
123

— but only to a certain extent: 
once CO2 levels in the blood-
stream reach a trigger point, 
you have to take a breath and 
nothing can stop it. If you’re re-
ally determined (and, it must 
be said, irremediably stupid) 
you might even be able to hold 
your breath until you lapse into 
unconsciousness — and that’s 
when the body takes over and 
forces you to breathe so you 
wake up again. Even though 
you can think about breathing, 
you cannot voluntarily hold 
your breath until you die. 

Because we are slow-mov-
ing organisms, we don’t think 
about the physical realities of 
air as a substance. In reality, we 
are grubbing about at the bot-

tom of a lake of fluid that’s some 60 miles deep. The 
world’s smallest insects don’t have true wings; they 
use the viscosity of air to fly. They are the Mymari-
dae, or fairyflies, one species of which, Dicopomorpha 
echmepterygis, is only 125 μm long. Many microbes are 

Publishing is power. Reading 
diverts the mind, captures 

the consciousness, and can ex-
ert a profound influence on 
how you behave. Now…relax, 
let your mind engage with my 
words, and take a deep breath 
as you gently inhale. You see? 
You did exactly as I told you. 
Such is the subliminal power of 
the written word.

On second thought, it 
might be the overriding influ-
ence of carbon dioxide (CO2) 
acting powerfully on the brain 
as a parahormone. Although 
it’s something we do all the 
time, about once every 5 sec-
onds, breathing is an extraor-
dinary phenomenon. Like di-
gestion, it is centrally regulated 
and it’s something we do without thinking. But, like 
voiding urine or feces, it is something we can con-
sciously mediate. You can hold your breath, blow out 
birthday candles at just the right moment, or inhale 
on command. You can decide when you’re to breathe 
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Coming Up for Air
Carbon dioxide concentrations in the atmosphere are rising faster than anytime in history, 
fueling record-breaking temperatures and elevated sea levels. Is our extinction imminent?

Fairyflies include the smallest multicellular organisms yet 
discovered. They have fine antlers rather than wings and  
use the viscosity of air to fly. The genus is Litus, and they  
parasitize the eggs of rove beetles (Staphylinidae). This  
memorable micrograph was captured by the Canadian 
entomologist John Huber.
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bigger. They have antler-like appendages instead of 
wings, and one flap in the viscous fluid of air is enough 
to carry them aloft. To such a diminutive creature, air 
is extremely thick; it is as though it’s swimming in a 
liquid. Far larger species rely on air as a dense fluid. 
The largest flying bird in the world, the albatross  
Diomedea exulans, has a wing span of 11 ft (3.4 m); the 
heaviest, the bustard Ardeotis kori, weighs in at 44 lbs 
(20 kg, the weight of a 5-year-old child), and they all 
rely on the relative viscosity of air to lift them aloft. 

As a child I read that it is the cross-sectional cur-
vature of an airplane wing that confers lift and allows 
them to fly, a concept stemming from a theorem pub-
lished in 1738 by Daniel Bernoulli, a leading Swiss 
mathematician, in his essay Hydrodynamica. Bernoulli 
realized that the pressure exerted on a surface by a flu-
id is a function of the speed at which the fluid moves 
across the surface. Thus, if the upper surface of a wing 
is curved (and therefore causes the air to move some-
what faster than that beneath) lift will be generated 
allowing the plane to fly. But (also as a child) I knew 
that could not be the answer. I was always keen to go 
to air shows and was enthralled by the way a plane 
could fly past the stand upside down, delighting a 
cheering crowd who were privately hoping to see an 
accident. If Bernoulli was the answer, then an inverted 
plane would crash. It was obvious that aircraft flew, 
not because of the theorem in Hydrodynamica, but be-
cause air is dense and wings cutting through it at an 
angle would always create lift. When I was writing my 
First Encyclopedia of Science for preteens, I had a sec-
tion on aircraft saying: “An aircraft can fly because the 
air is thick.” I was sure this would be helpful to kids. 

But the standard texts all cite the Bernoulli effect; so, 
when the American edition appeared, Random House 
deleted that sentence. In fact, the viscosity of air alone 
explains why fairyflies (as well as inverted aircraft) 
can fly. Entire townships being destroyed by hurri-
canes, cattle hurled aloft by tornados, cars ending up 
perched in a tree after a violent storm, all remind us 
that — even though we hardly detect it in our daily 
lives — air is not thin. It is thick.

You can marvel at species of the fruit bat Pteropus 
with a wingspan up to 5 ft (1.5 m) and be thrilled at 
their ability to maneuver through the air like flapping 
vultures, and we are all familiar with flying insects 
from bees and butterflies, and from moths to mos-
quitos. There are far fewer in our Western world than 
once there were. In the 1950s, my father had a plastic 
fly detector shaped like a small inverted snowplow 
fitted to the car, to reduce the layers of insects that ac-
cumulated on the windscreen. After a 50-mile trip you 
couldn’t see out of the front as insects splattered onto 
the glass. These days we might see a couple of bees 
around the yard, but that’s about it. As a schoolboy I 
could upend a box in the garden and trap half a dozen 
butterflies supping from windfall apples. Now we 
rarely see that many butterflies all season. The wide-
spread use of insecticides has dramatically reduced 
our insect populations, and the lack of insects in the 
western world worries me. 

We think of spiders as secretive creatures that lurk 
in corners, and would never imagine them as airborne, 
though hordes of them can take to the air when condi-
tions are right. Small spiders can spin a fine thread of 
silk that is carried aloft by the gentle air currents of a 
summer day and then let go their hold to be wafted 
up in search of a new place to explore. Clouds of their 
gossamer threads can sometimes be seen when the sun 
is low in the sky. Insectivorous birds like swifts and 
swallows often consume more spiders than insects.

The atmosphere is full of aerial plankton. Most of 
it we never see. Pollen grains are floating everywhere. 
Nehemiah Grew was inspired by Robert Hooke’s book 
Micrographia of 1665, and Grew first published detailed 
descriptions of pollen grains in his book of 1672, The 
Anatomy of Vegetables Begun. Marcello Malpighi — pri-
marily a physician, though greatly interested in mi-
croscopy — wrote in detail on pollen grains in 1687. 
Grasses are well known for being wind-pollinated and 
our allergy to them, hay fever, commemorates the fact. 
Many tree species are also pollinated by pollen floating 
in the air, for they need to begin growth as early as pos-
sible in the year and fertilization must take place before 
the days are warm enough for insects to be on the wing.

Each of these male coniferous spores is equipped with paired balloon-
like extensions that catch the air and allow the pollen to travel vast 
distances. Under the microscope they look just like water wings. Many 
of the non-flowering gymnosperms have pollen grains adapted to travel 
through the upper atmosphere.
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However, it is in the non-flowering plants that we 
see the most unambiguous evidence of adaptation to 
an aerial means of transport. Coniferous pollen grains 
develop rounded, balloon-like extensions that look like 
water wings, which are designed to catch air currents 
and drift for miles, often in such large amounts that the 
surface of a lake (or the roof of your car) can become 
deeply covered with a yellow deposit of pine pollen. 

The liverworts and horsetails even create elaters, 
specially adapted cells that respond to humidity, 
twisting and turning to dislodge spores and ensuring 
they are launched into the air. Those of the liverworts 
are elongated fiber-like cells with a double strand 
of hygroscopic thickening which, when humidity is 
right, flick the spores away from the plant and into 
the open air. The elaters of horsetails are even more 
remarkable; there are four attached each spore, and 
they form curled up around the spore as if protecting 
it from the outside world. As humidity drops when 
the day is suitable for spore dispersal, they all unfurl 
and propel the spore away from its sporangium, out 
into the currents of open air. How primitive are these 
plants, according to common teaching, yet how ad-
vanced, how ingenious, and how beautifully evolved 
are these extraordinary mechanisms. The air is there, 
and they know how to use it. 

Most people know that the air contains about 
four-fifths nitrogen, and one-fifth oxygen, with 1% 
left over, and almost everybody believes that the third 
most abundant gas in the atmosphere is carbon diox-
ide. It is actually argon (Ar), amounting to 0.934%. 
That’s three times as much as the average levels of 
water vapor (H2O), averaging about 0.3%). Argon has 
many uses in the modern world. It is used to flood ar-

eas of technical procedures (like welding), where oxy-
gen must be excluded, replaces air in double-glazing 
units, yet few folk even know it’s there.

Levels of carbon dioxide are minute by compari-
son — less than one-twentieth of the amount of Ar. 
The fact that green plants utilize CO2 as their carbon 
source reminds us how incredibly efficient plants 
can be. Until Britain discovered the power of steam 
and launched the Industrial Revolution on the world, 
there were about 280 parts per million (ppm) CO2 in 
the air. A century ago, with coal-burning industries 
spreading worldwide, the levels had risen to 305 ppm. 
Levels had increased to 388 when I started writing this 
column a dozen years ago; it is already 422 ppm. It 
hasn’t been this high for about 20 million years. 

WHERE TROUBLE STARTS

Carbon dioxide is essential for life. The more there 
is in the atmosphere, the more green plants can me-
tabolize, and the more green plants there are for ani-
mals to consume. In my book Microbe Power (1976), I 
argued that it was the raised levels of CO2 alone that 
explained the evolution of gigantic plants in the Car-
boniferous Period 359 to 299 million years ago. Levels 
were unimaginably high, around 1,500 ppm, so little 
wonder huge plants flourished everywhere. When 
they decomposed, little more than elemental carbon 
remained. Those are our present-day coal measures.

And that is where the trouble started. In 1760, Brit-
ish engineers discovered how to make steam-powered 
machinery and launched the concept of industrial 
power upon the world. Coal suddenly became a major  
item of commerce and soon acquired the nickname 

People often tell me that they just don’t believe that carbon dioxide levels have increased as much as people 
say. The fine folks working away in Hawaii would shake their heads in disbelief. Their figures — based on 
samples taken far from the perturbations caused by industry — show the levels roaring ahead. 
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“black gold.” Plenty complained. The first official ac-
tion against smokey air in England dates from 1285, 
when King Edward set up the world’s first commission 
on air pollution. Anyone causing smoke by burning 
coal would be punished. It was a law that proved un-
enforceable, of course. Queen Elizabeth I was “greatly  
grieved and annoyed” by smoke, and she banned coal 
burning in London in 1590, though it applied only 
in the weeks when Parliament was sitting. Victorian 
poets condemned the smoke and smog, and I vividly 
remember the Great London Smog of December 1948, 
when thousands of Londoners died from the sulfurous 
fumes. The fog was so thick that my father, unable to 
see anything other than the faint rear lights of the car 
in front, followed that driver up the private lane to 
the man’s country home without realizing we had left  
the highway. That same year in Donora, PA, a town 25 
miles (40 km) southeast of Pittsburgh, smog killed 20 
people and caused respiratory problems for 6,000 of 
their 14,000 population, an event immortalized by the 
Donora Smog Museum. 

Carbon dioxide was known to be a greenhouse gas 
back in 1856. The books will tell you that John Tyndall, 
a distinguished Irish physicist, published the con-
cept in 1859, but three years earlier the idea had been 
launched by an American scientist, Eunice Foote. She 
compared gas jars filled respectively with hydrogen, 
water vapor, carbon dioxide, and air, noting their ca-
pacity to trap heat, and concluded that CO2 (carbonic  

acid gas) had the “highest effect.”
Her ideas were ahead of their time, but they did 

not reach across the Atlantic. When Tyndall wrote 
his scholarly observations several years later, he took 
pains to acknowledge other workers but added that 
“nothing, as far as I am aware, has been published on 
the transmission of radiant heat through gaseous bod-
ies.” He was wrong, and now we can celebrate Foote 
as the originator of what we now call the “greenhouse 
effect.”

One reason for the unceasing increase in CO2 is 
the propaganda that serves to promote vested inter-
ests. The automotive industry is a perfect example, 
and there is a summary of some of my views in an ar-
ticle I published in the Guardian of London in 1991 (see 
http://brianjford.com/guard-baby-cars-910805.jpg).  
We all accept that a car is essential and are told that 
bigger is better (like SUVs), but they are a major source 
of CO2.

During the United Nations Climate Change Con-
ference (COP26) in 2021, at least 20 countries were 
building new coal-powered generators. More than 
half are being constructed in China, with others in 
India and Indonesia. Highly developed countries are 
still doing so: South Korea is a major offender, while 
Germany — which had promised to end coal power, 
though not until 2030 — is now re-opening some of 
its coal-burning establishments in response to the 
Russian invasion of Ukraine. For decades, Australia 
has been the world’s largest exporter of coal, most of 
which she has sold to China, though she was recently 
overtaken by Indonesia, and there are still over 230 
coal-fired power stations operational in the U.S.

There is so much sheer dishonesty about global 
warming. There was much excitement in March 2020, 
when the world’s first tanker carrying liquid hydrogen 
was launched. This, it was claimed, was a completely 
non-polluting fuel, because the hydrogen would liber-
ate energy as it was oxidized to pure, unadulterated 
water. It sounded like the perfect answer — until you 
started to consider where the hydrogen originated. 
The electrical energy required to split the liquid wa-
ter into hydrogen and oxygen was created by burning 
ignite (brown coal) in huge amounts at Latrobe Valley 
in Victoria, Australia. This is the filthiest and most pol-
luting fuel on earth, releasing five times as much CO2 
as the same volume of gas, and contaminating the en-
vironment with toxic heavy metals and poisonous ox-
ides of sulfur and nitrogen. Those supposedly “clean” 
vehicles in Japan that are burning this fuel are actually 
the most damaging to the environment anywhere in 
the world.

Eunice Foote, a forgotten American woman scientist, discovered the 
“greenhouse effect.” She wrote that if “air had mixed with it a higher 
proportion [of CO2] than at present, an increased temperature … must 
have necessarily resulted.” It was presented in “On the Heat in the 
Sun’s Rays,” a paper published by the American Association for the 
Advancement of Science in 1856. 
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HOW HOT?

Currently, the earth is warming at around 0.2° C 
per decade, and it has increased by more than 1.1° C 
since 1880. The sea level is rising steadily. Over the 
same period of time it has increased by 23 cm (8 in.); 
worse, three of those inches have been recorded in this 
new century. At present, sea level is rising by 3.2 mm 
(0.13 in.) every year. Contrary to what so many au-
thorities claim, is not solely the result of melting ice. 
No, the sea is increasing in volume as it warms, and it 
will be 30 cm (1 ft) higher by 2050. When ice starts se-
riously melting, the long-term future of many capital 
cities is threatened. Major conurbations — New York, 
San Francisco, Miami, Los Angeles, London, Amster-
dam, Shanghai, Sydney, Cape Town, Tokyo, Mumbai 
— lie on the coast. Meanwhile, the record-breaking 
temperatures of 2022 are a warning. Temperatures of 
40° C (104° F) were widely recorded in many cities for 
the first time in history. Cooking begins below 60° C. 

Natural sources release far more CO2 than us. Vol-
canoes spew out huge amounts each year, amounting 
to some 300 million tons — yet that is a mere 0.03% of 
the CO2 liberated by all natural sources. Roughly 30% 
is released by the soil as microbes do their work of re-
cycling organic matter (see “Our Disappearing Dirt,” 
The Microscope, 69:1, pp 25–36, 2022) and a further 30% 
is released by the respiration of plants and animals — 
including humans. Each day, you add a kilogram of 
CO2 (2.2 lbs), just by breathing. The final 40% comes 
from the oceans, which are naturally liberating the gas 
from chemical processes and through the biodegrada-
tion of plankton. There are only about 0.4 parts of CO2 
in 1,000 parts of the air (which is next to nothing), and 
at least 95% of that is natural (which makes the human 

contribution look insignificant), so newspaper articles 
and campaigning websites keep printing these figures 
to claim that there really is not a problem.

But that isn’t the situation we face. The produc-
tion of CO2 by natural processes is a long-standing 
part of the ceaseless carbon cycle, and although it’s 
true that 120 gigatonnes of carbon (GtC) are released 
by green plants each year, roughly the same amount 
is reabsorbed through photosynthesis. The ocean bal-
ance is similar, for the oceans absorb CO2 from the  
atmosphere every year. On balance, the natural sourc-
es producing CO2 also act as sinks that remove it. 
None of them is actually adding extra CO2 to the atmo-
sphere. The only agency doing that is us. Currently, 
roughly 30% of anthropogenic CO2 comes from power 
generation, another 30% from transportation, and 20% 

Everyone says that 2022 was the hottest year on record, and global data already confirms that the departure 
from average readings has shown a steady rise for decades. If trends continue, air temperatures will reach 
levels that are incompatible with survival.

Fifty years ago, images of factories billowing smoke and power plant 
chimneys belching clouds of steam were celebrated as mankind’s 
greatest achievements. Now these images symbolize an era of runaway 
carbon dioxide production, which is trapping more solar heat than we 
can reasonably handle. 
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from industry. What remains is split evenly between 
agriculture (10%) and commercial and residential use 
(10%). Unlike the natural sources, which are continu-
ally being recycled, our contribution is over and above 
what the environment can handle. That is why the 
levels are inexorably creeping upwards — which ex-
plains the need for action. 

Yet atmospheric analysis changes with time. Were 
it truly a cycle, then the levels of CO2 would be sta-
ble. If you look at the graph over tens of millions of 
years, levels of CO2 zigzag up and down and rarely 
stay the same for long. And so we have the ultimate 
escape clause upon which every doubter relies — we 
could simply be experiencing a phase in Earth’s his-
tory where levels of CO2 are increasing naturally.

There are two final considerations to bear in mind. 
First, today’s levels of increase, in both temperature 
and atmospheric concentrations of CO2, are faster by 
far than anything the world has ever known. Every zig 
and zag of that graph has taken many millions of years 
to complete. The rate we are seeing now is millions of 
times more rapid than anything in the whole of history. 
Let’s postulate that those spectacular changes are due 
to natural causes. If so, what’s to be gained by making 
a bad situation worse? Nobody can doubt the scientific 
reality that CO2 is a greenhouse gas that leads to heat 
retention by the atmosphere. All the data show that 

the levels of this crucial gas have increased in parallel 
with the rise in global temperature. And we all know 
that we are the ones producing the excess, with our 
grand cars and expansive factories, our personal travel 
for the pursuit of pleasure, and our wasteful ways of 
living. Those are simple facts. If the world was chang-
ing through its natural evolution towards a hotter, less 
hospitable habitat for humanity, then the last thing we 
should do is make the situation even worse. 

AN EXTREME FORECAST

For many communities, survival is threatened. 
The excess thermal energy in the atmosphere increas-
es the extremes of severe weather. Research extend-
ing over 20 years at Monash University in Melbourne, 
Australia concludes that 10% of all deaths are due to 
weather — when it is too hot or too cold, for survival 
— amounting to 5 million victims every year. Earlier in 
2022, temperatures in Delhi, India, were close to 50° C 
for the first time ever. Meanwhile, the World Meteoro-
logical Organization recorded a record-breaking tem-
perature of 54° C in Kuwait in 2016. That’s approach-
ing the hottest air temperature ever measured, 56.7° C  
in Furnace Creek, Death Valley, back in 1913. The 
highest I have ever experienced was 44° C in Arabia.
One can retire to the comfort of air conditioning, but 
people who have no escape die in weather like that. 
The raised sea-level of the warmer latitudes adds fur-
ther problems. In the Pacific, the Marshall Islands, 
like the Maldives in the Indian Ocean, are suffering. 
Not only is land liable to inundation, but freshwater 
supplies are becoming contaminated with saline from 
the rising sea. Halfway between Hawaii and Australia 
lies the island nation of Tuvalu, globally famous for 
its top-level Internet domain of .tv, which television 
companies around the world love to use for their web 
addresses. The highest point in that tiny Polynesian 
paradise is 4.5 m (less than 15 ft) above sea level and 
rising sea levels are threatening the nation’s future. 

We cannot just ban gasoline. It is just one prod-
uct of refining. Among the others are propane and 
butane, used for heating, welding, and all manner of 
processes. They provide plastic polymers (see “Come 
Back Plastic, All is Forgiven,” The Microscope, 67:1,  
pp 31–42, 2019). Progressively heavier molecules give 
us gasoline, kerosene, then lubricating oils, followed 
by viscous, black, treacly thick fuel oil consumed 
by the monstrous diesel engines of the world’s big-
gest ships. This fuel looks like molasses, and has to 
be heated (efficiently, using the heat from the ship’s 
exhaust gases) before it’s thin enough to run through 

This chart from the 1960s shows that every aspect of the petrochemical 
industry is interlinked. The smallest molecules are gases used for space 
heating, while the largest make up asphalt that creates our highways. 
Between these extremes are the raw materials for plastics, lubricating 
oil, drugs, and dyes.
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the pipes that feed it to the cylinders. Finally there’s 
bitumen. Natural deposits were used 8,000 years ago 
by the Sumerians as a caulk for their boats, and the 
tarry asphalt we produce from refineries is used in the 
modern world to make and repair highways. After a 
century of development, the petrochemical industry 
has specialized so that every item they obtain has its 
use and a commercial value. Taking just one sector out 
of the whole system would throw it into disarray, for 
there are so many by-products of petrochemicals. If 
you just eliminated the motor fuels then what would 
we you do with the 14 billion tons of gasoline pro-
duced each year? This is an entire galaxy of industrial 
complexity, and you cannot just eliminate a single sec-
tor. Ordering everyone to stop buying gasoline and 
switch to electric cars creates a problem bigger than 
the one it seeks to solve. 

Hydrogen can be used, instead of carbon, to re-
duce iron ore to pure iron, which could greatly reduce 
the levels released into the air. Rather than emitting 
CO2, a futuristic steelworks would produce water. 
Currently, iron and steel are responsible for 9% of 
global emissions, so this would be a significant sav-
ing. If there were no bitumen, then repurposed plastic 
shreds could perhaps be harnessed to create highways. 
A major revolution in our approach to technology 
would have entirely new industries take over. With 
wholehearted enthusiasm behind it, we could see the 
rate of increase in CO2 become progressively slower, 
which seems to fulfil everyone’s dream. 

Current proposals only slow the rate of increase; 
for me the challenge is lowering the levels of atmo-
spheric CO2 already in our air. Designs for direct air 
capture (DAC) would involve constructing huge cyl-
inders, rather like cooling towers; large fans would 
draw air in and pass it over screens wet with potas-
sium hydroxide, which reacts with the CO2 to form 
carbonate. It isn’t cheap. Current estimates claim it 
would cost $100 for every ton stored, though that does 
not take into account the additional price of transpor-
tation, compression, and injection. That could give a 
final figure nearer $800 per ton. One promising ap-
proach uses a polymer filter to absorb CO₂. A device 
like a quiet jet engine draws in air, captures 90% of the 
CO₂ and then returns the exhaust to the atmosphere. 
Banks of these devices can be erected, powered by so-
lar panels, and the gas then stored below ground. This 
too comes at considerable cost. 

Then there’s biomimetic carbon capture — mim-
icking microbes. Atmospheric CO2 is converted into 
calcium carbonate (CaCO3), much as calcareous mi-
croorganisms created limestone. Another approach is 

Bioenergy with Carbon Capture and Storage (BECCS), 
using microscopic algae to utilize photosynthesis as a 
means of capturing CO2 just as green plants do natu-
rally. Surely it should be practicable to harness the en-
ergies of organisms like the coccolithophores, which 
construct shield-like shells from CaCO3, encourage 
coralline algae to construct rhodoliths (domes of cal-
careous material rich in stored carbon) or foraminifera 
— all microbes that naturally draw down soluble car-
bonates, storing carbon as they do. 

People regularly cite new forests as a way of re-
ducing the levels of CO2 in the air. It sounds good, 
but not if I put figures on the problem. In America, 
each person contributes 15.5 tons of CO2 to the atmo-
sphere every year, a national total of over 4.5 billion 
tons. Since a typical tree can lock away about 1 ton 
of carbon in its lifetime, you would need to plant 4.5 
billion trees to absorb that amount of gas, which (be-
cause forest plantations contain about 2,000 trees per 
hectare) would cover over 2 million acres, more than 
3,000 sq mi — roughly the size of Delaware and Rhode 
Island put together. You would need to plant the same 
number of trees every year thereafter. They would 
mature in 50 years or so, by which time your forest 
covers 155,000 sq mi, the size of California. Then you 
would need to complete the cycle by felling 4.5 billion 
of your mature trees each year, and store the seasoned 
timber for eternity. 

Wood is a carbon store; therefore we should uti-
lize more lumber. Apart from furniture, we could 
make bus shelters, public walkways, air terminals, in-
dustrial buildings, schools, and even ships with wood. 
The Treet building in Bergen was the first wooden 

Climeworks, based in Switzerland, constructs these units to draw down 
CO₂ from industrial exhaust. The principle is to use renewable energy 
to concentrate the gas until the purpose-built filters are full, then to 
dissolve the CO₂ in water under pressure before storing it underground. 
Removing CO₂ from the atmosphere should be a top priority.
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skyscraper. It stands 160 ft (49 m) tall and was opened 
in January 2016. In March 2019, the Mjøstårnet build-
ing in Brumunddal, Norway, took over the title of tall-
est wooden building at 280 ft (85.4 m) in height. Now 
there are plans in Japan for a wooden skyscraper to 
mark the 350th anniversary of the Sumitomo Forestry 
company in 2041. Appropriately, it is designed to be 
350 m (1,148 ft), the tallest building in Japan. 

THE OCEAN SOLUTION

We should harness the power of the oceans to se-
quester carbon. In the shallow seas we should grow 
seaweed. Not only can this lock away carbon, but it 
can also provide nourishment. The best known sea-
weed-eating vertebrate is the marine iguana of the 
Galapagos, which probably took to the habit after 
drifting to the islands and finding little else to eat. 
Mammals can consume seaweed too; on the Scottish 
island of North Ronaldsay the sheep consume little 
else. This little island is surrounded by a stone wall, 
not (as you might imagine) to keep the livestock safely 
enclosed, but to prevent them from getting onto the is-
land grass. They are forced to remain on the foreshore 
where, over at least 5,000 years, they have adapted to 
subsisting mainly on seaweed. The meat has a flavor 
that is gamey, spicey, unique. Gastronomes regard it 
in a unique class with truffles or caviar. North Ronald-
say mutton is an ancient and time-honored food you 
can obtain nowhere else. 

What of the oceans’ microbial population? Most 
of the deep sea is largely sterile, lacking nutriment and 
offering no hospitality to the living world. We could 
fertilize the sea and get these microscopic organisms 
growing. The idea was suggested by English biologist 
Joseph Hart in 1934, but nothing was done to test the 
idea for 60 years. I have wondered whether organic 
wastes from oceangoing vessels, ground to a fine con-
sistency and fed into the surface of the sea, could fertil-
ize planktonic organisms to trigger an extensive food 
chain across the oceans of the world. Many kinds of 
plankton synthesize dimethyl sulfide (CH3)2S, which 
reacts to form nanoparticles of sulfates that stimulate 
cloud formation, which could help reduce the infrared 
heating of the sea. Calcareous microorganisms natu-
rally capture carbon as they precipitate CaCO3 and, if 
microbial life in the desolate, barren open oceans were 
to flourish, the effects could be timely and useful. Were 
foraminifera and coccolithophores encouraged to pro-
liferate, we could bring new life to the empty oceans 
and reduce levels of free carbon into the bargain.

Think of the amount of limestone and chalk  

everywhere! That all contains stored carbon, and  
microorganisms are always more efficient at such 
things than humanity. Such ideas are hard to test, 
since they conflict with the United Nations Conven-
tion on the Law of the Sea, which prohibits deliber-
ate contamination of the oceans. Even bacteria capture 
the carbon in CO2, converting it to useful chemicals. 
We are discovering these bacteria everywhere. The 
product of their anerobic metabolism uses acetyl co-
enzyme A to convert two molecules of gaseous CO2 
into a single acetate radical CH3COO–, which offers 
one way to convert a greenhouse gas into a useful raw 
material. And there are bacteria, such as Methanosar-
cina barkeri, which can metabolize hydrogen and CO2 
into products including methanol, itself a vital raw 
material for modern industry. You will find articles 
extolling this exciting new process of upcycling car-
bon to reduce atmospheric levels of CO2 and saving 
the world. What they don’t emphasize is that, first, the 
amount of carbon they utilize would make little prac-
tical difference to the air we breathe, and secondly, 
that bacteria like this have been doing this naturally, 
every day, for billions of years. It’s the microbes that 
deserve our gratitude, not the industrialists.

Methane (CH4) is 25 times more efficient than CO2 
at trapping solar heat, and 20% of the methane in the 
air is anthropogenic. Methane has a half-life of only  
8 years (the figure for CO2 is 120 years). As human ac-
tivity increases, so do levels of both gases; however, 
after a vigorous phase of expansion, levels of CH4 fall 
again. Indeed, we can relate the amounts of CH4 in  
ice-core bubbles to the rise and fall of civilizations and 
can track changes back over 160,000 years.

The largest source of all is from the microbial ac-
tivity within natural wetlands, which contributes one-
fifth of all the CH4 in the air. Fermentation by diges-
tion in ruminants, and termites farming fungi, amount 
to 18% and rice paddy fields add a further 12%. Our 
use of natural gas releases 8%, coal mines liberate 6%, 
the petroleum industry a mere 3% (why, even ter-
mites produce more than that). While CO2 accounts 
for three-quarters of the greenhouse effect, methane 
amounts to just 16%. 

Next in line is nitrous oxide (N2O). Our contribu-
tion is about one-third of the total amount in the at-
mosphere. It comes mainly from agriculture (intensive 
farming and ripening fruit), also from burning fossil 
fuels, wastewater, and biomass. Natural sources are 
the breakdown of organic matter by bacteria and pro-
tozoa in places like wetlands, termite mounds, and 
the ocean. This is an easy gas for the environment to 
handle; its half-life is only 5 minutes. 



131

CRITICAL FOCUS | BRIAN J. FORD

A BLOW TO THE OZONE

Compare that with our synthesized chlorofluoro-
carbons (CFCs) — their half-life in the atmosphere is 
measured in decades, and can be up to 80 years. The 
first CFC was created in 1928 by Thomas Midgley Jr., 
a chemist at General Motors. The refrigerants used 
at that time were ammonia, butane, and ether. Ether 
and butane are highly inflammable and ammonia can 
form an explosive vapor in air, so the new CFCs were 
ideal as they were nonflammable, and General Motors 
was thrilled when Midgley announced his discovery 
of dichlorodifluoromethane, the commercial refrig-
erant Freon. There was then an explosion in a tradi-
tional refrigerator at a hospital in Cleveland that killed 
100 people, but Freon would end that risk forever. 
By 1975, 1 million tons a year were being produced, 
but nobody gave a thought as to its fate. Meanwhile, 
Midgley invented tetraethyl lead as an additive for 
gasoline. Not only did that poison the environment, 
but it almost poisoned Midgley as he worked on its 
development. General Motors resolved to call it Ethyl, 
quietly dropping any mention of lead, in case suspi-
cions were raised. 

I discussed it all with James Lovelock, the man 
who dreamed up the Gaia Hypothesis. He devised 
a method of detecting small traces of environmen-
tal contaminants, which had identified CFCs wher-
ever he looked, and in 1971, he set off aboard the re-
search ship RSS Shackleton to tour the Antarctic. Even 
there he could find these molecules; clearly, they had 
spread all around the world. At the time, nobody sus-
pected that CFCs might be problematic, but in 1974, 
a bombshell dropped: Sherwood Rowland and Mario 
Molina at the University of California, Irvine, proved 
that CFCs reacted with ozone (O3) and destroyed it. 
There’s no significant O3 in fresh air, though the ozone 
layer in the stratosphere absorbs much of the ultra 
violet (UV) emitted by the sun that would otherwise 
cause damage to living cells. Life would not have 
evolved as we know it, were it not for that protective 
ozone layer. In 1985, Jonathan Shanklin discovered a 
huge hole in the ozone layer. He was a new gradu-
ate from Cambridge University and found his first job 
with the British Antarctic Survey. One of his tasks was 
to monitor the readings for UV. When he looked back 
at the figures recorded by his predecessors, he saw 
there was a downward trend: there had been a serious 
drop in the amount of ozone, which was allowing far 
more UV to penetrate than was safe. 

He published his findings in Nature, and within 
two years there was international agreement that 

CFCs must be controlled. The Montreal Protocol on 
Substances that Deplete the Ozone Layer, signed on 
Sept. 15, 1987, stipulated that the production of all 
CFCs would be stopped as soon as possible, and all 
use phased out. We hear so often of the mindless greed 
of multinational corporations, who insist on maxi-
mizing profits with a disregard for human welfare or 
the future of our planet, but this was a case where in-
dustry decided to change direction — on the basis of 
sound science, though with consequences that seemed 
remote. The reason CFCs were so problematic is that 
they are made by humans and don’t exist in nature. It 
made them unfamiliar to microbes, which would oth-
erwise be expected easily to metabolize them. Very few 
microorganisms can handle CFCs, though Methanosar-
cina barkeri has been shown to degrade it when pres-
ent in high concentrations. How remarkable it is that 
methanotrophic bacteria can tackle molecules they’ve 
never encountered in the entire history of evolution. 

Water vapor is another significant greenhouse gas 
people often overlook. This important molecule is not 
as abundant in the atmosphere as you might imagine; 
even on a warm day at 30° C (86° F) the air cannot 
contain more than 4% water vapor. In very cold air, 
–40° C for example (the temperature at which the fig-
ures for Fahrenheit and Celsius are the same), air can 
hold only 0.2%. Even so, atmospheric water vapor is 
responsible for 60% of global heat retention.

Are there any other gases in the air? There’s a 
trace of neon, about 18 ppm; there is helium (5 ppm), 
and of course 1 ppm methane. There is even hydrogen  
(0.5 ppm) and nitrous oxide (0.3 ppm). How remark-
able it is that the greenhouse gases are present in such 
tiny amounts. We should understand how potent 
they are. 

We have yet to consider the major players: nitro-
gen and oxygen. Nitrogen comprises 70.08% of the 
air we breathe, but attracts little attention because it’s 
odorless, colorless, tasteless, and non-reactive. That’s 
how it is perceived; but what matters to me is the liv-
ing cell, and every cell is made of protein. Protein is 
the stuff of life, and there is not a scrap of protein, any-
where in the world, that does not comprise nitrogen at 
its heart. What lies at the core of the essential fertilizer 
we spread on our farm fields to feed the world? Nitro-
gen. What keeps your food safe and fresh inside those 
securely sealed packs? Nitrogen. Which element lies 
at the core of chlorophyll, on which almost all life on 
earth ultimately depends? Nitrogen. What stops wine 
from being spoiled by filling the void when it’s bot-
tled? Nitrogen. What fills those automatic fire extin-
guishers in IT centers? Nitrogen. What are those balls 
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at the corner of each base of a model of DNA? Nitro-
gen. Speaking of balls, which gas propels paintballs at 
a game center? Nitrogen. What keeps the tires of those 
high-performance racing cars reliably inflated? Nitro-
gen. What is your body using in every cell, millions of 
atoms a second, all neatly choreographed to keep you 
alive? Nitrogen, of course; it’s essential in every amino 
acid. Nitrogen is one of the most important elements 
in the living world. 

It was discovered in 1772 by Daniel Rutherford, 
a Scottish physician, and is the fifth most abundant 
element in the entire universe, though only compris-
ing 19 ppm of all the elements on Earth. You have just 
inhaled a pint of it without even thinking about it. 
Gaseous nitrogen in the air is unavailable to the plants 
that rely on the element. If there were no plants, there 
would be nothing for herbivores to consume, so noth-
ing for omnivores and carnivores to eat. Plants must 
have nitrogen. They obtain it through nitrogen fixa-
tion, capturing nitrogen to form soluble compounds 
like nitrates. A small amount results from a lightning 
flash, where the electrical charge is so violent that it 
can combine nitrogen with oxygen and water to pro-
duce minute amounts of nitric acid. Occasional volca-
noes add small amounts of their own, so an eruption 
can also help fertilize the ground.

But the main source of the nitrogen for all life is 
fixation by bacteria. Soil microbes can absorb atmo-
spheric nitrogen, and combine it with the atoms of 
water to create compounds of ammonium. The pro-

cess was discovered in 1901 by Martinus Beijerinck, a 
leading Dutch microbiologist, who was also the first 
person to recognize viruses. The bacteria that he dis-
covered synthesize nitrogenase, which acts as a cata-
lyst for the conversion of atmospheric nitrogen to am-
monia (NH3). The chemistry is simple: 

2NO2 + 2H+ + 2H2O → 2NH3 + 3O2

Plenty of nitrogen-fixing bacteria exist in soil, 
where they ceaselessly carry out this essential conver-
sion (see “Our Disappearing Dirt,” The Microscope, 69:1, 
pp 25–36, 2022). They include Beijerinckia (of course), 
Azotobacter, and Clostridium. Some blue-green algae 
can do it too, including Nostoc and Anabaena. Others 
of the genus Rhizobium colonize the roots of legumi-
nous plants, where they produce warty outgrowths 
inside which nitrogen-fixing bacteria live, providing 
an endless supply of nitrates for the plants to grow. A 
few other bacteria, including Frankia and Azospirillum, 
grow in association with green plants but do not form 
those fertilizer-generating nodules that we find only 
in the Leguminosae. We now have the Haber-Bosch 
industrial process for making nitrogenous fertilizer. It 
was the brainchild of a German chemist, Fritz Haber, 
who was trying to find a way that science could fix 
nitrogen like the microbes Beijerinck had discovered. 
His process involved a catalyst, originally based on 
osmium and uranium (though more recently made 
from iron), on which the elements of nitrogen and hy-
drogen would be combined to form ammonia:

N2+3H2 ⇌ 2NH3

Carl Bosch took Haber’s process and perfected it 
for industrial production. Since the process is exother-
mic, it requires little energy. This is the basis of our 
fertilizer industry, without which we could not feed 
our population. There is a campaign against the use of 
chemical fertilizers, but ammonia is necessary to grow 
crops efficiently. More fertilizer, more food. The grow-
ing plant isn’t concerned where it originates, so long 
as it has a plentiful supply of that nitrogenous raw 
material. Haber’s process has given us our supplies of 
crops. Every time I look at a little pea plant or a gorse 
bush, I reflect on how the bacteria in the soil and in 
those warty roots provide their supply of nitrate just 
by sitting there, doing what they do. They don’t need 
a factory; all they need is a bit of soil and water. From 
that comes the marvelous complexity of life — and all 
because of nitrogen. Inert, flavorless, ancient it may 
be, but nitrogen gives us life.

Leguminous plants (peas, beans, soya, laburnum) have a remarkable 
feature: their roots are covered with these warty outgrowths, for they 
are infected by bacteria. These organisms (mostly Rhizobium) can fix 
gaseous nitrogen to produce nitrates that the plant needs to grow. This 
plant family is unique in this remarkable ability. 
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ESSENTIAL OXYGEN

Then there is oxygen in the air. What an amazing 
element! It keeps us alive. Oxygen reacts with almost 
anything. It is the third most abundant element in the 
universe and comprises half the Earth’s crust. Place iron 
in pure water and nothing happens; but if there’s some 
oxygen dissolved, it will rust away to a brittle, brown 
crust. Iron filings in oxygen will burn brightly — that’s 
what happens with sparklers. Imagine that: iron burn-
ing! We are all familiar with an oxy-acetylene torch, 
when the flame from a jet of acetylene gas, enriched 
with oxygen, is used to cut through iron plate. What 
you may not know is that it is possible to turn off the 
acetylene, and continue the process with oxygen alone. 
The iron itself burns with such brilliant intensity that 
it becomes the heat source, and the cutting continues 
without any inflammable gas. Oxygen is such a power-
ful, energetic molecule that it will even make titanium 
burn. This is one of the most durable metals, used in ap-
plications from golf clubs to jet engines and spacecraft, 
yet catches fire in oxygen at 1,600° C. There have been 
airplane crashes caused by titanium components of a 
jet engine catching fire. In 1987, the Navy and Marine 
Corps were ordered to take their F/A-18 Hornet fight-
ers out of service, when the titanium compressor blades 
of their General Electric F404 engines fractured and the 
high temperatures caused an uncontained titanium 
blaze. Is there any better example of the pure power of 
oxygen? Iron and titanium are mainstays of modern in-
dustry because of their strength and durability, yet give 
them pure oxygen and they will burn brightly. 

Although oxygen is essential for animal life to sur-
vive, it is not particularly soluble in water. A liter of 
water (a quart) will dissolve only 49 ml (3 cu in.) of 
O2. Even so, all aquatic life depends on that dissolved 
oxygen — and we do, too, captured by the hemoglo-
bin in our bloodstream. Oxygen is so active that there 
was no free oxygen anywhere on Earth for the first half 
of our planet’s existence. Back in the Precambrian era, 
which ended 542 million years ago, the simplest blue-
green algae began to utilize solar energy and, in the 
process, they released the first atmospheric O2. It was 
a slow process, but around 2.3 billion years ago, life 
took hold and oxygen was present in the atmosphere 
during the Great Oxygenation Event (GOE). In today’s 
terms, there wasn’t much, perhaps 2–3% of today’s lev-
els. Aerobic eukaryotes emerged 542 million years ago 
and, with their specialized chloroplasts making pho-
tosynthesis so much more efficient, oxygen levels rose 
above 10% until they hit today’s levels some 350 mil-
lion years ago. Oxygen levels went on rising as massive 
plants began to evolve — non-flowering trees related 

to horsetails, clubmosses, and tree ferns some 100 ft  
(30 m) tall — and their decomposing remains built up 
in the swampy ground. Those deep layers of plant mat-
ter contained colossal amounts of stored carbon and, 
although the microbial communities could oxidize and 
degrade much of the decaying vegetation, the lack of 
oxygen in that waterlogged environment meant that —  
once they approached the level of elemental carbon —  
the microbes could do no more. Those carbon-rich de-
posits in the aptly named Carboniferous era built up 
into deep, solid layers which came down to us as coal. 
As the carbon continued to build up in the ground, 
the levels of atmospheric oxygen steadily rose until 
they peaked at 35% roughly 300 million years ago. We 
have fossils of gigantic dragonflies Meganeura with a 
wingspan of 2.5 ft (75 cm), millipedes like Arthropleura 
that was 5 ft (1.5 m) long, or the spider-like Megarachne 
over a foot (40 cm) across. The high levels of oxygen 
allowed their cells to burn fuel fast enough to provide 
the energy their prodigious bodies needed. By the time 
levels had fallen to about 15% some 250 million years 
ago, those giant arthropods had disappeared. Oxygen 
was also actively involved in the weathering of rocky 
strata, so it would have liberated elements like phos-
phorus, which new life would demand.

Levels of atmospheric oxygen continued to fluctu-
ate over time, though you will be hard-pressed to find 
two investigators who provide identical results. When 
there is free oxygen in the air, you will find corre-
sponding levels of carbon locked away in the ground. 
Coal measures are close to pure carbon, and there are 
over a trillion tons known to exist. Carbon comprises 
12% of calcium carbonate, and the huge beds of lime-
stone (at least 10% of all sedimentary rocks) represent 
an important carbon store. Some 1.5 trillion tons of 
carbon lie beneath our feet with only 44 billion tons 
around the surface (in plants, animals, dissolved in 
water, and in the air). 

We are told to be fearful about the future, but a 
great deal of the facts in circulation are just baseless 
propaganda, like the preposterous proposition that 
20% of all the oxygen we breathe comes from the 
Amazon rainforest. As I’ve said before, the death and 
decomposition of rainforest trees releases back into 
the atmosphere every atom of stored carbon that was 
sequestered during the hours of photosynthesis when 
the tree originally grew. Tropical rainforests bequeath 
no oxygen whatever to the air we breathe, yet fright-
ened people are buying oxygen cylinders and storing 
them away for the day when the rainforest vanishes 
and our oxygen disappears. That’s absurd. Were you 
to burn all the carbon on Earth’s surface, combusting 
every single inflammable substance you could find, it 
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would make no discernable difference to the level of 
atmospheric oxygen (it might go from 20.9% to 20.8%, 
as I explained in “Ten Years and Counting,” The Micro-
scope, 67:4, pp 171–182, 2019). 

IMPENDING TUMULT

The world is at a tipping point, sure; because CO2 
is so potent, and because we are outpouring exces-
sive amounts of it everywhere you look, we are rap-
idly increasing the amount of thermal energy in the 
atmosphere. Energy gives us weather, and so we are 
heading into an era of more violent storms, unendur-
able heat, vicious floods and water shortages. It is  
already happening. Thirty years ago I planted a little 
olive bush, hoping it might survive our British weath-
er; this year I harvested olives as plump as if we lived 
in the Mediterranean. Mind you, increased thermal 
energy does not necessarily mean a warmer climate. 
As I discussed in an earlier article (“Cloudy with a 
Touch of Microbes,” The Microscope, 64:1, pp 27–39, 
2016), the Gulf Stream depends upon the freezing of 
Arctic water to draw up currents of warm seawater 
from the tropics. If the world warms — and that freez-
ing stops — then the Gulf Stream will cease, and with 
it the warming effect. My home in Cambridgeshire 
(the one with palm trees, olives, and banana plants in 
the yard) is on the same latitude as Attu Island, the 
most westerly point of Alaska (home to caribou) and 
also Happy Valley, Newfoundland, where you will 
encounter polar bears.

When the Google Camp gathering was organized 
in 2019 to campaign against climate change, celebrities 
arrived in 114 private jets, and that same year, movie 
actor Emma Thompson came to join Extinction Rebel-
lion in London, flying 5,400 miles to be photographed 
with the protestors. Leonardo DiCaprio flew 8,000 
miles to France in a private jet to collect a green award 
marking his support for the environment. Prince Har-
ry, an outspoken critic of polluters, routinely flies in 
massively polluting private jets, fully exploiting the 
power of privilege. When COP27 took place in No-
vember 2022, delegates arrived in hundreds of private 
jets and said little to ameliorate climate change. Of 
my own preferred candidate for energy, geothermal, 
nothing was heard. 

So are the underdeveloped countries better than 
us? The rapidly developing nations are among those 
caring least of all for the future of the environment. 
India, a quarter of whose population live in abject 
poverty, has such high temperatures that people are 
dying in the streets, yet it is steadily increasing the 
amount of coal burned each year. The impoverished 
populations of Southeast Asia toss waste plastic into 
the sea without a second thought, just as we pollute 
our atmosphere. They are preoccupied with survival. 
We have no excuse. 

And is there an endless source of thermal energy 
for our future? It’s one rarely mentioned — my favor-
ite is geothermal energy. Beneath our feet is all the heat 
we could ever need. It pollutes nobody, does no harm 
to the environment, and goes on forever. This is what I 
would like to see us exploit, but the media rarely show 
interest. When the British government published a re-
view of energy futures, geothermal wasn’t even men-
tioned. In my view, that’s our future energy supply.

Global warming could eventually lead to our 
extinction. Indeed, that’s inevitable; within 2 billion 
years the world as we know it will become uninhabit-
able. Last to go, when the time comes? The microbes, 
of course. Society will need to embrace unimaginable 
changes if we are to adapt the way we live to fit the 
constraints of our environment. I’m sure we can do it 
(if we can abolish CFCs, because of a serious threat, 
we can do anything). And — while we are calculat-
ing risks and opportunities and assessing possible 
scenarios — let’s ensure we remember the role of the 
microbe. The air we breathe was created by microbes, 
and the microbes are doing what they can to keep it in 
equilibrium. They were here long before we emerged 
and will remain long after we have gone. If we can 
keep them on our side and give them a chance to heal 
our world, then our air stands a fighting chance.

The British government commissioned a report from the Department 
of Trade and Industry to consider future options for energy supply. 
Geothermal power is the only one I can envisage that is non-polluting 
and endless, but it was not even included in the list. 


