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ABSTRACT

Counts of indicator bacteria (total coliform TC, fecal
coliform FC, fecal streptococei FS) and the pathogens Salmo-
nella spp., Pseudomonas aeruginosa and Staphylococcus aureus
groups can serve as parameters of purification. Effluents
from Small Systems treatment contained unacceptably high
counts for release to surface waters without dlslnfectlon, Eut
acceptable for subsoil release; numbers ranged TC > 103
FC > 102~ 107, FS 102~ 103 and P. a. 102- 103 /100 mls.
Salmonella spp. and S. a. were of the order of 1-2 logsless;
incidence among families was low.

Date from a cross section of an absorption field of a
septic tank system showed dramatic retention of these bacteria
at the basal clogged zone, with < 200/100 g: in the soil at
1-2 ft distance. Similar retention in experimental sand and
silt loam columns showed greatest efficiency under partial
clogging and unsaturated flow regime with low dosage. Re-
movals of % log numbers or more were achieved. Less efficien-
cy with channeling and overloading was also shown. Literature
was cited showing possible movement of bacteria under some con-
ditions.
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THE EFFECTS OF EFFLUENTS

ON GROUNDWATER: BACTERIOLOGICAL ASFPECTS

by
Elizabeth MeCoy and W. A._Ziebell

University Wisconsin-Madison

Introduction
| In fresh raw sewagé'the kinds and'numbers of bacterisas
- are predomiﬁantly those of intestinal origih. The gut offers
an excellent envirénment for growth of bacteria such as the
coliform-group, fecal streptococci, lactobacilli and numerous
minor groups including some pathogens, if the host is current-
ly infected. As the fresh sewvage passes tﬂrough treatment,
.conditions change and new types grow and compete with the-
intestinal bacteria. The microflora of sewage is thus a com-
plex mixture of bacteris gfowing and dying as they find the
opportunity. In the aggregate they are capable of biodegrada—
tion of numerous chemical compounds inrkhe waste. Thus the
bacteria are useful, in fact, essential_td the treatment
process., ‘And in this respect, they differ from the viruséé,
‘ﬁhich are merely carried along without multiplication after
. leaving the body.

This-paper will address the topic of bacterial content
of the sewage and of key stages of treatment as felated to the:

guality of the effluents and their potential danger to : ;
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groundwater. The data presented will be taken frem our project,
Sﬁall Scale Waste Management Project at the University of
Wisconsin-Madison, and will include on-site soil disposal

vhere, in principle, the final step in treatmeﬁt occurs as the

water is absorbed and percolates to groundwater.

Bacteriologicel criteria.

From the safety point of view determination of certain
types of intestinal bacteria and of acﬁual pathégenic bacﬁeria
will serve as criterie of quality'of sewage water duringland
‘ a8t the end of treatment. Thus counts of the fecgl indicators
(total coliform, fecal coliform, fecal streptococci) and such
pathogens as Salmonella spp.,'Pseudomonas'aeruginosa, and
Staphylococcus aureus groups are presented.' Neédless to say, .
there are some problems in the interpretation of such éounts,
both inherent in the methods and in relaﬁiop to what might be
called "background" numbers of these Bacteria in the wild due
‘to their survival and possible growth and to wild animal and
plant contributions. These topics have been reviewed pre-
viously 5’6’12’21.

There are also problems in app;ying'"Stgndard'Methods“
procedures for these counts to some of our types of samples,

" for example, soil ﬁbsorption beds where the soil microflore
pre-exists with massive numbers and kinds of competing bac-
teria. This was particularly the problem in our tracing of
prathogens, Salmonellae, pseundomonads, and staphylococei. For
them it was necessary to develop special procedures of en-

richment culture and recovery. These methods, as now in use
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in our laboratcry, are given in brief in the Appendix.

Bacterial Quality of Various Wastewater Effluents

Groundwaters, used as potable water sources, may be
contaminated by improperly functioning wvastevater disposel
systems. Meny of these disposal systems are small scale for',
treatment 6f wastewater from indivjdual homes or institutions
and rely on soil as the principal medium for finﬁl.purifica-
tion.,.

Table I gives typical bacterial contents of wastewater
at various stages of (small scale) treatment. The effluent
bacterial counts meet acceptable levels (< EQO Tecal coliforms
/100 mls) for discharge to surface waters only after disinfec-
ltion. However, even after disinfection, such effluents are
still of guestionable qﬁality for diréct discharge to ground-
water which may be drewn and used without pretreatment.

Pathogenic bacteria, as Pseudomonas aerﬁginosa, have
been consistently found in sewage effluents at all stages of
treatment. Although Staphylocoeccus aureus and the salmonellae
have a much lower incidence in the individual family system
(see Table II) their demonstrated presence emphasizes thé con-
cern for proper purification of wés£§wéters before reachiqg

potable waters,

v

Bacterial Removal from Wastewater Dﬁfing Percolation In Soil

"It is difficult to specify a depth of soil through whieh
wastewater must percolate to remove potentially hazzardous

levels of sewvage bacteria. Survival and movement of sewage
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Detection frequency for Staphylococcus aqureus and

Salmonella spp. in wastewater from 12 residences.

Staphylococeus aureus

. Salmenella SPP -,

"Residence 4 of P 1 4 orf ¥
samplings . positive semplings positive

A 16 0 s 0

B 1k 1 6 0

9 5 3 1 0

D 6 0 3 0

E 8 1 10 . 0

F T 1 9 1

G L 0 - —

H i 0 6 0

I i _ 0 T 0

J 1 0 1 0

K - — 2 0

L - — 2 1
samples 63 55
reitiehe : :
% positive 9.5 3.6

Range for +'s

10 -1000/100 ml

3.4 -~ > 20/100 m1

et

‘L'Deiniﬁger, J.F., and Elizabeth McCoy, unpublished datsa

" . From reference 18

2
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bacteria in soil have been reviewed by'Gerﬁa et 51.6. Soil
type, temperature and pH; bacterial adsorption to soil and
soil clogging; soil moisture and nutrient content; and, bac-
terial antagonisms afe factors which affect bacterial survival
and movement, |

Another key factor regulating bacterial removal from
wastewater during percolation is the liquid flow regime in the
soil. The following data will show that higher degrees of
purification can be achieved under unsaturated flow regimes,
particularly in non-aggregated soils (as sands, loamy sands,
etc.). Unsaturated (&s compared to_saturated) flow involves
liquid movement through only the smaller soil ppres, increas-
ing the contact of wastewater with soil particles as well as
the liquid detention time in the soil 1 Butler et al.-”
found the rgmoval of bacteria during percolation to be pro-
portional to the inverse of the particle size in sands.

Unsaturated flow can be attained by two general methods,
the first being application rate: continuous ponding without
clogging (as during périods of loesal ovgrloéding in an absorp-
tion field) results in flow conditions apgroachihg saturation,
while dosing uniformly over the fiéld)surface (particularly
at low doses) provides unsaturated flow. Secondly, soil s;r—
face clogging (as creemted by organic material build up or
smearing of the infiitrative surface) decreases the infiltra-
tion rate into the soil, promoting unsaturﬁted flow.

?igures I-and IT give bacterial removal from septic tank -

effluent by 2 feet deep columns of Plainfield loamy sand
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(c Horizon, effective size =0,14 mm, uniformity coefficient
=1.99). These columns at 25 € were dosed with septic tank
effluent conteining an average of 5.1 x 106 fecal coliforms
(Fc), 7.3 x 106 fecal streptococci (Fs), 1Lko0 P. aeruginosa
(P. a.) end 102—10h 5. aureus (S.a.} per 100 ml . ;Léading
rates (one application per déy) were 10 cm/daj (2.4 gpd/ftg)
and 5 cm/day (l.E‘gpd/fte)-for columnll and 2, respectively.
Chloride tracer studies indicated these epplication rgtes re-
sulted in liquid retention times of 1.5 hours {10 em/day dose)
and 26 hours (5 cm/day dose). Soil moisture tensions 5 cm
below the s0il surface and outflow volumes are also given in
Figures I and IT.

During the first 100 days of operation & relative platean.
of removal was reached by both coiumns. Column 1, at the high
loading, removed approximately 92% of the fecal coliforms ap-
plied per day while in column 2, loaded at one half the rate
of column 1, removal was about 99.9%. Similarly, the effect
of high loeding resulted in fecal streptococeci an& three
isolations of P. aeruginosa in the effluent of column 1.

These organisms were not detected in'coiumn 2 effluent, S, |
aureus vwas never detected in effluént of éither column.

Underlfield conditions the most critical phase of opéri
ation corresponds to this first %00 days-in the colunmn studies.5
During this time high loading rates and localized overloading |
may effect transport of pathogenic organisms deeply into the
soil. A newly constructed septic tank disposal system was

implicated as the source of well water contamination (causing
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60 cases of gastroenteritis) in en Illinois étate Park 1h.
The septic tank had been instrlled at the appropriate distan;e
from tbe wvell; however, during installation groundwater Vrs
obéervéd at 10 feet from the soil surface and the well wa%er
was reported to be turbid for a short period after installa-
tion. /

After 100 days of loesding a "clogging zone" developed
et the top of esch column. The FC count in both effluents
'&ropped'and reached a constant level (between 10-100 FC/100:
"ml ), even though outflow_vqlumes remained constant and poﬁd—
ing did net ceccur.

The effects of suchxclogging zones iﬁ trapping indicator

2’8311’29. The clogging

bacteria have been reporﬁéﬁ by others
plays & significant role in purification of wastewatér efflu-
ents in scoil. Figure III givesrbacterial coun%é through c¢cross
sectionrof an absorption field, demonstrating the significance
of the clogging pheqomenon'in field systems.

Silt loam (aggregayedJ soils have a lower capacity (com-
pared to non-aggregated SOils)-to conduft liquid and the major--
i?y of flow is'thréugh larger pbres bet;een soil aggregates l-

The effect of flow regime 0n‘bi¢ter£al removael in such
soil was also investigated. Septic tank effluent (describéd
above) was applied to intaet (2 feet deé?) cores of Almena
silt loam, Aé and B2l hprizons} Duplicate columns, designat-
ed T and 8, received 1 em/day doses at 25 é. Results are ° o
given in Figures IV and V.

Under the unsaturated flow condtions asscciated with ;
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the given loadings, effluent-short circuiting through large
pores between soil peds {and/or those pores resulting from -
faunal activity or root channels) was observed for_both columns,

Large numbers of indicator bacierisa and P. a. were found
in effluent of column T (Figure IV). Therloa&ing rate to
column 7 was reduced from 1 cm/day to 3 mm/day to test the
hypothesis that further rédﬁction in loading would promote
absorption of liquid into the soil jeds. Consequently, bac-
terial removals increased drastically, reaching < 2 Fs,.FC and
P. a. per 100 ml of effluent. High numbers of these‘organ—
isms -again passed through the 2 feet of silt loam after the
loading was restored to 1 cem/day.

Yecal coliform and fecal stfeptococci were also observ-
éd in effluent of column 8 during the first Lo days of 1oading.:
At this time the saturated conductivity of column 8 soil fell
below 1 ecm/day and saturated flow {(with ponding) resulted. ‘
Under the saturated conditions baéterial femoval was enhanced;
neither indicators nor pathogens were observed in the effluent
.after saturated flow occurred.

Short-circuiting could result in conpamination of sur-
face dr groundwaters in close proximi%y to éoil absorption
. 8systems in such aggregatéd soils, especially during dry periods:
when voids between peds Become large due to soil drying and 7
shrinking. Contamination of curtain drains , | placed 3
feet from an abso?ption trench in silt loam soil have been

29

found » Also, an absorption system has been reported to

cause contamlination of shallow groundwater under similar soil
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o€

conditions .

Groundwater Contamination and Associated Disease Potential

Although high degrees of purification can be achieved
by relatively small depths of soil (as discussed above), cases
of groundwater contamination resulting in disease are known.
In'l973, contaminated, untreafed groundwaters we?e responsible
for 8 of the 2L (33%).waterborne disease outbreaks in the U.S.;
resuiting.in 190 ﬁases of illness h. Seven Qf these cutbresaks
were associéted with‘semi-public (5) and individual (2) watér
supplies. |

Prevention of such disease potential requires consider-
ation of the extent of movement and sufvival of pathoéens in
groundwater. The time required for 50% reduction iﬁ numbers
of certain pathogenic and indicator bacteria, in fresh well
water, ranged from 2.4 hr (Salmonella enteritidis ser. para-
typhii B) to 26.8 hr (Shigella flezneri), and averaged 22 hr
for fecal streptococei and 17 hr for coliforms 13.' Such
- relatively high éurviv&l rates aliow pathogens to reméin in
high enough numbers to cause disease ééen after considerable
travel (time and distance) in groundwater: Shigella sonnet
‘Jas implicated as the causativé agent of 1200 cases of gas=
trointestinal illnéss in Richmond Heights, Florida, when a
city well was contaminated by the septic tank disposal system
' of a church/daycare center 150 feet away 16. |

Bacillus Stearothermophiludused as a tracer bacterium,
has been found to travel 94 feet in groundwater in areas hav-

ing creviced bedrock lT; this indicates that highly porous
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aquifers could provide conditions in which cohtamination of
wvells may résult at considerable distances from thé source of
pollution. Four members of & family ih Yakime County, Waéhingb
ton contracted typhoid fever. (Salmonella typhi) as & result
of well contamination from =a dispésal system 200 feet from the
well 15. Wells, in this low land area near the Yakima River,
draw from shalldw groundwater in gravel} Dye, introduced into
the disposal system at the household of a S. typhi carrier was
found in the contaminated well (and other wells'in the area)
within 36 hours.

The exﬁent of bacterial movement in groundwatgr has also

. . 6,20
been considered in recent reviews *“7.,

Discussion

While it has been shown that remarkable purification can
be achieved in non—gggregated soil undef.bonditions of estab- |
lished (partial) clogging and proper flow regime,. it must be
remembered thﬁt many soil conditions are less efficient in
providing bacterial removal. During initial periods of oper-
ation (prior to clogging) conventional -soil absorptioﬁ systéms
do not pravide ideal removéls. Similérly?channeling;'effected
by voids between soil aggregates, éa; result in movement of
bacteria to depths of 2 feet or more in aggregated soils, es-
Pecially under dry conditions. Under such conditions a deep
soll profile {or further treatment of effluent) must be presentj.
to insure adequate purification.

It is impossible to state with certainty the precise

number of feet of soil which will retain contaminants. Three
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~t¥pes of soil conditions which would prevent safe soil dis-
posal are: 1) shaliow soils over creviced bedrock, 2) shallow
soil over ﬁigh groundwater tables,.and-3) impermeable so¢ils.
Consideration should therefore be given to adéquate treatment,
including disinfection if necessary, before soil disposal of
the effluent in such areas,

In recognition of thereention .capabilities of soil, our
Small Sﬁale Waste Management.Project-has written guidelines
to be used ©on an experimental basis in some problem areas of
Wisconsin. These guidelines delineate procédures for install—
ing sand-fill systems (mounds), 2 feet in depth, over & 2-5
feet minimum of naturelly occurring soil. Such systems enmploy
pressurized distribution to insure proper loadings and flow

conditions.

Summary of Findings

1. The capability of soii for purificatién of wastewater by
removal of bacteria has been demonstrated with experiment—é
ai data. |

2. Limitations on bacterial removal hdve been recognized and
discussed. : .

3. ngimum purificatidn_of wastewater effiuents should be.
achieved,either through adequate pretreatment or adeguate
adsorption in unsaturéted soil, before percolates reach-

‘the groundwater table.
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Legends for Figﬁres

/

Figure I. Bacterial and physical data from column 1 (sand,

25 C, 10 .cm/day loading): [a) bacteriam in column efflu-
ent, FC = fecal coliforms, FS = fecal streptococci; [b]
X's represent soil moisture tensions 5 cm below sand
surface before daily dosing, drainage curves given have
the same linear time scales, each curve giving tensions
for approximately 150 minutes after dosing on the day
indicated; [e] daily volume of effluent leaving the
column. The numbers [al}l, [b] and [c¢] have identical
meening in Figures II, IV and V. Data from reference 27T.

‘Figure II. Bacterial and physical data from column 2 (sand,
25 ¢, éﬂ'cm/day loading): LC = loading change, i.e.,
first change from one 5 c¢m/day dose to three applications
per day of 1.7 ecm each, and second change restoring the
5 cm/day dosage regime. Data from reference 2T.

Figure IITI, Cross sectioﬁ of an absorption field in.sandy
soll with bacteriel counts at various points in the
field. Data from reference 28,

Figure IV. Bacterial and physical data from column 7 (silt
loam, 25 C, 1 cm/day loading): LC = loading change,
i.e., first change from 1 cm/day to 3 mm/day and second
change restoring 1 em/day. Moisture tensions[b], 5 cm
below soil surface, are prior to daily dosing. Data
from reference 27.

Figure V, Bacterial and physical data®!from column 8 (silst

‘ loam, 25 C, 1 cm/day loading). Moisture tensions [b],
5> cm below s0il surface, are prior to daily dosing.
Data from reference 27. o '
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APPENDIX

Pathogens in Sewage

It is a generalization of medical bacterioloéy that man
is subject to various.enteric diseases during which'pathogens
‘are shed in the feces in tremendous numbers. Most patients
cease to shed after recoveryrbut some continue as carriers,
even though apparently well. In a single family sewage-there
may or may not -be pathogens, depending upon family history of
enteric disease, but it.should be emphasiéed thaet disease is
potential at any time. Thus the Most Probable Number (MPE)
for these pathogens 1in treated,sewége is indicative of the
potential danger to groundwéter.

While Standard Methods 27

offers procedures for counting

~the pathogens in question, it has beén our experienée that

they 1ac£ the necessary specificity and also present mechan-

ical prbblgms. Especially for some 6f ﬁhe types of samples

we deal with, e.g., absorptiop beds and s0il columns where the

sewvage microflora merges with the massige soil microflora,

the task of detecting and counting the Sewage pathogens provéd
!

| very difficult. A full report on théfdeveiopment and testiﬁg

. 0of our methods is in preparation. Only a brief statement of

- the procedures will be given here as background for:the counts

of pathogens presented in this paper.

1. Salmonella spy.

Preparation of samples. Since the family is, or should

be negative for salmonellase, it was necessary 1) to use large

-
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volumes for samples, 2) to enrich for salmonellee in the most
sensitive way, and 3) to confirm isolates by biochemilcal and
serological tests. |

The usual procedure of collecting the bacteria dby filtra-
tion upon membrane filters was impossible for many ;amplgs;
the filters clogged so rapidly that even 5—50.m1 could not be
passed., By centrifugation in 250 ml cups and compositing of
2-4 sediments.in suitable dilution blanks, iﬁ was .possible to
run MPNs on 1000, 100, 10 ml of sample as needed,

Detection of salmonellae. Enrichment was in Tetrathion-

afe_broth under 1-2 cm of mineral oil (to avoid the aeroblc
pseudomohads) for 40 hr at L1.5 C. ‘All_Positive growth tubes
were plﬁted by streaking on Brilliﬁnt Green agar; after grbwth
for 24 hr at 41.5 C the pink—ﬁhite opague coloniés with red
halos were picked to Triple Sugar-Irﬁn agar slants. Identi-
fication of the presumptive positives was indicated 1) by red
(alkaline) slants with yellow (acid) oi yellow with gas bubblesé
in the butts, and evidence of HBS by black iron sulfide pre; :
cipitate, and 2) by agglutination witﬁipolyvalent H fiagellar
antiserum—zh. This combination of chagacterS‘allﬁws the i
readings to be expressed as MPN of’SalmonéZZa spp. Type iden-
"tification was ordinarily not done but occasionally was, b}
cdurtesy of the Wisconsin Laboratory of Hygiene. The accuracy :
rof our detection method is attested by the fact that all cul-
tures submitted to the Hygiene Labér&tory were indeed salmonel-
ae, The method is sensitive, as shown by tests of salmonella-

negative sewage with known numbers of 5. enteritidis ser anatum

added angd the succesgful recoveries of 2-5 cell.:

-
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2. Pseudomonas aeruginosa group

Pseudomonas aeruginosa is considered an oppertunistic
pathogen, a common cause of severe ear, ginus.and burn-infec—
tions and some‘entéric disorders of infants 19. I't is seid
to be shed by approximately 15% or all persons, and thus is
more likely to be present in a 51ngle famlly sewage than are
' salmonellae. It also dccurs in sufficient numbers in sewage
to offer statistically valid data 7.  For-MPNrcounps of P.
geruginosa a S-tube Sefieé is used with an Acetamide broth
based on Standard Methods 25 medium with its pheholured”ogined'
plus MgS0) -TH,O0 (0.5 g), KNO, (0.5 g), Ne citrate (0.2 g) and
Proteose Peptone #3 (0.2 g) added to favor P. aeruginosa over
.the saprbphytic psendomonads of sewdge and also importantly
£o favor the blue green pigmentation. Incubation is at 40 C
for b days with reading of MPﬂ on the basis of fluorescence
under UV illumiﬁation._ High dilution positive tubes are
streaked oﬁto King's A agar 9 and incubated at k2 C for 2k hr
to confirm the tyﬁidal blue green pyocyanin ﬁigment.

For family sewage the MPNs for P. aeruginosa run 10° to

10”/100 ml by this procedure.

3. Staphylococcus aureus group

Staphylococcus aureus is also an oppdrtuﬁist 19. It is
often on human skin‘an& in seconﬁary infections following
antibiotic . therapy and-in,staphy;ococcal food poisoning 3.
'fIts-detectionlin sewage is accomplished by 1) membrane filtra-

tion of the sample and 2) culture on m-Staphylococcus broth

plus 0.75 mM Na azide to avoid the interferencefof certain
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bacilli 23

and miecrococci. Incubation et 37 C for L8 hr is
followed by holding at 25 C for 24 hr to enhance the golden
pigmentakionrof S. aureus colonies. Nevertheless more confir-
mation is needed end so representative colonies, inciuding
non—pigméqtéd, are picked to Mannitol Selt agar slants, from
which a check is made microscopically for staphyloédccal'mor-
phology and Gram reaction,. Ail cocecal colonies are then streak-
ed onto DNase &agar and those positive on this test are picked
end grOWn.at 37 C for 24 nhr in.Brain ﬁeart Infusion broth.

The fubé test for coagulase is then made on these cultures.

The highest'dilution thus confirmed as due to S. aureus denoctes
the stephylococeal count. For family sewage, the numbers:
usually fange 102—103/100 ml, if the family is positive at the
time. This level_of staphylococeal load inlfamiiy sevage is
_probabl& an underestimate,'since based upon detéction of &,
aureus alone, whereas there are now known to be several species ;
of'staphylococci on human.skin 10. The significance of these

non-coagulase positive staphylococecl i1s debatable but they

must soon be taken into mccount.






