


I 

1 0042303 

1ltftili11111 
1100042308 

. . Perpustakaan 
KoleJ Unrve-rsiti Sains Dan Teknologi Malaysia (KUSTEM)

rtal Colifo� and �schericbia coli (E.coli) in Cultured Oyste1
S 

�ssostrea 1redale1), Surrounding Waters and Sediments of 
r,�t�-

Lagoon,Terengganu, South China Sea / Ambika Devi alp

PERPDST.AKAAN 

KOLEJ UNIVERSITI SMNS & TEKNOLOGI MALAYSIA 

21030 KUaLA TERENGGANU 

10004�3 UH 

-

HAk MILIK 
PERPUSTAWN KUSliM 

-

Lihat sebelah 



FECAL COLIFORM AND Escherichia coli (E. cob) IN CULTURED OYSTERS 
(Crassostrea iredalel), SURROUNDING WATERS AND SEDIMENTS OF SETIU 

LAGOON, TERENGGANU, SOUTH CHINA SEA 

By 
Ambika Devi A/P Daran 

Research Report submitted in partial fulfillment of 
the requirements for the degree of 

Bachelor of Science (Marine Science) 

Department of Marine Science 
Faculty of Science and Technology 

2006 

1100042308 



This project report should be citied as: 

Ambika.D.D. Fecal coliform and Escherichia coli (E. cob) in cultured oysters 
(Crassostrea iredalei), surrounding waters and sediment of Setiu lagoon, 
Terengganu, South China Sea. Undergraduate thesis, Bachelor of Marine Science, 
Faculty of Science and Technology, Kolej Universiti Sains dan Teknologi 
Malaysia, Terengganu. l l 9p 

No part of this project report may be reproduced by any mechanical, photographic, or 
electronic process, or in the form of phonographic recording, nor may it be sorted in a 
retrieval system, transmitted, or otherwise copied for public or private use, without 
written permission from the author and the supervisor of the project. 



JABATAN SAINS SAMUDERA 

FAKULTI SAINS DAN TEKNOLOGI 

KOLEJ UNIVERSm SAINS DAN T-EKNOLOGI MALAYSIA 

PENGAKUAN DAN PENGESAHAN LAPORAN 

PROJEK PENYELIDIKAN IDANll 

Adalah ini diakui dan disahkan bahawa laporan penyelidikan bertajuk: Fecal coliform 
and Escherichia coli (E. coli) in cultured oysters (Crasostrea iredalei), surronding 
waters and sediment of Setiu lagoon, Terengganu, South China -Sea oleh Ambika 
Devi A/P Daran, No Matrik UK8038 Telah diperiksa dan semua pembetulan yang 
disarankan telah dilakukan. Laporan in dikemukakan kepada Jabatan Sains Samudera 
sebagai memenuhi sebahagian daripada keperluan memperolehi ljaz.ah Sariana Muda 
Sains: Sains Samudera, Fakulti Sains dan Teknologi, Kolej Universiti Sains dan 
Teknolo_gi Malaysia. 

Disahkan oleh: 

··�···················· 
Penyelia Utama 
Nama: 

CopRasmi: 

PROF. DR. LAW AH THEEM 
PENS YA RAH 

Jabatan Sains Samudera 
Fakultl Sains dan Teknolo!li 

Kolej Universiti Sains dan Teknologi Malaysia 
21030 Kuala Terengganu. 

Penyelia Kedua Gika ada) 
Nama: 

CopRasmi: 

.............................................. 4,. 
Ketua Jabatan Sains Samudera 
Nama: PROF. MAOYA DA. HJ. AOSNAN HJ. YAACOB
Cop Rasmi: Ketua 

Jabatan Sains Samudera
F.1tku1t1 Sains dan Teknologl Kole) Uni\lerslti Sains dan Teknologi Malaysia21030 Kuala Terengganu.

cJ.-/StDl:, 
Tarikh: ........................ . 

Tarikh: ........................ . 

· . f (5(0bTarikh ......................... . 



ACKNOWLEDGEMENTS 

Firstly, I would like to take this great opportunity to thank my deepest 

appreciation to my supervisor. Professor Dr. Law Ah Theem for his guidance and advices 

to complete my thesis successfully. All his \'aluable infom1ation and comments haw 

guided me to complete my study successfully. I also \\·ould like to convey my sincere 

gratitude to Dr. Nor Antonina Abudullah for her unlimited guidance. 

Besides that, I \vould like to thank Professor Dr. Law Ah Theem's post graduate 

students, Mr. Chin Kam Yew, Mr.Yong Jaw Chuen, and Mr. Chuah Lai Fatt for their 

guidance and support throughout my project. Their advices and experiences are 

invaluable in the progress of my work. I also would like to thank to the Staffs and 

Oceanography lab _assistants of KUSTEM, Mr. Kamari, Mr. Sulaiman Kassin and Mr. 

Raja who provided the technical assistances in my project. 

I would like to convey my heartiest appreciation to Mr. Neoh Seong Seng and Mr. 

Kesaven for their guidance and supports. Besides that, I am also very fortunate to have 

great and helpful friends like Ms. Uwarani, Ms. Sumitha, Ms. Malini, Ms. Radha Devi, 

Ms Lim Shiau Mooi, Ms Liew Mei Fong, Ms Fong Chuen Fuen, Ms Leong Wai Kiat, Ms 

Warrin Ebau, Ms Teoh Xue Pei and Ms Rosnani Che Ismail for their support and 

countless help in completing my thesis. I also would like to convey my special thanks to 

Mr. Zaidad and Ms Fong Chuen Far for their enthusiasm in helping me. Without their 

helping hands, all my laboratory work would not be done. 

Finally, I would like to thank my parents, Mr. Daran and Mdm. Renuga Devi for 

their support and encouragement throughout the year. Thank you all. 

. I 



TABLE OF CONTENTS 

ACKNOWLEDGEMENTS 

TABLE OF CONTENTS 

LIST OF T ABLE 

II 

V 

LIST OF FIGURES VII 

LIST OF ABBREVIATIONS 

LIST OF APPENDICES 

ABSTRAK 

lX 

XI 

Xlll 

ABSTRACT XlV 

CHAPTER 1 INTRODUCTION 

CHAPTER 2 LITERATURE REVIEW 

1 

6 

6 
6 

2.1 South China Sea 
2.1.1 Setiu Lagoon 

2.2 Wastewater Microbiology 7 

2.3 Bacteria 7 

2.3.1 Coliform Bacteria 8 

2.3.2 Fecal Coliform Bacteria 9 

2.3.3 The Properties ofldeal Fecal Indicator Bacterium 9 
2.3.4 Escherichia coli (E. coli) 10 

2.3.5 Escherichia coli (E. coli) as Indicator of Fecal Pollution 11 

2.4 Mollusca 12 

2.5 

2.4.1 Oysters - 13
2.4.2 Standards for Shellfish Growing Water by National 

Shellfish Sanitation Program (NSSP) 14

2.4.3 Oysters Culture in Global 15

2.4.4 Oyster Culture in Setiu Lagoon 16

2.4.5 Crassostrea ireadelei 17

Water Quality Standard for Malaysia 

2.5.1 Microbiology Water Quality for Malaysia 

11 

18

18



2.5.2 Malaysia Interim National Water Q uality Standards 
(INWQS) 19 

2.6 United States and European Union (EU) Standard Fecal 
Colifom1 (MPN) for Live Bivalves 20 

2.6.1 FDA & EPA Safety Levels in Regulations and Guidance 21 

2. 7 Sewage Pollution in Malaysia 22 

2.7.1 Sewage Pollution in Pulau Perhentian ofTerengganu 23 
2.7.2 Sewage Pollution in Terengganu Estuary 24 
2.7.3 Sewage Pollution in Setiu Lagoon 26 

2.8 Bacteriological examination for determining coliforms organisms 28 
2.8. l Multiple-tube Fermentation Technique 28 

2.8.2 The Membrane Filter Technique 29 

CHAPTER 3 MATERIAL AND METHODS 

3.1 Field Sampling 
3 .1.1 Collection of fresh oysters 
3.1.2 Collection of sea water 
3.1.3 Collection of sediments 

3.2 Sampling Stations (Map) 

3.3 Medium and Reagent Preparations 
3.3. l Lactose or Laury! Tryptose Broth Preparation
3 .3 .2 EC Broth Preparation 
3.3.3 Glutamate Decarboxylase (GAD) Reagent Preparation. 
3.3.4 Phosphate Buffer Solution Preparation 

3.4 · Analytical Techniques 
3.4. l The Presumptive Test 
3.4.2 The Confirmative Test 
3.4.3 The Completed Test 

CHAPTER 4 RES UL TS 

4.1 The Distributions of Total Coliform, Fecal coliform and 
Escherichia coli in water of Setiu Lagoon 
4.1.1 Total Coliform count in the waters of Setiu Lagoon 

4.1.2 Fecal Coliform count in the waters ofSetiu Lagoon 
4.1.3 Escherichia coli count in the waters of Setiu Lagoon 

Ill 

31 

31 
31 
32 
32 

..,.., 

.) .) 

34 
34 
35 
36 
36 

37 
37 
38 
39 

41 

41 
41 
43 
45 



4.2 Th'e Distributions of Total Coliform, Fecal coliform and 
Escherichia coli in Sediments of Setiu Lagoon 4 7 
4.2.1 Total Coliform count in the sediments of Setiu Lagoon 47 

4.2.2 Fecal Coliform count in the sediments of Setiu Lagoon 49 

4.2.3 Escherichia coli count in the sediments of Setiu Lagoon 51 

4.3 The Distributions of Total Coliform, Fecal coliform and 
Escherichia coli in cultured oysters of Setiu Lagoon 53 
4.3.1 Total Coliform count in Cultured Oysters of Setiu Lagoon 53 
4.3.2 Fecal Coliform count in Cultured Oysters of Setiu Lagoon 55 
4.3.3 Escherichia coli count in Cultured Oysters of Setiu Lagoon 57 

4.4 Determination of Total Coliform, Fecal coliform and 
Escherichia coli in Merchang River 59 

4.5 Determination of Total Coliform, Fecal coliform and 
Escherichia coli in Oyster Samples of Merchang River 60 
4.3.1 Total Coliform Counts in Oysters ofMerchang River 60 
4.3.2 Fecal Coliform Counts in Oysters ofMerchang River 61 
4.3.3 Escherichia coli Counts in Oysters ofMerchang River 62 

4.6 Regression Analysis between fecal coliform (MPN.100mL·1) and
Salinity in the waters of Setiu lagoon 63 

4.7 Regression Analysis between DO (mg.L.1) and Temperature (
°

C)
In Setiu lagoon 64 

CHAPTER 5 DISCUSSION 

CHAPTER 6 CONCLUSION 

LITERATURE CITED 

APPENDICES 

CURRICULUM VITAE 

IV 

65 

78 

80 

83 

119 



Table 2.1 

Table 2.2 

Table 2.3 

Perpustakaan 
Kol&j UAivenHi Satn-s D&R Tekno'°9i Malaysia (KUSTEM) 

LIST OFT ABLES 

Combined categories of fish, crustaceans and mollusks including 
bivalves for 1997-1999. (FAO, 1999) 16 

Annual yields (live, weight, tones) from aquaculture production 
(1989, 1998 and 1999) (FAO, 2001) 16 

The Microbiology Water Quality for Malaysia (DOE, 2002-2003) 18 

Table 2.4 The DOE Interim National Water Quality Standards (INWQS) for 

Malaysia (DOE, 2002-2003) 19 

Table 2.5 The classification of drinking water according to bacteriological 
Tests 20 

Table 2.6 The FDA & EPA Safety Levels in Regulations and Guidance, 
2001 21 

Table 2. 7 The calculated enteric virus to coliform ratios, 1962 22 

Table 2.8 The total coliform and fecal coliform counts in the water and 
sediments of Perhentian Island (Thong, 2002) 24 

Table 2.9 The total coliform, fecal coliform and E. coli counts in 
coastal waters, riverine and estuarine of Terengganu 
River Estuary (Chan, 2003) 25 

Table 2.10 The comparison of mean value of total coliform, fecal coliform 
and E. coli counts in water, sediment and cultured oysters 
in Setiu lagoon 27 

Table 3.1 Locations of the sampling stations 33 

Table 4.1 The mean value of Total coliform, Fecal coliform and 
Escherichia coli counts in waters of Merchang River 59 

Table 4.2 The mean value of Escherichia coli counts in oysters of 
Merchang River 62 

Table 5.1 The Current stock of cultured oysters of Lembaga 
Kemajuan lkan Malaysia, LKIM, in Setiu lagoon August 2005 66 

Table 5.2 Comparison of total coliform and fecal coliform counts in 
Setiu Lagoon with previous studies 74 

V 



Table 5.3 

Table 5.4 

Comparison of Total Coliform, Fecal coliform and Escherichia coli

counts in cultured oysters with previous studies in Setiu Lagoon 75 

R 2 values of regression analysis between various parameters 
in Setiu lagoon water 

\'I 

77 



LIST OF FIGURES 

Figure 2.1 The relationship between total coliform, fecal coliform and 
E. coli 11 

Figure 3.1 Sampling Stations along Setiu lagoon 33 

Figure 4.1 Total Coliform count in Setiu Lagoon water 41 

Figure 4.2 Fecal coliform count in Setiu Lagoon water 43 

Figure 4.3 Escherichia coli count in Setiu Lagoon water 45 

Figure 4.4 Total coliform count in Setiu Lagoon sediment 47 

Figure 4.5 Fecal coliform counts in Setiu Lagoon sediment 49 

Figure 4.6 Escherichia coli count in Setiu Lagoon sediment 51 

Figure 4.7 Total coliform counts in cultured oyster in Setiu Lagoon 53 

Figure 4.8 Fecal coliform counts in cultured oyster in Setiu Lagoon 55 

Figure 4.9 Escherichia coli counts in cultured oyster in Setiu Lagoon 57 

Figure 4.10 Total coliform counts in oysters of Merchang River 60 

Figure 4.11 Fecal coliform counts in oysters ofMerchang River 61 

Figure 4.12(a) Regression between fecal coliform (MPN .100 mL-1) and salinity
(ppt) in the waters of Setiu lagoon on first sampling 
25th August 2005 63 

Figure 4.12(b) Regression between fecal coliform (MPN.100 mL- 1
) and salinity

(ppt) in the waters of Setiu lagoon on second sampling 
06th October 2005 --63 

Figure 4.12(c) Regression between fecal coliform (MPN.100 mL- 1) and salinity
(ppt) in the waters of Setiu lagoon on third sampling 
141h December 2005 63 

Figure 4.13(a) Regression between DO and Temferature in the waters of
Setiu lagoon on first sampling 251 August 2005 64 

VII 



Figure 4.13(b) 

Figure 4.13( c) 

Figure 5.1 

Figure 5.2 

Figure 5.3 

Figure 5.4 

Figure 5.5 

Regression between DO and Temperature in the waters of 
Setiu lagoon on second sampling 061h October 2005 64 

Regression between DO and Temperature in the waters of 
Setiu lagoon third sampling 141h December 2005 64 

Comparison of mean total colifom1 counts in the \Yaters of 
Setiu lagoon with the total colifom1 standards 
according to the microbiological water quality for Malaysia 68 

Monthly rainfall and evaporation in Kuala Terengganu 
at different monsoon season for year 2005 68 

Comparison of mean fecal coliform counts in the waters of 
Setiu lagoon with the fecal coliform standards 
according to the microbiological water quality for Malaysia 71 

Comparison of mean fecal coliform counts in the cultured oysters of 
Setiu lagoon with the fecal coliform standards 
according to the microbiological criteria for shellfish 71 

Comparison of mean £. coli counts in the cultured oysters of 
Setiu lagoon with the £. coli standards according to 
the microbiological criteria for shellfish 

\'111 

73 



APHA 

Apr 

ASEAN 

Aug 

Dec 

DO 

DOE 

DOM 

DSP 

E. coli

EU 

FDA 

FC 

g 

GAD 

GPS 

HCl 

INWQS 

kg 

LKIM 

M 

LIST OF ABBREVIATIONS 

American Public Health Association 

April 

Association of South East Asia Nations 

August 

December 

dissolve oxygen 

Department of Environment 

Dissolved organic material 

Diarrheic shellfish poison 

Escherichia coli 

European Union 

Food and Drug Administration 

fecal coliform 

Gram 

glutamic acid decarboxylase 

Global Position System 

hydrochloride acid 

Interim National Water Quality Standards 

kilogram 

Lembaga Kemajuan lkan Malaysia 

molarity 

IX 



MF 

Mg 

mL 

MP 

MTF 

NaCl 

NaOH 

NSSP 

oc 

Oct 

pH 

ppt 

PSP 

TC 

USEPA 

WHO 

Membrane filter 

milligram 

milliliter 

Most Probable Number 

Multiple-tube Fermentation Technique 

Sodium Chloride 

Sodium Hydroxide 

National Shellfish Sanitation Program 

degree centigrade 

October 

potential of hydrogen 

parts per _thousands 

Paralytic shellfish poison 

Total coliform 

United States Environmental Protection Agency 

World Health Organization 

X 



LIST OF APPENDICES 

Appendix Page 

II 

III 

IV 

V 

VI 

Hydrological Parameter of Waters of Setiu Lagoon during the 
first sampling (25-08-2005) 83 

Hydrological Parameter of Waters of Setiu Lagoon during the 
second sampling (06-10-2005) 84 

Hydrological Parameter of Waters of Setiu Lagoon during the 
third sampling (14-12-2005) 85 

Estimation of Total Coliform in Setiu Lagoon during first Sampling 
(25-08-2005). second sampling (06-10-2005) and third sampling 
(14-12-2005) 86 

Estimation of Fecal Coliform in Setiu Lagoon during first Sampling 
(25-08-2005), second sampling (06-10-2005) and third sampling 
(14-12-2005) 88 

Estimation of E.coli in Setiu Lagoon during first Sampling 
(25-08-2005), second sampling (06-10-2005) and third sampling 

(14-12-2005) 90 

VII Estimation of Total Coliform in Cultured oysters in Setiu Lagoon 
during first Sampling (25-08-2005), second sampling (06-10-2005) 
and third sampling (14-12-2005) 92 

VIII Estimation of Fecal Coliform in Cultured oysters in Setiu Lagoon 
during first Sampling (25-08-2005), second sampling (06-10-2005) 
and third sampling (14-12-2005) 94 

IX Estimation of E. coli in Cultured oysters in Setiu Lagoon during first 
Sampling (25-08-2005), second sampling (06-10-2005) and 

X 

XI 

third sampling (14-12-2005) 96 

Estimation of Total Coliform, fecal coliform and E.coli in 
seawater of Merchang River 

Estimation of Total Coliform, fecal coliform and E.coli in 
oysters of Merchang River 

XI 

98 

99 



XII Two Way AN OVA analysis of total coliform in water of Setiu 
lagoon 100 

XIII Two Way ANOVA analysis of fecal coliform in water ofSetiu 
lagoon 102 

XIV Two Way ANOV A analysis of E. coli in water of Setiu lagoon 104 

xv Two Way ANO VA analysis of total coliform in sediments of 
Setiu lagoon 106 

XVI Two Way ANOVA analysis of fecal coliform in sediments of 
Setiu lagoon 108 

XVII Two Way ANOVA analysis of E.coli in sediment of 
Setiu lagoon 110 

XVIII Two Way ANOVA analysis of total coliform in cultured oysters 
of Setiu lagoon 112 

XIX Two Way AN OVA analysis of fecal coliform in cultured oysters 
of Setiu lagoon 114 

xx Two Way ANOV A analysis of E. coli in cultured oysters of Setiu 
lagoon 116 

XXI The MPN Chart 118 

XII 



ABSTRAK 

Kajian ini bertujuan untuk menentukan tahap pencemaran naJIS akibat 

pembuangan bahan kumbahan ke dalam lagun Setiu dan juga menentukan sama ada ti ram 

yang dikultu_r_di lagun itu selamat untuk dimakan. Kerja persampelan dilakukan sebanyak 

tiga kali iaitu, pada 251h Ogos 2005, 6th Oktober 2005 and 14th Disember 2005. Empat 

belas stesen persampelan dipilih di sekeliling lagun Setiu. "Multiple Test Tube 

Fem1entation of Standard Method'' digunakan untuk menentukan bilangan colifom1. fecal 

coliform dan £. coli di dalam air, sedimen, dan tiram yang dikultur (Crassostrea iredalei)

di lagun Setiu. Ujian GAD telah digunakan untuk mengesan kehadiran £. coli di dalam 

sample. Nilai purata untuk bilangan coliform, fecal coliform dan £. coli dalam air 

masing-masing ialah 108.74 MPN.100 ml- 1
, 32.67 MPN.100 ml- 1 dan 7.21 MPN.100 

ml- 1
• Nilai purata untuk bilangan coliform. fecal coliform dan £. coli dalam sedimen

masing-masing ialah 2.32 MPN.g- 1
, 0.62 MPN.i 1 dan 0.25 MPN.g-1. manakala bagi tiram 

yang dikultur di Setiu pula masing-masing 56.20 MPN.i 1
, 14.27 MPN.g- 1 dan 1.26 

MPN.g-1. Kehadiran total coliform, fecal coliform dan £. coli di dalam air dan sedimen 

menunjukkan bahawa lagun Setiu telah dicemari oleh bahan kumbahan. Kajian ini 

menunjukkan tahap fecal coliform dan £. coli di dalam lagun Setiu masih dalam tahap 

keselamatan untuk aktiviti-aktiviti akuakultur. Walaubagaimanapun langkah-langkah 

yang sewajamya perlu diambil untuk mewujudkan persekitaran lagun dengan kualiti yang 

bersih bagi penggunaan masa depan. 

Xlll 



ABSTRACT 

This study is aimed to evaluate the level of fecal contamination that caused by 

sewage pollution in the Setiu lagoon, Terengganu and also to determine whether the 

cultured oysters in the lagoon are safe for human consumption. Three samplings were 

conducted on 25th August 2005, 6th October 2005 and 14th December 2005. Fourteen 

sampling stations were established around the lagoon. Total coliform, fecal coliform, 

Escherichia coli (E. coli) counts in water, sediment and cultured oysters (Crassostrea

iredalei) were estimated by using Multiple Test Tube Fermentation of Standard Method. 

GAD test was carried out to determine the presence of E. coli in the samples. The mean 

of total coliform, fecal coliform and E. coli in waters of Setiu lagoon were 108.74 

MPN.100 mL·', 32.67 MPN.100 mL·' and 7.21 MPN.100 mL·' respectively. The mean of 

total coliform, fecal coliform and E. coli in the sediments of Setiu lagoon were 2.32 

MPN.g·1, 0.62 MPN.g·' and 0.25 MPN.g·' respectively. The mean of total coliform, fecal 

coliform and E. coli counts in cultured oysters were 56.20 MPN.g" 1
, 14.27 MPN.g· 1 and 

1.26 MPN.g·' respectively. The presence of total coliform, fecal coliform and E. coli in 

the waters and sediment of Setiu lagoon indicates that the lagoon has been contaminated 

by domestic sewage. This current study show that, the level of fecal coliform and E. coli

in Setiu lagoon are still within the safety level for aquaculture and human consumption. 

A proper measurement should be taken to maintain a healthy environment quality for 

future use. 
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