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ABSTRACT

Batch digestion experiments of the biological sludge by full aeration and alternant aeration were carried out to
find the release characteristics of nitrogen and phosphorus in this study. Nitrogen content of the sludge increased '
for the endogenous respiration period but the content gradually decreased to the same content of raw sludge.
Nitrogen removal efficiency was up to 42.5% for 34 days by the alternant aerobic digestion of which aeration ratio
was 0.5 and the efficiency was dependent on aeration ratio. Phosphorus released as the sludge digested and

. phosphorus content of the digested sludge increased because phosphorus release rate was much lower than VSS
reduction rate, A new empirical equation was made based on this study. Phosphorus release rate can be esnmated
using this equation dependent on the VSS reduction rate and initial phosphorus content of the sludge.

Keywords : Aerobic digestion; alternant aerobic digestion; nutrient release, sludge

to

[e]

ok

CRAETE £HAE Yo E HEEY] 48l B4 Asle] SEAES AN AEEE iRl R
7] g 5714 231 2719A M vAEe] ke F2 A BF] 95 o|FojFc) o] BAlIA i THEE.
SE5X g3 A FHEFoTA *BVH AT dAFH oz FrIe ey 28l Hx
o] AAgtgro 2 b 7hAadSit), 34U7ke) FEa] Al T4 Asle] A4 Xﬂﬂﬁérﬁ 0.1%2A, 7
o AA7} ¢k WA, Z7) ¥ 025, 05 2 075 | 7V 7] ANE 247t 42.7%, 42.5% 2 17.6%= VFERY
7ra 7] &8t 2714 Adtan i AASH A Skl vSse] 74 w}a‘r AU Y Q% FFoZ
g2aglon), ¢l 582 VSS Tad P_E‘r R Woka o A AslenR| e 9l e ?‘H-Ziii =71319
th 3714 A8} 2K YY) Ashe AslewiR e ¢l §Fe] Skehs 3 0IER Wkere] o BekE Atidow

 YolAAl 1 ol 3] AUYAF AASANA TAAR] AHE vE AR gEL.

EI

I. Introduction

Wastewater sludge from the wastewater treatment plant
contains nutrients like nitrogen and phosphorus. Nitrogen
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and phosphorus release again to supernatant in ‘the
digestion process which is carried out for reduction and
stabilization of the sludge. Compared to acrobic digestion,
alternant aerobic digestion has many advantages like less-
energy consumption, no need to add of neutralization
chemical. Compared to anaerobic digestion, alternant
aerobic digestion is a rélatively inoffensive process and
low capital cost process. The purpose of this study is to
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find nitrogen release, oxidation/reduction property of
nitrogen and release characteristics of phosphorus. from
the sludge in the digestion process for the prediction of
nutrient load of the supernatant.

Wastewater sludge contains nitrogen and phosphorus as
well as organics. Primary sludge contains about 2.5%
nitrogen and about 0.9% phosphorus while waste sludge
contains about 7.5% nitrogen and about 2.5% phosphorus
(Bishop and Farmer, 1978). The content of nitrogen or
phosphorus is not always constant and dependent on
biological process, wastewater characteristics, sludge age
etc. Therefore, there is no general molecular formula of
the biological sludge. For example, CgHgOnN,P was
proposed for the molecular formula of the biological
sludge(Sherrard, 1976). At the sludge digestion processes,
released organic nitrogen transformed into ammonia
nitrogen by ammonification reaction. It was reported that
soluble organic nitrogen concentration filtered by 0.45 um
filter was ranged 11~17 mg/l which was much far less
than ammonia nitrogen concentration, 113~230 mg//(Hao
and Kim, 1990). Therefore It is regarded that released
organic nitrogen is easily converted into ammonia
nitrogen. Sludge destruction under the aerobic condition
can be written as Eq.(1) if sludge structure equation is
shortly expressed as CsH,O,N(Mavinic and Koers, 1982).
It is an alkalinity generation reaction and stoichiometrically
1 mole of alkalinity generated as 1 mole of ammonia
nitrogen production.

CsH,0,N + 50,— 5CO,+ 2H,0 + NH/ '+ OH- (1)

Under the aerobic condition, ammonia nitrogen
oxidized to nitrate nitrogen by autotrophic nitrobacteria. In
this case, 1.98 mole of alkalinity consumed as 1 mole of
ammonia nitrogen oxidized to nitrate nitrogen along the
Eq.(2). The reason of pH drop in the aerobic digestion
process is that the amount of alkalinity consumption is
greater than the amount of alkalinity generation mentioned
above. Ammonia nitrogen is also accumulated in the
reactor after the depletion of alkalinity because of
nitrification inhibition.

NH,*+ 1.860,+ 1.98HCO; — 0.02CsH,O,N +

0.98NO; + 1.04H,0 + 1.88H,CO;4 2)

Under the anoxic condition, sludge digestion is possible
too because of nitrate nitrogen. Most heterotrophic

organisms can use nitrate nitrogen as an electron acceptor.
Nitrate nitrogen be reduced to nitrogen gas in this reaction
therefore this reaction is often called denitrification
reaction. When the oxygen and carbon source are not
sufficient, microorganisms ~sustain their life by
endogenous respiration consuming nitrate nitrogen. So it
would be called endogenous nitrate respiration(ENR) by
some researchers(Kim and Hao, 1990).

Most organics which can be utilized in the reaction of
the oxygen as an electron acceptor are also utilizable in
the reaction of denitrification. But denitrification rate is
different(Henze, 1991). ENR is an alkalinity production
reaction. The amount of alkalinity production in the ENR
reaction is 446 mg as CaCOsymg N denifrified as
described in Eq.(3) and it is greater than general
denitrification reaction using methanol or glucose, 3.57
mg as CaCOy/mgN denitrified.

CsH;0,N +4NO5 + H,O — 5CO,+ 50H + NH," + 2N,
©))

Most phosphorus of biomass cell are within nucleo acid,
coenzyme, polyphosphate, phosphatide(Bishop and
Farmer, 1978). The amount of total phosphorus does not
vary throughout the wastewater or sludge treatment
system because phosphorus is not volatile material. But it
is possible that solution state phosphorus is transformed to
solid state phosphorus or reverse. Bishop and Farmer
(1978) concluded that phosphorus content of sludge
would not changed during aerobic digestion because the
content was 1.6~1.7% before digestion and 1.9~2.0%
after digestion respectively. Matsuda et al.(1988) reported
that phosphorus content of sludge for the raw wastewater
sludge was 1.7% and it increased to 2.0% after 5 days
aerobic digestion and finally it decreased to 1.2~1.5%.
Jenkins and Mavinic(1989) conducted aerobic digestion of
sludge from the biological phosphorus removal process.
They reported that phosphorus release rate was slower
than VSS reduction rate so phosphorus contenﬁ of 'the
digested sludge was higher than that of raw sludge based
on their experimental study. i

At the present, phosphorus content seems to increase at
the aerobic digestion but there are no rational reasons.
Therefore some researchers suppose that lower
phosphorus content biomass destroyed earlier than higher

phosphorus content biomass and other reséarchers
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Table 1. Characteristics of the viological sludege

Constituent Concentration{mg/l)
pH . 74
Alkalinity 500 as CaCO;
TCOD 6,790
SCOD 34
TS 5,140
TVS 4,370
SS 4,820
VSS 4,340
TKN 260
NH,"-N Not detected
NO,-N Not detected
NO;-N 0.1
TP 62
POS-P 0.3

Controller
Mixer Air
=

Mixer (

[ ] Aerator

5L

Valve
I> < Mixed liquor
sampling

R1, R2, R3 and R4

Fig. 1. Schematic diagram of the batch digestion system.

Table 2. Operational conditions of this study

Non- .
Aeration , Aeration
Reactor aeration . Remarks
. ratio()
time
R1 3 hrs 9 hrs 0.25  Alterant aeration
R2 6 hrs 6 hrs 0.5 Alterant aeration
R3 9 hrs 3 hrs 0.75  Alterant aeration
R4 12 hrs 0 hr 1.0 Continuous aeration

suppose that alive microorganisms would possess
phosphorus in their cell under the endogenous condition
because phosphorus is an essential compound for energy
metabolism. Phosphorus release from the sludge can be
described as Eq.(4) for the sludge digestion process.

e, ax
ar T TeeMg @

where Ps=dissolved phosphorus, (mgP/L); ippy=
phosphorus content of biomass(mgP/mgVSS)

II. Materials and Methods

Biological sludge was aerobically risen in the laboratory
using synthetic wastewater for this study. Synthetic
wastewater was composed of powdered milk, yeast extract
and sodium bicarbonate as a pH buffer. Biological sludge
was directly used for batch digestion experiment without
any other treatment. Characteristics of biological sludge at
the digestion start-up are shown in Table 1. Experimental
apparatus was shown in Fig. 1. Mixing device, aerator and
diffuser controlled by electric timer were equipped to each
reactor.

Four sets of reactor were used in this study and the
operation method was shown in Table 2. R1 and R3 were

300 300
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E
]
]
£ 100 100
-
00 61015 24 34 " 4
300 300
h 9 =0.75
% 200
A
Ei 200
g
£ 100 100
=
0 - 0 L
036 1015 24 34 036 1015 34
Time [day] Time [day]

BOrg-N WNH ;*-N ONO; -N NO; -N

Fig. 3. Changes in composition of nitrogen during the batch
digestion ((=aeration ratio).
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Fig. 3. Changes in VSS reduction during the batch digestion
((p=acration ratio).

alternant aerobic digestion and R4 was fully aerobic
digestion. The batch digestion experiments were
continued for 34 days. pH, alkalinity, TCOD(total
chemical oxygen demand), SCOD(soluble chemical
oxygen demand), SS(suspended solids), VSS(volatile
suspended solids), TKN(total kjeldahl nitrogen), NH;"-N,
NO,-N, NO;-N, TP(total phosphorus), PO -P were
checked according as Standard Methods(APHA, 1992).
Deionized water was added daily to preset level for the
compensation of evaporation loss and all the data were
adjusted for the sampling.

III. Results and Discussions

1. Nitrogen release and transformation

Nitrogen composition changes were shown in Fig. 2.
For the first 36 days, VSS reduced rapidly(Fig. 3) but the
decrease of organic nitrogen did not almost shown. It was
reported that nitrogen content of the digested sludge
increased slightly than that of raw sludge by Eikum et
al(1974). Otherwise, nitrogen content of the sludge was
0.08gN/gVSS and the content was not changed during the
aerobic digestion experimented by Mavinic and Koers
(1982). Nitrogen content of the digested sludge was
7.0~8.5gN/gVSS and it was not so different from that of
raw: sludge(Bishop and Farmer, 1978). This result is
supported by the reports of Jenkins and Mavinic(1989)
and Hao and Kim(1990). Activated sludge model of
TAWQ(International Association of Water Quality) adopt

this opinion that nitrogen content of biomass is constant

0.1
= L
E go8t
&
E
& 0.06
- L
Z M —o—p — 025 (Alternant)
?x 0.02 —T—¢ =0.5 (Alternant)
& T —&—¢ =0.75 (Alternant)
i ¢ =1.0 (Continuous)
ﬂ 1 1 1 1 1 1
0 10 20 30 40

Time [day]

Fig. 4. Changes in nitrogen content in the sludge during the
batch digestion ((p=aeration ratio).
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Fig. 5. Changes in phosphorus content during the' batch
digestion ((p=aeration ratio).

during synthesis or lysis of biomass. So, it was possible
that

dNg . dx ‘

a C Tmemgy )
and iygy is always constant where N = soluble nitrogen,
(mgN/L);

ingy = nitrogen content of biomass, (mgN/mgVSS);

X = concentration of biomass, (mgVSS/L).

Under the starvation condition, organisms consurmed
their own protoplasm for the sustenance of life and
relatively weaker organisms died and destructed gradually.
In the Death-Regeneration Model, It is considered .that
destruction fragments produced as the heterotrophic
organisms died and these nutrients could be used again for
the other heterotrophic organisms(Dold et al, 1980). As
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Fig. 6. Changes in total phosphorus content during the batch
digestion ((=aeration ratio).

the result of this experiment, VSS reduction for the first
few days is absolutely endogenous reduction. In this stage,
nitrogen is not released rapidly from the biomass and
nitrogen content of biomass is not constant. Fig. 4 shows
that nitrogen content increases from 6% to 8% for the
endogenous period and gradually decreases to the content
of TN reduction was only 0.1% for the 34 days batch
aerobic digestion since it had not a anoxic condition.in the
aerobic digestion. But TN reduction was 42.7%, 42.5%,
17.6% for the alternant aerobic digestion when the
aeration ratio was 0.25, 0.5 and 0.75, respectively. The
reason of lower TIN reduction at =0.75 than =0.5 or 0.25 is
relatively short anoxic period.

2. Phosphorus release

Phosphorus would be released from the cell as the death
and lysis of microorganisms. TP maintained the start-up
concentration but soluble phosphorus (phosphate)
concentration increased gradually because of cell
destruction as shown in Fig. 5. But the increasing rate of
the soluble phosphorus concentration was not directly
proportional to the VSS decreasing rate. VSS reduced to
68%, 62%, 62% and 57% at the aeration ratio of 0.25, 0.5,
0.75 and 1.0 for the 10 days digestion, but soluble
phosphorus release was so low that its concentration was
only 02 mg/l, 00 mg/l, 02 mgl and 0.6 mg/,
respectively. ,

Variations of the phosphorus content of the sludge are
shown in Fig. 6. This value was 1.5% at the start-up, but
the value continuously increased and reached to the
3.1~4.7% after the 34 days digestion. Phosphorus content

1.0
L O = (.25 (Alternant)
0.8 + O¢ = 0.5 (Alternant)
Ad = (.75 (Alternant)
@ = 1.0 (Continuous)

0.6

0.4

0.2

Retardation Factor(y p)

p=0.94(0 vs)t0.02 (8)

1 L X P 1 .

0.0

0 0.2 0.4 0.6 0.8
VSS Reduction Ratio (I, vss)

Fig. 7. Phosphorus retardation factor versus VSS reduction
((=aeration ratio).

of the sludge was increasing for the alternant aerobic
digestion and this increasing was also shown at the full
aerobic digestion. It represents that this phosphorus
storage phenomenon is not caused by phosphorus
accumulating organisms(PAO's) activity. Therefore, it can
be concluded that phosphorus content of the sludge is
increasing under the aerobic digestion or alternant aerobic
digestion. It assumes that phosphorus release rate is
directly proportional to the VSS reduction rate in the
activated sludge modeling(Dold ez al., 1980; Henze et al.,
1995). This assumption can not be applied to aerobic or
alternant aerobic digestion, so one modification for the
sludge digestion process was carried out in this study as
follows.

The released phosphorus concentration from the
biomass can be expressed as Eq.(6) and original activated
sludge model adopts this equation. In this study, it
assumes that phosphorus release is retarded proportional
to VSS reduction(retardation factor is YP). Because
phosphorus retardation factor is directly proportional to
VSS reduction when VSS reduction ratio is less than 50%
as shown in Fig. 7. After the rearrange and application of
the Eq.(6) to Eq.(7) then Eq.(8) is obtained. Eq.(8) is an
empirical equation which can estimate the amount of
phosphorus release dependent on initial phosphorus
content of the sludge and VSS reduction rate. For
example, if VSS reduction ratio is 50% then yP is 0.49
and these mean that only 1% of phosphorus will be

released.
Py = ipgy * VSSg * Mvss (6)
P = ippy * VSSg * Tyss—iesum © VSSo * 1o @)

Korean Journal of Environmental Health Society, Vol. 26(4)
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Pr = ipgy  VSS; - (0.061Myss— 0.02) ®)

where ippy = phosphorus content of biomass,
(mgP/mgVSS);

VSS, = initial VSS concentration, (mgVSS/L];

Tyss = VSS reduction ratio, (-);

Pr= released phosphorus, (mgP/l);

Py = released phosphorus(modified), (mgP/l);

Yo= (phosphorus release) retardation factor
(=retarded PPfinitial PP), [-];

Pp= particulate phosphorus, (mgP/])

IV. Conclusions

After the experimental study of the biological sludge
digestion by aeration and alternant aeration, some
conclusions are obtained as follows; ‘

Earlier stage of aerobic or alternant aerobic digestion,
biomass reduction is caused by endogenous respiration.
Nitrogen content of the sludge increases temporary in this
stage because nitrogen does not released from ' the
biomass. But under the long time digestion, this content is
recovered to the initial content. Alternant aerobic digesﬁon
is a nitrogen removal process compared with aerobic
digestion. For the 34 days digestion, 17.6~42.7% of total
nitrogen could be removed by the alternant aerobic
digestion but only 0.1% of total nitrogen was removed by
the aerobic digestion.

Phosphorus releases as the sludge digests. But
phosphorus release rate is much slower than VSS
reduction rate so that phosphorus content of the sludge
increases continuously. A new empirical equation was
made based on this study. Phosphorus release rate can be
estimated using this equation dependent on the VSS
reduction rate and initial phosphorus content of the sludge.
Acrobic digestion and alternant aerobic digestion are
phosphorus accumulating process and this affect good to
wastewater treatment stream.
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