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In this work the structure of two kaolin
sludges and a waste activated sludgel are
investiyated using both light-scattering and free-
settling methods. Fractal dimensions estimated
by the light scattering and settling techniques
(D; and D,. respectively) differ significantly and
suppor!. the hypothesis that naturally occurring
aggregates possess a multi-level structure. A
two-level floc structural mode! comprised of i) a
primary floc (of fractal dimension D;) consisting
of primary particles and ii) a secondary floc {of
D)
proposed to

consisting of the
the
experimental findings. The structural changes of

fractal dimension

microflocs s interpret

sludge flocs before and after cationic

flocculation were interpreted using the proposed

two-level model.
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drag on non-spherical floc and free-settling test.
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In this work the structure of two kpolin
sludges and a waste activated sludge| are
investigated using both light-scattering and free-
settling methods. Fractal dimensions estimated
by the light scattering and settling techniques
(D and D respectively) differ significantly and
support the hypothesis that naturally occurring
aggregates possess a multi-level structure. A
two-level floc structural model comprised of i) a
primary floc (of fractal dimension D) consisting
of primary particles and ii) a secondary floc (of
fractal dimension . D) consisting of the
microflocs  is the
experimental findings. The structural changes of

proposed to interpret

sludge flocs before and after cationic

flocculation were interpreted using the proposed
two-level model.
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reduction of microbial density jevel in sewage sludge
through pH adjustment and ultrasonic treatment

D.S. Jaan*, B-V.Chang™, G.S. Liao™, G.W. Tsou* and D.J. Lee"
*Department of Chemical Engineering, National Taiwan University, Taipei, Taiwan, 108
+* papartment of Microbiology, Soochow University, Taipei, Taiwan, 111

Abstract This work investigated the effects of using ultrasound and pH-value adjustment on the microbial
density levels in sewage sludga, with total coliforrn and heterotrophic-plate-count (HPC) bacteria as the
microbial indices. Application of ultrasound at a high intensity level could sufficiently disinfect both the total
coliform and HPC bacteria. Adjustment of pH value could also disinfect the micro-organisms in the sewage
gludge, but at a less efficient rate. For the present sewage sludgs, the application of ultragound of

0.233 WimL level for 1=2 hours could make it a Class B sludge.

Keywords Micrebial density; ultrasound; pH vaiues; pre-treatment

introduction ,

The biodegradability of siudge can be improved by using thermal energy (Stuckey and
McCarty, 1984; Li and Noike, 1992), enzymes {Knapp and Howell, 1978), ozonation
(Yasui and Shibata, 1994), acidification (Gaudy et al., 1971; Woodard and ‘Wukasch,
1994), alkaline (Mukherjee and Levine, 1992; Lin et al., 1989; Haug et al., 1978), high
pressure {Dollerer and Wilderer, 1993), mechanical disintegration (Baier and
Schmidheiny, 1997; Kopp er al., 1997} and ultrasound (Kunz and Wagner, 1994; Neis et
al., 1994; Multer and Schwedes, 1996; Tiehm et al., 1997). Some investigations discussed
the combined treatment of alkaline addition and ultrasound (Stuckey and McCarty, 1984,
Kenzevic ef al., 1994; Chiu eral., 1997a,b).

The hygienic properties of sludge and organic waste are of essential importance in
sludge handling and disposal. The land usage of sewage sludge is severely limited by the
density level of pathogenic microorganisms. Pretreatment of sludge is generally required
prior to ultimate disposal for reducing the pathogenic organisms (Chu et al., 1999). A few
studies elucidated the effects of pretreatment on the pathogenic microorganisms. Allievi
et al, (1994) noted that alkaline treatment could inactivate fecal bacteria in sewage sludge.
Treatment of sludge with quicklime, which brought the pH greater than 12, could effective-
ly inactivate viruses (Bossart and McCreary, 1983, Pancorbo et al., 1988) and damage par-
asite eggs (Schuh ez al., 1985). Jepsen et al. 1997) discussed several pretreatment methods
on the efficiencies of microbial reduction.

The amount of the sewage sludge in Taiwan had increased substantially in the past decade
since the wide installation of sewer systems. Information regarding the hygienic properties
of the sewage sludge in Taiwan, however, is still largely lacking. This work elucidated the
effects of ultrasound and pH values on the microbial density level in sewage sludge. Herein,
the total coliform and the heterotrophic-plate-count (HPC) bacteria density levels are used
as the microbial indices. In practice the application of ultrasound and/or acid/alkaline could
be placed after the sedimentation tank and prior to the digestion processes.

Experimental
Two sludge samples were taken from the reflux stream of recycled activated sludge from
Min-Shen Sewage Treatment Plant, Taipei, which handles domestic wastewater of capacity

000z Buysiand VAN @ T01-26 09 § ON Z¥ 10A ABOI0ULI8 ) PUE 30UAING JAIEM ‘

97




15,500 m*/day. The chemical oxygen demands for the supernatant (SCOD) and for the whole ;
sludge (COD) were determined using EPA Taiwan standard methods. The results for sample #1
read 212 mg/L (SCOD) and 7,400 mg/L (COD), respectively. The weight percents of sludge
samples were determined by weighing and drying. The results for samples #1 and #2 were
0.96% and 1.6%, respectively. Particle size distribution (PSD) was determined via particle size
analyzer (Coulter L$230). The mean floc size of the original sewage sludge is approximately of
31 pm. The SCOD and COD data for sludge #2 are 62 and 12,100 mg/L, respectively. The cor-
responding floc size is 57 um. The pH values of both sludge samples were all around 6.7-7.0.

Ultrasonic tests were conducted at two intensity levels with the help of a sonicator (XL-
2020, Heat System-Ultrasonics, [nc.). We herein denote the tests at an intensity of 0.11
W/mL as “low-intensity” tests, and those at 0.33 W/mL as the “high-intensity” test. Owing
to the energy dissipation in the ultrasonic field, during the test the bath temperature would
increase to a level of 50-60°C. The sludge chamber was thereby immersed in an ice pool to
control the bath temperature. The total time for ultrasonic tests was fixed at two hours.

By adding HC1O, or NaOH the pH value of the sludge was adjusted to a range of 3-11.
For the sake of comparison with the ultrasonic tests sludge #2 was stabilized at the specific
pH value for two hours before testing.

Sludge samples were analyzed for total coliform and HPC bacteria by the membrane fil-
tration technique (APHA, 1992) by passing sludge through Millipore type HA 0.45-um-
pore-size membrane filters (Millipore Corp., Bedford, Mass.). Samples of 0.1 mL were
each tested in triplicate for all samples to increase the likelihood of obtaining plates counts
within acceptable ranges.

HPC bacteria were enumerated by using R2A medium. Plates were incubated for seven
days at 35°C (APHA, 1992). Coliform was grown on M-Endo medium and incubated at 35°C
for 24 hours {(APHA, 1992). Confirmation tests, using brilliant green lactose bile broth and
lauryl sulfate broth, were conducted on selected sheen and nonsheen colonies to achieve
accurate coliform counts (APHA,, 1992). All ingredients for medium were purchased from
Difco Laboratories (Detroit, Mich.). The density levels of the total coliform and of the HPC
bacteria of the original sludge #1 were 1.1x107 MPN/ml and 1.0x108 CFUfmL, respectively.

For sludge #2, the results are 3.9x10% MPN/mL and 2.1x10® CFU/mL, respectively. The '
present sludge thereby could not be classified as the Class B sludge.
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Results and discussion

Effects of ultra-sonicatlon

Figure 1 depicts the floc size as a function of sonication time. At a low intensity, the floc size
decreases gradually from 31 um to 20 pm in 60 minutes, that is, 2 35% reduction in size. In
contrast, at the high intensity tests, the floc size reduces to its plateau value at a sonication
time less than 20 minutes. The corresponding plateau size of floc (14 fim) is also less than
that obtained at the low ultrasonic intensity (20 pum). Restated, ultrasonic vibration could
deteriorate the structure of the sludge flocs. The higher the vibration intensity the easier the
floc is to be disintegrated. Microphotographic observation revealed that the sludge flocs had
been transformed into tiny aggregates after treating at a high intensity level.

Figures 2a and 2b illustrate the total coliform and HPC density levels, respectively, after
sonication. At a low intensity level, the HPC level mildly changes with the sonication time.
For the total coliform, in contrast, a marked reduction in the density level could occur after 40
minutes of treatment. The total coliform is thereby easier to be inactivated than is the HPC.

Ata high intensity level, on the other hand, within 40 minutes of treatment both the HPC
bacteria had been reduced by 82%. For the level of the total coliform, the reduction reached
93% within 10 mins of treatment. At 40 mins of ultra-sonication, the survival ratio of total

se coliform bacteria is less than 1%,
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Figure 4 Total coliform and HPC bacteria density levels after two hours of pH adjustment. Sludge #2

sludge into a soluble form, which is beneficial to the subsequent digestion processes.
Furthermore, there exists a critical intensity between 0.11 and 0.33 W/mL, exceeding
which the dissolution of the COD could occur,

AdJustment of pH-value

Figure 4 displays the total coliform and HPC bacteria density levels at various pH values.
At pH 11 the reduction ratios of total coliform and HFC bacteria are respectively 80% and
57%, when compared with those of the original sludge. Such an occurrence correlates with
Allievi et al. (1994) but at different magnitudes. Microscopic observation reveals that the
floc structure deteriorates in a basic environment. The filamentous bacteria expose outward
from the flocs while apparent dissolution of the constituent components is noticeable. Floc
size measurement also suggested that the large flocs had been transformed into smaller
aggregates after alkaline treatment.

AtpH 5, on the other hand, the corresponding reduction ratios are 46% and 14% for total
coliform and HPC bacteria, respectively. At pH 3, the disinfection efficiency of total col-
iform could not be further enhanced. Meanwhile, the reduction ratio of HPC bacteria goes
up to a level of 40%. Comparison of the results at pH 5 and at pH 9 illustrates that both the
total coliform and HPC bacteria could sustain more readily to the acidic than to the basic
environment. Microscopic observation noted that the global structure of the flocs almost
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keep intact in an acidic environment, except that the floc size has become even greater than
that of the original siudge.

Figure 5 illustrates the SCOD data at various pH values for sludge #2. When compared
with the original sludge (62 mg/L) the SCOD decreases to approximately 30—40 mg/L
when pH deviates from neutral. Restated, although the bacteria had been largely disinfec-
ted, no excess organic compounds had been released to the bulk solution after pH
adjustinent. Such a trend is different from that observed in ultrasonic treatment.

Effects of ultra-sonication and pH-adjustment

The total bacteria count usually detects a majority of the heterotrophic bacteria. These bacte-
ria, like Pseudomonas, Alcaligenes, Paracoccus, Flavobacterium, and Coryneform cannot
form endospore or capsule. The total coliform bacteria, such as Escherichia and Klebsiella
can form capsule (Holt, 1984). The formation of capsule has been noted to correlate with the
survival ratio of micro-organisms subject to freeze/thaw treatment (Chu et al., 1999). The
present results, however, revealed that the total coliform is easier to be disinfected than is the
HPC bacteria. The presence of capsule hence does not enhance the capability of micro-
organisms to resist ultrasound and/or pH adjustment as does the freeze/thaw treatment.

* With the same treatment time, ultra-sonication is superior to pH-adjustment on the disin-
fection ratio of micro-organisms. The lowest density levels for total coliform after ultra-sonio-
cation and pH adjustment are 5x10* and 7.5x10° MPN/mL, respectively. Therefore, the
application of ultrasound for 1-2 hours to the present sewage sludge could make it classified as
the Class B sludge. Change in pH value may require more time to achieve the same criterion.

Conclusions
This work experimentally elucidated the effects of ultrasonication and pH-value adjustment
on the microbial density levels in Min-Shen Sewage Treatment Plant by using total coliform
and HPC bacteria as microbial indices. At a low ultrasonic intensity, the floc size and the HPC
bacteria level only mildly decrease, but the total coliform level markedly reduces after 40
minutes of sonication. At a high intensity level, on the other hand, both the total coliform and
heterotrophic-plate-count (HPC) density levels as well as the floc size are sufficiently
reduced. The structure of the sludge flocs had largely deteriorated. The SOCD increases by 12
times at the high-intensity level, but keeps aimost unchanged at the low-intensity level.
Adjustment of pH value for two hours could also disinfect the micro-organisms in the
sewage sludge, although not as efficiently as the ultra-sonication treatment. At pH 11, the
reduction ratios of total coliform and HFC bacteria could reach respectively 60% and 57%
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LUllpdicd Wit the onginal siudge. At pH 3, the corresponding reguction ratios are 41% and
39%, respectively. Microscopic observation revealed that in acid conditions the sludge floc
retained its shape and structure, but exhibited a large size. In basic conditions, in contrast,
most sludge flocs dissolved while the whole structure deteriorated accordingly.

For the same treatment time, ultra-sonication is superior to the pH adjustment for the
disinfection ratio of micro-organisms. The application at 0.33 W/mL level for 1-2 hours to
the present sewage sludge could make it be classified as Class B sludge.
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