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Launching eatrlier this year, the film Spaceship Earth introduced a new generation of
people to the bold and daring experiment called Biosphere 2. The project kicked off over
30 years ago with the construction of an entirely enclosed ecosystem in the Sonoran
desert of southern Arizona. The first eight person crew, known as biospherians, were
'sealed in’ for two years in the experimental facility. Mark Nelson, a member of this first
closure crew, reflects here on the role of water in Biosphere 2, how it was recycled, and
what they learnt from the experience.

Biosphere 2 pioneered a new kind of experimental laboratory for studying basic
biospheric processes. The 1.27 hectare Arizona facility included natural biome areas
(rainforest, savannah, desert, marsh/mangrove wetlands and coral reef ocean), a farm,
human living and working areas (Figure 1). Designed for a hundred-year experiment, the
first closure experiment 1991-1993 included eight 'biospherian’ crew. Privately funded, the
daring experiment caught the world’s imagination with its optimistic premise that humans
could learn to live in harmony with natural systems. Biosphere 2 built on the Institute of
Ecotechnics’ innovative attempts to develop better solutions to restore and enhance
ecologically damaged ecosystems.
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Figure 1: Schematic showing the configuration of wilderness biomes, agricultural area and human
living areas of Biosphere 2.

A second experiment commencing in 1994 was terminated with a take-over of the project
after disputes among the owner/managers. The facility supported scientific research by
Columbia University and now University of Arizona. Though the facility is no longer
operated as an airtight closed system with humans, the early closed-system experiments
continued to yield a wealth of scientific research.

This article focuses on the water and nutrient cycles incorporated into Biosphere 2.
Understanding these cycles was essential for creating an enclosed mini-world. What has
been learnt will help us address environmental challenges relating to limited water
resources and the treatment and recycling of human wastewater to maintain soil fertility
while preventing water contamination.

The biospheres

Biosphere 2 was so named to emphasize that ‘Biosphere 1’ is the Earth’s biosphere, the
only one currently known. Containing all the life of our planet and the non-living resources
from which nutrients and energy are obtained, Biosphere 1 is literally our life-support
system. Biosphere 2 was intended to create a new kind of biospheric laboratory to
discover how biospheres function. It was to serve as an ongoing experiment to see how
human activities and technologies can be better designed to reinforce rather than
degrade natural 'wilderness’ areas.

Biosphere 2 was envisioned as the first of many experimental biospheric systems, so we
can study comparative biospheres’. Mini-biospheres are also necessary for long-term
human habitation off this planet. If you'd like to read more about the science behind the
project, see Pushing our Limits: Insights from Biosphere 22. For insights on what it was
like to live inside the facility, see Life Under Glass: Crucial Lessons in Planetary
Stewardship from 2 Years in Biosphere 2°.

Water and nutrient cycle challenges
Amongst Biosphere 2’s big challenges was the cycling of water and nutrients.

With a relatively small total water volume of 6,500 kiloliters, the necessity of recycling all
of the waters of Biosphere 2 necessitated creative engineering. The lives of the
biospherian crew and the health of our mini-biomes depended on it.

Each biome had different requirements so wastewater and irrigation water applied to
agricultural and terrestrial biome soils was collected, treated and mixed with appropriate
amounts of condensate water to supply the required amount and quality of water.

How we re-created a water cycle

We managed this artificial water cycle by harnessing nature’s processes where possible.
Condensate was collected from air handlers and space frames. Constructed wetlands
were used to treat and recycle human and domestic animal wastewater.

2/8



Biophere 2 was the first closed ecological system to treat all wastewater. A leachate
system allowed water draining through soils to be collected for reapplication. Potable
water was supplied from condensate after 2-stage physical filtration and UV sterilization
(Figure 2).

COMDENSATE ] CONDERSATE COMDENSATE coMDEnsATE L
T T T T T T
[ ] 1 [ ] ] ] ]
] I ] I 1 ]
[ ] 1 ] ] ] 1
(11 Yle 414 ¢ Yl 414
INTEN
AGRIEUE"II’TJ%E FORSIE%T ISAVANNAH | | OCEAN L MARSH | | DESERT
(=% X : I -\ 1
r i 1 T 10T
=1 | 0 OO e a—TY
= i
ey COMDENSATE
STERLIE
@ WAFSH TREATMEN
//‘ F/ / / ﬁ poPORATOR | Mot SR |
L

MARSH TREATMENT

BIOSPHERE 2 FRESHWATER SYSTEMS

Figure 2: Schematic of the Biosphere 2 freshwater systems. Marsh treatment were constructed
wetlands to treat and recycle human, domestic animal and laboratory/workshop wastewater.

The two constructed wetland systems handled all domestic human wastewater and also
water from our farm animal area, laboratories and workshops. Designed with Bill
Wolverton, NASA Stennis Center, the constructed wetlands were housed in fibreglass
tanks with recirculating pumps after primary treatment in anaerobic settling tanks.

Daily wastewater averaged 1-1.1 m3, since we used water-efficient showerheads, toilets
and shared one kitchen. Pruning the wetland plants provided extra fodder for the
domestic animals (chickens and dwarf varieties of goats and pigs) .The treated
wastewater and remaining nutrients were mixed with leachate and condensate water and
irrigated farm soils (Figure 3).4°
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Figure 3: Author managing the Biosphere 2 constructed
wetlands which contained 14 species of emergent and floating
wetland plants.

Marine water and nutrient cycling

The aquatic and marine biomes included an estuary modelled on the Everglades in
Florida. This biome included five salinity/vegetation zones and ajoined a mini-ocean with
coral reef. Recirculating pumps and vacuum pumps produced marsh and ocean waves.

To prevent a buildup of nutrient levels, an ‘algal scrubber’ was first used. This system, a
design of the Smithsonian Marine Systems Laboratory, removed nutrients from the marsh
and ocean water. The algae were periodically harvested to promote new growth. The
scrubber was replaced during the first 2-year Biosphere 2 experiment with ‘protein
skimmers’ (foam fractionation or absorptive foam separation) which helped the ocean
maintain low concentrations of nutrients which was vital for this biome.?3

What we learned
A striking feature of Biosphere 2’s water cycle was the acceleration of cycling times
compared to Earth. Atmospheric water residence was around 4 hours, 50-200 times
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faster than the 9 days in Earth’s atmosphere; ocean/marsh water residence was 1200
days, a thousand times faster than Earth’s 3000 years (Table 1).°

Reservoir Earth residence Biosphere 2 Acceleration of
time estimated Cycle Compared
residence time to Earth
Atmosphere 9 days ~ 4 hours 50-200 times
Ocean/marsh 3000-3200 years =~ 1200 days (3.2 1000 times
years)
Soil water 30-60 days ~ 60 days | Similar

Table 1: Water fluxes and residence times compared between the Earth’s biosphere and Biosphere 2.
(Refs 14, 15 & 16)

This meant that as a scientific laboratory there was a much greater yield of data. The
accelerated cycles reinforced our understanding that every action altering these cycles
had consequences. Any pollution of our water would wind up in our cooking pots or teas
in a matter of weeks. These rapid cycling times are replicated with other accelerated
cycles, such as carbon dioxide residence in the atmosphere, making such systems a
virtual ecological cyclotron for study.”

Managing salinity to prevent the buildup of salts in agricultural and wilderness biome soils
were some of the greatest challenges. Some of the farm subplots and rice paddies had
salinity buildup as well as the primary water storage tanks.® Salinity buildup is a
widespread and serious issue in world agriculture dependent on groundwater irrigation.

Improvements in crop selection and greater experience with Biosphere 2’s farm led the
second crew to produce 100% of its diet and compared to 81% achieved by the first crew.
Methods for alleviating salt buildup in several farm plots and in the rice paddies helped
mitigate these problems.%10

The wetlands constructed for Biosphere 2 inspired me to develop 'Wastewater Gardens’
with Professor H.T. Odum, the father of ecological engineering. Wastewater gardens differ
from the usual monoculture or limited species ‘reed-bed’ approach. They reuse water and
nutrients to grow high biodiversity subsurface flow wetlands including flowers, decorative
plants and harvestable ones. Wastewater Gardens have now been installed in 14
countries (www.wastewatergardens.com).’’-12

There is no ‘away’

It was surprising how well Biosphere 2 operated, given the level of unknowns in designing
and operating the first biospheric laboratory. Challenges remained and if the facility had
continued operation as a materially closed system for its intended 100-year duration
much greater insight would have been gained about long-term dynamics of its water and
nutrient systems and cycle.
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Biosphere 2 vastly expanded the field of closed ecological systems which were mainly
used to research bio-regenerative life support systems for space to cut supply chains and
internally regenerate air, water and produce food. Those systems used hydroponics for
crops and had simple water cycles. To be more relevant for Earth applications, Biosphere
2’s farm and wilderness system were soil-based, which aided in air purification and also
made recycling of nutrients and water easier and relatively low-tech.

Biosphere 2 was the first facility to include more than food crops with its wilderness
biomes. Afterwards, the Japanese built a mini-biospheric system and the Chinese are the
current leaders in long-term life support for space. Biosphere 2 also inspired other
educational facilities such as the Eden Project in Cornwall, UK, and botanical exhibits
such as large rainforests.

Nutrient cycling is also a major issue in Earth’s biosphere, given the enormous demands
for water and the problems of nutrient runoff contaminating ground and surface water
resources.

The reality of Biosphere 2’s rapid cycling and small reservoirs hit home in the recognition
that “there is no ‘away’” (ie, nowhere to dispose ‘throw away’ wastes).

"There is no away.” Maybe this realization is one of the most profound revelations
emerging from Biosphere 2 for the inhabitants of Biosphere 1 — Planet Earth.213.7

Main image: Biosphere 2 at night (all images courtesy of Mark Nelson)
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Dr Mark Nelson is a founding director of the Institute of Ecotechnics and has worked for
several decades in closed ecological system research, ecological engineering, the
restoration of damaged ecosystems, desert agriculture and orchardry and wastewater
recycling. He is Chairman and CEO of the Institute of Ecotechnics
(www.ecotechnics.edu), a U.K. and U.S. non-profit organization, which consults to several
demonstration projects working in challenging biomes around the world. Mark was a
member of the eight person biospherian crew for the first two year closure experiment in
Biosphere 2, 1991-1993. Mark has helped pioneer a new ecological approach to sewage
treatment named Wastewater Gardens® which are constructed subsurface flow wetlands
with high biodiversity. Over 150 such systems have been created in over a dozen
countries (www.wastewatergardens.com)
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