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ABSTRACT

Pathogenic organisms found in sewage can adversely impdict l[peddth when the sewage is discharged to waters
that humans come in contact with through wading, swimnfistging, drinking, etc. UAB is conducting research to
develop a risk assessment methodology for evaluating vadgigigees of risk related to human contact with
pathogenic microorganisms found in sewage contaminatedswaspecially those caused by separate sanitary
sewer overflows (SSOs). One component of this reseatohstudy the fate and transport of these microorgemnis

in the environment. The survivability, or die-ofdtes for these organisms is critical to understanitiiaig fate in

the environment, e.g., from an SSO discharge through wiregevater.

Since there are a multitude of factors that contribmtaitroorganism survivability, the use of isrsitu method to
characterize the rates of growth and death is negessaccount for variable environmental conditionenkg,
these experiments were conducted using a specially desigaédchamber.

This research was shown to be useful in obtaining\abiity data based on the actual conditions preseanin

SSO polluted stream, and when combined with hydrologic datebe used to predict the fate of pathogens
downstream from a point source discharge of sanitaryggewdne information from these experiments can be used
to construct a fitted-curve, which can then be used tordetera rate of decay for input into the computer model.

The results of this research could be applied to the cmtistn of a fate and transport model, which could then be
used by a community to target remediation efforts to tdssdarge points of highest public health concern. A
model, tailored to a particular community, could be buitiich would allow one to rank SSO discharge points from
those of highest to lowest health risk. Therefore,afiskis methodology would allow municipalities to applgith
limited funds to the repair of discharges creatingotteatest health risk first.

INTRODUCTION

Microorganisms have varying degrees of stability withiemenvironment. Their numbers are dependent upon
population dynamics, which is controlled by several crit@vieKinney 1962): 1) competition for food (limited food
sources limit microbial numbers), 2) predator-pregtiehships (some organisms consume others for foodesjurc
3) nature of organic matter (carbohydrates, organic goidteins all stimulate different organisms), and 4)
environmental conditions (oxygen concentration, nutrievels, temperature, pH, etc.). Since there are atoudti

of factors that contribute to microorganism survivapilihe use of am-situ method to characterize the rates of
growth and death is necessary to account for variablieocmmental conditions.

A dynamic water quality model, such as WASPS5, will be usesimulate the fate and transport of the
microorganisms. Laboratory and field studies to evaltiad survival characteristics of actual pathogenseaingb
conducted at UAB. These studies are necessary to devéliogesti data to fulfill the input requirements of the
computer model for evaluation of pathogens.

Traditional modeling of the fate and transport ofdmical contaminants has focused upon indicator bacteria;
however, recent studies have questioned this tactiubecaany pathogens behave differently than the indgator
e.g., survive for longer periods of time. Historicaltgmputer models built to simulate indicator bacteria fatd
transport only took into account a first order die-oféravhich appears to be an oversimplification. In additi
previous studies of bacterial indicators were conductecthatively short periods of time, approximately onéwo
days. However, pilot studies conducted at UAB have shbairtfie rate of die-off decreases substantially when
experiments are conducted over longer periods (Newman,1€S).
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A literature review was conducted to evaluate which ggghiz microorganisms are currently of concern, i.e., those
that are found in sewage and are of significant pubkdtinsignificance. Next, an evaluation of existingmoes to
detect and quantify these pathogens was conducted. Thesongdimally selected were those that are of highest
concern, and furthermore can be analyzed using existisiggbtly modified methods. These are the indicator
bacteria Total Coliforms ani. coli (for comparison to previous studies), the pathogeniekaé&nterococci, and

the protozoan pathogésiardia lamblia. Future studies will includ€ryptosporidium parvum andE. coli O157:H7.

Of special interest are protozoa, suclGakanblia, which form cysts that are excreted by infected hogds a
transmitted to the environment. These cysts areragtyepersistent. Protozoan cysts are resistant to datiyoly

and other adverse environmental conditions similfurigal spores. In addition, cysts do not metabolize
significantly, like viruses, and therefore can surdivelong periods outside of a host (McKinney 1962). For these
reasons, it is expected that the die-off rates willdtively slow.

MATERIALSAND METHODS

Several experiments were conducted to evaluate the rdie-off, or decay, for the study microorganisms. These
in-situ experiments were conducted in specially designed chansgae Figure 1. These were designed to allow
passage of water and nutrients between the inside of théoehand the outside environment (five-mile creek in
Jefferson County, AL), while sequestering the microoigas inside to allow enumeration at various time points
during the experiment.

These experiments included exposures over a twenty-one deg.féence, a polyethersulfone (SupaBelman
Sciences) membrane, which is not susceptible to bdbgegradation, was used. This membrane material was
clamped onto either end of a piece of acrylic tubing imveehdesign devised by researchers at UAB, see Figure 2.
The membrane pore size is 0.22 microns; consequentlgptie of allowing exchange and sequestering the
microorganisms inside were achieved.

The methods used to enumerate the study organisms, giveblm 1, are relatively expensive. Therefore, care wa
taken to minimize the number of samples analyzed. Fordhison, a composite sampling procedure was used
(Gilbert 1987). Multiple chambers containing sewage sampges placed in the creek and removed after 0, 1, 3, 7,
10, 14, and 21 days. For each time point, three separate sisamane removed and composited for analysis.
Therefore, instead of analyzing 3 sampiéstime points = 21 samples, only 7 analyses were condpeted
experiment. In order to calculate a first order die-offstant, a regression model was used to evaluate the clmange i
microorganism concentration over time. The focus okttperiment was to determine a die-off rate constam fr

the regression model, so evaluation of the variatidheavarious time points was secondary to evaluatioheof
variation in the regression model. Our compositing schiberefore sacrificed description of the variation at
individual time points, while still maintaining the abyjliio quantify the overall regression model variationc®the
samples were composited, they were blended (Warring bléordsvo minutes) to minimize agglomeration of the
microorganisms.

Numerous factors can affect die-off of microorganisms tnmasystems. Those of primary importance are
sunlight, temperature, dissolved oxygen, level of inorgaaits, level of organic matter, and presence ohoxi
(Droste and Gupgupoglu 1982). Data for some of these fagiibize collected throughout these in-situ experiments
by deploying a YSI 6000UPG. The YSI 6000UPG is a continuous ororgtinstrument capable of collecting data
for depth, temperature, pH, conductivity, dissolved oxygeitladion-reduction potential and turbidity. This
instrument will also be used to evaluate the frequenagnitude and duration of wet weather events that occur
during the 21 days of the in-situ experiment (Easton, 4088).

The experiments conducted to evaluate degradati@ lamblia were conducteth-stu. The sewage matrix was
spiked with approximately 10,000 cysts per liter to enablectieteof die-off. These cysts were formalinized in
order not to risk releasing a potentially infectioushpgen into the environment. Since these organismis axest
form, i.e., relatively inert, it was hypothesizéet the mechanism of die-off would be predation by other tsigen
and formalinized organisms would be a suitable surrogatével' ones.
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RESULTS

The results of these experiments show a departuretfrerronventional wisdom, i.e., that microorganisms diatof
a constant, rapid rate. In fact, this is correctHtierinitial die-off. However, as time progresses, theoffieate slows
as the microorganism levels approach equilibrium wighehivironment. Figure 3 shows the levels of Total
coliforms, E. coli, and Enterococci versus time (Die-off plots). The dddines show the mean levels of these
microorganisms in the creek during the experiment. It &@sting to note that the equilibrium levels readheate
chamber are approximately one to two log units higherttiase in the creek. Recall, however, that the levels
determined in the chamber include settled organisms édirial in the chambers was resuspended and blended
prior to enumeration). The levels enumerated in th&kateanot include those organisms that settle out. Thé&cree
samples were collected by grab sample in the water cabafgnOne might speculate that the equilibrium levels in
the creek and the chambers are approximately equat if@msiders the effect of settling (i.e., if the cremkples
had included some sediment from the stream bottom, tiegnatould have been higher). Settling tests are being
considered for future research.

Figure 4 is a plot of the levels Giardia cysts versus time. This plot is not called a "di&;df@it rather a
"degradation” plot as the cysts were formalinized anckfbee not dying, but degrading. The method used to
enumerate these organisms (EPA Method 1623) requires a pragutagt followed by a confirmed test. The
presumptive test consists of identifying objects, ofdbreect size and shape, which are stained Giaedia-

specific antibody bound to a fluorescent probe. Nextptganisms are confirmed by identification of internal
structures stained by the nuclear stain DAPI (4',6-Dndinb-2-phenylindole). Unfortunately, problems were
encountered with the confirmation test in these expersr(ém: DAPI stain of the background was too intense to
enable identification of internal structures. Howeveingithe presumptive stain, which binds to the cydtweall, it
was possible to detect differences in these presunpiareiia cysts. Some cysts were intact (i.e., the stain cdvere
the cell wall continuously), and some cysts were prebemtlegraded (i.e., the staining of the cell wall vess |
intense and not continuous). The levels of the forfire@ct cysts”, are plotted along with the levelshd tatter,
"degraded cysts" in Figure 4. An examination of this fighi@s that the levels of intact cysts dropped rapidly, but
the levels of degraded cysts rise before eventually droppmg@ onsequently, one might speculate that this study is
capturing an intermediate stage in the degradation of the Starting with an intact cyst, it becomes pdstial
degraded, and then disappears entirely once it is complietgtgded. The regression model, and subsequent
determination of a die-off constant, was constructegigusie intact cyst data.

It is interesting to note that tii&@ardia behaved similarly to the bacteria, i.e., these orgasmere possibly not as
persistent as would be expected. However, these datecanelnsive as the cysts were formalinized, and may not
behave as live, intact cysts would.

The data used to construct the graph were used to perfeentea of log-linear regressions in order to calcdate
die-off rate constant, k. In addition the regression modefg used to estimate the time required for 90 percent die-
off (Tgo), 99 percent die-off (), and 99.9 percent die-off {Jq). These percentages: 90, 99, and 99.9 correspond to
1-log, 2-log, and 3-log removal, respectively. Sincenti@oorganisms' rate of die-off seems to be decreasierg o
time, the regression model was applied step-wisdijrsgawith the first three data points, and adding atditanal

point until the entire twenty-one day, or 7 point, datavgas used. These results are presented in Table 2.

In general, the die-off rates decrease apdalues correspondingly increase as data over longerpgériods are
included in the regression analyses. Thevalues for the indicator bacteria, total coliforms &ndoli, are in
accordance with conventional wisdom. Many studies hiacers Tyo values for these organisms to be in the range
of several hours to a few days (Droste and Gupgupoglu 1982efghldet al. 1968, Geldreich and Kenner 1969).
Interestingly, the current results suggest that theofadee-off is not constant. In fact, two or more legroval

times can be predicted with a higher degree of accumaoging significantly smaller die-off rates. Altervaty,

and perhaps more appropriately, a second- or third-ordetieqgshould be used to model the die-off.

The initial, rapid die-off occurred, generally, within tfirst seven days of the experiment. Consequently, theéae da
which represent the region of the die-off curve exmbithe best fit to the first-order die-off model,r@@nalyzed
further using additional statistical tests. These result presented in Table 3. This table gives a fidstralie-off
constant, k (dayy, and its associated ninety-five percent confidenterval, for each of the microorganisms. In
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addition, the results of the Mann-Kendall Test (a naaupetric test for trend) are given. All of the die-ofinstants
(slope of the regression line) are statistically sigaift except for Enterococci.

These results show lower rates of die-off and longaowal times for pathogenic microorganisr@s)amblia and
Enterococci, which lends further support to the idea thadiusaditional indicator bacteria may lead to inacceirat
predictions regarding the fate of pathogenic microorgamismeceiving waters. In fact, the regression modxls f
the indicator bacteria predict 3-log removal within teeks, but regression models constructed using datatieom
pathogens themselves predict this does not occur untibépgately one month after discharge.

DISCUSSION

The data generated by this study suggests that if one wegedirs-off constants from indicator bacteria studies,
then one may tend to under predict the length of tintestance downstream in which adverse health effects due to
pathogens in sewage are present. In addition, this ditates that assumptions regarding the constancy affdie-
rates may be invalid. There seems to be a modulatittre @ate of die-off with increased time. Further datalyses
must be conducted to evaluate whether simple log-lingeession is the best prediction model. It may be more
accurate to use a more complex model, with additional teoietter account for the curved relationship seee.he

All of the test organisms showed a pattern of leypbff toward some equilibrium level with increasingéinThere
are two possible reasons for this observed effect. Baenicroorganisms die-off at a rapid rate untildheying
capacity of the environment, in this a case a strearahed. Then, the organisms are maintained at trettat
is supported by the nutrients present. Or two, theseestgtiow evidence of quorum sensing by these
microorganisms. Quorum sensing is a biological charatic whereby microorganisms have genetic programming
that enables them to regulate their numbers (Std888). It is possible that the microorganisms are pre-
programmed to die-off two or three log units, and themtaai that level. Future studies will be conducted to
examine which hypothesis is correct. These studiedollibw the same experimental protocol, but use lower
numbers of microorganisms initially (dilute sewagéhie chambers). Then, if the results were similar ése¢h
observations (i.e., the microorganisms die-off rapafiy then level off), then quorum sensing would be indicate
However, if these tests show that the organisms stidiysdevel (i.e., no rapid die-off), then the "caniy capacity"
hypothesis would be more likely.

The Enterococci results are quite different from ttieis. There is no initial, rapid die-off, only a dwal decrease
in numbers. One might speculate that because the leVefgerfococci in the chamber were barely above the
equilibrium levels maintained in the creek, only theeaid of the die-off curve is being observed. Altern&gjve
these data may just indicate that Enterococci areragtyepersistent (i.e., do not die-off rapidly), whichreep with
the general characteristics of this genus (Facklam and $298).

TheGiardia results were not as expected. The descriptions of thamm found in the literature seem to predict
thatGiardia will persist for much longer. This study seems to sttetGiardia, and perhaps other protozoan
pathogens, exhibits die-off characteristics similah®bacteria included in this study. However, as mentioned
previously, these cysts were treated with formalin aedsfore may have been less resistant to degradatibe i
environment. Future in-lab studies are planned to appetgithese in-situ tests using live (unformalinizedjscys
These in-lab results can then be compared to theurdait.

The physical and chemical data acquired using the6®80 has yet to be analyzed. It is expected, however, that
one or more of these parameters may correlate htldie-off results and shed new light on these findimgs. |
addition, the hypothesis was made that temperature chasmgéom summer to winter, will significantly affiethe
die-off rate. Therefore, the experiment will be repg@atdate summer of 1999 at a higher temperature to eealuat
this effect.

Ultimately, the data from this study, and others, willlbed to calibrate an existing water quality computer model
(WASP5). This model could then be used to approximate tlesle¥ pathogenic microorganisms in a given
receiving water through space and time, downstream fromoutifiell and after discharge of sewage (i.e., from an
SSO occurring during wet weather). These model resullsl ttoen be used, in conjunction with knowledge
regarding sites of probable human contact with theviegewater, to prioritize those sewage discharges
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(overflows) that are of highest public health concehis Would enable communities with limited resources to
target those resources at the discharges of highesgreofirst.
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Figure 1. Acrylic Partsof In-situ Chamber.
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Figure 2. End-plate of In-situ chamber Showing the location of membrane filter.
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Table 1. Laboratory Methods.

Organism Quantification Method Reference
Total Coliforms IDDEX Colilert 187 (Edberg, et al. 1990)
E. coli IDDEX Colilert 187 )
Enterococci IDDEX Enterolerf] (Eckner 1998)

Giardia lamblia Immunomagnetic separation/fluorescent antibody (U.S. EPA 1997)
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Figure 3. Die-off Plotsfor Total Coliforms, E. coli, and Enter ococci. Closed symbolswith linesr epr esent

levels of microorganismsin thein-situ chambers. Open symbolswith dashed linesrepresent mean levels of
microor ganismsin stream water .
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Figure 4. Degradation Plot of Giardia Cysts.
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Table 2. Regression Results: Die-off Rates; Correation Coefficients; and Timefor 90, 99, and 99.9%
Removal.

T90 T99 T99.9
L ast data point included k (day™) R? (days) (days) (days)
Total Coliforms
Thru day 3 0.395 0.961 2.29 4.82 7.35
Thru day 7 0.309 0.975 2.64 5.87 9.10
Thru day 10 0.243 0.937 2.88 6.99 11.10
Thru day 14 0.202 0.923 2.90 7.86 12.81
Thru day 21 0.104 0.550 1.70 11.33 20.96
E. coli
Thru day 3 0.362 0.997 2.70 5.46 8.23
Thru day 7 0.331 0.998 2.85 5.87 9.10
Thru day 10 0.260 0.950 3.15 7.00 10.85
Thru day 14 0.179 0.809 3.33 8.93 14.53
Thru day 21 0.118 0.696 2.89 11.37 19.85
Enterococci
Thru day 3 0.178 0.729 6.31 11.92 17.53
Thru day 7 0.077 0.607 13.15 26.05 38.95
Thru day 10 0.099 0.838 10.70 20.82 30.95
Thru day 14 0.087 0.884 11.74 23.20 34.67
Thru day 21 0.074 0.906 13.09 26.59 40.09
Giardia lamblia
Thru day 3 0.125 0.931 8.33 16.35 24.36
Thru day 7 0.171 0.980 6.37 12.23 18.09
Thru day 10 0.146 0.970 7.15 14.00 20.85
Thru day 14 0.114 0.916 8.38 17.13 25.89

Thru day 21 0.066 0.658 11.42 26.52 41.61
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Table 3. Die-off Rates. Deter mined Using Day 0 to Day 7 Data.

Organism Die-off Rate 95% ClI Mann-Kendall
(day™) Trend *
Total Coliforms -0.310 +0.152 p =0.042
E. coli -0.331 +0.049 p =0.042
Enterococci -0.078 +0.189 p=0.375%
Giardia -0.171 +0.074 p =0.042

* p <0.05 indicates significant downward trend
T Not significant, no trend (die-off)



