxin contamination in coconut oil production
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Until the 1980s small quantities of oil for
domestic use were extracted in stone mills called
“sekku” at the village level. At the household
level, coconut oil was extracted by the traditional
technique of boiling aqueous homogenates of
coconut milk and decanting the supernatant oil
after the separation of the phases on standing.
However, with the extension of electrification to
rural areas, numerous small-scale mills have
been set up with electrically powered mechanical
expellers. The starting material for these small
mills is copra which has been cured domestically.
Majority of these kernels had been merely dried
by the exposure to sunlight whenever available;
this process was therefore irregular. A small
proportion of the kernels was shell-smoked in
domestic kitchens on shelves above the hearth.

Dried copra

o



Aflatoxins

In addition to incomplete and inadequate curing,
improper storage, bad handling practices, drying
under rainy weather, storage in damp and ill-
ventilated rooms often promote fungal
colonization in copra, increasing the likelihood of
consequent fungal spoilage. Furthermore,
domestically processed copra has the added
disadvantage of insect and rodent attack during
improper storage leading to toxigenic fungal
growth. Such factors give the probable
explanation for the higher degree of aflatoxin
contamination that is detected in oil extracted
from these domestically processed kernels. 

Recently, the attention of the coconut industry is
drawn towards the problem as a potential health
hazard to humans and animals due to the
toxification of coconut oil through food and feed.
Exposure to aflatoxins can be either chronic;
small quantities for a long duration, or acute;
large quantities for a short duration. Chronic
exposure to Aflatoxins is known to cause
different health impacts such as hepatotoxicity,
mutagenesis, carcinogenesis,
immunosuppression, neurotoxicity, epigenetic
effects, reproductive dysfunctions, and stunted
growth. When it comes to acute exposure,
children are less tolerant compared to adults.
Aflatoxicosis is the result of acute exposure which
can be life-threatening, particularly through
damage to the liver. 

Through in-depth analysis and long-term studies,
world health authorities have arrived at a level
for safe consumption of aflatoxin. Globally, many
governments have standardized acceptable
aflatoxin levels in food products. The European
Union has the strictest standard level with total
aflatoxins and AFB1 not beyond 4 μg/kg and 2
μg/kg, respectively, in any product meant for
direct consumption. Yet, in Sri Lanka, total
aflatoxins can reach up to 10 µg/ kg, while the
maximum level of aflatoxins B1 is set at 5 µg/ kg.
Besides, there is sufficient evidence that
demonstrates that these set levels do not do
enough to protect everybody, especially people
living in developing countries where susceptible
crops are staple, food insecurity is high, aflatoxin
awareness is lacking and regulatory measures are
not stringent. 
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To address the issue, several physical, chemical;
biomarkers can be used to measure the degree of
individual exposure, biological, and genetic
engineering techniques have been employed for
the mitigation, effective control, and
management of aflatoxins in food. 

Food contamination is a global concern that can
take place in the stages of production,
distribution, and consumption. Accordingly, The
World Health Organisation (WHO) has
recognized aflatoxin as a major global food safety
concern today. They emphasize that the
exposure to aflatoxins needs to be kept as low as
possible to protect the consumer. Aflatoxin
contamination in coconut oil can occur during
two stages; pre-harvest and post-harvest. Lack of
preharvest control of aflatoxins ultimately makes
them a postharvest threat in feed products.
Control of aflatoxins contamination involves
either the prevention of its synthesis prior to
harvest, or the prevention and decontamination
after harvest.
Development of fungal-resistant and insect-
resistant hybrids/crops, controlling pre-harvest
infections, and the use of natural enemies of
Aspergillus species as biocontrol agents are some
of the pre-harvest measures in preventing food
contamination. Additionally, some of the
microorganisms naturally present in soil are
known to have the ability to degrade and reduce
aflatoxin contamination in different types of
agricultural produce. Therefore, methods of
using these organisms to reduce aflatoxin are
currently being focused on. Moreover, the
application of genetic recombination in A. flavus
and other species is being investigated for its
potential to mitigate aflatoxins to ensure the
safety and quality of food.

The quality of coconut oil highly depends on
copra since aflatoxin contamination in coconut
oil occurs during the preparation of copra. Post-
harvest preventive measures include proper
storage and processing of raw material. Adequate
storage space with the optimum levels of
moisture, temperature, and aeration, as well as
methods to avoid mechanical or insect damage,
would minimize contamination. Removing
damaged kernels, seeds, or nuts physically from
commodities has been observed to prevent toxin
production by mould and thereby reduce
aflatoxins by 40–80%. 
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Prevention of the growth of these moulds during
the storage of foods is the best means of avoiding
toxicity problems. In the industry, smoke curing
of coconuts appears to provide greater protection
to the kernels during storage than sun drying or
oven drying. The smoke curing of coconut
kernels on a commercial scale may be one of the
main reasons for the low aflatoxin levels reported
in copra produced in Sri Lanka. However, fungi
have been observed in cracks or on newly
exposed surfaces produced during bad handling
after curing. In the industrial application of
smoke drying, the 'standard Ceylon copra kiln'
designed for the production of clean, soot-free,
smoke-dried copra may be useful for drying
other agricultural commodities.

If raw materials or products are already
contaminated, steps should be taken to
decontaminate them. Detoxification of aflatoxin-
contaminated foods has been a continuing
challenge for the food industry. The sensitivity of
aflatoxins to physical or chemical treatments is
affected by many factors including moisture
content, location of the toxins in the food, forms
of the food, and interactions of the toxins with
food components. Thus, it is important to have a
clear idea about these factors before a specific
detoxification method is recommended.
Moreover, the use of any applicable treatment
conditions should not cause undesirable
alterations to the nutritional and organoleptic
qualities of the foods. Methods of
decontaminating can be physical, chemical, or
microbial. Physical Methods involve separation
of the contaminated parts, removal of Aflatoxins,
and inactivation of them by physical means, such
as heat, cooking, roasting, and radiation.
Aflatoxins, after absorbing energy from
microwave heating, ultraviolet (UV), or visible
light, sunlight (solar radiation), γ-radiation (60Co)
treatments may undergo transformations to
produce non-toxic molecules or molecules of
reduced toxicity. The appropriate energy source
and treatment conditions that can be used to
effectively cause aflatoxin breakdown may
provide an acceptable means for detoxification of
contaminated foods. Solar/ UV light
detoxification of aflatoxins is relatively
inexpensive. It also avoids issues that may arise
due to residual effects of chemicals and
microorganisms, and loss of 

nutritive value due to chemical or physical
treatment. Degradation of aflatoxin by sunlight
has been found to cause a significant decrease in
both AFB1 and total aflatoxins. Chlorinating
agents (sodium hypochlorite, chlorine dioxide,
and gaseous chlorine) oxidizing agents (hydrogen
peroxide, ozone, and sodium bisulfite), and
hydrolytic agents (acids and alkalis), all of which
appear effective as chemical methods. Soap
treatment with caustic soda or soda and heating,
photocatalysts TiO , and activated carbon are few
other methods of detoxification which studies
have also revealed a promising potential.
Aflatoxins can be attenuated by chemical
degradation of nutrients in spite of some
disadvantages, such as the high cost, and low
aesthetic quality of treated foods and feeds. When
it comes to microbial methods, the application of
enzymes and microorganisms in Aflatoxin bio-
detoxification is a good alternative to
conventional techniques in the food industry. For
instance, lactic acid bacteria and yeast strains are
utilized in fermented food products and
beverages as starters due to their ability to
detoxify Aflatoxins. 

Aflatoxins are resistant to degradation under
normal food processing conditions. This makes
the selection of a proper decontamination
method that will effectively decompose aflatoxins
while retaining the nutritive quality and the
palatability of the treated foods. Aflatoxins are
heat stable and decompose at high temperatures
of 237–306  C, making detoxification using heat
impossible. The use of heat, on the other hand,
might convert several compounds of which
toxicity is unknown. It should also be noted that
the fate of aflatoxin varies with the type of heat
treatment (e.g., cooking, drying, pasteurization,
sterilization, and spray drying)

It is clear that decontamination is difficult if the
fungi are already present. Therefore, preventing
the contamination of food by the toxigenic
Aspergillus species is the most rational and
economic approach to avoid the potential
hazards. However, prevention is not always
possible under certain agronomic and storage
practices; therefore, decontamination has also
gained importance in salvaging food already
contaminated with toxic fungal metabolites. 
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National authorities are developing regulations to limit contamination. Multiple
researches on aflatoxins focuses on achieving appropriate methods for quantification,
precise detection, and control in order to ensure consumer safety. It is a known fact that
control measures are required in both pre-and post-harvest stages, as such, several
strategies are taken.
 
As a community, it is necessary to take comprehensive, collaborative approaches and
improve the health, wealth, and livelihoods of local farmers, farm households, and
consumers. Control of aflatoxins requires an integrated approach at all stages of coconut
oil production, from the field to the table. Removing the sources of contamination,
promoting better agricultural and storage techniques, distribution and adoption of
improved inputs and technology solutions; For instance, by the institutionalization of a
system where an aggregator will collect the product from small producers and do the
marketing can reduce the chance of copra contamination which will be better if
introduced to small-scale mills, conducting regular inspections, providing adequate
resources for testing, enforcing strict food safety standards and proper implementation of
laws are a few of the prevailing measures which national authorities can take in order to
control aflatoxins. 
Virgin coconut oil production in which oil extracted directly from coconut milk of the
fresh matured coconut kernel meat (but not from copra) restricts the opportunity for
fungal growth. Encouraging small-mill holders to such practices will also create a situation
where coconut farmers can directly participate and get a bigger share of the profit of the
industry instead of being a mere producer of copra. Another major concern is to ensure
that the degradation process retains the nutritive value and will not result in the
introduction of new toxic or carcinogenic-mutagenic substances. The process must also
destroy Aspergillus spores and mycelia that could, under favourable conditions, proliferate
and produce new toxins. Development of appropriate alternative uses to retain at least
some economic return on the value of damaged crops is also of importance.
Even though post-harvest strategies are the most popular, in the long run, the most
sustainable approach to controlling pre-harvest aflatoxin contamination is to produce
fungal-resistant coconut cultivars thereby preventing the invasion of fungi. However,
plant breeding including genetic engineering of crops is laborious and time-consuming.
Another effective strategy is to use biological control using non-toxigenic A. flavus isolates,
which may compete and displace the toxigenic strains that can be used like in developing
countries.

A re-evaluation of the present processing conditions may
 shed light on the development of modified procedures
to effectively degrade aflatoxins in foods, while still 
achieving other processing objectives. 

Aflatoxins
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Written by
W.M.M.N.Weerasinghe

OCC CCS Member



Aflatoxins & other toxins

The Defenders of Nature

“Dad, I want to see flowers blooming. Shall we go to the garden?”

“Of course! Jump on and let’s go.”

“Dad, look! A colorful frog near the pond! Wow!”

“Be careful, son. It might be venomous. The bright coloration indicates that it
contains venom…”

“I beg your pardon.”

“Dad, who’s speaking? I heard a voice.”

“It’s me, the colorful frog you saw. I usually don’t speak, but I couldn’t resist correcting your
father.”

“Hey Mr. Frog, can you please continue? I wonder what I missed.”

“Yes, Mr. Oliver. I am poisonous, not venomous. There’s a difference. I don’t harm you in any
way. But if you eat me, you will die. That is because I contain poison in my skin as a natural
defense system. My poison saves me from predators. The bright coloration, like you said, is an
indication of danger.”
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Aflatoxins & other toxins

Figure 1 
Poison Dart Frog (left) and the main constituent of their poison, batrachotoxin (right). 

This steroidal alkaloid is a strong neurotoxin.

“Hold on. What is venomous then?”

“Look behind you. The answer is coming to you” says the frog as it hops away

“Dad! A snake! Let’s move!”

“Don’t be afraid, I won’t hurt you. I’m on my
way to hunt for my breakfast.”

“Mr. Snake, can you explain what is meant
by venomous?”

“Of course, Mr. Oliver. I have venom in my
fangs. I use it to hunt down my food and to
defend myself from predators. However,
unlike Mr. Frogs skin, mine doesn’t have
poison. Therefore, if you eat me, you won’t
die. Instead, one bite of mine can cause you
death. But remember, as long as you don’t
hurt me, I am as innocent as a puppy. Also,
most of the snakes possess extremely mild
venom just for the mentioned purposes, and
they cause no harm to humans.”

“I have heard that some of your family members contain poison too. Is that true?”

“Of course. There are some relatives of mine who contain both venom and poison.
As an example, members of the genus Rhabdophis are poisonous.”
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Figure 2 

Indian Cobra (left) and
Russell’s Viper (right)
are representatives of
two highly venomous
snake families Elapidae
and Viperidae,
respectively.

The former contains neurotoxins and the latter contains hemotoxins. Neurotoxins can cause critical
damages to the human central nervous system, whereas hemotoxins can cause such damages to the
human circulatory system.

 “It seems like we are living in a naturally toxic world. Well, at least we can trust plants not
to kill us.” said Oliver.

“Excuse me, Mr. Oliver. May I join
this conversation? Well, I might have

bad news for you.”

“Who is it? Another snake?”

“No, Mr. Oliver. It’s me, the Cassava plant on your left. I can also speak.”

“See dad, I told you they can talk. You ignored me.”

“I’m sorry, darling. Let’s ask Mr. Cassava what the bad news is.”

“Mr. Oliver, I contain cyanide. One of the most lethal toxins in the world.”

“What? We eat your roots at least once a week. How come we survive?”

“Mr. Oliver, my leaves and roots contain a cyanogenic glucoside called linamarin. Whenever
a herbivore tries to eat me, my cells release the natural enzyme called linamarase. This
enzyme breaks down linamarin to glucose and acetone cyanohydrin. The latter further
hydrolyzes to release acetone and hydrogen cyanide. Once the herbivore senses the presence
of cyanide, it withdraws in no time. However, some pests may still die from cyanide
poisoning. I feel so sorry for them, but this is my natural defense system. I can’t go against
it…”

“But, we survived…”

“Yes, because you cooked it well. You cleaned and peeled my roots. Then you soaked and
boiled it before consumption. In that way, you have assured complete detoxification.”
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Figure 3
Cassava plant and  
the reaction steps of linamarin hydrolysis

“Wow! That’s great. I never thought eating unprepared cassava would be lethal.”

“It surely is. There have been many reported cases.”

“Dad watch out! A giant spider is coming to you!”

“Don’t worry! I heard the conversation and just
wanted to join you. I am a tarantula. Some of your
people pet us. You see, we are more adorable than

most spiders.” 

Figure 4
The enzyme hyaluronidase has been identified as the major constituent 
of tarantula venom.

“They pet you? Miss. Tarantula, you are venomous, aren’t you?”

“Correct, Mr. Oliver. I am venomous, not poisonous. I contain a mild venom just to hunt
prey. However, even though my venom is not sufficient to kill a human, my aunt who
lives in Australia can sometimes kill a fully grown human. They call her Black Widow.”

“Sounds scary!”  

“Maybe. But she is beautiful.”

Figure 6 

The Black Widow
spider (left) and
the structure of
the protein alpha-
Latrotoxin (right),
which is the main
active component
of Black Widow
venom.
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“Thank you Miss. Tarantula. Thank you everyone for sharing knowledge! Something just
came to my mind and I am going to google it. Have a nice day!”

“You are welcome, Mr. Oliver. Goodbye!”

“Son, let’s go find out whether these toxic beings can be found in the sea.”

“Dad, you guessed it right! See, according to Google, there are many fish species that are
poisonous.”

“True. Here is a list. Puffer fish and many others. Some jellyfish and stone fish species are
venomous and their venom is lethal.”

Figure 7 
The poisonous puffer fish (above) and the major constituent of its poison - Tetrodotoxin (below). 

This alkaloid is a neurotoxin and is 1200 times more toxic to humans than cyanide.

“This is nature, son. Even small insect species like
ants, bees and wasps contain venom. Organic toxins
play a very important role to protect nature and keep it
running. We should not harm any living being based
on their toxicity. We should not be afraid of natural
toxins. We should learn how to carefully deal with
them. Besides, they help us to synthesize medicine
and anti-venom serums. In a broad viewpoint, natural
toxins are the reason why the food chains exist. You
see, natural toxins are unsung heroes. 
The defenders of nature.”

Written by
Jaliya Ranaweera

(B.Sc., Grad.Chem., A.I.Chem.C)
Postgraduate Research Student

Department of Physics, University of
Colombo.

“Dad, it seems like we are living in a really dangerous world. Look how many beings
contain toxins? Should we kill them all to be safe?”
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Organic Alternatives to Agrochemicals: Plant-Based Pesticides
 

Prof. B. M. R. Bandara
 

Department of Chemistry, University of Peradeniya, Peradeniya
(bmrbandara@gmail.com)

FEATURED ARTICLE

One of the biggest challenges of our time is to produce enough food to feed over 7 billion
people in the world. The application of agrochemicals—despite their damaging effects on the
environment and human health due to overuse and long-term use—and modern technology in
agriculture has contributed to the gross enhancement of global food production during the last
few decades. Agrochemicals are chemicals that are used in agriculture to facilitate plant growth
and protection and long-term storage of agricultural produce. Synthetic fertilizers, plant
growth regulators and pesticides are agrochemicals.

Fertilizers, both organic and synthetic, supply nutrients for plant growth. Synthetic fertilizers
are usually derived from petroleum byproducts and include chemicals such as ammonium
nitrate, ammonium phosphate and potassium sulfate. Plant growth regulators are chemicals
that regulate the development and growth of plants. There are different classes of plant growth
regulators having diverse chemical structures; examples include abscisic acid, auxins,
brassinosteroids, cytokinins, ethylene, gibberellins, jasmonates, salicylic acid and
strigolactones. This article focuses on pesticides, by outlining the problems of synthetic
pesticides and exploring the mitigation of such problems by use of plant-based pesticides
derived from abundantly available plant sources such as invasive alien plants.

Pesticides

Pesticides are used globally to increase agricultural productivity because they protect crops
from pests such as fungi, weeds, insects, nematodes and rodents. Pesticides are categorized,
depending on the type of target pest, into fungicides, herbicides (also called weedicides),
insecticides, nematicides and rodenticides. A pesticide comprises an active ingredient and inert
ingredients. The active ingredient kills the pest. The inert ingredients assist the application of
the active ingredient to the target pest. A pesticide can be organic or synthetic. Organic
pesticides are derived from natural sources such as plants, animals and bacteria.
Synthetic pesticides are usually based on petroleum. The active ingredients are synthesized in
chemical factories by introducing the required structural features to the molecules often with
the incorporation of one or more elements such as bromine, chlorine, phosphorous, oxygen
and sulfur, as appropriate. The chemical synthesis of an active ingredient is a complex
laboratory procedure that may consist of several steps involving specific reagents, catalysts and
reaction conditions, and requires the services of trained chemists. Depending on the chemical
structure of the active ingredient, the synthetic pesticides are grouped into chemical types such
as carbamates (e.g., carbofuran), organochlorines (e.g., dieldrin), organophosphates (e.g.,
glyphosate), pyrethroids (e.g., deltamethrin) and sulfonylureas (e.g., chlorsulfuron).
The use of synthetic pesticides in agriculture has a relatively short history. Some toxic
compounds developed for warfare in World War II eventually began to be used as pesticides.
Organophosphate insecticides (e.g., propan-2-yl methylphosphonofluoridate also known as
Sarin) were developed as nerve gases. The phenoxy herbicides (e.g., 2,4-dichlorophenoxyacetic
acid, also known as 2,4-D) were developed to wipe out rice fields. Agent Orange, comprising a
one-to-one mixture of the phenoxy herbicides 2,4-D and 2,4,5-T (that is, 2,4,5-
trichlorophenoxyacetic acid), was used to defoliate jungles during warfare. It is well known that
warfare chemicals have caused substantial harm to the environment, animals and human
health (Sanborn et al., 2004) 
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Pesticide use in Sri Lanka

Synthetic pesticides have been used in Sri Lanka since the 1950s, and, over time, the
consumption of pesticides has increased substantially (Ministry of Plantation and Ministry of
Agriculture, 2020). Pesticides are not manufactured in Sri Lanka. All pesticides are imported as
finished or formulated products. According to the Performance Report from the Office of the
Registrar of Pesticides (2020), the following categories of pesticides, totalling 4,300 metric tons
(MT), were imported in 2019 for use in agriculture: herbicides (2,100 MT), insecticides (1,383
MT) and fungicides (817 MT). The importation of agrochemicals (synthetic pesticides and
fertilizers) to Sri Lanka was banned in May 2021.

Problems of synthetic pesticides

Synthetic pesticides negatively impact the environment and ecosystems (Sharma et al., 2019).
Although pesticides target on pests, a considerable percentage of the toxic chemicals enter soil,
water bodies and air. Upon entering the soil, pesticides kill the beneficial soil microbes, which
play a pivotal role in the sustainable uptake of nutrients by plants. Pesticides also disturb the
healthy development of root systems in plants and the soil’s ability to retain water. In addition,
pesticides and their residues in the soil and water enter the food chain through
bioaccumulation causing toxic effects on fish, birds, animals and humans. The pollution of
water bodies by pesticides and fertilizers leads to loss of aquatic species and eutrophication, a
process of increasing biomass caused by phosphates and nitrates. Further, the toxic chemicals
kill natural enemies of pests—thus destroying sustainable natural pest-control mechanisms—
and pollinators of agricultural crops resulting in poor crop yields. 
Human health is affected by synthetic pesticides and their residues in food and water. Both
acute and chronic effects can result. The acute effects are illnesses that occur soon after
exposure. The chronic effects are delayed effects and include asthma, endocrine disorders,
immune system disorders, nervous system damage, disorders of the respiratory and
reproductive tracts, disorders of liver and kidney, pathogenesis of Parkinson’s and Alzheimer’s
diseases and cancer. Many synthetic pesticides are listed as possible carcinogens (Sabarwala et
al., 2018).
Regular use of synthetic pesticides leads to the emergence of pesticide-resistant strains, via
natural selection. The most resistant specimens survive pesticide-treatment and transfer the
respective genetic traits to their offspring. Pest resistance has been observed in almost all types
of pests. Around 1,000 species of pests are known to have developed pest resistance since 1945
(Miller, 2004). As a result of increasing resistance, more and more pesticides are applied to
control the pest. 
Pest resistance as well as other harmful effects of pesticides may be curtailed to some extent by
following the practices adopted in integrated pest management (IPM). The IPM approach
includes pesticide rotation, reduction in the frequency of pesticide application and integration
with a host of standard agricultural practices (Ciancio and Mukerji, 2007). The IPM procedures
aim to control pests using low-cost methods with minimum impact on environment and
human health.
In the production of organic foods, while the concepts of IPM are applied, agrochemical-based
fertilizers and pesticides are replaced with organic fertilizers (e.g., compost) and organic
pesticides (e.g., plant-based pesticides), respectively.
 
Plant-based pesticides

To defend against invading pests such as microbes and insects, plants use secondary metabolic
pathways to produce chemicals that have pest-killing or -repellent properties. In some plants,
the amounts of such plant chemicals (also known as phytochemicals) are relatively high, and
those plants can serve as sources for developing plant-based pesticides; the active
phytochemicals can be readily extracted from plants using water and organic solvents. Unlike
synthetic pesticides, the plant-based pest control agents are biodegradable, lack persistence and
bioaccumulation in the environment, and show low toxicity to humans and animals. Plant
products have been successfully exploited as pesticides for crop protection throughout history.
While the use of synthetic pesticides has a short history and produced damaging effects on the
environment and human health, the use of plant products as pesticides has a long history and is
eco-friendly.
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The production of plant-based pesticides in a commercial scale is still at its infancy, compared
to the large-scale production of synthetic pesticides. Plant-based pesticides are gaining wide
acceptance by the public and their commercial potential is promising, as exemplified by the
plant products prepared from the neem tree (Azadirachta indica). Neem pesticides, which find
application in organic agriculture globally, have been used in traditional agriculture in India
for thousands of years. The global market for neem extracts was USD 1,689 million in 2020
and is expected to reach USD 3,238 million by 2028
(www.zionmarketresearch.com/report/neem-extract-market). 
The most potent active phytochemical of the neem tree is azadirachtin, which is found in
higher concentration (0.2 – 0.6%) in seeds than in other parts of the neem tree. The seeds are
often used to prepare neem-based pesticides. Azadirachtin is active against 550 insect species
and shows a broad spectrum of actions—repellent, antifeedant, growth-regulatory and anti-
ovipositional—on insects (Chengala and Singh, 2017).
Several plants have been recognized for their pesticidal properties (Okwute, 2012). However,
pesticidal formulations from only a handful of active phytochemicals or plant extracts have
reached the market, presumably due to the rigorous regulatory procedures associated with
product development, or due to the plant not being available in sufficient quantities for large-
scale commercial production to be cost effective. Invasive alien plants (IAPs), on the other
hand, are abundantly available at no cost on cultivation.

Invasive alien plants (IAPs) as a low-cost source of plant-based pesticides

IAPs, which are non-native to an ecosystem, spread rapidly displacing native plants and trees.
The rapid spread of IAPs—which threatens biodiversity, aquatic resources and agricultural
crops—and their management lead to high economic costs worldwide (Diagne et al., 2021). A
strategy to resolve both the problems of synthetic pesticides and the uncontrolled spread of
IAPs is to develop eco-friendly value-added products such as organic fertilizers and plant-
based pesticides from IAPs.
In Sri Lanka, there are about 30 IAPs, which cause problems of national concern (Ranwala,
2014). Many institutions including the Irrigation Department, the Wildlife Department, the
Forest Department and the Department of Agriculture spend millions of rupees to control IAPs
(Marambe et al., 2010). Effective utilization of IAPs will help control their rampant distribution.
Some IAPs have the potential to be used as botanical sources for producing biogas and organic
fertilizers (Ranasinghe and Jayasekera, 2014; Kahagalla and Ratnayake, 2014). A group of
scientists from the University of Peradeniya are investigating IAPs for the development of eco-
friendly plant-based pesticides with funding from the Sri Lanka Council for Agricultural
Research Policy (Samarasinghe et al., 2018a, 2018b, 2019; Herath et al., 2020). 
IAPs—which are less prone to microbial and insect attack (Ratnayake, 2014) and show
allelopathic properties (Herath et al., 2020)—appear to contain phytochemicals having potent
pesticidal properties. For example, the IAP Ageratina riparia, formerly known as Eupatorium
riparium contains a phytochemical—methyl ripariochromene A—that has shown potency in
vitro similar to that of benomyl against the tropical pathogens Colletotrichum gloeosporioides
and C. musae although the chromene appeared to be fungistatic instead of fungicidal (Bandara
et al., 1992; Ratnayake et al., 2018). Benomyl is a commercial fungicide that is very toxic and
has been banned in many countries including Sri Lanka. Leaf extracts of the IAP Cestrum
aurantiacum have shown insecticidal activity, antifeedant activity, low pupation and low adult
emergence against the diamond back moth, Plutella xylostella (Hewage et al., 1997).
Formulations of natural products derived from invasive plants are likely to be biodegradable,
eco-friendly and safe to use.

http://www.zionmarketresearch.com/report/neem-extract-market


Conclusion

Pest control is essential for increasing agricultural productivity. However, synthetic pest
control agents negatively affect the environment (air, water and soil) and human health. The
long-term damage from synthetic pesticide use outweighs the short-term benefits in increased
food production. Organic pest control agents such as plant-based pesticides, on the other hand,
lack deleterious effects of synthetic pesticides. The use of invasive alien plants for the
development of organic pesticides would resolve both the problems of synthetic pesticides and
the uncontrolled
spread of invasive alien plants and would lead to new technologies and low-cost and low-toxic
pesticides. Now that the importation of agrochemicals to Sri Lanka is banned, there is an
obligatory urgency to accelerate the efforts to develop eco-friendly organic pesticides within
the country.
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Due to the advancement of scientific and technological processes the world has rapidly developed
in all sectors. The knowledge of chemistry in scientists also has facilitated the development of
certain fields and sectors in the world. Chemistry is the scientific study of the nature of substances
and how they react with each other. The knowledge of organic chemistry is mostly used in different
sectors and fields. Organic chemistry is a branch of chemistry that studies the structure, properties
and reactions of organic compounds, which contain carbon in covalent bonding. The major fields
and sectors which use the knowledge of organic chemistry are the industrial field, medicinal field,
food industry, agricultural field and the beauty culture field. Let us see how the knowledge of
organic chemistry collaborates in these fields and sectors. 

The industries which originated with the industrial revolution has now developed into a
millennium of producing and manufacturing all sorts of products that man dreamt of years ago. In
industrial processes, we want to react one chemical with another. Therefore, the chemical solvent
acts as a separator to dissolve a chemical without changing the characteristics of the chemical. When
we use an organic solvent, they can act as hydrogenated solvents, oxygenated solvents and
halogenated solvents. These solvents are important in the manufacturing of products such as paints,
medicine and pesticides. Some of the organic solvents used in industrial processes are ethanol,
butanol, acetone, propanol, methanol, chloroform and many more. Most of the organic compounds
act as direct raw materials in several industrial processes. In the petrochemical industry, the raw
materials are crude oil and natural gas. In the rubber and plastic industry, the raw materials are
polyethene, polypropylene, polystyrene, polyvinyl chloride, rubber, natural rubber and synthetic
rubber. In the textile and apparel industry, the raw materials are nylon, polyester, acrylic and rayon.
In the pulp and paper industry, the raw materials are lignin, hemicellulose and wood. In the
extraction of primary metals from their ore the element carbon act as the most common reducing
agent. This process is commonly known as the metallurgical process. The lubricating oil used in
machinery performs the function of controlling friction, for those to have a prolonged life span.
This oil is an organic compound fractionally distilled from crude oil. This is mechanical support for
the industrial process. Having transport facilities is one basic need of an industry. The body parts of
vehicles are made of plastic, composites, rubber tires, where all are polymers of organic
compounds. 

Fuel provides locomotion for vehicles by combustion reaction. These fuels are extracted by
fractional distillation of crude oil and sometimes natural gas is also used as fuel. The principal
constituents of crude oil and natural gas are hydrocarbons. The components of crude oil used as
fuel are gasoline, kerosene, diesel and fuel oil. For the transportation of vehicles, the roads act as an
infrastructure property. Bitumen, another component of crude oil, is used in the generation of
electricity and energy. Methane and ethane are the major components of natural gas. The
transportation requirements, energy and electricity act as the support for the production process.
The management of industrial waste is one of the most important activities in the industrial
process. The initial step of waste management which is segregation requires garbage bins. These
garbage bins are made of plastic, which is also a polymer. The composting process is also another
method to manage the organic waste contained in industrial waste. The knowledge of organic
chemistry has highly influenced the development of the industrial sector when referred to the
above factors.
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Applications of Organic Chemistry
in different fields



The medicinal field is another field where the knowledge of organic chemistry is vastly adopted.
This is interconnected with the pharmaceutical industry. The basis of the pharmaceutical industry
is organic compounds. The organic compounds act as the coating and material for the medicine.
The newly invented drugs use organic compounds to act as the prototype to create new, effective
medicine. That is because the medicine from organic compounds is acceptable to the human body
and the effects of that medicine are prolonged. The discovery of “Garcinia cambogia” extracts that 
 helps to treat cancer and also prevents cell damage is a great discovery in organic natural product
chemistry. Through research in organic chemistry, one will be able to discover a drug and its effects
on a living being, where most of the drugs are produced using natural sources such as leaves, seeds,
roots of plants. The cleansing agents include antiseptics and disinfectants. They are the chemical
substances that are used to kill or reduce the microbial population to prevent an infection. They are
composed of organic compounds. Examples of antiseptics include ethanol, isopropanol and
chloroxylenol. Phenol is a common organic disinfectant. When we consider the medicinal field
alone, the following processes require organic chemical knowledge. They are in the diagnosis of a
disease and drug usage. In the process of diagnosis of a disease, this knowledge is used to detect the
organic part of the substance that disturbs the functioning of the human body. Some examples are
below mentioned. In diabetes when the sugar level increases, the ketone level also rises, as sugar is
composed of aldehydes and ketones. When we analyze these groups, we can find a rise in sugar
level there. Similarly in heart patients, the cholesterol levels of the blood is estimated. In malaria the
parasites damage the hemoglobin content of the blood, reduction of this level can be recognized by
the change in organic functional groups in between the normal and infected patient. When we
consider the usage of drugs, they are made of organic compounds because they are water-insoluble
and easily movable in the body tissues. And also, drug delivery to deeper parts of the body tissues
needs enhancement of the lipid solubility. This can be achieved by the change in the organic ratio,
where the amount of carbon content will give the desired effect. In addition to drugs, organic
compounds are also used in antibiotics, antidepressants and anesthetics. The application of organic
chemical knowledge in the field of medicine can be visualized clearly concerning the above factors.

As a solution for the food crisis, due to the rapidly increasing population of the world, the
knowledge of organic chemistry is applied in the food industry. Organic preservatives are added to
foodstuffs as they are cheaper. They are used in food to maintain consistency, nutritional value and
taste. They also control the acidity and alkalinity of the food. Some common organic food
preservatives are rosemary and oregano extract, hops, salt, sugar, vinegar, alcohol, diatomaceous
earth and castor oil and sodium benzoate. The Foodlsifiers are important during food
manufacturing, as they combine water and oil where they do not mix naturally. Some organic
emulsifier derivatives from organic compounds include milk, phospholipid chemicals and sorbitan.
The flavour enhancing agents are used to enhance the papillae on the human tongue. Monosodium
glutamate, pepper, chilly, vanilla, tamarind is the commonly used flavour enhancing agents. The
moisture preservative agents are used to remove moisture from food. Propionic acid is an example
of a preservative agent. The antioxidants are used to prevent the fast oxidation of food, so that food
can be kept for a considerable time duration. The most popular organic antioxidants are ascorbic
acid and tocopherol. Some foodstuff requires swelling, in such instances bulking agents such as
amylum are used. The lactic acid producers are advantageous in food processing. They also assist
fermentation. The fermentation process is used in dairy productions such as cheese and yoghurt.
The lactic acid producers also stabilize the bacteria and pH of the food. They are derived from
natural sources such as milk. Therefore, we can understand that the application of organic chemical
knowledge in the food industry has become a solution to the food crisis.
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The rapid advancement of the beauty culture field took place with the development of the cinema
industry, urbanization and globalization. The beauty culture field is mainly related to cosmetics.
The basis of cosmetic production is organic compounds. The ingredients of cosmetics are
emulsifiers, preservatives, thickeners, emollients and colouring agents. All these are organic
compounds. The emulsifiers help to keep unlike substances from separating. This helps to change
the surface tension between oil and water producing a homogenous, well-mixed product with an
even texture. The examples for emulsifiers are polysorbates and Laureth-4. The preservatives are
used to extend the shelf life of those and to prevent the growth of microbes. Parabens are more
commonly used as preservatives as they are cost-effective. The types of parabens used are
methylparaben, ethylparaben, propylparaben, butylparaben and isobutyl paraben. In addition to
paraben, organic compounds such as benzyl alcohol, salicylic acid, formaldehyde are used as
preservatives. The thickeners provide consistency to cosmetics. There are four types of thickeners
as lipid thickeners, naturally derived thickeners, synthetic thickeners and mineral thickeners. The
lipid thickeners include cetyl alcohol, stearic acid and carnauba wax. The naturally derived
thickeners include hydroxyethylcellulose, guar gum, xanthan gum and gelatin. Bentonite is an
example of a mineral thickener. The carbomer, acrylic acid polymer, cetyl Palamite, ammonium
acrylodimethyltaurate are examples of synthetic thickeners. The colouring agents are derived from
organic plant parts such as beet powder and animals such as cochineal insect. The toner pigment
used in cosmetics is an organic pigment. Therefore, concerning the above, we can understand that
organic compounds are the building blocks of cosmetics.    

Written by

Hasangee Gunasinghe
Year 1

The applications of organic chemical knowledge and organic
compounds has facilitated the development of many economic
sectors and fields as mentioned above. Therefore, we can
understand how miniature atoms and molecules have made our
lives easier and more relaxing. 

ALL IN A DAY'S WORK
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The chemical composition of high
demand globally marketed cinnamon

From the past to date, Sri Lanka is known as
'The Pearl of the Indian Ocean', because of its incredible
beauty and varied biodiversity. Also, Sri Lanka is highly
famous for a series of spices and herbs; such as 
cinnamon, pepper, curry leaves, pandan leaves, 
lemongrass, cloves, cardamom, chilli, cumin, 
coriander and many more. Although 
undoubtedly, Sri Lanka is most famous for 
cinnamon. The variety named Ceylon
Cinnamon has caught the attention of the
global market in past years. The botanical name of Sri Lankan cinnamon is Cinnamomum zeylanicum.
Cinnamomum zeylanicum is an indigenous breed.

There is a surrogate to Ceylon cinnamon named Cassia. This substitute is cultivated in countries like
China, Indonesia and Vietnam. This has become a huge threat to the Sri Lankan cinnamon’s world
market. Cassia is comparatively cheaper, and the advertising and its production capacity are at a
higher level than that of Sri Lanka. These are the issues why cassia has become a menace to the
Ceylon cinnamon market. As prominent cinnamon planters and as heirs to a proud history we must
overcome these challenges by decreasing the production cost and increasing the supply to meet the
demand in the world market.

Instead of artificial chemicals, foreigners have started to achieve taste and flavour by using Sri Lankan
cinnamon. It means Sri Lankan cinnamon plays a role as a flavouring and a fragrance agent. This
increases the quality of the product. There is a good demand from Arabs, Greeks and Romans for our
ancestors’ cinnamon trade. Ancestors used cinnamon not only for medical and culinary uses but for
profit as well. When the Portuguese landed in Sri Lanka, they started with Ceylon cinnamon as
“Queen of all spices”. Traders have named Sri Lanka, ‘Cinnamon Country’ and have used this phrase
to mention about our country to theirs.

Varieties of Cinnamon

Galle district is applicable to cinnamon cultivation and cinnamon assortment. It is because there is no
excess humidity in the district. Trees that are growing in areas with high humidity are of reduced
heights and thicknesses. These trees also have a high percentage of fungi. This is a huge threat to
cinnamon crop cultivation. This scenario is quite visible in areas of the Rathnapura district. Since
cinnamon is a tropical tree, high crop availability is found in wet and intermediate wet zones,
especially in Galle, Matara and Kaluthara districts. Urea, rock phosphate (P O ) and muriate of potash
(60% K O  ) is the recommended fertilizer mixture for cinnamon plants. 

Cassia

As mentioned in the beginning the two types of cinnamon are Ceylon cinnamon and Cassia.
Cinnamomum aromaticum and Cinnamomum cassia are the botanical names of cassia. 

2 5

2 2



Common names include Chinese Cinnamon or Chinese cassia. Cassia is famous in countries like
China, India, Indonesia, Malaysia and Thailand and is a crucial ingredient in Chinese cookery. Cassia
plant belongs to the family named Lauraceae. This cinnamon variety is very popular among North
American people but is hardly available in the US. 

Breed of Cassia

Cassia is popular owing to its sweet smell. Cassia plant produces yellow flowers. It is the stem, bark,
and cassia buds that are of commercial use. Cassia essential oil is very famous especially among
culinary artists and is obtained through steam distillation. Both bark oil and leaf oil can be extracted
from the cassia plant. Cinnamaldehyde, α- Copaene, Vanillin, salicylaldehyde are some of the
compounds that cassia rich with.
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Cinnamaldehyde  α- Copaene Vanillin salicylaldehyde

Ceylon Cinnamon vs. Cassia

Both Ceylon and cassia cinnamon are
accessible worldwide. The majority of
the population is not aware of the
cinnamon types available. Ceylon
cinnamon is rather expensive in
comparison to cassia because tan
brown tight sticks provide a high
texture and a great finality. As
mentioned earlier, Cinnamaldehyde is
a mutual compound present in both
Ceylon cinnamon and cassia. 

But cassia’s flavour is stronger than that of Ceylon cinnamon as its cinnamaldehyde percentage is 95%.
Ceylon cinnamon contains approximately only 50-63% of cinnamaldehyde. Cinnamon has always
been known as a culinary spice because of its mild flavour due to its appropriate cinnamaldehyde
percentage.
Cinnamon is very famous in Ayurvedic Medicine. Both types are good for diabetes. Researchers have
found out that cinnamon supplement powder can be used for the treatment of diabetes. Animal and
lab studies show an increase in insulin sensitivity and improved metabolic markers with the use of
cinnamon. 
The most common problem is which product has more health benefits, Ceylon or cassia cinnamon.
There have been no research studies done on this matter. Ceylon cinnamon and cassia have slight
differences. For instance, cinnamon’s bioactive compounds appear to block a protein responsible for
the cause of Alzheimer’s disease. Hence both Ceylon and cassia cinnamon are good and there is no
clear evidence to prove the superior one. But although cinnamon offers its advancements, it is found
to be toxic at higher concentrations.



Eugenol 

Cinnamaldehyde

According to the researchers, a higher dose of cinnamon can cause kidney, liver, lung damage, and
cancers. Unlike Ceylon cinnamon, cassia cinnamon is rich in coumarin. So, if you use cinnamon daily,
Ceylon cinnamon is better than cassia as the intake of higher doses of coumarin imposes health risks.
These are a few more similarities and differences among Ceylon and cassia cinnamon, where use of
Ceylon cinnamon is favoured over that of cassia. 

Is a phenylpropanoid derived from guaiacol and is extracted from cinnamon leaves. It is pale yellow
in color and extracted even from clove, nutmeg, and bay leaves. 2-Methoxy-4(prop-2-en-1-yl)phenol
is the preferred IUPAC name for eugenol. Eugenol is mostly used in perfumes, flavourings, and
essential oils. Eugenol is extracted by heating the cinnamon plant part mixture of concern up to the
boiling point of eugenol (254 °C). A cinnamon leaf oil sample contains eugenol to about 70-95%.
Eugenol is used to treat toothaches and is ingested to treat gastrointestinal and respiratory problems.
This compound is partially soluble in water but is highly soluble in organic solvents. Eugenol can
cause effects to damage the liver and is therefore hepatotoxic. Eugenol can act as a plant metabolite or
an allergen.

Cinnamaldehyde (also known as cinnamic aldehyde, trans-cinnamaldehyde) is extracted from the
cinnamon bark. It is an aromatic organic compound. The two unsaturated functional groups of
cinnamaldehyde are aldehyde and carbon-carbon double bond. Cinnamaldehyde is a yellow oily
liquid that gives the characteristic odour and sweet taste to cinnamon while trans-cinnamaldehyde is a
pale-yellow liquid. Cinnamon bark oil contains cinnamaldehyde to about 70-90%. (2E)-3-Phenylprop-
2-enal is the preferred IUPAC name for this organic compound. At the boiling point of
cinnamaldehyde (248 °C) it can be extracted. It is also present in tomatoes, citrus, and chocolate.
Cinnamaldehyde acts as a hypoglycemic agent, inhibitor, and a natural vasodilator. Some may have a
contact allergy to cinnamic aldehyde. This allergy causes your skin to react although it takes some
time to show the symptoms. Cinnamaldehyde is partially soluble in water but fully soluble in ether,
chloroform, and other organic solvents. 
 

Chemistry and the Industry

A
U

G
U

ST
  2

0
21

 IS
SU

E 
0

1

56

According to the researchers, a higher dose of cinnamon can cause kidney, liver, lung damage, and
cancers. Unlike Ceylon cinnamon, cassia cinnamon is rich in coumarin. So, if you use cinnamon daily,
Ceylon cinnamon is better than cassia as the intake of higher doses of coumarin imposes health risks.
These are a few more similarities and differences among Ceylon and cassia cinnamon, where use of
Ceylon cinnamon is favoured over that of cassia. 

Organic compounds of cinnamon



Camphor

Camphor is a transparent, flammable constituent with a strong aroma, extracted from the cinnamon
root and wood of Cinnamomum camphora. 1,7,7-Trimethyl bicyclo[2.2.1] heptan-2-one is the IUPAC
name of camphor. It is a colourless; white-coloured crystalline powder with a density same as that of
water. At the boiling point is 209 °C, it can be extracted. Uses of camphor are, as pharmaceuticals and
flavouring agents. Camphor is used to treat respiratory tract infections and is therefore, an active
ingredient in cough and cold remedies. 
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Extraction of volatiles
 

Steam Distillation

Steam Distillation is one of the many separation techniques. It is particularly used to extract heat-
sensitive organic molecules which are immiscible in water. The procedure of distillation follows when
the immiscible mixture of concern boils up until their respective boiling points. At the boiling point,
the vapour pressure of water and that of the essential oil is equal to external atmospheric pressure.
When the total vapour pressure is equal to external atmospheric pressure mixture starts to heat up,
producing vapours which then go through the condenser forming a liquid.
Liquid-liquid extraction is the method that distilled organic components are then extracted from the
mixture. 
Steam distillation is beneficial in avoiding the decomposition and polymerization of organic
compounds in the essential oils.
Cinnamon is a marvellous spice. Its uses range from being used in perfumes to medicine and many
more. The organic constituents are responsible for these benefits. Steam distillation is a great method
to obtain these organic compounds.

Written by
G.S.C.De Zoysa

Year 1
 

Distillation apparatus



Seal – Top layer, made of glass
Cathode – Negatively charged layer
Emissive Layer – Comprised of organic molecules, transmit electrons from the cathode
Conductive Layer – Comprised of organic molecules, transmit holes from the anode
Anode – Positively charged layer
Substrate – Bottom layer, made of glass

Organic Light-Emitting Diodes (OLEDs) may ring a bell to the greater part of us. Smartphone
manufacturers heavily market them as a state-of-the-art screen technology. Not only that, OLEDs are
favoured by many screen manufacturers, including televisions and computer monitors. However,
they have been around for longer than you might think. The first ‘practical’ OLED device was built
way back in 1987. Since then, OLED technology has evolved and improved immensely.

How are OLEDs made? How do they work? To understand the answer to these questions, we must first
understand how an ordinary LED (Light Emitting Diode) works. The term is familiar to most of us. All
things considered, LED lights were promoted to use only for one-fourth of the energy required for an
incandescent lamp. Imagine that there are two slabs of semiconductor materials, where one material is
slightly electron-rich, while the other is slightly electron deficient. The former is called the n-type, the
latter, p-type. When these two slabs of semiconductor materials are joined together, a ‘junction’ is
formed, which is a neutral region where electrons and holes cross over and cancel each other out. If
electrical contacts are connected properly, the current will flow. Reverse the contacts, and the current
stops flowing. A ‘junction diode’ is now created. An LED is a junction diode in principle, but with an
added feature. Whenever electrons cross over the junction and get settled into the holes on the
opposite side of the junction (a process known as recombination), the excess energy is released as
visible light. One such recombination delivers an extremely short flash of light. But as many electrons
are recombining when current is streaming, many light flashes are generated, resulting in continuous
light.

While the fundamental structure of an OLED is different from that of an LED, the principle is still the
same. There are six layers in a basic OLED.

1.
2.
3.
4.
5.
6.

The emissive and conductive layers are 
made up of organic molecules. The most 
commonly used molecules in OLEDs
 include organometallic chelates
 (chelation is the formation of multiple
 coordination bonds when ions
 and molecules are bonded to metal ions)
 like Tris(8-hydroxyquinolinato)aluminium.
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Electrons cross over from the emissive layer to the conductive layer, and holes do the opposite. When
the positive holes jump over from the conductive layer to the emissive layer, they recombine with
negative electrons to release light. A colour can be added to this light by adding a coloured filter over
the glass (or plastic), top and bottom layers. The lively colours you find in the pictures from a screen
are the outcome of thousands and thousands of these OLEDs huddled together.

You might be asking, if OLEDs do the same thing as LEDs, why were OLEDs necessary in the first
place? Why did that technology gain so much traction in the industry? After all, LEDs had made so
many strides in screen technology compared to the massive CRT devices of yore. They were
significantly more efficient and compact. However, OLEDs carried with them a few upgrades. The so-
called LED screens use LEDs to provide backlight to an LCD (Liquid Crystal Display) as opposed to
true LED screens where LEDs generate the pixels we see on screen. This backlight is not required in
OLEDs, which leads to higher energy efficiency. Also, OLEDs produce much deeper black colors
(since individual OLEDs can be turned off). In addition, they are more compact than traditional LED
screens, up to a factor of 10. These aspects were highly sought after, especially smartphone
manufacturers, who valued energy efficiency and portability. So naturally, OLEDs seemed like the
next logical step in display technology.

As such, they turned out to be broadly embraced in smartphone displays, gradually increasing from
the beginning of the 2010s. They were utilized in the consumer display industry, being used in
television screens and computer monitors as well. Transparent OLEDs started to get adopted by
heads-up display (HUD) manufacturers. These HUDs were employed in aircrafts and fighter jets,
where information needed to be displayed over actual environments. In addition, foldable OLEDs
came into prominence with the introduction of several foldable devices by major device
manufacturers. At last, white OLEDs are being embraced into giving much brighter and energy-
efficient lighting in homes and buildings.

Even with this broad acquisition, OLEDs were not without their defects. Since the inner layers were
made out of organic materials, they were highly sensitive to moisture and degraded upon contact.
This was not an issue with fixed devices like televisions, but a glaring issue for portable devices. Also,
the overall lifespan of OLEDs was less than LEDs, as they degraded more quickly. An additional issue
with early OLED devices was the issue of ‘burn-in’. This was caused by the premature ageing of an
OLED displaying the same image in high brightness over a long time. If the same channel was viewed
for a long time in an OLED television, you would see a remaining silhouette of that channel’s logo,
even if you changed channels. This was due to the burn-in effect. These issues were growing pains that
the manufacturers addressed as the production processes matured.
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OLEDs continue to evolve at a satisfactory phase. We now see
screens with higher frame rates, higher brightness and greater
quality, with even less energy consumption. Added features like
foldability are poised to sweeten the deal even further for
consumers. When all is said and done, the future of OLEDs
seems to be very bright indeed (pun intended).

Written by
Anupa Somasiri
OCC CCS Member



The history and important milestones in the

field

The history of the use of organometallic

compounds dates back to the 18th century

when a cadet in Paris who was working on

cobalt-containing inks, utilized arsenic-

containing cobalt salts for their productions.

Thereafter, in the 19th century, the first π-

complex was discovered, namely the “Zeise

salt” (below). 

Later several air-sensitive metal alkyl

complexes such as ZnEt and HgEt were

synthesized which were then used in

synthesizing many other main-group

organometallic elements. A few years later,

the famous scientists Fridel and Crafts

synthesized several organochlorosilanes

which were followed by the synthesis of the

first metal-carbonyl derivatives by another

scientist.  

In the 20th century, the discovery of the

reaction of magnesium with organic halides

RX, leading to the Grignard reagent RMgX

which by oxidative addition can alkylate

carbonyl derivatives had a massive impact on

organic and organometallic chemistry.

This discovery won the Nobel prize for Victor

Grignard in 1912, which he shared with Paul

Sabatier. Thus, a π sandwich-type structure of

a polyphenyl chromium derivative was later

synthesized with the use of Grignard reagent. 

Chem 360Chem 360Chem 360
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Organometallic Chemistry; The beauty at the boundary

Chemistry, ‘The Central Science’ has yet another
fascinating area where classical Organic and
Inorganic Chemistry link together as it looks at
the interaction between inorganic metal (M) ions
and organic molecules (typically the Carbon (C)
atoms of organic molecules). Much attention is
drawn to Organometallic Chemistry due to its
importance in industrial catalytic reactions,
organic synthesis and biochemistry with the
discovery of metalloenzymes etc. that involve
organometallic chemistry.

What is the significance of Organometallic
Chemistry?  

Inorganic molecules, we often encounter
positively polarized C atoms when they are part
of functional groups bearing Oxygen (O),
Nitrogen (N) and Halogens (F, Cl, Br, I) etc. This is
caused by the lower electronegativity of C than
that of the aforementioned atoms. However, in
organometallic chemistry, we witness Carbon-
Metal (C-M) bonds such as C-Li, C-Na and C-Mg.
In all such examples, there is a significant
difference in electronegativity between that of
Metals and C, where the C is negatively polarized
due to its higher electronegativity than metal
atoms. Hence, we see a different chemical nature
in these C atoms where they are willing to
undergo reactions, serving as nucleophiles in
contrast to their role as electrophiles when
integrals of typical organic molecules.
Organometallic compounds often exist as
complexes with ligands surrounding the central
metal atom/ion. They undergo a variety of
chemical transformations such as oxidative
addition, reductive elimination, elimination,
dissociation, substitution, association, oxidative
coupling and insertion. The compounds may
change their coordination number, that is the
number of surrounding ligands and/or the
oxidation state during these transformations. 
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These sandwich-type structures have later become very

useful in developing the chemistry of intercalation and

host-guest chemistry which have led to an enormous

number of applications in materials chemistry.

The first half of the 20th century saw many new catalysts

and catalytic pathways emerging as a result of the

knowledge in transition-metal organometallic chemistry.

A demarcation between homogeneous and heterogeneous

catalysis based on the work on heterogeneous

hydrogenation of olefins to saturated hydrocarbons using

nickel led to a shared Noble prize in 1912. Thereafter, the

discovery of Ferrocene (below) and its sandwich structure

was another huge milestone in the field. 

It has been found to have potential applicability in fuel-

related industries and many other niche fields including

material sciences due to its unusual structure and redox

properties. Wilkinson and Fischer won the Nobel prize in

1973 for their work on sandwich compounds which were

later extended to the open sandwich structure with the

unusual stability obtained between direct Metal-

Hydrogen bond.

Their contributions helped to enhance the understanding

of transition metal-carbon - sigma and pi bonds and led to

the development of homogeneous catalysis of unsaturated

hydrocarbons that are of high industrial importance. The

multiple metal-carbon bonds were discovered and they

were later extended to discover carboranes and especially

metallocarboranes which owed another Nobel prize for

the clarification of these structures. Several Noble prizes

were won by scientists with the findings of new catalytic

pathways such as asymmetric catalysis which catalyzes the

epoxidation of allylic alcohols.

Chem 360

More examples for catalytic reactions which have been

industrially important are Alkene isomerization, Alkene

hydrogenation, Hydrocyanation of alkenes,

Hydrosilation of alkenes, Hydroformylation of Alkenes,

Water-Gas shift reaction, Monsanto Acetic acid synthesis,

Alkene metathesis and Ziegler –Natta polymerization of

alkenes. The Ziegler-Natta polymerization process won

the Nobel prize for Giulio Natta and Karl Ziegler in 1963

for their discovery in the field of polymer synthesis. 

As energy and natural sources are finite and the ability of

transition metals to catalyze various kinds of organic

reactions has led to a significant upsurge in academic and

industrial research, more scientists are in search of

soluble organometallic complexes that can function as

catalysts in solutions where high selectivity can be

achieved. These compounds are referred to as

homogeneous catalysts and they offer a vast diversity of

chemical reactions for which high reaction selectivity

can be achieved. They also allow the desired reactions to

occur under mild temperature and pressure conditions

which are economically very beneficial.

Recent Advancements and future perspectives

The use of organometallic chemistry in biomedical

applications has shown promising results. An interesting

example is the integration of nanoparticles with organic

molecules to obtain organometallic characteristics. One

of the best examples is the utilization of N-heterocyclic

carbenes (NHCs) which are organic molecules to stabilize

gold nanoparticles. The NHC-stabilized nanoparticles

are futuristic in biomedical applications due to the

possibility of gold-nano particles to act as scaffolds for

drug or gene delivery, bioimaging and biosensing. There

have been so many discoveries related to the fields of

medicine as a result of the developments in

organometallic and bioinorganic chemistry. 

Thus, it is quite evident that applications due to the

upsurge in organometallic chemistry are quite versatile

ranging from engineering, polymer and material

sciences to medicine. Hence there is a lot of potential in

future for the scientists to do further research in this

field. 
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MOTIVATIONAL

She kept on running...

One cold breezy winter mid-morning in July more than a

decade ago, in an auditorium of a primary school,

teachers were grouping students into different track

events they should participate in the upcoming summer

sports meet. A girl of about 9 years old stood in the midst

understanding little on the occurrences since she recently

migrated from a country where English was a rarely

spoken language in the households. When she went home

that evening, she had signed up for every event that is

there for her age, for she had mistakenly grasped that

every kid should participate in every event. And running

800m was one of them. 

A 9-year-old running 800m was not something heard

before by her parents and they were dubious whether she

should participate or not. But she was adamant on going,

for she knew it would be hard to word out why to her

friends if she were not to. 

Winter and Spring passed by with time and summer

slowly dawned. That envisioned day was closing on these

anxious and excited kids. As the morning of the sports-

meet finally came and all the kids were brought to a big

running stadium. The day went on and that little girl

participated in every event one by one enthusiastically. It

was then time to run the anticipated 800m. It was two

rounds around the big stadium. Boys and girls of her age

were asked to participate at the same time but winners

were to be selected separately for each. But the confused

little girl’s only thought was to finish the race, so her

parents watching in the sidelines needn’t to worry. 

The race started. She started running like a wildfire,

passing girls and boys at the same time. Even before

halfway through the race, it was apparent that many of

the children had given up running and had started

walking, breathing down heavily.

But she was still running. Round one was up and she was

now one of the very few who were left running. Her

parents watched on awestruck as she kept on running.

Only one bend was there to end the race. Now all were

starting to watch this whirlwind of a small girl who never

stopped running.

Later, she was going home wearing and embracing the
‘gold medal’ in the backseat of their parent’s vehicle
with gleeful eyes. Her mother turned around her seat,
still looking astonished and asked how she kept on
running like that and if her legs didn’t hurt. Still
staring at the medal, she answers distractedly 
“I had to finish the race somehow”.  
It was never about winning the race. 
It was always about finishing it. 

We all get to run different races in our life, despite it
being unique to each and every one of us in its own
way. Sometimes putting one foot in front of the other
becomes the hardest task to be done. Legs burning,
you start to wonder if it is actually worth the finish. It
might not be easy for all. Remember, not a soul will
start a race thinking of not finishing it. All have the
equal drive to finish the race and to win. It is between
the start and the finish-line that the wavering of
judgements begins to trade and the perception of
one’s ability to finish gets stifled. 

The beauty of life lies in the individuality itself and
not everyone being the same. Sometimes we tend to
overlook this clear margin boundary of individuality
to form a vague hue of comparison between them and
I. 
The race has always been between you and your self-
direction. Taking one step at a time, no matter how
slow it is and to progress from where you were a step
before and going forward relentlessly to finish the
race makes you the worthy champion despite the end
result and the time taken.  

Never stop until you finish what you have started.   

Written by
Kavya Sooriyaarachchi

GIC Year 4
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INSPIRATIONAL

An Interview with Mr. Chandana Bopitiya
Interviewed by Pevindra Ratnayake, Year 4 

Mr. Chandana Bopitiya is the Founder and Managing Director of Lanmic Exports (Pvt.) Ltd. 
(i.e. Lanka Minerals and Chemicals Pvt. Ltd.). An old boy of Ananda College, Colombo, he strives
to find the perfect work-life balance with continuous self improvement and effective business
strategizing. 

Pevindra (P):  To begin, tell us a bit about your
childhood.

Chandana (C):  There is nothing really special
about my childhood period. Just like any other kid I
played, watched movies and listened to songs. I was
not so keen on my studies. When I look back, I do
have a lot of fond memories. My parents wished I
was keener on my studies but I was not.

P:   What were your university days like?

C:     So my university days were really fun. I went to
the University of Sri Jayewardenepura. At that time,
I was free and didn’t have many responsibilities.
My parents were not behind me as well. I enjoyed
my university period thoroughly. One of the best
periods I had in my life. I did study but wasn’t
deeply committed to it. You know, just passing the
exams and managing to get to the next level. But I
did enjoy and love the subjects I did in university.
They were Physics, Chemistry and Mathematics.
Just after that, I followed a master’s degree in
Polymer Technology from the University of
Moratuwa.

P: What inspired you to become an entrepreneur?
Was there a specific incident or did you always
want to become an entrepreneur? If so, why?

C:  Initially, I never thought of becoming an
entrepreneur because I didn’t want to work that
hard. First I worked for two companies. And with
the experience, I learned that doing business is less
restrictive. You can have more free time and do
things in your way. Whatever I do, first I learn it
and enjoy it. I don’t try to learn everything, I select
a certain area and go into its details. I like to
specialize.

" I strongly believe that the new
generation is much better than my

generation, they are very intelligent
and talented. So, it is our duty to

create more opportunities for them."
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P: People are often reluctant to take up new challenges. It is mainly due to fear of failure and the risk
involved. Did you have such instances in your life when you started your company? Have you ever had
moments of doubt as an entrepreneur? If so, how did you overcome it?

C: I think doubts and fears depend on your expectations. When I stepped into business I didn’t have anything
to lose. I started small and even if I wanted to change directions and start another career, I knew I could do
it. Having alternative solutions helps. But I didn’t pressure myself as well because all I wanted was to apply
the little knowledge I had and do something with it. And I do enjoy that.

P: In your opinion, what are some key five attributes a person should possess to become a successful
entrepreneur?

C:  First, you should be someone who enjoys what you are doing. Secondly, you should be able to somehow
get the knowledge you need to succeed, for that you need to be curious and crave knowledge. Thirdly, you
should take one step at a time even if you see a bigger opportunity. It's best not to skip steps and grab it. In
that way, even if you make a mistake, you will be able to recover easily. And definitely, you are going to make
some mistakes at the beginning, so it is best to have a step-by-step approach, for which you need to be
patient. Next, you should be a lifelong learner. Every day you will learn a lot in your workplace only if you
are open-minded. Lastly and most importantly, be rich in human values. When I started, about 4-5 people
were working under me. The next level was when another 15-20 people started working, so as you grow the
business and increase the numbers, man-management becomes very important. It means you need to
respect, encourage and praise the people who are working under you. Business is a team game and you are
only as strong as your team.

P:  Lanka Minerals and Chemicals (PVT) Ltd was established 23 years ago in 1998. As the founder and the
Managing director of such a successful establishment, what was the most memorable and challenging
experience you've ever had?

C: Most of our products like calcium carbonate dispersion were produced for the first time in Sri Lanka by
us. For us it’s very memorable nevertheless I do not over enjoy it because it's the first time in Sri Lanka but
not in the world.

P:  Being the founder and the managing director of such a successful establishment is no easy task. With
all this work, how do you unwind?

C:  I truly enjoy what I do, so there is no special way for me to unwind. The day I don’t enjoy what I do I will
wind up. I Specially enjoy working with the new generation and developing the second line. I strongly
believe that they are much better than my generation, they are very intelligent and talented. So, it is our duty
to create more opportunities for them.

P: Finally, what advice do you have for young undergraduates who dream of becoming successful
entrepreneurs like you?

C:  In our life, the bottom line is happiness. Do what you enjoy and stick to it. If you enjoy doing business and
being an entrepreneur, stick to it. If not, don’t do it as the bottom line will clash.
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Student Corner

Lanka Minerals and Chemicals Establishment at Avissawella

Written by
Pevindra Ratnayake

GIC Year 4
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WORD
CROSS

Answers in the next issue
Send in your filled crossword to magazine.thespectrum@gmail.com to win exciting prizes! 
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