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Green Tales

Sustainable Life Support 
System Design
Employing an Innovative Denitrifi cation System 
at the National Aquarium

Water conservation is important to all Asso-
ciation of Zoos and Aquariums (AZA)-ac-
credited facilities. But it is also a fi scal 
imperative, driven by the need to minimize 
costs associated with water use and artifi cial 
seawater manufacture. Aquatic life support 
systems are intended to provide a stable and 
healthy environment that supports longevity 
of aquatic animals. Th e success or failure 
of a life support system to achieve this goal 
is measured in water quality parameters. 
When a system fails to meet this goal, water 
changes are typically employed to bring wa-
ter quality parameters back to desired levels. 
Th is can be at odds with our institutional 
goals to conserve water.

Nitrate accumulation (end product of 
processing animal wastes) is oft en the cause 
of necessary water changes because nitrates 
are not removed by common life support 
components such as sand fi lters, ozone 
disinfection and biofi lters. Drum fi lters 
and foam fractionators are able to slow the 
accumulation of nitrate in an exhibit by 
removing some nitrogen-bearing wastes 
before they are oxidized to nitrate; however, 
nitrate accumulation will still occur. 

Denitrifi cation systems have been de-
veloped commercially but are not common 
in aquatic life support systems, as they are 
typically complicated to operate, expensive 
and take up a lot of space. Th e National 

sponse Workshop for 30 to 50 volunteers 
from the public and private sectors. 

• Th e Zoo’s senior veterinarian is the 
Veterinary Advisor for the USFWS ocelot 
monitoring program at Laguna Atascosa 
National Wildlife Refuge, providing anes-
thesia, animal handling, disease monitor-
ing and necropsy services. In addition, he 
serves on the USFWS Ocelot Transloca-
tion Advisory Committee, which provides 
support to the Ocelot Recovery Team 
toward the goal of improving U.S. ocelot 
genetic diversity by translocation from 
Mexico and between U.S. populations. 

• Gladys Porter Zoo is the largest wildlife 
rehabilitation center in south Texas, ad-
mitting more than 400 animals annually. 
Various species, mostly birds, are treated 
with the hope of releasing as many as 
possible back to the wild. 

Conservation Success Story 
For 34 years, the Zoo has administered the 
U.S. contingent of the Kemp’s Ridley Sea 
Turtle Binational Conservation Program. 
Fieldwork taking place for this critically 
endangered species on the beaches of 
northern Mexico includes relocating wild 
nests into protected corrals, collecting data 
on hatchlings prior to release, a tag-recap-
ture study, satellite telemetry studies, sex 
ratio studies, a reproductive biology study 
and an environmental education program. 
Since the onset of this cooperative project 
in 1978, there have been more than 222,000 
Kemp’s ridley registered nests and just over 
12 million hatchlings released into the 
Gulf of Mexico. Th e project saw the lowest 
recorded number of nests in 1985: 702. Th e 
highest recorded number of nests was in 
2012: 21,797. Th is increase over 27 project 
years translates to 3,000 percent. One of the 
main down listing demographic criterion 
for the recovery of the species is the recruit-
ment of at least 300,000 hatchlings into the 
marine environment per season. Th anks to 
the eff orts of countless organizations and 
individuals, this criterion has been exceed-
ed over the past decade, with an average 
of more than 720,000 hatchlings released 
annually since 2004. 

For more information about Gladys 
Porter Zoo, visit www.gpz.org. 
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Aquarium recently developed a space-ef-
fi cient sulfur-based autotrophic denitri-
fi cation system that attained signifi cant 
nitrate reduction in the new mixed-species 
exhibit, Blacktip Reef, that furthers the work 
pioneered by Michel Hignette and Sebastien 
Delaporte at the MAAO Aquarium in Paris 
in the 1990s. Th ey applied water treatment 
technology showing that in anoxic envi-
ronments, a strain of bacteria—thiobacillus 
denitrifi cans—thrives on elemental sulfur 
and reduces nitrates to nitrogen gas. Sulfur 
is both the substrate that the bacteria live on 
and also the electron donor or energy source 
for the bacteria to function. Th e process 
causes a pH drop; therefore, sulfur contact is 
followed by contact with a buff ering material 
such as aragonite or crushed shells, etc. 
(Hignette, et al., 1997). A pump moves water 
upward (reverse fl ow) through two sulfur 
columns and then again through a bed of 
marine rubble. Nitrate is reduced, and pH is 
restored before water returns to the exhibit. 

To address the challenges of employing 
this method for a large-scale exhibit, two 
changes were made to the system devel-
oped at the National Aquarium. First, the 
fl ow rate through the reactors is controlled 
independently from exhibit to the denitrifi -
cation system, allowing the fl ow through the 
sulfur and aragonite beds to be much more 
effi  cient. Second, sand fi lter bodies are used 
instead of open columnar vessels, allow-
ing the system to be backwashed, which is 
necessary to maintain thin biofi lms on the 
media, as nutrient transport to biofi lms is 
greatest when biofi lms are thin (Characklis, 
et al., 1990). 

Th e new system is inexpensive, easy to 
operate and adds only fi ve percent to the 
life support system footprint. Th e system 
reduced nitrate from >300mg/L to 16 mg/L 
and has paid for itself twice in saved seawa-
ter costs in its fi rst two years.

Provided by Andy Aiken, Director of Life 
Support at the National Aquarium.
Characklis, et al., 1990. Bio  lms. William 

G. Characklis and Kevin C. Marshall. 
Published by Wiley-Interscience, New 
York USA
Hignette, et al., 1997. Elimination des 

nitrates par  ltration biologique autotro-
phe sur soufre en aquariologie marine. 
Congres EUAC 1996

Pizzazz in Print

May Winner: Columbus Zoo and Aquarium

Each month, the Association of Zoos and Aquariums (AZA) Marketing 
Committee will feature one ad from a participating AZA-accredited fa-
cility to extend the visibility of your institutions’ advertising campaigns 
beyond the Pizzazz reel at the AZA Annual Conference. Ads with a 
conservation message are encouraged. For future submissions, please 
send materials to jdow@aza.org.

Campaign Title: Preserved by the Lens
This ad was created to promote the Columbus Zoo and Aquarium’s 
Conservation Lecture Series, which raises money to support the Zoo’s 
conservation efforts. The lecture, which featured a presentation by 
National Geographic photographer Joel Sartore, raised more than 
$8,500. The print piece features a photograph taken by Mr. Sartore. It 
ran in Columbus, Ohio, in Alive Magazine (circulation: 40,000).


