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STUDIES ON THE PHYTOPLANKTON OF L ITTO R A L WATERS
OF THE ARABIAN GULF AS IMPACTED BY O IL  S P IL L S

Harndan S. Al-Ghamdi, M. A.

Western Michigan Un ivers i ty ,  198A

A study of the e f f e c t  of  o i l  po l lu t ion  on two i n t e r t id a l  areas 

of the Saudi Arabian Gulf coast was undertaken. One area was severely 

impacted by o i l ;  the other was r e la t i v e l y  clean.  The organisms studied 

also indicated the e f fec ts  of  po l lu t ion  were diatoms and blue-green 

algae.

Members of  the diatom genus Amphora were more numerous in the 

clean water area than in the pol luted section,  confirming th e i r  pre­

ference for  r e la t i v e l y  clean hab i ta ts .  Members of  the diatom genus 

A s te r io n e l l a , a more res is tant  group, were much more abundant in the 

p o l1uted area.

Blue-green algae which also to le r a t e  po l lu t ion  were also more 

abundant in the pol luted waters.  Together these organisms are excel­

lent indicators of  the q u a l i t y  of  the environment in'which they are 

found.

Due to the fa c t  that information regarding the dynamics of  the 

biota of  the Arabian Gulf is r e la t i v e l y  scarce, i t  is impossible at  

th is  time to make recommendations fo r  improving the s i tu a t io n .  There 

is a serious need for the development of  methods and laws fo r  c o n tro l ­

l ing th is  problem of p o l lu t io n .  Unfortunately ,  at  present/ p o l i t i c a l  

problems are such that there is l i t t l e  hope of such agreements being 

developed.
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CHAPTER I

INTRODUCTION

One of  the major po l lu t ion  problems in the coastal  waters o f  the 

world Is the resu l t  of  o i l  s p i l l s .  Nowhere is th is  more evident than 

in the Arabian Gul f ,  where numerous large tankers loaded with petroleum 

from the o i l - r i c h  shores of  Saudi Arabia traverse the waters in th e i r  

passage to the Indian Ocean on t h e i r  way to a l l  parts o f  the  world.

In recent years the war between Iraq and Iran has increased the 

problem enormously. Due to the destruction of  the o i l  yve11s of  the 

coastal  area o f  Iran ,  there have been enormous amounts of  o i l  released 

into the Gul f .  As a re s u l t ,  the e n t i re  Gulf is heav i ly  impacted with  

o i l  s l icks  and in many cases masses of formed t a r  ba l ls  are c le a r ly  

v i s i b l e .  These f l o a t  toward the beaches, p o l lu t ing  them with st icky  

masses of  o i 1.

Where the preva i l ing  wind blows toward the shore, the mass of  

o i l  and ta r  ba l ls  intermingles with the usual beach debr is ,  producing 

a seriously  pol luted shorel ine.  In other places the beach may be 

r e l a t i v e l y  c le a r ,  supposedly due to d if fe rences such as current and 

topography.

The purpose of th is  study is to compare the plankton of two 

beaches, one which is heavi ly impacted with o i l  and the other which 

is r e l a t i v e l y  clean.

* 1
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Geography of Saudi Arabia

The kingdom of Saudi Arabia is s t r a t e g ic a l l y  located in the 

Arabian peninsula,  a location which functions as a l in k  between Afr ica  

and Asia.  This kingdom occupies approximately 75% of the peninsula,  

having an area of  some 900,000 square miles (2 ,300,000 square k i l o ­

meters) . The Arabian Peninsula is surrounded on three sides by water,  

with the Red Sea separating i t  from Afr ica  and the Arabian Gulf sepa­

ra t ing i t  from Iran and much of Iraq (Stacey, 1977).

The north of  Saudi Arabia is bordered by the countries o f  Iraq,  

Jordan, and Kuwait. Several small states f r inge  the coastal areas of  

the Arabian Peninsula.  These include Qatar and the United Arab Emir­

ates.  Saudi Arabia is bordered on the south by North and South 

Yemen and the Sultanate of  Oman. (See Figure 1.)

The Arabian Peninsula is r ich in o i l  deposits; in fa c t ,  o i l  reve­

nues form some 80% of revenue in Saudi Arabia.  The tremendous deposits 

of o i l  are found under Saudi Arabia's coastal lowland along the Gulf 

about 220 miles (352 kilometers)  from Ras a l - K h a f j i  in the north to 

Salwah in the southeast. (See Figure 2 .)

Petroleum was f i r s t  discovered in Saudi Arabia in 1937 a f t e r  four  

years of  d r i l l i n g .  Actua l ly  the f i r s t  petroleum concession was granted 

in 1923> but i t  took several years of  explorat ion before there was 

actual  production.  Today Saudi Arabia is the second largest producer 

of crude o i l  in the world and is the biggest crude o i l  exporter (Aramco, 

1982). The kingdom was one of the founding members of  OPEC (Organiza­

t ion of  Petroleum Exporting Countries) .  The ch ie f  producer of  o i l  in
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Saudi Arabia is Aramco (Arabian American Oil Company); but other com­

panies are present,  including the Getty Oil Company of the United 

States and the Arabian Jabines Oil Company.

Climate and Weather

The cl imate o f  Saudi Arabia is b as ica l ly  hot and dry In the sum­

mer, a typical  desert c l imate .  The temperatures are somewhat milder  

in the w in te r .  In the western and eastern regions,  the temperature 

is high and is accompanied by r e l a t i v e l y  high humidity a t  a l l  times 

of the year.  During the summer months, the temperature is as high 

as k5° to 50° C. P re c ip i ta t io n  in the form of ra in  f a l l s  pr im ar i ly  

during the months from October to A p r i l .  The southern areas of  the 

country are very cold in the winte r  and temperate in the summer.

The dominant r e l ig io n  of  Saudi Arabia is Islam. Makka and Madina 

are the Holy c i t i e s  in the country.

P o l i t i c a l l y ,  the country is divided into four regions.  These are  

Najd, Hajaz,  As ir  and Eastern Province.

Economy o f  Saudi Arabia Oil Production

The discovery o f  o i l  deposits and t h e i r  development have brought 

great sociological  changes in Saudi Arabia.  The tremendous wealth has 

resulted in an accelerated ra te  of  economic growth. Two modern and 

new industr ia l  c i t i e s  have been b u i l t  on the Arabian Gulf and on the 

Red Sea. Improved schooling,  health f a c i l i t i e s  and housing have be­

come a va i lab le  fo r  a l l  the people of  the kingdom.

Most o f  the coast, lying two hundred-twenty miles on the western
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part of  the Arabian Gulf from Salwah south to Ras a l -K h a f je  north,  is 

sandy beach. The winds usual ly blow in from the southeast and north­

west. The s a l i n i t i e s  range from about 38.5%o to 7Q%0 \ the lowest 

s a l i n i t i e s  are on the north and the highest a t  the southern end. 

Temperatures r ise  to 55° C in the summer and the surface of  dry sand 

exposed to the summer sun r ises to about 70° C. The combination of  

high temperatures, the s a l i n i t i e s ,  and o i l  po l lu t ion  along th is  coas­

ta l  area has a f fected  the biology of  the area.

Marine Pollu t ion

Without any doubt, water is one of  the most abundant and impor­

tant substances on th is  earth .  I t  is a major component o f  the proto­

plasm of both plants and animals. Because of i t s  unique physical and 

chemical propert ies ,  i t  enters into most of  the complex reactions  

which make l i f e  processes possible.

The amount o f  water on the earth has remained e s s e n t ia l ly  con­

stant over the many m i l l ions  of  years that the earth has exis ted.  At 

our present time, water covers approximately 72% of  the e a r th 's  sur­

face,  representing a volume of approximately 1.5 b i l l i o n  cubic miles.  

About 37% of  th is  to ta l  volume is found in the oceans, with only 3% 

as freshwater.  Less than one-th i rd  of  that small amount a c tu a l ly  repre­

sents usable freshwater.

This present discussion w i l l  be concerned pr im ar i ly  w i th  some of  

the problems that occur in marine environments when po l lu t ion  occurs.

In order to be t te r  understand the po l lu t ion  problems of the marine 

environment, cer ta in  d e f in i t io n s  are needed. Often words are used
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care less ly ,  but I t  is important to have exact d e f in i t io n s .  The word 

"ocean" refers  to the several bodies o f  water,  e . g . ,  A t l a n t i c ,  Paci­

f i c ,  Indian,  which cover nearly three-fourths  of  the e a r th 's  surface.

A sea is usual ly a large body of s a l t  water,  less in s ize  than the 

ocean, and more or less landlocked. I t  usual ly has a connection with  

the larger ocean. Examples of  seas are the Mediterranean Sea and the 

Arabian Sea. The term "sea",  however, is often applied to inland 

waters.  Usually such seas have a high content of  s a l t .  Best known 

among these are the Great Sal t  Lake in the State of  Utah in the United 

States and the Head Sea in the Middle East. A gu l f  is a port ion of  

the ocean or sea which extends into the land. I t  is a p a r t i a l l y  land­

locked sea and is usual ly larger than a bay. Examples of  these are  

the Gulf of  Mexico and the Arabian Gulf .

Sea water is an e x t ra o rd in a r i ly  complex e n t i t y .  While i ts  compo­

s i t io n  may vary from one area to another,  there are c er ta in  parameters 

which are r e l a t i v e l y  constant. For example, sea water contains approx­

imately 3-5% s a l ts .  The types and amounts of  sa l ts  vary; the most 

abundant are those of  sodium, iodine, and magnesium, with those of  

gold and s i l v e r  being r e la t i v e l y  rare.

Pol lu t ion  of  the marine environment has always occurred,  but in 

recent years the problem has become more severe. Po l lu t ion  has many 

o r ig in s .  Some of these problems o r ig in a te  from the disposal of  chemi­

cal waste materia ls  from various industr ies ,  organic wastes from c i t i e s  

and towns in the coastal  areas,  and numerous other materia ls  resul t ing  

from human a c t i v i t i e s .  In recent years,  the greatest  problem of marine 

pol lu t ion  has resulted from the s p i l lage  of  o i l  into the oceans. Such 

pol lu t ion  results  in severe damage to the marine environment; i t  may
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even resul t  in the ext inc t ion  of  important, often unique, organisms.

Since World War I I ,  the amount of  o i l  being transported across 

the oceans of  the world has increased enormously. Pr io r  to th is  war, 

the transport  o f  crude o i l  represented only 26% of  the 80 m i l l io n  tons 

of  o i l  carr ied  by ships. The amount has increased to approximately 80 

m il l io n  tons and represents 50% of the to ta l  amount of  material  trans­

ported over the oceans.

The f i r s t  record of  o i l  being transported by tankers dates from 

1861 when the 22k-ton br ig "El izabeth Watts" carr ied petroleum across 

the A t l a n t i c .  The tankers gradually increased in size  and capacity,  

and in 1938 a typica l  seagoing vessel had a capacity of  about 1200 

tons. At present,  tankers may have a capacity of  more than 10,000 

tons. These monstrous tankers carry both crude and ref ined petroleum 

from the o i l  f i e ld s  or re f in e r ie s  of  various parts o f  the world to 

areas where i t  w i l l  be used. Over 50% of  sea t r a f f i c  now consists of 

o i l  tankers.

While o i l  production occurs in many parts of  the world,  a large  

portion o r ig inates  from o f f -shore  wells in Venezuela, the Gulf of  

Mexico and the Arabian Gulf .  Thousands of o i l  wel ls  are located w i th ­

in the shallow waters of  the continental  she l f .  In port areas a major 

source of  po l lu t ion  occurs when the tankers are cleaned and the wash­

ings are deposited in the docking areas.

In each year there are approximately 60 incidents involving acc i ­

dental o i l  s p i l lages .  Three and one-half  m i l l io n  tons of  petroleum 

are released into the ocean each year from tankers and commercial 

vessels.  Most is from o i l  tankers, but other commercial vessels
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contr ibute  to th is  t o t a l .

In 1967 Fletcher surveyed 285 o i l  sp i l lages a t  sea and found that  

most o f  them resulted from accidental  damage to a tanker 's  h u l l .  Dur­

ing 1970, 12 tankers were involved in co l l is io n s  and seven were severe­

ly damaged when they encountered heavy storms a t  sea. On land, a large  

amount of  the transport  of  o i l  is through p ipe l ines .  Spi l lages from 

these are less frequent but often very damaging to the t e r r e s t r i a l  

environment.

In 1971» ^5 casua l t ies  were reported in Smith (1972).  Twelve of  

the damaged tankers went aground, 10 sank or suffered storm damage,

12 experienced severe damage during storms a t  sea, and 11 were involved 

in col 1 isions.

While the main contr ibutor  to the problem of marine po l lu t ion  is 

that  of  accidents in ports or on the high seas, accidents may also oc­

cur during explorat ion and production,  in storage areas,  and in pipe­

l ine  breaks. Spent lubricants from incompletely burned fuels  and from 

untreated disposed material  of  industr ia l  f a c i l i t i e s  and industr ia l  

waste also contr ibute  an equal or larger  amount of  o i l  to the po l lu t ion  

problem. Thus i t  has been estimated that the to ta l  amount of  o i l  en te r ­

ing the ocean from various sources amounts to between f i v e  and 10 m i l ­

l ion tons per year (Smith, 1972).

The Effects  of  Oil S p i l l s  on Marine L i fe

The deleter ious e f fec ts  of  o i l  po l lu t ion  on marine organisms and 

the resul t ing  e f fec ts  upon food recovered from the sea are usual ly  

severe. During the f i r s t  few days a f t e r  a s p i l l ,  the crude o i l  and
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other petroleum products contain many substances that are poisonous 

to marine organisms. Some e f fe c ts  are immediate; others occur only 

a f t e r  some period of  t ime. The o i l  may mix with the water,  espec ia l ly  

when there is much turbulence.  In the long term, the o i l  w i l l  contin ­

ue i ts  damaging e f fe c t  upon bottom dwelling plants and animals.  The 

e f fe c ts  o f  the o i l  s p i l lag e  may pers is t  fo r  many years a f t e r  the s p i l l .  

The exact length o f  the time fo r  which th is  damage persis ts  is not 

well known (Grassle et  a l . ,  1979).

Some bacter ia  normally present in the ocean w i l l  a t tack  and slowly 

degrade the s p i l l e d  o i l .  Fuel o i l ,  an important d e r iv a t iv e  o f  crude 

petroleum is more tox ic  than the crude. Therefore,  i t  has e f fe c ts  that  

are not t o t a l l y  comparable to those of  the unaltered crude.

Hydrocarbons from an o i l  s p i l l  enter the marine food.chain and are  

concentrated in the f a t t y  parts of  the organisms that  ingest the o i l .

When the o i l  enters the f a t  and f lesh  of  the animals,  i t  is iso­

lated from the natural  degradation processes of  the animal. I t  may be 

poisonous not only to marine organisms but to many other animals,  in­

cluding man. Oil not only a f fe c ts  the physiology of  the organism, 

but also may a f f e c t  i ts  behavior. When the o i l  is deposited in water,  

i t  may dissolve in the sea water or become dispersed through the water  

co1umn.

Numerous marine animals are adversely a f fec ted  by o i l  s p i l l s .

This l i s t  includes large numbers of  species o f  molluscs, crustaceans,  

echinoderms, polychaetes,  coelenterates ,  and notably,  edib le  s h e l l f i s h  

such as lobsters ,  oysters ,  sca l lops,  and clams. Large numbers of  these 

l a t t e r  animals,  many of which are important commercial ly,  have perished.
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Those animals which manage to survive are often  severely damaged, 

necessi ta t ing the closing of the s h e l l f i s h  industry in some areas.  

Marine p o l lu t ion  results  in many undesirable e f fe c ts .  The f i r s t  and 

most obvious e f fe c t  of  po l lu t ion  is a reduction in the d iv e r s i ty  of  

the organisms wi th in  an environment. Only those forms which are  

highly to le ra n t  to the po l lu tan t  w i l l  survive.  While the to ta l  num­

ber o f  plant and animal indiv idua ls  surviving po l lu t ion  may be greater  

than previous to the introduction of  the tox ic  m a te r ia l ,  the v ar ie ty  

of species w i l l  be severely reduced. While most forms of po l lu t ion  

exert  a d i re c t  or ind i rec t  e f fe c t  on the marine environment, o i l  

s p i l l s  have a d i rec t  and often dramatic immediate e f f e c t .

Fish,  seabirds,  mammals, even man, are immediately a f fec ted  and 

the damage to the appearance of  the shore area may be extreme.

At present, our knowledge of the e f fe c ts  o f  o i l  po l lu t ion  on 

marine organisms has been obtained both from experimental observations  

and d i re c t  observations of  actual  incidents or chron ica l ly  pol luted  

habi ta ts .  However, much remains to be learned of the long term im­

pact of  th is  po l lu t ion  upon the to ta l  environment.

The Arabian Gulf

The Arabian Gulf is part  of  the shallow marginal sea of  the Indian 

Ocean that l i e s  between the Arabian Peninsula and Iran.  The sea area 

is approximately 92,500 square miles (240,000 square k i lometers) .  I t  

is an inland sea with a length of  about 500 miles.  The width averages 

100 miles,  varying from 180 miles to a mere 26 miles a t  the S t r a i t  of  

Hormuz.
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In depth, the Gulf ranges from 240 to 300 f e e t ,  with the greatest  

depths lying near the Iranian coast.  The Gulf is bordered on the north­

east and east by Iran ,  on the northwest by Iraq and Kuwait, and on the 

west and southwest by Saudi Arabia,  and Qatar. On the south and south­

east i t  is bordered by the United Arab Emirates and part  of  Oman.

Along the Arabian coast where the Gulf is r e la t i v e l y  shallow 

(usual ly less than 120 fee t  in depth), there are numerous islands and 

some s a l t  domes. There are also accumulations of  coral and various  

ske leta l  remains. The Arabian Gulf receives a small amount of  fresh 

water in the northwestern area where the T ig r is  and Euphrates-Karun 

Rivers enter .  The water temperature in the Gulf ranges from 85° to 

90° F (24-32° C ) , in the S t r a i t  of  Hormuz and from 60° to 90° F (16-  

32° C) in the northwest. The s a l i n i t y  genera l ly ranges between 37%<> 

and 70&o-

The highest temperatures and s a l i n i t i e s  are found in the area near 

the Arabian coast.  The t id a l  range varies from approximately 4 to 5 

fee t  near Qatar to 10 to 11 fee t  in the northwestern area and 9 to 10 

feet  in the southeast.  Waves average about 10 fee t  in the southern 

Gulf .  The winds in the Arabian Gulf predominantly come from the north­

west and the average wind v e lo c i ty  is between 5 and 7 m/second. Occa­

s io n a l ly ,  the winds come from the northwest and have speeds as high 

as 35 mi 1es per hour.

P re c ip i ta t io n  is genera l ly low, varying from 2 .5  to 11 inches 

per year. Humidity is highest a t  Bahrain and Bandar Abbas. Even the 

s l ig h tes t  physical exert ion  in th is  area results  in profuse perspira ­

t ion .
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At present,  portions of  the Arabian Gulf are being f i l l e d  in by 

deposits from the Mesopotamian r iv e rs .  In th is  basin,  thousands of  

fee t  o f  sediments have accumulated. These sediments, along with  

evapori tes,  have produced the areas of  vast o i l  resources.

Oil was f i r s t  discovered in the Arabian Gulf before World War I .  

This discovery occurred in Iran in 1908 and was made by a B r i t i s h  com­

pany. The f i r s t  o i l  was shipped in 1912 from Abadan Port.  Following 

the discoveries in Iran,  o i l  was subsequently discovered in Iran in 

the Kipkuk Fields in October of  1929. Since 19^5 most o i l  production 

has been in the Saudi Arabia-Kuwait neutral zone.

Concessions have been granted in both on-shore and o f f -s hore  o i l  

f i e ld s  in that area since 19^9* Bahrain Island is also one of the o i l  

producing areas,  f i r s t  discovered in 1932. The f i r s t  shipment from 

there was in 1939 and consisted of  some 30,000 barre ls .

Production began in Qatar in 1960 with 115,000 barrels  being pro­

duced d a i ly .  In October of  1960, o i l  was found in the United Arab 

Emirates. Exports were commenced in December o f  1963. In Kuwait, the 

f i r s t  exploratory well was d r i l l e d  in 1939-

Oil was discovered in Saudi Arabia in 1939, wi th a d a i ly  produc­

t ion of  1,357 barre ls .  Production of  o i l  f i r s t  began in Oman in Aug­

ust of  1956 with some 132,000 barre ls  being produced each day. The 

f i r s t  commercially p r o f i t a b le  wel ls were found in 1962, Some of these 

o i l  f i e ld s  were discovered in o f f -shore  and some in on-shore areas and 

most o f  the o i l  exported has gone through the deep water ports o f  the 

Arabian Gulf.

The countries mentioned above are now considered the world's
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greatest  o i l  producing region with a production ju s t  under 10,000,000  

barrels  per day in 1967-

Because the Arabian population is increasing at  a rate  between 

6% and 10%, po l lu t ion  of  the Gulf has become a more serious problem.

Table 1 contains s t a t i s t i c a l  data to indicate the area population and 

the amount of  da i ly  crude o i l  production fo r  Gulf countries.  With the 

to ta l  population increasing by some 500,000 each year, the demand fo r  

domestic water,  i r r ig a t io n  water fo r  a g r ic u l tu re ,  and the needs of in­

dustry, the po l lu t ion  of  the Gulf is of  great concern. The Gulf is 

both the source of  water and the sink fo r  waste water.  Unfortunately,  

the rate  of  evaporation from the Gulf of  Oman exceeds the inflow from 

r a in f a l l  and the r ivers  which empty into i t .  I t  appears that ecologi­

cal problems are being compounded, and soon the damage w i l l  be such 

that  recovery w i l l  not be possible.

Shipping accidents,  p ipe l ine  breaks, and well seeps are a l l  possi­

ble sources of  p o l lu t ion .  The Arabian Gulf had 26 o i l  load terminals  

in 1976 and 10 vessels entering the S t r a i t s  of  Hurmuz each day. Harbors 

are often so congested that ships must wai t  as much as several weeks 

before loading.  The extent and e f fe c t  of  po l lu t ion  in the Gulf is ex­

asperated by th is  congestion a t  the ports.

The to ta l  amount of  o i l  s p i l le d  by vessels in the world in 1978
3

was estimated at  10,000,000 m . The amounts in the Arabian Gulf ac­

count fo r  not more than 15“20%. The amount is estimated between 

150,000 and 200,000 m (Oostdam, 1978). Table 2 indicates a review of  

Arabian Gulf o i l  s p i l lage .  Table 3 is also a summary of  o i l  s p i l l s  

reported covering both on-shore and o f f -shore  s p i l l s  from 1975 to 1983
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Table 1

S t a t i s t i c a l  Data on Area Population and the Amount of  
Crude Oil Production fo r  Gulf Countries

(1980)

Country
Area
km^ Population

Da i ly  Crude O i1 
Production 1980

Saudi Arabia 2,300,000 10,442,000 9-9 *

1 raq 438,400 13,600,000 2.6

Kuwai t 24,300 1,477,000 0.4

Bharian 600 470,000 0.05

Qatar 10,500 203,000 0.5

United Arab 
Emi rates 82,000 1,000,000 1.7

Oman 212,000 964,000 0.28

1 ran 1,621,000 39,830,000 1.4

Total 4,688,800 67,986,000 16.83

World 140,889,500 3,733,396,000 41.68

*  Mi 11 ion barrels

Source: A l -M a ja l la  (1983).
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Table  2

A Review o f  Arabian Gulf  Oi l Sp i l lages

Date Name o f  Tanker  
I n s t a l l a t i o n Locat ion Amount o f  O i l  S p i l le d Type o f  O i 1 S p i1 led

Nov. 1983 Liber ian Aghi J ar i  
Arabian Coast

361,500 barre ls crude o i l

Aug. 1966 B r i t i s h  Crown Arabian Gulf Thousands o f  ba r re ls crude o i l

Nov. 1969 P ip e l in e  Fracture Arabian Gulf over 175,000 ga l lons crude o i 1

Apr. 1970 P ip e l in e NW Shore o f  Tarut  
Bay, Saudi Arabia  
Coast

100,000 ba r re ls Arabian l i g h t  
crude o i 1

Dec. 1971 Oil  Well 80 miles SW of  
Laban, Arabian Gulf

100,000 b a r re ls crude o i 1

June 1971* Getty Mena Saud 
Saudi Arabia

35,000 b a r re ls crude o i 1

July 197*f Getty Khafje ,  Kuwait,  
Saudi Arabia

several  thousand 
b a rre ls

crude o i 1

Aug. 1980 Oil  Well from an u n id e n t i f i e d  
source

201,000 b a r re ls crude o i 1

O ct . 1980 Oil Well Hasbah, o f f -s h o re  
o f  Saudi Arabia

501,000 barrels th ic k  crude oi  1

Feb. 1983 Oil  Well Nowrus f i e l d  
Arabian Coast

800,000 cubicmeters heavy crude oi  1

Compiled from various sources.
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Table  3

Off -Shore  and On-Shore S p i l l s  Comparison o f  1975~T983 
in Saudi Arabia Area

Locat ion 1975 1976 1977 1978 1979 1980 1981 1982 1983

Off-Shore 2 ,2 10* 31,169 586,277 5 ^ , 5 3 8 1,555 130,000 6 ,900  A, 763 1 ,93 6 .5

On-Shore — — 3,523 1,660 375,  6̂ *1 12,88*1 17 ,W  37,673 2,120

Total 2,210 31,169 589,800 5^6,198 380,0^6 1*i2,000 23,88*} 23,880 *»,056.5

Since l a t e  January 1983 to July 1983 about 80,000 cubic 1 
b a r re ls )  o f  o i l  have entered the Saudi Arabian area from 
o i 1 f i e l d ) .

neters (*100,000 
1 ran (Nowrus

*100,000

*10*1,056.5

*  b a r re ls

Source: ARAMCO Oil S p i l l  Report,  Meterological  and. Envi ronmental Protection Administrat ion,
1982 to 1983.



In the Saudi Arabian area.  Some \ k l  major industr ia l  in s ta l la t io n s  

are planned fo r  the Arabian Gulf coast.  These are to include 60 r e f i ­

neries and s im i la r  plants associated with o i l ,  11 cement plants ,  8 

f e r t i l i z e r  plants ,  26 desa l inat ion and power plants ,  aluminum and cop­

per r e f in e r i e s ,  p la s t ic  plants ,  a t i tanium mi l l  and other industr ies.  

Al l  of  these w i l l  probably add to the po l lu t ion  load emptied into the 

Gulf .

The marine l i f e  of  the Arabian Gulf thus occupies an environment 

which is severely stressed; one which is characterized by temperature 

extremes as well  as by high, often f lu c tu a t in g  s a l i n i t i e s .  Because so 

many organisms are unable to ex is t  in such a stressed environment, the 

d iv e rs i ty  of  the b io logica l  communities in the Gulf is rapid ly  disap­

pearing.  Many groups of organisms are already absent from th is  area 

due to heavy po l lu t ion  from these many d i f f e r e n t  sources.

Oil which is s p i l le d  a t  sea is l i g h t e r  than water and spreads over  

the water 's  surface at  a rate  which is influenced by many factors such 

as g ra v i ty ,  surface tension,  v isc os i ty ,  source point,  wind, waves, and 

currents.  Crude o i l  may spread into thin layers,  and the action of  

the waves and wind elongates, d is to r ts ,  and breaks the s l icks  into  

moving patches of  o i l .  The largest  amount o f  o i l  is contained near 

the leading edges of the patch. Both wind and current a f f e c t  the o i l  

patches, at  times breaking up the o i l  s p i l l  and increasing the rate  

of physical em uls i f ica t ion .  (See Figure 3 .)

Plankton

Steen's Dict ionary o f  Biologica l  Terms (1971) defines plankton as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



19

ATMOSPHERIC
OXIDATION

RAIN AND 
FALLOUT

EVAPORATION

BURSTING
BUBBLES

WIND
SPRAY

SEA SURFACE OIL SLICK

SPREADWA fE R- IN -O IL EMULSION

OIL-IN-WATER
EMULSION

BUBBLE
TRANSPORT

DISSOLUTION CONVECTION 
| AND 

UPWELLINGNONBUOYANT 
OIL RESIDUES

MIXING AND 
I  SINKING 
\  CIRCULATIONS

BIOLOGICAL
ASSIMILATION f  ADSORPTION 

ON NONBUOYANT 
PARTICLES

BUOYANT
MATERIAL

BOTTOM SEDIMENT

Figure 3. Natural  Forces Which Disperse and Modify Oil S l icks on 
Water (Garet t ,  1972).
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"aquatic organisms of. freshwater,  brackish,  or sea water which f l o a t  

passively or e x h ib i t  l im i ta t io n s  to locomotor a c t i v i t y :  phytoplankton,  

zooplankton, and nannoplankton."

One of the f i r s t  biocoenoses to be given a special name was that  

assemblage of mostly microscopic organisms c o l le c t i v e l y  termed "plank­

ton". These planktonic organisms are found in the oceans, freshwater  

bodies o f  water and many other d i f fe r e n t  marine ha b i ta ts .  They are  

c la s s i f ie d  into a number of  d i f f e r e n t  groupings, using s ize  as the p r i ­

mary c r i t e r i o n .  They are subdivided thus:

1. The u l t r a  and nannoplankton, consist ing large ly  o f  u n ic e l lu la r  

algae along with bacter ia ,  fungi,  and some invertebrate  eggs, s ize  is 

less than 0.05 mm. in length.  Phytoplankton tend to dominate th is  

grouping.

2. The microplankton and mesoplanktonic organisms consist  o f  many 

larval  ju v e n i le  forms (especia l ly  those of  crustaceans), f is h  eggs, 

protozoans and appendicularians.  The size o f  th is  group var ies from

0.05 and 0 . 9  mm. I t  is a mixture o f  both phytoplankton and zooplankton.

3. The macroplankton is composed of crustaceans,  f i s h ,  larvae,  

chaetognaths, ctenophores, thal iaceans,  e tc .  These forms are at  least

1 mm in length and o r d in a r i l y  do not include any phytoplankton (Corner,

1978).

The ch ief  components of  the marine phytoplankton are found with in  

the a lgal  groups. Included with th is  phytoplankton are diatoms, dino-  

f l a g e l l a te s  and coccolithophorids,  si 1ico f l a g e l l a t e s ,  and cryptomonads.

The diatoms range upward in s ize  from two } i  (one = 1/1000 mm).

D ino f lage l la tes  are mot i le  organisms with two f l a g e l l a e :  one drives

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the organism forward,  the other is responsible fo r  the c h a ra c te r is t ic  

ro ta t ing  motion. Other m ic ro f la g e l la te  representat ives of  the phyto­

plankton undoubtedly play a s ig n i f ic a n t  ro le  in the primary production 

capacity of  oceans and inland waters.

Zooplankton are divided into two groups: temporary plankton con­

s is t in g  of  planktonic eggs and larvae of  members o f  the benthos and 

nekton; permanent plankton consist ing of  a l l  those animals that com­

p le te  t h e i r  l i f e  cycles in a f lo a t in g  s ta te .

Crustaceans are the most important members of  the zooplankton and 

t h e i r  migrat ions in the ocean vary with  the stage in t h e i r  l i f e  cycle,  

the season of  the year,  l a t i tu d e ,  hydrographic s t ruc ture ,  and metereolo-  

gical  condi t ions.  Currents which flow near continents are important 

to planktonic production in any given area.

The primary role  of  phytoplankton is that o f  serving as food fo r  

zooplanktonic forms. Zooplankton, in turn ,  is used d i r e c t l y  as food 

by f is h  or mammals. Some serves as food fo r  human consumption.

All  marine organisms have been exposed repeatedly to petroleum 

from submarine seeps, accidental  sp i l la g e  resul t ing  from of f -shore  

production,  and transport  o f  crude o i l .

Plankton is p a r t i c u l a r l y  a f fected  by th is  contamination because 

of t h e i r  possession of s o f t ,  permeable outer membranes. They also may 

absorb s ig n i f ic a n t  amounts of  dissolved organic matter d i r e c t l y  from 

the water (Cushing 6 Walsh, 1976).  Oil s p i l la g e  has a d i re c t  e f fe c t  

upon plankton.

Crude o i l  contains a complex mixture o f  compounds which enter  

the aquat i c envi ronment and gradually move into the water column.
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Cyclo-alkanes (naphthenes) p a r t i c u l a r l y  cyclopentane der iv a t ives  with  

subst i tu ted r ings,  are p a r t i c u l a r l y  to x ic .  The alkene representat ives  

which have been found in both phytoplankton and zooplankton are gener­

a l l y  absent from crude o i l .  Some hydrocarbons found in the crude o i l  

are shown in Figure *t.

Hydrocarbons dispersed through the water column in the water  

solution form droplets and compounds which may reach the sea bottom, 

p a r t i c u l a r l y  i f  they are weighted down with mineral p a r t i c le s .  On 

the sea f l o o r ,  o i l  pers is ts  fo r  long periods and can continue to damage 

the bottom l i f e .  This sediment may be spread over great distances  

under the inf luence of  t id a l  movements and wave action and thus a f fe c t  

areas not immediately po l luted by the o i l  s p i l l .
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Gycloalkanes Naphthalenes

Benzo [a] pyrene B i phenyls

Figure k.  S t ruc tura l  Formulae of  Various Hydrocarbons Found in 
Crude O i l .  R -  represents several types of  a lkyl  
substi tuents.

Source: Corner, 1978.
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CHAPTER II

REVIEW OF LITERATURE

Because Saudi Arabia is one of  the major o i l  producing countries  

of  the world and because much of the o i l  is transported through the 

Arabian Gulf ,  the Gulf was a natural  location in which to study the 

e f fe c ts  of  o i l  p o l lu t ion  upon marine plankton.

As a general introduction to the geography, land forms, economics, 

and his tory  of  Saudi Arabia,  the book from Stacey In te rnat ional  (1977), 

The Kingdom of Saudi Arab ia , was consulted.  Information on the Arabian 

Gulf i t s e l f ,  including i ts  h is to ry ,  geography, economy, and general 

background was obtained from two sources: Hay (1959), The Persian Gulf

S ta tes ; and The Gulf Implicat ions of  B r i t is h  Withdrawal, from the Center 

for S tra teg ic  and In te rnat ional  Studies at  Georgetown Univers i ty  (Anony­

mous, 1969).

The study of  the e f fe c t  o f  o i l  on the Arabian Gulf has been re­

viewed in a number o f  studies and reports.  Most of  the more important 

publicat ions were consulted in d e t a i l ,  but i t  was impossible to exa­

mine the many voluminous reports which e x is t .

The background of the production and transporta t ion as well  as the 

highl ights  of  the long h is to ry  of  Arabian o i l  production together with  

the changing economy and customs of the Arabia world,  were reviewed in 

de ta i l  in an Aramco handbook published in 1968.

A whole series o f  reports concerned with the extent and importance 

of o i l  s p i l l s  was a v a i la b le  both from Aramco and from the Min is try  of

2A
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Petroleum and Mineral Resources o f  Saudi Arabia.  Individual  reports  

have been published by Walgate (1978),  Oostdam (1978),  Lehr and Belen 

(1983) and Lehr (1983)-

Using th is  above information as background m a te r ia l ,  the main por­

t ion o f  th is  l i t e r a t u r e  review w i l l  concentrate on the p r in c ip le  sub­

j e c t  of  th is  study; that is,  the e f f e c t  o f  o i l  po l lu t ion  on marine 

organisms. Smith (1972) authored a review on the e f fe c t  of  o i l  p o l lu ­

t ion on general marine ecology; he considered some individual  orgamisms.

In 1976, Giam published an important paper on the e f fe c ts  o f  hydrocar­

bons on phytoplankton. Since th is  study was large ly  concerned with the 

phytoplankton, the publ icat ion proved to be very important in th is  pre­

sent invest iga t ion .  The study was bas ica l ly  an investigation of  long 

term bio logica l  e f fec ts  on organisms. This was important in the under­

standing of our resu l ts .

As the problems of o i l  sp i l la ge  and t h e i r  e f fe c t  upon marine l i f e  

at  a l l  taxonomic levels gained in importance, many studies were under­

taken and published. Mai ins (1977) published a s ig n i f ic a n t  book d e t a i l ­

ing the e f fe c ts  of  petroleum po l lu t ion  on the organisms of the a r c t ic  

and subarctic regions.  His w e l1-documented report on b io logica l  e f ­

fects  proved valuable in areas f a r  removed from his region of emphasis. 

Handa (1977) studied the e f f e c t  of  po l lu t ion  on marine plants and Lan- 

nergren (1978) studied the e f f e c t  of  o i l  s p i l l s  on the plankton of  the 

North Sea.

A study published by Corner (1978) was an extremely valuable source 

of information on the e f fe c ts  o f  hydrocarbon po l lu t ion  on marine plank­

ton. Grassle et  a l .  (1979) published information on the e f fec ts  of
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crude o i l  on marine organisms and on the general ecology o f  an area.

The American Petroleum I n s t i t u t e  (1980) and Karydis (1981) both wrote 

extensive accounts on the e f f e c t  of  hydrocarbons on marine organisms.

In order to obtain a more nearly complete background for  the iden­

t i f i c a t i o n  and ecology of the various marine organisms concerned in 

th is  study, a number of  books and t re a t is e s  were consulted.

Palmer (1962) published on the subject o f  algae in water supplies,  

whi le  Wimpenny (1966) wrote a book, The Plankton of the Sea. Cholnoky 

(1968) published, in German, an impressive book on the ecology of  

diatoms. Ze i tzsche l ,  in cooperation with Gerlach (1973),  did an ex­

tensive study on the biology of  the Indian Ocean, the body of  water  

of which the Arabian Gulf is a port ion.  Another study on the plank­

tonic  l i f e  o f  the Arabian Gulf was done by Price (1979) on shrimp l a r ­

vae.

As most of  the present study was concerned with  diatoms, some 

recent handbooks on diatoms and algae in general were consulted.  These 

included Hansmann (1973), Bold and Michael (1978),  Vinyard ( 1979) .

This l a t t e r  publicat ion on the Diatoms of North America was espec ia l ly  

valuable for  determining the genera which were encountered.

The general ecology of the sea and the b io logica l  processes in­

volved were well explored by Cushing and Walsh (1976) in a book e n t i ­

t led  The Ecology of the Sea, Two addit ional  important publ icat ions  

include one by Basson et a l .  (1977) and another by Lipscombe ( 1982) .

Both were concerned with the Arabian Gulf .  The l a t t e r  book is wel l 

i l lu s t r a t e d  and is a landmark study of the ecology of  the Arabian Gulf .
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CHAPTER I I I

METHODS OF STUDY

The s i t e  chosen fo r  this study is located approximately 76 miles  

(116 ki lometers)  south of  Dammam in an area cal led Quaryyah (52° 5^  

north and 50° 5^ e as t ) .  (See Figure 5 .)  Two study sta t ions were cho­

sen. One of these stat ions  was highly pol luted,  the other r e l a t i v e l y  

clean.  Even though these two stat ions  were in close proximity ,  there  

were great d i f fe rences  between them. The d if fe rences were a t t r ib u te d  

to the preva i l ing  winds and the local topography.

The pol luted s ta t ion  (s ta t ion  #1) was very e as i ly  recognized due 

to the large amount of  debris scattered over the shore area. Most con­

spicuous were the o i l  and large masses of tar  which had been washed 

ashore and had covered a l l  debris and sand with a s t icky  mass. The sea 

bottom was also covered with o i l  and tar ba l ls  were common in the water.  

Many dead animals were found above the t id e  l in e .  By contrast ,  the clean 

sta t ion  (s ta t ion  #2) was r e l a t i v e l y  clean.  The white sand and shore 

bottom of the shallow areas of  the sea were qu i te  f ree  of o i l .

Sampling a t  each s ta t ion  was carr ied out a t  approximately weekly

in te rva ls  from the month of  May u n t i l  August of  1983* In a l l ,  s ix or

seven samples were taken a t  each s ta t ion .

For these samples, a plankton net of #25 mesh with openings 0.85  

mm in diameter was used. A homeopathic v ia l  of  3^ ml capacity was 

attached to the lower opening of the net. For each sample, 50 l i t e r s  

of sea water were poured through the net and the plankton was col lected

' 2 7
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In the v i a l .  Samples were preserved with three to f i v e  drops of  the 

preservat ive  FPA ( formal in -propr ion ic  ac id -a lc o h o l ) .  This agent e f ­

f e c t i v e l y  k i l l e d  and preserved the plankton organisms a f t e r  they were 

co l lec ted .  The samples were then stored a t  a temperature of  1*0° F 

(5° C) u n t i l  they were examined.

For the id e n t i f i c a t io n  of  the planktonic diatoms, a drop of  the 

sample was spread on a microscope s l id e .  Several d i f f e r e n t  keys were 

used fo r  th is  i d e n t i f i c a t io n .  Most important of  these were the studies 

of Vinyard (1979),  Palmer (1962),  and Wimpenny (1966).  A l l  i d e n t i f i ­

cat ions were checked by Dr. C. J. Goodnight.

For the q u a n t i ta t iv e  analysis o f  the diatoms in the phytoplankton 

in the sample, four individual  counts of  the contents o f  each sample 

v ia l  were made. A f te r  the contents of  the v ia l  had been thoroughly 

ag i ta ted ,  one ml o f  the sample was removed and placed in a Sedgewick- 

Rafter  Chamber. This counting chamber is 50 mm long, 20 mm wide and 

1 mm deep. The to ta l  volume is 1 ml. The coverglass is 25 mm wide by 

60 mm long and is placed over the counting c e l l .  Sixteen (16) s tr ips  

( the e n t i r e  s l ide )  were examined fo r  each of the several s l id e  prepara­

t ions.

The results  were calculated fo r  each sample and reported as the 

number o f  individuals  per m i l l i l i t e r .

The four ce l l  counts fo r  each v ia l  were averaged and then m u l t i ­

p l ied  by 3** to obtain the number o f  indiv idua ls  in the v i a l .  This c a l ­

cu lat ion  gave an estimate o f  the number of  each species w i th in  the 

sample. This then gave the number of  indiv idua ls  occurring in 50 l i t e r s  

of sea water,  the uni t  which was being used fo r  comparison of  the
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CHAPTER IV

RESULTS AND DISCUSSION

The number of  known species o f  diatoms in the world has been 

variously  est imated,  with some 100,000 having been described (Vinyard,

1979)• I t  has also been noted that only 10,000 of  these described 

species are a c tua l ly  va l id  species (Grul lard & Kilham, 1977).

In size,diatoms range from to A u in length.  Diatoms are  

numerous and varied in oceanic waters.  Because the diatoms are so 

varied in structure  and habit  and because each species has rather spe­

c i f i c  requirements, they are excel lent indicators o f  the q u a l i t y  of  the 

environment. For th is  reason, i t  was conceived that a p r o f i t a b le  as­

sessment of  the q u a l i ty  of an aquatic environment would be to compare 

the diatom population of  two coastal areas.  Both areas studied were 

in shallow l o c a l i t i e s ,  one was r e la t i v e l y  f ree  of  o i l ,  the other was 

highly pol luted.

The diatoms were id e n t i f i e d  to genus in th is  study. The id e n t i ­

f i c a t io n  to genus is r e la t i v e l y  easy, but i d e n t i f i c a t io n  to species is 

extremely d i f f i c u l t  due to the large number of  c losely re lated species 

whose d if ferences may be physiological  rather than s t ru c tu ra l .

While both study stat ions had approximately the same number of  

diatom genera, the r e la t i v e  numbers o f  d i f f e r e n t  forms were very notice­

ably d i f f e r e n t .  The results  are reported in Table k fo r  diatoms in po l ­

luted and in Table 5 fo r  diatoms in clean area. Members of  the genus 

Amphora are known to require r e la t i v e l y  clean waters and were r e la t i v e l y

’ ' 31
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T a b le  4

Diatoms in Pol lu ted  Area f o r  Each Sample o f  3** ml

Sample Number 1 2 4 6 8 10 13
Avg. in samples 
taken from 50 L

Amph i prora 136 19-42

Amphora sp. 1 42.5 6 .07

Amphora sp. 2 153 144.5 546 892.5 248

A s te r io n e l la 1105 1895.5 382.5 6171 731 637.5 5678 2371.5

B idd i lph ia 59.5 8 .5

B ac i1 l a r i  a 34 4 .85

Chaetoceros 391 68 * 65-57

Cymbe11 a 127.5 289 93-5 348.5 122.64

Diploneis 51 7 .28

F r a g i l a r i  a 178.5 17 27.92

Gryosigma 42.5 59.5 229.5 102 144.5 82.57
Licmophora ' 34 4 .85

Navi cula 459 280.5 739.5 1020 4522 739.5 2091 1407.35

Ni tzschia 144.5 136 297.5 82.57

Thai assionema 119 34 680 225.5 512.5 790.5 320.35

*Anabena - 348.5 2210 127.5 637.5 637-5 238 525.5 674.92

*Chroococcus 246.5 1249.5 646 909.5 688.5 42.5 238 574.35

*Though these are  not diatoms, these blue-green algae are  e x c e l le n t  ind ica tors  o f  po l lu ted  cond i t ions.
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T a b le  5

Diatoms in Clean Area f o r  Each Sample per 34 ml

Sample Number 3 5 7 9 11 12 Avg. in Samples 
taken from 50 L

Amphiprora 161.5 59-5 85 34 42.5 63-75

Amphora 1725.5 1351-5 1938 1572.5 289 841.5 1284.66

A s te r io n e l la 2677-5 603 .5 416 .5 212.5 651.66

Chaetoceros 170 153 314.5 178.5 136

Cocconei s 42.5 85 21.25

Cyrtiatopheura 136 59.5 34 38.25

Cymbella 544 425 255 136 34 127.5 253.58

F r a g i l a r i a *169.5 85 102 34 115.08

Gryosigma 23k . 280.5 289 102 93-5 425 247.33

Navicula 2456.5 2439.5 1538.5 1190 297.5 561 1413.83

N i tzsch ia 297.5 255 280.5 119 76.5 297.5 221

Thai assionema 739.5 824.5 561 612 136 195-5 511.41

*Anabena 1377 493 1487-5 178.5 85 238 643.08

*Chroococcus *»59 493 110.5 59.5 187

*Though these are  not diatoms, these blue-green algae are  ind ica tors  o f  po l lu ted  cond i t ions.



more numerous in the clean areas than in the pol luted ones. On the 

other hand, members o f  the genus A s t e r io n e l l a , which are abundant 

everywhere, were able to withstand the e f fe c ts  o f  p o l lu t ion ;  th is  

becomes evident when the average numbers in the two tables  are com­

pared: 2371/50 l i t e r s  in the pol luted areas as compared with  652/50

l i t e r s  in the clean areas.

The genus Navicula contains many species,  some of  which are able  

to stand impacted waters,  others which prefer  clean waters.  They were 

present in approximately equal numbers in both hab i ta ts .

While members of  many genera were too few in number fo r  g e n era l i ­

zat ions as to t h e i r  importance, they were present in notably larger  

numbers in the o i l  po l luted s tat ions  than in the clean ones. This in­

dicates that those forms that are able to l i v e  in impacted areas often  

m ult ip ly  in great numbers, possibly,  in many cases, due to the disap­

pearance of  other forms that may feed on them and in that way normally 

l im i t  thei  r numbers.

Blue-green algae are in a d i f f e r e n t  grouping of algae than are the 

diatoms: however, because they are so able to stand poor condit ions,

some are used extensively  as indicators .  For th is  reason, i t  was in­

te rest ing  to note the numbers of  two of the common genera, Anabena and 

Chroococcus. Members of  the genus Anabena were found r e l a t i v e l y  abun­

dantly in both areas; however, members of  the genus Chroococcus were 

found qui te  abundantly in the pol luted areas,  and only a few specimens 

were found in the clean areas.

Po l lu t io n  de tect ion ,  based on the presence or numbers of  b io lo g i ­

cal mater ia ls ,  is be t te r  than chemical or physical factors  used alone
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(Stein 6 Denison, 1967; Goodnight, 1973)* Since diatoms are extremely 

varied as to species and are abundant in a l l  oceanic areas,  they re­

present an exce l len t  group o f  organisms to re la te  to disturbed areas.

Physical-Chemical Analysis

The physical conditions in a l l  stat ions during the period of  

co l lec t in g  the samples are shown in the Appendix (Tables 6 -1 2 ) .  Data 

is taken from Aramco and the Meterology and Environmental Protection  

Administrat ion (MEPA). The chemical parameters were tested by the 

author and Dr. Goodnight during the period of  study in May 1983* The 

test  apparatus was the portable  laboratory manufactured by Hach (DREL/ 

1c with  co lor im eter ) .

A b r i e f  summary of  the resu l ts  of  these tests  is as fol lows:

1. In both areas,  the ch lor ide  content was ppm.

2. Only very minor var ia t ions  occurred in the pH values between 

the two s ta t ions .  The waters tend to be highly a lk a l in e ,  with  a pH 

reading of  8 .2 .

3. No potassium (K) was found at  e i t h e r  s ta t io n .  Also,  no f ree  

acid was noted, nor was there any measurable iron content.

In the area of  the open seas when o i l  s p i l l s  occur, the natural

wave and wind action are helpful  in d iss ipating  the o i l ,  breaking up 

the o i l  s l i c k s ,  and thus reducing the toxic e f fe c ts .  This breaking up 

of  the o i l s l i c k  into smaller units also reduces the rate of  transport  

of  the sp i l le d  o i l  to other locations,  promotes i ts  degradation,  and 

mitigates the e f fe c ts  upon marine b irds .  In near shore and coastal  

areas,  the potentia l  fo r  ecological  damage from o i l  s p i l l s  is fa r
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greater ,  however, present data appears to indicate  that the s p i l l s  

of crude o i l  have no serious long term e f fe c ts .

The analysis needed for  the actual  predict ion of  possible dele ­

ter ious e f fe c ts  o f  o i l  s p i l l s  is d i f f i c u l t  and must be designed to 

include many d i f f e r e n t  fa c to rs .  Among these important factors are  

such d e ta i ls  as the volume and type of  o i l  s p i l l e d ,  the weather and 

sea condit ions,  the season of the year,  and the unique charac te r is t ics  

of the body of water so a f fec ted .

The o i l  r ich states surrounding the Arabian Gulf are discovering  

the unfortunate concommitants of economic growth, including p o l lu t io n .  

Saudi Arabia,  Bahrain, I ran ,  Qatar, Kuwait, Oman and the United Arab 

Emirates met in Kuwait under the aegis of  the United Nations Environ­

mental Program (UNEP) to determine what could best be done to clean up 

the Arabian Gulf and i ts  coast l ine .  Two environmental protection t r e a t ­

ies were developed. The f i r s t  t rea ty  pledges the states "to prevent,  

abate,  and combat p o l lu t ion"  and the second to cooperate in case of  an 

emergency ( fo r  example, a shipping or wel l  acc ident ) .
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CHAPTER V

CONCLUSION AND RECOMMENDATIONS 

Conclus ion

A study of  the Arabian Gulf was undertaken to study the e f fe c ts  of  

pol lu t ion  upon an area that is impacted with o i l  s p i l l s .  Other w e l l -  

documented studies have shown that o i l  s p i l l s  have a profound and ex­

tremely detrimental  impact upon the biota by changing the composition 

and r e la t i v e  abundance of the d i f f e r e n t  species.

To investigate  the e f f e c t  o f  o i l  po l lu t ion  upon planktonic organ­

isms, two areas,  both located in in t e r t id a l  zones, were investigated.  

One area was r e la t i v e ly  clean; the other highly impacted with o i l  

s p i l l s .  Because of the d iv e rs i ty  of  planktonic diatoms, they were 

selected as the index organisms. Both areas proved to have a d iv e rs i ty  

of diatoms, but the composition of  the fauna was d i f f e r e n t  in the two 

areas.

Members of  the genus Amphora were more numerous in the clean water  

area,  confirming the fa c t  that they require r e la t i v e l y  clean waters.

On the other hand, members of  the genus A s te r io n e l la , a group that can 

endure pol luted condit ions,  was much more abundant in the area impacted 

with o i 1.

Blue-green algae (not diatoms) were also more abundant in pol luted  

waters.  This is c h ara c te r is t ic  of  th is  group of plants .

These algae (diatoms and blue-green) together are useful organisms

for  indicating the condition o,f aquatic environments.

37
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Recommendations

Information regarding the biology of  the Arabian Gulf is ,  at  

th is  time, in s u f f ic ie n t  fo r  the complete understanding o f  the complex 

relationsh?ps that  ex is t  among the numerous plants and animals that  

compose i t s  b io ta .  For th is  reason, i t  is d i f f i c u l t  to make conclu­

sions regarding the e f f e c t  o f  o i l  sp i l lages .  Therefore,  many more 

studies need to be done on the organisms, t h e i r  l i f e  h is to r ie s ,  and 

t h e i r  in te r re la t io n s h ip s .  Aramco sc ie n t is ts  have done several studies  

the most important of  which is The Biotypes of  the Western Arabian 

G ulf , by Basson et  a l . (1977)-

A l imited amount o f  research has been done on the biota of  the 

Arabian Gulf by the In s t i t u t e  of  Ecology at  UPM, Aramco, and MEPA.

I t  is essential  that  more studies be done in order properly to devise 

methods and laws for  c o n tro l l in g  p o l lu t io n .  Al l  o f  those countries  

bordering on the Gulf need to be involved in th is  e f f o r t .  The present 

unsett led s i tua t ions  of  th is  area w i l l  aggravate th is  problem and also 

postpone reasonable solut ions.
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T a b le  6

Time of  High/Low Tide,  Date and Temperature 
Quaryyah, Saudi Arabia, May 18, 1983

Day Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours
0/12 1/13 2/1 it 3/15 4/16 5/17 6/18 7/19 8/20 9/21 10/22 11/23

18 0.8 0.7 0.5 0.4 0.4 0.3 0.1 -  1 -0 .1 0.1 0.4 0.5
W 0.6 0.6 0.6 0.5 0.5 0.5 0.4 0.3 0.3 0.4 0.6 0.8

Wednesday

Time 
h. m.

Height 
f t .  m.

18/0737 -0.1  -0 .0

1234 0.7 0.2

1514 0.5  0.2

1556 0.5  0.2

1944 0.3 0.1

2345 0.8  0.3

2

MAY

1

0
I I I I I I I V I  I I I I I I I I i I I M H

-0  1 O'. 7
Oi 8

1

Time Sample Taken 

6:00  P.M.

Temperature 41.6 -  25*5 Ce

-e-o
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T a b le  7

Time of  High/Low Tide ,  Date and Temperature 
Quaryyah, Saudi Arabia,  May 19, 1983

Day Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours
0/12 1/13 2/1A 3/15 V I 6 5/17 6/18 7/19 8/20 9/21 10/22 11/23

19 0.8 0.8 0.6 0.5 0. A 0.A 0.3 0.1 -0.0 -0.0 0.1 0.A
Th 0.5 0.6 0.7 0.6 0.6 0.6 0.5 0.A 0.3 0.3 0. A 0.6

Thursday

Time Height
h. m. f t . m.

19/0829 -0.1 -0.1
13V 0.7 0.2
20A0 0.3 0.1

MAY

0 -

-0.1

Time Sample Taken 

12:00 P.M.

Temperature A0.7 ~  26.5 C‘

9



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

T a b le  8

Time of High/Low Tide ,  Date and Temperature 
Quaryyah, Saudi Arabia, May 26, 1983

Day Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours
0/12 1/13 2 /1 A 3/15 V 1 6 5/17 6/18 7/19 8/20 9/21 10/22 11/23

26 0.7 0.5 0.3 0.2 0.3 0.5 0.8 0.9 0.9 0.8 0.8 0.8
Th 0.8 0.7 0.5 O.k O.k 0.6 0.8 1.0 1.0 0.9 0 .8 0 .8

Thursday

Time Height
h. m. f t .  m.

26/0256 0.2 0.1

073** 1.0  0.3

1513 0.*» 0.1

19**8 1.0  0.3

2 - i
MAY

1 I I I I I11 I I I I I 111 I I I III1

0 -

Time Samples Taken

11:00 A.M.

12:00 P.M.

temperature 38.9  -  2 k . 5 C‘

-e-N>



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

T a b le  9

Time of High/Low Tide ,  Date and Temperature 
Quaryyah, Saudi Arabia,  June 4, 1983

Day Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours
0/12 1/13 2/14 3/15 4/16 5/17 6/18 7/19 8/20 9/21 10/22 11/23

4 0.8 0.8 0.8 0.7 0.7 0.6 0.5 0.3 0.2 0.1 0.2 0.3
Sa 0.5 0.6 0.7 0.8 0 .8 0.8 0.7 0.6 0.5 0.4 0.5 0.6

Saturday

Time Height
h. m. f t . m.

4/0144 0.8 0.2

0910 0.1 0.0

1526 0.8 0.3

2115 0.4 0.1

2
JUNE

Time Samples Taken

12:00 P.M.

1:00 P.M.

Temperature 43-4 -  27 .2  Cc

-c-
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T a b le  10

Time of High/Low Tide ,  Date and Temperature 
Quaryyah, Saudi Arabia,  June 11, 1983

Day Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours
0/12 1/13 2 /1 A 3/15 4/16 5/17 6/18 7/19 8/20 9/21 10/22 11/23

11 0.7 0.6 0.4 0.3 0.3 0.5 0.7 0.8 0.9 0.9 0.8 0.7
Sa 0.7 0.7 0.6 0.5 0.5 0.7 0 .9 1.1 1.1 1.1 0.9 0.8

Saturday

Time Height
h. m. f t . m.

11/0324 0.2 0.1

0811 0.9 0.3
1004 0.8 0.2

1308 0.7 0.2

1527 0.5 0.2

1958 1.1 0.3

JUNE

0 -1I I i 11 I I I I I I I I I I I I I I I I ! I

Time Samples Taken

5:00 P.M.

6:00 P.M.

Temperature 45.0  -  28 .0  Ce

•c-•c-
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T a b le  10

Time of High/Low Tide ,  Date and Temperature 
Quaryyah, Saudi Arabia,  August 1, 1983

Day Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours
0/12 1/13 2/1A 3/15 A/16 5/17 6/18 7/19 8/20 9/21 10/22 11/23

1 1.2 1 .2 1.1 0.9 0.8 0.7 0.6 0.A 0.A 0.5 0.7 1.0
M 1.1 1.1 1.1 1.1 1.0 0.9 0.8 017 0.6 0.6 0.8 1.0

Monday

Time 
h* m.

1/0753

1323

2017

Height 
f t .  m.

0.A
1.2

0.6

0.1

0.A
0.2

2 -

AUGUST

I I I I I I I I I I I I I I I I I I I I I I I I

Time Samples Taken

9:00 A.M.

10:00 A.M.

Temperature 39.2 -  28.3

•p*vn



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

T a b le  12

Time of High/Low Tide ,  Date and Temperature 
Quaryyah, Saudi Arabia,  August 8, 1983

Day Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours Hours
0/12 1/13 2/1 k 3/15 V 1 6 5/17 6/18 7/19 8/20 9/21 10/22

8 0.6 O.k 0.2 0.2 0.3 0.5 0.7 0.8 0.9 0.8 0.7
M 0.8 0.7 0.6 0.5 0.7 0.9 1.1 1.2 1.2 1.0 0 .9

Monday 

Time Height
h. m.

8/02A7

0735

0958

1127
1AA1

1923

f t .  

0.2  

0.9  

0.7  

0.8 

0.5  

1.2

m.

0.0

0.3

0.2

0.2

0.2

0.A

2

AUGUST

0 - 1I ! I I I I I I I I I I I I I I I I I I I I 11 1
2k 6 1812

Time Samples Taken

6:00 P.M.

7:00 P.M.

Temperature M . 5  -  15.'

Hours
11/23

0.8
0.9

■p-O'



BIBLIOGRAPHY

A1 M a j a l l a . Jan. 15-21, 1983, 153.

American Petroleum In s t i t u t e .  1980. O i1 and the sea.

Aramco (Arabian American Oil Company). 1968. Aramco handbook: Oil
and the Middle East. Dhahran, Saudi Arabia.

Aramco (Arabian American Oil Company). 1982. Pr iva te  publ icat ion.

Aramco. 1983- Tables showing numbers of  o i l  s p i l l s  from 1980 to 1983 
and summary section of  l i s t in g  the Aramco e f f lu e n t  discharges to the 
Gulf .  Saudi Arabia,  Meteorology and Environmental Protection Agency 
o f  Aramco.

Basson, E. W., Burchard, J. E. ,  Hardy, J. T . , and Price,  A. R. G.
1977. Biotopes of  the Western Arabian G u l f . Dhahran, Saudi 
Arabia,  Aramco Department of  Loss Prevention and Environmental 
A ffa i  rs.

Bold, H. C. ,  and Michael, J. W. 1978. Introduction to the a lgae . 
Englewood C l i f f s ,  NJ, Prentice H a l l .

Center for  S tra tegic  and Internat ional  Studies,  Georgetown Univers i ty .  
1969. The Gulf implications of  B r i t i s h  withdrawal. Washington, DC, 
Special Report Series,  #8, pp. 1-110.

Cholnoky, B. J. 1968. Die Okologie der diatomen in binnengewassern, 
pp. 108-173. B e r l in ,  Germany, Verlag von J. Cromer.

Corner, E. D. S. 1978. Pol lu t ion  studies with marine plankton.
Part 1, Petroleum hydrocarbons and re lated compounds. Marine 
Biology, 15: 281-380.

Cushing, D. H. ,  and Walsh, J. J. 1976. The ecology of the sea. 
Phi lade lphia ,  W. B. Saunders.

Davies, A. G. 1978. Pol lu t ion studies with marine plankton.  Part I I .  
Meavy metals.  Marine Biology, 25: 381 -508.

F letcher ,  A. 1967* Survey of  tanker damages. Shipping World Ship-  
b u i l d , 160: 183- 186.

Garett ,  W. D. 1972. Impact of  natural  and man-made surface f i lms on 
the propert ies o f  the a i r -s e a  surface.  In The changing chemistry 
of the ocean, ed. D. Jagner. New York, Wiley Interscience.

47.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Giam, C. S. 1976- Po l lu tant e f fe c ts  on marine organisms. New York, 
Lexington Books.

Goodnight, C. J. 1973- The use of  aquatic macroinvertebrates as in d i ­
cators o f  stream p o l lu t io n .  Transactions of  the American Microscopi­
cal Socie ty , 92(1 ) :  1-13-

Grassle,  J . ,  Maxblumer, F . ,  Sanders, H. ,  and Hampson, G. P,. 1379•
A small o i l  s p i l l .  The D i r ty  Environment, 12: 115“ 175-

Gru l la rd ,  R.' R. L.., and Kolham, P. 1977- The ecology of marine plank­
ton diatoms. I n Biology of  diatoms, ed. D. Werner. Oxford, England, 
Blackwel1.

Hansmann, E. W. 1973. Diatoms of the streams of Eastern Connecticut.  
State  Geological and Natural  History Survey of  Connecticut B u l l e t i n , 
106: 119.

Handa, N. 0. 1977* Land sources of  marine organic matter.  Marine
Chemistry, 5: 3**1~359.

Hay, R. 1959* The Persian Gulf s ta te s . Washington, DC, The Middle 
East In s t i t u t e .

Karydis, M. 1981. The t o x i c i t y  of  crude o i l  fo r  the marine alga 
Skeletonema costatum cl eve in re la t io n  to nu tr ien t  l im i t a t io n .  
Hydrobiology, 85: ’>37“ 1 ^3•

Lannergren, C. 1978. Net and nannonplankton e f fe c ts  of  an o i l  s p i l l  
in the North Sea. Botanica Marine, 21: 353"356.

Lehr, W. J. 1983• Information on Nowruz o i l  f i e l d  s p i l l . Dhahran, 
Saudi Arabia,  Research In s t i t u t e ,  Univers ity  of  Petroleum and 
Minerals.

Lehr, W. J . ,  and Belen, M. S. The fa te  of  two large o i l  s p i l l s  in 
the Arabian G u l f . Dhahran, Saudi Arabia, Univers i ty  of  Petroleum 
and Minerals.

Lipscombe, B. 1982. Animal l i f e  in Saudi Arabia . Nebbiun, I t a l y ,  
B eter l i  pscombe.

Mai ins, D. C. 1977. E ffec t  o f  petroleum on a r c t ic  and subarctic  
marine environment and organisms. Vol . I I .  New York, Academic 
Press.

Oil Companies In te rnat ional  Marine Forum. 1980. Oil s p i11 s . London,
Wi therby.

Oostdam, B. L. 1978. Oil po l lu t ion  in the Persian Gulf and approaches. 
Marine P o l lu t io n ,  11: 138-1A4.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Palmer, C. M. 1962. Algae in water suppl ies. Washington, DC,
Divis ion of  Water Supply and Pollu t ion Control

Price ,  A. R. G. 1979. Temporal var ia t ions  in abundance of  penacid 
shrimp, larvae,  and oceanographic condition o f  Ras-Tanura 
Western Arabian Gulf .  Estaurine and Coastal Marine Science,
9: A51-A65.

Saudi Arabia Oil and Gas World. 1980. Dhahran, Saudi Arabia,  M in is try  
o f  Petroleum and Mineral Resources.

Smith, A. N. 1972. Oil po l lu t ion  and marine ecology. London, Elek 
Science.

Stacey, R. C. G. (Ed.) 1977• The kingdom of Saudi Arabia . London,
Stacey In ternat iona.

Steen, E. 1971- D i c t i onary o f  bio logical  terms. New York, Barnes 
and Noble.

Ste in,  J. E . , and Denison, J. E. 1967. In L imita t ions  of  indicator  
organisms, po l lu t ion  and marine ecology, eds. T. A. Olson and F. J. 
Burgess. New York, Interscience.

Vinyard, W. C. 1979- Diatoms of North America. Erueka, CA, Mad 
River Press.

Walgate, R. 1978. Po l lu t ion  in the Persian G u l f . Nature,  272: 573.

Wimpenny, R. S. 1966. The plankton of the sea. New York, American 
E ls iv ie r .

Ze i tsche l ,  B. ,  and Gerlech, S. A. 1973* The biology of  the Indian 
Ocean. New York, Heidelberg.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


	Studies on the Phytoplankton of Littoral Waters of the Arabian Gulf as Impacted by Oil Spills
	Recommended Citation

	tmp.1510342895.pdf.THFoh

