Gulf oil threatens ecology, maybe climate

On or about Jan. 20, five oil super-
tankers berthed at the Kuwaiti port of
Mina al Ahmadi began discharging an
estimated 3 million barrels of crude oil
into the Persian Gulf. At about the same
time, an underwater pipeline carrying
crude oil from storage tanks there to Sea
Island, a tanker-loading terminal about 10
miles offshore, also began spewing oil
into the Gulf.

U.S. Defense Department officials say
“precision munitions” fired on Jan. 26
from an allied aircraft apparently halted
the flow from the pipeline by sealing off
its inlet pipes — but not before it had
pumped out an estimated 7 to 8 million
barrels of oil.

The two releases created the largest oil
spill in history, sending a total of 10 to 11
million barrels of crude into the Gulf's
shallow and relatively contained waters.

Though Iraqi President Saddam Hus-
sein denies his forces caused the spill,
governments allied against Iraq have
condemned him for what they call an act
of “environmental terrorism.” Many sci-
entists worry that the spreading slick
threatens unprecedented damage to the
ecology of the Persian Gulf.

Jeffrey Hyland of the Marine Science
Institute at the University of California,
Santa Barbara, says the best available
estimates of global inputs of oil suggest
that about 23.4 million barrels of oil enter

the world’s oceans each year from all
sources. Using those estimates, Hyland
calculates that this one slick may repre-
sent up to 47 percent of the oil ordinarily
spilled globally in a year — “an incredible
amount,” he says. The spill contains more
than 40 times the amount of oil released
off Alaska two years ago by the Exxon
Valdez supertanker.

The Persian Gulf spill was not unex-
pected, according to a report completed
Jan. 9 by Sandia National Laboratories.
Leaked summaries of this now-classified
document warned that Iraq might at-
tempt to pump as many as 20 million
barrels of oil into the Gulf. The report,
titled “Potential Impacts of Iragi Use of
Oil as a Defensive Weapon,” also specu-
lated that Saddam might set Kuwaiti oil
fields afire, potentially initiating “meas-
urable climatic effects on a regional
level.”

Environmental scientists have begun
speculating on the spill’s potential for
wreaking long-term havoc.

Unlike the Valdez oil, Kuwait’s crude is
“light,” says petroleum chemist Mahlon
C. Kennicutt of Texas A&M University in
College Station. In other words, he says, it
contains more of the volatile aromatic
compounds — “known to be toxic” — and
less of the much heavier and relatively
nontoxic hydrocarbons. “In that sense,”
Kennicutt says, “the Kuwaiti oil, weight

Stars in dwarf galaxies and the Milky
Way apparently started out with the
same chemical compositions and a sim-
ilar range of masses. Yet the chemistry
of these galaxies today shows a striking
contrast: Compared with dwarf galaxies
such as the Large Magellanic Cloud, our
own galaxy features a much higher ratio
of oxygen to iron.

Astronomers have proposed a variety
of complex theories to account for this
puzzling disparity. In the Feb. 1 AsTRo-
PHYSICAL JOURNAL, two researchers sug-
gest a simple solution, based on widely
accepted scenarios for starbirth in the
two types of galaxies.

Dwarf galaxies seem to form most of
their stars in well-separated bursts,
whereas the Milky Way churns out new
stars more continuously, notes Rose-
mary EG. Wyse of the Johns Hopkins
University in Baltimore. That difference
alone can account for the chemical
parting of ways, according to Wyse and
Gerard Gilmore of the University of
Cambridge, England.

The chemical makeup of new stars
depends on the life cycles of older stars,
Wyse explains. Stars with masses more
than eight times that of the sun last only

Starbirth may guide galactic chemistry

a few million years before exploding as
Type Il supernovas. The gas ejected by a
Type Il supernova is rich in oxygen but
poor in heavier elements such as iron,
says Wyse.

In contrast, stars with less than eight
solar masses persist for at least a billion
years and then exit in the form of Type |
supernovas. These explosions, distin-
guishable from Type Il supernovas by
their pattern of light emission, eject a
more iron-rich gas, Wyse says.

She and Gilmore used this informa-
tion to model how intermittent star
formation would affect a dwarf galaxy’s
oxygen-to-iron ratio. In that model, they
say, sporadic starbirth could not re-
plenish the rapid loss of massive stars
that exploded as Type Il supernovas. As
a result, Type 1 supernovas — which
suffuse the interstellar medium with
iron-rich gas — dictated the chemical
composition of new stars, the re-
searchers report.

Steady star formation, in contrast,
constantly replenishes the supply of
both types of supernovas. According to
Wyse and Gilmore, this ensures a higher
ratio of oxygen to iron in galaxies such
as the Milky Way. — R. Cowen
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for weight, would be more toxic than the
Valdez crude.”

On the other hand, the volatile frac-
tions of the Kuwaiti oil evaporate quickly,
he notes, and light oils leave less residue.
Up to 50 percent of a Valdez-type crude
may remain even after substantial
“weathering” (photochemical break-
down and the loss of volatiles to the air
and water), Kennicutt says, but with a
Kuwaiti-type oil, “I would be surprised if
more than 10 percent remained” to con-
taminate beaches and sediments.

Unfortunately, weathering may not de-
toxify all the surviving oil. As sticky,
weathered residues form tar balls —
which sink into sediments — they may
encapsulate unweathered oil. If wave ac-
tion later erodes these balls, the toxic
unweathered oil may seep out to threaten
coastal and sediment-dwelling organ-
isms, Kennicutt notes.

A 1986 spill on the Caribbean coast of
Panama, involving 50,000 barrels of oil,
probably offers the most recent and appli-
cable parallel to the Gulf disaster, accord-
ing to oil-spill expert Edward S. Van Vleet
at the University of South Florida in St.
Petersburg and Kathryn A. Burns of the
Bermuda Biological Station. Burns, who
has studied oil pollution in the Mideast
and Panama, notes that both areas are
warm and very sunny, and that their
shallow waters nurture related, sensitive
ecosystems: coral reefs, mangrove for-
ests and coastal seagrasses.

Burns says her studies suggest that
although rapid weathering may remove
the Gulf’s surface slick fairly quickly —in
weeks — sediment-dwelling organisms in
the area may suffer ecological impacts for
years. In Panama, she notes, the initial
oiling not only killed corals, mangroves
and intertidal seagrasses but also wiped
out many organisms dependent upon
these ecosystems.

Michael Marshall, who studied sea-
grasses at the Panama site, says sea
urchins, starfishes and shrimp-like am-
phipods had failed to return to subtidal
seagrass beds even after three years had
passed. In the Persian Gulf, nine species
of subtidal and intertidal seagrasses —
and the animals that live among them —
could prove similarly vulnerable to oil,
says Marshall, a biologist with Continen-
tal Shelf Associates in Jupiter, Fla.

“Having studied oil spills in temperate
zones, | thought oil would degrade fairly
rapidly in this water,” Burns says. “But in
Panama we're still seeing high levels of oil
in sediments even after five years.” The
oil appears to be leaching into water, she
says, and that may explain why some
aquatic species have been so slow to
return.

Most researchers don't expect much
from spill cleanup efforts. However, sev-
eral nations have dispatched experts —
including specialists in the use of disper-
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tion derived by other investigators who
performed *“shock experiments,” in
which explosions or high-speed impacts
squeeze targets such as tungsten pellets
to enormous pressures (up to tens of
megabars or more), but only for a few
millionths of a second. The velocity of
sound waves emerging from these shocks
provides information about the target’s
properties, such as stiffness. This, in
turn, serves as an indicator of the pres-
sure on the shocked target material.

Mao warns that minute geometric ir-
regularities in these targets might easily
yield complex acoustic signals that could
introduce an error of as much as 0.5
megabar into subsequent pressure calcu-
lations based on the shock experiments.

Ruoff acknowledges this possibility,
but he claims that at higher pressures,
the ruby fluorescence calibration used by
the Carnegie and Livermore groups suf-
fers from more troublesome uncertain-
ties. Above 1.8 megabars, he says, the
ruby fluorescence signal fades and disap-
pears, and a second fluorescence signal
then appears. Mao and others interpret
that signal as coming from the ruby at
higher pressures, but Ruoff remains un-
convinced.

“A lot of things could have happened”
during the ruby fluorescence “blackout,”
he says. Thus, the assumption that the
same fluorescence-pressure relation
holds both before the ruby fluorescence

Ruoff, Xia, etal.

dims and after the second fluorescence
appears is shaky at best, Ruoff contends.
The tiny ruby crystals may have under-
gone a change in crystal structures, or
the increased pressure may have induced
unanticipated fluorescence from the dia-
mond, he suggests.

Mao counters that the ruby’s fluores-
cence never completely disappears, but
instead becomes very faint as a stronger
fluorescence from the diamond tempo-
rarily competes with it.

That’s still not enough for Ruoff. In
August 1988, he and colleagues reported
observing diamond fluorescence at
about 2.5 megabars, which he thinks

Between these
$1,500 diamond
jaws, Cornell scien-
tists produced what
they consider the
highest sustained
pressures ever
achieved in a lab.

could have misled Mao’s group to calcu-
late a 5.5-megabar pressure. Similar sub-
tleties may have led Moss’ team at Liver-
more to measure 4.6 megabars in their
vise, he adds. If Ruoff is right, then the
recent 4.16-megabar reading at Cornell
might indeed mark a record high.

The potential pitfalls of both calibra-
tion methods place pressure investiga-
tors between a rock and a hard place.
“The high-pressure business is very
tough,” Ruoff says, and he gets no argu-
ment from Mao on that. But with much
to learn about how materials cope in the
big squeeze, the researchers intend to
press on. O
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sants and microbial oil scavengers — to
assist the Saudis, who will manage con-
tainment operations.

Kuwaiti oil also left its mark in the air
last month, as fires on parts of the spill,
coupled with oil fires in Kuwait, sent
black smoke billowing into the atmos-
phere. While those blazes remained rela-
tively small, scientists are debating the
possible environmental effects of the
huge conflagrations that could erupt if
Iraq decided to burn hundreds of Kuwaiti
oil wells in an act of desperation.

As a worst-case scenario, some re-
searchers suggest that smoke from such
fires could reduce rainfall over southeast
Asia and could even cause unseasonal
frosts as far away as the United States.
Others deny the possibility of far-flung
impacts, saying the fires could only affect
regions close to Kuwait.

At a meeting in London last month,
Richard P Turco of the University of
California, Los Angeles, assessed the
potential for large-scale hemispheric ef-
fects. He and astronomer Carl Sagan of
Cornell University have calculated that
major fires in the Kuwaiti fields could
burn several million barrels of oil daily,
sending 50,000 tons of soot into the
atmosphere each day for months. While
the smoke would initially rise no higher
than 1 or 2 kilometers, the black soot

FEBRUARY 2, 1991

particles would absorb sunlight and
could eventually move up to the middle
troposphere, from which they would
travel east with the prevailing winds. If
the soot reached such altitudes, the re-
gion’s dry climate could keep it in the
atmosphere for several weeks.

To gauge the possible impact of such a
cloud, Turco turns to the 1815 volcanic
eruption of Tambora in Indonesia. Al-
though volcanoes produce a very differ-
ent type of cloud, the oil fires could lead
to a comparable reduction in solar radia-
tion over a vast portion of the Northern
Hemisphere, Turco told SCIENCE NEWs. In
the year following Tambora’s eruption,
parts of the United States and Europe
suffered unseasonal crop-killing frosts,
and Turco suggests a similar effect might
accompany fires in Kuwait.

John Cox, an engineer who consults on
safety at Persian Gulf oil installations,
suggests another chilling scenario: The
smoke cloud from more than 300 burning
oil wells could cool India enough to
prevent the summer monsoonal rainfall.
The resulting crop failure would place
hundreds of millions of people in jeop-
ardy of starvation, he told scientists at
the January meeting.

A particularly inconclusive report
from the British Meteorological Office in
Bracknell, based on computer simula-
tions of oil-fire smoke, plays down these
potential effects while not discounting

them entirely. The report, issued Jan. 17,
states: “Downwind of Kuwait, the ob-
scuration of sunlight might significantly
reduce the surface temperature locally.
This in turn could locally reduce the
rainfall over parts of southeast Asia dur-
ing the period of the summer monsoon.”

A relatively optimistic analysis comes
from U.S. researchers who have run com-
puter simulations of their own. Michael C.
MacCracken of Lawrence Livermore
(Calif.) National Laboratory found that
the soot would have limited climate ef-
fects because it should fall out of the
atmosphere much sooner than Turco and
Sagan have suggested. MacCracken esti-
mates the plume would rise less than 5
kilometers; from this value, the computer
calculates that soot would stay in the
atmosphere at most nine days.

Richard Small, a fire-effects expert at
the Pacific-Sierra Research Corp. in Los
Angeles, projects even shorter smoke
plumes. In his computer simulations, the
clouds from well fires rise only 1 kilo-
meter, says Small, who reported these
results to the Defense Department in
early January. “While there’s a very large
amount of smoke, it's not large enough to
have climate effects,” he told SCIENCE
NEws. By the time the smoke reached
India, it would reduce solar radiation by
only 5 percent — not enough to signifi-
cantly affect rainfall there, he says.

— J. Raloff and R. Monastersky
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