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Abstract In the course of anaerobic storage of excess sludge, odors due to chemicals such as
hydrogen sulfide are produced. These odors cause many problems. Many methods have been
developed to eliminate odors, but all current methods are not only costly, but also largely inef-
fective. In this paper, we investigate the process of transformation of sludge microorganism cul-
tures through intense aeration under nutrient-poor conditions, in terms of the selective adjust-
ment and control of microorganism culture. The aerated sludge is subsequently returned to the
adjusting pool, where the microorganisms inhibit odors, thus the excess sludge itself will act as
an odor inhibitor. The process can be verified in terms of viability, in that the degradation capac-
ity of the sludge was maintained after the intensely-aerated sludge was returned to the treat-
ment system.
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Aerobic microorganisms are used during the treatment
of organic wastewater, and a large amount of excess
sludge is usually generated [1]. In the course of treatment,
odor is often produced in two phases. (1) The wastewa-
ter must be quantitatively and qualitatively equalized in
an adjusting pool before entering the aeration tank. Due
to the high concentration of organic material, the waste-
water is prone to decay, and produces odor in the adjust-
ing pool. Aeration is insufficient to ameliorate the an-
aerobic metabolic processes inherent in this production of
odor. (2) The excess sludge must be reserved in the
sludge storage tank for some time, before it is subjected
to ultimate treatment, such as incineration or relocation
to a landfill. In the course of anaerobic storage of excess
sludge, odors are produced by chemicals such as hydro-
gen sulfide. The odor pervades the treatment facility, pol-
lutes the air, and causes a general deterioration in work-
ing conditions. What’s more, the odor influences the per-
formance of successive treatment units. In practice, de-
odorizing equipments and chemical adsorption treatment
are used to eliminate H,S produced by sludge decay [2-
5]. Thus, treatment cost increases, although the damage
caused by H,S can’t be completely ameliorated. There-
fore, it is necessary to develop method for the inhibition
of initial H,S production. In this paper, we make a study
of the changes in the sludge microorganism culture dur-
ing intense aeration under nutrient-poor conditions, in
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terms of selective adjustment and control of the microor-
ganisms’ culture. Then the aerated sludge is returned to
the adjusting pool, the microorganisms are used to inhibit
odor, and the excess sludge should itself function as an
odor inhibitor. The vindication of this process is that the
degradation capacity of the sludge was maintained after
the intensely-acrated . sludge was returned to the treat-
ment system. In this experiment, we studied decay char-
acteristics under anaerobic conditions, the sludge’s deg-
radation capacity on organic matter under aerobic and
anaerobic conditions, and the mechanism by which in-
tense aeration induced odor inhibition. The primary re-
sults were achieved, and presented briefly as follows.
Sludge was from a reclaimed water station in Tianjin
University (Chemical oxygen demand (COD) of sludge
supernatant remained under 50 mg/L). The sludge was
settled for 1.5 h at a standstill to concentrate, and used
as excess sludge in the experiment. The characteristic
values of the excess sludge were controlled at pH
7.50~7.70 and COD 34~46 mg/L, ORP 45~60 mV,
MLSS 8,000~10,000 mg/L, NH,*-N 105~130 mg/L.
The excess sludge was put into a 30-L container. The
six sandy aerators were laid evenly at the bottom of the
container to produce sufficiently intense aeration. The
dissolved oxygen (DO) in the sludge was controlled at
6.8~7.0 mg/L, and the temperature was controlled at 25
+ 1°C. The samples were taken separately at aeration
times of 0, 8, 24, 48, and 72 h to measure some pa-
rameters. Before the samples were taken, the sludge,
which had adhered to the container wall, was scraped
into the mixed liquor. Meantime, distilled water, which
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Fig. 1. The cumulative quantity of H,S production under anaerobic condition. Circles, triangles, rectangles, closed circles and
closed triangles show H,S production, under anaerobic conditions, for the sludge at aeration times of 0, 8, 24, 48, and 72 h. Fig. 1a
shows the experiment without addition of substrate, Fig. 1b shows the experiment with the addition of substrate.

had been oxygen-saturated by aeration, was injected to
supplement the water lost due to aeration and evapora-
tion, in order to keep constant volume in the sample.

Two series of parallel experiments were carried out. In
the first experiment, 1 L of excess sludge, aerated inte
nsively, was put into a 1.2-L column glass bottle, and
then the change of the related traits under anaerobic
conditions was observed. The other series comprised the
simulation of the mixed liquor when the aerated sludge
was returned to the adjusting pool. We mixed the excess
sludge with concentrated synthetic wastewater. The con-
centrated synthetic wastewater was mainly composed of
glucose, ammonia, phosphates and other trace nutrients
such as iron, calcium and magnesium, at a carbon-
nitrogen-phosphorous ratio of 100:5:3, and was wholly
fed to the sludge in one application. The sludge was also
fed with 500 mg/L SCOD. 1 L of mixed liquor was put
into a 1.2-L column glass bottle at 34 + 1°C, and then we
observed changes of the related traits under anaerobic,
nutrient-rich conditions.

During the experiment, the cumulative quantities of
produced H,S, ORP, and, MLSS were determined.

To assess changes in the capability of aerated sludge to
degrade organic matter, the aerated excess sludge was
mixed with concentrated synthetic wastewater. Then the
SCOD levels of the mixed liquor were determined at a
certain time interval, under both aerobic and anaerobic
conditions.

During the experiment, the ORP level was determined
with a system composed of a calomel electrode and a
platinum electrode. The COD level was determined by
the potassium dichromate method, and expressed as
CODg,. The H,S level was determined by measuring the
quantity of iodine consumed [6].

The changes in the cumulative quantity of H,S pro-
duced under anaerobic conditions without substrate by
the intensely-aerated sludge, at different times prior to
the experiment, are shown in Fig. la. The sludge pro-
duced no H,S during the early phase, as the sludge was
not anaerobic. After a certain lag period, though, H,S

was copiously produced. H,S level increase slowed down
after about 4~7 days. On the other hand, as the aeration
time of the sludge was increased, the starting time of
H,S production was delayed. For the sludge that was not
previously aerated, the lag time prior to H,S production
was approximately 20 h. But for the sludge aerated for 8,
24, 48, and 72 h, the lag times were 30, 45, 65, and 90 h
respectively.

Changes in the cumulative quantity of H,S by the in-
tensely-aerated sludge, incubated under anaerobic cond-
itions with substrate, was similar to those of the sludge
incubated without substrate, as is showed in Fig. 1b.
The initial production time of H,S was obviously delayed
as aeration time increased, as in the case without the ad-
dition of substrate. But the total quantity of H,S produc-
ed with the addition of substrate was larger (30% higher
on the average) than it without added substrate. The higher
H,S production may be attributed to peptone in the syn-
thetic wastewater.

ORP is associated with sludge decay. So ORP was
monitored to determine when the sludge became an-
aerobic. The initial value and decrease rate of ORP were
different from sludge to sludge. But trends in the change
of ORP levels were consistent (Figure omitted). ORP
levels in the intensely-aerated sludge decreased rapidly
under anaerobic conditions, irrespective of the presence
of substrate. And when ORP levels reached a certain
value, they began to decrease slowly. What’s more, the
more time the sludge was aerated, the more slowly ORP
decreased, and the higher the initial ORP levels of the
sludge became. The initial ORP levels in the sludge that
was aerated for 72 h was higher than that of sludge that
was not aerated, by about 270 mV. Due to the intense
aeration, the DO of the mixed liquor was high and dif-
fused into the floc particles; hence the activity of anaero-
bic bacteria was restrained. At the same time, high DO
also helped to convert the reducible matter into oxidizable
matter, i.e., the transformation of NH,* to NO;.

With the addition of substrate, ORP levels in the aer-
ated sludge decreased rapidly under anaerobic conditions
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Fig. 2. Change of MLSS with increases in aeration time.

but the initial time of H,S production was not altered,
nor was the production velocity of H,S, compared to
sample without substrate. These results are not consistent
with the opinion that pure microorganisms produce H,S
at less than —100 mV of ORP. This indicates that the nu-
merical relation between H,S and the ORP value is diffi-
cult to quantify in a mixed sludge sample. It is possible
that it changes with alterations in the relative proportions
and relative activity of different kinds of microorganisms.
Perhaps under nutrient-poor conditions, the intense aera-
tion deeply inhibited the activity of the microorganisms
that produces H,S, and the activity took some time to
resume.

The change of sludge color was consistent with the
change of ORP. The more time the sludge was aerated
intensely, the more time it took for the sludge to blacken.
For the sludge that was aerated for 72 h, with and with-
out substrate, lag time for sludge blackening was 1 day
and 3 days, respectively. But the sludge that wasn’t aer-
ated became black within 2~4 h, irrespective of the pres-
ence of substrate. The following may be presumed: that
the intense aeration slowed decrease in ORP levels, and
delayed both the blackening of the sludge, and also the
initial H,S production time.

The floc concentration was expressed as mixed liquor
suspended solid (MLSS). The change in MLSS of the
aerated sludge is shown in Fig. 2. When the sludge was
aerated intensely for 8 h, MLSS exhibited no significant
changes. Subsequently, as aeration time increased, MLSS
decreased significantly, from 8,300 mg/L to 7,200 mg/L,
and remained constant after 48 h. When the concen-
trated sludge was put into the aeration reactor, we ob-
served a jet-black mixed liquor, with uniform texture. As
aeration time of the sludge increased, the sludge gradu-
ally became dust-coloured and reduced. Floc particles
dispersed. We conjecture that the decrease of MLSS
may be attributed to the degradation of the organic matter
within the sludge flocs. The intense aeration caused oxy-
gen to diffuse into the flocs, and expanded the aerobic
region of the bio-flocs. So organic matter could have
been hydrolyzed and degraded, under aerobic condi-
tions, within the flocs. As volatile suspended solids
(VSS) were reduced, sludge decreased [7].
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Fig. 3. Change of COD with addition of substrate. Circles, tri-
angles, rectangles, closed circles and closed triangles show
COD variations for the sludge at aeration times of 0, 8, 24, 48,
and 72h. Fig. 3a shows the experiment under aerobic condi-
tions, Fig. 3b shows the experiment under anaerobic conditions.

The intensely-aerated sludge to degrade organic matter
was studied in the experiment. The changes of COD lev-
els in the mixed liquor of the sludge and the synthetic
wastewater were monitored, and are shown in Figs. 3a
(aerobic conditions) and 3b (anaerobic conditions).
COD levels in the mixed liquor decreased rapidly with
increases in aeration time. After some time, the decrease
velocity became slow, and at the end achieved a stable
value. But with increases in aeration time, the stable value
became higher.

We made a further study of the capacity of the in-
tensely-aerated sludge to degrade organic matter. The
ratio of difference in COD levels from initial levels to
later levels (3 h with aeration, 5 h without aeration), to
unit quality of microorganisms, per unit time, was used
to express the sludge’s degradation capacity. The specific
rate of COD degradation, which was defined as the
amount of COD degraded per unit quantity of MLSS
per unit time, correlates with the intense aeration time
of the sludge. The ratio of specific rates of COD degra-
dation for the sludge, which was aerated intensely for 0
and 72 h, was calculated. The ratio, under aerobic condi-
tions, is 0.973, and 0.478 under anaerobic conditions.
Fig. 3 and the ratios indicate that the degradation ca-
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pacity of the aerated sludge didn’t change significantly
under aerobic conditions, while the degradation capacity
decreased under anaerobic conditions. In other words,
intense aeration inhibited the activity of anaerobic micro-
organisms, but did not affect aerobic microorganisms. We
conjecture that the intense aeration was responsible for
the high dissolved oxygen content of the sludge under nut-
rient-poor ‘conditions. The high DO inhibited the activity
of anaerobic microorganisms, and changed the sludge
microorganism culture. So, when the aerated sludge was
returned to the aeration tanks, the sludge maintained
good degradation capacity. After the sludge was returned
to the adjusting pool, which was also subjected to intense
aeration, odors was not produced at levels higher than at
the hydraulic detention time, under nutrient-rich and
anaerobic conditions. It is also conceivable that the ex-
cess sludge should function as an odor inhibitor, after the
intensely-aerated sludge was relocated to the aeration
tank.

The effect of intense aeration treatment, under nutrient-
poor conditions, on sludge microorganism cultures was
studied. The main conclusions are as follows:

1) Pretreatment of the excess sludge by intense aera-
tion under nutrient-poor conditions significantly delayed
H,S production in the sludge under anaerobic conditi-

ons, and decreased total production of the harmful gas.

2) Pre-aeration of the excess sludge delayed the time
at which ORP levels became negative, and blackening
of the sludge under anaerobic conditions. The phenom-
ena were consistent with the delay of H,S production.

3) Intense aeration of the excess sludge for 72 h caused
a small decrease in MLSS, approximately 14%.

4) After intense aeration of the excess sludge, the sludge’s
degradation capacity on supplemented synthetic waste-
water didn’t significantly change under aerobic condi-
tions, but decreased under anaerobic conditions. This
shows that, in fact, the intense aeration changed the ac-
tivity of the microorganisms to inhibit H,S production by
the inhibition of the activity of anaerobic microorganisms.
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The above results establish a foundation for the treat-
ment process by which the intensely-aerated sludge was
returned to the adjusting pool. The process may inhibit
H,S production, produce sludge with the capacity to in-
hibit odors, and ameliorate the sludge’s capacity to de-
grade organic matter. Certainly, further study is indicated.

NOMENCLATURE

DO dissolved oxygen

MLSS  mixed liquor suspended solid

ORP  oxidation-reduction potential

SCOD  soluble chemical oxygen demand
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