PETROLEUM HYDROCARBONS IN THE MARINE ENVIRONMENT

2.1 The Composition of Petroleum Hydrocarbons

Crude oils and heir distillation products are

extremely complex thousands of compounds,
comprised mostly of Nvicere 3 o3 ¥ containing some sulfur,
nitrogen and oxysgci classified into four

categories (Figure
1. Aliphd
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hydrocarbons.

3. Aromatic Hydrocarbons Aromatics are complex mixtures
including mono and polyalkyl-benzenes,naphthalenese and polyaromatics

with multiple alkyl-substitution. .



1. ALIPHATIC HYDROCARBONS
1.1 n-ALKANES
CHy CHy=CH,

METHANE ETHAXE

CH:-lCHzl"- ¢Ha [n=1-58)

2. CYCLOALKANES

L L

CYCLOHEXANE DECALIY

© ©O

benzene  Naphthalene

Z=Methyrl
Phenanthrene

rlunrmthm‘-

ﬂuﬂqwﬂwsWBwni
“ﬁWTﬁ\'iﬂ‘im JAiIngay

I.FL"E COMPOUNDS
CH3CH,-SH
& © 3,4-Dithichexane

Q@ O

: '

CHyCH S -S-CHzCHy

% Thiccyclohexane Thiophene Dibenzothiophene

30

1.2 ISOALKANES

Cﬂa'ﬂl\‘-f.‘ﬂf-gui

s
3 CHy=C=CH_-CH - CH
3 E S 3
IS0BUTAXE CHy  Cw, iSD0CTANE
CHy CHy cHy cxy
CHy=C- (CHy) - c- feHy) - c-(cHy) - e ~CHy  (ne3)
PRISTANE
fan isoprencid hydrocarbon)
0‘ "
HOFANE CHOLESTANE

Phenanthrene

©

_©
dane Fluorene

3,4-Benzopyrene and

Benz ¢
3,4-Benzolalpyrene anthracen

Q@ e ey e

Pyridine Quinoline Indoline l‘.'lrhuulu

CXYGEN COMPOUNDS
@“

Flunrlnqu Pheno Dibenzefuran

Figure 2-1 CHEMICAL STRUCTURES OF PETROLEUM HYDROCAREONS.
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4. Olefinic Hydrocarbons (Alkene) Absent in crude oils but

often present in refined products.

Crude oils contain about 30% alkanes, 50% cycloalkanes, 15%
aromatics and 5% nitrogen,sulfur and cxygen derivatives. The

composition of oils fromygdifferent global regiona can  vary

tremendously.

Refined petﬁ;' made by fractional distillation

of crude oils and g o, subsets of boiling ranze

of starting cruds led oils are shown in

Table 2-1

Table 2# [led oils. (Hunts, 1979)
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2.2 Origin of Hydrocarbons in the Marine Environment
Hydrocarbons enter the marine environment via three general

processes. (Farrington and Meyer,1980)
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1. Biosynthesis : (Biogenesis Hydrocarbons)
Marine organisms can 1)synthesize their own
hydrocarbons, 2)obtain them from their food sources, or 3)convert

precursor compounds obtained with their food. These hydrocarbons may

an the death and decomposition of

f ganisms often exhibit a
wred homologous over
e | L ars nC. g 3

be released during metabolism
the organisms.

characteristic

Preference Index (CP !ﬂ, 3 ileeter et al, 1980) and is
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inclusive; and|N = number of odd—nunbered hnmlngnus het.ween x and vy,
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Ha.rine algae are characterized by n-alkanes where predominant

atC , C ,C and C . In marine phytoplankton, the normal alkanes
15 17 19 21

with 15, 17, 19 and 21 carbon atoms are most abundant. (Anderson et
al., 1981; Risebrough et al., 1983; Reaq‘nan et al., 1986; Siron et
al., 1987). Some bacteria are found to contain even-and

odd-carbon-numbered C to C n-alkanes,
25 3z
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Branched alkane, including isoprencids pristane (C i
19

have been found in uncontaminated recent sediments and organisms,

Isoprenoids pristane are resolved from the normal C . Pristane is
17

commonly found in plankton, espegially in copepod, and various marine

animals (Farrington and‘wx;'

The most commt pristane and phytane, are found

in several marine ogg mplankton such as copepod
and in recent sedimg degradation products of
the phytyl chain of nitions are necessary for
a transformation of ducing dihydrophytol and
phytane as intermediat#s ~\-\\--5 assist a conversion of
chlorophyll into prists 75) (Figure 2-2). Pristane
have been found in unqgﬁagiﬂg%g: ent  sediment. A biochemical
pathway for convesfiing chloroph: into pristage/but not into phytane

 J-fphrtane is a useful
U

has been express*-%ﬂ

)
indicator of a redos cnnd;tluns in sedlments Simoneit (1977) reported
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to 1.43 for %@noxic Black Sea. sed.l.nenta In this study the ratio
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2. Geochemical Processes

There are a number of geochemical processes introducing
hydrocarbons into the marine environment. The natural seepage of oil

is an obvious example of this category. Weathering of ancient

sediments and the resulting tsanggort of the sediment and associated

processes can resul t"I o dud! io@senhlage of hydrocarbons

and other compounds sif Life ] he compd on of hydrocarbons. Two
other processes, fafesif s =1 arly diagenesis of organic matter
deposited to surfag s considered (Farrington,

et al.,1980)

l-seeps release petroleum
Weathering of soils and
sediments and transport Gf Séme of pcarbons in these sediments

to the wmarine i, brijidered as an input,
although prﬂbablglama' , 0 other sources because of a
slow degradation of¢the hydrocarbops during the weathering process.

mere are hbd ) BARERYI BME Wb are sovces o

hydrncarhnns. Forest fires fnject hydpecarbons intdithe atmosphere,

mere Aedob BN HoH Vel dnb il ok B g o

organic matter in sediments which yield hydrocarbons (Farrington and

Meyer,1980).

LY IE L
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3. Anthropogenic Inputs (Petroleunm Contamination)

Anthropogenic inputs are the inputs of hydrocarbons from
accidental and intentional discharge of fossil fuel to the marine

environment and the input of hydrocarbons from atmosphere. The

important group of hydrocar -'ﬂ g yeyclic aromatic hydrocarbons.

It is know technics for

distinguishing bet =11, ar dgenic hydrocarbons for the
determination of peffo sediments, organisms and
water. Those criterig ngton , 1980):-

1 Petroleum contai more complex mixture of

hydrocarbons, ;f‘ 1ilad; at Anges o :i cular structure and
e LY

wWe ight .

[

2. Petrolélms, contains sSeVeral hnmalasous series with

st B O THETD
M:ifiﬁ‘ﬁ“ﬁiﬁiﬁiiﬁ“ﬁﬁﬂm gy

This means that marine organisms have a strong predominance of

e concentration.

odd-numbered C  through C alkanes.
15 21

3. Petroleum contains more kinds,of cycloalkanes and aromatic

hydrocarbons than biogenic hydrocarbons. Also the numerous alkyl
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substituted ring compounds have not been reported in organism.
Examples are the series of mono-, di-, tri-, and tetramethyl benzenes

and the mono-, di-, tri-, and tetramethyl naphthalenes.

4. Petroleum contains numerous naphthenocaromatic hydrocarbons

A wvariety and biological processes

affect the fate of Physical and biological

? s\ enerally results in their

disappearance withing afffdl dayss 8 of oil which enter the

LMK LY
".d"l \ '

water also have a shorf pB<idén i" . \
bottom by sedimentation ,r}'" imehts, thus are ultimate sinks

for undegraded oil. The def&its ar follows: -

processes rapidly agh

some being carried to the

1. Fate :;v.,—---——~—---_ T4

I
J
an oil slick orms due to the low

water solubiﬁ@iﬁfj ﬂﬁﬂ%’ W f eod winds act o

spread the oi nto thin film. The spread depends on the volume

of aiqm a:ﬁﬂ Ttﬁsuﬁ!ﬁﬂﬂf]ha?:ﬂiscnuu oils

do not gpread as rapidly as less viscous types. In an open sea, wind

After ﬂseharging.

often determines the direction and speed with which a slick moves
with oil drift velocity about 3% of the wind velocity. In near shore

areas tidal forces are able to control the oil movement.
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Processes responsible for the disappearance of a slick

include evaporation, dissolution, emulsification, photochemical
oxidation and microbial degradation. A first order equation describes
changes of o0il concentration resulting from these processes is

{Geyer,1980):

serie = GRRREIAN

Kv, Ke, Kd, Kp and™¥B Are evapbra f1ssolution, photochemical,

emulsification and big lents, respectively.

Spréad i L4645 ‘ : \oll "on B'water surface has been
studied. Basical bases on an assumption
that a constant ingle component petroleum
spreads out radialll ly decreasing thickness.
Initially the oil sre""’ lens with gravitational

spreading balanced by accelerated mode that

lasts only for ‘ Hi- nonaccelerated phase
follows, in which Eran : s'Balanced by viscous retardation
set up by the boundapy layer flowgim the water underneath the oil

slick, Ramﬁlunﬁl il B N)d Thede surrace tension

becomes the domnant spreadifig agent, with viscous drag against the
retar d&w r]?a mlﬁmj\nﬂ ’] g MBEJ rlﬁr%-lbr far most
sigmhcant regime is dependent on the air-water surface tension, time
since inception of spill, and the density and viscosity of water.
Murray(1982) cited Milgram(1978) who emphasizes that o0il does not

spread uniformly, as assumed in this theory, but characteristically
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separates into thick (>0.5 mm) and thin(<0.1 mm.) regions with varying
levels of spreading pressure. Fractionation of a real oil slick into

its various components is cited as the case of this phenomenon.

Effects of winds and tides on spilled oil at continental

shelves and coastal waters | | / by various researchers. They
e o

have shown that the domi wand weather systems are on

——
wkorrey Canyon spill off the

: : trolli f

ale gl @a controlling actor.
-\m by oceanic processes
T \\"\\
2 A\
Z

ed by tides and wind slapped

forcing the motion o
west coast of Eng
The Argo Merchant
and strong tidal in the immediate
vicinity of the wre ago, the Exxon Valdez
supertanker ran agrou a's Prince William Sound
and 11 million gallons

against the base of the Alé -'-':-1'- "' 650 km away (Hodgson,1990).

-
-

Disperedc :.-"-: lso been applied to

oil slick spreadingmBaaically this approach ﬂumes that the physical
spreading rel g i ; ? face tension and
buoyancy effgny;ﬁzﬁmt eﬂﬂnnﬁ:ahear on the oil
slick epte ﬁ'r ¢ %ﬂdﬂ i ugten It is
cnncludi m ah sﬂgﬁgm:ﬂmn prmJ::I@s are likely to

be important in the growth of real oil slicks in mature. And the
importance of these two processes will vary depending on the site, the

local physical oceancgraphy, and the type of oil.
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Evaporation is a process by which low to medium molecular

weight components of low boiling point oil are volatilized into the
atmosphere. It is also recognized as a significant removal of oil
from the sea surface. Murray (1982) cited Milgram (1978) that if a

der warm conditions half of the oil

W

relative volatile oil is spille

can evaporate in a day ing to Ehrhardt and Blumer

{1972) the lower-boili carbuns are removed less

rapidly by evaporat han the n-paraffins of
the same boiling point aromatics on the

other hand, should ambient temperature than

the corresponding have been observed in

situ by Blumer et a 1ffinic crude oils, and

by Butler (1975) for/auples pe 4 i L r'collected near Bermuda.
Sivadier and Mkolaj(197 2223;;:; ration rates over natural oil

B

seeps and found that most =?"£‘ o samponents were lost in 1 to

2 hours. They nut2'!-~- &f e roughness exerted

significant cﬁntrg on eva%‘ntian. In general,
evaporation will algg. be a functigp of slick area and thickness,

temperature, ﬁl-u%l Q; ﬂaﬂ %I 5 w&lq tlﬁnents of the oil,

and their vapﬂr pressure. Harfison et alg(1975) pointed out that, as
any of| Uik bORSLE|cobiobrad ¥ shidd It LRAE) this rapia
evuporat;mn is biologically advantageous. Caution is advised on this
point, however, as evaporation in thick spills may form a surface
crust that traps volatile toxicity underneath until mechanical forces

such as wave action break a crust and restart the evaporation cycle.

L]
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Dissolution is the dispersal of oil into water. This

includes dissolved compounds and small dispersed oil droplete. The
solubility of hydrocarbons drops exponentially as a function of their
molecular volume so that low weight aromatics have relatively high

solubility. The solubility of hydrocarbon with the same number of

carbon atoms. The solubili in the order: n-alkane,
hydrocarbons., Some typical
solubilities of petrdPeWR Hidroc: er expressed in part per
million (ppm) S (40), n-hexane(10),
n-octane(1), s Toluene, naphthalene,
propylbenzene, phenafithfedefand Ghrysehe terehan aromatic series with
an increasing . 2 . jties in distilled water
which are 1800, 515, 35| 1, respectively., Seawater
solubility is some 12-1_ ; istilled water solubility.

Thus, under oil slicks the m component compounds are low

gt b

weight aromatics suéh as a ben 1N oluene al xylene. The rate of
\7o - e A l

dissolution is aPfect ' --ﬁ- ce, naturally occur-

ring surfactant suc as hum;c acids and f&tty acids, which tend to be

concentrated ﬂ uﬂf?ﬂnﬁmwg{qﬂﬁ (1990) suggested

that the surfhce cantam1nat1on in the Chesapeak Bay ia potentially
toxic ﬂ%TMﬂﬁm ﬂ)ﬁ ’]lfgaﬂﬂﬁTﬁHwever, the
enrichmefit factors of concentrations between surface to bulk water can
determine the present degree of aquatic surface microlayer pollution
at the selected site (Hardy, et al, 1990). Solar radiation can photo-
chemically degrade certain oil components to polar, surface active

molecules which promote the dissolution of, the oil.
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Surface-active components in crude oil such as porphyrins
and carboxylic acids helps to form water-in-oil emulsion, sometime
referred as ’'chocolate mousse.’ This stable emulsion floats on the
water and can be carried ashore by wind and waves. Strong turbulent

mixing can drive emulsified oil ,into the water column. Fuel o0il and

other refined petroleun sproducts gnn surfactants do not form
water-in-o0il emulsio by ime re . or this formation varies
IS ) :

from a few hours to §.v=k'¥3f #vonthe nature of the oil.

processes responsi . '¥‘uh 2 the mpounds in o0il slicks.

Energy from sunligh '  ;f} vdrogarbons into oxygenated com-

0
#lyorenon

)
L'J

T EI’JVIEJMQMEI'IM

benzoic acid

AN AN I URIINNA Y

Because of their relatively high water solubility, the

COH

products of photo-oxidation, including carboxylic acids, alcohols,
ketones and phenol are detected in water below o0il slicks which have
been exposed to ultraviolet irradiation. The aromatics hydrocarbons in

0il are degraded by light more rapidly Ehan aliphatie, and branched
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chain aliphatics are degraded more rapidly than straight chain
aliphatics. Photo-oxidation products which have been isolated include
fluorenone and benzoic acid. The ultraviolet and near ultraviolet
areas of the spectrum are responsible for degradation since exposure

to light above 350 nm does not

)

1t in oil degradation. Very thin

initiation of microbial

es, it is assumed that

\b han other processes

microbial degrada

1

above-discussed in s is dispersed into fine

droplets or particl' n sediment, microbial

degradation becomes of ;

Emulsification in the | of & colloidal suspension

AT e "'ﬁ s of emulsion. The

.
first 1s an oilﬂ:-wa :

of one liquid
SMUETEION, 1n .{l;‘ ch the water is the
continuous phase. This is considefied a "good" emulsion in that the

sicrocopic. Bl:bei hid ) bl PhERAATAEd s srtace ara

for microbial degradation thaf would be €pue if they Wére to remain in
the u:ﬁmd’;] aiﬂ jlmium;lgom u::] a ter in oil
enulsion‘! containing up to 80% water. This is a different problem, as
this type of emulsion floats on water and agglomerates into large
masses bearing resemblance to a chocolate mousse, hence the nickname

"mouse”. The incorporation of water into slick through this process
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considerably enlarges its size and impact. It was found that the
volume of slick impacting on beach after the Torray Canyon spill was
greater than the original spill volume. Such emulsions resist

weathering and take on physical properties quite different from those

éapo ration, formation of

wetlies, etc., turns into a very

of surface oil.

) id wave action. Eagle
et al., (1979) foup v_,A” lpdmp foracd.rapidly within a few days
after the oil intera ‘ _'-ZE_J; er.  Thesestar lumps may sink and
be deposited on the % Fhey ma: fE\ vashed ashore. Finally,
' Boskd to sunlight gradually
me ‘one of three categories of
tar ball, The first type ;;5%&;; A h is soft, sticky and almost

free of sand. Itumay be newly washed ashore teF./ The second type is

A

sand coated tar Hh 5 =ted with sand. It may

. i

contain entrained snnd since it has been exposed to and mixed with

sand on the ﬁxﬂﬂ’}nﬂ Heﬂn‘ﬁa‘ wgﬁ}a ged tar which is

hard and brit¥le and may contian sand and shell frngnents as it has

= R A HSLAAINUAGE s

time. THe lifetime of tar balls is on the order of several nonths to

a year,
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2. Fate of 0il in Water

0il can enter the water phase by dissolution. The
concentration of oil components decreases exponentially due to

evaporation, adsorption to suspended particles, sedimentation,

photochemical oxidation, u pta el ankton or biodegradation.
Higher wei#htearomat i &atiﬂs in water adsorb to

solubility while lower

onents remained dissolved in

hdrocarbons to the bottom.

\ atter, living bacteria and

\

small clay particl ] : na these surfaces provide

water. Sedimentati
In estuarine are bons adsorb to detrital

particles, which

0il bifed adsorb to clays and

'r‘l'; diments, with attached
J

| !
oil globule or oil Tilms, are carried to the bottom.

AUSANUNINEIDT e e o

Y
water. Ultraviolet light doe® ne!ﬁ&neﬁute into wafer and many of

e B RASA DL LA TR

below the surface. Some high molecular weight polycyclic aromatic

fine suspended sedime

hydrocarbons are degraded by light with wavelengths longer than 300
nm, e.g. benzo(a)pyrene, and can be completely photo-oxidized in

seawater within a few days after exposure to sunlight,
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After a sufficiently long resident time in the water,

biological processes rapidly gain in significance. Over 90 species of
bacteria and fungi have been identified that are capable of degrading
oil by biological oxidation. Bacteria have been shown to accumulate

hydrocarbons with concentrati_

ictors ranging from & few hundred to

over fifty thousand ¢ compounds and  species of

microorganisms . They focarbons in their cells in

unmodified form Y hrotiuck jore “"¥ipids when growing on

hydrocarbons  th gl b \\ eria are capable of

transforming or ®egyddifisl fhvtn i) alkanes are more easily

degraded than thed#® order of degradation

being branched alkafes ey lle P atic drocarbons. The rate of

bacterial degradation s, is probably much lower

. e
in the natural envird =f{=££2.‘f laboratory condition, where

aeration, nutrients ey ated temperatures are

controlled. ‘f cesses 'Sthle of several months
and, while great]ﬁaf ing ! ate r', ture of the o0il, they

will play no role in #he, short-termghysical processes (Blumer, 1972).

WEINENINEIN
3. Fdte of 0il in Sed}.lents A W
Q ﬁgﬁiﬁﬂj mum flgzmlzj 1& ﬂrnfauna is
respﬂnsigle for the degradation of sediment oil. The rate of microbial
degradation are influenced by temperature and nutrient. Aromatic

hydrocarbons undergo enzymatic hydroxvlation to diols with subsequent

ring fission to yield a variety of acids and aldehydes. Since the

L]
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hydrocarbons are used as sources of carbon for growth the final

product is carbon dioxide.

nfauna. macrofauna and

microorganisms, from other related
structures of thg médi "Q ' stent hydrocarbons by
reduction, s induced by adsorption

ions between the mineral

fraction of the sediffent—a T3 ganic matter. The relative

phenomena and a comg

distribution and carbon qgﬁg" ;*' of the n-alkanes in the upper
sediment layers, -édan be chansed by early o Honesis, the bacterial

activity or by at‘i; ﬁt on.

|

Associatiomsof hydrocarbiohs with mineral particles or with

prticutsse Blebailed HbELLLd W AT kol ot baracarons

Rough seas apparentlr incredse chancesSshat o ets dispersed
e R TA DS b G AT AL TR

particulate matter such as feacal pellets, dead and living organisms,

bsorbed onto

silts, clays and shell material.

In the Santa Barbara channel spilled suspended sediment

from the Ventur River served to sink largg amounts of oil on contact,
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while in the Argo Merchant case very little oil sank te the botton.
Once the o0il is trapped on the bottom in the marine sediment,
microbial degradation seems to be extremely slow; for example, Blumer

and Sass (1988) report that the area of polluted bottom sediment was

much greater 10 months after anpail spill on Cape Cod than it had been
initially. s

In additTom, rbons may be adsorbed
directly by the sediaefitad® Filis lassociat eing controlled by the

nature of the sedig genous matter such as

humic acids generally correlation

between organic confeng ¢ - ~€ediment and, hydrocarbon uptake is
observed |

ces of oil can be rolled along
the bottom by waves and cu 4;77?7—_f ntually washing ashore to form

f"-: ..-\'" i "

hard, tarry masses SS0r gmulsions oils can be

Y]

washed ashore hl £} --ﬁ- 1 wundergoes various

hut the high bo1ling com aunenta in large masses

et HINMNINYINT

_— SRR 2

water nr be degraded.Turbulent mixing as a result of waves and other

weathering praceas-;

forces are probably responsible for the penetration of oil in shallow

water.
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Idle, flow causes resuspension of sediments with their

associated hydrocarbons., These resuspended sediments can be ingested
by benthic filter feeders, such as clams, mussels and oysters. 0il in

the feces of these animals can be released oil into the water.

the sediments for many ars a o spi

composed of sand of"ETE al ﬂﬂ% penetration than fine
unconsolidated sedimeat®. ¢ ighes 3 eencentrations of o¢il can
generally associate i SE=- A dimen Vssibl? because these
sediments have a £ pwof oil. Coarser sedi-
ments, although all also have high
biodegradation rates L m ﬁs. possibly because of

greater aeration and nutfient fiow bsurface.

The persistence of oil in

:Tf id degradation occurs

0
2.5 Effects ﬂﬁﬁﬁ wa EI‘Tm

Toxic hydrocarbons l€ached intoswater from fléating oil can
kill qulmaamt!immag Mﬂ rlﬁl&l (Esso,1976).

The impact on the ecological system will depend upon the type of

sediments is the ga%e

on the water-sedimeg inte

organisms killed and the magnitude of the kill.If the lower forms of
life such as plankton are killed in large numbers,the entire biologic

system is endangered because the whole food pyramid of food web stands

-
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cn a base of enormous numbers of planktonic organisms. Ifthe  amount
or type of hydrocarbons do not produce death in significant numbers of
organisms,there is a possibility that the oil will become widely
distributed in the foodweb. When plankton consume oil-derived
hydrocarbons, their metabolic products will remain in the plankton.The

plankton will be eaten by smallif mollusk and those will be eaten

by larger organisms, ulV*-‘H;“ fven man.At each stage, some

hvdrocarbons  may ssue of the consuming
animal,frequently  widl fiofabblic H:é;u-“HH_Expased to  sublethal
concentration of E S s oRebons »7been shown to affect
metabolic energy ch ghlin and Linden,1983).
The water soluble predominant diaromatic
fraction (naphthalene j is thought to be the most

toxic component of oil #¥

Reduced greowth and repr f animal exposed to oil

may result from:;ﬁ-"'“- ﬁ; ude increased energy

o i

netahulisu,altered]aeed1“; .;slngﬂ}tion efficiency.Reduced

growth has been obsesved in the shrigmp Crangon crangon (Edwards,1978)

i i hmﬂ‘uﬁm VL) oot )b dius cautis exposea

to WSF of crude 0il (Gilfillén,1975).The.copepod Eurytemora affinis
exhibiﬂl m:;]laiqumju :m ‘nm aa chndity when

exposed to WSF of crude oil (Berdugo,et al.,1977).

Apparently, aromatic hydrocarbons in marine environment can
contaminate marine economical species of fish and shellfish.This might

be harmful to human health as a top of fqu web.
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Anderson (1974) tested toxicity of different sources of crude

0il to post larvae grass shrimp Palaemonetes pugio and brown shrimp
Penaeus aztecus. They found that toxicity of the crude o0il could vary

between 10 to 6000 ppm depending on types and sources of the crude

However, theseil) g will vary from amount of
: e ——

spilled oil. Am be | thonght™efs. as a product of the

oil.

concentration of o©

The " type

acute toxic efifebts. Heavy : ) lowest in terms of

concentrations > will result in more

hus, bunker fuels are noiJlikely to produce acute
s

effects. ﬁﬁ:g}.%ﬂﬂﬁﬁmﬂ vily dependent on

the nature df the crude. The crude which are high in aromatics are

1ike1Q mﬁﬂlﬂ WﬁﬁﬁWﬂTﬁﬁ are low in

aromati®s tends to produce highly viscous residues and emulsions which

fouling problems.

will result mostly in fouling problems..

Oceanographic conditions will exert a strong influence on
effects. If oil spilled in the open ocean or in deeper water,

biological effects will be minimal becauge there is a minimum biologic
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Fomnunity to impact. If the sea is turbulent, mixing will be rapid
and this will tend toward rapid dilution and minimal impact (ESsO,
1376). Rough seas can also dispose toward emulsification and this can

result in a more widespread distribution of the oil.

also dictate oceanographig 1t 164 Lo he same degree. If the air
and water are warm, éVaiCEabion §ill-be toreased. High winds causes
evaporation. Z bl ® 1 nd0 Y : catalyZeng actions in floating oil
such as polymerizajp on 3 § would, agcelgrate the formation of a
de and current will also
determine whether th€ § ‘ ] 5\\ mové, toward shore, possibly
resulting in extensivgl e :j: tamination or move toward the open

sea where most impacts

2.6 Sources of 0

£
AY )

Potential f;w x‘%fn Thai waters are as

follows | Hatchnras n 19331

. fld ﬂlﬂﬂﬂiﬂﬂ’] 3
9 W9 aq&ﬂ'w&}%%“w E]"ﬁ]ha fepsel trattic

includin® coastal tanker passing through the Gulf of Thailand and the
western shoreline, totally about 301 and 7 vessels,respectively. It
is anticipated that when Lam Chabang and Map Ta Phut Deep Sea Ports in
the Eastern Sea Board are in operation, the vessels landed to the port

will be about 180 and 51" vessel/months, fespectively.
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0il may spill from oil vessels when they are involved in
an accident or when oil tankers are cleaned, water discharging and so

on. However, the most oil spill come from oil vessels.

2.Refineries

Wraya River (Bangchak) and the
other two are locaté Ol ke sh Tﬁg_ i Racha, namely Thai 0il
and Esso Refiner'j occurs during oil

transportation acti fnker cleaping afid deballasting by crude

oil tankers and acc

3. The Of Petrolsum E) bior and Production
The act ImRy \\ pollution from discharges

from drilling mud during on periads and accidential oil

discharged during prog

(%7 )
At ~,= . 4ill&3 who win the the
s uJ
petroleum conces qlﬂns in he Gulf of Thailand namely: -

PUBINLNTNYINT

UNOCAL Thailand Iﬁf

AR SRR HNA BRI

Thailand Sun 0il

Triton 0il Company of Thailand
Thai Shell Exploration
BRITOIL (alpha) Ltd. and

PREMIER 0il Pacific
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4. Ship-Breaking Industry

The demolishing processes may cause oil pollution. 0il can

escape from machinery spaces, ballast tanks and ftuel tank.

Record of major incideén :15)Ff1 spills in Thailand according

to Watcharasin (1988 )wsare shown 1 2 2-2. The worst oil spill

AuEINENINeINg
AN TUAMINYAE



Table 2-2 Incidents of oil spills in Thailand.

In 1973 at Sattahip Port. Fired accident of a Thai's coastal tanker

April 10, 1974. Accidental collision between a Thai's coastal tanker
(Visahakit) and a Mexican's tanker ( Tolvla) near the Chao Phraya
River. 2,234,400 litres (1 gallop equal 4.45 littres) of oil released.
Damages occurred to fishery reson of Snnutprakarn Province.

May 29, 1977. 300,000 iitres
collision between a"Ph
ship.

freleased from the accidental
[Tvchirn} and a Japanese

April 16, 1978, Acci
PI) at the Chao P

cargo ship (Delta Sigma

1979, Spillage of il
Chonburi.

anker near Ko Sichang,

July 5, 1981, Spillaj
sinked near Ko Sichdhg §fCiic

from Gota Gaja cargo ship

November 1985. Dischafgs =1f1ed cargo ship. The oil
sheet is 1km. in distar 2 andZ cn B knesa.

September 1987, Accidents from Ship-breaking industry
located at Prachaup Kiri L age-of o0il and dispersant
damage to aguaculiere. A £
o L)
July 22, 1988. g 3
and the o0il was legked. M

the Chao Phrayva River

August, 1989. OffsWope accidentaddischarge from an unidentified

P U ST T e

March 6, 1990. Spillage of #il from Cheek An near Chong
Non-se r‘ﬁ diesel oil
mlmﬁ PR PRV 990 he e 64

Hovenher, 1990. An unidentified discharges from Srichang Island.
Damaged to the tourism at Pattaya Beach, Chonburi Province,

February, 1991. An unidentified discharges in the Chao Phraya River,
near Orientel Hotel, 1km. extent.

Adapted from Watcharasin (1988) .
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Table 2-3 The worst incidents of oil spills in the world.

In 1967, Torrey Canyon ran aground the Bristish Island. 36 million
gallons spilled.

In 1970, Othelle was crashed at Voxholm city in Sweden and almost of
its 30 million gallons o0il leaked.

In 1972, 36 million gallons of oil from collided Sea Star was dumped

in the Gulf of Oman. \
. ; ater rock in Portuguese. 21
into ne environment.

¥

In 1975, Jarcob Maer
million gallons of oil

In 1976, Urquioclo r
Spain.

gallons of o0il leaked at
In 1978, 68 milliogg#aldofid be &i ¥OB, Amgeo Cadiz spilled when she
ran aground at Brd ) = P

In June 1979, the
Bahia de Campeche of

shore Ixtox well called
blow out during drilling
process. Everyone ly destroyed. Crude oil
flowed out for a long p@riodia? 0 March of the next year of
1980 the oil could bg'h dcke, 40 pi Ballons of oil discharged.

In 1979, Atlantic Empife #as<ectlt t Pabago, north of South Afri-

ca. More than 43 million’ gitiens w discharged.

PET TR
o
In 1979, about 2mi ‘ 7W447_;-ed Eastonbul Port when
Independenta ,”G“-'r"‘ - Y

In 1980, Irenesenr -harged 37 nil
unidentified blowes& out on herself in Greek:

'3
In February ~ 3 ' s attacked from the
Gulf of Persiian E[H -Wﬁﬂ@nﬁnf 0il contaminated
coastal and nvironment and could be blocked the spill within

n gallons of oil from

o ARSIV INANE. e

In 1585, 21 million gallons assaulted Persian the Gulf when Nova was
collided,

In March 1989, 11 million gallons of oil assaulted Prince William
Sound when the Exxon Valdez struck a reef. The spill drifted to the
Alaska Pennsylvania and hit four national wildlife refuges, one
national forest and three national park areas. More than 1,200 miles
of shoreline were oiled. Herring spawnimg area , salmon terminal and
harvest areas, salmon hatchery, sea otter and wild bird habitats were
destroyed. It is the worst tanker spill in the U.S. history.
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(cont.)

In January 1991, an underground pipeline used to offload ojl from a
ship docked near Puget Sound. 400,000 gallons of crude 0il bubbled to

the surface above the pipeline.

Adapted from Mineral Resources Gazette (1990).

AuEINENINeINS
RIAINTANIINGAE
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2.7 Study Area
2.7.1 Cl;aracteristic of Map Ta Phut Sea Coast

The coastline of Map Ta Phut, the study area, Iis

about 10 kilometers long. It legates on the lower eastcoast of the

Ay -Jy »

Gulf of Thailand and lies . pst direction facing the open

sea. In this area, thewshd straight. This region is

under the influence- s as follows:-

¢ period of November to

re is steep slope in the

nearshore region. Since idy site is under the influence

of the monsoons, the wifilt&pee: |/ & lirection follow closely to
the strength and ';": —direct. 3 .*:i" from south-west and
north-east with &dun 2 he sputh within a short day

spat in March and Appil. Informatgon on tide and tidal current of

g ﬁ]l dd ool i) Whegedloitd b @ent o the moyal

Thai Navy in 1969 shows thefmixed typesand a tide ‘devel ranges of
about Q-m;lam immtmggm&na&n the north-
south :irectiun offshore is about 0.5 knot {(15.43 m/mins.) (ONEB,
1988)
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2.7.2  Source of Petroleum Hydrocarbons in Map Ta Phut Area

1. Ship-Breaking Industry

In Rayong, Map Ta Phut area, the government’s

leading industrial complexes yw§are established as planned by the
National Economic and Segia it Board of Thailand (NESDB).
In 1990, two enterpriSews -y ated in this area which

are the Thai IntefRaliefad 5 7“{“1 Lid""and the Thai Hua Lee

Co.,Ltd.
2. F
the Fishery Statistic
Section of the Easterfi ) ir;fﬁ ‘*' p &yelopment Center of Fishery
7 e F s -2 | - - .
Department indicated that thers—ars ¥ small diesel fishing boats in

A

1

Ban Phala, Tambon-Map

-fi'u
AULINENINYINS
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