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WIATTER, ENWVIRONMENT AND M/ANAGEMIERNTT
Lemnaceae based wastewater treatment and resource recovery ‘*_

L P Selvam, A J Shamsuddin, M lkramullah and A K Mudgal

The modern secondary biological wastewater
treatment options for removal of
Biochemical Oxyvgen Demand (BOD) or tertiary
treatment, svatems for removal of nutrients
like Nitrogen (N} and Phosphorous (P) are
capital intensive  and require large
recureing operation and maintenance (0O&M)
coats. On the other hand, the traditional
low ¢ost options like stabilization ponds.
lagoons eto.. are inadsquate te meet the
existing aecondary effluent diaposal
standards. Further more, in the absence of
any direct econcmic returns or benefita,
invesiment.a in eYpensive wastewater
Lreatment syatans  preceive the least
rriority in nany developing countries.
Therefore, development of a low  coat
Lemnaceas-hased wastewater treatment. svstem
becomes significant. since they not only
produce a tertiary effluent quality but
atso provide direct economic henefit in the
form of protein-rich lemnaceae.
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- tolerance to high concentration of

mitrients up to 1 gm of N and 1.5 gm of
P per litre;

- ability to absorb/accumulate nutrients,

heavy metals and toxic substances -
e.g., up to 100% uptake of Poly-

Chlorinated Biphenvl (PCB) and produce
a lertiary treated effluent quality;

- easy to harvest - they can easily be

sk immed off by some kind of a net;

- control of odor:

- high protein - 25 to 45 % on dry basis;
low finre and lignin contents make it
suitable as a food plant. Its

application for human nutrition and as
an animal feed has been known for a long
time - in Mexirmo as poultry feed; in
Thailand, Barma and Laos sold as "eggs
of the water”; and 1in Rangladesh and
Taipar aa fish feed: and

- verv hish orotein harvest of ahout 15
tons per ha. vear - about 20 times
high=r than the yield from the protein
rich Soybean crop.

Disadvantages

Other characteristics., which goes against
wastewaber treatment and productive use of

harvested fuckweed are:

reducticon or stor in growth at  low
temreratures ([eaa than 790);
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environment for their removal by microbial
metabolism and physical sedimentation.
Duckweed roots provide a good support
medium for the growth of bacteria and for
filtration, adsorption of SS. Pathogenic
bacteria and viruges are removed by the
same mechaniama  as in  conventional
stabilization ponds - natural die-off -
depending on detention time and wastewater
temperature, predation, sedimentation and
adsorption. (WPCF, 1990)

Design and Plant Performance

Lemnaceas systems have been developed by
following the conventional design
procedures for facultative lagoons, except
for the need to control the wind effects -
by introducing floating baffles or cells to
prevent duckweed from being blown across
the pond (Water Pollution Control
Federation 1990). The important design
parameters of a Ilemnaceae system are
hydraulic retention time, hydraulic loading
and organic loading rates. Shallow (1.5 -
2.5 m depth) rectangular basins with a high
length:width ratio are usually designed to
reduce the potential for short circuiting
and .simplify harvesting operations.

Duckweed have significant ability to remove
waterials from the water in which they grow
and produce a tertiary treated effluent
quality. Also when harvested more
frequently, duckweed become an excellent
sink for nutrients, organic and inorganic
materials., by absorbing as much as 99% of
contents in the wastewater. Whereas in
conventional stabilization ponds, algae
account for most S5 and BOD and also
transport the most of nutrients from the
treatment system to receiving water body.
(William 3. Hiliman and Dudley D. Culley,
Jrod

The fast growing duckweed plants form a mat
upto 1 em thick covering the entire water
surface  thereby restricting the light
renetration and growtn of algae. Other
pogitive effects of the duckweed mat are
prevention of  mosquiteo breading and
reduction in evaporation loss compared to a
free surface water body. (Gideon Oron and
Dan Pcrath; Hans Jansen).

BANGLADEGH EXPERIENCE
An international NGO, the PRISM Group and

the Kumudini Welfare Trust are jointly
administering a Lemmaceae farming project
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called Shobuj Shona - literally "Green
Gold” in Bengali language. The Kumudini
Mirzapur complex project site is about 60 KM
north-west of Dhaka. The project’s primary
objective 1is to develop and demonstrate
convincing fresh water Lemnaceae farming
techniques and its profitable use as fish
feed. Additionally, the project seeks to
demonagtrate use of Lemnaceae for wastewater
treatment.

Freshwater Lemnaceae Farming

Since April 89, extenslve regearch on
optimization of rrocess conditions for
sustained production of Lemnaceae,
fertilizer requirements, seasonal effects,
optimun plant density, wind buffering,
raising of inter crops, water management and
profitable use of Lemnaceae as poultry and
fish feed is being done. Locally found
common species - Spirodella, Lemna minor,
Wolffia, are grown, through out the year in
fifty fresh water ponds of various sgizes in
a total area of about 2 ha. of converted
rice fields. Lemnaceae production from two
ponds of equal size, from June 1991 to March
1992, are shown graphically in figure 1.
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Fig.l: Freshwater Duckweed Production
(June 1991 - March 1992)

Depending on the frequency of harvesting,
the Lemnaceae production varied from 140 to
162  tons (wet weight)/ha/year. When
harvested every day, except on Fridays, the
Lemnaceas production was about 30 to 5H0%
higher than harvesting every altlernate day.
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Fish Farming

Freshly harvested Lemnaceae is fed directly
in three fish ponds with different species
- ponds 1 and 3 - Carp polyculture - Grass
carp, Common carp, Silver carp, Catla Ruil
(Indian gill feeders) and Mrigal (Indian
mixed/bottom feeder) and pond 2 - Tilapia
monoculture. The main conclusions, based
on the actual measured figures of duckweed
fed and fish harvested for a period of
twelve months from April 1991 to March
1992, are:

a. Bvery ton of fresh Lemnaceae fed has
given a yield of 80 to 120 Kgs of fish
-an average of 100 Kgs.;

b. Increased quantities of Lemnaceae fed
" per ha.year did not necessarily result
in increased fish vield per ha. vear.;

and

c. Fish catch per ha.year is about 10
tons, which is higher than typical fish
catch levels of 3 to 5 tons per
ha.year, from local fish ponds where
only some fertilizera are applied to
promote growth of phytoplankton for
figh feed. About 0.5 to 0.75 ha of
Lemnaceae farm is required to sustain
the fish yield level of 10 tons/ha/yr.

USE OF I.EMNACEAE FOR SEWAGE TREATHMENT

Brief description of the treatment plant
The Kunudini Welfare Trust, Mirzapur
complex generates about 3b0 m3/day of
wastewater from its 800 bed charity
hospital. a girl’s high school and
regidential areas with sbout 3000
regidents. Till June 90, the wastewater
was discharged without treatment to a
nearby river, through a series of existing
natural ponds. In July 90, the project
inatalled a /[Lemnaceae based wastewater
ireatment plant conzisting of: (a) a sewage
collection and pumping  station; (h)
pretreatment pond - using one of the
existing ponds as an anaerobic pretreatment
pond and to retain mozt of the suspended
solids in the raw sewage; (¢) a fresh water
pumping station to make up for the evapo-
transpiration and seepage losses,
particularly during the dry season i.e.,
Nevember to April and (d) a plug flow
Lemnaceae pond ~ nne of the existing ponds
of about 0.75 ha. of surface area was
mndifiad into a long serpentine channel of
& m width, 40 cm water <olumn. This

channel is divided into several grids of &
to 6 m long and 2 to 3 m wide with wind
buffers for containing Lemnaceae within the
grids.

Operation and Performance Results

a. Wastewater from the primary pond is
pumped intermittently for about 3 hours
in a day into duckweed pond. The
estimated hydraulic retention time 1in
the duckweed pond is about 20 -25 days.

b. While all three species of Lemnaceae are
observed, Spirodela is more prevalent.

c. Lemnaceae ig harvested manually with a
hand net, by two laborers travelling in
a amall boat. Since the growth rate is
higher than in the fresh water ponda,
dally harvesting is carried out from
Avgust 91 and a plant density of about
650 gm/sq.meter is maintained.

d.  Due to progressive decreass in mitrient
levels, the effective Lemnaceac
production area is only about 60 -70 %
of the total area - the yvield gradually
decreases from about 1000 Kga/ha/day in
the iInitial reaches to an inaignificant
level in the last reach. The actual
Lemnaceae production varied from 118 to
230 tons (wet weight) per ha. year,
equivalent to an average production
level of 183 tons/ha/year, which is 24%
more than the average freshwater pond
production. Lemnaceae production for 10
montha, from June 91 to March 2, is
graphically shown in figure 2,
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Fig.2: Wastewater Duckweed Production
(June 1991 - March 1992)



e. Seasonal effects on plant growth,
incidence of plant die off and fungus
growth are insignificant. Negligible
odor, suppression of algae growth -
resulting in less suspended solids in
the treated effluent, and absence of
mosquito breeding are some of the other
features.

f. The average measured wastewater
characteristics are given below:

Gampling B0Ds g/t P mg/1 Amm.¥ mg/1 Turbidity ¥TU
Puints

Raw Sewage 229 2.1 36 153

Primary Effluent 124 1.9 30 80

Treated Bffluent 5 0.1 0.6 1

As shown above. the plant performance in
terms of itg treated wastewater quality is
comparable to that of a tertiary treatment
systenm.

g. (verall cost benefit analysis: The

approximate total O&M costs, including
pumping, duckweed harvesting, finger-
lings and pond maintenance costs, 13
TK. 100,000 per year (U.S5.3 1 = TK 38.5
as on 1.5.92). At the established
duckweed to fish conversion rate of
about 10:1 and at a cost of TK 50 per
Keg fish, the gross economic returns are
estimated as TK. 900,000 per year.
While the above computation did not
consider the land value, capital costs,
intereat ratez etc., it does indicate
the potential cost recovery prospect.

Conclusion

The Lemnaceae based wastewater treatment
system successfully meets the challenge

posed in developing countries for
envirenmental protection, resource recovery
and water conservation. However before

replicating Bangladesh’s evperience it 1is
necessarv to first evaluate the experience
through extensive performance monitoring.
Such an evaluation will not only generate
reliable design parameters (given below)
but also provide answers to the following
health & hygiene related issues:

a.  Optimal BOD  and  hydraulic loading
rates; Pretreatment requirements;
Optimm  hydraulic  profile;  Sludge
accoumulation rates; Evapo-transpiration

lhsses; and
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b. Transfer of pathogens with harvested
duckweed; Health effects on laborers
harvesting/handling Lemnaceae;
Contamination of fish by pathogens;
Entry of persistent pollutants 1like
heavy metals in the food chain through
the fish fed by Lemnaceae;
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