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ABSTRACT Cells grow on high area foam and, when a screen is put around the foam, it is
made heavier so it can be fluidized. When foam is rotated in a half full RBC (rotary biological
contactor), drops are formed and mass transfer of oxygen to drops is much faster. Most fungi and
some mammalian cells need oxygen. Corrugated fibers with holes in the valleys also produce drops.
White rot fungus needs oxygen and it degrades many chlorine compounds, azo dyes, PAHs
(polycyclic aromatic hydrocarbons), and TNT. Old cardboard boxes are readily available and when
buried in soil, oxygen is entrapped. In a lake, the boxes expose high area. Celite entrapped in fibers
provides even more area. Fibers have high surface area for immobilizing cells and, when the fibers
are rotated, fast reactions occur, converting one chemical to another. Sugar has been fermented to
alcohol in 10-15 minutes. Ethanol has high octane and does not need lead. Old cars and trucks still
use lead, and high levels have been found in the drinking water of several large cities. Bacteria on
fibers can remove lead in a few seconds. When an RBC of plain fiber discs is rotated and a light
shone in the top, the light hits a thin moving film to degrade chlorine compounds and sterilize water.
Titania can be fused to the fiberglass discs. Microbes and light remove sulfur from oil. Calcium
magnesium acetate is a non-corrosive road deicer. Salt on roads causes millions of dollars damage
to bridges and cars.
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SPONGE

In a recent article [1], Kargi removed COD
and nitrogen from waste water with wire
mesh sponge in a fluidized bed bioreactor.
This design is covered in Clyde patent [2].
Wire mesh sponge can also be used in a half-
full RBC where drops are formed. Mass
transfer of oxygen to drops is much faster
than to a flat surface [3].

TOXIC METALS

Lead has been found in the drinking water of
several large cities. Millions of people in 100
large cities are drinking water that is over
the limit of 10 ppb. It has been found in
parking lot runoff so it probably comes from
old cars and trucks that use leaded gasoline.
In my design of cells on rotating fibers, lead
can be removed in a few seconds.

Tyvek® fiber is not expensive and it has
small pores and many fibers. When the
bacterium Zymomonas mobilis was

immobilized on a piece of white Tyvek®

fiber about two inches long and dipped into
a colored solution of lead and six valent
chromium, the metals got on the fiber
immediately, not only on the part immersed,
but the color climbed right up the fiber and
got on the fingers of the holder. It was not
just the wicking effect, because a control
showed nothing. In the control, the same
procedure was used, including nutrients for
Zymomonas, except no Zymomonas was
used. In another experiment 21 ppb of lead
was stirred for 3 seconds with 100 Tyvek®

discs 45 mm in diameter, and the 100 ml of
lead was reduced to 3 ppb. This experiment
was repeated two more times on the same
discs with the same result. The popular
conception of bacteria is that they are
poisonous, but Morais found that
Zymomonas is therapeutic [4]. Several
doctors in the Recife (Brazil) area treated
their patients with intestinal disturbances,
and they showed great mending with
disappearance of their symptoms.



Lead was analyzed with a Hitachi Z-8100
Polarized Zeeman automatic absorption
spectrometer with a graphite furnace.
Presence of the metals was confirmed with a
spectrometer at Tulane University, and
photos were made. The Zymomonas was
NRRL 14023 and the Tyvek® 1085B. It took
about 30 hours for the Zymomonas to grow
on the fiber. Nutrients were 100 g/l glucose,
10 g/l yeast extract, and 1 g/l of three salts,
(NH4)2SO4, MgSO4, and KH2PO4 [5]. If the
pH was below 6, half the amount of dibasic
phosphate was used because it has a higher
pH. Instead of yeast extract, inexpensive
corn steep liquor can be used. High area
celite can be entrapped in the fibers and
yeast grown on the celite as shown by Clyde
[5].

A patent by Clyde-Whipple [6] covers
removing metals with bacteria on fibers.
Example 6 in this patent also mentions
Pseudomonas putida and cepacia.
Chapatwala [7] degrades cyanides with Ps.
putida. Cadmium and trichloroethylene can
be removed with these. Example 2 in the
patent describes uranium and contamination
from old fuel rods.

Steinberg [8] shows a photo of uranium and
Zymomonas on fiber. Lovley [9] reduces
uranium to an insoluble form with bacteria.
Wang [10] reduces chromium in a similar
manner. If the bacteria were put on fibers,
the process could be run continuously.
Macaskie [11] removes uranium with a
bacterium. Faison [12] removes strontium
with a bacterium. Fujii [13] captures cesium
with bacteria. Gas meters are leaking
mercury. Pseudomonas putida removes
mercury and degrades cyanides. Bender and
Phillips, at Clark Atlanta University, found
that when bacteria were immobilized on
floating mats, metals were pulled up from
the bottom of the lake. These scientists did
not immobilize on rotating fibers, but we

have tried so many organisms successfully
that we believe the chances are good that
other bacteria could be immobilized and the
reaction run faster when the fibers are
rotated. In another application, electrodes
pull metals horizontally in soil and they can
be captured with cells on fibers.

ETHANOL

Ethanol is less polluting than regular
gasoline, and the EPA has recently
suggested we need more ethanol. High rates
of mass transfer result when yeast is put on a
single fiberglass disc at 90 rpm, say Bringi
and Dale [14]. We have found that 30 rpm
works well too. With the bacterium
Zymomonas, sugar can be fermented to
ethanol in 15 minutes [15]. Wayman rotated
at 40 rpm. We have a 30 cm diameter
reactor and we rotate at 22 rpm because the
tip speed is greater in the larger diameter. A
turbine agitator rotating at 200 rpm uses
much more energy. We have found that
when you don’t rotate you get a bubble here
and there, about two per second, but when
you rotate, the CO2 which comes off
sometimes blows the cotton right out of the
vent. With polyester discs 9.5 cm in
diameter, and rotated 40 rpm, Wayman got
96% yield starting with 50 g/l glucose and
termed the results “remarkable.” Using
almost identical equipment except starting
with 100 g/l glucose, we got an 80% yield in
10-15 minutes in two runs. Continuous runs
have been made for up to two weeks, using
the same residence times as in a batch run.
Nutrients were the same as those used to
take lead out of waste water. Several runs
were also made in a smaller unit, 4.5 cm. in
diameter. Alcohol was determined by
HPLC. Higher concentrations of glucose can
be fermented and end product inhibition
avoided by stripping off some alcohol and
recycling the sugar. Another method to
eliminate end product inhibition is to extract



the ethanol with a higher alcohol such as
oleyl.

E. coli also grows on fibers. The Zymomonas
gene can be put into E. coli to ferment other
sugars. The E. coli gene can also be put into
Zymomonas.

SOIL AND SEDIMENT

Soil has been contaminated in many parts of
the world by jet fuel and PAHs. There are
over 2,000 contaminated sites from
polycyclic aromatic hydrocarbons. White rot
fungus grows on fibers (see Figure 1) and
degrades these, as well as chlorinated
compounds and TNT, but the fungus needs
air to grow. A fast way of getting oxygen
into cells is described in a recent Clyde
patent [16], as shown in Figure 2.
Corrugated fibers are rotated in a half full
rotary biological contactor. Liquid is carried
up into the vapor space and falls through
holes in the valleys. Mass transfer of a gas to
drops is much faster than to a flat surface
[3]. When a liquid is carried up into the
vapor space with corrugated fiber or
polyurethane foam, drops are formed. With
a vertical reactor, oxygen is depleted after
passing through the column, but in a long
horizontal reactor, oxygen can be added at
the end (counter current to liquid) as well as

in the middle. When a small unit of
corrugated fibers was rotated, it took three
days to grow white rot fungus, but when
holes were put in the valleys, it took a day
and a half. The tube was 12 cm long and 4.5
cm in diameter. Holes in the valleys were
about 3 mm in diameter and rotation was 6
rpm. The horizontal tube was half full of
nutrient. Lamar [17] says P. laevis is better
than chrysosporium.

Some people use pellets or microspheres but
it’s hard for oxygen to diffuse into the
interior of a pellet. At a distance of less than
0.4 mm inside the pellet there is no oxygen.
When the corrugations are buried in
contaminated soil, air is entrapped for
further growth of the fungus. Sawdust was
used in Brookhaven, Mississippi, but not
very successfully, probably because there
was not enough oxygen even though soil was
tilled once a week.

FIGURE 1. PHANEROCHAETE CHRYSOSPORIUM

ON POLYESTER.

FIGURE 2. FROM PATENT 5,256,570.



Pseudomonads grow on fibers and they
solubilize PAHs, say Stringfellow [18],
Volkering [19], and recently Paquette [20].

CITRIC ACID

When rotating discs are used with a fungus,
there is less energy and no foaming, and the
limiting step is oxygen transfer. In an air lift
reactor, it takes energy to compress the air,
and bursting bubbles damage shear sensitive
cells. A yeast can also be used and
productivity is increased sharply with an
increase in dissolved oxygen, says Sims [21].

AZO DYES

In a recent article, Suominen [22] degrades
toxic azo dyes and nine other dyes with
white rot fungus on nylon. These dyes are
released into the water supply by the textile
industry and require energy to remove them
by conventional means. Many people in this
area (including this author) drink only
distilled water but this is a very energy
intensive process.

CALCIUM MAGNESIUM
ACETATE

Salt on roads causes millions of dollars
damage to bridges and cars. People on low
salt diets are affected, because the salt gets
into drinking water and damages crops. In
the future, when electronic devices are
implanted in roads, salt will corrode them.
CMA is a non-corrosive deicer which can be
made with cells on rotating fibers, says
Ljungdahl [23]. Cheaper raw materials such
as corn steep liquor and cheese whey can be
used.

PHOTO REACTOR

When an RBC is run half full and a light
shone in the top, the light hits a thin moving
film. In other photo reactors, colored or

turbid solution blocks the light. Titania can
also be fused to fiberglass to produce a
faster reaction. Light has been found to
degrade some chlorinated compounds,
including dioxin. In India, hundreds of
children die every day from bad drinking
water.

The RBC can be run outside, saving energy
by using the sun.

CONCLUSION

Cells on fibers have many applications.
Toxic metals can be removed in two
seconds. Bender and Phillips found that the
attraction was so strong that bacteria on
floating fiber mats pulled metals up from the
bottom of a lake [24]. Cells grow well on
sponges. We have found, and others have
confirmed, that when fibers are rotated, fast
reactions result. When white rot fungus is
immobilized on old cardboard boxes in soil,
air is entrapped for growth of the fungus.
This fungus degrades many chlorine
compounds, azo dyes, TNT, and PAHs. We
have grown several Pseudomonads on fiber,
and they also solubilize PAHs. There are
over 2,000 contaminated PAH sites. A better
photo reactor is described, where the light
hits a thin moving film. Hundreds of children
in India die every day from contaminated
water. We sold reactors to Professor
Wayman (for ethanol) and Ljungdahl (for
CMA).
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