UNIVERSITI PUTRA MALAYSIA

PATHOLOGICAL EFFECTS RESULTING FROM
BIOACCUMULATION OF CRUDE OIL ON IMMUNOLOGICAL
PARAMETERS IN RED SNAPPER (LUTJANUS
ARGENTIMACULATUS) FORSSAL AND BLACK TIGER SHRIMP
(PENAEUS MONODON) FABRICIUS

SOHRAB AKBARI

FPV 1997 7



PATHOLOGICAL EFFECTS RESULTING FROM BIOACCUMULATION
OF CRUDE OIL ON IMMUNOLOGICAL PARAMETERS IN

RED SNAPPER (LUTJANUS ARGENTIMACULATUS) FORSSAL AND
BLACK TIGER SHRIMP (PENAEUS MONODON) FABRICIUS

BY

SOHRAB AKBARI

Dissertation Submitted in Fulfilment of the
Requirements for the Degree of Doctor of Philosophy
in the Faculty of Veterinary Medicine and Animal Science,
Universiti Putra Malaysia

June 1997



To all fellow mankind, who believe
in God, and in doing good deeds



ACKNOWLEDGEMENTS

I have completed this programme, because there were
those who gave me support and assistance. There are many of
them whom I cannot thank enough; yet I cannot solely lay

claim to this success without naming a few of them.

I would like to thank Prof. Dr. Mohammed Shariff, my
committee chairman, whose extraordinary help provided me

such occasion to pursue my work with this great passion.

I am also thankful to Prof. Dr. Law Ah Theem, a member
of my supervisory committee for his valuable discussions on

toxicity of crude oil and going through the manuscript.

My gratitude also goes to Dr. Abd. Rahman Bin Manas,
a member of my supervisory committee, whose expertise gave

me enough impetus to go through crude oil analysis.

I am likewise grateful to Dr. John Foo Tet Wei,
Department of Zoology, National University of Singapore,

for his technical help in cortisol radioimmunoassay.

I would also like to thank technical staff members of

Gas Chromatography and Gas Chromatography-Mass Spectrometer

iii



unit, Chemistry Department, Faculty of Science, and
Electron Microscope Unit, Faculty of Veterinary Medicine

and Animal Science, University Putra Malaysia for their

technical assistance.

I will be fail in my duty if I do not record my thanks
to Shiraz University, Shiraz, Iran for their encouragement

and financial support in my programme.

I am deeply indebted and grateful to Ayatollah H. A.
Nejabat whose exceptional ethos on Allah provides me much
inspiration and motivation to pursue my daily activities.
My personal thanks are also due to my wife Z. Nejabat, my
son Mohammed Javad, and my daughters Razih, Maryam, and
Marzih who prayed to Allah for me to have this favourable

outcome in my study.

iv



TABLE OF CONTENTS

ACKNOWLEDGEMENTS........ O
LIST OF TABLES. ... cccccceeccccccccoccnccncscasns .
LIST OF FIGURES. ......ccceeeeocccocenccnccnnsns
LIST OF PLATES. ... .ccccceececcccccoocccsccncccscs
LIST OF SPECIES. .......ccccececcccccccocscccsos
LIST OF ABBREVIATIONS......cctceeeeeeoccccscnsns
29123 ) b N e R S S S 8 5 600 00 0 0000000000 00000000000000%

ABSTRAK.o--ooooooooaouooo-ao-oooooo-oo-oooaoa--

CHAPTER
I GENERAL INTRODUCTION...:..ccccceoecoosccccss
II REVIEW OF LITERATURE........cccceeecccacncs

What is Crude Oil?.....cceeeececeocsoocoscsns
Source of 0il Pollution..... 5000000 0a0D000
Fate of Spilled Oil....ccveeeeccccccsnnscss
Uptake, Biotransformation and Effects of
Petroleum Hydrocarbons in Fish and

Invertebrates. .cccceececceccccccsccccocccsses

Uptake and Bioaccumulation of
Petroleum HydrocarbonS.....cceeceseeee

Biotransformation............. ceessen
Effects of Petroleum Hydrocarbons....
Factors Modulating Uptake, Biotransforma-

tion and Effects of Petroleum Hydrocarbons
in Aquatic Animals.....cceeeeeececeosconns

Page
iii

X

xxvi
XXX
XXXV
xxxviii
x1

x1liv

12

14

18

19
22

26

43



III

General Property of the Aquatic Animals
Used in the Study....ciivvveiinnnennnnnnns

Research ProblemsS...c.eeeeeeeeccecceccones

ACUTE TOXICITY OF WATER SOLUBLE FRACTION

OF CRUDE OIL TO RED SNAPPER (LUTJANUS
ARGENTIMACULATUS) AND BLACK TIGER SHRIMP
(PENAEUS MONODON) ¢ ¢« e e c e e oo oooccsosccscccsses
Materials and MethodS.....ceeeeeeeeeccones

Collection and Maintenance of Experi-
mental AnimalsS.....cceeecceccccnnccns

Test 0il and Exposure Apparatus......

Hydrocarbon AnalySiS.....cceeeeeeeess

Recovery of Hydrocarbons............. 64

IV

Treatment of Discharged Oily Seawater

Method for Estimation of LC;, Values
of Crude Oil....cvveeeeeeecconcenconese

ResSUltS...cceeeeeeeccccscosccscoscscscoscccsscs

Adjustment of the Flow-through System

Analysis of Crude Oil....ccceeeeecens
Estimated Values of LCgpe e eeeeccccccnn
DiSCUSSION. c et teeeeeeeeeeeoeeconaconconses

ACCUMULATION OF NAPHTHALENES IN LIVER AND
MUSCLE OF RED SNAPPER (LUTJANUS
ARGENTIMACULATUS) AND IN HEAD AND ABDOMEN
OF BLACK TIGER SHRIMP (PENAEUS MONODON)
EXPOSED TO SUBLETHAL CONCENTRATIONS OF
CRUDE OIL.....cccceccccccccccccsccsoncncncscs

Materials and MethodS....cceeeeeeeeeceones

Collection and Maintenance of Test
Animals....eeeeeeeen cece e et ee e

vi

48

50

52

54

54
54
55
56

58

65

65
66
66
67
76

83

91

94

94



ShrimpP..ceeeerseeoscesscosconsasons
Test 0il and Exposure Apparatus......
Sampling of Test Animals.....cccceee.

Fishcooooooo.ooooooooooooooooooo
Shrimp-ooooooooooooooooooooooooo

Analysis of Naphthalenes in the Target
TiSSUES..ivtereeeecesoscoesonsnsnnsnns

Analysis of Naphthalenes in Exposure
D 5658800000 00000000000000000040

Recovery of Naphthalenes in the Tissue
b T8 50 8800080000000 0000000000000d ¢

Statistical Analysis....cceieeencenns

Accumulation of Naphthalenes in the
Fish TisSSUES....cecieteesceoscccnnccans

Accumulation of Naphthalenes in the
Shrimp TisSSUES....cceteeececececocens

Comparison Between Equilibrium Con-
centrations of Naphthalenes in the
Tissues of Experimental Animals......
DiSCUSSION. .ttt erereesecescoscasensocnsnsnes
EFFECTS OF SUBLETHAL CONCENTRATIONS OF
CRUDE OIL ON CORTISOL, BIOCHEMICAL AND
CELLULAR INDICES OF RED SNAPPER (LUTJANUS
ARGENTIMACULATUS) BLOOD. ... :ccceeeccccacss
Materials and Methods......ccceeveeecccnns
Haematological Study....ceeeeeeeceses

Measurement of Cortisol Levels in

Cortisol and Biochemical Parameters..

vii

94

94

95

96

96

97

97

99

99

100

100

103

107

111

116

122

125

125

129

130

131

131



Red Blood Cells (RBC) and Related
Parameters. ...ccceeeeccccccscccscsssescs 136

White Blood Cells (WBC) and Diff-
erential Cell COUNtS. . eveeeeeeeneenss 139

DiSCUSSION. ettt teeeeeeeeeeeeeooeocoananscesos 145

VI EFFECTS OF SUBLETHAL CONCENTRATIONS OF

CRUDE OIL ON PHENOLOXIDASE, BIOCHEMICAL

AND CELLULAR INDICES OF BLACK TIGER
SHRIMP (PENAEUS MONODON) HAEMOLYMP........ 157
Materials and MethodS.....cceeeeeeeeeconeen 160
Total and Differential Haemocyte Count 160

Assay for Phenoloxidase (PO) Activity 162

Statistical Analysis......cceeeeeeene 163
N S S 5 5 0000 0000080003000 3000000000000¢ 164
Total Haemocyte (THC) and Differential

(e/=1 51 e o0 § o § o = S S e S S S S S S 55 00 5 5 5 164
Changes in Phenoloxidase Activities.. 169
DiSCUSSION. ..ttt eeeeeeeececeseecancsans 173

VII EFFECTS OF SUBLETHAL CONCENTRATIONS OF
CRUDE OIL ON CELLULAR AND ULTRACELLULAR
STRUCTURES OF IMMUNOLOGICALLY IMPORTANT
TISSUES OF BLACK TIGER SHRIMP (PENAEUS
MONODON) ¢ ¢ ¢ ceceeccoccccccscscssssccssscsscscsse 182

Material and Methods......cccceeeeceeecens 185

Fixation of Samples......c.ccceececcens 185

Light Microscopy....cceeeeeeeees 185
Tyansmission and Scanning Electron

|y {eh sleYJole) o} /50 600000000000 0000000C 186

Tissue Processing...ccceecececcccccas 186

Light MicCroscopy....ceeeeeeeeceses 186

Transmission and Scanning Electron
MiCroSCOPY.ceeeeeerceesccocnncasns 187

viii



Results.......

Physiological Behaviour and Gross
AppPeAraANCe..c.cceccecccccscccscccccss

Histopathological Alterations........

Discussion....

VIII GENERAL DISCUSSION AND RECOMMENDATION.....

BIBLIOGRAPHY.......

APPENDICES.........

Part A (Original Data) ....cceeeeecceonccns

Part B (Statistics)....ciiiiiiiiiinnneenns

Part C (Standard and Control Curves)......

BIOGRAPHICAL SKETCH

ix

188

188

188

219

231

245

266

267

310

360

366



LIST OF TABLES

Table

10

Estimated World Input of Petroleum Hydro-
carbons to the Sea (Mt/Year)......cceeee..

Solubility of Polyaromatic Hydrocarbons in
Distilled Water at 25-27°C................

Pathways for the Environment Fate of Crude
OB 5600000 0000080050000000030000000000009

Comparative Acute Toxicity, Measured as 48
h LC;,, of Water Soluble Fraction and 0il
in Water Dispersions of Three 0Oils to Seve-
ral Species of Marine Animals.....ccceccee.

Reported Values on the Changes in Cortisol,
Biochemical and Cellular Parameters of
Fish Exposed to Petroleum Hydrocarbons....

Reported Values on the Changes in Phenol-
oxidase, Biochemical and Cellular Par-
ameters of invertebrates Exposed to diff-
erent sStressOorsS......ciceeiceeccencccccnnns

Percentages of Water Soluble Fractions of
Crude 0il Before Its Exposure to the Test
Animals in Experimental Tanks for Estima-
tion LGy ValuesS..eeeeeirreccnnnoosonnnnnns

Standard Aromatic Hydrocarbons and Their
Recovery Factors (Mean * SD), Used for
Quantification Analysis of Water soluble
Fractions in Exposure Seawater............

Standard Aliphatic Hydrocarbons and Their
Recovery Factors (Mean * SD), Used for
Quantification Analysis of Water Soluble
Fractions in Exposure Seawater............

Concentrations of Soluble Aliphatic and
Aromatic Hydrocarbons in the Exposed
Water, Used for Estimation of LC50 Values
for L. argentimaculatus and P. monodon.
Concentrations Are in mg/l......cccceeenn.n

X

Page

13

16

18

31

36

39

66

73

75

77



11

12

13

14

15

16

17

18

19

20

21

22

Mortality of L. argentimaculatus Exposed
to Water Soluble Fraction of Crude 0Oil
During 96 h.....iieeieeeeencccosccccoconnnas

Mortality of P. monodon Exposed to Water
Soluble Fraction of Crude 0il During 96 h.

Estimated LC,; Values of Water Soluble
Fraction of Malaysian Tapis Blend Crude
0il for L. argentimaculatus and P.
monodon, using Trimmed Spearman-Karber
Method....... 300000000000 0000C 5000000 0C 50 C

Water Quality Parameters in the Exposure
Tanks of L. argentimaculatus and P.
monodon During 96 h Acute Toxicity Test ..

Quantitative Analysis of Naphthalenes in
the Exposed Seawater During Sublethal
Toxicity Test in L. argentimaculatus and
1211 o3 eTe o (o] o BT TS S SIS 5 5 GRS S S S 5 S SR S S S S 5 5

Standard Naphthalenes and Their Recovery
Factors (Mean + SD), Used for Quantifica-
tion Analysis of Naphthalenes in Tissue Sam-
ples of P. monodon and L. argentimaculatus

Water Quality Parameters in the Exposure
Tanks of L. argentimaculatus and P.
monodon During Sublethal Toxicity Test....

The Results of Histopathological Changes
in different Organs of P. monodon Exposed
to Three Different Concentrations of

Crude Oil...cceeceeceeceoscssoasceassanssccss

General Properties of Malaysian Tapis
Blend Crude Oil.....ceeeeceesccosconccnnns

Aromatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Red Snapper (Lutjanus argentimaculatus)
(Tank No. C2)...cceeeeees 5000000000000000C

Aromatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Red Snapper (Lutjanus argentimaculatus)
(Tank NO. C3).ceeeeeeenssns 5 0000000000000 00C

Aromatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Red Snapper (Lutjanus argentimaculatus)
(V01,90 o) (& N S 80 6 000G 060000000000 00000a0C

xi

78

78

79

82

101

102

115

218

267

268

269

270



23

24

25

26

27

28

29

30

31

32

33

Aromatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Red Snapper (Lutjanus argentimaculatus)
(2519190 )5 (e} 5 8 55 0 60 00 0000000008003 00000aC

Aromatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Red Snapper (Lutjanus argentimaculatus)
(Tank NO. C6) cveevececccoocssssscscosssssssscs

Aromatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Black Tiger Shrimp (Penaeus monodon) (Tank

NO. C2)oo.o...oooooo-oo-.ooooo.-ooo.o.o.oo

Aromatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of

Black Tiger Shrimp (Penaeus monodon) (Tank
(=)o (&) 6 5600000000000 00000000000030033000C

Aromatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of

Black Tiger Shrimp (Penaeus monodon) (Tank
(=)o (&) 5 5800000000000 000000000000000330000

Aromatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Black Tiger Shrimp (Penaeus monodon) (Tank

No. C5)oooooo.oooooooooooo-oooooooooooo.oo

Aromatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of

Black Tiger Shrimp (Penaeus monodon) (Tank
No. C6)..ll...l...l..ll..l...l...l...l..ll

Aliphatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Red Snapper (Lutjanus argentimaculatus)
(@s150,90 eI (e N S 8 50 0 0000 000 a00300000000000000

Aliphatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Red Snapper (Lutjanus argentimaculatus)
(TANK NO. C3) ceveeeeeennnnnnnoonooeoannnns

Aliphatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Red Snapper (Lutjanus argentimaculatus)
(=1, < (DN D S S S 5 8 3 0 080 00000000 00003000¢0

Aliphatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Red Snapper (Lutjanus argentimaculatus)
(=191, (B)a (e S S 5 0 5 6 00 00000 000000000000 000¢0

xii

271

272

273

274

275

276

277

278

278

279

279



34

35

36

37

38

39

40

41

42

43

44

Aliphatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Red Snapper (Lutjanus argentimaculatus)
(Tank NO. C6) eveeeecccccosssccoosscsccccssns

Aliphatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of

Black Tiger Shrimp (Penaeus monodon) (Tank
No. Cz)................I....Il... ........ .

Aliphatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of
Black Tiger Shrimp (Penaeus monodon) (Tank

NO. C3)oocco---oco-oco-ooo-'cccoo---ooo'co

Aliphatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of

Black Tiger Shrimp (Penaeus monodon) (Tank
NO: C4) eveeeeneeeeeoeeeennoseenennnnnnnnns

Aliphatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of

Black Tiger Shrimp (Penaeus monodon) (Tank
NO: C5) ceeeeeeccccocosssssosssssssssssscscscs

Aliphatic Hydrocarbon Fractions in the Ex-
posed Water During Acute Toxicity Test of

Black Tiger Shrimp (Penaeus monodon) (Tank
NO. C6)eveeeeecccosssscoosssssssssssssssss

Estimated LCsy Values of Water Soluble Frac-

tion of Crude 0il for Red Snapper (Lutjanus
argentimaculatus), Using Trimmed Spearman-
Karber Method......ccceeeeeeeneceencccenns

Estimated LCs, Values of Water Soluble

Fraction of Crude 0il for Black Tiger
Shrimp (Penaeus monodon), Using Trimmed
Spearman- Karber Method...................

Quantitative Analysis of Naphthalenes
(mg) in 500 ml of Seawater During Sub-
lethal Toxicity Test of Red Snapper
(Lutjanus argentimaculatusS)........ceeee..

Quantitative Analysis of Naphthalenes
(mg) in 500 ml of Seawater During Sub-
lethal Toxicity Test of Black Tiger
Shrimp (Penaeus monodoN)......eeeeeeeecces

Accumulation of Naphthalenes (mg/10g wet
samples) in the 1liver of Red Snapper
(Lutjanus argentimaculatus) During Sub-
lethal Toxicity Test...ceeeeeeeeeeceennnns

xiii

280

281

281

282

282

283

284

285

286

287

288



45

46

47

48

49

50

51

52

53

Accumulation of Naphthalenes (mg/10g
wet samples) in the Muscle of Red Snapper
(Lutjanus argentimaculatus) During Sub-
lethal Toxicity Test....ceveeereeececnnons

Accumulation of Naphthalenes (mg/10g
wet samples) in the Head Tissues of Black
Tiger Shrimp (Penaeus monodon) During Sub-
lethal Toxicity Test....cevieeeereeoncanns

Accumulation of Naphthalenes (mg/10g
wet samples) in the Muscle of Black Tiger
Shrimp (Penaeus monodon) During Sublethal
Toxicity Test...eieeeeeereeeeosccescanncnns

Fluctuation of Plasma Cortisol (ng/ml of
plasma) in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 96 h Sublethal Toxi-
City Test..ieiiereeeeeneoscescescossccnsnsas

Fluctuation of Plasma Glucose (mg/100 ml
of plasma) in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0Oil During 96 h Sublethal Toxi-
City Test...iviiiieieieeeeeorseceenosacnnnnns

Fluctuation of Plasma Cholesterol (mg/100
ml of plasma) in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 96 h Sublethal Toxi-
City Test...ieeeeiieieeeeseeceoscescanncnnns

Fluctuation of Total Plasma Protein
(g/100 ml of plasma) in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fraction of Crude 0il During 96 h Subleth-
al Toxicity Test....cceeeeeeccesosccnncansnse

Fluctuation of Red Blood Cell Counts
(104/m1 of blood) in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 96 h Sublethal Toxi-
City Test....iiiieereeoneecoosacccoonanans

Fluctuation of the Size of Red Blood Cell
in Red Snapper (Lutjanus argentimaculatus)
Exposed to Different Concentrations of Wat-
er Soluble Fraction of Crude 0il During
96 h Sublethal Toxicity Test........ccec.

xXiv

289

290

291

292

293

294

295

296

297



54

55

56

57

58

59

60

61

Fluctuation of Blood Haemoglobin (mg/ml
of blood) in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 96 h Sublethal Toxi-
City Test...viiiiiiieieeeeeeeeensnccnnnnnns

Fluctuation of Haematocrit (%) Values in
Red Snapper (Lutjanus argentimaculatus)
Exposed to Different Concentrations of
Water Soluble Fraction of Crude 0il
During 96 h Sublethal Toxicity Test.......

Fluctuation of White Blood Cells in Red
Snapper (Lutjanus argentimaculatus) Ex-
posed to Different Concentrations of
Water Soluble Fraction of Crude 0Oil Dur-
ing 96 h Sublethal Toxicity Test..........

Fluctuation of the Percentage of Blood
Lymphocytes in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 96 h Sublethal Toxi-
City Test...iiiiiiiiiiieeeeeeeeonsaccannnnas

Fluctuation of the Percentage of Blood
Thrombocytes in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 96 h Sublethal Toxi-
City Test..iiieiiieieeeeeeenccensccnncannas

Fluctuation of the Percentage of Blood
Neutrophils in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0Oil During 96 h Sublethal Toxi-
City Test...iiiiiieiieeneeeeeonssacsannnnas

Fluctuation of the Total Haemocyte Counts
in Black Tiger Shrimp (Penaeus monodon)
Exposed to Different Concentrations of
Water Soluble Fraction of Crude 0Oil Dur-
ing 386 h Sublethal Toxicity Test.........

Fluctuation of the Percentage of Granular
Cells in Black Tiger Shrimp (Penaeus
monodon) Exposed to Different Concentra-
tions of Water Soluble Fraction of Crude
0il During 386 h Sublethal Toxicity Test..

XV

298

299

300

301

302

303

304

305



62

63

64

65

66

67

68

69

70

71

Fluctuation of the Percentage of Semi-
granular Cells in Black Tiger Shrimp
(Penaeus monodon) Exposed to Different
Concentrations of Water Soluble Fraction

of Crude 0il During 386 h Sublethal Toxi-
City Test..iiieeeeereesencecnscesconnsanns .

Fluctuation of the Percentage Hyaline
Cells in Black Tiger Shrimp (Penaeus
monodon) Exposed to Different Concentra-
tions of Water Soluble Fraction of Crude
0il During 386 h Sublethal Toxicity Test..

Fluctuation of the Haemocyte Phenoloxid-
ase Activity (& ABC/min/mg protein) in
Black Tiger Shrimp (Penaeus monodon) Ex-
posed to Different Concentrations of Water
Soluble Fraction of Crude 0Oil During 386
h Sublethal Toxicity Test.......ceveeeeens

Fluctuation of the Total Plasma Protein
in mg/ml of plasma in Black Tiger Shrimp
(Penaeus monodon) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 386 h Sublethal Toxi-
City Test...iiieeeeeeereceeoseseonsnscnnsnas

Regression Analysis of Concentration-
Mortality Response for Fish (Lutjanus

argentimaculatus) at 12 h Post Exposure
in Acute Toxicity Test....ccceveeeeeenecns

Regression Analysis of Concentration-
Mortality Response for Shrimp (Penaeus
monodon) at 12 h Post Exposure in Acute
Toxicity Test...iiitieieereeeeoennccnnnnnans

Regression Analysis of Concentration-
Mortality Response for Fish (Lutjanus
argentimaculatus) at 48 h Post Exposure
in Acute Toxicity Test....... R

Regression Analysis of Concentration-
Mortality Response for Shrimp (Penaeus
monodon) at 48 h Post Exposure in Acute
Toxicity Test...oeeeieeeeeeeenscconnnnonns

Regression Analysis of Concentration-
Mortality Response for Fish (Lutjanus
argentimaculatus) at 96 h Post Exposure
in Acute Toxicity Test......evieieeeeeccens

Regression Analysis of Concentration-
Mortality Response for Shrimp (Penaeus
monodon) at 96 h Post Exposure in Acute
Toxicity Test....evieeeeeeeeeeoscccnnsnanns

xvi

306

307

308

309

310

310

311

311

312

312



72

73

74

75

76

77

78

79

Analysis of Variance for Bioaccumula-
tion of Naphthalenes in the Liver of Red
Snapper (Lutjanus argentimaculatus) Ex-
posed to Three Different Concentrations
of Naphthalenes During 96 h Sublethal
Toxicity Test.....iiiiiieieeeeennnnnnnnnnns

Multiple Range Analysis for Bioaccumula-
tion of Naphthalenes in the Liver of Red
Snapper (Lutjanus argentimaculatus) Ex-
posed to Three Different Concentrations,
a Dose-response AnalySiS....cceeccceeceacns

Multiple Range Analysis for Bioaccumula-
tion of Naphthalenes in the Liver of Red
Snapper (Lutjanus argentimaculatus) Ex-
posed to Naphthalenes During 96 h Subleth-
al Toxicity Test,a Time-response Analysis.

Analysis of Variance for Bioaccumula-
tion of Naphthalenes in the Muscle of Red
Snapper (Lutjanus argentimaculatus) Ex-
posed to Three Different Concentrations
of Naphthalenes During 96 h Sublethal
Toxicity Test...iviiieeiereneeeeennnnnnanns

Multiple Range Analysis for Bioaccumula-
tion of Naphthalenes in the Muscle of Red
Snapper (Lutjanus argentimaculatus) Ex-
posed to Three Different Concentrations,
a Dose-response Analysis......ceeeeeeeecns

Multiple Range Analysis for Bioaccumula-
tion of Naphthalenes in the Muscle of Red
Snapper (Lutjanus argentimaculatus) Ex-
posed to Naphthalenes During 96 h Subleth-
al Toxicity Test (Level), a Time-response
ANAlYSiS.eeeeeeceosscoscosscosscsscoassssonnss

Analysis of Variance for Bioaccumula-
tion of Naphthalenes in the Head Tissues
of Black Tiger Shrimp (Penaeus monodon)
Exposed to Three Different Concentrations
of Naphthalenes During 384 h Sublethal
Toxicity Test..eeeeeeeeeeeeeceeesosccccaans

Multiple Range Analysis for Bioaccumula-
tion of Naphthalenes in the Head Tissues
of Black Tiger Shrimp (Penaeus monodon)
Exposed to Three Different Concentrations,
a Dose-response Analysis......ceceeeeeeens

xvii

313

313

314

315

315

316

317

317



80

81

82

83

84

85

86

87

Multiple Range Analysis for Bioaccumula-
tion of Naphthalenes in the Head Tissues
of Black Tiger Shrimp (Penaeus monodon)
Exposed to Naphthalenes During 384 h Sub-
lethal Toxicity Test, a Time-response
ANAlySiS.iiieeeecescesescescossscosccnssccss

Analysis of Variance for Bioaccumulation
of Naphthalenes in the Muscle of Black
Tiger Shrimp (Penaeus monodon) Exposed
to Three Different Concentrations of
Naphthalenes During 384 h Sublethal Toxi-
City Test...iiitirieeneeeeoecsenecsansnnns .

Multiple Range Analysis for Bioaccumula-
tion of Naphthalenes in the Muscle of
Black Tiger Shrimp (Penaeus monodon) Ex-
posed to Three Different Concentrations,
a Dose-response Analysis........ ceeeeasaan

Multiple Range Analysis for Bioaccumula-
tion of Naphthalenes in the Muscle of
Black Tiger Shrimp (Penaeus monodon) Ex-
posed to Naphthalenes During 384 h Sub-
lethal Toxicity Test, a Time-response
ANAalySiS..iieeeeeeosecosccossscccccossnscnns

Analysis of Variance for Fluctuations of
Plasma Cortisol in Red Snapper (Lutjanus

argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0Oil During 96 h Sublethal Toxi-
City Test...oeeieeeeeereeeseceocosscsannnsnas

Multiple Range Analysis for Fluctuations
of Plasma Cortisol in Red Snapper
(Lutjanus argentimaculatus) Exposed
to Different Concentrations of Water
Soluble Fractions of Crude 0il During
96 h Sublethal Toxicity Test, a Dose-
response AnalySiS....ceeesecccsccscsscssns

Multiple Range Analysis for Fluctuations
of Plasma Cortisol in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fractions of Crude ©0il During 96 h Sub-
lethal Toxicity Test, a Time-response
ANAalySiS..eeeeeeceesceosssscosssancssssssas

Analysis of Variance for Fluctuations of
Plasma Glucose in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different Con-
centrations of Water Soluble Fraction of
Crude 0Oil During 96 h Sublethal Toxicity
38 55 0 00000000000¢ 000000000000 000000000C

318

319

319

320

321

321

322

323



88

89

90

91

92

93

94

Multiple Range Analysis for Fluctuations of
Plasma Glucose in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different Con-
centrations of Water Soluble Fractions of
Crude O0il During 96 h Sublethal Toxicity
Test, a Dose-response AnalySiS....cceoceees

Multiple Range Analysis for Fluctuations of
Plasma Glucose in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different Con-
centrations of Water Soluble Fractions of
Crude ©0Oil During 96 h Sublethal Toxicity
Test, a Time-response AnalysisS.....ccccee.

Analysis of Variance for Fluctuations of
Plasma Cholesterol in Red Snapper
(Lutjanus argentimaculatus) Exposed to Di-
fferent Concentrations of Water Soluble
Fraction of Crude 0il During 96 h Subleth-
al Toxicity Test...civiieeeereeeeeoennnccnns

Multiple Range Analysis for Fluctuations of
Plasma Cholesterol in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different Con-
centrations of Water Soluble Fractions of
Crude O0il During 96 h Sublethal Toxicity
Test, a Dose-response AnalysSiS....cceeee..

Multiple Range Analysis for Fluctuations of
Plasma Cholesterol in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different Con-
centrations of Water Soluble Fractions of
Crude 0Oil During 96 h Sublethal Toxicity
Test, a Time-response Analysis.....ccceee.

Analysis of Variance for Fluctuations of
Total Plasma Protein in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fraction of Crude O0il During 96 h Sub-
lethal Toxicity Test....icevieeeeeennccans

Multiple Range Analysis for Fluctuations
of Total Plasma Protein in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fractions of Crude 0il During 96 h Sub-
lethal Toxicity Test, a Dose-response
ANAlYSiS.ieeeeeeeseceossscccosaccnssasssscs

xix

323

324

325

325

326

327

327



95 Multiple Range Analysis for Fluctuations
of Total Plasma Protein in Red Snapper
(Lutjanus  argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fractions of Crude 0il During 96 h Sub-
lethal Toxicity Test, a Time-response
ANalySiS.iieieeeeescescossescosscosssonnses 328

96 Analysis of Variance for Fluctuations of
Red Blood Cell Counts in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fraction of Crude 0il During 96 h Sub-
lethal Toxicity Test...cieieiieeeennecanns 329

97 Multiple Range Analysis for Fluctuations
of Red Blood Cell Counts in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fractions of Crude O0il During 96 h Sub-
lethal Toxicity Test, a Dose-response
ANAlySiS...ceeeeesesesesecsocosassnsannasns 330

98 Multiple Range Analysis for Fluctuations
of Red Blood Cell Counts in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fractions of Crude 0il During 96 h Sub-
lethal Toxicity Test, a Time-response
ANAlYSiS.ceeeeeoeeseossescescassansccnsssas 331

99 Analysis of Variance for Fluctuations
of Red Blood Cell Size 1in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fraction of Crude 0il During 96 h Sub-
lethal Toxicity Test....ciierieeneeeenccnns 331

100 Multiple Range Analysis for Fluctuations
of Red Blood Cell Size in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fractions of Crude 0il During 96 h Sub-
lethal Toxicity Test, a Dose-response
ANAlYySiS..ieeeeseesceoscoessosscoasssonscnes 332

101 Multiple Range Analysis for Fluctuations
of Red Blood Cell Size in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fractions of Crude 0il During 96 h Sub-
lethal Toxicity Test, a Time-response
ANAlySiS.siieeeeeseesescesscsccssssnssanes 332

XX



102

103

104

105

106

107

108

Analysis of Variance for Fluctuations of
Haemoglobin in  Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 96 h Sublethal Toxi-
City Test..iiiierieieeeeeseenscosccnnconcnns

Multiple Range Analysis for Fluctuations
of Haemoglobin in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different Con-
centrations of Water Soluble Fractions
of Crude 0il During 96 h Sublethal Toxi-
city Test, a Dose-response Analysis.......

Analysis of Variance for Fluctuations of
Haematocrit in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 96 h Sublethal Toxi-
City Test..iiieieieeereeeeosacconnsacanncss

Multiple Range Analysis for Fluctuations
of Haematocrit in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fractions
of Crude 0il During 96 h Sublethal Toxi-
city Test, a Dose-response Analysis.......

Analysis of Variance for Fluctuations of
White Blood Cell Counts in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fraction of Crude 0il During 96 h Sub-
lethal Toxicity Test.....vieeeereeeennnnnns

Multiple Range Analysis for Fluctuations

of White Blood Cell counts in Red Snapper
(Lutjanus argentimaculatus) Exposed to

Different Concentrations of Water Soluble
Fractions of Crude 0il During 96h Sub-
lethal Toxicity Test, a Dose-response
Analysis........ 000000C 50000000000C 000000 C

Multiple Range Analysis for Fluctuations

of White Blood Cell counts in Red Snapper
(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fractions of Crude oil During 96 h Sub-
lethal Toxicity Test, a Time-response
ANAlySiS.ieteereerseensceossccsccsssossscnsnas

xxi

SISI8

333

334

334

335

335

336



109

110

111

112

113

114

115

116

Analysis of Variance for Fluctuations of
Lymphocytes in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 96 h Sublethal Toxi-
City Test ...ttt eeeeeeeneoeeenooeoannns

Multiple Range Analysis for Fluctuations
of Lymphocytes in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fractions
of Crude 0il During 96h Sublethal Toxi-
city Test, a Dose-response Analysis.......

Multiple Range Analysis for Fluctuations
of Lymphocytes in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different Con-
centrations of Water Soluble Fractions of
Crude 0Oil During 96 h Sublethal Toxicity
Test, a Time-response Analysis............

Analysis of Variance for Fluctuations of
Thrombocytes in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 96 h Sublethal Toxi-
city Test.....cevveeenn 5000008 00000500000G

Multiple Range Analysis for Fluctuations
of Thrombocytes in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations (Level) of Water Soluble
Fractions of Crude 0il During 96h Sub-
lethal Toxicity Test, a Dose-response
ANalySiS..ccieeeeceocescosccncencns et eeea oo

Multiple Range Analysis for Fluctuations
of Thrombocytes in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fractions
of Crude 0il During 96 h Sublethal Toxi-
city Test, a Time-response AnalysisS.......

Analysis of Variance for Fluctuations of
Neutrophils in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 96 h Sublethal Toxi-
City Test...iiiieieieeeeeeeoseneosonnannns

Multiple Range Analysis for Fluctuations
of Neutrophils in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fractions
of Crude 0il During 96 h Sublethal Toxi-
city Test, a Dose-response Analysis.......

xxii

337

337

338

8519

339

340

341

341



117

118

119

120

121

122

123

Multiple Range Analysis for Fluctuations
of Neutrophils in Red Snapper (Lutjanus
argentimaculatus) Exposed to Different
Concentrations of Water Soluble Fractions
of Crude 0il During 96 h Sublethal Toxi-

city Test, a Time-response Analysis.......

A Correlation Analysis of Transformed
(square root of Y+0.5) variation in Blood

Parameters and Bioaccumulation of Naphtha-
lenes 1in Liver and Muscle of Red Snapper

(Lutjanus argentimaculatus) Exposed to
Different Concentrations of Water Soluble
Fractions of Crude 0il During 96 h Sub-
lethal Toxicity Test....ceeeeeeeeecccanns

Analysis of Variance for Fluctuations of
Haemocytes of Black Tiger Shrimp (Penaeus
monodon) Exposed to Different Concentra-
tions of Water Soluble Fraction of Crude
0il During 384 h (Time) Subacute Toxicity

TeSt . ceeeeeeeeeececoccecoecoscoccsosccceesese

Multiple Range Analysis for Fluctuations
of Haemocytes of Black Tiger Shrimp
(Penaeus monodon) Exposed to Different
Concentrations of Water Soluble Fractions
of Crude 0il During 384 h Sublethal Toxi-

city Test, a Dose-response Analysis.......

Multiple Range Analysis for Fluctuations
of Haemocytes of Black Tiger Shrimp
(Penaeus monodon) Exposed to Different
Concentrations of Water Soluble Fractions
of Crude 0il During 384 h sublethal Toxi-

city Test, a Time-response Analysis.......

Analysis of Variance for Fluctuations of
Granular Cells of Black Tiger Shrimp
(Penaeus monodon) Exposed to Different
Concentrations of Water Soluble Fraction
of Crude 0il During 384 h Subacute Toxi-

City Testooo.oooooooooo...cooo-o.c--o.oooo

Multiple Range Analysis for Fluctuations
of Granular Cells of Black Tiger Shrimp
(Penaeus monodon) Exposed to Different
Concentrations of Water Soluble Fractions
of Crude 0Oil During 384 h sublethal Toxi-

city Test, a Dose-response Analysis.......

xxiii

342

343

346

346

347

348

348



131

132

133

134

135

136

137

Analysis of Variance for Fluctuations
of Haemocyte Phenoloxidase Activity of
Black Tiger Shrimp (Penaeus monodon)
Exposed to Different Concentrations of
Water Soluble Fraction of Crude 0il Dur-
ing 384 h Subacute Toxicity Test..........

Multiple Range Analysis for Fluctuations
of Haemocyte Phenoloxidase Activity of
Black Tiger Shrimp (Penaeus monodon) Ex-
posed to Different Concentrations of
Water Soluble Fractions of Crude 0il
During 384 h sublethal Toxicity Test, a
Dose-response AnalysSiS....ceeeeccesscccens

Multiple Range Analysis for Fluctuations
of Haemocyte Phenoloxidase Activity of
Black Tiger Shrimp (Penaeus monodon) Ex-
posed to Different Concentrations of
Water Soluble Fractions of Crude 0il Dur-
ing 384 h sublethal Toxicity Test, a Time-
response ANalySiS...cecececssccccossccccns

Analysis of Variance for Fluctuations of
Total Plasma Protein of Black Tiger Shrimp
(Penaeus monodon) Exposed to Different

Concentrations of Water Soluble Fraction
of Crude 0il During 384 h Subacute Toxi-
City Test...iieeeeeeeerncennncennans 500000

Multiple Range Analysis for Fluctuations
of Total Plasma Protein of Black Tiger
Shrimp (Penaeus monodon) Exposed to Diff-
erent Concentrations of Water Soluble
Fractions of Crude 0il During 384 h sub-
lethal Toxicity Test, a Dose-response
ANAalySiS..cceeeeeceesccecccecasccecnsansans

Multiple Range Analysis for Fluctuations

of Total Plasma Protein of Black Tiger
Shrimp (Penaeus monodon) Exposed to Diff-
erent Concentrations of Water Soluble
Fractions of Crude 0Oil During 384 h sub-
lethal Toxicity Test, a Time-response
ANAalySiS..ceeeeececesesessssesssssscncesnes

A Correlation Analysis of Transformed
(square root of Y+0.5) Variations of
Haemolymph Parameters and Bioaccumulation
of Naphthalenes in the Head and Muscle
of Black Tiger Shrimp (Penaeus monodon)
Exposed to Different Concentrations of
Water Soluble Fractions of Crude 0il
During 384 h Sublethal Toxicity Test......

XXV

354

354

355

356

356

357

358



