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APPLICATION FOR PROJECT GRANT

PRINCIPAL INVESTIGATOR

COINVESTIGATORS

ADVISOR

TITLE OF THE PROJECT

STARTING DATE
COMPLETION DATE

TOTAL BUDGET REQUIRED
FUNDIN? SOURCE

HEAD OF PROGRAMME

AIMS OF PROJECT

General aim

Dr. Md. Sirajul Islam
Dr. M. John Albert
Dr. Bilais Amin Hogue

Dr. Nigar S. Shahid
Mr. M. Ikramullah

Prof. R. B. Sack
Microbiological investigation
of a duckweed projiect in
Mirzapur * ’

When funds available

1 year after starting date

Ussg 21,799

Prof. R. B. Sack
Associate Director
taboratory Sciesnces Division

Investigation'of the microbiological quality of duckweed, the water in
which it is grown and the fish to which it is fed. To determine whether

there are any health hazards of growing duckweed on sewage water.



b) Specific aims .

1) "To monitor the level of microbial pollution of different
wastewater lagoons used to grow duckweed by estimating faecal
coliform concentrations.

2) To study the possible transfer of faecal ccliforms as well as
pathogenic enteric organisms through the duckweed from wastewater
lagoons to fish ponds.

3) To find out whether fish (fed on duckweed qrown in waste water)
harbor pathogenic organisms and transmit them to the fish-
handlers.

4) To study the incidence of enteric‘diseases among the employees who
are directly involved in handling the duckweed and fish.

5) Te monitor the microbiological contamination of fish.

c) Significance

This study will demonstrate whether duckweed grown in wastewater lagoons

is likely to transmit diarrhoeal pathogens among the workers who handle

the contaminated duckweed and fish. This study will aiso deternine

whether duckweed are -useful in improving the microbiological quality of

wastewater on which it is grown,

9. ETHICAL IMPLICATIONS

Stool specimens or rectal swabs will be collected from all individuals (water

and fish handlers) enrolled in this study. The importance of obtaining these



specimens for the study will be explained to the participants by one of us
(Mr. M. Ikramullah) and informed consent will be obtained for the collection

of specimens. No other specimens will be obtained from humans.

10. BACKGROUND, RESEARCH PLAN AND BIBLIOGRAPHY
a) Background

Duckweed are tiny, fragile, free-floating, aquatic plants. Their vegetative
reproduction is rapid and they cluster in colonies, forming across the water
surfaces, a scum that sometimes becomes a minor nuisance in irrigated crops,

farm ponds, slow-flowing canals and some hydroelectric facilities,

Duckweeds belong to four genera: Lemna, Spirodella, Wolffia and Weolffiella.
pbout 40 species are known. None have distinct stems or leaves but consists
of flattened. minute, leaf-like, more or less oval "frondi”, a few millimeters
in diameter. Many lack roots; white flowers (rare in many species) are so

amall as to be nearly invisible to the naked eye (Anonymous, 1976).

Reproduction of duckweed is by vegetative méans. The daughter fronds bud from
reproductive pockets on the side of a mature frond. An individual frond may
produce as many as 10 generations.of progeny over a period of 10 days to
several weeks before dying. Duckweed fronds can double their mass in two days.
This is faster than any of the higher plants. Under experimental conditions

their production rate can approach an extrapolated yield of 4 mqtric

tons/ha/day of fresh plant biomass.

Duckweeds have long been recognized for their potential as a source of high
protein feed for animals. Studies conducted in various countries of the world

e.g. USSR, USA, Canada and others have demonstrated the nutritional benefits
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of duckweed for both livestock and fish. Duckweed-fed animals grew or produced
on duckweed-supplemented diets as they did on more traditional diets using
either sovmeal or fish meal. Mirzapur duckweed project has demeonstrated that
duckweeds can be cultivated vear round at rates exceeding 700 kg/ha/dav. The
nhutritional value of duckweed is as follows: protein 35-45%, fat 15%, fiber

5-15% and ash 10-15%.

In Mirzapur duckweed project. one hector of duckweed waste water treatment
plant will yield up to one metric ton of fresh plants per day. This daily
harvest will produce approximately 100 kg. of fish or 100 ka. of dried high-

protein duckweed meal (Journey et al.).

Islam et al. {1990) recently carried out a study on survival of toxigenic
Vibrio cholerae 01 with a common duckweed, lemna minor, in artificial aquatic
ecosvstems. They observed that toxigenic V. cholerae 01 can survive longer
(2? days)'on t. minor than in wéter on which the plants were floating or in
control water without plants. This study may indicate that the duckweed which
arow on the wastewater lagoons may harbour vibrios and other pathogenic
bacterial flora, adsorbed from the water, for a long time. When these plants
are transferred from the lagoons to the ponds as fish food, there is the
possibility of . transferring pathogenic bacteria along with the duckweed.
Moreover, workers who are involQed in this project may also contaminate
themselves during handling of the duckweed'and may contract enteric disease.
The fish that eat the contaminated duckweed can also carry pathogenic bacteria

in their guts and may also transmit the disease to fish handlers.

A project on Lemnaceas-based wastewater treatment is going on 4t Mirzapur in

Tangail where "Duckweed farming” is being done on agricultural land using



either oraanic fertilizer or wastewater collected from the Kumudini Hospital
Complex. The hospital wastewater is “treated” with duckweed by having it
grown in a series of wastewater lagoons. Duckweed, when grown in these ponds,
convert substantial amounts of oraganic material and/or fertilizer into plant
biomass: they convert nutrients and minerals dissolved in the water column

into plant tissue. The nutrient removal rate is directly proportional to the

growth rate.

When plants are harvested, nutrients and trace minerals are removed from the
system and a dvnamic nutrient and mineral sink is established. This forms the

basis for a highly effective wastewater treatment technology.

The duckweed which grow in wastewater lagoons are harvested and used as the
only source of food for fish. Therefore, duckweed is utiiized for two
purposes. One is for treating wastewater and the other is as food for growing
fish (edible). This project has a laboratory of Kumudini Hospital for
monitoring chemical.elements, e.g. NH,, NOg, SO, P, TSS, BOD, etc. of water.
All these physicochemical parameters are being monitored reaularly on a weekly
basis for the influent and effluent treated with duckweed. However, there are
no data on the microbiological quality of both influent and treated effluent.
There are alsoc no data about the -transmission of pathogenic organisms from the
wastewater lagoons to fish ponds when the dﬁckweed are transferred from the
lagoons to the ponds where it is used as food for fish. Horeover, there are
no data on health risks.involved among the workers who are directly involved
with this project. Therefore. to answer all the above questions. this present

study is proposed.



b) Research plan

Environmental sampling. water and duckweed samples will be collected from
sentinel ponds (5), effluent (1). duckweed growing ponds (3}and the fish ponds
(3). Fish will also be collected from fish farming ponds to investigate the

presence of pathogenic bacteria in their gut.

Samplinag procedure. Surface water (5 cm below the surface) will be collected
in‘presterilized 1000 ml plastic bottles. Plant samples will be collected by
hand using sterile plastic gloves and kept in sterile plastic bags. All the
collected samples will be transported to the laboratory. inside an insulated
foam box with ice baas so that the temperature can be maintained at about
4°C. Samples will be processed within 4 hr after collection in Enviroﬁmental

Microbiclogy Laboratorv of ICDDR,B, Dhaka.

Sampling time. Samples will be collected once a month for one vear.

Number of samples. Four Kinds of samples will be collected, e.g. water,
duckweed, fish and stool/rectal swabs. A total of 384 samples will be
collected for one year, including 144 water samples (12 sites x 12 months ).
duckweed 108 (3 kinds x 3 ponds x 12 months), fish 36 (3 types x 12 months),
rectal swabs 96 (8 handlers x 12 months). All these samples will be processed
to isolate bacterial flora that are responsible for causing diarrhoeél

diseases following standard procedures.

Treatment of samples. Plant samples will be blended for at least two minutes
with an equal volume of phosphate buffered saline (PBS) to give a homogenous
mixture. 0.1 ml of the homogenate will be directly plated onto MacConkey. S8,

Campav-BAP, TCBS and TT7GA media following the spread plate technique for



isolation of various categories of £. coli, Shigella. Salmonella. vibrios and
campvlobacter spp. (Koch, 1981; Collins and Lyne. 1984; Islam et af.. 1987,

1990} .

A portion of the blended plant materials will also be inoculated into
enrichment media (alkaline bile peptone and selenite broth) incubated
overnight and then plated onto MacConkey, S5, TCBS and FfGA media (Honsur.
1961) for isolation of vibrics and Salmonella. Total and faecal coliform
counts will be carried out by platina 0.1 ml of the homogenate on MFC agar

media following the spread plate technigue.

For isolation of Campylobacter spp.. R/S or stool samples will be streaked on
Campy-BAP media and incubated in candle jar at 42°C for 48 hr. after
incubation, the suspected coloniés will be checked for Oxidase and catalase
test. Then gram staining will be done. Fufther identification up to species
level will be done following the procedures described by Morris and Pa;ton

(1985).

The lower number of shigellae will be~detected by polvmerase chain reaction
technigue following procedures described by Islam ef ai. (1993). .The
homogenized plant material will be centrifuged at low speed to settle the
debris. Then the supernatant will be. again centrifuged at 11000 rpm for 5 min
and the pellet will be used for the extraction of DNA. Tﬁe detailed DNA

extraction procedure is given below:

ONA preparation. Each pellet will be resuspended in 50 pl of solution
containing 50 mM Tris-HCl (pH 8.0), 20% sucrose., 50 mM EDTA and 400 wg/ml

lvsorvme (Sigma,. $t. Louis, MO, USA} and will be incubated at 37°C for 30 min.



Next, 150 pl of solution containing 50 mM NaCl, 1% sodiu-m dodecvl sulfate
(3DS) and 500 pag/ml proteinase K (Bethesda Research Laboratories,
Gaithersburg, MD), will be added and the mixture will be incubated at 50°C for
60 min. The DNA will then be precipitated with 2 volumes of absolute ethanol
in the presence of 0.3 M sodium acetate (pH 5.2) at -70°C and will be
ha:;vested by centrifugation at 15,000 X g for 15 min and will be resuspended

in 100 pl of a solution.containing 10 mM Tris-HCl and 1 mM EDTA (pH 8.0).

DNA amplification. ONA will be amplified by PCR w.ith 1.0 ul of the ext:racted
DNA with 130 ng each of two primers and 7ag polymerase {Perkin Elmer-Cetus,
Norwalk, CT) per 25 pl of reaction mixture on a Thermal Cycler (Perkin Elmer-
Cetus, Norwalk, CT). The P(;R reaction will 'be done for 35 cycles of 1 min
each at 94°C (for .denaturation), 1.5 min at 60°C (for annealing of primers to
single~stranded DNA), and 0.25 to 1 min each at 72°C (for DNA polymeraée—
mediated extension). amplified DNA was separated‘electrophoretically on a
0.8% agarose gel and transferred to a nylon membrane (Sigma, ét. fouis, MO,

Usa) by capillary action.

ONA hvbridization. MNylon membranes containing DNA will be pr_ehybridized in
prewarmed hybridization buffer (5% SSC [1 x SSC is 0.15 M NaCl plus 0.015 M
sodium citrate] 1.0% 3$DS, 0.5% bovine serum albumin) for 10 min at 37°C.  The
filters will be hyb_ridized. in the same buffer containing 2.7 wl of a 5 uM
stock solution of the alkaline phosphatase labeled ipaX probe per 55 cm?
filter at 37°9C for 30 min. The‘ membranes will then be washed once for 10 min
in 1% SDS-1X SSC at 37°C, once for 10 min in 1% Triton X-100-1X $SC at 37°C

and once for 10 min in 1X 8SC at 45°C. Hybridization will be carried out

following the procedure of Joblonski et al. (1986).



The membranes will then be transferred to a solution of 7.5 ml of alkaline
phosphatase'buffer (100 mH'Tris—HCI, 100 md NaCl, 530 mH HgClz, 0.1 mM ZnCl2
and.O.DZ% sodium azide; pH 8.5) containing 33 pl of nitroblue tetrazolium
(Sigma) solution (75 mg/ml in 70% dimethylformamide) and 25 pl of 5-bromo-4-
chloro-3-indolyl phosphate (Sigma) solution (50 mg/ml in dimethylformamide).
~ the colour reaction mixture will be incubated at room temperature for 4 h in
the dark. The reaction will be terminated by washing the filters.with

distil}ed water.

Water samples

Total and fbeéal coliform estimation. Two hundred ml of water (100 ml each)
will be filtered through 0.45 um membrane filter papers. This will be done in
duplicate. Then the filters will be placed on MFC agar media and incubated at
379 and 44°C overnight to count the to;al and faecal coliforms respectively
following standard procedures (APHA, 1980). Other bacterial pathogens of

diarrhoeal diseases will be monitored in water as described below.

Tests for pathogens. Fifty ml of water samples will be added to 50 ml double-
strength alkaline bile peptone water and salenite broth for enrichment of
vibrios and salmonella respectively. After overnight incubation at 37°C,

plating will be done on TCBS, TTGA, MacConkey and $S agar media.

vibrio-like organisms.(from colony appearance) will be picked and streaked on
gelatin agar medium {Monsur, 196_1) and incubated at 379C to determine the
production of gelatinase and sensitivity to 0/129 vibriostatic compound and
then will be inoculated into Kliglers Iron agar (KIA) and Motility Indole Urea
(MIU) agar. Presumptive vibrio isclates will be checked for 1lysine and

ornithine decarboxylase, arginine dihydrolase and for fermentation of



mannitol, sucrose, mannose and arabinose (Hug, 1979) and growth in 0, 3, 8 and
10% HNaCl. Serology will be done if indicated. Identification of various
members of vibrionaceae will be carried out following the procedures as

described by Islam et al. (1981, 1991, 1992a, 1992b).

The non-lactose fermenting colonies from MacConkey and $S agar plates will be
picked and inoculated into KIA, MIU and Simon’s citrate agar for biochemical
tests for Shigella and Salmonella.  Final identification will be done by
serological tests following standard procedures (Kelly et al., 1985; WHO,

1987).

Fish. The intestines of fish will be homogenized with PBS and then enrichment
will be done for vibrionaceae, Shigella and Salmonella following the

procedures as described before.

Stool/Rectal swab. Stool samples or rectal swabs (in Cary-Blair) will be
collected from diarrhea and non-diarrhoea cases and plated directly on
MacConkey, $S, TCBS and TTGA media. A portion of the stool or tectal swab
sample wili also be inoculated in enrichment media following the same

procedures as described above.

Plan for data analysis

The efficiency of duckueed to adsorb microorganisms from the contaminated
wastewater lagoons will be determined by comparing the coliform counts of
water and duckweed collected from different lagoons. The isolation of members
of Vibrionaceae, Shigella and Salmonella will also be correlated with coliform
counts. Chi-square, I-test, and t-test will be used as appropriate for

comparison and significance levels.

10



Attempts will also be made to correlate the isolation of pathoéens from the
duckweed and fish with the isolation from workers invelved in the project. To
evaluate the risk factors for diarrhoea among the workers who are involved in
wastewater-based duckweed project, the incidence of diarrhcea in groups
exposed and non-exposed will be compared using relative-risks. Statistical
significance of these relative risks will be assessed with standard Chi-square
tests or fFisher exact tests where applicable. Confounding variables will be

taken into account using logistic regression (Kleinbaum ef al., 1982).

The data will be analysed in statistical analysis system (SAS), dBase will
also be included. Data will be entered in SOS data entry package. The data
‘ will be processed by MWr. M.A. Malek in Archive Unit of Laboratory Sciences

Division (LSD).
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il. FLOW CHART

activities in 12 months

selection of study area,
setting up methodology
and field sampling
!
Collection of samples
and experiments in
the laboratory
§
Data management and
analysis as well as
preparation of manuscript

12. ITEMIZED SPECIFIC TASKS FOR EACH LISTED INVESTIGATORS

Sequence of tasks

o i o A . T S s

Standardization of procedure = wmemes 2 mortths
y

Testing of specimens mmT——— 8 months
v .

analysis of data and writing reports -=--=-- 2 months

] Tmalr\' :’-f: -‘:_:-:\,991-'??:—!1'.0!‘"5

M.S. Islam Standardization of procedure

M.J. Albert

M.S. Islam ) Setting up PCR technique and screening
M.J. Albert of samples

#.5. Islam Field investigation

M. Ikramullah

N.S. Shahid

B.A. Hogque
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Detailed Budget

A, Personnel
Pesignation Level and Step
1. Associate Scientist NO-C (15%)

2. Senior Research Officer GS-VI-1 {100%)

3. Field Worker (1) GS-1I1-1 (100%)

| B. Operating costs

1) Sampling and processing

of water for TC or FC - 288 @ 7.41
2) Water samples for vibrios

Shigella and Salmonella - 288 @ 12.70
3) Duckweeds for vibrios,

Shigella and Salmonella - 108 @ 12.70
4) Stool samples for vibrios,

Shigella and Salmonella - 96 @ 12.70

| 5) Transport -

f 6) Antiserum/Reagents,
non-stock supplies and
L miscellaneous -

Total ‘ -

MSI:mh/S10:DUCK.PRT

14

Uss 1,700

6,036

UsSs 2,134

3,657

1,371

1,219

750

Salary per annum

Us$ 11,148
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INTERNATIONAL CENTRE FOR DIARKRHOEAL DISEASE RESEARCH. BANGLADESH
CONSENT FORM
The scientists of the International Centre of Diarrhoeal Disease
Research. Bangladesh (ICDDR.B) are studying the transmission of
germs of diarrhoeal diseases spread among the workers of thé
duckweed project. The aerms may persist in duckweeds from where
. thevy can be ingested and cause diarrhoea. 5o we will take rectal
swab and will examine in the iaboratory to see whether or not the

rectal swab contains the germs of diarrhoea.

CIf vou or anvone should become sick during the study period. we
will either provide treatment for you at home or take vou to the

hospital.

Pburing this study period and afterwards., your name and any
information on illness that vou provide will be held
confidential. You will not be specifically named or- identified
in connection with this study. If vou choose not to participate,
vou may still receive treatment at our hospital should vou become
ill. If vou do not agree to par£icipate, vou mav withdraw from
the study at any time. If vou are willing to participate in this

study, please sign or put vour left thumb print below.

e e mA o e e T WA e e W AL A LA TEL L A e e s L e W e e an s A T R e ey e = R S LR WA L w

Signature of Witness Date



TS o
S A2 %ﬁ*
\SIGEISE GRS Qrermgma\ T RY
\W%"&%QW Lﬁ:\g’; @?a @9% W%r@a 'ﬁ*@j v\22ra é}zm
nga‘ AT %fn' o Ra=ey 'sr@a;rr oY) _QDQ}.’
mﬂm &rara @é v Q2 TR TR wE v
TAWA @\“((6‘ < 56 (\\R@ v (s z;vr@\vm
- Q\;—" ‘9“% LB (:mmar \SVAA R E,-m\é;r(axom
mfmf{w B3 NR(Y @Ww;w‘a mr:nr‘ K4E|% ao\a:‘“.@aa
stz STRHv co’@ TRV @r@r@ orsi o \g\am\m@
% AV |
sr(@uAr  GRArERE Sso =% ww(%zwswrm
S(aar(ra w2 (PUr WRR, 2, O(T \W A \Arara
%tr@n@- a sgrvera Gelegwra EAY Ry NERA
v@‘msr%;t av mzé N \BPTACR AraC @n’ caErd
:fm%rzy @)y PErA e (3 {3 RAr2 QT@\T@ \TiRva

B

arst @aywr DA AN QAR (5 (OrF A WA
arse @@y 2Y3 EI(E FTM3EA,

Sh (R sr(aBWAY @g@r&"ar &G SARGR
xel e ar Qs 96%(@@@@,

SVCRACHR AN I—
@I
svR a [ o =iz
Tz SRR — / |
‘B A . BB

?



