A soil ‘sink’ for
atmospheric CO

Carbon monoxide is not a worldwide
pollutant; it appears that soil fungi

remove it and convert it to CO,

by Richard H. Gilluly

Figures on the growing quantities of
carbon monoxide released into the air
by internal-combustion engines have in-
dicated that the levels of the poisonous
gas should double in ambient air every
four to five years. In fact, measure-
ments have shown no such increase.
What happens to all the carbon mon-
oxide has been an intriguing, and im-
portant, ecological question.

Now scientists at the Stanford Re-
search Institute have completed work
showing that carbon monoxide is ap-
parently being absorbed by aerobic
microorganisms in soil that may oxi-
dize CO to carbon dioxide.

The study is not a cause for unre-
strained optimism, however, for it also
shows that the microorganisms, if ex-
posed long enough to CO, lose this
ability. “Constant and prolonged expo-
sure of soil to carbon monoxide reduced
the soil’s microflora population and
also reduced the soil’s capacity to de-
plete carbon monoxide from the atmos-
phere,” says the SRI report’s summary.

Also, “ambient air” is a tricky con-
cept. Although measurements of CO at
locations remote from dense human
habitation show there have been no sig-
nificant increases, there are daily cycles
of CO concentration in urban areas.
The levels sometimes get high enough
to be dangerous. “During a recent study
in Los Angeles,” says the SRI report,
“the CO level at one station along the
Harbor Freeway measured 3 parts per
million at 4 a.m., when traffic intensity
was lowest, and 15 ppm at 8:30 a.m.
during the morning rush hour. . .
During prolonged periods of air stag-
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Penicillium digitatum: A good CO “sink.”

nation, CO levels in Los Angeles have
exceeded 30 ppm for an 8-hour period.
In London, CO concentrations at street
level on a calm day have reached 360
ppm.” Additionally, although world-
wide ambient air levels of CO are not
yet significantly affected by increasing
emissions, nonetheless values over the
Pacific Ocean at 50 degrees south lati-
tude were found in one study to be 0.04
ppm, while 90 degrees farther north, at
40 degrees north latitude, values were
0.2 ppm. Researchers point out that al-
though neither figure has any human
health implications, the higher figure in
the Northern Hemisphere is probably
due to pollution.

The fate of CO has perplexed scien-
tists for years. Once it was believed that
thé oceans might be a sink, but re-
search indicated just the opposite: Net
exchange of CO is from oceans to at-
mosphere. One diatom, Chaetoceros
galvestonensis was shown to produce
CO, and other experiments indicated
that a photochemical reaction could
produce CO from dissolved organic
carbon in sterile ocean water. Other
ocean organisms are also able to pro-
duce CO, and “ . .. The process of
death and decay in nature can be sus-
pected of being a prime natural source
of CO,” says the SRI report. But it adds
that these natural sources probably ac-
count for only about 5 percent of the
total atmospheric CO, with the rest
coming from man, about 90 percent of
the man-caused CO (at least in the
United States) coming from gasoline
engines.

But the residence time of CO in the
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atmosphere is estimated at from 0.1 to
0.3 years. This was circumstantial evi-
dence (along with low measurements at
remote locations) that CO sinks exist,
even if they are not in the oceans. So
the sRI scientists hypothesized the sinks
were in the soil and set up experiments
to test the hypothesis.

SRI's principal investigators, Robert
Inman and Royal Ingersoll, conducted
their tests in plastic chambers contain-
ing soil and CO-contaminated air. The
soil was sterile in some chambers and
unsterile in others. In the unsterile
chambers, the concentrations of CO in
the air dropped from 120 ppm to zero
within three hours. In the sterile cham-
bers, levels stayed about the same. Then
when unsterile soil was sterilized with
salt or antibiotics, its ability to oxidize
CO dropped sharply.

Consistent with this, when unsterile
soil was added to sterile soil, ability to
deplete CO increased steadily. This was
probably an indication of proliferating
microorganisms. In the unsterile soil,
CO depletion was fairly linear, at a rate
of about 6 milligrams of CO per hour
per square meter of soil surface. Con-
trol chambers with neither sterile nor
unsterile soil showed no significant
change in CO level. Raising CO levels
to as high as 1,000 ppm in the unsterile
chambers did not significantly change
the rate of absorption over chambers
with 120 ppm. Soils with low pH and
high organic content generally were the
best CO sinks.

The next step was to determine which
organisms in the soil were absorbing
the CO. Previous studies had shown
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that there was virtually no CO uptake
by higher plants, so microorganisms
were the focus. Soil organisms were cul-
tured, then the isolated microorganisms
were separately placed in flasks in cul-
ture media and exposed to 100 ppm CO.
Among the bacteria and fungi thus iso-
lated, 14 strains of fungi (belonging to
several species) were found to be able
to take up CO at rates ranging from
0.959 micrograms per hour per square
meter of surface exposure in the low-
est, up to 2.373 in the highest. The lat-
ter absorption rate was by a strain of
Penicillium digitatum. The researchers
caution that the figures should not be
taken as absolute, because of difficul-
ties in standardization. Nor should it be
assumed that because none of the bacte-
ria tested seemed to have ability to take
up CO, that they might not be able to do
so under different circumstances,

There are some other caveats im-
plicit in the study. First, prolonged ex-
posure to the levels of CO sometimes
found in urban air—50 ppm—greatly
reduced the ability of soil to take up
CO after about 35 to 40 days’ exposure.
Next, “The CO uptake rate of soil was
found to be very sensitive to temper-
ature changes,” says the sr1I report. The
CO uptake process works best at about
85 degrees F.; at 50 degrees F. there is
almost no uptake. Thus soil in urban
areas heavily polluted by CO might lose
its ability to absorb CO, and in north-
ern cities would have this ability only
during warm seasons. The researchers
also caution that they are not certain
that oxidation of CO to CO, is the
mechanism of depletion by the organ-
isms. They did only one study with
carbon-14-labeled CO to determine this.
The study indicated this was the mech-
anism, but a single study may not be
conclusive. Finally, soils from various
locations varied significantly in ability
to deplete CO.

A new complication is added to the
discussion of worldwide CO by a study
reported in the April 21 SCIENCE by
Bernard Weinstock and Hiromi Niki of
the Ford Motor Co. sciefitific research
staff. Weinstock and Niki say there is
very significant generation of CO in the
atmosphere resulting from a reaction of
naturally occurring methane and free
hydroxyl radicals, the latter perhaps
partly natural and partly a smog prod-
uct. Happily, however, “Hydroxyl radi-
cals are shown to account for both the
production of this large amount of car-
bon monoxide by methane oxidation
and for its removal by carbon monoxide
oxidation.” Weinstock estimates that
worldwide the hydroxyl-methane CO
may exceed by a factor of 25 that
which is produced by combustion, but
the hydroxyl reaction also ultimately
converts the CO to CO,, and thus serves
as its own corrective. Weinstock says
his finding in no way contradicts In-
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man’s. Given the magnitudes of CO
generation and disposal involved, plus
man’s imprecise knowledge of these
magnitudes, there is plenty of room
theoretically for two sinks. The Wein-
stock findings and computations indi-
cate a tremendously larger source of
CO, as well as a tremendously larger
sink, than does the Inman combustion-
fungi source and sink. However, the
Weinstock model can, for purposes of
considering Inman’s work, be placed in

a black box and ignored, since it ap-
pears to consume about as much CO as
it produces.

Inman’s study was commissioned by
the Coordinating Research Council, a
non-profit venture that administers joint
Government-industry air pollution re-
search. Most of CcrcC’s studies, like this
one, are jointly funded by the Environ-
mental Protection Agency, the American
Petroleum Institute and the Automobile
Manufacturers Association. 0
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35mm. S.L.R. camera
macro f 1.9 apochromat, focus to 7”
ultimate precision, custom-made qual-
ity. 629.00; Bayside Lab. p.o.b. 58
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New knowledge, new skills, new challenges In 8 major
areas—Science Exploring, Outdoor Exploring and Life-
time Sports. Boys 10-15. Fleld, mountain, canoe trips.
Outpost at Mt. Katahdin. SAFAR! | wilderness program,
SAFARI 11 in Canadian Rockies. Ham radio, photog-
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CARNIVOROUS PLANTS

Fascinating plants lure, eat insects. Venus
Fly Traps, Huntsmen Horns, Pitcher Plants,
Sundews, Butterworts, Cobra Lily, other exotic
wonders. Introductory 6 Fly Trap bulbs, plant-
ing material, $2.00 postpaid. With greenhouse
$3.95. Classroom sets available. lllustrated
catalog 25c. Plant Oddities, Box 127S, Basking
Ridge, N.J. 07920.
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$8.95 ELECTRONIC STROBE!

Hand-sized solid state
electronic strobe light at
fantastically low price.
Produces bright psyche-
delic effects like larger,
far more expensive Xenon
strobes, yet it’s just 2% X
4 X 1%’ thick. Adjust-
able flash rate, approxi-
mately 3-10 flashes per
second. Make stop motion
effects, posters come alive,
Great to take with you to parties, dances, outing, etc.
Requires 2 9v transistor batt. (not incl.). Instructions.
Stock No. 41,443Q $8.95 Ppd.
4 REPLACEMENT LAMPS __ P-41,444Q .. $1.00 Ppd.

GROW FANTASTIC “KILLER” PLANTS

World’s most unusual &
interesting plants! Each
carnivorous plant lures &
traps insect victims in
own unique way. Glisten-
ing red Sundew attracts
prey w/odor, holds w/
glue-like substance., Pur-
ple Pitcher Plant collects
moisture, lures insects
w/coloring, sweetness ;
traps & drowns them.
Tapered hollow tube of Huntsman’s Horn snares quarry
in bottom. Incl 1 each, ready to plant, planting mixture,
culture directions.
Stock No. 60,922Q $4.50 Ppd.
VENUS FLY TRAP 8-Pack (#60859Q) ... $2.00 Ppd.

POWER HORN BLASTS A MILE

Frighten prowlers, mug-
gers, vicious dogs with
118 decibels. Just press
and this Freon powered
pocket-sized horn can be
heard a mile away to
signal for help or fun.
Great for boating (it
floats), hiking, camping,
hunting, seashore, rooting
for your team. Can be
heard over traffic and con-
struction noises to sound fire drill, lunch break or emer-
gency. Weighs only 3 oz. but contains up to 100 mile-
piercing blasts. A real bargain.

Stock No. 41,423Q
2 Refill Cartrs. (P-41,424Q

-- $3.25 Ppd.
-- $2.75 Ppd.
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EDMUND & 300 EDSCORP BLDG.

BARRINGTON, NEW JERSEY 08007
ORDER BY STOCK NUMBER - SEND CHECK OR MONEY ORDER - MONEY-BACK GUARANTEE

Hours of fun! Get thrill
of building your own eas-
ily assembled engine from
over 350 parts. Then push
starter and watch it run.
Crankshaft revolves, pis-
tons move, valves open
and close in sequence with
spark plugs. Does every-
thing but burn oil. %
scale, molded in 4 colors.
Same motor used in many

aut ; 11 easy-t d d ‘“tech

manual.”"

Stoek No. 70,448Q oo meeeeeeeeee $13.50 Ppd.
“FISH"” WITH A MAGNET

Go treasure hunting on  <iiiiy. 7
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the bottom! Fascinating
fun & sometimes profita-
ble! Tie a line to our 5%-
1b. Magnet—drop it over-
board in bay, river, lake
or ocean. Troll it along
bottom—your ‘‘treasured’’
haul can be outboard mo-
tors, anchors, other metal
valuables. 5%-1b. Magnet
is war surplus—Alnico V
Type—Gov't. cost $50. Lifts over 150 Ibs. on land-
—much greater weights under water.

Stock No. 70,571Q 5%2 Ibs. oo 14.00 Ppd.
Stoeck No. 60,215Q 1V2 lbs, _______. -$ 5.75 Ppd.
Stock No. 70,570Q 3, Ibs. (40 Ibs.) _$ 8.75 Ppd.
Stock No. 85,152Q 5% Ibs. (350 Ibs. -$33.95 F.0.8.
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4,000 UNUSUAL BARGAINS

Enormous varieties of telescopes, micro-
scopes, binoculars, magnets, magnifiers,
photo components, lenses, prisms, optical
instruments, parts, Science Fair kits,
projects, and accessories. Write for Free

Catalog ‘‘Q”" Edmund Seientifie Co.,

300 Edsecorp Building, Barrington,

New Jersey 08007.
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