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I, INTRODUCTION

Waste stabilization ponds are becoming widespread as a
means of treating sewage and some industrial wastes., They
provide an economical method of treatment where there is
enough inexpensive land, 4lso the amount of supervision and
upkeep required is minimal, Waste stabilization ponds have
proven to be an adequate means of treatment comparable in
many ways to conventional methods of treatment, These ponds
also effect a substantial reduction in the number of coli-
form organisms which are employed by public health agencies
as indicators of fecal contamination.

One aspect of waste stabilization ponds which has not
been investigated is the possibility of a health hazard due
to accumulation of floating solids at the shore line, If
such solids were of fecal origins they could be conveyed by
flies or other vectors to adjacent communities with the possi-
bility of the transmission of enteric disease.

The purpose of this study was to check for the presence
of ocontamination around the shore of domestic waste stabili-
zation ponds, Oounts were made of the number of coliform
organisms and enterococol present at the shore line to detect
the presence of contamination. These counts were compared
with obuntl made from water in the pond and from soil adjacent

to the shore line, The serlies of samples listed above was



taken at three stations along the length of the leeward side

of the pond, %he conditlon of the pond in regard to floating
matter was also considered., ZThe number of ocoliforms present

at the different sampling points was considered the nrinciple
index of the presence of contamination,

Fecal streptocococl are coming into use as indicators of
pollutioﬁ, 80 it was conslidered of value to use them for oom-
parison with the coliforms. There are three principal rea-
sons for the interest developing in the use of fecal strepto-
coccl as indicator organisms for fecsl contamination., PMrst-
ly, the coliform test includes organisms of both fecal and
non-feoal origin, and it is a complicated laboratory procedure
to differentiaste them, Secondly, the different types of fecal
streptococci msy possibly be used to determine if the fecal
contamlnation 18 of human or non-human origin, Thirdly, the
fecal streptococci will provide a good cheok on the coliform
teat; that is, the presence of high concentrations of both
coliforms and fecal streptococcl would constitute strong evi-
dence of fecal contaminatlon,

The conclusions drawn from the data should assist in the
establishment of the status of waste stabilization ponds in
regard to public health,

The waste stabilization pond on which the investigation
was made 1s located at Masons Cove Elementary School in

Roanoke Oounty, (Plate 1) It provides for the trestment of



Plate 1
Views of the Waste Stabilization Pond,

Masons Cove Elementary School

Facing Towards-The School .. . .
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sewage from the school., The population served is aprroxl-
mately 325 elementary school children and staff,

The pond is 80 x 110 feet with a surface area of 8,800
square feet, The baslc design criterlan specifled by the
State of Virginia is 400 persons per acre (1), Ten elemen~
tary school children are considered equsl to one person,
The design capacity equals 400 x 10 x 8,800/43,560 = 806
elementary school children., At the present time the inflow
is not sufficient to fill the pond to more than two or three
feet., If and when the pond fills to design depth a chlori-
nator has been installed to chlorinate the overflow, The
design depth 18 five feet, There were no odor or other

problems assoclated with the operation of the nond.



II, LITSERATURE REVIEW

4 review of the literature did not disclose any direot
reference to the contamination of the shore line of waste
stobilizetion ponds, Reference was made by Ellison and
Smith (3) to the possibility of contamination being spread
by animals which have access to the pond., This would imply
that the shore was contaminated, But there is no suggestion
of the possibility of the contamination of the shore by
floating matter,

If the shore is or is not contaminated by floating mat-
ter the shore would be contaminated to the extent that the
water was contaminated. There has been some research on the
level of coliform concentration in stebilization ponds., In
reviewing the literature on waste stabilization ponds Fltz-
gerald and Rohlioh (4) stated that "in nearly all instances
the bacterial counts have been lowered to less than one per
cent of the original concentration, The B. coll counts have
generally been reduced from several hundred thousand to less
then 100 per ml. end one case has been reported where typhold
baocteria were reduced from 41 per ml, to negative results."

Mackenthun snd McNabb (7) note in studying waste stabi-
lization ponds in Wisconsin that more than 98 per cent re-
moval of coliforms was obtained 87 per cent of the time, Op-

timun reduction of coliforme was observed in the summer,



These results might posasibly be an indicstion of the impor-
tance of competition in the removal of coliforms and patho-
genic organisms, The ponds are evidently much more active
bilologically in the summer,

Perker (12) working with ponds in Australia states that
"1t would aprear to be difficult to obtain very low coliform
countse using single cell serobic ponds.” Parker also noted
that reduction in coliform counts proceeds im accordance with
increased detention time and decreased BOD levels,

Oswald (11) noted that with the nresent varlations in
the number of coliform organisms removed there 1s need for
research to correlate cocliform removal with loading and de-
sign factors. Also it is the opinion of the writer that the
climatic conditions which affect the blology of the pond
warrant consideration,

The primary factors which contribute to the removal of
coliforms and other bacteria are settling and competitlion.
The high pH levels which are reached during the day time ap-
pear to reduce the number of coliform organisms.

Enterococci are normal inhabitants of human feces out
have not until recently gained acceptance as worthwhile in-
dicator organisms primarlly because there has not been a dif-
ferential medium with adequate recovery. Litsky, Mallmann
and Fifield (6) developed a medium which provided adequate
recovery and the organisms 1solated were those of the entero-

coccus group.
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As new medla have been developed streptococcl of fecal
origin other than those in the enterococcus group have been
recovered. Kabler (2) recommends that the enterococci and
other streptococcl which are used as indicators of fecal
pollution be designated as fecal strentococci, In this
thesis enterococci will be used to designate the organisms
isolated with the medium designed by Litsky, Mallmann and
Pifield (6) and also listed in "Standard Methods" (14).

Sullivan et. al., (15) observed that streptococci oc-
curred in the feces of man and certain animals snd in pol-
luted water and sewage in numbers equal to or greater than
the numbers of coliform bacteria.

"Guthof and Dammann (2) observed comparable strepto-
coccus and coll titers in water samples from springs and
from the Rhine River." In the examination of soil samples
from areas where contamination was improbable or non-existent
Medrek and Litsky (9) found that there were comparable num-
bers of enterococcl and E. colil but with a much greater dis-
tribution of coliforms, Both Guthof and Dammann (2) and
Medrek and Litsky (9) recommend the use of fecal strepto-
coccl as an index of fecal pollution,

In a study by Mallmann and Litsky (8) of the survival
of E. coll and enterococci in different soils, enterococcl
died out within 40 days with a large number of E, coll re-

maining, Kjellander (2) observed that in sewage diluted
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with well water and river water E. coll showed a greater
rate of decrease than fecal streptococcl. OColiforms de-
creased at approximately the same rate as fecal strepto-
cocel, Keller (2) observed that fecal streptococci sur-
vived longer in rivers than E, coll,
Mundt (10) found enterococei in 34 of 102 samples

taken in nine different agricultural fields with different
crops., The number of enterocoecl ranged from 10 - 100 per

gram of dry solids in the positive samples,
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III, METHODS AND PROCEDURES

Samples were taken at three stations along one side of
the pond, The side was chosen because prevalling winds bdblow
towards it., At each station five samples were taken. These
gamples were taken aslong a line approximately perpendicular
to the shore line,

The series of five samples was taken over a period of
ebout & month, BEasch time a serles of samples was taken the
cloud eondition, wind direction and temperature were recorded.

The locations at which the samples were taken are as
follows:

Point 1 - 4 s0il sample wes taken from the bank at a
point located five to ten feet upslope from
the shore line,

Point 2 - A soll sample was taken Just under the water
at the shore line, It would have been pre-
ferable to take the sample right at the water

| line but this was not practical because of
the greass shore line,

Point 3 - A water sample was tsken of the surface water
at the shore line,

Point 4 - A water sample was taken of surface water
approximately eight feet from the shore line

towards the center of the pond.



13

Point 5 - A water sample was taken about eight feet
from the shore line and approximately one
and one-half feet beneath the water surface.

The following was the procedure employed for processling
the soil samples, Ten grams of sample were added to a
weighed crucible, From the crucible five grams of sample
was transferred into a bottle containing 100 ml of sterile
buffered water (as described in "Standard Methods" (14)).
The bottles also contained glass beads to help break up the
chunks of soil, The bottles were shaken fifty times to sus-
pend the organisms in the dilution water. To determine the
M.P, N, three replicate tubes of serial dilution were 1inocu-
lated from each bottle, The correct sequence of dilution
to determine the M.P,N, was obtained by serial dilution of
the sample with sterile buffered dilution weater. To deter-
mine the number of coliforms lactose broth was used in the
presumptive test and brilliant green lactose bile broth was
used in the confirmed test. A positive test in both tests
was indicated by the formation of gas after 48 hours., To de-
termine the number of enterococcl, azide dextrose broth was
used in the presumptive test, a positive test being indicated
by the presence of turbidity after 48 hours, Ethyl violet
azide broth was used in the confirmed test, a positive test

being indicated by the presence of turbidity after 48 hours
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and in some cases a purple bottom. All of the samples were
incubated at 35°C., Procedures for the tests for coliforms
end enterococcl were adopted from "Standard Methods." (14)

For each of the soll samples the five grams of sample
which was not put in the dilution bottle was placed in an
oven overnight at 103°C for determination of the dry sollds.
The M.P.N.'s per gram of dry solids were determined by di-
viding the M.P.N.'s per gram wet welght by the fraction of
dry matter, The dry sample was put in a furnace at 600°C
for 20 minutes to enable determination of the ash content,

The water samples were processed as follows. The pH
of each sample was determined electrometrically. Samples
were analyzed to determine the number of coliforms and en-
terococcl by the multiple tube fermentation technique using
three replicate tubes for each dilution. The same media
were used for the enumerstion of coliforms and enterococcl
a8 were used for the soil samples,

For both the soil and water samples the M.P.N.'s for
coliforms and enterococcl were determined from tables in

"gtandard Methods." (14)
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IV. RESULTS

The results of the bacteriological study of the waste
stabilization pond at Masons Cove Elementary School are pre-
sented in Tables 1 through 8. The locations of the points
of sampling are illustrated in Figure 1. The results of
analysis of samples taken in the soil are glven in Tables 2,
3 and 4. The table includes the following items: M.P.N.
coliforms and M.P.N. enterococci per gram of dry solids, the
percentage dry solids, the perscentage ash and the run number,
Tables 5, 6 and 7 give the results of the analyslis of the
samples taken from the water. The dats presented are: M.,F.N.
coliforms and enterocooci per ml of semple, pH, and the run
number. Teble 1 presents pertinent observations assoclated
with sample collection, such as date, time, temperature,
wind direction and cloud cover,

Analysis of the bacterial counts given in Tables 2
through 8 indicates that the coliform and enterococecl counts
are highest at Point 5, Point 5 is located approximately
eight feet out in the pond at a depth of about one and one-
half feet from the surface., The coliform and enterococcl
counts at Point 2 are generally high as compared with Points
1, 3 and 4, Counts at Point 2 are from soil samples taken
at the shore line just under water.

The geometric means of the coliform counts at Points i,
2, 3, 4 and 5 are as follows: 79.0, 583,9, 20.2, 11.5 and
1717.7.



The geometric means of thae enterococci counts et Polnts
1, 2, 3, 4 and 5 are as follows: 32,0, 294.9, 28.4, 17.4
and 841.9,

The geometric mesns of the coliform ocounts ranked as
follows golng from the greatest to the least: Point 5, Point
2, Point 1, Point 3 and Point 4.

The geometric means of the enterococcl counts ranked as
follows going from the greatest to the least: Point 5, Point
2, Point 1, Point 3 and Point 4.

The pH values recorded at Poilnt 5 were conslstently

lower than those at Points 3 and 4,
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Figure 1

Sampling Points

Waste Stabilization Pond Masons Cove Elementary School
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V. DISCUSSION

An analysis of the data from station to station for the
different sample points does not show any signiflocent trend.
On the other hand, analysis of the counts at different sample
points at the same station or comparable sample points at
different stations indlcated a definite trend from point to
point,

Sample points can be divided into two areas; Soll sam-
ples taken from the bank and water samples taken from the
weter. Oounts from the soll are in organisms per gram dry
solids., OCounts from the pond water are in organisms per ml.
Examination of the pond water data revealed that counts at
Point 5 are the highest counts in the pond and are in fact
the highest overall oounts obtained at sny sampling point,
Samples at Point 5 were taken about eight feet from the shore
line towards the center of the pond and at a depth of approxi-
mately one and one-half feet from the surface, The counts at
Points 3 and 4 are the lowest counts from the weter and for
all the samples taken, Samples for Points 3 and 4 were taken
from the water at the surface of the pond.

The high counts at Point 5 sre presumably the result of
adding the sewage from the sohool to the pond. The low
counts at Points 3 and 4 correspond with an increase in the
pH above neutral, The pH in waste stablilization ponds
fluctuates dlurnally with the algae growth, The algae is
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dependent on light for photosynthesle with growth taking
place in the zone of light penetration which extends to ap~-
proximately one foot below the surface. The pH of samples
taken at Point 5 is closer to neutral than samples taken at
Points 3 and 4, Samples for run 5 were taken early in the
morning (7:00 AM) when the pH was lower than during the dey.
The counts teken at points 3 and 4 (run 5) were notloeably
high and in the range of the counts taken at Point 2, The
close association of increased pH with lower counts and
higher counts with s deorease in pH indicates that in-
creased pH is 2 faotor to be consldered in the reduction
of ﬁhg counts in the surface water. Sunlight effects
should be considered also in the reduoction of the number
of organisms in the surface water., The comparatively low
counts in the surface water suggest that consideration may
be warranted in the design of outlet structures so as to
remove selectively surface water.

It has been suggested that the increase in pH results
when a reduction in the 00p concentration occurs with a
resulting shift in the concentration of bicarbonate and
carbonate ioms according to the following equations:

2 HOO3 = 00z + 003z + Hp0

HOO3~ = 002 + OH” (13)
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The geometric mean count at Point 3 is higher than at
Point 4, This result is what would be expected if contami-
nated floating matter was being blown to the water's edge.
Agitation due to wave action would cause dispersion of the
orgenisms, However, the only floating matter observed was
sﬁall bits of tollet paper and there was not enough of this
to form en accumulation at the shore line, S3ince the dif-
ference in the geometric mean counts between Points 3 and 4
is small, it was concluded that the random pleces of tollet
paper had little or no effect on the count at Point 3,

Anglysis of the counts at the two sampnling voints in
the soll indicates that the counts at Point 2 are higher
than at Point 1, The counts at Point 1 are not higher than
would be expected from a similar area which did not have a
waste stabllization pond, Tables 9 and 10 (5) are counts
taken from different areas under different condlitions and
are shown for comparison with the counts at Point 1, In ob-
serving the condition of the bank tunnels in the grass were
noted. The tunnels were probably made by field mice or some
other smell rodent, The rodents may contribute to the exist-
ing count by fecal droppings and possibly from contact with
the water,

The count at the shore line at Point 2 is the highest

for the soll samples and second only to Point 5 in magnitude.
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Table 9

The Percentlle Distribution of M,P.N, Values/g of Sample
Por 251 Soile (

Oounts (MPN/g) in quartile grades

So0ll Oless w ___E?_gm%ig_rggg ——
Arid 1,8 1,8 1.8
Subterranesan 1.8 2,0 230
Submerged 15 1.8 4,5 13
Pasture 23 1.8 1%0 2500
Shore line 58 1.8 200 3300
Woodland 56 6.8 200 14,000
Inhabited 21 33 2600 33,000
Cultivated 35 170 3000 13,000
Polluted 28 23,000 64,000 330,000
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Table 10

Goliform Counts from Four Different Sources (5)

Source “Interval between Count (MFR/g)
of samples Oonfirmed Test
- Sample (dsys)

0 4,600
16 T00
Oat Pield 26 170,000
17 2,200
144 7,900
o] 79
15 T00
Mountain Meadow 51 15,000
61 7,900
144 17,000
0 11

15 1.8
14 49
Timberland 37 220
(Plynn Oreek) 21 3,500
33 84
17 13,000

144 1.8

0 7.8

15 4,8

14 4,8

Timberland 37 7.8

(Beedle Branah) 21 4,8
33 T0
17 11,000

144 6.8
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The primary resson for the high count of the soll samples at
the shore line ig presumably a result of the high counts in
the surface water resched during the dally periods between
sunset and sunrise when the pH drops and the counts increase,
The high counts at Point 3 and 5 (run 5) are an examrle of
increased counts during lower pH levels,

No deposits of fecal matter were observed at the shore
line, If there had been any deposition of fecal matter much
higher counts than were observed would be expected,

A comparison of the geometrioc uean counts of coliform
and enterogcocel at Points 1, 2 and 5 indicates that the coli-
form counts at these points are approximately twlce the en-
terococci counts. At Points 3 and 4 the geometric mean
counts of enterococcl are greater than the coliform counts.
The higher enterococcl counts may result from relatively

greater resistence to the high pH levels.



VI. SOUMMARY

The investigation was carried out to determine the
sanitary aspeots of the shore line vhere floating matter
may accumulete and provide a potentigl health hazard., Sam-
ples were taken on the bank, at the shore line, and in the
pond, Coliform and enterococci counts were made from these
samples to determine the extent of contamination,

The results indicated a uniform areal distribution of
contamination in the pond. Increased pH associated with
photosynthesis by algae corresponds to a decrease in the
counts from the surface water. An increase in the counts
was observed when samples were taken in the morning when
the pH wes lower, about neutrsl., It was concluded that in-
creased pH contributes to reduction of the counts in the
surface water,

The counts in the soll at the shore line were higher
than surface counts in the pond but lower than observed with
samples collected a foot and oneé-half below the surface. The
80ll counts may have been due to infusion of organisms into
the soil during periocds of high concentrations im the pond
as would ocour at night., The coliform counts at the shore
line did not indicste the presence of any contemination due
to floating metter or deposits of fecal matter, The only
floating metter observed was a few bits of tollet paper and
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po accumulation of organic matter was obsarved, The counts
on the bank are what would be expected from a similar area
excluding the waste stabllization rond.

In comparing the coliform counts with the enterococei
counts the coliform counts were approximastely twiece the en-
terosocecl counts, The correlation between the two counts
confirms the usefulness of enterococci s an indlecator

organism,
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YII, OCKNCLUSIONS

The counts taken et Foint 1 on the bank 40 not indicate
thet the bsnk is receiving a major amount of contamina-
tion from the shore line and the pond,

There is no accumlation of orgsnic metter at the shore
line and no other evidence thst the shore 1line is being
econtaminated by floating organic msatter,

The reduoction of the number of coliforms end enterocococl
in the surface water of the pond 1s assoclated with in-
creased TH levels and with algse growth,

The enterococol counts of approximately one-half the
coliform counts confirms the application of enterococecl

as an indicator organism.
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Abstract

WASTE STABILIZATION PONDS: POSSIBLE CONTAMINATION OF THE SHORE

A waste stabilization rond was investigated to determine
if there was a health hazard due to contamination of the
shore line,

Soll samples were taken at various points along the bank
and water samples were collected from the pond. Coliform and
enterococci counts were made from the samples and were em=-
ployed in conjunction with observations made of condltlons at
the sample polnts to\determlne if & health hazard existed at
the shore line, Three stations were located along the leeward
gide of the pond. At each station samples were taken in ad-
jacent soil, soil at the water line, water at the water line,
water from the pond surface and water from one and one-half
feet beneath the pond surface off shore. Using the geometric
mean, coliform counts ranked as follows: 1717.7 water sample
one and one-half feet below the surface and off shore, 583.9
soil sample at the water line, 79.0 soll on adjacent bank,
20.2 surface water sample off shore, and 11,5 water sample at
water line,

The high count one and one-half feet below the surface
is presumably from the sewage being added to the nond, ILow
counts were assoclated with pH values near ten. High counts

generally occurred at more neutral pH values of about eight,



The counts at the water line are not high enough to indlcate
the presence of signifiocant concentrations of fecal matter,

Als0, no fecal matter or other floating mstter was observed

at the shore line, The counts from the soil on the bank up

from the shore line were what would be expected from a simi-
lar area excluding the waste stabilizatlion pond,

A comparison of the coliform snd enterococol counts
showed that the enterccocoi count is approximately ome half
the coliform count which is in sgreement with other investi-
gations (2) eand indicetes 1ts usefulness as an indicator

organism,



