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INTRODUCTION

As population and %ndustria]ization continue to expand, it becomes
necessary to more closely scrutinize the ecology of the world. Increased
modernization; higher standards of Tiving, and growth of the population
 have produced an increase in waste products. If unchecked, these waste
products will continue to contaminate our environment until they threaten
the Very existance of life itself. Until recent]y; puriff ion of these
wastes has been predominantly dependent upon natural phenomena, with
minimal efforts on the part of humanity to supplement the natural pro-
cesses. As man's modern development has progressed, hpwever, nature
alone has become unable to maintain a favorable equilibrium. Thus it
has become necessary for man to develop waste treatment processes in
order to maintain the required balance of activity throughout the chain

of biological metabolism.

Biological Aspects of Aerobic Sludge Digestion

Efforts to balance the return of wastes to the environment have
relied heavily upon the use of microorganisms. Not only have they -
proven to be very useful for the treatment of undesirable organic com-
pounds in solution but, since they are plentiful in nature (and usually
present in the waste product itself), they are both easily and economi-

cally cultivated.



For a specific waste f]ow; it may be generally stated_that a.heter-
| ogéneous culture of microorganisms can be developed and acclimated that
will reduce the colloidal and dissolved organic impurities by absorption
and assimilation, resulting in a settleable mass of solids which when
separated from the liquid phase produces a water of improved quaiity;
‘Such_a process is the.actiVatéd sludge process. Optimum removal of impur-
ities is.based'on a Specific food to microorganism ratio. This ratio is
maint&ined by recirculating the settled organisms from the c]arified'
effluent baék to the influent end of the aeration tank. “Through assimi-
lation, growth, and reproduction, sludge in excess of that required for
the obtimum F/M ratio is'produced and must be wdsted from the process

for further disposal. “

Waste activated_s]udgé cpnsiSts primari?y of a'mixtufe of Tliving

“cellular materiél, bio]OgicaT]y‘ihert-drganic materiai, and a lesser
amount of inorgahfc:material. When s]udgé is wasted,fthe bio]ogica]
growth will ideally be in the.declining growth or endogenous phase.
Further oxidation'of.thé-s1udge withdut the additidn of a nutrient source
will result in autdéoXidatidh‘ofithe biological mass. Cellular material -
has been characterizéd by the.fofmula £5H702N and, theoretically, may be
oxidized to the final end products of cafbpn dioxide, water, and ammonia.
This oxidation occurs from cellular metabolism and synthesis. Energy

for cellular metabolism is represented by the following reaction of cell-

ular oxidation:

= 5C0, + 2H,0 + NH

C5h70,



Cell synthesis may generally be represented by the equation:

3CH,CO0H + 0, + NH, = CO

3 p + NHg = €Oy + HO + C

570N

From these equations it may be seen that the system oxidizes theoreti-

cally to carbon dioxide, water, and ammonia (14).

Purpose of Research Investigation -

Probably the Sing]e most expénsive problem ih waste treatment pro-
cesses is that of sludge conditioning and disposal. Anaerobic diges-
tion has proven to be a satisfactory,,though expensive and sensitive,
process for the reduction and conditioning of primary waste solids.
Although it producés an inoffensive and stable sTudge,vthe resulting
supzrnatant liquor iS very high in BOD and suspended solids, and re-
quires still further treatment. By contrast, waste activated sludge is
not readily treated by anaerobic digestion as it often increases the
suspended solids of the supernatant liquor and the reﬁqlting sludge is
difficult to dewater; Dewatering of unéonditioned‘waSte activated
sludge has also been attempted, however, this requires chemical con-
ditioning and special equipment whiﬁh add hot only a great deal to the
expense of the process but also to the solids for ultimate disposal.

.-~ Where the activated sludge process Has been employed, aerobic
digestion has proven to be competitive with anaerobic digestion in the |
stabilization of waste activated sludge and mixtures of primary and

waste activated sludge (1, 8, 10, 12, 13). Aerobic digestion has the



distinct advantage over anaerobic digestion of producing both a well
stabilized sludge and a purified supernatant. “There are no disagree—
able odors and the process does not require special heating and gas
~handling equipment. One disadvantage is that itvrequires an outside
source of energy (aeration) since it prbduces ho éémbustib]e gas which
--may be used as an enérgy source. It is important to realize, howevef,
that at this time the parameters of aerobic digestion are poorly under-
stood.as the process has never been subjected to extensive investiga-
tions as the anaerobic process has. -Yet it has proven to be competitive
with anaerobic digestion for some applications, and further investigation
into the nature of the process shou]d‘indicate ways of optimizing its
advantages and'reducing itS'éhortcomings}-It ié the purpose of this
research to explore further those pakameters déemed important by pre-
‘vious studies and to investigateutheir re]ationéhip with pH during

aerobic digestion.



LITERATURE REVIEW

A]though many articles appear in the literature on aerobic sludge
digestion, most investigations were primarily concerned with the degree
~-of solids reduction énd stabi]izationvwhich could be obtained rather
than'the parameters which determine the results achieved. In most cases,
correlation of results can not be made directly due to the nature and
éonditions of individual studies. The experiments conducted used either
primary sludge, secondary sludge or combinatibns of the two types of
sludge in specified ratios based on solids content. Investigations
were Conducted on both batch and,continﬁous bases, and each sludge used
may have had some initial dégree of stabilization. In a good number of
cases, however, sufficient data has been presented torindicate param-
eters which may be‘sfghificant in the control and optimization of the
process. , | |

In 1936, Heukelekian (8) aerobically digested fresh solids and
" aerated seed material mixed on a dry basis of 7.5 to 1.0, respectively,
for a period of 35 days. His results showed a 50 percent reduction in
volatile so]ids,,a‘99 percent reductioh‘in'fét and a total nitrogen
‘ reduction of 30 perCent. Properly seeded sludge anaerobical]y digested
for the same period of time was not as thoroughly decomposed as thaf
treated aerobically.

| Eckenfelder (5) reported in 1956 that waste activated sludge from
a conventional activated sludge plant subjected to aerobic digestion

for akperiod of seven days at 25°C showed a 48 percent decrease in

5



mixed,1iquorrCOD, a 38 percent reduction in total suspended solids,
and a 49 percent decrease in volatile eolids content. First order
kinetics were no longer approximated efter five'daye, and the auto-
oxidation rate decreased rapidly with,increesed aeration. ‘ |

‘Using batch tests on waste activated sludge from a biosorption
N plant in Austin, Texas, Reynolds (23) conc]uded that a 95 percent
‘reduction in biodegradable solids could be achieved in 5 days. His
data indicated total solidS'reduction from 42 to 52 percent and volatile
‘solids neducfions;fron 46 to 63;percent.y;Initiaiftotaf;so]ids contents
- were 7435 to 8360 mg/1, the percent vo]ati]e content renging from 66 to
81 percenf, in a series of four’digesters; “Greater solids reductions
were‘rea1ized witn decreasing percent Vo1eti1e content. After stabili-
zat1on, the s]udge would not further decompose and read11y gave up it's
water content when poured onto a sand dry1ng bed | |

Kehr (12) compared anaerob1c dlgest1on to aerob1c d1gest1on ‘and
concluded that a 77 percent reduction in total dry matter could be
achieved for a bacterial s{udgetsubjeoted to éerobic digestion and that
a 60 to 70 percent reduétion 1n'organic matter could;be achieved for a
primary sludge under enaerobic digestion. He recommended a loading
rate of 0.05 to 0.10 KgBOD/Kg mixed liquor suspended solids/day for
aerobic digestion and a detention time from 3 to 5 days. Aerobic diges-
tion was recommended for plants éerving populations of 5,000 to 10,000
persons because of it's simple operation and a 30 percent reduction in
digester tank volume coo]d be'realiied over anaerobic digestion.
In 1961, Norman (19) aerobically digested mixtures of primary and

waste actiVated s]udges combined on a dry solids basis of 1.75 to 1.0



respectively. Mixed liquor total solids were around 3.2 percent.
Volatile solids were reduced by 35 percent in 15 days and by 53 percent
in 30 days. He noted an increase in solids reduction with increasing
temperature, detention time and solids loading. Sludge age was found to
be a desirable parameter of volatile solids reduction and no significant
change in the solids reduction rate was noted for a pH range of 5.0 to
7.0. Frothing in the digesters occurred at times. This was alleviated
by adjusting the sparging rate. Frothing did not occur for sludges
aerated less than 8 days. pH depreseion in the 1a£ter days of digestion
was not due to volatile acids since they could not be detected in the
supernatant 1iquor in sufficient quintity. Norman reported that Ludzak
had found that the inerease in acidity of sludge during extended periods
of aeration y:as due to increased nitrate concentration and corresponding
loss of buffer capacity. | | '

Lawton and Nerman (13) studied the aerobic digestion of waste acti-
vated sludge from a plant handling one third pretreated meat packing
waste and two thirds domestic sewage. They reported vo]ati]e solids
reductions of 14-20 percent to 39-53 percent in 5 and 30 days of diges?
tion respectively, at a temperature of 20°C. They concluded that in-
creased volatile solids reductionvshowed a strong correlation with
sludge age. The supernatant Tliquor produced was very low in BOD and
sludge digested more than 5 days showed improved drainability. pH
values as Tow as 5.0 had no significant effect on volatile solids reduc-
tion.

‘Irgens and Halvorson (10) acclimated a culture of organisms using

-primary sludge from the Urbana, I11inois, activated sludge plant and



used it td investigate nutrient remova]lby aerobic digestion. Their
investigation indicated Fhat a signifiéant portion of the carbonaceous -
‘matter was oxidized to carbon dioxide and water, the remaining portion
being assimilated into microbial protoplasm. With detention time of
20 days at 23°C and a mixed liquor suspended solids concentration of
, 28,000vmg/], a 44 pefcent reduction in total suspended solids was
achieved. Primary solids were fed to the unit on a daily basis. Avail-
able nitrogen and.phosphorus were effectively incorporated into micro-
bial protop1asm,‘1eaving Tess fhan 1 mg/1 of ammonia nitrogen and less
than 10 mg/1 of phosphate and total nitrogen in the supernatant. The
sludge was easily separated frdm the supernafant, 1eav{ng a clear,
s1ightly colored fluid. It was later discovered that the primary sludge
ét the Urbana p1antjwas receiving waéte activated s]udge from the secon-
dary unit. A similar test conducted on primary s]udggs from Rantoul and
Tuscola, I1linoi$; where the sludge was fromfprimary settling only, pro-
| duded poor flocculation énd settling, a]thoughugood‘indation was
obtaﬂned. When seeded with Urbana waste activated sludge, the Rantoul
and Tuscola sludges gavé satisfactory results Comparable to the original
testé on the Urbana pkimary sludge.
- Malina and Burton (15) digested pr{mary sludge without seed material
on a cdntinuohs basis and concluded that a loading rate of 0.14 pound of
~volatile solids per day per cubic foot of mixed liquor volume produéed
@& 43 percent reduction in volatile solids content. Volatile solids
reduction was less at a loading rate of 0.10 pound of volatile solids
per day per cubic foot of mixed liquor volume. The sludge produced waé

well stabilized and the supernatant was low in BOD and ammonia nitrogen.



Nitrogen in the effluent increased with brganic loading. The average pH
was constant around 8.0, decreasing slightly with organic loading° |

Carpenter and Blosser (3) aerobically digested secondary bpardmi]1
sludge ahd concluded that vo]ati]e'éo]ids reduction nearly doubled when
the temperature of dige§tion was raised from 20°C_to 30°C. The addition
».Of a supplementary nftrogen source significahtly increased the volatile
solids reduction, indicating a nitrogen deficiency‘in the wa;te sludge.
Thickening and filtering characteristics become less desirab]e with
increased aefatioh; Fi]tration cou]d'bévéccompTished with the addition
of chemical conditioners‘such as ferric chloride.

Bruemmer (2) studied the effects pf oxygen tension on the aerobic
digestion of mixed activated and primary sludges by sparging separate
~continuous runs with air and oxygen gas. ‘He conc]ﬁded that normal air

'sparging is not effective in oxygenating high'stréngth loads of primary
- sludge for stabiiization and that highvair sparging rates disintegrate
the floc and hinder settling. He found that 6xygehation requirements
'are diminished when»fﬁe déi]y organicrioad isAddded in multiple por-
tions rather than one slug. High oxygen tension_did not adversely
affect the removéT of nitrogen~ahd<phosphofus from‘the supernatant. Thé
minimum time for digesting raw'$]udge at 50,000 mg/] COD was found to
be 4 days at 30°C.

The aerobic digestion of several domestic and industrial wasté
sludges was studied by Barnhart (1). He concluded that solids reductions
are comparable to those obtained with anaerobic digestion. Temperatures

below 20°C were found to be retardant to the digeStion process and

solids reduction varied greatly with the type of sludge. A detention

-~
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time of 15 days appeared to be adequate‘in all cases. Oxygen requ%re-
ments were found to be Tow but aeration rates had to be maintained at
a high level to keep the solids in suspension. The pH tended to rise
initially, theh fell gradually to.a level of 5.0 to 6.0 when digestion
was continued over an extended period of time. |

Viraraghavan (30) conducted four series of experiments digesting
raw primary sludge under the climatic conditions at Madras, India, and
concluded that a fairly high degree of d1gest1on is obtained under
aerobic cond1t1ons. The digested sludge had no dlsagreeable or objec-
tfonab1e odor, volatile solids reduction beyond 15 days was not signifi-
cant, and substantfa] nitrification and BOD reductions were realized.
An initial rise in pH was nofed in the first‘days of Qigestion, followed
by a gradual decline into the acid range.

Saunders (25) conducted aerobic digestion batch studies on waste
éctivated sludge at various solids concentrations for 30 days and made
}the following observations: | | |

1. Fixed So]idsvdid‘not>accumu1ate despite high reductions

in total and volatile solids. |

2. Sludge settieebility Was poorvinit1a11y‘and did not
improve with digestion.

3. Drainebility was poor initially and did not improve
with digestion, although the rate of drainage did
improve.

4. Cellular carbohydrate did not accumulate during eero-

bic digestion.



11

5. Cellular protein per unit weight of total suspended
solids showed an increase with time of digestion.

A typical variation in pH was noted during digestion. An initial rise
in pH to about 8.5 and subsequent decline to a value of about 6.0
occurred in the first 15 days of digestion. This trend is similar to
that reported by other investigators (1, 19, 30). Microscopic exami-
nation of the digesting sludge showed the aerobic digestion process was
characterized by the protozoan class, Ciliata. Free swimming ciliates
characterized the»initial five day perfod. By the tenth day the free
swimming ciliates had decreased in number and motility, and large
clusters of stalked ciliates were dominant. Clusters of stalked cili-
atas characterized the remaining period of digestion, their numbers
decreasing significantly by the thirtieth day. Severe frothing was
experienced occasiona11y, but no definite pattern was determined.

Randall, Saunders and King (21), reportihg on aerobic digestion
studies conducted with waste activated sludges from conventional acti-
vated sludge and biosorption plants, concluded that solids reduction was
still significant after 15 days of aerobic digestion. The percent of
volatile solids was not considered a good indicator of the extent of
stabilization except in gross terms. Draétic pH depression to values ,
in the range of 5.6 and below occurred and appeared to cause 1nhibftion
and destruction of activated sludge microorganisms. Inhibition of
nitrifying bacteria was apparently temporary. Solids reduction occurred
at pH values around 5 and less, but appeared to be greater at pH values
above 5.6. The carbohydrate fraction of the total suspendedlso1ids

remained steady with digestion, but the protein fraction steadily
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increased. Aerobic digestion does not necessarily improve the drainage
characteristics of waste activated sludge. Drainage may be retarded

by large amounts of fibrous material and some types of microorganisms.
Drainability of aerobically digested sludge was found to be closely
related to sludge activity as measured by oxygen utilization.

Turpin (29) studied the drainabi]ity of aerobically digested secon-
dary sludges in relation to cé]]u]ar parameters and reached the following
conclusions:

1. Dehydrogenase‘enzyme activity decreases with aerobic

digestion. No direct correlation of the abso]uté
lTevel of enzyme and solids reduction appeared among
the sludges during aerobic digestion, but there was

a direct relationship between the total change in
enzyme activity and the solids reductions accomplished
in respective units.

2. Cellular protein per unit weight of total suspeﬁded
solids increases during digestion, and drainability
increases with increasing cellular protein content.

3.' Cellular carbohydrate apparently varies in a manner
peculiar to a particular s1udge°

4. Higher solids reductibns occur with sludges having
a higher percent of volatile solids. The percent
volatile solids showed 1ittle change during aerobic
digestion, and did not appear to be related to enzyme

activity.
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Détention times of up to 30 days continue to show
significant solids reductions.

Suspended solids reduction can be accomplished over

a wide pH range from slightly more than 5.0 to at
least 9.0. | | |

. Sludge drainability is improved by aerobic digestion
and is c]oSeiy related to the dégree of stabilization

obtained.



METHODS AND MATERIALS

Thé objective of this research was to determine the effects of pH
on the aerobic digestion of waste activafed sludge. To accomplish thfs,
- three batch-fed aerobic digesters were monitored for a series of two
'runs of approximately 20 days each, controlling the pH in selected units
at various constant levels and measuring chosen parameters that the
effects of such imposed pH control on the digestion process”might be
determined and the results compared with those obtained by previous in-
vestigators. The digestioh process was conducted in a constant tempera-
ture room where the apparatus and s]udge were‘maintained at a tempera-
ture of 20°C (¥ 1.0°C). In the first of the two runs; batch A served
as a control unif, thé pH of‘the same being allowed to seek its own
leveié while batches B and C were maintained at constant pH levels of
.7.0 and 5.0 (% 0.5)‘respective1y throughout the digestion period. pH
control was accomplished by adding 1.0vN su]furickacid or 1.0 N potas-
sium hydroxide as required. In the second run, batch D served as con-
trol while E and F wére maiﬁtained at pH 9.5 and 3.5 (* 0.5) respec-
tively, using concentrated sulfuric acid and 33 percent potassium
hydroxide as required. The detrimental effects of tﬁe concentrated
chemicals on the sludge organisms were minimized by adding slowly with
adequate mixing. In each of the series of runs, the initial pH adjust-
ment was accomplished over a minimum period of 24 hours to reduce the

shock of such environmental change on the microorganisms.

14
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Experimental Apparatus

The three aeration chambers used were p]exigiass cylinders eight
inches in diameter, eighteen inches in depth and approximately 13.5 1i-
ters in volume. The cylinders were each equipped with a bottom sampling
spout and aerator assembly consisting of a cotton filter to minimize con-
tamination by 0il or other matter which might come through the air supply,
rubber tubing, a piece of bent‘g]assltubing té.insure rigid support for
the diffuser assembly, and a diffuser assembly made from a shori section
of p]astic tubihg fitted to the end of the g]ass tubing. This arrange-
ment enabled the 1n?estigator td remove the diffuser assembly at will to
insure proper operatioh. In addition, the dépth_of;the aeration assembly
“in each digester could be adjustedvto insure equal aeration in each unit.
A sketch of the apparatus thus described is preseﬁted‘in Figure 1. No
Attempt w&élﬁade to é]iminaté evaporation losses since it was desirable
to obtain sufficient evaporation to ehab]e the investigator to add acid
or alkaline solutions as required to maintain pH at the desired level.

Digester F expefﬁenced severe foaming when the pH was lowered to 3.5
and it was ﬁeqessary to install a deviqe to disrupt thé foam. ‘A small
variable speed motor mounted‘on a burette stand with a shaft extending
from it into the sludge was used for this purpose. A 6".horizonta1 bar
was moﬁnted on the shaft so that it rotated about one inch above the sur-
face of the sludge. This was sufficient to prevent loss df so]ids from

the digester._

Procurement and Handling of Sludge

Activated sludge was obtained from the Roanoke, Virginia, sewage
treatment plant which uses the conventional activated sludge process.

The sludge was taken from the effluent end of the aeration tanks to
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~ Cotton Filter . Plexiglass  Cylinder

Glass -Rod

Sparger Assembly

~ Air- : ~ Hose Clamp

Sampling Spout

Figure I: DIGESTION "APPARATUS
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insure that the microorganisms were in the endbgenou§ phase and to sim-
ulate sludge wastage. The collected sludge was allowed to settle and the
supernatant Tiquor decanted to increase the solids concentration. It was
desired that the digester sludge concentrations be in the range of 20,000
mg/1 total suspended solids which corresponds to the typical solids con-
centration used by Saunders (25) for his previoué investigations on the
same sludge. This range was easily reached by allowing the sludge to
settle for approximately six hours. After concentration, the sludges
were thoroughly mixed fo insure uniform solids concentration prior to
being placed in the digestion tanks. Following concentration and mixing,
“the s]udges‘were p]acéd in the digestion tanks, aeration being}initiated
within ten houfs‘from the time oflcolfection. Appkoximate]y eight Titers
of sludge Was placed in each digester, allowing sufficient freebéard to
prevent spillage. No Specific air flow rates were used but a mihimum
}1eve1 of 2.0 mg/1 of dissolved oxygen was established and maintained
throughout the period of digestion. Initial solids concentrations in the

digesters are given in Table.l.

Sampling Procedures -

On days of sludge analysis, aeration was discontinued, the digester
sides were scraped, and distilled water was added to compensate for evap-
oration losses. Then aeration was restarted fo mix the contents and sam-
ples were taken. After sufficient samp]ing,‘the new digester’ volume was
marked. Samples for residue, carbohydrate, protein and filterability
tests were pipetted directly from the digester, whereas those for BOD,
€OD, nitrate and phosphate were taken-from the sampling spout and col-~

lected in a 150 ml. beaker. The beaker was covered with aluminum foil
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TABLE I

INITIAL SOLIDS CONCENTRATIONS

Digester Total Suspended Solids
| (mg/1)
A » ; 17,820
B | 19,647
c | 19,797
D o 26,550

E 25,200

F N 26,850
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and cold stored until all tests had been performed. Sludge samples for
settleability and pH were returned to the digester following measurement.
When the sampling spout was used, the first 150 m1 was returned immedi-
ately to the digester and the following 100 ml used for analysis to in-
sure that no error due to anaerobic conditions in the sampling spout
might occur, and that the sample came from the body of actively digesting
mixed Tiquor. Sampling was frequent during the first 10 days of diges-
tion since it has been shown by previous investigations that the greatest
change in solids reduction occurs in this period. pH was measured daily -

throughout the digestiqn period since it was the basic control parameter.

Analytical Procedures

The following methods were usedvfo analyze samples taken as pre-
viously described:
1. pH
A Leeds and Northrup Tine operated Taboratory model pH meter was
used to measure‘mixed Tiquor pH.

2. Suspended Solids

: }Tota] and volatile suspended solids were determined using Gooch
crucibles with glass fiber filters (Reeves-Angel, 2.1 cm). The filters
were placed in the crucib]es'rough side up and seated with distilled
water over a vacuum. Crucibles and filters were then dried at 103?0 for
. a minimum of 20 minutes, fired in a muffle furnace at 600?C for thirty
minutes, cooled in a desiccator for a minimum of one houf, following
which the tare weights were recorded. Sludge samples were diluted with
distilled water to a ratio of 1:4 since filtering of the undiluted sludge

proved to be a Tenghty process. 5 ml. of diluted sample were applied
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to each crucible, filtration being aided by a vacuum pump. Al1l soiids
determinations were initially made using three samples, this was lessened
to two after one week since the results showed 1little variance. The
cruciﬁles and samples were dried at 103?0 for one hour, cooled and des-
iccated for a minimum of thirty minutes and weighed. iThey were then
“-ignited at 600°C in é muffle furnace for 30 minutes, cooled and desic-
cated for a minimum of one hour, and the final weights recorded.

Smith and Greenberg (26) repbrted in‘an evaluation of methods fbf
 determining suspendéd solids that results obtainéd'by the Gooch crucible-

glass filter method were not statistically different from those determined

by the Gooch crucible asbestos mat method of Standard Methods (27).
3. BOD and COD_‘ | '
BOD and COD.were measured on the sludge mixed liquor and super-
natant from the sand drying beds_in accordance with the procedures'out—

Tined in Standard’Methods (27). Appropriate BOD dilutions were made in

a 1000 ml graduated'cyifnder, thoroughly mixed as prescribed and trans-
ferred to BOD bottlés’fbr detefminatfon of initial b.O.”and incubation
at 20°C for 5 days. .D.0. determinatiohs for the BOD téét were made by
the modified Winkler method (27).

4. Ammonia. ' |

Tests for ammonia were made at extended intervals to determine

the fate of nitrogenous material during digestion. The Direct Nessleri-
zation Method (27) was used'since only relative concentrations were
vdesired. Standards were‘prepared and placed in a Fisher Nesslerimeter
for comparison with sample dilutions. Computations were made in accor-

dance'with Standard Methods (27).
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5. Carbohydrates

Cellular carbohxdrates were determined by the Anthrone method
}.as prescribed by Ramanathan, Gaudy and Cook (20). 5 ml of mixed liquor
from each digester were filtered through 0.45 micron millipore filters
aided by a vacuum pump. About 10 ml of 0.1 N'phosphate buffer solution
- was thén drawn through-the partially dewatered sludge. The sludge mat
was then removed and fesuépended in 10.0 m1 of 0.1 N phosphate buffer
solution and co]dfstored for later analysis. Prior to analysis, a
Brownwill Scientific "Biosonik III" sohic'disintigrator}was used to
insuré compliete kesuspension of the sTudge mat in the phosphate buffer
solution. For analysis, appropbiate‘a]iquots of sémples were placed in
test tubes and the tofa] vb]ume'was adjusted to 3.0vm1 with distilled
water. Next,all tubes were pTaCed in an ice water bath and allowed to
equili]ibrate._‘The chtents were then miXed rapidly with 9 ml of ice
cold anthrone reagent. The tubeé wére_then.covered with glass marbles
and boiled in a water'bafh for exactly fifteen minutes. Upon reaching.
rodm temperature, the ébsOrbances (optical densities) read on a Beckman
model B spectrophotoheter at a wave length of 540.mi111microns (mp).
Staﬁdards were prepared with a dextrose solution, aliquots of which
~were placed in test tubes ahd‘prbcesséd exactly as the samples. The
standard curve is plotted for carbohydrate determination in Figure 3.
6. Protein | . |
Cellular prdtein‘was determined by the Folin-Ciocalteu method
" as prescribed by Ramanathan et al. (20), who stated that although color
development is not strictly proportional to concentration and different

proteins give different intensities of color, the method is one hundred



22

GOH13W 3NOYHLINV

NOLLVNIWNIL3A 31VHOAHOSHYD HO4 3AMND QYVANVLS :¢ dinbiy

(Bd) esosnxseQ
010/ 00¢ OO0l 0]

dw 00G :yibusjanom -
A9jawojoydosyoadg .
8 I19pO uDWDRY : 43}3W110j0)

00

20

€0

Hv0

S0

90

1'0

109140

Kjisuag



23

times as sensitive aS the biuret method and extremely Tow concentrétions
may be measured. Tyrosine, tryptophan, most pheno]s,vuric acid, guanine,
and xanthine react with the Folin-Ciocalteu reagent to give color. Sam-
ples ﬁsed in this determination were the same as those used for carbo-
hydrate analysis. A]iquois of the samples were placed in test tubes and
- diluted to a total vb]ume of 1.2 ml with distilled water. Standard pro-
tein.di1utions were prepared using bovine serum albumin. 6 ml ofvfreshiy
prepared alkaline copper solution was then added and thoroughly mixed 1in
each tube. After 10 minutes, 0.3 ml of Folin-Ciocalteu reagent was.
added, and each tube thoroughly mixed. Following a 30 minute period
allowed for color deve]opﬁent, the absorbances (optical densities) were
read_using a Beckman model B spectrophotometer at a wave length of 500
mu. The standard curve for protein determination is shown in Figure 2.

7. Nitrate and Phosphate

Nitrates and orthophosphate were determined using a Hach Chemi-
cal Company DR-EL‘Ehngeer's Laboratory field water testing kit since
only relative determinations wére desired and the authdr has found the
accuracy to be suffiéiént for this purpose. 20 ml of mixed Tiquor from
each digester were centrifuged for 15 to 30 minutés.and the supernatant
was used for the analysis performed. Following the addition of pre-
scribed chemicals, concentrations were read on the Hach co]orimeter pro-
vided after 3 minutes for nitrates and 5 minutes for orthophbsphateso

8. Sludge Settleability

Sludge settleability was measured by filling a 50 ml graduated
cylinder to the 50 ml mark with mixed Tiquor from each digester and

: recording the clear supernatant appearing at 30; 60 and 720 minutes
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(6 hours). The reasons for performing the test in this manner are as
follows: . |

a. Sludge volume index is not useful for digested
sludges since it measures only a 30 minute settling
time. Digested sludges would idéa]]y be allowed to
thicken for more extended periods of time in order
to accomb]ish solids concenfration.

b. 50 ml were used since if was not desirable to use
largef volumes which might disturb the digestion |
process when returned to the digester fo]]owiﬁg
extended periods without aeratibn.

c. Only a relative comparison among'the digesters was

desired.

When sufficient data had been co11ected,vthe sludge samples were
returned to their respective digesters;b Settleability readingé were
reported as ml of clear superhatant appearing per-100,m1 of mixed
Tiquor. -

- 9. Filterability

Filterability determinations were made by applying 100 ml of
mixed liqudf to a 9.0 cm diameter Buchner funnel fitted with a paper
filter. A vacuum of 12.5 inches of meréurvaas applied andvreadings
were made as ml of filtrate appearing 1, 5, 15 and 30 minute intervals.
This test was considered adequate since only relative values for com-

parison among digesters was desired.



26

10. Drainability

Drainability was measured on the last day of digestion for
‘batches D, E and F only, since the improvements in filterability and
settleability had not been expected and the equipment had not been pre-
pared in advance. Following final sampling, 6 liters of sludge from
each digester was applied to each of three sand beds having an area of
one square foot. The filter bed consistéd of 1" of coarse sand over-
laid with 2" of medium sand. Filtrate volumes were recorded at 5, 10,
30 and 60 minute intervals, fo]Towed by readings a£'2, 12 and 36 hours.

11. Microscopic Examination

Microscopic examinations of the miXed Tiquor were made fre-
quently to determine the general types of organisms which characterized
the different environments during aerobic digestion. “A Spencer 1ight
microscope and}f]at g]ass s]ides‘wfth cover plates were used for making

~ observations.



EXPERIMENTAL RESULTS

The experimental resu]ts obtained during the course of this study
are presented and briefly discussed in this chapter. The data is pre-
SEnted.primarily in graphical form. Each digestion parameter studied

is discussed individuél]y with regard to observations made during the
conduct of the laboratory research. Since pH was the primary control
parameter, all other parameters'are discussed with reSpect to-it.

_ The pH variénce of each unit during aerobic digestion is shown in
Figure 4. In control ﬁnits A and D, pH was 611owedvto seek its own
level. An increase ffom pH 7.5 to a pH of about 8.5 was reached in both
of these units during the first 8 dayé of digestion. Unit A maintained
this value until the 14th day when‘pH showed a sharp decline to a value
of 6.2 on the 19th day of digestion. Unit D began to show a more grad-
ual decline on the 9th day, reaching a pH of 6.2 by the 23rd day of
digestion. Units B, C, E and F were édjuSted to and maintained at cdn—
stant pH levels (% 0.5) off7.Q, 5.0, 9.5 and 3.5 reépective1y° These
unifs showed Tittle variance in the amount of acid orvé1ka1i needed to
maintain constant pH once the desired level was;established. PH adjust-

ment was required every 2 to 3 days.

Biological Solids

- Total and volatile suspended solids for digesters A through F are

shown in Figures 5 through 10, respectively. Percent reductions in

27
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Figure 4: pH DURING AEROBIC DIGESTION
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total and volatile suspendéd solids for the same are presented in Figures
11 through 16. Solids 19$ses due to frothing occurred in digester F on
the 4th day of digestion and in digester E on the}21st day of digestion.
The losses in each do not appear to have been significant since the
plotted data show no appreciable break in the relative values before and
after the period of frothing (Figures 9 and 15).

An initial increase in both total and volatile suspended solids was
experienced in all three digesters (A, B and C) of the first series. A
~similar phenomenon was observed by Saunders’(25) on day one of his
éxperiment. He attributed the increase to experimental'error, although
he stated that it could possibly have been a'responée of the system. |
During this study soTids analyses wére madé daily during the period of
increase and thus the rise in solids could not be attribUted to experi-
~ mental error. Inétead, it was‘probably due to the unstabilizéd nature
of the sludge at the‘time of samp]ing.’ Although déi]y solids analyses
were not performed on sludges D, E and'F, it did not appear that an
increase occurred since no lag period was observed. Figures 11 through
13 were computed as of day 4 for digesters A, B and C to compensate for
the.solids increase,asince this was‘the day of maximum solids concentra-
tion and endogenous respiration is characterized by a net loss of solids
due to auto-oxidation of the microbial cells.

Percent volatile solids reductions were nearly identical for
~ sludges having the same initial solids content and subject to pH con-
"~ trol. During each run, the percent reduction in volatile So]ids in
units with constant pH was greater than that in the units without pH

control. Volatile solids reduction became almost linear with time for
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the digesters with higher initial solids content and controlled le By
‘constrast, in unit D, which had similar inifiallsolids concentration but
without pH control, the rate of volatile sd]ids reduction ténded to
becomé Tinear after 10 days, but was markedly less than thé rates in
units E and F. Units with lower solids concentrations showed a decrease
-in the rate of voiatf]e solids reductfon after 15 days. 1In each indi-
viduél digester the rates of reduction in total and volatile suspended
solids were nearly equal except for unit F. In digester F, the rate of
volatile solids reduction was nearly constaht throﬁéhbut‘digestion, where-
as the rate of total solids reduction was significant]yvhigher the first
10 days of digestion, and then showed a drastic decline during the re-
maining digestion pefiod. This déc]ine in total soiids reduction with-
out a corresbonding dECiine'in'volétilev501fds’feduttion resulted in a
build-up of fixed sd]}d& in the unit. Such mineraTizatioh was not
observed in the dther um‘ts. | |

In units of‘lesser_so]ids cdncentrationv(A, B, Qj,vpercent volatile
solids reduction Was'ponsisteﬁtly‘highek‘than the pércent total solids
reduction. For the.uﬁits3at hjgﬁér éd]ids‘concentration»(D, E; F), per-
cent total solids reddctfoh‘Waé greater than the percent volatile solids
’ reductidn° The only exception to this Was in unit F where on day 23
the percent reduction in total and volatile suspended so]ids;was nearly
equal (Figure 16). . Interestingly, greater percent solids reductioné were
realized at lower solids concentrations after 20 days, however, the rate
of solids reduction was greater at higher solids concenfrations with the

exception of the rate of total solids reduction in unit F.
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Ddring dfééstion, the percent volatile so]id§ content declined in
all units. Some variation in the rate of decline was noted in units C
and F, apparently due to the Tower pH values maintained in those units.
Unit C (pH 5.0) tended to maintain a s]ight]y higher percent volatile
solids content than digesters A and B after the first day of digestion
through termination. Digester F (pH 3.5) showed a significant rise in
percent volatile solids initially, this value remaining relatively con-
stant until termination, when it showed a sharp decline. Percent vola-
tile solids content data for each digester during digestion are shown

in Tab]e II.

Nitrates and Ammonia Nitrogen

Extensive nitrification took place in units A, B and D, whereas
units C, E and F showed practically no nitrification (Figure 17). Nitri-
fication was most pronounced in unit B where pH was held at 7.0, which
is highly favorable to the nitrifying bacteria. However, pH»va]ues as
high as 9.5 or as Tow as 5.0, as maintained in units C, E and F, are
inhibitory to nitrification. It was noted that the odor of free ammonia
gas was obvious about digesters A, D and E during the initial 10 days of
digestion, but this was not true of digesters B, C and F during any
period of the digestion process. To determine the fate of the nitrogeh,
* ammonia tests were performed on digesters A, B and C at 14 and 20 days.
The results are shown in Table II. The higher volatile solids content
of d{gester C may account for the low ammonia content at 14 days, the

nitrogen being combined in organic compounds.
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CTABLE 11
'PERCENT VOLATILE SOLIDS CONTENT AND -
 AMMONIA NITROGEN

vDigestér“ o o Percent Volatile Solids

Detention Time Lo , . ,
(days) ‘A B c D E F

0 79.8  80.6  81.1  68.7  68.1  67.6
3 77.7 7.7 780 73.9 731 78.2
6 747 753 76.9  73.3  73.6  78.7

9 71.5  74.0 747 - 7.0  71.0  78.3

12 7100 73.2 748 724 70.6 785
20 707 68.3  73.4  66.9  61.6  65.0

NH3~N/NO3—N(mg/] as Nitrogsn)

Digester - | 14 days 20 déys
M . 56/52 | 90/124
B | | 185/38 370/145

c | - 85/2.5 | 700/3.0

b

- *Loss of ammonia to atmosphere and nitrification

**Loss of ammonia primarily to nitrification
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s -

In units without pH control (A and D), the increase in nitrate con-
centration corresponds with the decline in pH, which concurs with the

reSu]ts of Ludzak as reported by Norman (19).

Orthophosphate | -

The concentration of orthophosphate in the supernatant showed a
definite increase with aeration time and the deviation of pH from a value
around 7.0. The relgase of orthophosphate was apparently retarded in the

digesters with highervsolids concentrations (Figure 18).

Ce]]U]ar'Pfotein

In unit.A (without‘pH control) and unit C‘(pH = 5.0), cellular pro-
tein showed a cyclic tendency, whereas in unit:B'(pH‘= 7.0), the cyclic -
~effect was more subdued (Figure 19); A1l units displayed a gradual
increase 1n'the weightzof cellular protein peryunit'weight of total sus-.
pended solid (Figure 22).‘ The cycTic tendencies bf units A and C were
again apparent, whereas unit B showed a smooth increase. Tests were made
on units D, E and F on the first and last days only, but the gradual in-A
crease in grams of cellular prbtein per unit weight of total suspended
solid was apparent. The.gradua] increase in cellular protein indicates
that as cellular constituents are oxidized metabolically resfstant pro-
teins of non-living material become a larger portion of the total sds—

pended solids.

Cellular Carbohydrate

Carbohydrate sampling frequency was the same as that used for pro-
teins in all digesters. Total ce]]uTar carbohydrate showed a significant

variation in units C and F in comparison with other digesters (Figure 20).
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This vériatiéﬁwis considerably reduced, however, when grams of cellular
carbohydrate per gram of total suspended solids is plotted against time
(Figure 21). The decrease in total cellular carbohydrate was considera-
bly Tess with decreasing pH. A mild build-up in grams of cellular car-
bohydrate per gram of total suspended solids was realized in all diges-
ters and this increases slightly with decreasing pH. A diphasic varia-
tion in cellular carbohydrate was noted in digester C. The large increase
at 15 days sets it apart from digesters A and B. This rise seeming]y'

corresponds to an observed increase invprotozoan.activity in digester C.

- BOD and COD |

The reduction in mixed lTiquor BOD for all digesters was consistent
(Figure 23). Digesters B and C showed a lag in reduction for the first
6 days, but subsequently conformed to the pattern of digester A. Only
the'initia] and final values for digesters D, E and F were determined.
The variation in initial BOD determinations for digesters A, B and C are
believed to have been'subject to eXperimenté] error, since‘all-s1udges
were well mixed prior to being placed in their respective digesters.
Improvement in the technique of the investigation is believed to have
improved the accuracy of subsequent analyses. COD was not plotted since
a 40 percent reduction was cbnsistent in digesters A, B and C at termi-
nation of the experiment. COD determinations for digesteks D, E and F
~were not made. |
| It was assumed that the initial BOD of the mixed 1iqdor in digesters
A, B and C was 8,300 mg/1, since this was the average}of the three deter-
minations. Al1 digesters showed at least an 86 percent reduction in

mixed Tiquor BOD after 20 days.
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Settleability

Although settleability did improve for all digesters to some dégree,
dfgester F (pH = 3.5) showed an overwhelming improvement (Figure 24).
At both 13 and 23 days of‘éeration, active coagu1atjon and flocculation
was observed in sludge F after 15 minutes of quiescent settling. Corres-
pondingly, the supernatant of digester F was consistently clearer than
that of the other digesters. 'No-poagu1ating effect was noted in diges-
ters A, B, D or E. It was, however, observed in digester C, but to a
Tesser extent than in digester F. Eight hours of settling (not shown on
graph) was sufficient to concentrate sludge F from approximate]y_1.7 per-

cent solids content to 5 percent solids content in the settled sludge.

Filterability

Fi]terabiiity tests were run on digesters}D, E and F only, since a
change 1in fi]terabiTity héd not been anticfpatéd in the previous series.
Tests were begun when sludge F yielded more quickly to the glass filter
in the residue test than did D or E. The changes that occurred are illus-
trated by Figure 25. At four days of aeration, digesters D and E failed
to pfoduce 10 m1 of filtrate in 30 minutes and are, therefore,vnot shown.
At 15 days, digester F showed the greatest improvement, filtering 94 per-
cent of the original volume in 8 minutes and forty seconds leaving only
a sludge mat on the filter paper. At 23 days of aeration, it was real-
ized that filterability had decreased, and only the time to filter 75
percent of the original volume was recorded. Fi]terabi]ity increased in
digesters D and E up to 15 days, but they showed no subsequent improve-
ment. In all tests, the filtrate from D and E was very cloudy, while

that from F was clear.
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Drainability

Results of the drainability test are shown in Table III. Filtrates
from D and E weré very dark, while that from F was only slightly cloudy,
becoming clear as drainage progressed. The sludge of D and F had a neu-
tral odor, whereas the sludge of E developed a putrescible odor within
24 hours. BOD values of the filtrate from D, E and F were 32, 54 and
less than 24 mg/1 respectively. BOD samp]es‘were collected after a mini-

mun of 2 1 of filtrate had drained from the sand beds.

Microscopic Examination

A11 sludges had‘a similar appeakance initially. Few motile forms
‘were observed; Cell fragments from nematodes and pfotozoa were apparent
amOnQ masses of gelatinous organic material. After 6 days, both free- |
swimming and stalked protozoa of the class Ciliata appeared in Dige;ters
A, B, C and D, with a fewer humber of flagellated protozoa. The number
of protozoa were decidedly greater in unit C. Digesters E and F were
least active, probably due to the sharp change in pH to which they had
been subjected.} Digester B had some activity, but was decidedly less
active than A, D or C. At 10 days, digester_A displayed large numbers
of free-swimming and stalked ciliates. Forms such as flagellates and
other small protozoa were scarce. Digester B was less actiQe; with only
a few free-swimming and stalked ciliates appearing. Digeéter C dis-
playéd all the forms of A but in abundahce. Large clusters of the
stalked ciliate Vorticella and numerous free-swimming ciliates were dom-
inant. Digester D was similar to A, and digester E displayed no life

forms larger than bacteria, some motile forms of which were observed at
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TABLE III

SLUDGE DRAINABILITY

Filtrate, Percent Total Volume

Digester 5 min. j ]0 min, 30 min. 1 hr. 2hr. 12 hr. 36 hr.
D 37.5 8.4 4.6 45.0  47.7  59.3  71.0
E 35.4 - 3.4 434 475 520 704 80.4
F 53.4  56.6 67.»5 76.6  88.3  96.0%  96.6

*Sludge mat appeared to be drained..
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a magnification of 10000 In digester F} many free-éwimming ciliates of
the species Glaucoma were observed and appeared to be the only living
‘creatures other than bacteria. By the 15th day, onlx}digéSter F showed
significant chahge. The ciliate Glaucoma was so numerous that as many

as 30 to 50 (approximate) could be viewed in the microscopic field at a
magnification of‘TOOVtimes. By the ZOth day, all digesters showed few

| Tiving forms. In dige§ters A, B, C and D, filamentous forms had appeared,
and the ciliates had disappeared except for a few of the stalked forms.
Digester A had a few nematodes, and digester C contained some protozoa
with rigid, pkojecting spicu]es.' Digester E showed ho signs of life and

digester F disptayed only a few Glaucoma.

Frothing

Frothing occurred in all digesters at different times, but showed
no apparent pattekn except in the case of digester F, which experienced
severe frothing when the pH was initially adjusted to 3.5. In all other

cases, a decrease in the sparging rate alleviated the problem.



i

DISCUSSION OF RESULTS

- It is evident ffom the results obtained that the reduction in total
and vo]ati1e'$uspended éo]ids during aerobic digestion is not severeTj
affected by pH over a range from 3.5 to 9.5; However, the data shows
ihat improved results may be obtained 1f'pH is held constant instead of
'being allowed to fluﬁtuate. During normal aerobic digestion, pH varies
widely from about 8.5 in the early stages of digestion to values of 5
and below for éxtehded periods of aeration. It was found in this study
that a different biota resu]ted from each 1éve1'of_pH control. Further,
it is knowh_that pH is a seTective charactefistic of media which will
‘faVOr the pfedominancevof}différeht}organisms at different,]eve]s. It
eésiiy follows that the vériation in pH which typically occurs during
aerobic digestion disrupt§ the'grdwth of thé variousxaerobié populations,
and thereby servés to refard solids reduction. A drasfic'change in pH
_ generai]y requires a-éonsiderab1e shift in the population to dominance
by differentvspécies. During aerobic digestion, the development of the
preferréd,species'as:pH'changes is further retarded by a continuing short-
age in the food Supp]y of the system with increased aeration. If pH is
held constant; on the other hand, the efficiency of the process is en-
‘hanced since a maximum population of optimum organisms is maintained and
they are free to respire ehdogenous]y in a favorable media to, theoreti- |
cally, the exhéustion of available energy in the system.
The rate of soTids'redﬁction was initially greater in units of the

first series (A, B, C) which had Tower total solids concentrétions.
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. Hewever, despite the difference in solids concentration, the mixed
liquor BOD was nearly the same for both series, indicating a greater
initial stabilization in the second seriesA(D,ﬁg, F). The initial
increese in solids content to day 4 in the first series is further
indication of an unstable sludge. This difference in the degree of
-stabilization probabiy_accounts for the initially higher rate of solids
~reduction in the first series. After 15 days of digestion, the rate
of volatile so1ids’reduction decreased rabid]y in the first series while
the second series continued to show a'significént and nearly constant
rate of volatile solids feduetien‘througheut the 23 day run with the

- exception of digestef D. Digester D, the control unit, has a decrease
in the rate of vo1at11e SO1ids‘reduction eommensurate with declining pH
'beglnnlng on. the 10th day of dlgest1on, 1nd1cat1ng pH toxicity to the
domlnant popu1at1on. The rap1d dec]1ne in solids reduction after 15
days 1n the f1rst series was probab]y caused by the exhaust1on of the
available nutrient in the system

| The rate of reduct1on in total and vo]at11e suspended solids was

| nearIy»the same w1thjn each individual digester except for digester F.
In that digester the reduction in total solids declined after 10 days
but volatile soiids'reduction continued to be high seemingly indicating
the conversion of volatile solids to fixed solids, constitutjng minera-
lization. This was possibly caused by the highly developed predator
growth of free-swimming ciliates that appeared in the unit in contrast
'to the otﬁer units. Minera]ization‘did not oecur in digester C at a pH

of 5 which also had a high predator}population, however microscopic
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counts showed that the ratio of the number of predators in C and F
was‘approximate1y 1:5. During the étudy, predators appeared in increas-
ing numbers with decreasing pH. The preference of protozoa, especially
those of the class Ciliata, for media in the acid range has been estab-
Vished (6, 7, 9, 24). | |
The sludge used for this study was typically very difficult to
.dewater regardless Qf the stage of digestion. However, fi]terability
testé on the mixed Tiquor indicated'signfficant improvement with lower
 pH and increasedvaefétioh time up to 15 days, thereafter decreasing
slightly by 23 days. This’improvement was dn]yhslight at pH 5.0, but
the improvemeht at pH 3.5 (unit F) was truly remarkab]e. The maximum
filterability was observed at 15 days which coinﬁfded’with the maximum
active predator growth obéerved in that unit. Iﬁiwould appear that the
éredators were largely responsib1e for the change. A possible reason
fqr such an effect is that the’protozoa concentrate bacteria and organic
detritus in their‘Ta}gér bodies by ingestion, thus reducing the material
with high clogging potentia].. Then, aé aeration time increases, a short-
age in food supply causes death of the protozoa, thereby releasing or-
~ganic detritus to the miXed.1iqUOr which tends to clog filter pores.
However, the Targe'protozoa tend to flocculate well even after signifi-
cant decline in their active numbers. It has been reported that floccu-
lation will enhance drainability by the formation of dfaihage channels
through the settled fToc; Similar effects would logically improve fil-
terability as long as the floc has a high gnough shear strength to resist -
the force of 1iquid passing through the drainage channels at high velo-

cities.
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The increase in drainability may also be attributed to the f]occh-
lent nature of sludge F. The dark,iturbid filtrates from D and E
attested to the presence of organic aetritus and bacteria. This material
was apparently consumed by the protozoa in s]udgéﬁ? and é clear super-
natant was obtained. The improvement in flocculation and settling of
'Bio]qgica1 sludges due to a well developed predator population has beén
well established in thekliterature}(ll, 16, 17, 28).

Further il]ustration of the effect of flocgu1atioh on drainabi]ify
and fi]terabi]ity in this experiment was obtained by attempting to draw
, disti]ied;wéter thkough the sludge mat of a dewatered sample from diges-
ter F,' EVen with vacuum“asSistance, practically no water was able to

penetrate the_mat in a 30 minute périod when the sémp]e originally
:?drqined'to a mat in‘abqut 8 minutes. | ” |

Nitrificationuis commdn]yudsed aé'a measure of stabilization in
typical activated s1nge-systems, hqwever,'becaUSe of the Tow pH in di-
~gester F, no nitrifidaiioﬁHoé§urred. A]fhough nitrification did not
‘occur, the sludge mat which formed on-the sand bed during the drainabil-
| ity tesi"hadﬁa,néutral to slightly earthy odor even after 5 days, indi-
cating good étabilizétion of organic matter.

Significant:miXed Tiquor BOD reductions were consistént]y achieved
in all units. However, the}s]udge mat formed by mixed liquor from unit
E after 23 days of aerobic digestion at a pH of 9.5 deve]obed a putres-
cible odor within 24 hours. Since the unit experienced a high reduction
in suspended so1ids and mixed Tiquor BOD, the reason for this phenomenon

is not clear. None of the parameters measured set it apart from other



digesters which achieved good stabilization, but apparently, compounds
susceptib]e to anaerobic breakdown remained in the sludge.

Although total cellular proteiﬁ showed some variation among the units
during digestion, all units had a similar decline in concentration. Cell-
ular protein per unit weight of total suspended solids increased in all

'digesters, however a cyclic tendency was observed in units A and C in
contrast to a smooth increase in unit B. Corfe]ation bétween cellular
protein and other parémeters measured was not apparent.
| Total ce]lu]ar carbohydrate dec]inéd‘consiStently_in all units ex-
cept for units C and F. These units were opefated in the acid range and
developed large protozoan populations. 'Interesfingly, they showed a
much lower rate in the reducfion of cellular carbohydrate. This vari-
ance is evident to a lesser dégree when grams of cellular carbohydrate
per unit weight of total suspended so]ids is prtted witﬁ digestion time
since cellular carbohydrate_isla re]ative]y‘sma]] portion of the total
suspended solids. Al units éhowed a s]ight increase of.¢e11u1ar car-
bohydrate per unit weight of total suspénded solids, but it was consis-

'tenﬁlyvgreater at Tower pH (Figure 21). There appears to be, therefore,

a correlation between a build-up in cellular cafbohydrate per unit

weight total suspended and the protozoan population, but the signifi-

cance of this is not clear from the data optained during this study. A

better evaluation could have been made if extrace]]u]ar.carbohydrates

had also been measured.



' CONCLUSIONS

The following conclusions have been derived from the results of

this investigation:

1. The aerobic digestibn process is relatively insensitive to pH
level and significant solids reductions cén be obtained over a pH range
of 3.5 to 9.5. However, solids reduction is greater if the pH is main-
tained at a constant value within the mentioned range rather than per-
mitting it to vary as occurs under normal digestion conditions. |

2, A significant and consistent reduction in mixed Tiquor BOD can
" be obtained over the pH- range sfudied, however, sludge digested at pH
‘9a5 produces a sludge which easily becomes anaerobic. By contrast,
aerobic digestion at all ofher pH values studied produced a well sta-v
bilized sludge. |

3. Cellular carbohydrates and cellular protein accumulate with
aerobic digestion. 7A1though cellular carbohydrate accumulates somewhat
more atvlow pH; the change in accumu]atfon of cellular carbohydrates
and ce11u1ar protein appears to be rclatively insignificant with change
in pH.

4, A striking improvement in the flocculation characteristics
occﬁrs with digestion at Tow pH and it corresponds to the development

of a very large predator population. The improvement in flocculation
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characteristics and the removal of organic detritus and bacteria from
the sludge by the predators significantly enhances the settleability,
filterability and drainability of the digested sludge.



SUMMARY

The objective of this inveﬁtigation was to determine the effects
.caused by pH on aerobic'digestion of waste activated sludge. To accom-
.}pTiéh this, batch Studies were performed on waste activated sludge
obtained from the Roanoke, Virginia, sewage treatment plant. The sludge
- was aerobicaT]y digestéd in three plexiglas cy]inders in é series of: two
}runs. During éach run, one digester served as a control whi?e constant
pH at Selected‘leVelélwere mainfained in the remaihing digesters. Each
run was conducted for a period of at least 20 days and the effects of pH
ovér‘a}rangé of 3.5 to 9.5 were determined. - | |

The ipvestigétion'shqwed thaf the reduction ih total and volatile
suspended solids is re]afive]y insehsitive to change in pH. A signifi-
cant and ﬁdnsistent reduction in mi*ed Tiquor BOD was obtained indicating

~ good stabilizatibn.‘ However; sludge digeSted fbf 23 days at pH 9.5 be-
came anaerobic wheh aération wasnaistohtinued for 24 hours. |

Nitrification has been extenéive]y‘uéed as an.indication of a well-
stabilized sludge, however, since pH‘of»3.5 is 1nhibitofy to the nitri-
fying 6rgénism$, nitfificat1on did‘not occur in’s1ddge digested at that
”bH but a we]i stabiliZéd sludge was obtained.

Cellular carbohydrates and cellular protein accumulated during diges-
tion of the sludge, ce11u1ar carbohydrate showing a slightly greater
accumulation at Tow pH. There appeared to be no significant relation,

however, bétween these parameters and mixed 1iquor pH during digestion.
Some correlation may have been possible had totalléarbohydrate been

measured.
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When sludge was digested at pH 3.5, a striking improvement in the
flocculation characteristics of the sludge occurred. This was attri-
buted to the development of a very large predator population, which
was also believed to be responsible for tremendous improvement in the
settleability, filterability and drainébi]ity of the digested sludge.
It appeared that the predators removed bacteria and organic detritus
from the sludge, incorporating this material in their larger bodies A
which are more shsceptibIe to flocculation, and thus to improved filter-
ability, drainability and settleability of the sludge. The removal of
bacteria and organic detritus by the predators was indicated by the

clear fi]trate‘obtained when the sludge was placed on a sand drying bed.
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THE EFFECTS OF pH ON AEROBIC SLUDGE DIGESTION

by

Herbert Randolph Moore
ABSTRACT

Batch studies to détermine the effects of pH 6n aerobic digestion
of waste activated sludge were performed using é.detention time of at
‘least 20 days. Total and volatile solids reductions were not affected
over a pH range from 3.5 to 9.5. FSomewhat greater solids reductions
were realized when pH was held constant rathef'than allowed to vary as
occurs with normal aerobic digestion. High reductions in mixed Tiquor
BOD were consistent among digesters over the pH range investigated,
hbwever, sludge digested 23 days at pH 9.5 developed a putrescible
odor when aeration was discontinued for 24 hours. Cellular carbohydrate
and ce11ﬁ1ar’pr0tein accumulated during digestion, but no distinct
relation to pH level was obvious although cellular carbohydrate showed
a slightly greater accumulation with Tower pH. Striking improvement
in the settleability, dkainabi]ity and filterability of sludge digested
at pH 3.5 occurred. This effect was attributed to the development of an
overwhelming protozoan population which caused obserVed improveﬁént in

the flocculation characteristics of the sludge.
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