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S Y N O P S I S

T h e a i m o f t h i s r e s e a r c h w a s t o d e t e r m i n e t h e s t e r i l i s a t i o n c h a r a c t e r i s -
t i c s o f a f u L L - s c a L e c o n t i n u o u s l y o p e r a t e d w a s t e w a t e r s l u d g e
p a s t e u r i s e r .

! T h e u n i t w a s m o n i t o r e d o v e r a t h r e e y e a r p e r i o d i n t h e f o L L c w i n g w a y s :

1 . A t f i x e d t e m p e r a t u r e s i n t h e r a n g e 5 0 - 7 0 " C , w i t h f e e d s o f r a w a n d
d i g e s t e d s l u d g e , o v e r o n e - h o u r e x p e r i m e n t a l p e r i o d s .

2 . U n d e r r o u t i n e c o n d i t i o n s i n t h e p r e - p a s t e u r i s a t i o n m a d e [ p a s t e u r i -
s a t i o n b e f o r e a n a e r o b i c d i g e s t i o n ] w i t h t a r g e t c o n d i t i o n s o f 7 Q " C
f o r a m i n i m u m o f 3 0 m i n u t e s , a n d a f e e d o f r a w s l u d g e p L u s w a s t e
a c t i v a t e d s l u d g e t h i c k e n e d i n a d i s s o l v e d a i r f l o t a t i o n u n i t .

4
It was found that a temperature of 53"C for 30 minutes was sufficient to
inactivate Ascaris Lumbricoides ova, but that 66'C was required for fae-

, caL coL i farms. There was good agreement between decimal decay rates
I obtained in these full-scale experiments, with sLudge feeds, and those

in the literature for various media and conditions.

Under routine conditions, the median values for the Accaris embryanation
ratio and faecal caLiform counts in the pasteurised sludge were <1* and
900/100 mL respectively. For digested sLudge produced with a pasteu-
rised feed the corresponding figures were 2% and 120 000/100 ml.

Operation in the pre-pasteurisation mode is recommended to avoid
regrowth of pathogenic bacteria, and because it allows almost fuLL heat
recovery, provided suitable heat-exchangers are used and the digester
heat suppLy is via the feed.
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1 . INTRODUCTION

The t r e a t m e n t and d i s p o s a l , o f v a r i o u s t ypes o f sLudge i s an i m p o r t a n t
probLem f a c i n g LocaL a u t h o r i t i e s wh i ch o p e r a t e sewage t r e a t m e n t w o r k s .
Many w o r k s , wh i ch were o r i g i n a L L y s i t u a t e d i n s p a c i o u s g rounds on t he
o u t s k i r t s o f c i t i e s , now f i n d t h e m s e l v e s s u r r o u n d e d by subu rbs and under
p r e s s u r e to g i v e up mare Land f o r h o u s i n g and o t h e r p u r p o s e s . T h u s , t he
t r e a t m e n t and d i s p o s a l , o f sLudge by s p r e a d i n g i t on t he Land w i t h i n the
p e r i m e t e r o f t he works i s s t e a d i L y becoming a Less s u i t a b L e p r o c e d u r e ,
and t h e r e has f o r many y e a r s been a t r e n d to t he use o f sLudge t r e a t m e n t
p r o c e s s e s wh i ch r e q u i r e Less space and wh i ch aLLow d i s p o s a L away f r om
the w o r k s .

A n a e r o b i c d i g e s t i o n i s an e c o n o m i c a l and wideLy used p r o c e s s f o r r e n d e r -
i n g t h e o r g a n i c c o n t e n t o f t he sLudge n o n - p u t r e s c i b L e . However t he
r e s u l t i n g d i g e s t e d sLudge , a l t h o u g h a vaLuabLe s o i l c o n d i t i o n e r , i s n o t
c o n s i d e r e d s a f e f o r u n r e s t r i c t e d u s e , t h e r e b y c o m p l i c a t i n g t h e d i s p o s a L
p r o b l e m .

A l t h o u g h sLudge has r e c e n t L y f o u n d a smaLL-scaLe i n d u s t r i a l use as a
b r i c k - m a k i n g m a t e r i a l where i t a c t s as an i n t e r n a L f u e l [ V a i l ) , t h e most
b e n e f i c i a l use i s u n d o u b t e d l y i n a g r i c u L t u r e and h o r t i c u l t u r e , p r o v i d e d
t h a t some f o r m o f f u r t h e r t r e a t m e n t i s adop ted t o improve i t s h y g i e n i c
p r o p e r t i e s .

Those cLasses o f u n d e s i r a b l e c o n s t i t u e n t s o f most c o n c e r n a re heavy
m e t a L s , p a t h o g e n i c b a c t e r i a , v i r u s e s and h e L m i n t h s . The p r o b l e m s
p r e s e n t e d by heavy metaLs are n o t c o n s i d e r e d i n t h i s r e p o r t b u t a re
p r e s e n t l y b e s t deaL t w i t h by s t r i c t c o n t r o L o f d i s c h a r g e s i n t o t he
sewerage sys tem and by r e s t r i c t i o n s on t he amount o f sLudge used on any
p a r t i c u l a r p i e c e o f Land.

V a r i o u s m e t h o d s , i n c l u d i n g p a s t e u r i s a t i o n , l i m e - t r e a t m e n t and i r r a d i a -
t i o n have been used f o r d i s i n f e c t i n g sLudge . Some s t a b i l i s a t i o n
p r o c e s s e s , such as t h e r m o p h i L i c a n a e r o b i c d i g e s t i o n , c o m p o s t i n g and
a u t o t h e r m a L a e r o b i c d i g e s t i o n a l s o have d i s i n f e c t i o n c a p a b i l i t i e s .
These p r o c e s s e s can be used i n v a r i o u s c o m b i n a t i o n s w i t h o t h e r s t a b i l i -
s a t i o n p r o c e s s e s and t he c h o i c e o f a s u i t a b L e t r e a t m e n t i s t h e r e f o r e n o t
an easy o n e , p a r t i c u l a r l y as t he a s s o c i a t e d c o s t s and p e r f o r m a n c e f a c -
t o r s under LocaL c o n d i t i o n s a r e n o t aLways known.

To a s s i s t LocaL a u t h o r i t i e s i n d e a l i n g w i t h such p robLems, t h e Wate r
Research Commiss ion has f o r some t i m e been engaged i n a comprehens i ve
r e s e a r c h programme on sLudge t r e a t m e n t and d i s p o s a L i n c o n j u c t i o n w i t h
v a r i o u s o t h e r b o d i e s . As t he Cape Town C i t y E n g i n e e r ' s Depa r tmen t was ,
i n 1979 , c o n s t r u c t i n g a new w a s t e w a t e r t r e a t m e n t p l a n t i n c o r p o r a t i n g a
f u L L - s c a l e p a s t e u r i s e r , i t was c o n s i d e r e d o p p o r t u n e t o engage i n a
r e s e a r c h p r o j e c t a imed a t d e f i n i n g t h e p e r f o r m a n c e o f such a u n i t .



Iniroduction

The aims outLined in the agreement entered into between the Commission
and the Cape Town City CounciL were:

1. To operate a fuLL-scaLe pasteurisation plant for a period of GD
months, using feeds of:

a. mixed primary and waste activated sludge and

b. mesophilicaLLy digested sLudge.

2. To investigate the economics and the effectiveness of pasteurisa-
tion at various operating temperatures within the range 6CTC tD
SO°C in terms of the inactivation/destruction of selected micro-
organisms [Ascaris ova, E C o L i ] .

3. To monitor suitabLe parameters with a view to defining the opera-
tional, conditions on the pLant at all stages.

4. To compile a report on the results and findings on completion of
the i nvestigation.

The programme initially also included the investigation of the economics
and effectiveness of fuLL scaLe thermophiLic anaerobic digestion. How-
ever, the plant to be used for this purpose was subsequently found to be
unsuitable and this part of the project had to be discontinued. Due tD
deLays in commissioning the pasteuriser the compLetion date of the pro—
ject was extended to May 1986.



2. PASTEURISATION

Pasteurisation, invented by Louis Pasteur in the 1B6Q's ( is 3 heat
treatment process mainLy used for destroying pathogenic micro-organisms
in foods and beverages. For miLk, the required temperature is 62"*C for
30 minutes or 72° C for 15 seconds. These conditions were chosen to des-
troy Mycobacterium tuberculosis, one of the most heat resistant of the
non-spore-forming micro-organisms capable of causing human disease. In
the pasteurisation of sewage sLudge the customary conditions are 7D^C
for 30 minutes.

Most development work on the pasteurisation of sLudge has been carried
out in Switzerland where the main goal has been the elimination of sal-
moneLLae (HaveLaar 1984). Pasteurisation is usually carried out after
conventional anaerobic mesophiLic digestion but it has recently been
found by the Swiss that regrowth of enterobacteria, including SaL-
monella, occurs readiLy on storage of pasteurised sLudge, the numbers
sometimes exceeding those in the originaL raw sLudge [Keller 1S84). The
exact reasons for this effect are not yet known, but it is considered
Likely that the heat treatment reduces the LeveL of competitive fLora
and breaks down large organic molecules to easiLy assimilabLe compounds.
Regrowth onLy occurs with certain bacterial species and not with human
or animaL viruses and helminth ova [HaveLaar 1984].

For this reason Swiss regulations requiring al
were suspended pending further investigations,
that a re-arrangement of the process sequence
It was found that pasteurisation of raw slu
anaerobic digestion gave a stable product with
On initial introduction of pasteurised sLudge
ten, the counts Df enterobacteria were found
subsequent accidental contamination with u
resuLted in temporary increases.

L sLudge to be disinfected
which subsequently showed

had a beneficial effect.
dge followed by mesophiLic
no regrowth of pathogens.

into a contaminated diges-
to rapidLy decrease and
npasteurised sLudge only

Pilot-pLant experiments in Germany have confirmed the stability of pre-
pasteurised sLudge (Philipp 1981). The following Levels were found:

Raw sludge
Pasteurised raw sLudge
Digested pasteurised sludge
Stored digested pasteurised sLudge

Mesophi licaLLy digested sLudge
Pasteurised digested sLudge
Stored pasteurised digested sludge

Log coLi forms/10D mL

9 - 1 0
2 - 4
5 - G
5 - 6

6 - 7
2 - 4
8 - 9

A r t i f i c i a l l y in t roduced S. senf tenberg was destroyed by
and SaLmoneLLa LeveLs were very Low dur ing a L L stages of

p a s t e u r i s a t i o n
the process.

Because p a r t i a l dewate r ing , from the secondary d i g e s t e r s , i s p r a c t i s e d
in most pLants w i th two-stage d i g e s t i o n , the volume o f d iges ted sLudge
i s usua l l y about h a l f t h a t of the raw s ludge,
has the d isadvantage, i n most i n s t a l l a t i o n s ,
has to be heated as w i th p o s t - p a s t e u r i s a t i o n

P r e - p a s t e u r i s a t i o n thus
tha t tw ice as much sLudge

In the case of the



Pasteuri sation

singLe-stage digesters used for the present study this disadvantage does
not appLy as dewatering is not practised. However the heated pasteu-
rised raw sludge can be used to suppLy a L L the heat requirements of the
digesters thus increasing the degree of heat recovery.

The choice of the conventional 30 mi x\/7Q° C process conditions was origi-
naLLy an arbitrary one but it seems to be generaiLy regarded as satis-
factory (Havelaar 19B4). Most pasteurisers are run on a batch system
and there is not much information avaiLabLe on how adequate these condi-
tions are for a fuLL-scaLe continuous process.



3. PLANT DESCRIPTION

The pasteuriser system investigated forms part of the Cape Flats W a s t e -
water Treatment Plant, situated near Mui zenbe rg, C a p e , and serving the
southern suburbs of the Cape Peninsula. This activated sludge plant, of
design capacity 150 Ml/d, presently treats about 100 ML/d of raw sewage,
mostLy of domestic origin. Figure 1 shows the sludge treatment facili-
ti e s .

SLudge from the primary clarifiers is screened and then thickened in
three thickeners from where it can be pumped either to three mesophiLic
digesters, each of 6200 m3 capacity, operated in paraLleL, or to the
pasteurisers. W a s t e activated sLudge is thickened in a dissolved air
flotation [DAF) unit and pumped either to the digesters or the
pasteurisers. The digesters are heated by direct steam injection into
the feed and mixing is by gas circulation through burper m i x e r s . Steam
is produced in two boilers which are heated by digester g a s , s u p p l e -
mented by diesel fuel if necessary.

The pasteuriser system consists of two un i t s , each a 7 m insulated
vertical tube, 2 m in diameter with a conical b o t t o m , with associated
pipework, pumps and heat-exchangers. Figure 2 and the photographs show
the general. Layout.

SLudge is added at the top and pumped at a cantroLLed rate from the b o t -
tom. The outflow pumping rate, which is continuously variabLe, is
automaticaLLy controlled to maintain the sludge LeveL within suitable
Limits. The system of piping, which is fairly complicated, aLLows the
feed to be taken either by gravity fLow from the outLet of the digesters
or by pumping from the primary sLudge thickeners and/or dissolved air
flotation thickeners for waste activated sLudge.

Heating is by steam injection directLy into the sludge flowing in the
inLet pipe, giving a rapid and even temperature rise; a pLatinum resis-
tance thermometer pLaced in the first 1 m of sLudge at the top of the
digester showed the temperature to be constant to within O.I'C over
severaL m i n u t e s . OveraLL temperature control was originaLly by means of
a pressure-actuated on/off control valve but at the end of the e x p e r i -
mental period this device was repLaced by a proportional controller.

The design retention time and temperature are 30 minutes and 7DrlC
respecti veLy.

When the feed to the pasteuriser consists of raw sLudge and DAF fLoat,
the pasteurised sLudge is fed directLy to the dig e s t e r s , which require
no further heating. A heat exchanger is sometimes then used to cool the
sLudge somewhat. The steam generation equipment is shared with the
di g e s t e r s .
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4. EXPERIMENTAL PROGRAMME AND PROCEDURES

PROGRAMME

The experimental work for the project was divided into three phases:

1. Analytical"Investigations:"Detays in commissioning the pasteurisers
at Lowed some time to be spent at the start of the project on
improving the procedure for determining total Ascaris ova, a time-
consuming and tedious operation which constituted a large part of
the work-load for the project, and in investigating other aspects
of the analytical requirements.

2. Investigation of Effect of Temperature and Time on Pasteurisation:
Using feeds of 1 . digested sludge and 2. thickened primary sludge
plus waste activated sludge thickened in a dissolved air f lotat ion
plant, It.was intended to determine the effect, on Ascaris ova and
faecal conforms, of various pasteurisation times in the range 30 -
60 min and temperatures in the range 50 - 80"*C.

3. Long-Term Operation under Routine Conditions: Using the optimum
conditions determined in phase 2, i t was Intended to monitor the
operation of the plant under routine conditions. This was to
involve sampling in a semi-random fashion. The feed during this
phase was to be thickened raw sludge and/or DAF fLoat and the
pasteurised product was used as the sole feed for the digesters.

PROCEDURES

Runs a t F ixed Time and Temperature:

The probLem i n these experiments was to o b t a i n cons tan t c o n d i t i o n s 1n a
pas teu r i se r which was not designed f o r exper imenta l work and which was
being used as a production uni t . I t was decided that i t would be su f f i -
cient, to maintain conditions nearly constant for two retention periods
during an experimental run. During the f i r s t period, sampling would
take place at the inlet and, i f the requirements were met, would be con-
tinued at the outlet.

In the case of a digested sludge feed i t was found that the inlet flow,
ie the digester overflow, was variable because the feed to the digester
was intermittent. This was handled by allowing sludge to build up in
the thickeners and DAF unit for about 12 hours before an experimental
run, to provide a sufficient reserve, and then feeding the digesters at
a constant rate for 3 or 4 hours'before the run. The pasteuriser outlet
pump controllers had also to be altered from en on/off mode Df operation
to a proportional mode.

When the pasteuriser feed was thickened raw sludge and/or DAF f loat ,
fewer problems were encountered with variable flows because the feed was
pumped directly into the pasteuriser.

10



Experimental

Although it was intended to cover~a~retentiontime rengeof-30—60min,
it was found that in practice the time was governed by pump capacities
and was therefore restricted to about 28 - 40 min. This was not a seri-
ous limitation as the design retention time of 30 min is the period of
greatest interest.

Temperature control was usually manual, with the settings being kept
constant as far as possible Just before and during the run. The operat-
ing staff had the task of getting as near as passible to the target con-
ditions before the run but the actual conditions achieved at the time of
the run were not completely predictable. A major source of trouble —was
blockages in the pipes which caused many runs to be abandoned because
all the requirements were not met.

The procedure for a run was as follows: Every five minutes during the
run, the flow rate, sludge level and temperature gauges on the operating
panel were read and samples of inlet sludge were added to separate com-
posites for Ascaris and faecal coliform determinations, the Letter in
sterilised bottles. After about 25 min, the progress of the run was
reviewed. The retention time was calculated to the nearest 5 min and,
if the conditions were sufficiently constant, sampling was continued to
the end of the caLcuLated period, otherwise the run was abandoned. Sam-
pling was then switched to the pasteurised sludge outlet pipe immedi-
ately downstream of the pump for a further retention period. The outlet
temperature was also measured each time by plBCing a mercury-in-gless
thermometer in the outlet stream. The thermometer was found to give
readings within 0.1&C of those given by three other laboratory thermome-
ters and a Fluke electronic thermometer.

Where desired, grab samples were also.taken of other__sludge streams.
The temperature of the incoming pasteuriser feed was also measured with
the mercury thermometer once or twice during the run.

For each run the mean and standard deviation for temperature, sludge
height and a weighted mean flow value were calculated. In the latter
calculation, .allowance was made for the fact that the flow during any
5-minute period has a variable effect on the retention time of the sam-
pled sludge depending on the relative position of the period in the run.
The differences between the usual mean values and the weighted one were
slight. From the flow value and the pasteuriser volume of 22.7 m3, the
retention time for the run was calculated. Where the conditions were
too variable the run was rejected.

Samples were analysed for total and viable Ascaris ova, total solids and
faecal conforms by the procedures given 1n Appendix 1.

Random Sampling under Routine Conditions:

The plant, operated under routine conditions with a target temperature
of 70*C, was visited about once a week on week-days during office hours
and occasionally more often, on a random basis. Sampling was carried
out irrespective of the state of the process, provided that sludge was
ectually being pumped. Samples of pasteurised 6ludge and readings were
taken over half an hour as described earlier. One or more samples of
raw sludge, DAF float, pasteuriser feed or digested sludge were also
taken and analysed as previously described. The temperatures and flows
during these runs were rarely as constant as during the first phase.

11



5. PHASE 1 - DETERMINATION OF "ASCARIS OVA

CHOICE OF METHOD

The method originally employed for determining Ascaris ova (MelmedJ con-
sisted of the initial separation of the, ova from the bulk of the
extraneous material by means of a~helminth fiLtertVisser 1972) followed
by centPifugation and decantation of the supernatant Liquid, whereafter
the the remaining liquid was transferred dropwise to a series of micro-
scope slides and the ova counted. This transfer and counting procedure
was a lengthy one.

Other procedures, such as flotation in a solution of controlled density
followed by collection of the ova on slides by the action of surface
tension, have been used for Isolating the ova for counting but are
time-consuming and resuLt in low recoveries. Some investigators (Pike
1983, Arther 19811 compensate for the latter shortcoming by calibration
by means of known additions of ova, a procedure also subject to error.

Some time was therefore spent searching for other means of transferring
the ova from the suspension, obtained by the use of the Visser filter,
to a microscope sLide. The procedure finally adopted was fiLtration
through a membrane filter which is then dried, placed on a slide or in a
plastic Petri dish and rendered transparent by addition of immersion
oil. Membrane fiLters have previously been used for this purpose with
water tLegler 1950) but the high solids content of sludges renders their
direct fiLtration impractical without the prior use of the Visser
filter.

This procedure, detailed in Appendix 1, has been subjected to a number
of tests and Inter-Laboratory comparison studies which are described in
the following sections, not necessariLy in the order-in which they were
carried out.

RETENTION OF OVA ON THE COARSE VISSER FILTER

The Visser filter consists of two concentric filters. The inner coarse
mesh holds large debris and passes Ascaris ova while the outer fine mesh
hoLds the ova and alLows fine material to pass through. The filter's
effectiveness depends on the accuracy with which the mesh sizes are
maintained end the completeness with which the ova can be washed through
the coarse mesh.

This latter point was checked as follows: A sampLe of sludge was pLaced
in the coarse filter and washed for successive periods of one minute,
the materiel passing through being separately collected and filtered
through the fine filter, after which the ova were filtered out and
counted in the usual manner. This procedure was carried out by en
experienced person and also by one who had not used it previously end
who was only given a general description of what to do. Table 1 gives
the results obtained.

12
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TABLE 1 " EFFECT OF WASHING TIME

WASH CYCLE COUNTS/2 g WET SAMPLE

Experienced Inexperienced
Operator Operator

1 630 604
2 19
3 9 3
4 0 . 0
5 0

ToteL 639 626

As a further check on the retention of eggs on the coarse filter, the
material retained on it was transferred to a membrane filter and exam-
ined. No ova were found, aLthough it is possibLe that same remained
undetected because of the debris present.

It Is clear from the above evidence that the ova are easily washed
through the coarse fiLter and that four or five minutes should be suf-
ficient for this step. Longer periods are undesirable as more extrane-
ous material is washed through.

RETENTION OF OVA ON THE FINE VISSER FILTER

If the fine outer filter has too large a mesh size counts will be low.
This was checked by carrying out a flotation test on the effluent from
the fine filter. No ova were detected, but the test cannot be con-
sidered an exhaustive one.

In addition, counts were done on a sample of sludge using three dif-
ferent Visser filters, one bought et a different time to the other two.
Table 2 shows the essentially similar values obtained.

13
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TABLE 2 DIFFERENCES BETWEEN VISSER FILTERS

FILTER COUNT MEAN

111— — -111 +21

1D7
116 112+15

107
83 95+14

The operation of transferring ova from the fine fitter to a membrane
filter was checked by first doing the transfer in the usual manner and
then repeating it with a fresh membrane filter. No ova were, found on
the second attempt.

ADDITIONAL SAMPLE CLEAN-UP

Although use of the Visser filter allows separation of most extraneous
matter from the ova some still remains and, to make counting easier, it
would be desirable to reduce the amount still further. Other clean-up
procedures were therefore briefly investigated.... .___

Flotation of the ova from the suspension obtained after use of the
Visser filter was attempted using a solution of zinc sulphate, followed
by membrane filtration of the fLoated material. However it was found
that an appreciable proportion of the ova did not float and the method
cannot be considered reliable. It is quite possible that the proportion
of non-floating ova will be different for different types of sLudge and
also for viable and non-viable ova. To prove that this is not so would
require a considerable amount of work..

It was found possible to effect a noticeable reduction in the amount of
extraneous matter by acidifying the suspension from the Visser filter to
10% with hydrochloric acid for about 10 minutes before membrane filtra-
tion. The counts obtained in this manner on two samples of digested
activeted sludge did not differ significantLy from those obtained in the
normal manner. However, this somewhat drastic chemical treatment was
not considered suitable as a routine method.

No other attempts at sampLe clean-up were made and the method as
described in Appendix 1 has proved convenient in several years of use.

14
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~SAMPLE~STORAGE

In Interpreting the results of the Interlaboratory studies, described
Later, the effects of sample storage need to be taken into account.

TabLe 3 shows the effect of storage on Ascaris counts. The differences
are not statistically significant and sample storage does not seem to
effect the counts per gram of wet sludge, at least over a one-week
period.

TABLE 3 EFFECT OF SAMPLE STORAGE ON ASCARIS COUNTS
(Room Temperature]

SAMPLE AGE

days

DIGESTED WASTE RAW
SLUDGE ACTIVATED SLUDGE

SLUDGE
Count per 2 g of wet sample

mean

233
247

240

93
92

93

621
5G2

592

mean

.255
255

255

109
82

96

606
591

599

However, counts are usualLy expressed per unit of dry mass and the
solids content aLso enters into the calculation. Some tests were there-
fore carried out on the procedure for determining soLids.

Firstly, triplicate solids determinations were done on 100 g portions of
two sludges with the following results:

Digested Sludge: 2.3U 2.30% 2.31% m/m
Waste Activated Sludge: 4.08% 4.08% 4.08% m/m

As expected, the results are very reproducible.

15



Ascaris Determination

Next, various ssmpLes were analysed before and after storage. It is
clear from the resuLts in TabLe 4 that quite substantial changes can
take place in the solids content of untreated sludges unless they are
kept cool.

TABLE 4 EFFECT OF STORAGE ON SOLIDS CONTENT OF SLUDGE

DAY
" """

0 •
2
3.
7

14

0
3
7

RAW
"SLUDGE

5.40

4.98
4.81
4.49

5.40
5.35
5.24

WASTE
— ACTIVATED -

SLUDGE

PASTEURISED
— RAW - • -
SLUDGE

At room temperature, % m/m

4.08
4.00

3.83

At 4°C

4.00

3.74
3.74
3.54

, % m/m

4.00
4.03
4.07

DIGESTED
- SLUDGE-

2.31
2.28

2.24

REPRODUCIBILITY AND SAMPLE UNIFORMITY

As part of an an inter-Laboratory study, three .sludge samples were
analysed 1n replicate- after homogenisation in aWaring blender at low
speed. Table 5 shows the results obtained by an experienced analyst.

16
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TABLE 5 REPRODUCIBILITY OF ASCARIS DETERMINATION
(Experienced analyst, ova/2 g wet sludge)

_.

Mean:

Std. Oev.:

Expected Std.
Dev. for Poisson
Distribution: -

RAW
SLUDGE

621
562
527
5B8
740
737
787
606
591

640

31

- ..-•_ 25

WASTE
ACTIVATED
SLUDGE

93
92
72
102
103
101
106
109
82

96

12

- __10 _.

DIGESTED
SLUDGE

233
247
193
269
230
240
248
255
255

241

22

16

If the ova are randomly distributed in the sludge, then the number
present in successive samples can be expected to follow a Poissondis-
tribution, for which the standard deviation is equal to the square root
of the mean count. The table shows that for the waste activated and
digested sludge samples this assumption is a reasonable one. However,
the results for the raw sample were much more variable than expected and
it appears that, in spite of homogenisation, the sludge was not uniform.

As a consequence it would seem wise, in carrying out comparison studies,
for the source laboratory to carry out duplicate determinations on the
sub-samples before they are dispatched to the other laboratories in
order to verify sample homogeneity.

The same samples were also analysed by two newLy trained personnel with
the results given in Table 6. Statistical analysis of these resuLts
showed once again that the raw sludge sample was non-uniform and that
there was a significant between-analyst effect with the two inexperi-
enced analysts obtaining lower counts than the experienced one. The
average counts for the digested and waste activated sludge samples for
analysts A, B and C were: 174, 142 and 166 respectively.

17
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TABLE 6 REPRODUCIBILTY OF ASCARIS DETERMINATION
(Three analysts, ova/2 g wet sludge)

SLUDGE ANALYST A
(experienced)

ANALYST B ANALYST C

Raw 588
740 •

787

496
725
623

595
737
644

Mean: 705 615 659

Waste
Activated

101
103
101

90
84
76

86
104
91

Mean: 101 83 94

Digested

Mean:

269
230
240

190
194
219

231
251
231

246 201 238

INTER-LABORATORY COMPARISON STUDIES ..._ _.

During the course of this project four inter-Laboratory studies were
carried out with various experimental designs. Four laboratories took
part, not all in each test, using the method for total Ascaris ova
described in this report.

Comparative Counts on a Single Set of Slides:

Because Ascaris ova are durable and the Immersion oil used to render
membrane filters transparent dries only sLowty, slides can be kept for
fairly extended periods. This allows comparative counts on the same set
of slides to be done at several laboratories.

This type of test was carried out on two occasions with the results
shown in Tables 7 and 8. The differences between laboratories A and B
are small and not statistically significant, while counts from
laborarory C were about 16% Lower than those from the other two.
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TABLE 7 COMPARATIVE COUNTS ON SET OF SLIDES - TEST 1
[Hay 19B2, Ascaris ova / slide]

SLIDE

1
Digested
SLudge

2
Raw
Sludge

Mean:

OBSERVER

1
2
3

4
5
6

LAB A
Digested
Sludge

60
66
74

262
256
237

LAB B
Raw

Sludge

159

72
77
62

265
272
253

167

TABLE 8 COMPARATIVE COUNTS ON SET OF SLIDES - TEST 2
(May 19B5f Ascaris ova / slide )

SLIDE LAB A LAB B LAB C

1
Raw

. SLudge

2
Raw+DAF
Sludge

Digested
SLudge

Mean:

404

194

235

278

437
416

1BD
212

273
280

346
363

167
163

1B4
172

277 232

Comparative Counts on Sludge Samples:

Table 9 shows the result of a comparative study between three labora-
tories, 1n which the sample homogeneity was checked as reported in an
earlier section. The resuLts obtained for the one sample which wos
shown to be non-uniform were rejected. Because, as noted earlier, the
solids content of sLudge samples can change appreciably on storage and
because it was not aLways possibLe to keep the samples cool during tran-
sport, the parameter used for comparison.purposes is the count per 2 g
of wet sludge. Statistical analysis showed the differences between
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laborator ies to be non-s ign i f i cant i n the~case-of-the—digested—sludge,
and s ign i f i can t in the case of the waste act ivated sludge. However,
overa l l the agreement i s considered to be sa t i s fac to ry .

TABLE 9 COMPARATIVE COUNTS ON SLUDGE SAMPLES
{May 1982, ova/2 g wet sludge!

SLUDGE

Digested

Waste
Activated

Mean:

LAB A

269 231
194 240
219 190
230 251
248 231

102 86
84 101
76 90
103 104
106 91

162

LAB B

255
208

•

81
82

157

LAB D

219
251

110
. 12B

177

Table 10 gives the results of a further test in which sampLe homogeneity
was not confirmed although care wes taken with the mixing of samples.
The results from laboratories A end B appear to be in satisfactory
agreement while those from C are rather low. The source of the
discrepancy-has not-been traced. _
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TABLE 10 COMPARATIVE COUNTS ON SLUDGE SAMPLES
(Hay 1985 t ova/2 g wet sludge)

SLUDGE LAB A LAB B LAB C

Raw — 376

Raw + 1B7
Activated

Digested 212

Mean: 258 250 112

320 —
293

204
180

242
261

- - 17B
17B
156
199

80
69
22
57

108
143
56
79

VIABILITY

The viability test, detailed in Appendix 1, was that used in the Labora-
tory and Scientific Services Branch of the Johannesburg Health Depart-
ment (Melmed] with the exception that the final examination was carried
out on membrane-filters. _In this.procedure, the ova obtained from the
Visser filter are suspended in 2% formalin for 6 weeks at 27*C, "with
access to air and then microscopically examined and classified according
to the scheme of Murray [Murray, 1960).

The validity of the 6-week incubation period was confirmed by weekly
examination of a number of suspensions, with the results shown in Table
11. It can be seen that the condition of the ova had reached a steady
state after three or four weeks In the case of raw sludge and five weeks
in the case of digested sludge.
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TABLE 11 EFFECT OF INCUBATION PERIOD

WEEK

- — —

1
3
4
5
6
8

CONDITION

Degenerate
and

Indeterminate ~

5
6
2
5
4
4

OF OVA,

Single
Cell

Raw

8
11
g
8
10
7

% of total count

Partly
Developed

— — Larvae- —

Sludge

g
5
4
2
4
4

Larvae

78
78
85
85
82
86

Digested Sludge

9
13
9

12
9
7
19

87
50
23
16
8 -

12
4

4
37
64
53
15
16
22

1
0
4

20
- - 68

65
55

Table 12 shows the results of an inter-laboratory_study of the viabHity
test. The agreement is considered satisfactory.

TABLE 12 INTER-LABORATORY STUDY ON VIABILITY
(May 1985, % of total count]

SLUDGE

Raw

Raw+DAF

Digested

LARVAE +

Lab A

88

89

7

PARTLY DEVELOPED LARVAE

Lab B Lab C

79 93

80 70

4 9



6. PHASE 2 - TEMPERATURE STUDIES

GENERAL

Appendix 2 contains the detailed results for ell test runs et controlled
temperatures. Figures 3 and 4show_the variations in counts for Ascaris
ova and faecal coliforms in the various feeds (over the entire period of
the project}. There appears to have been a general decline in Ascaris
leveLs in the raw sLudge. Table 13 gives the averege values obtained
for the measured parameters with digested and raw sludge feeds to the
pasteuriser.

TABLE 13 AVERAGE VALUES FOR ALL CONSTANT TEMPERATURE RUNS

Raw
Sludge

Waste
Activated
Sludge

Digested
Sludge

Pasteurised
Sludge

7460
77%

22E6

18

6690
0%

240E3

1B

With pasteuriser feed of digested sludge:
(27 Oct 83 to 3 Sep 84) .. _

Solids, %m/m 2.80 3.34 1.94 1.B2

Ascaris ova
Total, /g dry 6320 1180

_._ Larvae, 89% 92%

Faecal coli, /100 ml 9B0E6 37E6
(median]

No. samples 18 18

With pasteuriser feed of raw sludge:
[8 Jan 85 to 2 Apr 85]

Solids, %m/m 4.30 2.56 4.18

Ascaris ova
Total, /g dry 4360
Larvae, 84%

Faecal coli, /100 ml 2200E6
(median)

No. samples 15

4720
5%

6E6

5

3670
0%

20E3

18
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EFFECT OF TEMPERATURE ON ASCARIS OVA

The inactivation of Ascaris ova is governed by pasteurisation time as
well as by temperature but it is only between 40 and 523C that time
effects are easily noticed as at higher temperatures inactivation is
essentially complete in less than the shortest time used. For this rea-
son and because the range of times covered in these experiments [28 - 4D
min) was fairLy narrow, the effect of time is for the most part ignored
in the presentation that follows and the average time of 33 minutes is
-assumed to appLy.— — —.. — _ ._... _. — — — .__

Figures 5 and 6 give the effect of temperature on the percentage of ova
showing development to larvae, with the two types of feed. Most of the
temperatures used resulted in greater than 99% inactivation. A minimum
temperature of 52°C was required to produce 99% inactivation 1n raw
sludge while about 49°C was required for digested sludge. It shouLd be
noted that onLy a few runs were carried out at low temperatures and
these inactivation temperatures are therefore only approximate.

It wouLd have bean Interesting to have used temperatures between 40 and
50'C as it 1s in this range that various differences might be expected
to show up most clearly. This was In fact attempted, but these tempera-
tures were so far from the normal operating range of the equipment that
adequate control was not possible.

In comparing Inactivation rates with those given in the literature, it
is usual to calculate the so called D-values or decimal decay rates.
This is the time period required to kill 90% of the organisms. The
assumption is made that the die-off rate is exponential with regard to
time and although this is not strictly true for all organisms, it
appears to be reasonably valid for Ascaris ova [Burge 1981).

The present experiments were not designed for the determination of D-
values but estimates can be obtained from the experimental data. For
these calculations the actuaL pasteurisation times, and not the average

"time, "were used. Figure 7 shows these values, together with some from
the literature, plotted as the logarithm of the D-value against tempera-
ture. The agreement is good, particularly in the critical region
between 5D and 52>C. Above 53JC the curve is not well defined but a
large number of ova have to be examined to provide D-values at these
high temperatures or short times have to be used. Table 14 gives the
seme data in tabular form.
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TABLE 14 COMPARISON OF D VALUES FOR ASCARIS OVA
(Figures are f o r Ascar is Lumbricoides)

Temp
— - C — -

48
51
52

. 56
56
58
59

60-70

49
52
54
56
56
58

60-73

42
42
43
44
45
45
46
47
52

51
55
60

51

55
60
51

52
54

Medium
- — — — — .

raw sludge

digested
sludge

raw sludge

water

water

water

sludge

?

D Value,
minutes

850
33
17

<16
<16
<16
<16
<16

<16
16

<16
<16
<16
<16
<16

400
1000

340
180
140

"140
330
100
<60

35
2
1

13

0.5
0.5

13

16
2

Reference

— — — — - —

This study
n
M

It

I I

I I

«

It

I I

I I

I I

I I

t t

I I

I t

Trim
i t

n
i i

i r

— I I - • - - •

i t

n
n

Brandon
i t

I I

Sandie Labs

Krogstad
I I

t t

Naif
i t

These figures demonstrate the very rapid decrease in D-vaLues that
occurs .over the temperature range 45 to 55*C. In 30 minutes the degree
of inactivation at 52°C is about 2 orders of magnitude and at 553C, 10
to-30 orders of magnitude.
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Temperature Studies

The D-values appear to be Little affected by whether the medium is ,raw
sludge, digested sludge or water. This should not be too surprising as
sludge contains about 95% water, which 1s a fairLy good heat conductor
and, providing mixing is reasonably good, all ova should rapidly be
brought to the average sludge temperature. Reports in the Literature
concerning the protective effects of some media usually pertain to
treatments like composting where convection end radiation are the main
heat transmission mechanisms.

EFFECT OF TEMPERATURE ON FAECAL COLIFORMS

Figures 8 and 9 show the effect of pasteurisation temperature on faecal
coLiforms, for the two types of feed. Higher temperatures than In the
case of Ascaris ova were required for Inactivation,

Figure 10 and TabLe 15 show the D-values calculated from the present
data over the temperature range 54 - 75°C and from the literature. The
values for raw sludge are not significantly different to those for dig-
ested sludge. The decrease in D-values with increase in temperature is
more gradual, than in the case of Ascaris up to 64°C, after which there
appears to be a very rapid drop. The agreement with values from the
Literature 1s fairly good except between 62 and 64°C where Pike, reports
values which are somewhat Lower than those obtained here; he gives no
experimental details [Pike, 1982).

TABLE 15 COMPARISON OF D-VALUES FOR FAECAL COLIFORMS

Temp Medium

50 Sludge
55
60
65
70

50 Sludge
53

55-59 ?
60-64
65

D Value,
minutes

45
25
13

6
<2

40-45
30-60

1B
3
0.7

Reference
— .. __ -

This study
[from curve
of Fig 10)

Lund 1982

Pike 1982
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7. PHASE 3 - OPERATION UNDER ROUTINE CONDITIONS

For the third phase of the project, operation under routine conditions,
It was decided to use pre-pasteurisation because of the greater poten-
tial benefit attached to this mode of operation and because the fixed
temperature "experimental" runs described 1n the previous section had
shown that the temperature needed for destruction of faecal coLi form
Indicator organisms (67"C or more), was little influenced by the type of
feed. The design retention period of 30 minutes and temperature of 70°C
were therefore aimed at.

Table 16 contains average values for the analytical data for this phase
of the work. The mean retention time was 38 minutes.

TABLE 16 SUMMARY OF DATA OBTAINED UNDER ROUTINE CONDITIONS

Raw Waste Pasteurised Digested
Sludge Activated Sludge Sludge

Sludge

Solids, %m/m 5.01 3.65 ' 3.B3 2.25
(mean)

Ascaris ova - total/g dry
- 50-percentUetmedianJ .3550.... 1090__. 1840 3120
80-percentUe 4800 1B90 2900 " 4 3 4 0

Ascaris ova - Larvae, %
50-percentilelmedian) 90 90 <1 2
80-percentile 93 95 <1 8

Faecal coL1forms/100ml
50-percent1le(median) 1000E6 45E6 200 120E3
BO-percentUe 200DE6 170E6 4E6 760E3

No. samples 12 7 31 18

To measure the degree of temperature control achieved during this phase
of the project, readings were taken from the pasteuriser temperature
recorder chart at 8-hour intervals over a three-month period, except for
a few periods when the steam supply was down. Table 17 gives some
statistics for these readings.
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TABLE 17 SUMMARY OF TEMPERATURE RECORDER READINGS
(Over three-month period)

Mean,*C
Std Dev,DC

~Min,°C —
Max,BC
Count

D2H00

75
12

— 51 —
102
83

10H00

73
11

-•— 51
102
83

18H00

73
" 11

— - 51 -
100
83

These values may be compared with those, given in Table 18, which were
obtained during sampling visits. The variability of the temperature, es
measured by the standard deviation, 1s much the same for the two sets of
results and the sampling therefore covered a representative range of
conditions. The mean temperature during sampling runs was about 4 T
lower than the average for general operation. When the errors of the
recorder are aLlowed for, the average temperature reached during the
three-month period summarised in Table 17 was about 2°C above the target
figure of 70°C.

However, It 1s evident from these figures that temperature variations
were greater than desirable and for a significant proportion of the time
the temperature was lower than required. Subsequent inspection has
revealed that the type of controller installed by the turnkey contrac-
tors was not capable of the required performance. A proportional con-
troller installed since the completion of the experimental work has
reduced the temperature variations by a factor of about 4.

TABLE 18 TEMPERATURE READINGS ON SAMPLING OCCASIONS

Recorder Laboratory
Thermometer

-C 'C

Mean 69.8 68.1
Std Dev 10 10

Figure 11 shows the effect of pasteurisation on Ascaris ova. The
requirements for Inactivating Ascaris were met except for three occa-
sions when steam supply problems were experienced. The situation with
regard to destruction of faecal conforms (Figure 12]-was less favour-
able, as might be expected in view of the above-mentioned temperature
variations, and 68% of samples contained detectable numbers of faecal
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Routine Operation

conforms although the median value wasonly-200/100 ml.

The effect, on the digesters, of using a pasteurised feed Is shown in
Figure 13. In the period April - June there were a number of occasions
when the steam supply was not adequate and the result can be seen in the
values for percentage of Larvae developing in Asceris ova. However from
July onwards matters in this regard were more satisfactory end the
values dropped to a Low LeveL. These effects are also visible in the
faecal coliform figures. The average value for log faecal conforms
during this Latter period was about 5.5, in agreement with the values [5
to 6) given by PhiHpp (1981 ] for digested sludge with- a__pasteurised
feed.

The dewaterabiLity of the digested sludge was not directly measured, but
observations by the operating staff show it to be essentially unchanged
by operation in the pre-pasteurisation mode, being, as usual, rather
poor.

To obtain an estimate of heat Losses in the pasteuriser, the temperature
drop across it was determined on one occasion by lowering a platinum
resistance thermometer to a depth of 1 m below the Inlet pipe and com-
paring the readings with those obtained with a laboratory thermometer at
the outlet. The measured temperature drop was 1*C, in reasonable agree-
ment with the calculated value of less then 1°C. The inlet temperatures
were constant within 0.3*C during the course of the 30 minute test
period, the outlet temperature was 67*C and the air temperature 24'C.
Conditions were cloudless with a light breeze blowing.
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8. DISCUSSION

In the period since the initiation of this work, the emphasis in regard
to pasteurisation practice had changed. When cognisance is taken of
recent work on the regrowth of pathogenic bacteria by reinfection of
pasteurised sludge, It would seem that pasteurisation after digestion is
to be regarded as an outmoded process and that future attention should
focus on pra-pasteurisation." ThB present work shows that similar condi-
tions are required for the destruction of faecal conforms end Ascaris
ova in both raw and digested sludge end that operation in the pre-
pasteurisation mode will therefore impose no additional requirements on
the process.

With pre-pasteurisation, the question of indicator organisms requires
further consideration. Thus, if a faecal coliform count of 100/100 ml
is used es a criterion, a pasteurised sludge might be judged as being
hygienic, while the digested sludge produced from it might not be,
because of the regrowth of faecal coliforms In the digester stage of the
treatment. Therefore, while faecaL coliforms might or might not be
suitable indicators of the efficacy of the pasteurisation process, they
would not be satisfactory for judging the quality of the final product.
What is required is an indicator with similar regrowth characteristics
to those of pathogenic bacteria.

Working Party 3 of the EEC Concerted Action Committee (Pike, 1982) has
considered various candidates for the role of pasteurisation indicator
organisms, and have.concluded that faecal streptococci and the- Entero-.
bacteriaceae both have merit. They also considered that, where possi-
ble, pathogens should be tested for in final trials and commissioning of
new plant and recommended that physical measurements [temperature, flow
rate) be used for plant control and to provide an official and permanent
record of plant performance. MicrobicLogicaL examinations, being neces-
sarily of a discrete nature-and slow to-carry.out, cannot serve for day
to day control but provide e final guarantee of proper quality and warn
of deterioration in performance.

Table 19 shows D-values derived from the present work and the litera-
ture, for various pathogenic and indicator organisms.
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Discussion

IADLC TB U-VMI_UC£
tD-va lue 1s the t ime

ORGANISM

» run rrtin
required

50°C
min

Ascar i s lumbr ico ides ova 13

Ascar is suum ova

Teenia sag ina ta ova

Faecal c o l i f o r m s

Faecal s t r e p t o c o c c i

13

430

310

LA3CMi.Lt «

to br ing
nu inn

about

D-VALUE

55° C
min

0.5

<13

-

174

18
(55-59^C]

44 24

40-45 30-60
[53°O

- 30-70
[55-59-C)

30

Salmonella (121 strains] - 0

Salmonella senftenbsrg

Salmonella typhi

Salmonella paratyphi

Salmonella typhimurium

Mycobacten'um intracel l

Adenovirus 12

Reovirus 1

Herpes simplex

Rous sarcoma

Poliovi rus 1

Poliovirus 2

RNA-poliovirus

Rhinovirus HGP

Bacteriophage f2

-

-

50-72

.ular -

-

-

-

-

300-500

530

50

45

910

.8-2.6
(57°CJ

31
f K7aP 1
10/ b J

5

5

30-60
(53*C)

2.1

0.8

0.55

3.9

60

_

-

19S

606C
min

0.5

<13

<30

84

3

13

-

3-20

_

-

• -

14-75

0.17

0.09

0.05

0.57

2

. -

22

-

47

xuMiun urnjAniaria
a 10-fold reduction)

a t

65*C
min

-

<13

-

-

0.7

6

1-2

—

- •

2-4

-

-

-

-

-

-

-

-

10

REF

70'C
min

Burge

<13 This study

Carrington

- Pike 1983

- Pike 1982

<3 This study

Lund

- Pike 1982

Burge

Burge

— «

- Lund

Burge

' — n

_ H

— "

_ "

_ II

_ II

— 11

_ 11

_ II
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Discussion

There would seem to be a Lack of data for the hardier~organisms.-at—tem-
peratures above 60°C. It Is clear however that Ascaris ova are more
easily inactivated than a number of other organisms and, while this is
encouraging in the local context in view of the high numbers encountered
in sludge, it renders them less safe as a process indicator. Faecal
coliforms, the other indicator used in the present work, seem to be har-
dier than most of the other organisms listed with the passible exception
of Taenia and Faecal streptococci. However the differences in D-values
noted in the table at 60*C and above make this conclusion uncertain at
present.

In deciding on safe conditions for pasteurisation the numbers of organ-
Isms in the raw sludge need to be taken into account in addition to the
D-values. All the organisms likely to be present in large numbers would
appear to have D-values of less than 5 minutes at 70°C, with a resultant
degree of inactivation cf more than 6 Log units in 30 minutes. On the
whole therefore the standard conditions of 70'C for 30 minutes seem to
be adequate to ensure a safe sludge.

Table 19 shows that the destructive effects of heat are very markedLy
dependent on temperature, a drop of a few degrees often being the
difference betweem success end failure of the pasteurisation proceess.
To maintain an adequate margin of safety, the pasteurisation temperature
of 70"C must therefore be regarded as the minimum temperature. How far
above this the mean or target temperature must be placed will depend on
the performance of the temperature controller. With the new controller
installed at the Cape Flats plant a mean value of 76°C would be suit-
able.

Continuous operation, as practised in the plant investigated in the
present work, pLaces a more stringent requirement on controller perfor-
mance than in the case of a batch process. On a full-scale sewage
treatment plant flow changes, with resuLtant alterations in heat
requirements, are the order of the day as a result of pump switching and
blockages etc. The controller must be able to cope with this situation
rapidly.— Some form of feed-forward controL based on the flow meter sig-
nal is indicated in addition to proportional control. It would possibly
be advisable to take special steps to Limit flow variations. Swiss
practice seems to place great emphasis on screening and maceration of
sludge to avoid some of these problems (Huber 1984],

In addition, experience on the Cape Flats plant, after the completion of
the experimental work of the present study, has shown that the action of
the boiler controller can also have a significant effect on the tempera-
ture controL of the pasteuriser. If the two controllers are completely
independent in their action, it can and sometimes does happen that an
adequate amount of steam is temporarily unavailable when most needed.
It would therefore seem that an overall controL system, co-ordinating
the action of the two local controllers and taking the sludge flow rate
into account, may be needed for the best possible performance.

Operation in the pre-pasteurisation mode has the great attraction of
allowing the recovery of almost all the pasteuriser heat, at Least in a
plant such as that tested where the heat for mesophilic digestion is
supplied via the raw feed. Because the pasteurised sludge is too hot it
has to be cooled down in heat-exchangers and, provided that the incoming
raw sludge is used for this purpose, the only overall Losses from the
whole system^are radiation-losses from the pasteuriser, heat-exchangers
and pipework. These are expected to be-less than 2°C. If the digester
feed has to be cooled below about 50°C, by means of cold water, there
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Discussion

will be additional Losses but thTsT~is only expected~to~be~necessary if
exceptionally high pasteurisation temperatures are used during very hot
weather.

The heat-exchangers used should be of a non-blocking design. Spiral
heat-exchangers do not appear to be suitable for this purpose as block-
ages cause the fuLL pressure from the pumps to be applied to the heat-
exchanger, with subsequent rupture of the joints.

The variable speed pumps required at the pasteuriser outlets in order to
maintain~a constantsludge volume in the vessels have required a_lot of.
maintenance. If it were possible to design the pasteurisers as sealed
flow-through tubes, in Line between the sludge pumps end the heat
exchangers and digesters, these pumps could be eliminated. The
increased pressure thereby brought about at the steam injection point
would have to be taken into account.

Table 20 compares the estimated cost of the pasteurisation operation
with that of the digestion process. The former figure includes the cap-
itaL cost of the Cape FLets pasteurisers, heat-exchangers, sludge pumps
and building (excluding the boilers and the half of the building used
for them). The Latter includes the capital cost of the sludge thick-
eners and pumps, the DAF plant, digesters, bciLers, gas mixers and asso-
ciated buildings. Sludge gas provides most of the fuel used for heating
the sludge and fueL costs are therefore not considered. It can be seen
that the pasteurisation process adds about 25% to the cost of the sludge
treatment and that the major proportion of the costs consist of capital
expenses.
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Table 20 TREATMENT COSTS

Discussion

Pasteurisation Digestion

Capital cost adj to Jan 1983

Est capital cost in July 1986
[1% /month)

R 744 0Q0 R4 513 000

R1 130 000 RB 854 000

Annual charges:

Interest and redemption R 178 000
(17% /yr, 15 years!

Maintenance - spares R 33 000
[5% of capital cost of mech. equip.]

Labour R 113 000
(July 1986, including maintenance!

Electricity
(July 1986

Total annual costs

Cost/tonne dry digested sludge:

— for 5200 tonne/yr(60% of max!

for 8700 tonne/yr (max!

R1 078 000

R 51 000

R 140 000

R 21 000 R 106 000

R 345 000 R1 375 000

R 66/tonne __R 264/tonne

R 40/tonne R 158/tonne
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9. CONCLUSIONS

As the result of several years of observation of a Large [45 m3)
continuous-feed plug-flow pasteurisation installation 1t is concLuded
that:

Ascaris lumbricoides ova, present in large numbers in sludge from
South African waste water treatment works, are readily inactivated
by means of pasteurisation, at temperatures of 53 C and above for
3Q minutes. The data obtained in this work, under full-scale con-
ditions with raw and digested sludges, agree sufficiently well with
those found by other workers, for water and sLudges, to obviate the
need for further work on the effects of pasteurisation on this
organism.

Destruction of faecal coliforms, the other process indicator
tested, [and possibly some pathogens] requires a temperature of
more than 66 C for 30 minutes and careful ettention to temperature
control. Data from the literature on conditions required to Inac-
tivate the hardier pathogens is less complete at temperatures above
60 C than for Ascaris ova.

The customary pasteurisation conditions of 70 C for 30 minutes
appear to be be adequate for producing an hygienic sludge, but this
temperature must be regarded as a minimum rather than an average or
target value. Residence time is a Less critical parameter than
pasteurisation temperature.

4. Work done in Europe indicates that the use of pasteurisers before
rather than after mesophi Lie digesters is desi rabLe to avoid
regrowth, in the pasteurised sludge, of pathogenic bacteria such as
Salmonella.

5. Operation in the pre-pasteurisation mode provides almost complete
heat recovery if the raw sludge is used to cool the pasteurised
sludge via heat exchangers. Radiant heat losses in a reasonably
well insulated pasteuriser are low [<1 C), at Least under South
African conditions. The heat exchangers used should be of e non-
blocking type.

6. Treatment costs are estimated at between R40 and R66/tonne dry dig-
ested sludge [July 1986), representing an increase of 25% over the
cost of the normaL anaerobic digestion. When heat recovery is
practised, capital end Labour costs comprise the main treatment
expense. The cost of supplying the steam has not been Included as
it 1s in any case required for the mesophiLie digestion process.
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Conclusions

7. To ensure a continuoussupplyofsteam—it—is—advisable—to—have
three boilers, as' annual inspections mean that at Least one is
often out of commission.

With pre-pasteurisation, the use of faecal coLi forms as indicator
suffers from the disadvantage of regrowth in the subsequent meso-
philic digestion stage. Possibly faecal streptococci would be more
suitable as a process indicator or, alternatively, the quality of
the pasteurised sludge could be used as the criterion of acceptance
rather than that of-the digestedsludge.— . _.. ._

9. There is merit In using recordings of pasteuriser temperatures as
the main proof of adequate pasteurisation, supplemented by calibra-
tion checks end backed up by bacteriological examinations.

10. The determination of Ascaris ova can be substantially speeded up by
the use of membrane filters, in conjunction with the Visser hel-
minth fiLter, tD isolate them for counting.

11. Standards set by health authorities for judging the hygienic quali-
ties of pasteurised sludge should make allowance for analytical
Limitations. 1e the difficulties of determining smaLL numbers of
organisms in the presence of Large amounts of sludge solids. The
practical Limit of detection for faecal coLi forms is about 100
organisms/100 mL if 5 replicates are done. A level of
10 000/100 ml would be similar to that adopted by the Swiss for
Enterobacteriaceae, and wouLd also ensure that Ascaris ova were
effectively Inactivated.
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APPENDIX-1

CITY OF CAPE TOWN
CITY ENGINEER'S DEPT SCIENTIFIC SERVICES BRANCH

- - - --•• METHOD "FOR TOTAL ASCARIS OVA IN-SEWAGE .SLUDGE

1. Mix SampLe Thoroughly

2. Determine Solids Content of Sludge:

Weigh-out about 100 g sludge to decimal two places Into a dried,
weighed porcelain dish. This should be done on the same day as sam-
pL1ng or, if not possible, the sample should be stored at 4°C. (The
solids content of sludge changes appreciably in one day, particularly
that of raw sludge.) Dry at 1059C for 24 hours, allow to cool end
reweigh. Calculate % Dry Solids.

3. Weigh out SampLe:

Weigh a suitable amount of sludge into a small beaker and transfer it
quantitatively into a Visser filter. The amount required wiLL depend
on the desired precision. Because of sampLing considerations, the
standard deviation of the count will be approximately equal to it's
square root, a count of 100 therefore having a standard deviation of
10. Masses of 1-20 g have been found suitable although at the top
end of this range the amount of extraneous matter present on the mem-

— brane -filter may make counting difficult and may cause the filter to
curL and wrinkle. ~ ~ ~ " ~

4. Wash Visser Filter:
r '
Direct a jet of tap water onto the sludge and around the sides of the
inner and outer filters. A 4 min wash is suitable for the Inner
filter after which it Is removed and the outer 37 jum filter further
washed to remove the bulk of the extraneous matter. Although
thorough washing at this stage makes the final counting easier, the
exact amount is a matter for trial and error.

5. Filter Ova onto a Membrane Filter:

Quantitatively transfer the material remaining on the outer filter
into a 1 L gLass beaker and then filter through a 12>um 50 mm mem-
brane filter. Rinse beaker well. Switch off the suction a few
seconds after the water has drained.
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Appendix 1

6. Dry FiLter

Place filter on a stainless steel support, weighting it down with a
stainLess steel ring of appropriate diameter to prevent curling.
Drying cen be done at any temperature between room temperature and
about 38°C until the filter is just visibly dry. Do not heat for
Longer than necessary as the ova may become partly desiccated.

7. Prepare Filter for Examination:

Transfer the dried filter upside down into a 65 mm disposable plastic
petri dish. The ova and other material adhere very well to the
filter and it can be quite roughly handLed. Apply just enough immer-
sion oil, starting from the centre of the filter, to eventually
render it transparent. Place the petri dish upside down on a
76 X 51 mm microscope slide and examine under a suitable magnifica-
tion (100 or 200XJ for counting.

The use of petri dishes in this feshion allows filters to be tran-
sported easily and stored safely. However the filters usually become
milky after a few days and an alternative procedure is to place the
filter, right side up, on a 76 X 51 mm microscope slide, and apply
oil as before. If large Elides ere not available, the fiLter can be
cut in half end placed on two smaLLer slides. Filters on glass
slides do not become milky.

8. Calculate Result:

Ova/g dry sludge = (Count X 100] / (Mass Sludge X % Solids]
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CITY OF CAPE TOWN
CITY ENGINEER'S DEPT SCIENTIFIC SERVICES BRANCH

METHOD FOR ASCARIS VIABLITY -IN SEWAGE SLUDGE

1. Prepare a suspension of ova for embryonation:

Weigh 20 g of well shaken sludge into a 50 ml beaker, transfer to a
Visser filter and wash for about 5 min. Transfer the ova from the
outer filter to a 250 ml medical flat or conical flask, add 2 ml of
formaLdehyde solution (40%) and make up to about 100 ml with water.

Cap Loosely or plug with cotton wool to allow access to air. Leave
at 25 - 28BC for 6 weeks.

2. Prepare ova for microscopic examination:

Shake the suspension well, filter a 20 ml portion or other suitable
volume through a membrane fiLter end treat the filter for examination
in the manner described in the method for total Ascaris ova.

3. Do a viability count:

Examine at least 100 ova and classify as follows:

1 - FuLLy developed worm Inside the shell (quiet or motile).

2 -All other ova. -— - — —- r _. .._. ._

4. CalcuLate the percentage of embryonatsd ova:

Examination of 100 ova will eLLow results to be reported to the
nearest 1%. If 0.1% precision is required, 1000 should be examined.

For some purposes the more detailed classification of Murray [J Inst
Sewage Purification 1960 VoL 3 337-344) might be more suitabLe:

1 - Fully developed worm inside the shell [quiet or motile).

2 - Partly developed ova ie containing divided ceLLs.

3 - Single cell ova, including infertile ova - no apparent change.

4 - Degenerated ova, with or without vacuoles.
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CITY OF CAPE TOWN
CITY ENGINEER'S DEPT SCIENTIFIC SERVICES BRANCH

METHOD FOR FAECAL COLIFORMS IN SEWAGE SLUDGE

1. Shake sample well and dilute by an appropriate factor with dilution
water:

The following dilutions usually suffice.

Raw sludge: 10E7r 10E8 and 10E9

Digested sludge and DAF float: 10E4, 1QE5 end 10E6

Incompletely pasteurised sludge: 100 to 10E6

Well pasteurised sludge: 10, 100
{See 2 for the maximum amount that can be filtered).

2. Filter a suitabLe volume of diluted sample through a sterile 0.45^um
membrane fi Lter:

For all dilutions except 10 and 100, use 50 ml portions.

For dilutions of 10 and 100 a maximum of 2 mL and 20 ml, respectively
(equivalent to 0.2 ml of wet sludge], can be used without blocking
the filter or blackening it too much for proper coLony counting. If
a Limit of detection of .100/100 ml is desired, a totaL of 1 ml of wet
sludge wiLL have to be examined and, in such a case, five separate
determinations will have to be carried out to make up the full
volume.

3. Transfer filter aseptically to 60 mm petri dish containing m-FC agar.

4. Incubate at 44.5°C for 24 h.

5. Count aLL dark blue colonies.

6. Calculate the number of colonies per 100 mL of wet sLudge
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APPENDIX 2

DETAILED RESULTS FOR RUNS WITH A FEED OF DIGESTED SLUDGE

Key: Lar - Larvae,
SC - single cell

PD - par t l y developed
Deg - degenerated

Sample— Date Past P a s t S o l i d s . f co l i Ascaris
Temp Time %

°C min m/m /100 ml / g dry

Lar PD SC Deg

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

1983-10-27
1983-10-27
1983-10-27
1983-10-27

1983-11-02
1983-11-02
19B3-11-02
19B3-11-02

1983-11-17
1983-11-17
1983-11-17
1983-11-17

1983-11-24
1983-11-24
1983-11-24
1983-11-24

1983-11-30
1983-11-30
1983-11-30
1983-11-30

1983-12-13
1983-12-13
1983-12-13
1983-12-13

1983-12-20
1983-12-20
1983-12-20
1983-12-20

19B4-01-12
1984-01-12
1984-01-12
1S84-01-12

62

63

67

- • - - -

70

73

60

54

56

36

35

40

35

31

39

30

30

3.05
3.52
2.27
2.12

3.48
3.55
2.18
2.06

4.34
3.23
2.20
2.08

3.29
3.46
2.23
2.09

2.98
3.44
2.26
2.10

1.9B
3.33
1.97
1.86

2.65
3.24
1.87
1.75

2.96
3.56
1.71
1.61

530E+06
40E+D6
35E+06
110000

1060E+06
34E+06
16E+06
590000

500

12E+06
0

-
9.2E+06

0

660E+06
15E+06
22E+06
370000

74E+06
2.BE+06

840E+06
1BE+06
21E+06

2E+06

5840
800

5660
5090

5860
960

7160
5170

5250
870

5890
5000

" GB70
660

6500
5740

4950 '
— 1 4 5 0 -

B430
7620

10530
990

7460
6420

5770
1360
8900
7310

3920
960

7980
75B0

89
78
64

0

93
66
69

D

92
93
64

0

87
33
61

0

90
95
65

93
86
75

0

86
98
74

0

93
100

78
0

1
0
4
0

0
0
1
0

2
2
1
0

1
0
2
0

D
0
0

2
0
0
1

0
0
0
0

0
0
1
0

5
2

20
57

3
3

22
32

2
0

22
7

6
0

13
0

1
- 0

10

1
7
2

57

6
0

12
89

2
0

16
B5

5
20
12
43

4
11

8
68

5
5

13
93

6
2

24
100

9
5

25

4
7

23
43

8
2

13
11

5
D
5

15
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Sample Date Past Past Solids f coli Ascaris
Temp.Time %
*C min m/m /100 ml /g dry

Lar

Appendix 2

PD EC Deg

Raw
DAF
Digested
Past ~

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past —

Raw'
DAF
Digested
Past

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

Raw
DAF
Digested
Past

1984-02-09
1984-02-09
1984-02-09
1984-02-09"

1984-02-23
1984-02-23
1984-02-23
1984-02-23

1984-03-01
1984-03-01
1984-03-01
1984-03-01

19B4-03-07
1984-03-07
1984-03-07
1984-03-07

1984-03-15
1984-03-15
1984-03-15
1384-03-15

1984-03-22
1984-03-22
1934-03-22

-1984-03-22

1984-03-27
1984-03-27
1984-03-27
1984-03-27

1984-04-26
1984-04-26
1984-04-26
1984-04-26

1984-06-25
1984-06-25
1984-06-25
1984-06-25

1984-09-03
1984-09-03
1984-09-03
1984-09-03

67

65

52

56

58

64

64

65

49

48

29

33

30

30

28

-31

-

28

32

28

31

2.38
3.86
1.79
1.17

2.51
3.45
1.67
1.59

1.25
4.05
1.63
1.55

1.73
3.76
1.59
1.50

3.34
1.44

• 1 - 5 8
1.47

3.54
3.48
1.67

- 1 . 5 7

2.39
3.03
1.73
1.63

2.32
3.62
1.68
1.77

2.42
2.41
2.42
2.36

3.74
3.61
2.52
2.43

— —

2300E+06
78E+06

6.2E+06
0

620E+06
71E+06
19E+06

7E+06

130E+06

310E+06
12E+06

9B0E+06
25E+06
47E+06

1.16E+06

1600E+06
29E+06
23E+06

.._ . _.1B000

2800E+06
29E+06
33E+06

39000

1780E+06
85E+06
16E+06

0

890E+06
88E+06
24E+06

260E+06

980E+06
89E+06

BE+06

6890
1350
7990
8070

6B50
1570
8800
6920

8600
1180
7640
7260

6850
1360
7920
7630

7150
1660
9650
9180

6580
1240
8683

__7360

6800
1650
8580
71 BO

6490
1270
7770
7010

6200
950

5600
5020

2410
970

3630
4820

88
97
83

._ o
85
96
80

0

SO
97
88

1

B9
97
84

0

92
- 64

0

85
96
89
.0

94
97
90

0

85
93
87

0

92
90

0

70
BO

1
3
1

" — ° -
0
0
1
0

1
0
1
1

0
0
0
2

6
_ 4

0

0
0
1
1

0
0
1
0

0
0
0
0

0
0
0

0
0

10
0

10
-1 —

1
4
9

11

2
2
4

82

1
3
2

65

3
4 .

73

1
2
3

37

2
3
2

27

0
4
3

25

3
2

53

30
20

2
0
5

99

14
0

11
89

7
2
8

15

9
0

14
33

0
28
27

14
2
8

62

5
0
7

73

15
2

10
75

6
8

47

0
0

50
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DETAILED RESULTS

Semple

Raw
Past

Raw
Past

Raw
Past

Raw
Past

Raw
Past

Raw
Past

Raw
Digested
Past

Raw
Past

Raw
Digested
Past

Raw
Past

Raw
Digested
Past

Key:

Date

1985-01-08
1985-01-08

1985-01-15
1985-01-15

19B5-01-17
1985-01-17

1985-01-22
1985-01-22

19B5-01-31
1985-01-31

1985-02-05
_.1985-02-05

19B5-02-12
1985-02-12
1985-02-12

1985-02-15
1985-02-15

1985-02-26
1985-02-26
1985-02-26

1985-03-01
1985-03-01

1985-03-06
1985-03-06
1985-03-06

FOR

L a p -
SC -

Past
Temp
°C__

51

52

48

56

5B

59

56

60

60

63

70

RUNS WITH A FEED OF RAW SLUDGE AND DAF

- Larvae, PD -
- s ingLe c e l L Deg -

Past
Time
_min

31

34

34

34

34

34

34

~~ 35

36

36

31

So Lids
%

. m/m

3.92
3.70

3.54
3.95

3.95
4.09

5.32
5.IB

4.33
4.15

3.78
3.58

4.04
2.57
3.92

4.53
4.37

4.73
2.56

44

4.27
4.13

4.24
2.60
3.96

f co Li

. / I DO.ml

4600E+06
413E+06

2400E+06
69000E+06

2300E+06
1800E+06

2200E+06
10000E+06

2040E+06
64E+06

440E+06
20000

2500E+06
29E+06

9E+06

B200E+06
220E+03

1400E+06
1.2E+06

18E+06

2100E+06

3400E+06
740000

0

par t ly developed
degenerated

Ascaris

/ g dry

3790
3710

4530
.4260

4220
3760

4660
4720

3430
3750

4150
4020

4550
. 4400

3920

3390
— 3190 -

4950
5300
4020

4400
3630

5160 •
4920
2470

Lar
%

75
10

85
0

88
B3 .

87
0

85
0

63
0

86
16

0

85
• — o - - -

B9
8
0

88 •
0

90
0
1

FLOAT

PD
%

14
13

5
1

2
1

0
0

2
0

2
0

2
1
0

0
0

1
2
0

0
0

0
0
0

SC
%

8
53

1
91

2
12

0
73

1
71

14
71

8
59
77

4
52

2
82
76

4
14

4
0

78

Deg
. %

3
24

10
8

9
5

13
27

12
29

22
29

5
24
23

11
- 48

B
8

24

8
86

6
100

22

51



Sample Date Past Past Solids f coli Ascaris Lar
Temp Time % %
°C min m/m /100 mL /g dry

Appendix 2

PD SC Deg

Raw
Past

Past

Past

Raw
Digested
Past

Raw
Digested
Past

Raw
Digested
Past

1985-03-08
1985-03-08

1985-03-13

1985-03-13

1985-03-19
1985-03-19
1985-03-19

1985-03-28
1985-03-28
1985-03-28

1985-04-02
1985-04-02
1985-04-02

66

62

64

65

69

67

32

37

37

38

36

36

4.90
4.62

2.53

2.52

2.47

1900E+06
0

1B00

100

3300E+06
5.9E+06

400

1400E+06
17E+06

0

1100E+06
3.5E+06

0

5030
2610

4940

4030

3970

91
0

0

0

4

0
0

0

0

11

1
90

20

22

64

8
10

80

78

22

52
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Sample

Raw
DAF
Past •"

Digested
Raw+DAF
Past

Raw+DAF
Past

Raw
Digested
Past

DAF
Past

Raw
Digested
Raw+DAF
Past

Digested
DAF
Past

Digested
DAF
Past

DAF
Past

DETAILED

Key:

Date

1985-04-11
1985-04-11
1985-04-11

1985-04-16
1985-04-16
19B5-04-16

1985-04-18
1985-04-18

1985-04-23
19B5-04-23
1985-04-23

1985-04-25
1985-04-25

1985-04-29
1985-04-29
1985-04-29
19B5-04-29

19B5-05-07
1985-05-07
1985-05-07

19B5-05-2B
1985-05-2B
1985-05-28

1985-05-29
1985-05-29

RESULTS FOR RUNS

Lap -
SC •

Past
Temp
°C

56

49

57

69

72

47

58

90

66

- Larvae,
- s ingle cell

Past
Time

min

39

44

30

31

30

22

32

52

52

Solids
%

m/m _

4.12
3.85
3.95

2.26
4.40
4.10

3.97
3.82

5.77
2.26
4.25

3.14
2.95

3.91
2.32
3.26
3.36

2.20
4.12
3.61

2.36
3.81
3.63

3.77
3.55

UNDER ROUTINE CONDITIONS

PD -
Deg -

f coli

/100 ml

1200E+06
29E+06

10E+06

2200E+06
4E+06

30E+D6
200

1800E+06
7.6E+06
850E+06

1300E+06

5.6E+0S
45E+06
38E+06

1.2E+06
27E+06

0

170E+06
170

par t l y developed
degenerated

Ascaris

/ g dry.

6100
1830
4810

3940
4350
4590

4380
3780

3670
3430

920

1890
1970

4800
4560
2B70
2900

4570
720

2310

4280
520
530

580
410

Lar
%

85
95

0

7
95
71

89
0

86
B
0

71

88
6

88
79

0

"0

28
87

94
0

PD
%

0
0
0

1
0
0

0
0

0
0
0

0

0
2
0
0

u

1

8
0

0
0

SC
%

7
0

81

65
0

18

5
89

0
45

0

0

4
53

2
17

2

94

38
13

0
84

Deg
%

8
5

19

28
5 .

11

6
11

14
46

100

29

9
40

9
4

- 98

5

26
0

6
76

53



Sample

Digested
Raw+DAF
Past

Digested
. DAF

Past

Raw
Past

Past

Raw
Past

Raw
Past

Pest

Digested
•- DAF

Past

Digested
Raw+DAF
Past

Digested
Past

Digested
Raw+DAF
Past

Date

1985-06-06
1985-06-06
1985-06-06

1985-06-12
1985-06-12
1985-06-12

1985-06-19
1985-06-19

1985-06-25

1985-06-27
1985-06-27

1985-07-03
1985-07-03

1985-07-08

1985-07-18
1985-07-18
1985-07-18

1985-07-25
1985-07-25
1985-07-25

1985-07-30
1985-07-30

1985-08-01
1985-08-01
1985-08-01

Past
Temp
°C

67

61

58

75

70

53

80

63

62

6B

80

Past
Time
min

26

49

31

53

27

47

56

51

27

Solids
%

m/m

2.13
1.76
2.12

2.19
3.11
5.57

7.26
5.18

3.75

5.40
4.00

6.70
4.82

3.91

2.28
3.76
3.70

2.32
3.40
3.37

"2.31
3.96

2.26
7.76
4.24

. f coli

/100 ml

37E+06
330E+06

200

12E+06
65E+06

1.1E+06

290E+06

7800

B50E+06
0

2100E+06
60E+06

0

45000
122QE+06

3500

310000
110E+06

20000

"2.1E+06
6.6E+06

150000
400E+06

0

Ascaris

/ g dry

3120
1490
1130

3120
1D90
1480

3440
3510

1480

4800
1290

3060
1880

420

3060
1380
1240

2740
4040
2000 .

2180
1650

2170
3320
1250

Lar
%

16
92
0

12
86
0

91
0

0

94
0

0
96
0

1
69

0

3
0

0
94
0

PD
%

2
0
0

2
0
1

3
0

0

0
0

0
0
1

3
26

0

2 -
0

0
0
D
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SC

59
0

24

57
7

66

0
90

0

2
D

54
0

45

56
4

60

59
70

0
4
0

Deg
%

23
8

76

29
7

33

6
10

100

4
100

46
4

55

40
0

40

- -36
30

100
2

100

54



Sample

Raw+DAF
Past

Raw
Past

Raw
Digested
Past

Digested
Past

Raw
Past

Digested
Past

Digested
Past

Raw , -'--'
Past

Digested
Past

Raw
Past

Raw
Digested
Past

Digested
Past

Date

1985-08-05
1985-08-05

1985-08-07
1985-08-07

19B5-08-21
1985-08-21
1985-08-21

1985-08-27
1985-08-27

1985-08-29
1985-08-29

1985-09-03
1985-09-03

1985-05-19
1985-09-19

1985-09-26
1985-09-26

1985-10-02
1985-10-02

1985-10-16
1985-10-16

19B5-10-30
1985-10-30
1985-10-30

1985-11-26
1985-11-26

Past
Temp
•c

71

73

77

62

31

5B

81

75

70

76

64

78

Past
Time
tnin

3B

39

40

28

53

24

28

50

26

70

20

20

Solids

m/m

2.33
3.96

-4.02
3.55

6.84
2.25
4.65

2.35
4.6B

5.99
3.59

2.47
4.33

2.11
3.94,4

4.61
3.38

2.02
2.87

0.72
1.91

4.80
2.01
5.02

2.16
2.93

f coli

/100 ml

70E+06
0

1500E+06
0

330E+06
240000

0

690000
>400000

360E+06
44E+06

1.6E+06
640000

1.2E+06
- ; 200

1100E+06
0

4400D0
200

510E+06
100

1000E+06
1G0000
16000

360000
o

-

Ascaris

/ g dry

2470 .
1280

-1930 •
1120

4140
870

1230

2340
2040

3400
2420

2920
2490

4340
1970 .,

2280
2740

4640
3040

1210
3550

4230
3600
1274

2770
. 1840

Ler

0

9 2 -
1

95
0
2

1
2

92
96

5
0

4
0

2*-
0

0
0

B7
0
0

0
0

PD

0

— 1
0

1
0
0

0
1

0
0

0
0

0
0 -

• ' • r * * • > . ;

0

0
0

0
0
0

0
0
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SC

25

0
0

1
28

1

68
80

0
0

75
82

. 42 .

40
0

63
74

9
27
43

36
0

Deg

75

— B — - •

99

3
72
96

31
17

8
4

2D
18

^ ' 5 4 . . , _ . „ • , K

58 -'- -
100

37
26

4
73
57

64
100

55


