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The Gulf of Suez has been and still subjected to severe oil pollution
especially due to the massive ship movements in the Suez Canal and the
different petroleum activities concentrated in this area. Environmental
assessment of petroleum contamination with special emphasis to polynuclear
aromatic hydrocarbons taking place in Temsah Lake, Suez Canal and Suez
Gulf to identify the origin and sources of hydrocarbon contaminants as wel
as the levels and sources of PAHs present has been stdied. This study is a
part of a long monitoring programme put by the Egyptian Petroleum
Research lnstitte.

The first step in assessing the envirommental pollution stdy is to
determine the magnitde and the concentration of oil content. For Suez
Canal, data obtained show that oil contents are ranging between 33.6 and
65.6 mg/l for water samples and 110.5- 587.5 mg/kg of dry weight for
sediment samples. For Temsah Lake, oil contents results ranges between 2.80
and 103.3mg/1 for water samples, and 135.73 -634.61mgkg dry weight for
sediment samples. Oil content values for the collected fish samples are 138.6,
101.9, 133 and 128.8mgKg. Gulf of Suez, oil contents are ranging between
36-230 mg/L for water samples from 160 t0 360 mg/kg of dry weight for
sediment samples. Generally the oil contents for water, sediment and fish
samples are high enough to affect the aquatic life in one way or another.
Directly or indirectly the presence of the pollutants in fish tissues may be a
risk for their potential bioaccumulation in some tissues of the consumer's
bodies

The second step is to identify the source and type ofpollution using gas
chromatographic technique. For Sue Canal, water samples are contaminated
by mixed petrogenic with biogenic hydrocarbons while it is mainly
petrogenic for sediment samples. Based on the concept that each type of
hydrocarbon pollutants has its own feature (fingerprint), gas chromatographic
fingerprint of the studied samples reveal that the type of contaminations can
be attributed to crude oil, lubricating oil and/or mixed cnude oil. Regarding
the weathering degree, both weathered and severely weathered profiles are
present indicating continuous petroleum inputs in the stdied area. Different
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GC parameters were applied in order to identify the origins, sources and
degrees of weathering and also to detect the discrepancies in the results
obtained by these parameters ifpresent.

For Temsah Lake the gas chromatographic profiles indicate that the
source of contamination is pure petrogenic for water samples and either
petrogenic or mixed petrogenic with biogenic hydrocarbons for sediment
samples. The types of contaminations are crude oils, lubricating oils and fuel
oils. Concering the weathering degrees, all types of weathering are present
indicating continuous petroleum inputs.

For Gulf of Suez, the gas chromatographic profiles show that the
source of contamination is either petrogenic or mixed petrogenic with
biogenic for both water and sediment samples. The soures of contamination
is either petrogenic or mixed petrogenic with biogenic. Crude oil and
lubricating oils are the main source of contamination. All samples were
subjected to weathering in different degrees. The presence of crude oil
pollutants ofdifferent weathering degrees indicates the continuous petroleum
inputs.

The gas chromatographic information provides strong evidence that the
hydrocarbons contaminating the environment are mainly due to petroleum
inputs. However, it is generally advisable to support gas chromatographic
evidence by data from alternative methods of analysis. This confimmation is
provided by the UV absorption technique. UV spectroscopic technique fails
to give more infommations regarding the individual PAHs present, so the
distribution of individual PAHs were further investigated using high
perfommance liquid chromatography (HPLC). Investigation of individual
PAHs in the extracted oil from water and sediment samples is a very
important part of environmental quality assessment

The third step is to identify the distribution and the origin of the listed
reference US Environmental Protection Agency (EPA) priority pollutants; 16
polycyclic aromatic hydrocarbons (PAHs). Lnvestigation has been done using
high perfommance liquid chromatography (HPLC). Ouantitative
detemination of PAHs in case of Suez Canal shows that their concentration
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ranged from 212.34 t0 348.33g/1, 231.76 and 3099.82g/kg for water and
sediment, respectively. For Temsah Lake between52.463393g/1, 585.9-
8592.8g/kg and 1696.44785.7g/kg for water, sediment and ish samples,
respectively. Gulf of Suez showed the concentrations ranging from 81.15-
4441.88g/l, 763.5to 6741g/kg for water and sediments, respectively.
Different HPLC parameters (Phe./Ant. and Flu.PPyr.) were applied in order to
identify the origin of PAHs in collected samples. Data show that the origin is
either petrogenic, pyTogenic or mixed petrogenic and pyogenic.

Biostimulation treatment show the best results in biotreatment
techniques of oil polluted sediments regardless to the type of hydrocarbons
and their concentrations, indicating that biostimulation treatment accelerates
the biodegradation process, as compared to Staphylococcus gallinarumm
NSH37 and bioaugmentation treatments, for biostimulation treatment, the
degree of TPH removal reaches 77%, 53% and 74% for S21, S22 and S23,
respectively. For treatment with NSH37, the degree ofTPH removal reaches
50%, 41% and 47% for S21, S22 and S23, respectively. For bioaugmentation
treatment, the degree of TPH removal reaches. 38%, 21% and 36% for S21,
S22 and S23, respectively. Biostimulation expresses the highest rate in the
16-PAHs removal followed by treatment with Staphlococcus gallinarum
NSH37 while bioaugmentation treatent shows the lowest efficiency.

The results of this work showed that Staphylococcus gallinarum
NSH37 has potential application in bioremediation of oil polluted sediment
samples on the lab scale and it is recommended to be applied in the treatment
ofoil polluted environments.

In conclusion the oil contents in the Gulf of Suez environment are
shown to be high enough to affect the aquatic life specially the food chain.
Bioremediation is a proven altemative treatment tool that can be used in
certain oil contaminated enviromments. Typically, it can be used as a
polishing step afer conventional mechanical clean up options have been
applied.Repeated environmental assessments are still needed in order to
update the baseline information for future conservation programs.
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ANNEX-I

On 19 December 1972-OMAN - After a collision of Brazilian tanker
Horta Barbosa with the South Korean Tanker Sea Star spilled about 840,000
barrels of crude into the Gulfof Oman.

On 15 December 1976-USA - The Argo Merchant ran a ground off
Nantucket spilling 183,000 barrels of oil and causing a slick 160 k (100
miles) long and 97 km wide.

On 25 February 1977-PACIFIC - The Liberian-registered Hawaiian
Patriot caught fire in the Northemn Pacific spilling 723,000 barrels.

On 16 Mareh 1978-FRANCE - About 1.6 million barrels of crude
spilled after the Amoco Cadiz ran aground near Portsall in France's worst
ever tanker accident. The resulting slick eventually covered 125 miles of
Breton coast.

On 3 June 1979- MEXICG - An estimated 140 million gallons of oil
spilled from an exploratory well in the Gulf of Mexico, 80 km NW of Ciudad
del Carem, Campeche.

On 19 July 1979-TRINIDAD & TOBAGO - About 2.2 million
barrels of crude spilled after a collision ofT Tobago between the Atlantic
Empress and the Aegean Captain.

On 6 August 1983- SOUTH AFRICA - Fire broke out on the Spanish
tanker Castillo de Bellver and 1.8 million barrels of 1ight crude burnt off the
coast at Cape Town.

On 24 March 1989-USA - the Exon Valdez hit rocks in Prince
William Sound spilling 240,000 barrels of crude oil onto Alaskan shores.

 "مد
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On 19 December 1989 - MOROCCO - After explosions and a fire
Iranian tanker Kharg-5 was abandoned spilling 70,000 tonnes of crude oil,
endangering the coast and oyster beds at Oualidia.

On 7 February 1990- USA - The tanker, American Trader, leaked
300,000 gallons of crude from a gash in the hull causing an oil slick 22 km
1ong polluting Bosa Chica, one of southern Califoria's biggest nature
reServeS.

On 26 January 1991-KUWAIT - An estimated 240 million gallons of
oil were spilled from terminals, tankers and oil wells during the final phase of
the Iraqi invasion of Kuwait. The fate of cnude oil spilled into the Arabian
Gulf after the 1991 war (6-8 million barrels) has been a question of major
concern in recent years.

On 28 May 1991-ANGOLA/LIEERIA -A Liberian-registered
supertanker, ABT Summer, leaked oil after an explosion oTf Angola causing
an oil slick 17 nautical miles by three.

On 2 March 1992-UZBEKISTAN - An estimated 88 million gallons
ofoil spilled from an oil well at Fergana Valley.

On 19 September 1992 - INDONESIA - Liberian-registered tanker
Nagasaki Spirit collided with container Ocean Blessing in the Malacca Straits
spilling some 12,000 tonnes of cnude.

On 5 January 1993--UNITED KINGDOM - Oil poured on to the
coast of northemn Scotland's Shetland Islands after the 89,000-ton Liberian­
registered Braer hit rocks in heavy seas. The tanker carried 84,500 tons of
crude oil.

On 21 Janwary 1993- SINGAPORE / INDONESLA / MALAYSIA­
The 255,312-ton Singapore-registered tanker Maersk Navigator collided with
the empty tanker Sanko Honour in the Andaman Sea en route from Oman to
Japan. It was carrying a cargo of nearly 2 million barrels of oil. Its ruptred
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port side leaked bumning oil and spread a slick up to 35 miles (56 km) long
off Sumatra drifing towards India's Nicobar Islands.

On 11 February 1993--NETHERLANDS - Up to 30,000 seabirds
were feared killed by aparaffin oil slick thought to have been discharged by a
passing ship.

On 9 Mareh 1993-GERMANY/POLAND - The wreck of the Jan
Heweliusz, a Polish ferry which sank in the Baltic off Gemmany on January
14, leaked oil. The ship was estimated to have up to 80 tons of fuel on board.

On 3 June 1993--BELGIUM ١ UNITED KINGDOM - The tanker
was loaded with 24,000 tons ofpetrol, which poured out of a hole in the port
bow.

On 15 October 1993--GREECE - Oil leaked from the Greek tanker
Iliad killed wildlife and destroyed fish famms .oil slick was caused when the
tanker ran aground offthe island of Spaktiria on October 9.

On 7 January 1994--PUERTO RICO -750,000 gallons of heavy fuel
oil had been spilled and had spread to cover a six-mile (9.6 km) stretch of
shore. Conado Beach, the Conado lagoon and San Juan Bay were all
polluted.

On 6 Mareh 1994--THAILAND - About 105,670 gallons of diesel
fuel spilled into the sea

On 31 Mareh 1994-UNITED ARAB EMIRATES - 15,900 tons of
crude oil leaked into the Arabian Sea

On 8 May 1994--VIETNAM - About 200 tons spilled into the river
from the Vietnamese ship causing a 200-ton oil slick, which killed fish and
other wildlife.

 له

On 14 June 1994- INDLA - Indian authorities began siphoning off
700 tons ofoil from the Sea Transporter, a 6,000-ton Greek cargo ship which

165



ANNEX  اب

had been anchored off Aguada after it ran aground following a cyclone on
June 5.

On 23 ،June 1994-- SOUTH AFRICA - An oil slick washing ashore
on Dassen Island threatened a colony of endangered Jackass penguins and
polluted mainland beaches.

On 11 August 1994- UNITED STATES - The Columbus Iselin, a
ship conducting oil spill research, ran aground in the Looe Key National
Marine Sanctuary offthe Florida Keys and was leaking fuel.

On 2 October 1994 - PORTUGA -A Panamanian registered tanker,
Cercal, spilled about 2,000 tons of crude into the sea after striking a rock on
its way into Leixoes harbor.

On 17 October 1994 - CHINA - 1,000 meters of beaches and reefs at
Dongshan, were polluted by an oil spill blamed on the Huahai Number Two
tanker, owned by the state-nun Huahai Company ofBeijing.

5 June 1995 - SDNGAPORE - About 100 tons of fiel oil leaked from
a bunker fuel barge.

11 July 1995- AUSTRALIA - spilling more than 500 tons of fuel oil
and causing a major pollution. Thousands of fairy penguins were fouled with
oil.

25 July 1995-- SOUTH KOREA -A ship was loaded with 83,000 tons
of crude oil. It was drifing toward the country's best known sea resort. 700
tons offuel oil estimated to have been leaked.

15 February 1996 -- UNITED KINCDOM - The coast guard called a
full environmental alert when the 147,000 deadweight ton Liberian-registered
Sea Empress with a crew 0f 28 Russians hit rocks near the port of Milford
Haven, Wales. The tanker, operated ًby Acomarit, had been carrying 130,000
tons of light crude oil. On February 20 an estimated 40,000 tons of cnude oil
spilled -- a third ofits cargo --creating a four-mile oil slick.
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19 Mareh 1996-UNITED STATES - A barge operated by Bufalo
Marine Services Inc. and loaded with about 210,000 gallons of fuel oil
ruptured as it sailed through the Houston Ship Channel. About 4,200 gallons
of oil spilled into Galveston Bay, causing a five-mile-long (eight km) oil
slick.

On 7 January1997- JAPAN - Coastal fishing villages in northwestemn
Japan braced for economic and environmental catastrophe as oil slicks from
sunken Russian tanker Nakhodka coated beaches and threatened prized
shellfish beds. The spill from the ruptured tanker leaked 5,200 tons of heavy
fuel oi.

On 2 July 1997--JAPAN - A supertanker struck a shallow reef in
Tokyo Bay, a famed fishing ground, leaking an estimated 1500 tons of crude
oil.

On 15 October 1997 - SINGAPORE - More than 25.000 tonnes of
oil leaked out from the. vessel, and despite' huge amounts of dispersant
chemicals being applied both from the air and from vessels, the beaches of
several smaller islands offSingapore are covered with greasy sludge.

On 12 January 1998 - NIGERLA -40,000 barrels of oil spilled from
aruptured pipeline. The spill is considered the largest ever in Nigeria."

On 12 December 1999 - FRANCE - The Maltese-registered tanker
Erika broken up in stommy seas, and an estimated 15,000 tonnes of oil were
drifing towards France's Atlantic shore with disastrous consequences for
fishing and tourism.

On 27 December 1999-TURKEY - A Maltese-registered tanker
carrying 45,753 tons of oil ran aground at the mouTh of the Bosporus strait
across Istanbul, the largest city in Turkey, the Turkish Daily News reported.
Murat Zafer Cetintas, head of the Crganization of Eco-Warriors and the
Environment, was quoted as saying that if necessary precautions are not
taken, the city would face serious problems.
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On 27 December 1999 - ANGOLA - An offshore oil spill is
approaching the Angolan coast, posing a threat to the fishing industry. Radio
Ecclesia said the spill, which occurred in the Atlantic Ocean oil fields off
Cabinda province, was advancing towards the coast.

On 4 January 2000 - TURKEY - About 900 tons of fuel oil had
spilled and oil could be seen along five kilometers of the coast. Some 200
accidents over the last decade in the strait have caused oil spills and fires that
sometimes shut down the strait.

On 18 January 2000 - BRASIL - At least 130,000 gallons of crude oil
spewed out of a broken pipeline, polluting beaches and endangered plant and
animal life

On 24 Janwary 2000 - UNITED ARAB EMIRATES - The
Honduran-flagged cargo vessel Al Jazya1 sank 4 miles east of Abu Dhabi's
coast, laden with 980 tons of fuel oil. The tanker sank in bad weather leaving
an oil spill.

On 2 February 2000-BOLIVIA -A fash flood broke a cnude oil
pipeline, spilling hundreds of barrels of oil into the Desaguadero River that
flows into Lake Poop0.

On 2 February 2000-PHILIPPINES -A spill was said to have
destroyed 2,700 metres of coral reefs and other marine resources.

On,7 February 2000-BRAZLL - Brazilian authorities scrambled to
avert an environmental disaster in the Amazon jungle, after a barge holding
nearly 500,000 gallons of oil sunk to the bottom of the world's largest river
network.

On 1 April 2000 - INDONESIA - About 160.000 kilolitres of cnude
oil leaked out from the tanker "King Fisher".
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On 7 April 2000 - UNITED STATES -111,000 gallons of oil spilled
near Peco's Chalk Point Generating Station, affecting shorelines of the
Patuxent River in southemn Maryland.

On 23 June 2000 - SOUTH AFRICA - The oil spill began when the
bulk carrier Treasure carrying some 1,400 tonnes of oil sank off the coast of
Cape Town. The spill washed straight into Robben lsland.

On 6 ،July 2000 - UNITED STATES - 14.000 gallons of oil has
spilled when 828-thousand gallons spilled, killing more than ten million
lobsters and prompting a ban on fishing for fivemonths.

On 16 July 2000-BRAZLL - more than 1 million gallons of crude
leaked from a refinery into a river near the southemn city of Curitiba.
Television images showed a completely blackened river winding through the
countryside.

On 25 July 2000 - BRAZIL -A large oil slick again spread over Rio's
postcard-famous Guanabara Bay on Tuesday. The slick was broken up in
patches across an area ofmore than 20 square miles.

On 1 August 2000 - CANADA - estimated 264,600 gallons of cnude
oil spilled in a pipeline. The heavy oil had also begun killing some of the
river's fish.

On 8 August 2000-UNITED STATES - U.S. Coast Guard
investigators boarded ships in Miami and Port Everglades, trying to
detemmine which crew dumped oil off the South Florida coast, creating the
area's worst oi spill in at least a decade. The oil contaminated 15 miles of
beach, and all beaches along the 15-mile stretch were closed when the oil was
discovered.

On 2 September 2000 - MALAYSIA -A major cleamup is underway
following an oil spill from a sunken Chinese cargo ship at Tanjung Po
anchorage point at the Sarawak River mouth. The ill-fated 5,000 ton
Kingston registered vessel Double Brave was loaded with about 116 tons of
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diesel oil when it sank after a collision with a barge being towed by a
tugboat.

On 4 September 2000 - GREECE - Miles of coastline was threatened
by a spill, which came from the Cambodian-registered cement carrier
Eurobulker X. It was the sccond spill within a week, following a smaller spill
from a grounded freighter offthe island of Kythira.

On 14 September 2000 - UNITED STATES - Wind and high waves
spread a 30,000-gallon oil spill across Sandy Hook Bay, efforts to contain
and clean up the mess.

On 4 October 2000 - INDONESIA - An estimated 7.000 tons of oil
has been spilled in lndonesian waters off the Batu Berhanti Beacon, after a
Panama registered tanker, Natuna SSea, ran aground damaging 4 of its cargo
tanks.

On 4 November 2000 - BRAZIL - 13,200 gallons of cnude near a
popular beach resort area. The accident caused a slick measuring 492 feet,
and posed a risk for the region's bustling beach resorts nearby.

On 14 November 2000 - HONG KONG -230 cubic metres of heavy
oil leaked into the sea north ofHongkong's Lantau lsland,

On 28 November 2000 - UNITED STATES - A tanker spilled half a
million gallons of crude oil into the Mississippi River, closing a busy
shipping route for 26miles and threatening wildlife.

On 14 January 2001- TAIWAN - Some 1,150 tonnes of fuel oil
gushed out ofa Greece-registered ship carrying 60,000 tonnes of iron ore,
afer it ran aground off the Kenting National Park. Marine mammals in the
area, such as dolphins, were highly endangered by the spill.

On 15 January 2001- NORWAY - 750 tons of sludge had leaked
from Norcem's facilities at Brevik. By the aftemnoon, some 100 tons had been
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recovered within the containment area around the tank, whilst another 190
tons had been recovered from the sea.

On 16 Rebruary 2001- INDONESIA - 800 tonnes of sump oil had
leaked from a ship and reached the shore.

On 20 Mareh 2001- BRAZIL - Up to 316,000 gallons of diesel had
leaked. A huge diesel slick appeared o the surface when the platfomm sank to
bottom of the ocean floor, almost a mile down. This was just another in a
series ofoil spills that have plagued the state owned Petrobras.

On 25 March 2001- DENMARK - More than 764,000 gallons of oil spilled.
A slick about 9.3 miles long and 161/2-feet wide slipped into the narrow
Groensund strait between the Danish islands of Moen, Bogoe and Falster,
while the bulk ofthe oil remained in the Baltic Sea off southem Denmark.

On 6 April 2001- UNITED ARAB EEMIRATES - The spill was caused by
the Iragi fuel tanker Zainab, suspected of smuggling around 1,300 tonnes of
fuel oil from Lraq.

On 24 May 2001-BRAZIL - Petrobras, infamous for a series of spills
over the previous two years, There were two oil slicks some 90 km off the
coast, one of approximately 110,000 liters and another of some 10,000 1iters
ofcrude.

On 25 May 2001-CHILE - An oil tanker that ran aground in aremote
southemn Chilean fjord has spilled some 350,528 litres of crude, leaving an oil
slick 70 miles (112 km) long and damaging wildlife

On 28 May 2001- MALAYSLA - An oil tanker with some 67 tomnes of
fuel, including diesel and 1,500 tonngs ofbitumen, sunk after it was crashed
from behind by a super tanker about 7.5 nautical miles ofT Pulau Undan, near
Malacca.
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On 30 May 2001- BRAZIL- Oil giant Petrobras said a break in its
Paulinia pipeline dumped 220,000 liters of fuel oil in a residential
neighborhood. The spill, which occurred 30 kilometers from the city of Sao
Paulo, follows two unexplained and unclaimed oil spills in the Campos Basin
offthe coast ofRio de Janeiro state.

On 10 June 2001- PHILIPINES -an oil spill has already affected a
six-kilometer stretch of Carmona-Bifan River, just a few kilometers away
from the Laguna Bay.

On 13 June 2001- MALAYSIA - The 533 ton MV Endah Lestari was
on its way to East Kalimantan in Idonesia with some 600 tonnes of the
poisonous industrial chemical phenol, and 18 tonnes of diesel. Newspaper
reports said the toxic spill had killed thousands of fish and Singapore
authorities have wamned its citizens to stay away from nearby waters.

On 4 August 2001- USA - about 35,000 gallons (133,000 liters) of
diesel fuel when it struck a rock and sank in the northemn part of the sound
about 40 miles (65 k) southwest ofthe port ofValdez.

On 10 August 2001 - MICRONESIA -A sunken World War II ship
has been gushing 300 to 500 gallons of oil per hour into the Ulithi Atoll
lagoon. The cause of the spill is the USS Mississinewa, a 553-foot Navy oiler
sunk in 1944 by a one-man Japanese suicide submarine.

0n22 September 2001- USA - The fuel oil spill occurred at Barbour's
Cut in La Porte, Texas, and some 860 barrels of fuel oil leaked into the
channel. About 18,000 feet of boom were set up to contain the oil, and
skimmers removed it.

On 4 October 2001- USA - Crews were slowed by explosive vapors as
they tried to plug a leak in the trans-Alaska Oil Pipeline that spewed nearly
300,000 gallons of oil into the wilderness.

On 18 October 2001- BRAZIL - State oil giant Petrobras, which
owns the tanker, said about 103,000 gallons (392,000 1itres) of naphtha, an
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oil product lighter than gasoline, spilled into the Paranagua port area, about
380 miles (600 km) southwest of Rio.

On 21 November 2001 - GERMANY - Almost 2,000 tonnes of nitric
acid has spilled into the Rhine River.

On 11 December 2001 - FINLAND - Oil from a spill off the country's
west coast has washed ashore on somne 1.24 miles of Ruissalo lsland's
coastline.

On 22 January 2002- THAILAND - Some 100,000 litres of oil had
spilled from the Panama-registered tanker Bastern Foritde when it hit a
rock in Rayong Bay a week earlier.

On 8 February 2002 - UNITED STATES - A ship that sank nearly 50
years ag0 was to blame for a mystery oil spill that had killed more than 1,300
birds since November 2001.

On 9 Febrwtary 2002- NEW TEALAND - more than 700 tonnes of
fuel ran aground a few hundred metres from the north island port of
Gisbome. Already, several tonnes of thick black oil has drifted 400 metres to
shore, polluting nearby rivers, beaches and coastline and sending noxious
fumes over dozens ofhouses.

On 4 April 2002- JAPAN -The 10-kilometer (6.2-mile) long spil had
been slowly moving towards the coast since it bubbled to the surface from a
Belize-registered cargo ship that sank four days earlier, after colliding with a
fishing boat.

On 6 April 2002- USA - a 90,000-gallon crude oil spill off the
southeast Louisiana coast.

On 12 June 2002- SINGAPORE - about 450 tonnes of marine fiel oil
to spill into the south-eastern waters of Singapore.
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On 31 July 2002- ROMANIA - Tons of oil gushed into a river in
southemn Romania after torrential rains damaged a pipeline. The spill
occurred in the Prahova River

On 12 September 2002-SOUTH AFRICA - Salvage teams and
ecologists battled to contain a spill of oil and chemicals from a blazing cargo
vessel, and to prevent tides from pushing the spill into the pristine Saint
Lucia wetlands, a wildlife sanctary nearby. Wildlife officials wamed that a
serious oil spill could pollute the Umfolozi River and a nearby estuary, and
damage mangroves, crocodiles, hippos and a turtle nesting area in the park.

On 13 November 2002-SPAIN - Four tugs failed in their attempts to
rescue a leaking oil tanker with 77,000 tonnes of fuel aboard, which later
broke in two and sank off the northwestem coast of Spain. The Prestige,
Greek-owned and registered in the Bahamas, leaked most of its cargo, and
the oil washed up on the Galician shores and approaching the coastlines of
Portgal and France. All fishing activities had been banned in the area, and
the incident was fast becoming one of the worst ecological disasters ever to
happen.

On 23 November 2002-CHINA -A Chinese ship has collided with a
Maltese-registered oil tanker, spreading an oil slick 2.5 miles by 1.4 miles
across the Bohai Sea.

On 5 December 2002-SINGAPORE -A potentially disastrous crude
oil spill in Singapore waters was contained to just 350 tonnes when a small
general cargo vessel collided with a heavily-laden single-hulled tanker in the
middle of the Singapore Straits.

On 14 February 2003-USA - Clean up operations are underway at
Midway Atoll National Wildlife Refuge after an underground corroded
pipeline fitting released as many as 100,000 gallons of fuel in the fiel famm
area  كي
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On 18 March 2003- AUSTRALIA -A large oil spill was threatening
to pollute the Brisbane River, where up to 1.5 million litres of crude oil had
leaked from a ruptured pipeline at the Santos temminal.

On 20 March 2003- VIETNAM - Thousands of acres of clam and
shrimp famms were in danger after a ship carrying 600 tonnes of fuel oil sank
in the river in Ho Chi Minh City.

On 31 May 2003- SWEDEN -100 tonnes of oil had already leaked out
into the water, and a large oil slick gushing from the vessel had hit Sweden's
popular southeastern coast.

On 12 June 2003-SINGAPORE - The MV APL Emerald, a 40077
ton container ship, spiled about 150 tomnes of fuel oil when it ran aground
near Horsburgh Lighthouse, in the eastern approaches of the Singapore
Straits.

On 12 July 2003-RUSSIA - More than to tonnes of fuel had leaked
in the past few days from the Takeo Maru. The leaked oil is floating in the
Tatar strait and heading for the coast.

On 13 August 2003- PAKISTAN - An oil tanker had broken up off
Pakistan's Arabian Sea port, Karachi, after spilling nearly 10,000 tonnes of
oil.

On 19 January 2004- PHLIPPINES - An oil spill coming fiom a
diving boat that ran aground at the Apo Manor Reef in December, Residents
of Barangay Siblayan in Occidental Mindoro, a nearby coastal town, said that
the M/V Island Explorer had started to leak bunker fuel, endangering the reef
which serves as a fish nursery .

On 20 January 2004- NORWAY - A large oil spil had started
spreading from the capsized cargo vessel "Rocknes", that spilled several
thousand litres of oil and bunker fuel along the coastline near the city of
Bergen.
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On 4 March 2004- CDINA - Nearly one million people in south­
westemn Sichuan province were without water for drinking and bathing, afer
chemicals spilled from a factory into an important Yangtze river tributary.

On 2 October 2004 - INDONESIA - Oil began leaking in the region
known as the Thousand Islands, and govermment officials said the spill may
have been caused by leaking oil pipes operated nearby by China National
Offshore Oil Corp, or by a mishap loading oil onto tankers.

On 14 October 2004 - USA - Emergency crews scrambled to control a
massive south Sound oil spill that spoiled portions of Tacoma's
Commencement Bay and stretched for miles in a bluish-black sheen,
threatening pristine beaches and wildlife on Maury and Vashon islands.

On 18 November 2004- BRAZL - oil slick spread from a cargo ship
that exploded and broke in half at a port in southemn Brazil. Workers found
dead fish and dolphins in the toxic slick of fuel oil, diesel fuel and methanol
that leaked from the .ship. The slick, which blackened rocks and beaches,
stretched for more than 20 kilometres from the port of Paranagua.

On 21 November 2004- CANADA - Scientists wamn the 44,000 gallon
oil spill at an oil platfomm off Canada's Newfoundland province could kill up
to 100,000 seabirds. The spill coming at a bad time for the birds.

On 26 November 2004 - USA -A tanker has spilled what was initially
estimated as appr. 30,000 gallons of cnude oil into the Delaware River
between Philadelphia and southern New Jersey, immediately creating a 20-
mile slick that threatened fish and birds.

On 7 December 2004 - CHINA - Nearly 450 tonnes had been spilled.
Oil was mainly leaking from the fuel tanks of the MSC Ilona that caused a
slick about 17 kilometers long and up to several hundred meters wide.

 "م

On 10 December 2004- USA - Thousands of gallons of fuel oil
spilling out of a Malaysian freighter that snapped in two off the US state of
Alaska put the Aleutian islands' fiagile ecosystem in jeopardy, fueling fears
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of an emvirommental crisis 15 years afer the Exxon Valdez disaster. The
Selendang Ayu's 480,000-gallon (1.8 million-litre) stock of thick fuel was
leaking into the water off Unalaska Island, killing comorants and marine life
and leaving a thick and dark coating on beaches. Wildlife in the area includes
endangered or threatened species such as Steller sea lions and Steller's eiders
as well as westemn Alaska sea otters, the population ofwhich is dwindling.

On 20 December 2004-EGYPT - An oil slick in the Suez Canal was
threatening to reach the Mediterranean, port sources said. The spill was
caused by a leak in a Kuwaiti tanker carrying 160,000 tonnes of crude, after it
collided with a dredger further south on December 14. The slick had tripled
in size over a week several aguatic species were threatened by the
contamination, and foreign officials charge that the Egyptian authorities have
no adequate strategy to face such envirommental threats and lack means to
combat them.

On Monday 27 February 2006-Suez Canal: Liberian tanker leaks
3,000 heavy fuels in Suez Canal.
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ANNEX-I

Hydrochemistry of water

Complete chemical analysis of the collected water samples show in
Table (1) including PH, EC, TDS major cations and major anions were
carTied out using standard methods for the Bxamination of water and waste
water. The results of these analyses are expressed in ppm, epm and epm %
and presented in Table (1) the chemical characteristics of water in the stdy
area are discussed using the following parameters:

1- Total dissolved solids (TDS)
2- Frequency distribution of major ions
3- lon ratios
4- Hypothetical ion combinations
5- Hydrochemical facies and genetic classifications

A- A-sulin diagram
B- B-piper diagram

Total dissolved solids

Total dissolved solids content of water is the chemically determined
residue on evaporation, which is determined by evaporating to dryness a
known volume of water at specified temperature usually 180%C. TDS also
may be estimated from the conductivity because TDS in mgl is proportional
to the conductivity inmicromhos:

TDS (mg/L) =A Conductivity (mhos س)

Where A=0.54-0.96 (usually 0.64)

In the stdy area, the TDS values of the water samples ranges between
11451 and 52080 mg/L
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Table (1): Chemical composition ofwater samples

S.N. pH Ec TDs Temp nltلا Maior Catoins Tc Major Anions TA
mg/L ·c Na K Ca Mg cn HCO3 SO4

op 11763.0 244.5 415.2 1036.3 19870.0 134.0 2987.0
٦1 8.6 38.5 36561 28.4 eDm 511.43 627 20.76 86.36 624.83 559.72 2.20 62.23 624.14

epm% 81.9 1.0 3.3 13.8 89.7 0.4 10.0
ppm 10919.0 284.0 414.0 1356.0 19887.0 134.2 2772.0

2 8.6 37.9 35987 28.4 epm 474.74 7.28 20.70 113.00 615.72 560.20 2.20 57.75 620.15
epm 9 77.1 1.2 3.4 18.4 90.3 0.4 9.3

pDm 10919.0 282.5 443.0 1222.0 19026.0 135.1 2670.0
3 8.5 36.8 34972 28.1 epm 474.74 7.24 22.15 101.,83 605.96 535.94 2.21 55.63 593.78

epm % 78.3 1.2 3.7 16.,8 90.3 0.4 9.4
Dom 8671.0 231.1 401.5 1031.0 15822.0 140.2 2173.0

4 8.8 30.5 28989 27 و. epm 377.0٥ 5.93 20.08 85.92 488.92 445.69 2.30 45.27 493.26
epm % 77.1 1.2 4.1 17.6 90.4 0.5 9.2
ppm 10035.0 201.0 351.0 817.0 17084.0 130.0 1949.0

5 8.6 32.2 30617 29.3 epm 436.30 5.15 17.55 68.08 527.09 481.24 2.13 40.60 523.97
epm % 82.8 1.0 3.3 12.9 91.8 0.4 7.7

ppm 8365.0 170.0 267.0 587.0 13581.0 140.0 1840.0
6 8.7 26.5 25198 29.3 epm 363.70 4.36 13.35 48.92 430.32 382.56 2.30 38.33 423.19

epm % 84.5 1.0 3.1 11.4 90.4 0.5 9.1
Bpm 12622.0 338.0 475.2 1449.0 22850.0 110.0 2367.0

٦ 8.6 42.6 40460 29.3 epm 548.78 8.67 23.76 120.75 701.96 643.66 1.80 49.31 694.78
epm % 78.2 1.2 3.4 17.2 92.6 0.3 7.1

DDm 9857.0 169.0 345.0 871.0 16814.0 146.0 2062.7
8 8.5 31.9 30371 26.8 epm 428.57 4.33 17.25 72.58 522.73 473.63 2.39 42.97 519.00

epm % 82.0 0.8 3.3 13.9 91.3 0.5 8.3
ppm 5750.0 403.0 756.1 1195.0 12426.0 150.0 1743.0

9 8.6 23.8 22658 26.9 epm 250.00 10.33 37.81 99.58 397.72 350.03 2.46 36.31 388.80
apm % 62.9 2.6 9.5 25.0 90.0 0.6 9.3

ppm 11187.0 279.0 423.0 1106.0 19537.٥ 140.5 2274.0
1٥ 8.7 33.9 32257 29.1 epm 486.4 7.2 21.2 92.2 606.9 550.3 2.3 47.4 600.02

epm % 80.1 1.2 3.5 15.2 91.7 0.4 7.9
DDm 10785.0 264.5 472.0 1214.4 19222.0 122.5 2577.٥

1 8.7 36.9 35124 28.2 epm 468.91 6.78 23.60 101.20 600.50 541.46 2.01 53.69 597.16
epm % 78.1 1.1 3.9 16.9 90.7 0.3 9.0
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Con. Table (1): Chemical composition ofwater samples

S.N. pH Ec TDs Temp Unlt Major Catoins T.c Malor Anions TAmglL ·c Na K Ca Mg c Hco3 S04
11451 pDm 3093.0 110.3 184.2 434.6 5605.4 199.5 913.9

12 8.5 12 25.8 epm 134.48 2.83 9.21 36.a2 182.74 157.9٥ 3.27 19.04 180.21
epm % 73.6 1.5 5.0 19.8 87.6 1.8 10.6

DDm 4478.0 186.0 286.0 759.0 8656.0 211.1 1266.3
13 8.4 17.4 165a2 25.8 epm 194.70 4.77 14.30 63.25 277.٥1 243.83 3.46 26.38 273.67

epm % 70.3 1.7 5.2 22.8 89.1 1.3 9.6
DDm 5889.9 179.0 346.0 738.3 10528.1 231.9 1648.0

14 8.5 21.1 20121 25.8 epm 256.08 4.59 17.30 61.52 339.49 296.57 3.80 34.33 334.70
epm % 75.4 1.4 5.1 18.1 88.6 1.1 10.3
ppr) 11958.0 429.2 611.8 1602.0 21770.0 137.3 3519.9

15 5.3 42.2 40154 25.7 epm 519.91 1.00 30.59 133.50 695.01 613.24 2.25 73.33 688.82
epm % 74.8 1.6 4.4 19.2 89.0 0.3 10.6

DDm 14119.0 400.5 624.0 1271.٥ 23927.0 197.7 3430.0
16 8.4 46.9 44642 25.7 epm 613.87 10.27 31.20 105.92 761.26 674.00 3.24 74.46 748.70

epm % 80.6 1.3 4.1 13.9 90.0 0.4 9.5
npm 11238.0 608.0 1045.0 2031.0 23278.0 1372.9 1699.0

17 8.3 44.5 42251 26 apm 488.61 15.59 52.25 169.25 725.70 655.72 22.51 35.40 713.62
epm % 67.3 2.1 7.2 23.3 91.9 3.2 5.0

nDm 13280.3 402.3 608.3 1589.0 23742.0 122.0 3592.0
18 8.4 45.8 43579 25.6 epm 577.4٥ 10.32 30.41 132.42 750.55 668.79 2.00 74.83 745.62

epm % 76.9 1.4 4.1 17.6 89.7 0.3 10.0
DDm 13349.0 420.0 587.0 1680.0 24478.0 103.7 3397.0

19 8.3 46.6 44288 25.8 epm 580.39 10.77 29.35 140.0٥ 760.51 689.52 1٠7٥ 70٠77 761.99
epm % 76.3 1.4 3.9 18.4 90.5 0.2 9.3

DDm 14291.0 389.0 593.0 1284.0 24356.0 131.8 3399.9
20 8.4 47 44651 25.7 epm 621.35 9.97 29.65 107.00 767.97 686.08 2.16 70.83 759.07

" epm % 80.9 1.3 3.9 13.9 90.4 0.3 9.3
DDm 13568.0 382.0 664.0 1361.0 24247.0 67.1 2869.0

21 8.3 45.5 43246 26 epm ٣#589.9 : 9.8 33.2' 113.4 746.3 683.0 1.1 59.8 743.88
epm % 3%79.04 1.31 4.45 4 15.20 91.82 0.15 8.03

DDm 14961.00 509.50 572.00 1867.0٥ 27068.00 189.20 3992.80
22 76 54.8 52080 17.6 epm 650.80 13.03 28.54 153.64 846.02 763.59 3.10 83.13 849.82

epm % 76.93 1.54 3.37 18.16 89.85 0.36 9.78
DDm 15321.00 1751.00 473.00 1055.00 28243.00 177.0٥ 1760.80

23 7.5 53 50194.8 25 epm 666.46 44.79 23.60 86.80 821.65 796.70 2.90 36.66 836.26
epm % 81.11 5.45 2.87 10.56 95.27 0.35 4.38
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Frequency distribution of major lons

 جد م

The fequency distribution of cations (Na'+ k, Ca",Mg) and anions
(Cl, HCO,, S0و ) and TDS in the water samples collected from the study
areas is given in the fomm of histograms Figs.(1 and 2) Where the following
notes could be dedced.:

Table (2): The min, max and mean values of major ions for water samples.
Mean
2708.6
494.7
1204.6

18807.9
202.1

2506.5

Parameters Min Max
Na+K 3203 15470

Ca 184 1045
Mg 435 2031
C1 5605 27068

HCo3 67.1 1372.9
$04 913.8 3992.8

٤١١٠٣٤٤٤٤٤٢٢٦٢١٢٤٩٤
٤١ لا١١٦١٩١٥١١٤١٤١٩١٦١1٢١١٩١٦٠5٥ )لا للا

Ne, ٥auleإ م

 soيلا

 لإ ­ز
#og

1 م لا ن$ ن م و١١١٠ لا٥ لد٠٥
Ma.  ءعpk أم موة

Ne.  اs»p آه

Fig.(1): Hrequency distribution of major cation for water samples.
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Fig.(2): Freguency distribution ofmajor anion and TDS for water samples.

Ion ratios

Expression of the relationships among ions, or of one constituent to the
total concentration in tems of mathematical ion ratios, is often helpful in
making resemblances and differences among water types. lon ratios are also
very useful critenia used to detect the mineralization sources in the analyzed
water sample .or example, the ratio of calcium to magnesium may be useful
in studying water from limestone and dolomite and may help in tracing sea
water contamination. The ratio of sodium to total cations is usefl in areas of
natural cation exchange, while the ratio of chloride to another ion also may
be useful in stdies of water contaminated with common salt (sodium­
chloride) the following ion ratios are chosen for the studied area see Table
(3).
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Table (3): lon ratio ofwater samples collected fiom the stdied area

s.N Na'ICr (Cr" -Na) ٥-C١ ا s0,ICr cr١ ca-١ Mg"Icr Ca١ Ca١ Mg""IHco, (Cr -Na) Na'-Cr) ا )١
cr Mg"" HCo," cr so; HcO," Mمg " so,

1 0.٥1 0.09 0.24 0.11 255.25 0.04 0.15 0.33 9.44 38.83 0.57 -0.79
2 0.85 0.15 0.19 0.1٥ 255.01 0.04 0.20 0.36 9.39 50.72 0.77 -1.49
3 0.88 0.12 0.22 0.10 242.42 0.04 0.19 0.40 9.98 45.42 0.61 -1.11
4 0.85 0.15 0.24 0.1٥ 194.23 0.04 0.19 0.44 8.72 36.92 0.82 -1.53
5 0.91 0.09 0.26 0.,08 226.16 0.04 0.14 0.43 8.22 31.55 0.68 -1.12
6 0.95 0.05 0.28 0.10 166.94 0.03 0.13 0.35 5.81 21.05 0.40 -0.50
٦ 0.85 0.15 0.20 0.08 357.51 0.04 0.18 0.48 13.15 66.13 0.80 .1.94
8 0.90 0.1٥ 0.24 0.09 198.21 0.04 0.15 0.40 7.19 29.95 0.64 -1.06
9 0.٦٩ 0.29 0.38 0.10 142.55 0.11 0.28 1.04 15.34 39.99 1.02 -2.77
10 0.88 0.12 0.23 0.09 239.31 0.04 0.17 0.45 9.17 39.52 0.٦٩ -1.36
1٦ 0.87 0.13 0.24 0.1٥ 270.05 0.04 0.18 0.44 11.73 49.77 0.73 -1.36
12 0.85 0.15 0.26 0.12 48.36 0.06 0.23 0.48 2.81 10.94 0.66 .1.24
13 0.80 0.20 0.23 0.1١ 70.57 0.,06 0.26 0.54 4.12 18.05 0.79 -1.87
14 0.86 0.14 0.28 0.12 78.14 0.06 0.20 0.50 4.54 15.98 0.67 -1.19
15 0.85 0.15 0.23 0.12 272.95 0.05 0.21 0.42 13.57 58.59 0.٦ -1.28
16 0,91 0.09 0.30 0.11 208.33 0.05 0.15 0.44 9.61 32.28 0.58 -0.85
17 0.74 0.26 0.31 0.05 29.18 0.08 0.25 1.47 2.32 7.43 1.00 4.74
18 0.86 0.14 0.23 0.11 334.88 0.05 0.20 0.41 15.18 65.38 0.7٥ -1.23
19 0.&4 0.16 0.21 0.10 406.19 0.04 0.20 0.41 17.23 81.32 0.79 -1.55
20 0.90 0.1٥ 0.28 0,10 318.09 0.04 0.15 0.42 13.70 48.92 0.62 -0.92
21 0.86 0.14 0.30 0.09 621.83 0.05 0.16 0.55 30.12 101.82 0.84 -1.57
22 0,85 0.15 0.19 0.11 246.24 0.04 0.20 0.34 9.20 49.54 0.73 -1.36
23 0,84 0.16 0.27 0.05 274.72 0.03 0.11 0.64 8.14 29.93 1.50 .3.55

،
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Na'ICI Ratio

The Na'/Cl ratio is a good indication for the chemical contamination of
the natural water. The values of this ratio are always higher than unity in
fresh and meteoric water, while it is less than unity in sea water.

Na'=Cl indicates halite dissolution

Na"< Clindicates reverse softening (brine or sea water)

2 ه إ Na +Ca-Clay> Ca +2Na-Clay

Na+> Cl indicates a Na source other than halite or natural sofening.

Ca'+2Na-Clay->2Na'+Ca-Clay ٠٦"

Fig (3) shows the relation between Na'+ K (epm) vs. ClTepm) of the
water samples. It is noted that all samples of the stdied area have

Na" /Cl- values lower than unity suggesting that mineralization of these
samples is due to marine chloride salts (MgCl and CaClو ).

70٥

oa«ع 
8  sمم

$ ،
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10٥ 200 300 406 5o0 60 Tp0

CI(epm)

Fig.(3): Relation between (NaK) vs. Cl.

Ca''/Mg Rato
،

This ratio is useful in stdding the different origins of the two ions.
Carbonate rocks and dolomite contain mainly both Ca" and Mg" ions. Base
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Exchange process of Mg [on against Na' or Ca' is another source of
magnesium ion.

Ln sedimentary rocks the lowest Ca"/Mg will occur with dissolution
of dolomite where Ca" will be approximately eual to Mg" (Meisler and
Becher, 1967) This is suggested by a moderate TDS of about 500 mg /.
however, Ca"/Mg approaches once it is very likely that Ca" has been
removed from the solution this process is commonly called dedolomitization
if Mg" is greater than Ca" there are two common possibilities. The first is
the dissolution of ferromagnesian minerals from mafic or ultramafc rocks
where the TDS will be low about 100-200 mg/l. the second would be sea
water intrusion where the TDS would be high- probably greater than 500
mg/l.

Fig•• اد إ}٠ (4) shows the relation between Ca vs. Mg' for the studied area,
the Ca'/Mg ratio is found to be less than unity for the analyzed water.
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Fig.(4): Relation between Ca vs. Mg.

$O,-/CI Ratio

This ratio is useful in detecting the influence of halite, gypsum, or
anhydrite Collins (1972) found that generally the epm SO,-/CI ratio ranged
fiom 0-0.34, although usually it was <0.17 Hem (1992) suggests that
sulphate in ionic proportions similar to sea water may indicate salt water
intrusion the value of SO/Cl in sea water is 0.405 (meq/l).
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In the studied area, all water samples have SO" ion concentration less
than the Cl ion, which may be due to a higher content of halite salts within
the aquifer deposits leading to an excess of Cl ion content the average value
0fSO,-/CI is 0.1.

CIICo; Ratio

The Cl/HCoي ratio is low in case of water samples with low salinity
due to the mixing with surface water and irrigation water. Dissolution of
carbonate rocks dolomite and limestone are another source of:bicarbonate ion
content. In the studied area ,ClIHCO, ratio is found to be more than unity
the average value is 230 with high TDS values, ln general ,the higher the
salinity the higher the CI/HCO; ratio ofwater.

CaICI and Mg"ICI Ratios

These ratios, which represent a relative relationship beteen theless
abundance ions (Ca & Mg") and the conservative ion (Cl), are helpful in
studying the modification of water composition due to leaching action of
different salts. Hn stdied area ,the average values for these ratio is 0.05 for
Ca'/CI ratio and 0.19 for MgICr ratio Fig.(5) shows the relation between
Mg" vs Cl for the analyzed water. This plot is an indication for the degree
of mixing between marine and fresh water the location of the points around
the 1:4 line (sea water composition).
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Fig.(5): Relationbetween Mg vs. Cl.
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Ca''/So,- Ratio

Generally, sulphate is the result of direct dissolution of gypsum (or
anhydrite) or the neutralization of acid waters by limestone or dolomite

Ca''=So, indicates gypsum

Ca'<So, indicates pyrite oxidation, or Ca removal,
Such as calcite precipitation, or natural softening.

Ca">SO4 indicates a Ca" source other than gypsum, such as
calcite/dolomite or silicates.

Fig.(6)•٠ اهد ه و shows the relation between Ca vs. SO, for the investigated
water samples. In the studied area have the Ca"/SO, ratio less than unity
except sample no. 9.
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Fig.(6): Relation between Ca vs. S0م .

Ca/HCo, and Mg'/ HCo, Ratios

These ratios, which represent a relative relationship between the less
abundance• ه ،إ ء< ions (Ca &Mg' ) and the conservative ion (HCO,), are helpful

in studying the modification of water composition due to leaching action of
different salts. Fig.(7) shows the relation beteen (Ca'+ Mg) vs HCO;­
for the analyzed water.
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Fig.(7): Relation between (Ca+Mg) vs. HCOو .

Hypothetical ion combinations

Hypothetically, the ions of strong acid (CI&SO,) from chemical
combinations with the alkalies (Na" & K) and the rest of acid radicals give
combination with the alkali earths (Ca" &Mg") ifthe later are in surplus in
water, they will combine with weak acids (CO,-" &HCOو ). The relationships
between the equivalent cations & anions percentage in the study area can be
illustrated in the fomm of ionic concentration bar graph (Collins, 1923) in this
method, the concentration of the dissolved cat ions and anions, expressed in
epm% are represented by vertical bar graph, the height of which is eguivalent
to the concentration percentage of anions (on the right half) or cations (on the
lef half). According to palmer method (Palmer, 1911) the deduced
hypothetical ion combinations for each sample are given in a vertical
segment between the two vertical halves. ln general, the chemical
composition of water reflects either primary marine or meteoric water
origins. The gradual removal, mixing and dilution of the original marine
water between rock pores by the invading meteoric water could be traced
from one zone to another by detemining its chemical composition.
According to Ivanov et.al. 1968, water of "marine origin "is classified as
magnesium chloride type and is characterized by the major chemical
components:

KCL, NaCl , MgCl9 MgS0,,Ca (HCO,)

Fig.(8) show that there are three different marine salt combination
groups arerepresented as follows
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Group1 KCI, NaCl, MgCl5, MgS0,, CaSO,

For 43.5% ofwater samples (1,7,11, 15,16, 18, 19, 20,21,22)

Group2 KCL, NaCL, MgCا , MgS0,, CaSO4, Ca (HCO,).

For 52.2% of water samples (2,3,4,5,6,8,10,12,13,14,17,23)

Group3 KCL, NaCL, MgClA, CaS04, Ca (HCO,).

For 4.3% of water sample (9)

These groups characterized by MgCوا salt, may indicate leaching of
marne facies, the prescnce of calcium and magesium sulphate may be the
result of dissolution of evaponites containing sulphate group.
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Fig.(8): Bar graph for Studied area.

Hyrochemical Facies and Genetic Classifications

Different methods of graphical representation of analysis have been
proposed to detect and identify mixing ofwaters of different composition and
to identify some of the chemical processes that may take place as natural
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water circulates. Two of the graphical techniques are used here for the
classification ofthe waters in the stdy area.

Sulin Diagram

Sulin diagram of genetic classifcation (Sulin, 1948) Consists of two
eual quadrants connected together at a central point where (Na"-+ K)/Cl=1.
the first one genesis where (Na"+K)/Cl<1 this quadrant is divided into two
equal triangles, the upper one represents CaCl, water type where Cl­
(Na'+K)/Mg"">1, while the lower triangle represents MgCا water type
where Cl-(Na"-K)/Mg"<1 the second quadrant occupies the lower lef side
of the central point and indicates water of meteoric genesis when
(Na'+K)/Cl>1.similarly ,this quadrant is divided into two equal triangles,
the lower one represents Na HCO; water type where (Na'-+K)-Cl/SO, >1,
while the upper triangle represents Na; SO, water type where (Na"+ K)-CI
/SO1>ي . Ln The study area, the genetic salts are marine origin which
represented by 100% MgClFig. (9).

Fig.(9): Sulin diagram for Studied area.

Piper diagram
 ه

Piper diagrams (piper, 1944) are a combination anion and cation
triangles that lie on a common baseline adjacent sides ofthe two triangles are
then 60 apart. A diamond shape between them is plotted on a piper diagram

190



ANNEX -II

can be used to make a tentative conclusion as to the origin of the water
represented by the analysis. The diamond part of a piper diagram may be
used to charactenize different water types. Piper divided waters intro four
basic types according to their placement near the four comners of the
diamond. Water that plots at the top of the diamond is high Ca"+Mg and
Cl +SO, , which results in an area of pemmanent hardness. The water that
plots near the left corner is rich in Ca""Mg" and HCO; and is theregion of
water oftemporary hardness. Water plotted at the lower corner ofwater lying
near the right-hand side of the diamond may be considered saline (Na'+ K
and ClSO,). In the studied area, the plotted date on the diamond shape Fig
(10) occupies the upper right hand side of the diamond shape and this is
dominantly characterized water ofmarine origin (sea water composition).
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Fig. (10): Piper diagram for stdied area.
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AraBic Sumrmntary



 بقحلوان.
 العلوم كلية

 التركيز مع السويس خليج منطقة فى البترولية الملوثات تقييم
 الحلقة عديدة العطرية الهيدروكربونية المركبات على

 مقدمة رسالة
 العضوية الكيمياء في الماجستير درجة لنيل متمم كجزء

 من مقدمة

 على كمرر هاجررييع
٢٠٠١- علوم بكالوريوس

 الكيمياء قسم
 حلوان جامعة العلوم كلية

٢٠٠٧



 بعقجلوان.
 العلوم كلية

 التركيز مع السويس خليج منطقة فى البترولية الملوثات تقييم
 الحلقة عديدة العطرية الهيدروكربونية المركبات على

 ماجستير رسالة

 المشرفين السادة أسماع التوقيع

 )لجميعى عزه الرين جلال وا لأ.

 العزياوى رضوان سامية وا أ.

 رشرا فمر)برهيم ور{.

 تصطفي كمرو كمر ياسر ور لأ.



 العربى الملخص

 بيولوجيا البترولى التلوث معالجه طرق بعض بدراسة الرسالة واكتملت

 وجد حيث إليها المضافة أو البيئة فى أصلا المتواجدة سواء الدقيقة الكائنات باستخدام

 المعالج التلوث مكان فى أصلا المتواجدة الكائنات تنميه هى وأكفأها الطرق انسب أن

 وخلصت مختلفة بدرجات الملوثة التربة من عينات ثلاثة على المعالجة هذه وتمت

 فى البيئية للملوثات لآخر أن من المتكرر الرصد انجاز ضرورة على الدراسة

 لحماية اللازمة الضوابط ووضع المتابعة على القرار متخذى مساعده بهدف المنطقة

 بيئيا. سلامتها على الحفاظ و المنطقة

٢



 العربى الملخص

 العربى الملخص

 نتيجة البترولى التلوث إلى مستمرة بصفه السويس خليج منطقه تتعرض

 وبشواطئه. به المتواجدة المختلفة البترولية للأنشطه

 البيئة مكونات بعض فى المتواجد البترولى للتلوث بيئى رصد الدراسة وتشمل

 وخليج التمساح وبحيرة السويس قناة تشمل التى و )مياه-رواسب-اسماك( المذكورة

 على التركيز على مكوناتها من وكل للملوثات والكمى الكيفى التعيين بهدف السويس

 والصحة. البيئة على ضار تأثير من لمالها الحلقة عديدة العطرية المركبات

 حيث ككل للملوثات الكمى التعيين أولها اتجاهات ثلاثة فى الدراسة وقدمت
 فى بما ضاره لآثار البحرية البيئة تعرض قد بأحمال تلوث وجود النتائج أوضحت

 ذات البرافينيه المركبات تعيين فى تمثل فقد الثانى الاتجاه أما الغذائية السلسلة ذلك

 ككل الحلقية والبرافينيه العطرية المركبات وكذلك والمتفرعة المستقيمة السلسلة

 إما مجملها فى الملوثات أن وجد حيث الغازات كروماتوجرافيا جهاز باستخدام وذلك

 من الناتجة البرافينيه المركبات بعض إليه مضاف بترولى أو بترولى أصل من ناتجة

 على يدل مما مختلفة بدرجات متقادمة أو حديثه ملوثات وجود ثبت كما حيوى أصل

 )متكرر(. متواصل المنطقة فى البترولى التسرب أن

 جهاز استخدام تم الحلقة عديدة العطرية المركبات نوعيه على وللتعرف

 المركبات من العديد على التعرف تم حيث العالى الأداء ذو السوائل كروماتوجرافياً

 والمسرطنه. العالية السمية ذات

 أ ب


