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SOME SELECTED CULTIVATION AREAS IN PENINSULAR MALAYSIA

By

"AQILAH BINTI MUKHTAR

February 2021

Chairman : Syaizwan Zahmir Zulkifli, PhD
Faculty : Science

Thebooster biocides are mainly used in the shipping activities, agro-industries,
and domestic use. The use of booster biocides is known to cause adverse effects
on marine ecosystems, including inhibiting the process of photosynthesis in

marine plants, and potential to accumulate in marine organisms. In this study,
booster biocides of Irgarol 1051, diuron, 3,4-dichloroaniline (3,4-DCA), and
chlorothalonil were measured in blood cockle, Tegillarca granosa, and sediment
fromsome selected cockle cultivation areas in Peninsular Malaysia. Sampling
activities were conducted in Bagan Pasir in Perak, Sungai Buloh and Kamparin
Selangor, and Sungai Ayam in Johor for screening the booster biocides

concentrations. Theliquid-liquid extraction (LLE) follow by High-Performance
Liquid Chromatography (HPLC) was performed to identify the concentrationof
booster biocides in the collected samples. The highestIrgarol 1051 mean was

found in the blood cockle with a value 0of 98.92 +13.65 ng/ kg in Kapar,Selangor,
while the means of diuron and its metabolites and 3,4-DCA showed the highest
values 0f40.31 £7.61 and 41.42 +21.58 ug/kgin Kapar, Selangor and Sungai

Ayam, Johor, respectively. Sungai Ayam, Johor also exhibited the highest
amount of chlorothalonil 0f29.76 +8.80 ng/kg. The highest mean concentration
of Irgarol 1051 and diuron were detected in sediment from Kapar and Sungai

Buloh, Selangor, respectively thatare significantly different from otherlocations
(Tukey’s HSD, p < 0.05). Meanwhile, the highest mean concentrations of 3,4-
DCA and chlorothalonil were25.73 +6.40 and 23.87 +13.87 ug/ kg, respectively
which were not significantly different in locations (Tukey’s HSD, p > 0.05).

Among the booster biocides detected in blood cockle and sediment, only Irgarol
1051 was significantly correlated (r=0.70, p<0.05).



Referring to sediment quality guidelines, approximately 72 % andmorethan90%
of sediment samples exceeded the environmental risk limits (ERLs) and
maximum permissible concentration (MPC) for Irgarol 1051 and diuron,
respectively. Thus, contaminants in marine ecosystem caused by booster
biocides are highlighted as a serious problem in sediment.

Increased use of biocides has the potential for bioaccumulation in food webs.
Distribution and bioaccumulation of biocides were studied in selected
macrobenthos fromsubtidal food webin the Sungai Ayam, Johor. Stableisotope
carbon (613C) and nitrogen (61°N) ratios were used to describe the structure of
food web. Nine species of organisms including phytoplankton, zooplankton,
mollusk, and crustacean were collected to represent the benthic food web inthe
cockle cultivation areas. Higher concentration of diuron and chlorothalonilwere
detected in the hermitcrab, Clibanarius signatus ata concentration of 109.29and
61.03 ug/ kg wet weight, respectively, while 3,4-DCA concentration washighest
in bivalve, Tegillarca granosa. The identified biomagnification factor(BMF)values
indicate thatbiomagnification of these compounds have occurred in thestudied
subtidal food chain.

The toxicity study of diuron in microalgae, Isochrysis galbana and blood cockle,
T. granosa were conducted in short term-bioassay with the endpoints of growth
performance and mortality, respectively. The 72-hours median effective
concentration (ECso) and 48-hours median lethal concentration (LCso) of diuron
wereidentified in the microalgae and blood cockle, respectively. The ECsovalue
formicroalgae was 10.1 ppb, while LCs for blood cockle was 1.5 ppm.Theability
of the organisms to accumulate the biocides in tissues proved thatI. galbanaand
T. granosa are potential biomonitoring organisms in marine ecosystem.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk [jazah Doktor Falsafah

TAKDIR BIOSID PENGGALAK DALAM SISTEM AKUATIK DAN
KESAN KEPADA KERANG DARAH, Tegillarca granosa (LINNAEUS, 1758)
DI SEBAHAGIAN KAWASAN PENTERNAKAN TERPIPIH DI

SEMENANJUNG MALAYSIA
Oleh
"AQILAH BINTI MUKHTAR
Februari 2021
Pengerusi : Syaizwan Zahmir Zulkifli, PhD
Fakulti : Sains

Biosid penggalak digunakan terutama dalam industri perkapalan, kegiatan
pertanian, dan penggunaan domestik. Penggunaan biosid penggalakdiketahui
menyebabkan kesan buruk terhadap ekosistem laut, termasuk menghalang
proses fotosintesis pada tanaman laut, dan berpotensi untuk terkumpuldalam
organisma laut. Dalamkajian ini, biosid penggalak Irgarol 1051, 3,4-DCA,dan
klorotalonil diukur dalamkerang darah, T. granosa dan sedimen dari kawasan
penternakan kerang terpilih di Semenanjung Malaysia. Akttiviti mengambil
sampel dilakukan di setiap kawasan penternakan iaitu di Bagan PasirdiPerak,
Sungai Buloh dan Kapar di Selangor dan Sungai Ayam di Johor untuk
menyaring kepekatan biosid penggalak. Pengekstrakan cecair-cecair (LLE)
diikuti oleh Kromatografi Cecair Prestasi Tinggi (HPLC) untuk mengenal pasti
kepekatan biocides penggalak dalam sampel yang dikumpul. Purata Irgarol
1051 tertinggi ditemui dalam kerang darah dengan nilai 98.92 £13.65 pg/kgdi
Kapar, Selangor, sementara diuron dan metabolitnya 3,4-DCA menunjukkan
nilai tertinggi masing-masing 40.31+7.61 dan 41.42 + 21.58 ug/kg di Kapar,
Selangor dan Sungai Ayam, Johor. Sungai Ayam, Johor juga menunjukkan
jumlah klorotalonil tertinggi iaitu 29.76 +8.80 png/kg. Purata kepekatantertinggi
Irgarol 1051 dan diuron masing-masing dikesan dalam sedimen dariKapardan
Sungai Buloh, Selangor, perbezaan yang bererti dari lokasilain (Tukey'sHSD,p
<0.05). Manakala, purata kepekatan 3,4-DCA dan klorotaloniladalah2573+6 40
dan 23.87 +13.87 ug/ kg, yang masing-masing perbezaan tidak berertidarilokasi
lain (Tukey's HSD, p> 0,05). Di antara biocides penggalak yang dikesan dalam
kerang dan sedimen darah, hanya Irgarol 1051 yang berkorelasi secara
signifikan (r = 0.70, p <0,05).
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Merujuk kepada garis panduan kualiti sedimen, sekitar 72 % danlebihdaripada
90 % sampel sedimen masing-masing melebihi had risiko persekitaran (ERL)dan
kepekatan maksimum yang dibenarkan (MPC) untuk Irgarol 1051 dan diuron.
Oleh itu, pencemaran dalam ekosistem laut yang disebabkan oleh biocides
penggalak diklasifikasi sebagai masalah serius dalam sedimen.

Peningkatan penggunaan biosid berpotensi untuk biopengumpulan dalam
jaringan makanan. Penyebaran dan biopengumpulan biosid dikaji dalam
makrobentos terpilih dari jaringan makanan subpasangsurut di Sungai Ayam
Johor. Nisbah karbon (613C) dan nitrogen (6'°N) isotop stabil digunakan untuk
menggambarkan struktur jaringan makanan. Sembilan spesies organisma
termasuk fitoplankton, zooplankton, moluska, dan krustasea telah
dikumpulkan mewakili jaringan makanan bentik di kawasan penternakan
kerang. Kepekatan diuron dan klorotalonil dikesan tinggi dalamumang-umang,
Clibanarius signatus pada kepekatan masing-masing 109.29 dan 61.03 pg/kg
berat basah, sementara kepekatan 3,4-DCA tertinggi di dwicangkerang,
Tegillarca granosa. Nilai faktor biopembesaran (BMF) yang dikenal pasti
menunjukkan bahawa biomagnifikasi sebatian ini telah berlaku dalamrantai
makanan subtidal yang dikaji.

Kajian ketoksikan diuron pada mikroalga, Isochrysis galbana dan kerangdarah,
T. granosa dilakukan dalam bioassai jangka pendek dengan masing-masing
melihat prestasi pertumbuhan dan kematian. Kepekatan berkesan median 72
jam (ECs0) dan kepekatan mematikan median 48 jam (LCso) diuron masing-
masing dikenal pasti dalam mikroalga dan kerang darah. Nilai ECs untuk
mikroalga adalah 10.1 ppb, sementara LCs untuk kerang darah adalah1.5ppm.
Keupayaan mengumpulkan biosid dalam tisu membuktikan bahawa 1. galbana
dan T. granosa berpotensimenjadiorganisma biomonitor dalam ekosistemlaut.
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CHAPTER1

INTRODUCTION

11 General introduction

In thelast three decades, the economies in Malaysia have been growingrapidly.
Environmental pollution is inevitable and closely linked to national
development activities include human and industrial activities. The thriving
trade industry has made the Straits of Malacca one of the world's busiest
waterways. Theshippingactivities and agroindustries increase the pollution
levels to the environment, especially to the marine ecosystem. In facts, the
Malaysia marinas are contaminated with chemical compounds, forexample,
heavy metal (Sany et al., 2013; Noor et al.,2015; Mahat etal., 2018), Persistent
Organic Pollutants (POPs) (Mohamad et al., 2013; Kaw and Kannan, 2016;
Krishnanetal.,2016),and biocides (Sudaryanto etal.,2002,2004; Harino etal,
2008,2009; Ali etal., 2013, 2014; Hanapiah et al., 2017; Mukhtar et al., 2019).

Previously, the antifouling biocides known as organotins (OTs) have widely
used in shippingindustries. The marine organismsuch as algae, bamacles,and
mussels attached to the submerged surface of ships and boats are a serious
problem due to increased hydrodynamic traction that affects the
maneuverability of ships and increases fuel consumption. (Konstantinou and
Albanis, 2004). OTs compounds are used to prevent the colonization of the
marine organism on ships and boat hulls. However, these compounds have
adverse effects on the non-target organism due to uncontrolled usage. For
example, in the field of ecotoxicological effects, OTs cause the imposex in
gastropods (Mohamat-Yusuffetal.,2010,2011). On this environmental problem,
the International Maritime Organization (IMO) held a convention on “Control
of Harmful Antifouling System on Ship” (IMO-AFS 2001) in October2003 which
banned the use of OT compounds started in January 2008 and encourage the
manufacturers to produce tin-free antifouling paints.

The commercial tin-free compounds widely used nowadays are Sea-nine211,
Irgarol 1051, zineb, ziram, diuron, chlorothalonil, dichlofluanid, tolyfluanid,
copper omadine, zinc omadine, and pyridine-triphenylborane. Thecompounds
increase their concentration significantly into the marine environment,mostlyin
marinas and harbors with heavy shippingactivity. Leached biocidesarereadily
transported into the marine environment which then settle in sedimentcreating



“hotspots” for contaminants. This is likely to pose a longer-term threattovarious
aquatic organisms (Kamarudin et al., 2020). Therefore, there is increasing
concern aboutbooster biocides due to their increasing use in shipping paints.
Although the booster biocides do not threathen on endocrine system similar to
TBTs, they are nonetheless toxic to microalgae and have the potential todestruct
the primary producer on the base of the food web (Bao et al., 2011). Booster
biocides such as Irgarol 1051 and diuron are pesticides widely useinagricultural
activities. These compounds are among pesticides that most detected inaquatic
environment (Konstantinou and Albanis, 2004). Coral, phytoplankton, and
periphyton are highly susceptible to the herbicidal properties of booster
biocides.

Pastmonitoring has indicated the widespread occurrence of booster biocidesin
the marine environment of Malaysia. Aliet al. (2013) have reported of Irgarol
1051 in the seawater from Peninsular Malaysia at spatial average range
concentration from40.8 to 663 ng/1. Diuron concentrations also detected inthe
seawater (Ali et al., 2014; Hanapiah etal., 2017). Studies in the west coast of
Peninsular Malaysia and Strait of Johor detected booster biocidesconcentrations
in sediment (Harinoetal., 2009; Mukhtar etal.,2019). In the future, itis expected
that the concentration of booster biocides will be higher in the marine
environment as it is widely used in the shipping and agricultural activities.

The environmental change occurs on the west coast of Peninsular Malaysiamay
have an ecological knock-on effect such as the reduction of benthic organism
population including the blood cockle, Tegillarca granosa, thatis one of themain
aquaculture products in Malaysia. Blood cockle species contribute about3.58%
of total brackishwater production values in 2018 (RM 84,030.47)aftermarinefish
and prawn (DOF, 2018). The highest production of blood cockle in Malaysiahas
recorded in 2010 with a total of 78,024 per year (DOF, 2011). However, the
production of cockle show continuously declined in the following year. This
situation may occur due to pollutants release into the marine ecosystem and
inadequate management of the wild cockle population which resultin high
mortality of adultcockles and spats (Khalil etal., 2017). Therefore, itisimportant
to determine the interaction between the marine organism, together with
physical and chemical processes that trigger the environmental changes.Cockle
is a filter feeder thathas a great capacity to accumulate the contaminantsintheir
tissue and are suitable as a biomonitor to monitor the distribution of
contaminants in the coastal water. The investigation on cockle is alsoimportant
to ensure the cockles are safe for a human consumption.

Usually, cockle cultivation areas are conducted in estuaries and coastal zones.
Theyareabundantin complex intertidal and subtidal zones of plantand benthic
organisms such as polychaete worm, snails, clams, sea urchins, and crabs.
Benthic organismactas nutrient triggers from detritus and serve as a source of



protein for fish and cockle (Imevbore Bakare, 1970 and Walag et al., 2016).
Detritus in the form of leaf litter in the subtidal areas largely come from the
mangrove forest in the intertidal area (Krumhansl and Scheibling, 2012). By
consuming debris, benthic organism responsible for carrying the nutrient
circulation in the marine ecosystem. Therefore, it should rely on important
estuarine areas to support the living systems of the offshore population by
supplying food resources, and shelter in addition to acting as nursery habitats.

The discharge of chemicals and nutrients from the anthropogenic activitiesinto
aquatic ecosystem, may effect the ecological process such as nutrient dynamic
and energy transfer, thus possible alter the system of food web structure (Warry
etal., 2016). The food web is defined as the energy flow from the base to the
highest trophic level that occurred among the organismwithin the ecosystem
(Krumins etal., 2013). A few studies haverecognized the trophic interaction in
Malaysia's coastal areas (Zulkifli et al., 2014; Mukhtar et al., 2016; Joni et al.,
2017). Tounderstand the interactions of the benthic organisms, the studyonthe
ecosystem circulation of the food web is conducted. The previous study of
trophic interaction has used either gut content analysis or the observational
study (Davis etal., 2012; Bakeretal.,2014; Dromard etal., 2015; Mc(lain-Counts
et al.,, 2017). However, these conventional methods have the limitations in
identifying interactions because they are used alone as the content cannotbe
separated into the prey species due to the unidentifiable digested materials
(Baker etal.,2014). Thus, the method provides an unclear interpretation of the
organisminteraction where the research study requires a detailed explanation
of organism interaction.

Nowadays, the biomarkers of stable isotope have been used to complement the
conventional dietary analysis for identifying the organic matter transport
throughout the food weband the trophic relationship. This powerful analysis
techniqueis time-integrated, non-lethal, and significantly faster thangutcontent
analysis (Fry, 2006). The carbon (6*C) and and nitrogen (6'°N) ratios are
commonly used to construct the trophic interaction of the organism in the
ecosystem. Studies on trophic relationship among organism provide insight
about the energy transfer in the food web and generate theimportunateness to
conserve the ecosystemin order to maintain the function each of the organism
in the trophic levels.

Microalgae and blood cockle are interconnected when they depend on each
other for survival. Microalgae serve as primary producer for the primary
consumer such as blood cockle. The reduction of primary producer has the
potential to affect the food available to organism at different trophic levels
especially the herbivores organism. Pollutant discharge and water qualityofthe
coastal areas are factors thataffect species production. However, limitedstudies
have been performed on the toxic effects of booster biocides on these species.



Hence, this study also conducted to provide the baseline information on the
effect of booster biocides of diuron on the microalgae, Isochrysis galbana as a
primary producer and on blood cockle, Tegillarca granosa as primary consumer
by determining the median effect (ECso) and lethal effect concentration (LCso),
respectively, using Probit analysis.

1.2 Problem statementand justification

Since therestriction of OTs compound used as an ingredientin ship paintsafter
1 January 2008, many booster biocides has been manufactured. The previous
study on booster biocides has mainly focused on the water columnandsediment
butno data recorded on aquatic life in Malaysia marinas. In the future, the
concentration of booster biocides are expected to be higher in the marine
environment as they are widely used in the painting systemand herbicides in
agroindustries activities. Moreover, booster biocides have broad-spectrum
effects on environmental components and some compounds have the potential
to persist for long periods of time into the aquatic environment. The
accumulation of pollutants in marine ecosystem is possible to transmitintothe
aquatic organisms and transferred into the human body throughout the food
intake.

Theselected cockle cultivation areas in Peninsular Malaysia were chosenasthe
study sites to investigate the effect of booster biocide in the blood cockle and
sediment. The decline in cockle production in Malaysia has now triggers
speculation the factors about that contribute to this problem. “Does booster
biocide affect cockle production in Malaysia?”, “Does booster biocidedisruptthe
food web ecosystem in the cultivation area consequently affecting the cockle
production?” and also “Does consuming a cockle that have been exposed to
booster biocides affect the human health risks?” Therefore, to understand and
answer the questions, the studies had been performed by conducting booster
biocides extraction, human risk assessment, and stableisotope analysis as an
effective approach to assess coastal ecosystems along with median effect
concentration diuron on primary producer of microalgae, Isochrysis galbana,and
median lethal concentration on primary consumer of blood cockle, T. granosa.

1.3 Researchobjectives

The study on the effects of booster biocide on cockle, Tegillarca granosa, and
sediment collected from selected cockle cultivation areas of PeninsularMalaysia
can be achieved by having the following study objectives:



To elucidate the concentration of booster biocides in the T. granosa
and sediment collected from selected cockle cultivation areas of
Peninsular Malaysia

Toassess the health risk of booster biocides in T. granosa on human
and predators

To construct the food web of cockle cultivation areas using dual-
isotope (6°C and 61°N) analysis

Toinvestigate the distribution of booster biocides pattern inthefood
web of cockle cultivation areas

To determine the 72 hours median effective concentration (ECso) of
primary producer, Isochrysis galbana and 48 hours median lethal
concentration (LCso) of primary consumer , T. granosa in the
optimum laboratory condition.
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