
Water is a limited resource, yet all life depends on it for survival. 
The world’s population tripled in size during the 20th century 
and the use of the world’s renewable water resources increased 
six-fold. During the next 50 years, the population is expected to 
increase by another 40-50 percent. An increase in industrializa-
tion and urbanization, will result in an increased demand for 
water and an increase in the amount of wastewater produced. 
The world’s water supply cannot keep up with this increasing 
demand, so humans must continue to use water efficiently 
and wisely. One way to extend our water supply is to recover or 
reclaim previously used water. 
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	 The researchers found an unusual element to their biological reac-
tor as they discovered they could use soft-air BBs in the reactor to clean 
wastewater with various bacteria. “The density of the material is similar 
to water. With this density, we can overcome gravity and show on Earth 
that the reactor works in microgravity,” Morse explains. “The first step in 
the research is the design of the reactor. The proof-of-concept is making 
the reactor work in microgravity. We then quantify the fluid flow opera-
tion with the next step to treat the water. We cannot have air bubbles 
accumulate in the elbows and connections because in space, the bubbles 
eventually will stop the flow. We also have to verify that we can clean 
water to NASA’s specifications.”
	 The Texas Tech biological reactor is unique in that bacteria grow on 
the beads, which are continuously moving. In other biological reactors, 
the bacteria grow on a static medium, Morse says. The researchers are 
determining whether the collision of these particles will help or be det-
rimental to the bacteria growth. “We need to make sure that the natural 
processes are working. We are working on the habitat for a variety of bac-
teria,” Morse says.
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“The information we are obtaining in the NASA project also can be used on Earth. NASA needs to be cost effective; 
they don’t have unlimited space. In fact, everything is limited—power, space, volume, mass—so they strive for effi-
ciency. We worry about how we can make water recovery cost effective — in space and on earth,” Morse explains. 
	 The Water Recovery Group, which includes several graduate and undergraduate students, replicated the biologi-
cal and physio/chemical treatment train developed at the Johnson Space Center. The system operates as a pseudo 
closed-loop system and produces potable water. The process successfully reduces organic carbon, converts oxidized 
nitrogen to reduced forms, and removes substantial amounts of nitrates through denitrification. The system also 
has proven to be efficient as it reduces mass loading on the post-processing system.
	 Morse, her colleagues Jackson and Darryl James, associate professor of mechanical engineering, as well as her 
graduate students have designed a special biological reactor to make the device space-compatible. The researchers 
are studying fluid flow on Earth for use in non-gravity space. “We had to figure out a way to have fluid move through 
the bacteria bed that cleans the water,” Morse says. “We use centrifugal force, the same force in tornadoes, to over-
come the effects of gravity. NASA, which has funded the project through 2009, wants proof that this reactor system 
will work in microgravity.”
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Faced with the 	          
fact that wastewater recovery methods 
will become an increasingly important response to 
water shortage, researchers at Texas Tech University’s 
Water Resources Center are investigating the efficacy 
of water recovery systems in producing water that is 
safe for human consumption. Headed by Civil Engi-
neering faculty members Audra N. Morse, Ph.D., assis-
tant professor, and Andrew Jackson, Ph.D., associate 
professor, the Water Recovery Group has evaluated the 
performance of a replica of NASA’s Advanced Life Sup-
port Integrated Water Recovery System. This system 
is designed for use during space exploration missions, 
but the information regarding how well contaminants 
are removed from wastewater in this system will prove 
indispensable for terrestrial water treatment systems.

Graduate student  joe grieco helped to
engineer a biological reactor.



	   The results of the lab studies with pharmaceuticals will prove 
to be highly applicable in real-world settings. For instance, the 
research with amoxicillin will help inform concerns of antibiotic 
resistance. “We know that bacteria develop resistance to low doses 
of an antibiotic, and concentrations in water may be low enough 
to cause a microbe to develop resistance. If one becomes infected 
with a pathogen that has resistance, a cure may be difficult to find. 
The presence of low doses of antibiotics in water basically makes it 
a vehicle for transferring resistance,” Morse cautions.
	 Lubbock officials are looking at ways to reuse some of its 
wastewater in order to reduce the increasing demand on potable 
water. Lubbock’s particular interest in what happens to phar-
maceuticals and personal care products that are introduced into 
local water sources calls for Morse’s expertise. “City officials are 
looking at ways to use treated wastewater for irrigation of parks 
and highways. They also are interested in discharging wastewater 
into the lake systems in the future. They can wait about 60 days, 
and then they can pull the water back in to use it as a drinking 
water supply source,” Morse explains. “They have been employ-
ing groundwater for 70 years, and we don’t really know how well 
antibiotics, personal care products and pharmaceuticals have 

	 The graduate student who designed the current model of the 
biological reactor is Joe Grieco, in mechanical engineering. He is 
videotaping the particles inside the reactor from various angles 
to see if researchers need to redesign the reactor. Grieco tracks 
the particles frame by frame, and then weighs them to ensure 
the plastic of the BBs is not damaged as it hits the other BBs.
	 “We tend to look at biological reactors, which is the first 
part of the treatment. A lot of power is required for chemical 
treatment, but if we treat it biologically first, which is very low 
energy and low intensive, then it saves supplies and energy 
down stream. It is efficient,” Jackson says. “Our reactors are 
not going to be used on Earth because we have terrestrial sys-
tems that work great, but there are implications from our 
research for the treatment of wastewater back to drinking 
water on Earth. What we find out about these closed-loop 
systems and how they operate in the very concentrated waste 

streams in space will be of use. The reac-
tors are specialized, but the implications 
are very broad.”
	 One of the group’s more prominent 
projects involves investigating the fate of 
pharmaceuticals, such as amoxicillin, estro-
gens, ciprofloxacin, and over-the-counter 
medicines, during the water treatment pro-
cess. Their studies with amoxicillin have 
shown decreased levels of the antibiotic 

in water throughout the biological components of the system, 
while the post-processing units of the system removed the 
pharmaceutical. This indicates that amoxicillin would not accu-
mulate in a water reclamation system such as this. Studies with 
estrogens showed that they could be detected in the biological 
components of the system and in the product water, indicating 
that the post-processing system is unable to completely remove 
estrogens. Future work will reveal the fate of ciprofloxacin and 
over-the-counter medicines.
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degraded over this time. It is possible that the groundwater 
may have become a reservoir for these compounds. They want 
to know what is coming out of their wastewater plant and 
what is going into the natural system. I am in the process of 
working with them, so that we can do some analyses.”
	 The project is a component of the Environmental Protec-
tion Agency (EPA) larger project funded for the Center for 
Water Law and Policy. Morse has been granted $192,000 
to carry out this study, and she will be collaborating with 
Todd Anderson at the Institute of Environmental and Human 
Health. Many remaining questions regarding, first, the cost-
efficiency of water recovery systems, and, second, the com-
pounds that can be adequately removed during wastewater 
treatment need to be addressed. As these questions gain 
answers, researchers are hopeful that people will be more 
receptive to the idea of water reclamation.
	 “Most people are very opposed because they imagine 
a direct water reclamation process,” Morse says. “If water 
reclamation is performed in a direct fashion, it is called toi-
let to tap, and the phrase is enough to make people cringe. 
However, most people don’t realize that we already recycle 
wastewater. The water we use most of the time is recycled; it 
is just not recycled through a direct process, such as creating 
a pipeline from the wastewater plant to the water treatment 
plant and then drinking it. A process that direct will be years 
out because currently a strong stigma is associated with 
water reclamation.” 

	 In an effort to reduce some of that stigma, researchers 
stress the positive aspects of water reclamation. Both Morse 
and Jackson emphasize the effectiveness of existing waste-
water treatment systems. “In some cases, and this is really 
true, we typically will treat our wastewater to better quality 
than what stream water is just because we cannot control 
all that goes into the stream. We have regulations in place to 
try to control run-off into the streams, but we are not always 
successful. Most people find the idea of recycled wastewater 
horrifying, but it is not,” Morse assures.
	 Also, people are asked to keep in mind that indirect meth-
ods for reclaiming water exist in which the water that has 
been treated can be returned to lake systems or groundwater 
sources. This water can remain there for a number of years 
before being pumped out for consumption. Morse goes a step 
further to remind us that water reclamation represents what 
may one day be an inevitable reality, and she suggests that 
people need to change the way they think about it. “People 
think that water is a god-given right and that they should have 
it. We need a paradigm shift in our thinking of how we need 
to preserve and carefully use our water sources. We have to be 
open-minded so that we can provide for the future and make 
sure these resources are available,” she urges. 

  We tend to look at biological reactors, which is the first part of 
the treatment. A lot of power is required for chemical treatment, 
but if we treat it biologically first, which is very low energy and 
low intensive, then it saves supplies and energy down stream.

Researcher Audra N. Morse is part of the Water Recovery Group. 
Facing page: Students Jason Crawley and Nick Landes 
(left to right) scan the view inside the reactor.  


