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USE OF BACTERIA IN ASSESSING WASTE TREATMENT AND SOIL DISPOSAL SYSTEMS
W.A. Ziebell, D.H. Nero, J.F. Deilninger, and E. McCoy

The bacterial flora of sewage is distinctive and for that reason can dbe
e useful parameter for following the trestment end safe disposal of sewsge.
In fresh raw sewsge the kinds and numbers of bacteria are predominantly those
of intestinal origin. In all warm-blooded animels, man included, the intestinal
flore is fairly stable, although a great variety of bacteria are ingested
with daily foed. The gut offers an excellent envircomment for dbacteria such
as the coliform group, fecal streptococei, lectic acid bacteria, anaercbhes
{(both spore forming and non-spore forming), and numerous other miror groups
ineluding the pathogens, if the host is currently infected. Counts of these
important groups cun be made by proper bacteriological methods and, indeed,
the Standards for coliform, fecal collform, and fecal streptococci are wall
known examples of their application.

As the fresh sewage passes on through treatment,_conditions change and
new types of bacteria grow end compete with the intestinal bacteria. The
flora of sewage thus is a very complex but relatively balanced mixture,
capable of biodegradation of iInnumersable chemical compounds of sewag=s. Thus
the sewage bacteris are useful and, in fact, essential to the trestment.

Anaerobic treatment

The septic tarnk is enaerobic with the majority of the functioning
bacteria being facultative, capable of growth with or without free oxygen.
In the septic tank, without free oxygen, they use the combined oxygen of their
crganic and Iinorganic substrates. Their primary function In the septic tank
is hydrolysis of coumplex compounds such as proteins, carbohydrates, and fats.
Table 1 gives values for some chemical components of raw wastewater, expressed
as the average of composite samples taken from three households prior to any
type of treaiment; average values from five septic tank effluents are also
given. The relative percentage of nitrogen as ammonia-N in wastewater (22%)
as compared to that in septic tank effluent (70%) indicates considerable
deamination in the septie tank, Similarly, protein hydrolysis is indicated
by the relative percentages of organic nitrogen and phosphorus (TL% nitrogen
as organie-N and 55% phosphorus as organlc~P in raw wastewater as compared
to 29% organic-N and 21% organic-P in the septic tank effluent).

The authors are: Project Specislist, Research Assistant, Project-'
Speclelist, and Professor respectively. Department of )
Bacteriology, University of Wisconsin-Madison.




Approximately 80% suspended solids reduction can be attributed to hydrolw-
Yais by bacteria and the settling of solids. The subsequent use of the
products of hydrolysis for growth and respiration (energy) accounts in part
for BOD removel {343 mg/l in the ravw and 158 mg/l in septic tark effluent)
leaving a relatively high BOD still to be degraded aserobically in later
treatment. .

Counts of coliform bacteria, fecal streptococei, and pathogens (Pseudo-
monas seruginosa, staphylococel, salmonellae, and enterie viruses) are
8till high and therefore septic tank effluents are unsafe for release with-
out danger to public health. Table 2 presents bacterial counts on septic
tank effluents, pH and temperature conditions to be expected in septic tanks.
Along with high coliform, fecal streptococei end Ps. aeruginposa counts
salmonellae have been detected in 59% of 17 different septic tank pumpout
sludges, clearly showing that septiec tank effluent should not be released
to the surface of soil where natursl waters may become contaminsted or where
other public health problems mey arise. It can be released subsurface in
soil as in the conventional sbsorption fileld where further purification by
soll adsorption, and aerobic degradation will teke place.

Aerobiec Treatment

Aerobic treatment of sewage offers a more advenced degree of bicdegrad-
ation, i.e. gives average BOD reductions to 36-55 mg/l in mechsnical aeration
unit effluents and to 10-36 mg/l in sand filter effluents; oxidation of
malodorous products of proteolysis; eventual oxidation of emmonis to nitrate;
of hydrogen sulfide to sulfate; and of volatile fatty acids to carbon dioxide
and water. These products of total oxidation are indicative of a stabilized
finel effluent with little or no oxygen demend at the disposal site, either
soll or water. This is accomplished when, under aerobic conditions, metabolic
ectivities of facultative organisms in the sewage change from enaerobic to
aserobic or when & more aerobic pcpulation gains ascendency by growth. There
are a number of choices as to serobic treatment for small systems waste
management, and bacteriological data are helpful in assessing the stage of
oxidative bilodegradation in each case.

Soil, es in ebsorption fields, mound systems or sand filters, provides
strong adsorptive removal of bacteria including pathogens, and serobic
conditions for oxidative stabilization of waste water. In the absorption
Tleld the sewage bacteria merge with soil bacteria. The transition from
high to low numbers of coliform and streptococcal indicetor bacteris and total
bacteria occurs in a relatively short distance (1-2 ft) from the base of the
trench. Table 3a gives representative data for such a system. The transition
zone is also notable for the predominaence of rapidly growing heterotrophic
soil bacteria such as actinomycetes, sporulating bacilli, and high numbers of
pigmented bacteria ineluding melanin producers. In a well functioning
abgsorption fleld the indicator and pathogenic bacteria must not be allowed
to surface in ponding water or to descend to contaminate the ground water.

In thls respect absorption fields are very efficient in purifying septic tank
effluent.

In a mound system treated effluent is applied to an ebsorption bed or
trench constructed on two feet of sand fill over the natural top soil. It
offers another form of aerobic treatment similar to that of the absorption
field in sandy soil. Table 3b provides results of analyses on liquids collected
after percolation throngh such a mound. )




Tablsa 1 Scee chemical and physical parameters of raw
wastewtter and septic tank effluent .
Parapeter Raw waastewater Septic tany effiunent
(=g/1) Mean Relative Kesn Belative
% -
BODg, unfiltered 343 158
» Tiltered 212 120
Buspended solids
total . 259 50.8
volatile 203 78 5.5 70
Ammonis-N 8.8 22 38.7 70
Organic ¥ 30.3 T4 16.0 - 29
BOp + ROz-§ 1.8 4 0.6 1
Ortho.P 9.k hs 1.5 79
Organic-P 1n.3 55 3.1 21
Table 2 Data for bacteria, pH and temperature on
efflivents from five septic tapks :
1
Bocteria Jean %confidence Range
Interval of weon
, ' 2 '
Peecal streptococel:  3,800(97) 2000 < 100-
per 100 mls 290 1,00,000
FBsal coliforme 420, 000{94) 290, 000- 500~
per 100 nls 620, 000 18, 000, 000
Total coliferms  3,400,000(91) 2,600,000- 150,000~
per 100 min h,keo, 000 k0, 000, 000
Pa. aeruginosa 10, 000{13) 1, 9C0- 210~
per 100 nls | 54,000 350,000
Total _bacteria 3L (88) 25-43 0.3-2300
x 10”7 per ml
PH 7.3 (58) 7.2-T.4 6.4-8.0
Temperature in 17 (13) 15-19 - 12-23

tank, “C

1 log normalized data

2

number of samplea used in calculation




Table 3a Pacterislogical data on sazples frca a typleal
absorption field in aandy 2o0il

Bacteria/ 100 mi= or per 100 g of rci)

Sarmnle Fecul Yecal Total Total
gtreptococel  eoliforms colliforass bactefia

' x 10

Beptic tank effluent 1oU, 000 1,900,000 5,700,000 ° 3

Boil of ¢logged ‘zone - 51&,000 br, 000,000 23,000,0& %00

at base of trench ,

So01l 30 em below . £ 200 A 200 £ 600 3.7

base of trench : .

8012 30.cm lateral to < 200 < 200 <600 0.6

trench, 'midpoimt level

Soil 30 cm latersal to 4200 17,000 - 23,000 6.7
treach, 8 ca below baze

8oil 30 em lateral to 4 200 700 1,800 2.8
trench, 38 cm below base .

Lov numbers of indicetor becteria were found to pass through the two

. feet of £ill} 22, 33 and 6% of these samples were negative for fecal strepto-
cocei, fecal coliforms and total coliforms respectively. However, the
detection of Ps. aeruginosa in two samples confirms the presence of patho-
gens possibly indicated by the coliform and streptococci. -The additional
layer of natural soil below the mound is necessary for further purification.

Aerobice purification of treated wastewater cen elso be accomplished
through sand filtration. The sand filter in meny respects is similar to an
absorption field in sand or to a mound system. It differs in thet hydraulic
loading rates are generally much higher and the filtration medium is coarser.
Table 3c 1ndicates a significant removal of the sewage indicator bacteria.

A greater efficlency of absorption fields and mounds vs. sand filters is
probably related to loading rates and media size. From a bacteriological
standpoint, sand filtratlon of septic tank effluent gives greater relative
removal than flltretion of mechanical aeration unit effluent. The preliminary
evidence of the presence of Ps. seruginosa as well as of the Indicator bacteria
implies that further purification by disinfection is warranted, especirlly

if the effluent 1s to be surface discharged.

Mechanical seration units provide highly stabilized effluents (zs was
indicated previously) after hydraulic detention times of 1 to 3 days. The
intestinal bacteris (indicators and pathogens) are present in the mixed
liquor of the eseration tank in numbers in the order of those in septic tank
effluent (see Table 4). Clarification of the mixed liquor effects a 1 to 2
log reduction in the numbers of indicator bacteris and Ps. aeruginosa, these

becteria being retained in the sludge. However, significent high numbers
remain in the clarified effluent, and furthev purification is needed.
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wable b Bacterioclegical data from a septlc tank-mcand systea

' Beptic taﬁk Liqnid'collectad
1 afflnent gt mound baze
Bacteris Teoans Tean positive . Toterval
5% interval sanplzn ' ve 2
Pecal streptococedl 2000527}3 . hs 11 - 350
per 100 uls TO0=5 ' 224 (23]
fccal coliforms g%oéooo 528! 330 : 66-1500
per 100 als 170, 50, 3% (1)
®otal coliforms 2,800,000 (28) 2500 590-11,000
per 100 =ls 1,700, 000~ o% (18}
L,700, 000 :
Ps. asruzinosa 92,000 (2) 19 .
per - ok @)
To ba-cteria 910 g26) 6 2.2-47
x ;3& per ml 450+ 17 | o5(19¥

110g normalized data, 958 interval = eonfidenca lavel of mean
2 epative sammle = leas than ) bacterium/100 mle
of mamplesz used in calemlatlon

- .

Pseudomonas aeruginosa is found in higher numbers in aerated mixed
liguor than in septic tank effluent. This bacterium is aercbic and bio-
chemically very versatile. Its high survival and potential growth in
aerated units is indicated. - Pumpings from eseration units should-be handled
with care and application to s0il mey be inadvisable unless safety can be
essured by disinfection.

Pathogens in Sewage

It is & generalization of medical bacterioclogy that man is subject to
& number of enteric diseases during which pathogens are shed in the feces
in tremendous numbers. Most patients cease to shed after recovery but some
continue as carriers, even though apparently well. In a sirgle family there
may or may not be pathogens, depending upon femily history of enterice
disease, but it should be emphasized that disease is potential at any time.

Salmonellse cause a number of forms of salmonellosis, the most
familiar being food poisoning and typhoid fever. Only 2 out of 55 samples
of family sewage were positive at 3.L4 and 220/100 mls; the samples were from
septic tank effluent and ‘aseration tenk mixed liquor. Although incidence and
MPN numbers sre very small, the potentisl for selmonellae in family sewage
exlists.



Table b Bacterislogical data from threé mechanical
aeration unite '

~ Aeration mixed liquor Clarified effluent

Bacterlal'

Mern . Mean

959 confldence Interval 959 confidence interval

of mean of mean
Fecal streptococel 120,000 (81)° 3300 gTO!
per 100 mlre ~82,000-170, 000 2300~ -
Fecal coliforms 250,000 (80) 11,000 {67)
per 100 mls 155, 000-343, 000 =15,
Total coliforms 2,100,000 {81) 110,000 (74).
per 100 mle 1, 600, 000-2, 700, 000 ' » N
Pa. aeruginosa 59,000 {6) 2500 (7)
per 100 mir B200-520, 000 2L0-28, 000

Tota) bacteria "~ 160 (79) | ' 18 !80;
x 10 par ml 130 - 210 7.4 -2

1log normalized data
number »f samplers-used in calculation

Pseudomonas aeruginosa is considered an opportunistic pathogen, &
comon cause of severe ear infection and some enteric disorders of infents.
It is said to be shed by approximately 15% of all persons. In initial work
Ps. seruginosa was found in sewsge from all ten sites tested; some counts
have been given in the above tables.

Staphylococcus aureus is a causative egent of food poisoning, skin
lesions and wound infections. Approximately 18% of adults (L% of children
under two years) shed this organism in their feces. Initial work has shown
it present in 3 of 9 families, in numbers ranging 10 to 4000/100 ml of
their sewage.

The demonstrated incidence of pathogens in family sewage supports the
concern. for handling of sewage in unsewered aresas.







