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ABBTRACT SUMMARY
Fecal coliforms and fecal streptococei ag indicators of fecal
contemination of water scurces in rural Bangladesh
Perzons asked in this study to supply stool samples or fo provide inform.: ..
will be takenr from other on-going studies in ORL, This study places no

additional burden on these persons.

Thers is no risk involved in this study .,

No risks are involved,

Data will be roported without reference to the name of participants.

No risks of any sort ere involved. Persons will be told of the nature

of the study and of their right %o refuse to participate,

The interview will fake place in the homes of persons in the Fatepur study
eres at monthly intervals. Each interview should take no more than five

minutea,

There are no benefits to the individual. Publie health may uwltimately be
improved through interventions developed using the monitoring tools defin: .’

in this study.

This activity requires the uise of no records, organs, tissues, body Flulds

fetus or abortus.



Fecal coliforms and fecal strepiocsecei as indicators of fecel
eontamination of water sources in rural Bangladesh

STATEMERT TO BE READ TC RESPONDENTS CF QUESTIONAYRE

We want to kuow what places you used for defecation in the
past 24 hours., This will help us in a study of the best way to

1

: Lest can then be used Lo show how much

n

test water quelity., Thi

[£

wprovement in water cuality resulss from different sanitaticn

methods.,
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SEOTTION TT ~ RESEARCH PLAW

IRTRODUCTION

Oblective: The overall silectives of this research are to evaluate the

usefulness of fecal coliform (70} and fecal streptococei (¥8) counts

(.n

and the PC:FS ratio as indicators of the extent and source of fecal

centamination in weter, and to provide, through simulation medels, a

1

ccherent desceription of those fastors vhich affect the presence of

fecal pollution in water scurces.

Background: The evaluaticn of water quality depends, to a great exter

on an assessment of how liable a water Body 1s to be contaminated by
pathogens of fecal origin. Since 1t is usually difficult to isolate

pathogenic mirrcorganisme directly, organisms unigque Lo, hut common .

o

Taoes are monitored instead as an index of facal pollution., SHuch

measuraments are impertant for seversl reasons. They provide a means

-

of deternining whether a nerticulsr water source is safe to use, They

also provide & means of investigating mechanisms which control tha

3 B}

zr gourees and which determine the

transfer of fecal matiter into wa

concentration of contaminerts under varisd environmental circumstancen.
Tdeally, a measursment of indicstor organisms should yield an estimate
of the extent of the pollution azs well as differentiate between poll-

ution by marn and by other animals,

Although total coliform counts sre still used to assess pollution,

indicator organisms which are more direcily asscciated willi the



intestinal tract of warm-blooded ani ials are preferable. These inclua
by
fecal coliforms (FC: n practice vhis is synonymous with Facherichia

coli) and fecal streptocccci (FS) {Geldreich, 1966, Slanetz and
Bartley, 1964). Since these crganisme are normelly zssonisted only wi
the gut of men andg other 2nimals, and tend to die off quickliy cnee

they are deposi-ed in water {Mcretoers, et al., 1974}, their concen-
tration in waler zerves as an index of recent fecal centamination andg
ot the povential presence of pathogens., Media gnd methods for the
recovery and differentistion of thege indicetor crganisms have been

the sublect o7 intensive study. A varisty of quantitative methods,

. 1A S e T . eV 2 . ’ s
including most-probable-nurber (WP, and membrene filtration techniques,

have been develoned and standardized (APHA, 1071).

Routine determination of ¥C dep2nhds on the ability of this group to

b

grow at bL.SC snd ferment lactose, An MPH procedure utilizing lactose
and EC broths and a memdrane filtration technique using m~-FC broth as

a growth medium {(APHA, 1971) are the two most commonly employed methods
The membrane filtration procedure appears to be of greater utility for
Tield studies (Feacham, 1974} tnough the EN technigque is somewhat

Ty

better for recovery (Bissonette ef al., 107

-3
s
)
5
o

¢ sually determ. . :
ty a membrane fTiltration technique at Lhis time, using either m~sntevc-

coccus agar (Slanetz and Zartley, 1957} or EF streptococcal agar {Kenner

et al., 1961), K¥ streptococcal 2gar is reported to be lees selective
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eptococei from non-human sources than m-enterococcous

agar, though some investigators have experienced reduced recovery of

S. bovis on both (Switzer and Evans, 19Tkj, Cthers, however, haeve not
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noted this phenomencn {Brodsky and Schieman, 1967). On balance, K
streptoenal ager eppears to be the medivm of choice Yor determinine &

hen pollution Trom non-human sources is articipated.

A problem with ail membrane filtration technigques has been a dramatic
variation in recovery with filterc of different types and from Aif-

- <

ferent menufactirers (Lin, 1970; (reen et al., 197%). This appears to
be due primerily to differences in the anount of contact betveen media
passing through the filter and the cells embedded on it. This is, in

turn, a funetion of pore charscter (Sladek et al., 1975). At present .,
Gelmar and Millipore type TC filters seem to give the best recoveyry

rates {Green et al., 1975).

A problem which has been only infrequently appreciated and poorly eval-
uvated is the failure of FC and FS assays to count sublathalliy injurec

cells, The phenomernon of sublethal injury and the failure of selective

media to deteet cells so affected has long been known o oveur in foode

sublected to stress situatlons such as freezing, drying, or besting. T
same pnencienon has been demonstraeted in E. coli exposed in situ to
natural waters (Bissomette et al., 1975). These injured cells wers

capable of recovery if maintained in a rich madium for seversl hours
before being plated on selective medisa., The sxtent to which injury can
affect FC and F8 counts in highly polluted waters is unknown, thaough
ig likely that the high nutrient ccncentration voqu be protectiva.
Bissornette et al. (1977) have showm that a 2-hour iheubation of men-

brane filters at ambient temperature on supplemented trypiicase soy agas



before sxposing them to selective madiz substantlislly enhanced the
recovery of E, coli from pure culture and of fecel coliforms from rav

sewage,

The ratic of FC!FS has bsen pruposcd as a methed for determining whe .

rollution is from a mumen scurce or sn animel source {Geldreich, 10640

1]

Table 1 {taken from Celdreich) shows how this is pogsible. The concan-
tration of F3 in animsl fteces is muech graater than that of FO. In
humans, the ratio is reversed. Thus, 2 high FCiFS ratio would indiecat:
wmen pollution; a low ratio, poliution from en animal cource. In
rractice, a ratic of 4.0 or grester is considered an tneguivocal indi-

cation of human pollution; a ratio of 0.7 or less of animal.

A major weakness in this method is that it properly applies only to water
which has been very recently contanimsted with fresh fecal matter, sinc
¥FC and FS die off at different rates, thus altering the FC:FS ratio
(McFeters et al., 19T4). Since the age of pollution is difficult to
Judge, the FC:I'S ratic would appear to be an unreliable indicator of
pollutioﬁ scurce, A modiTicatlon of this procedure suggested by Feaol.
{19751, however, promises to overceme this difficuliy and, indeed, pr
vide an even belfer indication of pollution source, Feacham has note-
thel enterccocei (5. faecalis and S. fascim:), which dominate the FS

from human feces, survive better than FC which in turn survive better

Shan the predominant T8 in animal feces (g, bovis and S. equinus}.

Py

He propeses that a series of messurements of FC and FS concentration be

taken througl time and the FC:FS ratios plotted. The slope would indicain



Table 1

bstimated wer cspita contritution

of indicator microorgsnisms

fron some

animals.
s

Avg contribuetion

 density per capita per

Avg us of rer gran of feoces 2L hr

Feces/Ph nhy (million] {million) Ratic
Animal wet ut, g FC e C 3 FC:T8
Man 150 13.C 3.0 2,00« 150 bk
Duck 3348 3% 4,0 11,000 18,000 G.6
Sheep 1,130 16, ¢ 38,0 18,000 k3,000 0.k
Chicken 182 1.3 3.0k 2o 6,200 0.

Turkey

-
3

i
I

23,800 o, 03 1.3

448 0,29 2.8
2,700 3.3 8L.,¢

N
g
[
[

y 31,000
1,300 0.1

0.0
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whether the source of the vollution were hanan {falling sicpe) or

animel {rising slope). Data frow studie

n

by dcfeters et al. (1975)

and Feacham (1274) could be interpreted td support this proposal.

The validity of this approach and its usefulness, as well as the
usefulness of enteric indicator bacteria in general, 1z likely to he
sirongly related toc the geographizal area studied snd the nature of

the pollution sources invelved., Evison and Jemes, (1073), for example,
found that FC were able to survive for long perieds of time in tropical
vaters expesed to a high smbient temperature. This would chviousiy
affect Lheir utility so ap invex of recent fecal contumination, The
possibility that, in very hot aress, the FC group might contain s

iarge mumber of non-fecal saprophytes should also be considered, though
White ot al., (19Té} found in East Africa that 90% of all FC were, in
fect, E. coldi type I. In anvther vein, “ieFeters et al., (1974) demon-
strated that the FS ipn elk feces declined at a significantly siower rate
then the FS in the feces of other animals. The rate was very close tc that

of FC, so theve was virtually no change in FC:FS ratio with tinme.

It ig evident that the use of indicator bhacteria and the FC:F8 ratio
a8 a means of assessing fecal pollution wmust be spprozched carefully.
A proper interpretation of these measureménts will reguire some informat’
on the fecal flora of humans and animels in the study ares -- concentrat’
of FC and FS, composition of streptoccal flors -~ os well as estimsbes o

viability decay rates under the range of envirommentazl conditions to

P . . N - - -3 L T T A S
whiczh the indicator organisms a exposed, feacham's {107h) study of
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FC and FS in New Cuines Highland streame depended on deta from thwe
United States on the microflora of human and animal feces for  his
analysis, "The eypropriateness of thess assumptions is, as he admits,
hot known. Using this data, however, he showed that overiand rain-
fall run-off into stresms was & mechaniem of major importence in
transferring fecal material. ¥e was then able to relate peaks in FS
concentration to the washing of pig feces depcsited along the bani
into stresms. Thus, he was able to gain some understanding of the
significance of the changes he observed in the concentration of indi-

cator organisms with ch anging ervironmental conditions.

In genersl, most of the work relating to indicator crganisms in
natural waters has been fooussed primarily on coliform and fecal
colifarm survi%al and growth retes in the natural enviromment (Hlendys
1972, MepFeters ang Stuart, 1972). Very few attempts have been made -
relate microbial concentration to cavirommental Tactors, probably
because of the axtreme complexity of the problem. Brasfield (1972]
made an e:fort to develop multiple regression models for predicting

coliform populations in a stream as a function of various environmepial

faetors. A comparative snalys.s of several deterministic and probablise

models Tor coliform organisms has alsc been reported (Mahloch, 1974).

A major difficuity with these efforts is that the general appriicability
of the models is poorly defined, Mazhloch's findings show clearly that
models and constants developed under one set of conditions cannot
Justifiably be used to describe a different set. When properly

limited, however, and accompanied by extensive verificaticn, such
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s 8
medeling efforts appear %o he useful analytic and didactic tools for

describing fecal contamination of natural weters,

% oy o . . A x o
Rationazle: Careful observation and measurement of FC and FS in wat
sources and of the factors which are iikely to influence their pres. .

will yield sufficient data to evaluate the utility of indicotor organ-

isms as indices of fTecal pollution. Analvsis carried out through the
use of formal mcdels will also focus attention on the influence of
specific factors on FC and ¥S presence sand on conditicns which affect
the manner in which thei~ presence cught to be interpreted; and will
permit us to draw firm conclusions cn the utility of indicator organ-

isms and the varisbility of fecal contaminetion of water sources undc-

different sets of conditions.

SPECITIC ATME

[

Estimate the renge of values for each of the varisbles likely to

"t

have apn impact on the number of FC and S in water. These include

&, Concentratlions of FC and FS in freshly passed animal and huaman [
and their change with time as a function of eavironmental condit o

B, The change with time of FC and FS concentration in water freshly
contaminated with human ¢or animal Teces as a function of environmer
conditions,

¢. The number of PC and F3 added to water during bathing, clothes wash-
ing, or abliation,

d. The number of FC and IS transferred by overland run-off from

5t00l lccated in the catelment area to a hody of waker as a Tunchi.-

of propinquity asnd rainfall.
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€. Hate of dlspersion of ¥C and S in a body of water as s Tunction
of climatic conditions and tvpe of water body,
. The reduction of mass of stool deposited in the catchment area of

a water hody with time.

2. Monitor selected sites in different water bodies to obtain data on:
FC and F8 concentrations; people’s defecation, ablution, dbathing, and
clothes washing patterns; animals defecation and bathing patterns; an
environmental parameters {air/weter tempersiure; pH and dissolved
oxygen tension in water; suniight; rainfall, wind velocity and move-

ment of water-Tiow or tidal action).

Develop & model to describve the effects of various factors on the

Lat

pregence of FC and FS in a water body and calibrate it using the

study date. Use {this model to:

a, evaluate the utility of FC/FS ratios as an indicator of the source
of fecal pollution and of FC and FS concentrations as an index of
the level of recent fecal contaminastion under different sets of
conditions.

h. evaluate the effect of behavioral, physical or biological factors
on the level of fecal pollution of water sources and consider how

this may relate to the characteristics of water-borne diarrheal

disease transmission in Bangladesh,

METHODS QF PRCCEDURE

Guantitation of FC and FS, Laboratory procedures for the determination

FL and FS will be highly standardized. The procedure developed for

PR W)
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processing samples from the longitudinal field study will be followed
Tor all samples, including those taken during laboratory experiment:
ensure consistency. The same 1ot of m-FC orotlh: and KF Streptoceal A

will be used throughout. Differences between lots of membrare filte,

not significant determinants of Tecs,

ndicator recovery rates (Green

i
[ N

gt al., 1975) so no special effort to obtain & single lot will be made.

though the saume type and manufacturer (Gelmen) will be used through~

out .

semples of water or feces will be membrane filtered immedistely upon
collection. All diluticns will be made in gelatine~phosphate buffer,
pHE 7.C {Bissonnette et al., 1975). Weter sample volumes will be brougt
to 30 ml with buffer in preparation for filtering. If necessary,
serial dilutioﬁs will be made by adding 1.0 ml to 2.16 ml of buffer in
10 ml screw cap tubes. Fach dilutlon will be mixed theroughly by
sheking the tube vigorously through an are of 2 feet at least 20 timer
before preparing the next dilution, One ml will be pipetted into the
filtration cup then 30 ml of buffer will be added. This procedure wi.
give a final dilution of 0.316x the preceeding tube. Frow) samples wi.
first be wixed with buffer in the ratio of Sg:4Sml in & 4 oz jar con-
taining glass beads. The fecal matier will be broken up thoroughly and
suspended as finely as possible by vigorious shaking through an arc of
two feet at least LG timez. Suspended particles will be allowed to
settle for one minute then a 10 ml aliquet will be removed frow the

supernatnat fluid and serially diluted as described sbove,
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Membrane filtraticn will be done by the standard technique described un
APHA (1971). Filters for toth  FOU and FS analysis will be transferrad i.
rre-chilled plates of T3Y {(trynicase soy agar plus 0.1% yesst extract
plus 0.5% glucese), These will be held in an ice chest at no greater
than B ¢ until they can be returned to the laboratory., Plates will

be maintained in this manner for no less than two hours and no longer
then 12 hours,” Pletes will then be warmed to 25 C and held for two
hours, TFilters for FC analysis will then be transferred to plates
containing filter pads soaked with w~FC broth (BEL) and incubated

at 4.5 £0.2°¢C in & covered water bath {plates will be sealed in pi=

tic bags). Blue colonies formed after 24 hours incubation wilil be
counted ng fecal coliforms, Filters Ffor 3 analysis will be placed ou
plates of KF Streptococceal agar {BBL; prepared by boiling rather thin
autoclaving) and incubated at 35 C for 48 hours. Red to pink colonies

will be counted as fecml sireptococci, APHA {1671) procedures will he

followed throughout this process,

FC colonies will be confirmed using KTA, MIU, MR-VP and Simmons citrate
ager. TS colonies will be characterised by Gram stain, catalase
reaction, growth at 10 and 457 ¢, growth on bile~esculin agar (Facklesn
and Moody, 1970), tolerance to 600 ¢ for 30 minutes and by the ebility
to ferment lactose. These tests will be carried cut only when it is

necessary to characterize isolates to the species level.

Tetimation of variables which affect FC and FS presence, The rationc

underlying the model for FC (or for FS) ~- the struciure of which ic

defined in the following section is presented in Fig. L. In order .
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develop and evaluate this model as well as ic validate the use of ¥
and FS8 counts in this geographical ares it will be necessary to obta.n
independent estimates of varisbles which zre to be included, These

wlll be obtained in the following manner:

1. _Concentration of FC and FE in fresh stcol and change with time,

Freshly prassed stocl from huwman volunteers will be collected from
persons invelived in other CRL field work such as parasite surveillence
or nutritional studies as well as from our study area. When

pegsitle, FC and TS determination will be made on stools collected
routinely us part of other studies. ALl volunteers donating stool w'!:
be read an explenatory stabement and asked to give ;erbal consent.
8tecl for FC/FS analysis will be stored in an ice chest at < 8°C

for more than four hours before being returned to the laboratory t.
processed, Btools will be claszsified with regard to physical char
cter (formed, soft or liguid}, age of domor (0-10 yrg, over 10

years), and sex of donor, Three stool samples for each class-
ification set, or 2& in alil, will be collected and processed in
November, January, April, and July. In addition, two of the stool
samples will be selected each pericd to evaluate the change in
bacterial concentration with time. Portions of each stool sanple
will be exposed to temperatures of 15 ¢, 25°C or35 °C and to

water saturated or drxying conditions. The latter will be achieved

by holding stool irn the presence of Drierite at & rasio of 1:1

(w/w). Samples will be colléefad and processed at O, 2k, 4§ ana

T2 hours,
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Pive freshly passed stool specimens each will be collected from
cove, pigs, goats, and chickens in the same month thﬂthhuman
sawples are conlicected and trested in the same manner. Tn the

saime way, two samples Trom each animal will be used to evaluate the

change in bacterisl concentrabions with tine.

Change in FC and FS concentration in wabter Treshly contaminsted

with human or animal feces, ntreated water samples will be contamin-~

ated with fecal matier in the ratio of 100 ml of water per gram of
feces, If volumes of 1 liter of less are used this will be accomplish..
by adding fecal matter directly, sheking for one minute, then allowiny
solid material to settle and decanting. For larger volumes, a 1 liter
aliguot will be exposed by shaking then thoroughly mixed back. FC

and F3 derermiﬁations will be nmede immediately before and after con-
tamination and at 25 hour (or shorter in the case of animal feces)

intervals thereafter. The followlng conditions wili bs tested:

g&. Variation between animal itvpes - water from two sources will be
contaminated with Teces from humen, cow, pig, goat or chicken:
and held at 25°C, pH 7.5 {adjusted) away from sunlight. Three

repetitlicons for each fecal tyve.

t. Variastien between water scurces -~ wabter will be collected from
20 tank and river sites and contaminated with human or bovine
feces; and held at 25 C, awey from sunlight. DOT, pl, total
viable heterotrophic micrcbiol population, and phyto- and zcoplank:
concentration (microscopic examination) will be determined., Each

gource run in duplicate,
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Variation due to physio-chemical factors - water from one

r:
.

relatively ncon-poiluted source will be adjusted to the followving
conditions and contaminated with humen or bovine fecegs: PR 6.6,
-2y 9.0; sunlight-exposed, not exposed {this will also afferr

vhe DOT. as a result of photosynthetic zotivity); and temperature-

s o any 3 k] - - .
L5 C, 25 C, 35 C. Hach zet of conditions will Le run in duplicate,
2 ¥

Conditions associated with greatest change in FC/IS survival will ¢+

tezved with pig, goat and chickern feces ag well.

ine uumber of FC and ¥FE added to water during bathing, eclothes

washing and ablution. An estimate of these ?arametgrs nay be adeq:
obtained by having volunteers carry out these activities in a tub
water, FPre- and post~activity measurements of FC and FS would be
nade, Ideaily, a velunteer would provide a stool sample, carry ow
ais ablution then bathe so that the proportion of FC/FS transferre
by each activity could be estimated. Ten nmale volunteers will be
sought for this purpese. It is hoped that sufficient privacy can bir
ensured so thai adulis as well as children will participate. An
explanatory statement will be read to each volunteer and verbal

authorization obtained.

The mumber of I'C and ¥35 transferred by gverland run-off From

feces located in a catchment ares o o water bodyr. The variable

to be measured is the proportion of FC/FS located in various zones -
the catchment area which will be washed into the water body under

various rainfall conditions., The sctual amount of fecsl matter in

each zone can be determined by on-site observation. Sodium
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fluoroscein will be used as a marker for determining proportional
transfer in run-off water, The dye will be incorporated in 200
dough ""pancakes" made from flour, selt and water at a level to be
determined empirically. The dough will be standardized to a co--
sistency approximating that of softly formed stool and the "pan-
cakes” will be stored in sealed plastic bags at 4 ¢ to retain thr
moisture content. These dye-pancakes will be used Lo simulate

Tor stool deposited around a wabter source in the following manner-

A tenk of fairly large size {(i.e. 30 x 30 M or greater) isolated
from tidel effects will be selected and the contour of the surround-
ing land for a distance of 4H0M will be mapped. Thé placement of
existing rnm-off tracks will alsc be noted. Study zones will e
established ét stworeline, 1, 5, 10, 20, and 40O M from shoreline and
points along each zone line will be tested and time and placement
sites wiil be selected so that the run-off from each can be assesses
uwniquely. Pancakes will be placed at the start of rainfall. Volum:
of rainfall will be determined at 30 minute intervals. The dispers
of the dye from each placement site will be watched at 30 minute
intervels as well. Run-off water conteining as little as 0.1 opm
fluorescein should be visible under these conditions. Water sam,

will be taken at each point in the water body at which run-off from

i

a placement site is likely to enter. Samples will be collected z-
1 hour, two hours, and four hours efter rainfall begine and one hour
after rainfall c®ases. Transects will be esteblished along the shore

in either direction from an entry point and directly out intc the tar ..
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Semples will be collected ab 1 K intervals for 5M along each traced
line a% the sampling tikes given above. SBamples will be taken {rem
swrface and bottom using a pole and 'stoppered bottles., Visible run-off
may not be detectable from some distant rlacement sites. In these
cases, z point in the water hody directly opposite the placement

site will be sampled at 24 and 48 hours after Placement it will be

assumed that neither overland run-off nor percolation through the

ground is likely {0 be a significant transfer factor.

The concentration of Tlucrescein in a water sample will be deter-
mined by titration to a color endpoint compared to & 10 ppb soluti..

of flucrescein. Determiration will b2 made in 20 om quartz glass

tubes under black light illumination. The concentration of Tluor-
escain in thé samples taken at run-off entry points and along transect -«
will be determined to caleulate the proportion of flucrescein trans-—
fered from the placement sils up te the time the szamples were taken.
This will be used as sn cstimate of the FC/FS transfer rate for a

s

given intensity of eainfall and an eztimate for each zone line will

1]

be caleuwlated,

Estimates will be obtained for bosh light and heavy rainfall

conditions.

Rete of dispersion of FC and ¥8 in a body of water. Fluorescein dye

Wwill a2gein be used ss a marker. A soluticon contajning 1 g of Na
lucrescein in 100 mi of weter will be added at warious weater noints
and its dlspersion will be checked by sempling along four transects

o . " . PN
{at 9C° angles from ons arother) emaneting from the origin.



b

Samples will be taken from the surface and bottom at 1M inbervals
along each transect for a distance of M, BSamples will be colle.-
1, 2, b, and 8 hours after dye is sdded. Points %o test will

include:

s Unused tank point ~- no wind, rain, sidel action

o

nused tank point -~ tidal action only
d. Unused tank peint -~ wind action only
a. Unused tank puint —- heavy rainfall

@, Cenal and river sites -- low Flow rates

. Canal end river sites -- high flov rates

Water Tlov rates, wind speed and rainfall will be nmonitored during

the period when samples are being collected,

Reduction in mass of stool deposited on land with time, Thig

varisbie will bte estimeted from daily obgervation made on isolpted
identified stool. Most of the reduction in human stool mass will
be the result of dung beetles and its rate can be determined bty
estimating the mass of stool remaining each day for & five-day
period., For animsl stool {(almost entirely hovine) deposited in the

catchment area, observation wiil also include the proportion

Yonitoring sstected natural water bodies. A study ares will be estab-

lished at Tatepur (V-6), which is already being observed for vater

use and sanitaticn practices by one of the investigators (J.B.). Two

tanks and two canal areass will be selected for study.

Bach water source
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will be mapped and location of ghats, lstrines or run~off tracks from
adjacent human or animal dafecation sites will be noted. The contour
of Tthe land within 50M will z2lso be noted, Sampling sites will be

celected in each walter body to incliude:

1. a heavily used ghat (bathing and clothes washing)
2. an active latrine site
3. a site subject to heavy run-off during periads of rainfall

4, center of water source

Sempling and observation will be carried out ab monthiy intervals
beginning in November and ending in July. Each site will be campled
for a period of 24 hours veginning at 0600. The observation period

will start 2% hours before the sempling pariod and end with 1%,

The sites of all persons vhe defecate in the cateohment arsa of each
water body during the observation period will be determined. Direct
observation would be difficult given the variety of defecation sites and
the fact that much defecation takes place before or at dawn. In an
intensive anthropological study of defecetion patierns in West Bengal,
Kochar {1975) found that responses to questionsirs sdministered
carefully by people kuown to the villagers were relisbie. We will
follow this procedure. A locael man and five women known to the PO~
ulation will be used to obtain the desired information for each Terscn
in the 60 families in the study area, The information will include %ime
and place of defecaticn and place vhere ablution was carried out. In

addition, the mass of fecsl matter in place around esch weter body at



of the chaerve Lﬁun and sampling periods will be determined

ey

ghgervation,

.

Data on peaple’s hathing snd ciobnes-washitg pabierns will also be
collected through interviews conducted with that Tor defecation Tat-
terng. Since the bathing end ciothes-washing sites for each family

are known (J.B.'8 water study ) end since checking of these data by direv

chaervation it not & difficult task, hathing and clcthes-washing practicos

auring the sampiing reriod st the selected sites will be observed,

Deta on enimal defecaiticn and bathing patiterns are being collected
bi-weekly for 50% of the Jamilies in the sludy population under another
protocel (J,.B,'s organic materizls study ). TIn addition, the cattles owoe.
by Tour families will be watched throughout the observe™ion pericd ann

+ 3

the gquantity of dung produced, the place of defecation and the place

of deposition of collected dung recorded, These cobservations will be
done by hoys from the study arss under close supervision. Bathing of

B 4

animals st eny of the sanpling sites Guring the obeervation period

+

will also be recorded by persons keeping these sitesg under ohservation.

Wind velocity. amount of reinfall, cloud cover and ailr tempsrature will
be determined at four hour intervals thfougnout the observaticn pericd
using standard meteriolegical procedures, The pH, D.0.T. and temperature
of water in the top 20 om of the water column will be determined at eac’
sappiing site at the limes samples are collected, The water flow rate
Wwill slso be determined at these times, In addition, the times of high

and low tide will be recorded,



Water samples will be collected, using a polas and stopuered bettles,
Irom just below the surface. Samples will be collected from two points
within each sampling site., Sampling Limes, will be esteblished ot

0600 and al six hour intervals therealter includ ging & sample takop 2
hours later, Saﬁpies will be nrocsssed for PC and FE concentraticn,

dditicn, selected samples will he held at 25 C and checke” ah ok
y &

and L8 hours to determine the 2bonge in FOOPS ratio with time,

4

Hudel Tor PC and 53 45 natursl water bodies, The method which will be

uged Tor analyzing the data gavhered in this stu udy will center on a
"mate“i&ls—b&lanc¢ model' «f FC and F5 in the water bodies, The

s
&

rationale for this medel has slready beem presented in Pig, 1. This

0

dizgram can now be transformed into mathemeticel form to rrovide a
simple moéel (for 2 closed ¢ system} of the bBrocess we are ftrying to
uedarstand, The form of the mddel for ¥C and ¥3 are identical so thet

of FC only wiil be nresentes hera, The thrme of this model are

defined as Tollows

.

FCJ_ 4 ¥ total fecal ceiiforms (FC in sowrce Jj on day t.

ot *

v . = chemical,, physical ané bact eriologicel gualitias ol
water body J, on day t.
&(” éh rroportion of erganisms Gving on day + at water paint

JAi . = no. animals hathing a% water peint J, on day 1
J & J5

A 7.4 = Ho. snimals bathing at water veint J  on day +.
REEY J

'-‘!.
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FCHL

FCHC

T
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no, ¥C's transferred to water during bathing per

Perscn.

no, FO's transferred to water during vathing pecs oo

na. people defecating directly into point Jj on day

no. animals defecafing directly into point J . on day

LE

bl

. FC's passed in defecation per person per day,

[

no. FC's pasced in defecation per animal per day.

no., FC's transferred to water during ablution per

person per dar,

n¢. people performing ablution directly inte puoint

on day t.
no. FC's transierred to water during clothes wash:

per lood of

b

clothing per day,

1. ot loads of clothing washed in point J on day %,
)
“w

no. of perseons defecating at place i on dsy t.
no. of animsls defecating at place 1 on day &,

vector of parameters describving weather at site i on

A

day t (including temperature, humidity, sunlight).



proportion of umen FC's destroyed per day given W, "
it

proportion of animal FC's destroyed per day given W,
it

proportion of human FC's weshed from site i to water

poirt J  per day, given W, .
i

b

-

~

proportion of animal Fi's washed from site i to wate

body J, per day, given W .
vousE Ve BIVER W 4

vector of parameters describing movement of water Lo

water poind Ji and JO on day t (including tidal

a

acticon, flow, rainfalll,

- proportion of FC moved from water point J, to peint J.
) i s
N

on day & given ¥ .
1 ,j “J{} ,.'t-

proporvion of FC moved from water point Jo te point

J, on day t given F .
hd 4 aJG s

(R}
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T ne water peoint o f interest this model can then bs

If we taks J_  as
[a]

express S A%

: ECHD ) . FCHD
Fujb,f(ﬂub’(ngt_,,)) + Yy, 4 FOHD 1 YAz, "FCHE

A

# XHy 4 FCHB + XAj, ¢ "FCAB + UHy, 4 "FCHC + ZHpo4 "FCHA

# FCHD é ({% Hi om ﬁ’f f~§: ﬁ; (’Wz;f-z)][f"i?jH(Wz',—w):”]{gfo{Wz‘ 11!

# FCAD ¢ [if Ast- m77 {L’“? By, (w1 #*(wr e z’J}}ﬁ‘J:(wf,f}} i

Vi
*(f*-x(\fro,ﬁ) (I S35, 70,0))

e
t‘“w o1 (=80 qoy) + YHyp FOHD ¥ YAg e tFCAD

-+
G
.';'_r\‘"\';g

+ XHyp;, ¢ FCHB + XAy ;- FCAB + UHyj ¢ ~FCHC = ZHy; 4 - FCHA

ER

3
!

i

&



 B5
The forms of the functions can easily be changed to reflect known or
hypothexized non-linearties or interactive efflecte. These eguatione
will be built into e simulation model.  Parameter valuss will be
essigned on the basis of the appropriate independent estimates. A
FORTRAN program will be written on the basis of this model structure o
simylate the consequences to FC and F8 presence of the assumed form
and parvameter values, The model will he calibrated using data from the

longitudinal surveillence of natural water bodies.

By formal analysis using this model, we should be eble Lo assess the
variability of ¥C and FS concentrations under different conditions and,
thus, on itbedr uwiility and that of the FC:FS ratio as indices of fenal
water poilution. Sensitivity snalysis will alsc be performed to evaluese
the reliabilitj‘of these indices given uncerteinties in out knowledge

of certain behaviorzl, physicsl or biolegicel factors. The model will
elsc be used to a limited extent to prédict the effect of changes in

of the parameters on the level of fecal pollution in a water source.

SIGNIFICANCE

Duta on the fecal microbiclogy of wsater scurces in Bangladesh is of impor-er
in the following contexts:

1. Studies om the efficacy of particular sanitation measures will be much

more poverful if a dependable index of microbioclogicel water gquality

is incorporeted in the methodology;

-t

. An understending of the mechanisms which control the flow of fecsl

pollution into netural water sources and of the factors which csuse



B Nt S

)

.

i P6
fluctuations in the concentration of feeal contaminants is a necesss

prerequisite in the development of ratioral preposals for limiting

pelluticon; and

Cost~benefit analysis cf proposed intefventions to interrupt digease
transmission would benefit from the avsailability of a means of estimating
the level of psthogenic organismg to which persons using different

types of water sources under different sets of conditions are exposed.
Messurements of FC end FS concentrabicn and the TCiFS rsetio are the

best available tools for providing the information needed, However,
their validity as indicators and the limiting conditions to their

use have not been asssessed in Bangladesh, This study aims to egtablis:

a firm basis for their use in this area and to provide a preliminary
analyiical framework for the setting of priorities for further resesn:

on intervention modalities.

PACTLITIES REQUIRED

1.

Cffice space - nc additionsl spece needed

Laboratory space - approximetely 8 feet of bench space in Room 111

for duaaticn of study
Hospital resources - none
Animel resources -~ none

Logistical support -
a, Transport Deacce-Matlab-Dzcca ~- 1 time/month

b. Country boat ~-- 7 days/month

<. Car transport in Dacca -- 60 miles/month
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6. Malor items of Equipment - none

T. Other -~ none

COLLABORATIVE ARRANGERENTED

Hone

L3
*
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SECTION IIT - BUDGET

A. DETATLED BUDGETL

PERSONNEL, SERVICES

Percent of effort Annual Project Reguirements
Hame Position or number of days Salary TAKA DOLLARS
William Spira  Investigator 10% g 39,732 3,977
John Briscoe Investigator 10% g 27,500 2,75C
Anwaral Hug Res, Asst. 1804 Tk 16,756 11,729
- ‘Lab, Attendent 504 Tk 7,200 1,380
—— Mele FA 204 Tk 18,h6k 1,k20
——— Female FA(S) 204 Tk 18,464 7,100
Sub Total: 21,629 6,722
SUPPLIES AND MATERTATS
Items
Filtration supplies 150
Menmbrane filters é,ooo
Media and Chemicals 100
Plostiet glassware 100
Office supplies and stationery 50
2,400

Sub Totél:
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EQUIPMENT
lone

PATIENT HOSPITALIZATION

None

QUTPATIENT CARE

None

CRL TRANSPORT

Milage Dacca

Milege Baushiaghat
Speedboat

Ferry fees to Baushlughat

Country boat

;31

500 at Tk 1,40
750 at Tk 1.40
20hr at Tk 98,8k
20 = Tk 20

S0d at Tk A,68

TRAVEL AND TEANSFORTATION OF PER3ONS

30% Differential for Anwerul Hug while in

Matleb, 7O days

TRANSPORTATION OF THINGS

Import of supplies

2400 x 0.25

Sub Total:

Sub Total:

Sub Total:

Sub Total:

Sub Total:

Sub Total:

Project Requirement:
TAKA DOLLAFS

[N - ——————

700
916
1,976
k00

334

4,720

1,332

1,332

&0



Project Requirem: -

;32
RENT, COMMUWICATIONS & UTILITIESD TARA
None
Sulb Total:

PRINTING AND REPRODUCTION
Printing forms 300
Xerox costs 300
Publication costs

Sul Total: 600
UTHER CONTRACTUAL SERVICES
Payments to voluateers and village boys 300

Sub Total: 300
CONSTRUCTION, REBOVATION, ALTERATICHS
None

sub Total:

DOLLA.

LSS
Ln

257



B. BUDGET SUMMARY

Category

Peraonnel Services

Supplies and Materials
Bauiypment

Patient Hospitalization
Outpatient Cere

CRL Transport

Travei and Transpertation of Persons
Transportation of Things

Rent, Communications & Utilities
Printing and Reproduction

Other Centractual Services

Construction, Renovation, Alterations

Conversion Rate:

Total @

g 1,00 =

Project Reguirem

TR,

21,629

k,720

1,332

600

28,581

11,877

Tk 15/

DOL

T b b

A T2e

2,400




