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I. IBTRODUOTIOI

Waste etablllzatlon ponds are becomlng wldespread as a

means of treating eewage and some lndustrlal wastee. They

provide an eoonomlcal method of treatment where there ls

enough lnexpenslve land. Also the amount of eupervlslon and

upkeep required le mlnlmal. Waete stablllzatlon ponds have

proven to be an adequate means cf treatment comparable ln

many ways to oonventlonal methods of treatment. These ponds

also effect a eubstantlal reductlon ln the number cf coll-

form organlsme which are employed by public health agencles

as indlcators of fecal contamlnatlon.

One aspect of waste stahlllzatlon ponds whlch has not

been lnveetlgated le the poeslblllty of a health hazard due

to acoumlatlon cf floatlng solide at the shore llne. If

euch eollde were of fecal orlglne they could be conveyed by

fllee or other vectore to adjacent communltlee wlth the posel-

blllty of the tranemlsslon cf enteric dleease.

The purpose of thls study was to check for the presence

of contasinatlon around the shore of domeetlc waste stablll-

zatlon ponds. Oounte were made of the nunber of oollform

organlese and enteroooool present at the ehore llne to detect

the preeence of contamlnatlon. These counte were compared

wlth counte made from water ln the pond end from soll adjacent

to the shore llne. The eerles of samples llsted above was
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taken at three statlons along the length of the leeward side

of the pond, The condition of the pond ln regard to floating

matter was also considered, The number of coliforms present

at the different sampling polnts was considered the principle

index of the presence of contaminat1on•

Fecal streptococol are coming into use as indicators of

pollution, so it was considered of value to use them for com-

parison with the collforms, There are three principal rea-

sons for the interest developing in the use of fecal strepto-

cocci as indicator crganisns for fecal contamination, First-

ly, the coliform test includes organisms of both feoal and

non—fecal origin, and it is a oompllcated laboratory procedure

to differentiate then. Secondly, the different types of feoal

streptococcl may possibly be used to determine lf the feoal

contamination is of human or non-hunan origin, Thlrdly, the

fecal streptoooecl will provide a good check on the colifcrn

test; that is, the presence of high concentrations of both

coliforms and fecal streptococci would constltute strong evi-

dence of fecal contaminat1on•

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 stabllization pond on which the investigation

was made is located at Hasons Oove Elementary School in

Roanoke County, (Plate t) It provides for the treatment of
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eewage from the school. The population served ls approxl-

mately 325 elementary school children and staff.

The pond is 80 x ll0 feet with a surface area of 8,800

square feet. The basic design criterian specified by the

State of Virginia is 400 persons per acre (1), Ten elemen-

tary school children are considered equal to one person.

The design capacity equals 400 x l0 x 8,800/43,560 = 806

elementary school children. At the present time the inflow

1: not sufflclent 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 is five feet. There were no odor or other

problems associated with the operation of the pond.
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II. LITERATURE REVIEW

A review of the literature did not dlscloee any direct

reference to the contamlnation of the shore line of waste

stnbilizatlon pcnds. Reference was made by Ellison and

Smith (3) to the posslbility of oontaminatlon being spread

by animals which have access to the pond. This would lmply

that the shore was oontaminated. But there is nc euggestion

of the possibillty 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 stablllzation ponde. In

revlewing the literature on waste stabillzation ponds Pitz-

gerald and Rohlloh (4) stated that "in nearly all lnstances

the bacterial counts have been lcwered te less than one per

cent of the original ccncentration. The B. coll counts have

generally been reduced from several hundred thoueand to lese

than 100 per nl. and one case has been reported where typhoid

bacteria were reduced from 4l per ml. to negative results.”

Hackenthun and McHabb (7) note in studylng waste stabi-

llzaticn ponds in Wisconsin that more than 98 per cent re-

moval of coliforms was obtained 87 per cent of the time, Op-

tlnum reduetion of coliforme was cbserved in the summer.
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These results might possibly be an indication of the impor-

tance of competition in the removal of coliforms and pathc-

genlc organisms. The ponds are evidently much more active

biologically in the summer.

Parker (12) working with ponds in Australia states that

"it would appear to be difficult to obtain very low coliform

counts using single cell aerobic ponds." Parker also noted

that reduction in collform counts proceeds in accordance with

lncreased detention time and decreased BOD levels.

Oswald (ll) noted that with the present variations in

the number of coliform organisms removed there ls need for

research to correlate coliform removal with loading and de-

sign factors. Also lt is the opinion of the writer that the

climatic conditions which affect the biology of the pond

warrant considaratlcn.

The primary factors which contribute to the removal of

colifcrms and other bacteria are settling and competition.

The high pH levels which are reached during the day time ap-

pear to reduce the number of collform organisms.

Enterococci are normal inhabitants of human feces but

have not until recently gained acceptance as worthwhile in-

dicator organisms primarily 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 isolated were those of the entero-

coccus group.
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As new media have been developed streptococcl of fecal

orlgln other than those ln the enterococcus group have been

reoovered. Kabler (2) recommende that the enterococcl and

other streptococcl whlch are used ae lndlcatore cf fecal

pollutlon be deslgnated as fecal streptococcl. In thls

thesls enterococcl will be used to deelgnate the organlems

lsolated wlth the medlum designed by Lltsky, Hellmann and

Flfleld (6) and also llsted ln ”Standard Methode" (14).

Sullivan et. al. (15) observed that streptocoocl oc-

curred ln the feces of man and certain animals and ln pol-

luted water and sewage ln numbers equal to or greater than

the numbers of collform bacterle•

"Guthof and Dammann (2) observed comparable strepto-

coccus and coll tlters ln water samples from springe and

from the Rhlne Rlver." In the examlnatlon of soll samples

from areas where contamlnatlon was lmprobable or non-existent

Medrek and Llteky (9) found that there were comparable num-

bers of enterococcl and E. coll but wlth a much greater die-

tribution of collforms. Both Guthof and Dammenn (2) and

Hedrek and LltskY (9) recommend the use of fecal strepto-

coccl as an index of fecal pol1utlon•

In a study by Hellmann and Lltsky (8) of the survlval

of E. coll and enterococcl ln different solls, enterococcl

dled out wlthln 40 days wlth a large number of E. coll re-

malnlng. Kjellander (2) observed that ln sewage dlluted
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with well water and river water E. coli showed a greater

rate of decrease than fecal streptooocci. Ooliforms de-

oreased at approximately the same rate as fecal etrepto—

cocci, Keller (2) observed that fecal streptocoooi sur-

vived longer ln river: than E. coll.

Mundt (10) found enterooocoi in 34 of 102 samples

taken in nine different agrlcultural fields with different

crops. The number of enterococoi ranged from 10 · 100 per

gram of dry solide in the positive samples.
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III. HETHODS AND PROGEDURES

Samples were taken at three statlons along one side of

the pond. The side was chosen because prevalllng wlnds blow

towards lt. At each station five samples were taken. These

samples were taken along a llne approximately perpendlcular

to the shore llne.

The series of flve samples was taken over a perlod of

about a month. Each time a serles of samples was taken the

oloud condition, wind direction and temperature were recorded.

The locations at whlch the samples were taken are as

follows:

ggggg 1 · A soll sample was taken from the bank at a

polnt located flve to ten feet upslope from

the shore llne.

ggggg 3
— 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
l

llne but thls was not practical because of

e the grass shore line.

3g3gg_} — A water sample was taken of the surface water

at the shore line.

3g;gt_g · A water sample was taken of surface water

approxlmately elght feet from the shore line

towards the center of the pond.
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gglgt 5 - A water sample was taken about elght feet

from the shors llne and approxlmately one

and one-half feet beneath the water surface.

The followlng was the procedure emplcyed for processlng

the soll samples. Ten grams of sample were added to e

welghed cruclble. From the cruclble five grams of sample

was transferred into a bottle contalnlng 100 ml of sterlle

buffered water (as described in "Standard Methode" (14)).

The bottles also contained glass beads to help break up the

chunks of soll. The bottles were shaken flfty tlmes to sus-

pend the organlsme ln the dllutlon water. To determine the

H.P.I. three repllcate tubes of serial dllutlon were lnocu·

lated from each bottle. The correct sequence of dllutlon

to determine the H.P.I. was obtalned by serlal dllutlon of

the sample wlth sterlle buffered dllutlon water. To deter-

mlne the number of oollforms lactose brcth was used ln the

presumptlve test and brilliant green laotose blle brcth was

used in the conflrmed test. A positive test ln both teste

was lndleated by the formation of gas after 48 hours. To de-

termine the number of enterococol, azlde dextrose brcth was

used in the presumptlve test, a posltlve test belng lndlcated

by the presence of turbldlty after 48 hours. Ethyl vlolet

azlde broth was used ln the conflrmed test, a posltlve test

belng lndlcated by the presence of turbldlty after 48 hours
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and in some cases a purple bottom. All of the samples were

incubated at 35°O. Procedurea for the tests for coliforme

and enterococei were adopted from "Standard Methods." (14)

For each of the soll samples the five grams of sample

which was not put in the dilutlon bottle was placed in an

oven overnight at l03°0 for determinaticn of the dry solide.

The M.P.B.'s per gram of dry solide were determined by di-

viding the M.P.N.'s per gram wet weight by the fraetion cf

dry matter. The dry sample was put in a furnace at 600°0

for 20 minutes to enable determination of the aeh content.

The water samples were prooessed as follows. The pH

of each sample was determined electrometrically. Samples

were analyzed to determine the number of coliforme and en-

terococci by the multiple tube fermentation technique using

three replicate tubes for each dilution. The same media

were used for the enumeraticn of coliforms and enterccocci

as were used for the soil samples.

For both the soll and water samples the M.P.N.'s for

colifcrms and enterococci were determined from tables in

"stanaara ueth¤a¤.” (14)
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IV. RESULTS

The results of the baoterlologlcal study of the waste

stablllzatlon pond at Haeons Cove Elementary School are pre-

sented ln Tables 1 through 8. The locatlons of the points

of sampllng are lllustrated ln Ilgure 1. The results of

analysls of samples taken ln the soll are glven in Tables 2,

3 and 4. The table lncludes the followlng ltems: M.P.H.

collforms and H.P.H. enteroeocel per gram of dry solide, the

percentage dry sollde, the peroentage seh and the run number.

Tables 5, 6 and 7 glve the results of the analysls of the

samples taken from the water. The data presented are: M.P.I.

collfcrms and enteroooccl per nl of sample, pH, and the run

nunber. Table 1 presents pertinent observatlons associated

wlth sample collectlon, such ae date, tlme, temperature,

wlnd dlrectlon and cloud cover.

Analysis of the bacterlal oounte given ln Tables 2

through 8 lndlcates that the collform and enterocoocl counts

are hlghest at Polnt 5. Point 5 le located approxlmately

slght feet out ln the pond at a depth of about one and one-

half feet from the surface. The collform and enterococcl

counts at Point 2 ars generally hlgh as compared wlth Polnte

1, 3 and 4. Oounts at Point 2 are from soll samples taken

at the shore line Just under water.

The geometrlo means of the collform counts at Polnte 1,

2, 3, 4 and 5 are as follows: 79.0, 583.9, 20.2, 11.5 and

1717.7.
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Tha geometric means of the enterococci counts at Points

1, 2, 3, 4 and 5 are as followsz 32.0, 294.9, 28.4, 17.4

and 841.9.

The geometric means of the coliforn oounts 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 enteroeocei eounts ranked ae

follows going from the greatest to the least: Point 5, Point

2, Point 1, Point 3 and Point 4.

The pH values recorded at Point 5 were consistently

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. DISOUSSIOK

An analysis of the data from station to station for the

different sample points does not show any signlfioant trend.

‘ On the other hand, analysis of the eounts at different sample

points at the same station or comparable sample points at

different stations indicated a deflnite trend from point to

point.

Sample points can be divided into two areas: Soll sem-

ples taken from the bank and water samples taken from the

water. Oounts from the soll are in organlsms per gram dry

solide. Oounts from the pond water are in crganises per ml.

Examinatlon of the pend water data revealed that eounts at

Point 5 are the hlghest eounts ln the pond and are in fact

the hlghest overall eounts obtained at any sampllng point.

Samples at Point 5 were taken about elght 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 eounts at

Pointe 3 and 4 are the lowest eounts from the water and for

all the samples taken. Samples for Points 3 and 4 were taken

fron the water at the surface of the pond.

The high eounts at Point 5 are presumably the result of

edding the sewage from the school to the pond. The low

eounts at Points 3 and 4 correspond with an increase in the

ph above neutral. The ph in waste stabilization ponds

fluctustee dlurnally wlth the algee growth. The algae ls
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dependent on light for photosynthesls with growth taking

place in the zone of light penetration which extends to ap-

proximately one foot below the surface. The pH of samples

L taken at Point 5 ls closer to neutral than samples taken at

Points 3 and 4, Sanples for run 5 were taken early in the

morning (7:00 AH) when the pH was lower than during the day,

The counts taken at points 3 and 4 (run 5) were notlceably

high and in the range of the counts taken at Point 2, The

close association of lncressed pH with lower oounts and

higher counte with a deorease ln pH lndicates that in-

creased pH ls a factor to be considered in the rsduction

of the counts in the surface water, Sunllght effects

should be considered also in the reduction of the nunber

of organisne ln the surface water, The comparatively low

counts in the surface water suggest that oonsideratlon may

be warranted in the design of outlet structures so as to

remove selectlvely surface water,

It has been suggested that the increase in pH results

when a reduction in the 002 concentration occurs with a

resulting shift in the concentration of bicarbonate and

carbonate lens according to the following equatlons:

2 H00}—:.* 002 «•· 00}- + H20

H00}° ::: 002 + OH- (1})
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The geometric mean count at Point 3 is higher than at

Point 4. This result is what would be expected 1f contam1—

nated floating matter was being blown to the water's edge.

Agitation due to wave action would cause dispersion of the

organisms. However, the only floating matter observed was

small bits of toilet paper and there was not enough of this

to form an accumulation at the shore line. Since the dif-

ference in the geometric mean counts between Points 3 and 4

is small, it was coneluded that the random pieces of toilet

paper had little or no effect on the count at Point 3.

Analysis of the counts at the two sampling points 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 stabilization pond. Tables 9 and 10 (5) are counts

taken from different areas under different conditions 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 small 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 1: the highest

for the so1l samples and second only to Point 5 in magnitude.
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Table 9

The Peroentlle Dlstrlbutlon ot H,P,H. Values/g et Sample
Por 251 Bolle (5)

Uounts (MPI/g) in quartlle grade:

selclaasArld
7 1,8 1,8 1,8

Subterranean 9 1,8 2,0 230

Submerged 14 1,8 4,5 13

Pastur• 23 . 1,8 150 2500

Shore llne 58
l

1,8 200 3300

Woodland 56 6,8 200 14,000

Inhablted 21 33 2600 33,000

Oultlvated 35 ‘_ 170 3000 13,000

Polluted 28 23,000 64,000 330,000
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Table 10

Coliform Counts from Four Different Sources (5)

Source ’nterval between Count HPr g
of samples Conflrmed Test

7{|O_· |.;_' J

0 4,600
16 700

Oat Field 26 170,000
17 2,200

144 7|9OO

0 79
15 700

rountain Meadow 51 15,000
61 7,900

144 17,000

0 11
15 1.8
14 49

Timberland $7 220
(Flynn Creek) 21 3,500

$$ 84
17 1$,00O

144 1.8

0 7.8
15 4.8
14 4.8

Timberland $7 7.8
(Ieedle Branhh) 21 4,8

$$ 70
17 11,000

144 6.8
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The primary reason for the high count of the soll samples at

the shore llne ls presumably a result of the hlgh counts in

the surface water reaehed during the dally perlods between

sunset and sunrise when the pH drops and the oounte increase.

The high counts at Polnt 3 and 5 (run 5) are an example of

lncreased counts durlng lower pH levels.

Io deposlts of fecal matter were ob«erv•d at the shore

llne. If there had been any depoeltlon of fecal matter much

higher counts than were observed would be expected.

A comparison of the geometrlc mean counts of collform

and enterococcl at Points 1, 2 and 5 lndicates that the coll-

form oounts at these polnts are approxlmately twlce the en-

terocooei counts. At Pointe 3 and 4 the geometrlc mean

counte of enterococcl are greater than the collform counte.

The hlgher enterocoocl oounts may result from relatlvely

greater reslstance to the high pH levels.
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VI. SUMMARY

The lnvestlgatlon was carrled out to determlne the

sanltary aspects of the shore llne where floatlng matter

may accumulate and provlde a potentlal health hazard. Sam-

ples were taken on the bank, at the shore llne, and ln the

pond, Gollfcrm and enterocoool counts were made from these

samples to determlne the extent of oontamlnatlon.

The results lndlcated a unlform areal dlstrlbutlon of

contamlnatlon ln the pond. Increased pH assoclated wlth

photosynthesls by algae corresponds to a decrease ln the

counts from the surface water. An lncrease ln the counts

was observed when samples were taken ln the morning when

the pH was lower, about neutral. It was conoluded that ln-

creased pH ocntrlbutes to reductlon cf the oounts ln the

surface water.

The counts ln the soll at the shore llne were hlgher

than surface counts ln the pond but lower than observed wlth

samples ccllected a foot and one-half below the surface. The

soll oounts may have been due to lnfuslon of crganlsms lnto

the soll durlng perlods of hlgh oonoentratlons ln the pond

as would occur at nlght. The oollform oounts at the shore

llne dld not lndlcate the presenee of any contamlnatlon due

to floatlng matter or deposlts of feoal matter. The only

flcatlng matter cbserved was a few blts of tollet paper and
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no accumulation ot organio matter was cbserved• The counte

on the bank are what would be expected from a similar area

exoluding the waste stabllizatlon pond•

In comparlng the ooliform counts with the enterooocci

counte the oolltorm ocunte were approximately twice the en-

teroooeoi oounte. The eorrelatiou between the two oounte

contirme the ueefulnese of enteroeooci es an lndioetor

organien.
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VII. OONGLUSIONS

1. Tha counte taken at Point 1 on the bank do not indicate

that the bank 1: reoeiving a major amount of contam1ne—

tion from the ehore line and the pond.

2. There is nc accumulation of organic matter at the shore

line and no other evidence that the shore line ie being

contaminated by floatlng organlo netter.

3. The reduction of the number cf collfcrms and enterccocci

in the surface water of the pond is associated with in-

creaeed pH levels and with algae growth.

h. The enterocooci count: of approximately one—half the

coliform count: coufirms the application of enterooocci

as an indicator organisn.
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Abstract

NASTE STABILIZATION PONDS: POSSIBLE CONTAMINATIOH OP THE SHORE

A waste stablllzatlon pond was lnvestlgated to determlne

lf there wa: a health hazard due to contamlnatlon of the

shore llne.

Soll samples were taken at varlous polnts along the bank

and water samples were collected from the pond. Collform and

enterccoocl counts were made from the samples and were em-

ployed ln conjunctlon with observatlons made of condltlons at

the sample polnts to determlne lf a health hazard exlsted at

the shore llne. Three statlons were located along the leeward

slde of the pond. At each statlon samples were taken ln ad-

Jacent soll, soll 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. Uslng the geometrlc

mean, collform counts ranked as follows: 1717.7 water sample

one and one-half feet below the surface and off shore, 583.9

soll sample at the water llne, 79.0 soll on adjacent bank,

20.2 surface water sample off shore, and 11.5 water sample at

water line.

The hlgh count one and one-half feet below the surface

ls presumably from the sewage belng added to the pond. Low

counts were associated wlth pH values near ten. Hlgh counts

generally occurred at more neutral pH values of about elght.



The ccunte at the water line are not high enough tc lndlcate

the preeence of elgnificant concentratlone cf feoal ¤atter•

Alec, no fecal matter or other floatlng matter was observed

at the shore line. The counts from the soll on the bank up

frcn the shcre line were what would be expected from a eini-

lar area excludlng the waste steblllzatlcn pond•

A comparison cf the coliform and enterocccol counta

ehowed that the enterococcl count ls approxlmately one half

the ccllform count which le in agreement with other investi-

gatlone (2) and lndlcatee its ueefulneae as an lndlcator

organlsn•


