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CHAPTER=- VI

Why "total oxidation" is_impossible
in High - Rate Aeroble Ponds:

- Before discussing Why "total oxidation" is impossible in av
high~rate aerobic ponds, it is considered essential to understamnd
(a) how a high-rate pond has been worked. ﬁn‘account;of the same
isifurnished below, the détails of which having been taken largely
from the two importent papers of Oswald et al (1959) and Oswald
(1960) . : |

(2) . An account of the working of a high-rate aerobic ponds:

Their pilot pond measured 17x140 ft. of polyethyleme sheet

was then lald in such a menner es to extend over the entire area

and tote] over the top of the side walls consisting of planks. The
depth and detentlon periods were variéd for the several experiments
from 5" to 12" and the detention period from 2 to 4 days. The recir-
~culation ratio was set at 8:1 continuous feeding could not be done
throughout the day. Instead, the pond was fed once each day by
punping sewege to the inlet end and simultaneously displacing an
equivalent amount at the effluent end, until a volume of sewage had
.been added which was equal to that required to maintain the desired
detention pgriod. The volume of displacement waé controlled by manual

operation of the feed pump.

Hydreulic and Organic_loadings:

'{i) Hydraulic ldad {inches) = 2~3

(1i) Organic load (lbs/acre/day) 100-200
(1i1)Pond influent BOD5 at 20°C 200 ppm
(1v) Pond effluent BODS at 20°C = 20 to 30 ppm.
“(v) % BOD removal = 80-95,
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‘Sampling wag done at hour%inte;Vals during a 4 hours —

period following tﬁe introduction of séwage erid at 2 hours intervals
during the remainder of the 24 hours period are detailed below.

" A 24 hour study was conducted with a plastic lined high-rate

experimental pon&, the contents of which wére mixed at the beginning

> of the study anh then dosed with sewage within two hours, Transient
change in thé pond BOD, dissdélved oxygen concegtiation; and rate of
deposition of settleable solids, were studied. . About 90% of the BOD
in the poﬁd’at the start of the experiment was iﬂ the bottom sludge.
After mixing, about 12% of the bottom BOD rémainéd in the supernatant
and the rémaining 88% quickly settled at the bottom."

‘"Upon adding a single dosage of sewgge,4a large ptﬁ&ion of
the added BOD also settled fo the bottom of the pond as a sludge
léyer. At the end of ﬁhe 24 hours perigd, the BOD of the pond super-
~natant hed returned to its level at the start of the stua&, showing
-tha$ all of the dissolved BOD was treated within the period. Thus
a state of equillibrium existed in the pond in which the daily

increments of BOD were disposed of by a complete aerobic process.”

"After mixing, tﬁe BOD of the pondqliquid did not return
to its previous level, because séme of the|oiiéiéab1e organic matter
in the disturbed layer had become dissolved and was re-distributeé
throughout the pond by mixing. The material giving rise to this
fraction of the BOD probably represents the brgak down products of
bacterial decomposifion, which is constantiy taking place in the
sludge layef.‘ Mixing servés the essentisl fﬁnction of dispersing

aerating these bresk down .products.®

“"The limited increase in BOD of the pond liquid directly
affer adding sewage probably was due to the‘fact that some time was

required bvefore recirculation brought about complete mixing. Moreover,
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throughﬁut this périod porfions of thé‘héwlﬁ a&éed éeﬁage were
undergoing'dxidation aﬁd bio-flocculation, so that the fraction
in the supernetant decreased rapidly. That érganic matter was
being stored in the bottom sludge is indicated by the factlthat the
Egpql_BOD of bottom sludge plus pond liquid was almqgt‘fqﬁr tires
théﬁ of the pond liquid, after recovering the sewsge loading. The
slow decline in BOD duriné the 2 to 6 hours interval after adding
sewage prpbably was a function of both oxidation and settling.
Apparently the relatively slow p;ocesg of oxidation was accompéli
nied by\a build-up of floe particles through bacterial activity. As
the floc particles increased in size, they began to settle rapidly;
hence the rapid decline in BOD during the interval between the 6th
and 8th hours.” |

The slow rate of decline in BGD from the 8th to 17th hours
after adding sewage represents the slow oxidation and sett&ng of
.organic natter resistant to rapid bacterial action. The rate of
decline iﬁ‘BOD during this interval was low because the over-all

concentration of organic matter in the liquid phase was low."

"sbout 90% of the suspended settlemble solids were on the
bottom of the pond'within 15 minutes after completlon of the mixing
operation., This was about the time required for the dissolved oxygen

concentration to reach its level prior to mixing."

"The steady decline in dissolved oxygen concentration
from the 3rd to 11th hours after mixing probably was causeé by the
increased utiligation of bxygeﬁ by bacteria when stimulated by the
added BOD load, and during the evening by the cessation of oxygen
production by algae." |

nDhe graﬂual rise in dissolved oxygen concentration which
began at 11 p.m. was a result of diffusion of oxygen into the pond

from the atmosphere. The relation of oxygeﬁ saturation to rate of
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diffusioﬁ from the atmosphere continued to be such that oxygen
could éiffuse iﬁto tﬁe pond until dawn, at which time the amount

of oxygen required for bacterial activity was less than the amount .
of oxygenlentering the poné. Had the pond been more than 5 inches
in depth, or the BOD of the sewage greaxer‘than Go'ppm, the effect

of the atmospheric reaseration would have been lees noticeable."

"In as mach as the primary settled sewage added to the

pond contained a negligible zmount of settleable solids, the accumu~
~lation of settleable solids on the bottom of the pond was probably
due(to the bio-flocculation, As the particles reached a "settleable"
size, they sank to the bottom of the pond where they decomposed at

a rate dependent upon the availzbillity of oxygen. The small amount
of settleable solids remaining suspended in the pond liquid at the
end of the study represented the incipient floc partic;ea or partiole:
about to settle. These were generaliy discharged with the effluent
and probably contributed significantly to the effluent BOD", They

concluded from these experiments thus:

"A high-rate pona‘ﬁust be shallow enough'to pernit the
entry of light slmost %o the bottom of the pond and it must be mixed
t0o maintain the deposited, s}udge in an zerobie condition, It must
be lined to permit economical mixing to prevent undue turbid%ty and —-

to control the growth of émergent vegebation."

"Mixing is esccomplished through the use of high-rate volume,
lowéheaa pumps, which are automstically turned on perindically to
crezte a2 flow velocity in the pond of zbout 1.5 f£ft. per second.

This velocity sup-plies sufficient tractive force to suspend both

. deposited algae and depqsited sludge, and to permit its contact
with the oxygen rich supernatant at the pond. Experience has shown
that a healthy aerobic sludge compared to activated sludge is main-
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7tained in the pond, provided mixing is carried out for asbout

3 hqufs per day. Following an initiel aécumuletion, the volume

6f the aerobic sludge does not increase but rather remains constant,
indicating essentially that total oxi&aﬁlon is taking place. During
mixing the sludge 1s suspended throughout the pond volume, but
within 15 mimutes after mixing ceases, more than 80% of the sludge
settles and is again distributed over the pond bottom so that
sunlight entering the surface is not obscured. The algae do not
gdhere to the sludge nor do they bécome incorporgxed in it. Rather
they remain suspended to continue their syntﬁesis iﬁ sunlight,unless
an extremelﬁ high pH brings gbout autoflocculation. From the data
presented in Table it is evident that high rate of entirely odour
free BOD removal may be attai£ed in high-rate ponds."

Oswald (1960) has further sdded:

PAlthough reports which list the gpecific organisms
involved in aerobic oxidation iﬁ etabilization ponds are not availa-
~ble, it is extremely likely that the aerdﬁic bacteria of ponds
" which are mainly'contained in a yellow-bmown floccﬁlent sludge (the
substance created during bio—flocculation)@iffei but little from
these found in activated sludge or in trickling filter slime (22)".
Oswald (1960, é 384) has continued thuss "A héalthy sludge compara-
ble to activated sludge is maintained in the pond, provided mixing
is carrie& out. for about three hours z day. Féllowing an initial
accumule&ion, the volume of aerobic sludge does not increase but
rather remains constent indicating essentlally that total oxidation
is taking place.” | |

(i11)  Again Golueke (1960) Professor Oswald's Colleague has

observed sz follows:-
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"An extenéive knowledge of the écology of the organisms invelved

in the ,prbcess for the treatment of wgste in high rate oxidation

pond ‘is required. This is true because effective bilologlcal control
rquires sn optimum relationship between the environrment and the
biot;c community concerned; and this can be aecomﬁishad only by . — .
providing proper environmental conditions. To establish a relation-
-ship it is necessary to know the nature and extent of the fnfluence
of the principal éﬁviromental factdfs te which an algél bacterial

community is subject in an oxidation pond".

"There is pauvcity of information in the litersture on the
effect of these envirommental factors either individually or colle-
-ctively on such organisms when living as meuwbers of a biotic comm-

"nity . " '

From the foregoing three feférénces, it will be found that
(1) so far no attempt has been made to identify the specific micro
~organiame which are responsible for purification in the high-rate
oxidation method (i) how a healthy sludge comparable to activated
sludge is maintained in the pond; (iii) how that the volume of the
sludge does not increase but remains constant indicating (iv) that
total bacterial eiidation is taking place. In short, the originators
of the high-rate oxidation pond seem to think that metabolic
processes similar to an activated sludge process are taking place
but that they differ from tpe activated sludge process in two impor-
~tant respects; (i) in thét the volume of the sludge does not
inerease quite unlike as in an actikated sludge process; and (ii)
that the tatél.oxidatiQn is "taking place which'is,also not the case

in the classical activated sludge process,

Som to understand the mechanism of purification in the high-
rate oxidation pond, it is necessary to trace briefly the baeiﬁéacts
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known to dste sbout the purification since 1914 and it is done

"below:

(b) Microbes in sction in high-rate aerobic ponds:

A striking feature of microbisl metabolism in waste $reat-
-ment systems generally is the relatively enormous amount of new
bacterial solids, which are normally produced during the o&idation -
of organic substrates.. One should therefore, expect to f;nd a
heavy aceumlation of bagterial V‘sludge in the high-rate aerobic
pond system, But Oswald (1960, P.384) has stated that a healthy
siudge comparable to activated sludge is maintained in the pond‘
_and that, following an i,nitial accumilation the volume of aerobic
sludge does not increase but rather ;‘ema;ins constant indicating

that "total oxidation" is teking place. In our three laboratory

Chlowella
batch culture experimentg with m:a P&\ﬁi‘w Fyvwes of ERPER Apik

m gregn Akgee, there was no accumulstion of sludge as in the
classicial activated sludge process but only comparatively less
brownish deposits were seen intermixed with algse when viewed under
a microscope. Also, the formation of a'constant" volume of
bacterial sludge as in Oswald's field ponds and very little sludge
- in our lzboratory experiments is possible only if the system is
operated on endogenous metabolism resuliing in "totzl oxidation”
of bacterial sludge. It would appear therefore that the high-rate
aerobic pond sjstem also is operated on endogenous metabolism
resulting in "total oxidation" and naturally one would expect to
£ind entirely different types of microorganisms during the assimi-~
T (}f’
-lation and endogenous phases. Infact Qasewice' and Porges (1956)
—
and Porges (1960) have made a complete survey of the bacteria in
action in a dairy v;.'aste activated sludge they found pressnce of

' Paendomonas and Achromo o bacterlaceae when the sludge was in its

. . . - -
\_,a S~

endogenous phase and of Bacillus and Bacterium in 11;3 agsimilation

e —

\‘K



78

phase. However, these results were not confirmed by Admse(1963)

in his systematic and equally thorough investigation of the bacterial
flora of a similsr dairy waste activated sludge. He found no signi-
~ficant difference, in composition of the activated éludge bacterial
<

flora before and after feeéing. In our case the results are congili:7J

-cting through conditions, favouring endogenous metabolism existed.

(e) "Complete” and "Constant" sludge volume in activated sludge

and_in high-rate aerobic pond.

Mekinney (1962, P.2%1) has ststed that one of the most novel
procegses, was found in research on dairy wastes by Hoover Jasewié%)
and Porges (1951, 1952)-They found that activated sludge rapidly
removed the organic matter from sclution and converted much of 1t into
protoplesm which was degraded when all the organic matter wes removed. °
This fundamental concept which,was well known In the field of bacteri-
-0logy had never been applied to practical problem, in waste treatéent.
They had applied it fto dairy waste treatment&Porges (1960) has conclude)
that it should be theoretically possible to arrange conditions so as
to maintain a balanced system in which sludge or cells do not accumu-
~late. All that would be required %o ig sufficient nutriente to
produce enough cells to replace those 5§ing oxidized by endogenous
respiration. Thi#idé%%,state has been approached but not attained".
Oswald and his associates seem to have attained that "ideal State"

in their high-rate aerobic ponds indicated at the beginning.

(a) Is total oxidation possible?

Rupert Kuntz znd Firney (1959) at Pennsylvania State University
were assigned thexgob of converting the concept of "Complete oxidation'
from the laboratory to full scale plants., It Wa%&ouna that 1t was im-

possible "to burn up" the activated sludge completely by aeration.,
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In thea%aeal case the reduction ¥ in mass of activated sludge
~ by aerobic digestion balances the growth of new sludge so that no
surplus sludge is left for disposal.. TFrom the experiene?&n US4,
it is known that "total oxidatiom" of sludge cannot be achieved
since there is always a fraction which ig inert and which cannot be
broken down by aeration, Rountz =nd Forney (1959) and Washington
and Symons (1962) found that, the non degradable portion remaining
to be approximately 20% of the maximum mass of microorgenismsg formed
or 11 to 15% of the ultimate BOD5 removed. Mcx%horter and Heukele-
~kian (1964) reported that the inert organic matier to be 12% of
the initial COD, =nd Washington and Hetting (1965) to be abqut

10% of COD consumed.

(e) "A constant volume" of sludge in high-rate aerobic ponds:

So from the étatemenﬁ of Oswald (1960, p.384) "y healthy
sludge cémpwaable to activated sludge is maintained in the pond,
provided mixing is carried out for about 3 hours a day; following
an initial accumulation the volume of aerobic sludge does not
increase, but rather remains constant indicating essentially that
total oxidation is taking place, " it would appear that "the constant
volume of aerobic sludge femaining in the high rate pond" may consist
essentialiy of the inert matter and zctive bacterisl mass. Further
work is therefore necessary to examine the nature of its biochemical

constituenis,
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