DOI: 10.2478/v10216-011-0042-7 ECOL CHEM ENG S. 208(4):597-608

Andrzej BIEGANOWSKY', Grzegorz t AGOB, Magdalena RYAK*
Agnieszka MONTUSIEWICZ, Mariola CHOMCZYNSKA? and Agata SOCHAN

MEASUREMENT OF ACTIVATED SLUDGE PARTICLE
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POMIARY SREDNICY CZ ASTEK OSADU CZYNNEGO
ZA POMOCA METODY DYFRAKCJI LASEROWEJ

Abstract: The paper presents a study on the possibilitysoigithe laser diffraction method for measuring the
size of the activated sludge particles. Suscefilaf the particles to mechanical disintegratidependent on the
programmed value of stirring intensity, was obser{airring was caused by required dynamic flovanélysed
suspension through the measurement unit). Accortinthe conclusions presented in this paper, it ay
assumed that the laser diffraction method can Ipdieapfor measurement of activated sludge partiideneters
under the following conditions: 1) the size of wated sludge particles measured by the laser diffna method

is not a real value, but after standardisation easurement conditions can be treated as a paradesenibing
the sludge; 2) the particle diameters of activegkaige should be stabilised before the measureregrby
mixing in the measurement unit or by ultrasound egaapplication.

Keywords: laser diffraction method, activated sludge paetdiameter

An activated sludge process efficiency is dependenthe properties of saprophytes
and saprobes conglomerated in flocks [1-8]. Amdrg important properties of activated
sludge you can enumeradg metabolic activity [9, 10], ease of separationnirtreated
sewage [9-11], susceptibility to densification ateatering. These properties are notably
related with the morphology of sludge flocks aslves with their diameters [9-13]. The
species composition of an active sludge organisnay miso inform about possible
malfunction of wastewater treatment plant biologipart [3, 5, 14, 15]. A safe use of
dewatered sewage sludge, for example for agri@lltapplication or recultivation of
degraded areas, also depends on presence of heatalsnfl6-18] and pathogenic
organisms [19-21].

Particle diameter measurements can be conductethity ways, and the most basic
and the first to be applied were the microscopesfagion methods [11, 12, 22, 23]. Neis
and Tiehm used, among others, the membrane filtratiethod. The examples of other
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methods which are reported in the literature alenge of electrical resistance, light
blockage and field flow fractionations [24] or s@@intation [25]. Nowadays, an increasing
number of reports bring information about the agadlon of the laser diffraction method for
flock diameter measurements [26].

Laser diffraction method is widely used in soilesaie and sedimentology [27-32].
Estimation of the particle size distribution usthg laser diffraction method is based on the
measurement of the laser light scattering on thasomed particles. The less patrticle in the
measuring system the bigger angle of scattered[l&jh 34].

Biggs and Lant used laser diffraction for deterrtiora of effectiveness of
disaggregation of flocs using sonication and thenftocculation dynamic of disaggregated
activated sludge [35]. Similarly Nopens and co-vewskused laser diffraction method for
determination of flocculation dynamic [36]. Guellivith co-workers used laser
diffractometer in measurements of transfer of oiganatters between wastewater and
activated sludge flocs [37]. Houghton used disadissethod for determination of particle
size analysis of digested sludge [38]. The lasdfradtion was also used directly for
measuring of activated sludfecs size distribution, FSD [39, 40].

There is a big problem with study and comparisonestilts most of mentioned above
papers. The authors carried out their investigatisimg different equipment and what is
more important different measuring procedures. Waofately most of important
information which are necessary to fully understpresented results are not included in the
paper. For instance the information about the pafspnication is not sufficient because it
characterises the source of ultrasounds - the grimijver to the flocs depends first of all
on the volume of the sample and next on the gegnodétthe measuring system. There is
lack of the information of the pomp and stirrer eppeluring the measurement in the most
cases - this parameters influence on the flocggdisgation independently on the possible
sonication. Moreover sometimes there is no infoimmaabout the used theory (Fraunhofer
or Mie theory is the algorithm which make possilbkeralculation of light intensity
redistricted on the detectors on the particle dig&ibution). When authors used Mie theory
it is not possible in some cases to find used kyntithe optical parameters of the sample
(the Mie theory requires to define the refractinel absorption indexes of the measurement
sample).

The aim of the study presented herein was to daterrthe effect of selected
methodological aspects on the measurement of fifikem activated sludge) size
distribution using laser diffraction method.

Materials and methods
Method

The measurements were performed using laser diffreeter Mastersizer 2000,
Malvern, UK, with two units Hydro MU and Hydro Gh& measuring range for material
analysed in liquid dispersion was 0.02+2000 pum.

The laser diffraction method uses the effect o&ddgght dispersal (scatter) on the
particles measured. The diffraction angle inforrbsw the size of the particles. So, the
pattern of light diffraction covering light detectocan be converted to the pattern of
particle sizes measured. Two models are usuallfiezbfor particle size calculation - the
Fraunhofer and the Mie theories [41]. The modeiaihis dependent on the studied particle
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sizes. According to the ISO 13320 standard, the thié®ry should be applied for particles
with diameters below 5Qm, while for larger diameters the Fraunhofer themay be used
[42]. The researches’ opinions given in the literatreports are divided in cases where
there are particles of smaller and greater diarmétethe mixture composition [43-45]. The
Mie theory was applied in our calculations becauskvidual bacteria and their colonies
with particle diameter lower than 50 um were a i§icgmt part of the studied suspension.
According to the Mie theory the identification gbtecal parameters is necessary. The value
of light refraction index for the continuous phagas set as for water (1.33). The values for
dispersed phase were assumed as follows: indexefodction for light - 1.53, and
absorption coefficient - 0.1. The assumed optieahmeters can be treated as average when
the measured mixture is heterogeneous [46].

Materials

Activated sludge sampled at a municipaste water treatment plant (WWTP) with

a capacity of approx. 80 00C’day and employing C, N and P treatments servedeatest

material in the presented study. The sludge wapleaihirom the aeration chambers using

1.5 dnf containers.

The following methodological aspects were investida

* Retention time of samples before measurements. W& DOmeasured after 30 minutes
from sampling (time necessary to bring the sampdelboratory) and after 3 hours
after sampling. The aim of this stage of invest@a was to show the sample stability
in time.

e Sample preparation. Part of the samples was prépaseg sonication and part
measured without sonication. Sonication was usédg iaonHydro MU unit (after first
series of measurements we decided that this urieiter for flocs measurements).
Exposure duration of sonication covered the timel ehinutes and the power of the
applied ultrasound probe was 35 W (maximum powaeuliwdsound probe built in the
device). The measurement in Hydro MU unit was edrin 800 crhbeaker which was
filled in about % of the maximum volume.

» Different units of the same device. In one unit @iy G) the stirrer is integrated with
the pump and the operator has to adjust them tegdththe second unit (Hydro MU)
the speed of stirrer and pump were adjusted segharat

e Speeds of stirrer and pump. Because the measurémieased on the sample which is
dynamically passing through the measuring cell sheed of stirrer and pump can
influence on the measuring because of the disiatiegr of the flocs. Because of this
we decided to not use the stirrer in the Hydro @ (the stirrer and pump can be
adjusted separately). The small weight of flocs amdat follows easiness to
homogenise the suspension was the additionalipagtdn for this decision.

The speeds of stirrers and pumps are presenteabile T.

Table 1
The speeds of stirrers and pumps used for botls daoitng the experint
Unit Speed [rpm]
Hydro G Pump 1300 | 1600 | 1900 | 2200 | 2500
Stirrer 0
Hydro MU | Integrated stirrer and pum 1200] 1500 1800 2100 [ 2400
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The lowest speed values for both units were detexthexperimentally as a minimal
velocity value allowing the suspension to flow tingh the measuring cell. The 100 rpm
difference in the lowest speeds was caused bydhstant step of 300 rpm for both units
and the different values of the lowest measuritgtimnal speed. The upper limit of stirring
speed was applied to avoid the phenomenon of dblbs induction to the measuring
system - the air bubbles could be treated as do&dl

Measuring procedure

Each measurement of particle size distribution wasmducted as a series of
20 replications. A single measurement was adopte@0000 counts registered on the
detectors during 30 seconds for red as well ablfgr light. Hence, the duration of a single
measurement was equal to one minute. The measuraemications were realized in
a sequence, so the measurement time for one tidilest series was equal to 20 minutes.

Mean values were not calculated for the resultainbt for the 20 replications because
it was assumed that intensive stirring and pumpimght disintegrate the studied flocks.
Changes in the medians and deciles (0.1 and 0.8 eleserved as a measure of potential
dynamics of changes in the successive measureriérggesults obtained for the last"20
measurement were used to compare the different ensuaf suspension treatment (various
intensities of stirring and pumping during the mgaments).

The volume of sludge used for the measurementsdesermined byobscurance -

a parameter measured by the device during the glopmocess.With respect to
measurement reliability, the number of particlesvinich theobscurance parameter value
covers the range of 10 to 20% is optimal [47]. Goniation of the studied suspension,
obtained directly from the wastewater treatmenhiplevas too high, so the suspension was
added to filtered water to obtain the recommerstaddard of th@bscurance parameter.
When because of overdosage of suspension to theunigg system obscuration was too
high the procedure of dilution was used [48].

The primary goal of our studies was to determine ithfluence of measurement
conditions on the obtained results of studied plartdiameters. Thus, the assessment of
suspension stability during the examinations wasiired - it had to be checked whether the
diameters of particles (especially flocks) wereiatsle during the measurement. To assess
the potential changes in particle sizes, the reslbitained for samples just provided from
the WWTP and for those sampled after the completioall analyses were compared for
the minimal Hydro MU settings (1200 rpm for pumpastirrer). The time between those
two measurements was about 2.5 hr.

Results and discussion

In view of the fact that the microscopic measuremmeethod of flock sizes used to be
commonly applied, the following should be consideteefore the interpretation of the
presented results:

Microscope-measured flock diameters are identifiecal time in the microscope field
of view and attain values of 100+800 pum (and mofe) 11, 12]. Microscopic
measurements are realized beneath the covering, gilag volume lower in the vertical
dimension than the diameters of the measured stegtSo, the measured flocks may be
pressed and the obtained results may be overestimalative to the real values.
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Meanwhile, in a majority of actually conducted maasnents based on the laser diffraction
method, the obtained medians of flock diameterscaxered by the range of 100+150 pm
and 0.9 deciles do not exceed the value of 250 Tha. medians in the results presented
below were in the range of 60 to 80 pum. These gatnay be underestimated relative to the
real values of flock diameters because the suspensas intensively stirred during the
measurements, which could cause fragmentatiorookdl

The microscopic method enables precise identificatbf studied objects [2]. The
observer can interpret not only the sizes of thasueed flocks but also their morphology
[9-13]. Such a possibility is unavailable in theseaof the laser diffraction method. So,
activated sludge flocks, bacteria and their congl@tes, protozoa, metazoa and others are
the measured objects in this method. The preseingarticles different than flocks may be
the source of uncertainty in laser diffraction neethmeasurements. However, considering
the aim of the research and the possible changextofated sludge particle diameters
caused by measurement conditions (stirring and mgnhpthe presence of the other
elements in the system does not limit the resescope because the dynamics of changes, if
it occurs, is apparent by changes in the mediadsianiles.

Stability of flock suspension during the experiment

The distributions of flock sizes obtained for thesgension provided directly to the
laboratory, about 30 minutes after sampling (tfie measurement), and for the same
suspension but held at the laboratory for about32ours since sampling (the last
measurement), are presented in Figure 1. The yaitddMU at 1200 rpm was used in these
measurements. The 2@eplication means that the presented measuremastthe last
repetition in the series of 20. Values of mediams &@vo deciles of these distributions waves
are presented in Table 2.

Particle Size Distribution
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I— 20-th replication of the 1-st measurement, 24 lutego 2009 10:50:10
I—20-th replication of the last measurement, 24 lutego 2009 13:17:04

Fig. 1. Distribution of measured flock. Explanasothe 1st measurement means that measurements
were conducted directly after sample delivery ®ldboratoryThe last measurement means that
the measurement was conducted as the last ines g#rR0; the time between the measurements
was about 2.5 hr; both measurements were condoectéde Hydro MU units at 1200 rprthe
20th replication means that the measurement was registered assth@®h replication in the
series
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Table 2

Median and decile values for distributions preseiieFigure 1

20th replication of 1st measurement 20th replicatio of last measurement
Median [pm] 78.862 78.492
d(0.1) [pm] 24.766 24.524
d(0.9) [um] 191.549 191.035

According to the data presented in Figure 1 anderabit can be assumed that the
studied suspension was stable during the conduesagurements - the processes occurring
inside the container with suspension sample weteaflected in any significant changes of
flock sizes.

Effect of stirring intensity on flock sizes

Changes in particle sizes in the measurement wnitttfe device settings applied
(constant rpm) were observed in the successiveursasnt replications. Examples of the
results obtained for the median (d(0.5)) for thpligation of the Hydro MU with stirrer and
pump speed of 1200 rpm are presented in Figure 2.
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Fig. 2. Change in the dynamics of distribution raedi for flock size during the successive
measurements. The measurements were conducted btydiho MU at 1200 rpm

Practically the same relations as those presentB@jure 2 were observed for all other
apparatus settings. The dynamics of changes wiesatif, but in all cases the values of the
medians stabilized at {a8" measurement replication. One should remember tteat
measurement time in the present study was equedeganinute (at applied earlier number of
simple counts on the detectors). In this casejlsaiion of measurement conditions in the
successive replications was achieved after 10 tmi®@ites. Thus, for the needs of further
analysis it was assumed that the results obtaioedht 28 replication were stable and
representative. However, for a different time ofgbé measurement (different number of
simple counts on the detectors) this time mightifierent and therefore the stabilisation
time of measurement results should be determingarately for every case.
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The absolute difference between the deciles ofitseand the 28 measurement was
adopted as a measure of particle size change dilnénigme of a series of measurements.

Data presented in Table 3 show that decay dynamftected by the difference for the
successive settings, practically for all casesdpkthe difference for decile d(0.1) for the
Hydro MU unit), was the highest for the lowest \&lof stirring intensity. That result, at
cursory analysis, seems to be surprising becausentdght expect that the higher the
intensity of stirring the higher flock fragmentatios achieved. However, the least
differences obtained at the most intensive stirang pumping between decile values for
the first and the 2Dreplication might be caused by high intensitylotk break-up during
the first measurement, at the beginning of the exy@nt. Regardless of the reasons causing
changes in the differences described in Table &é&ms that in the case of suspension
stirring intensity, pump rotor of 1300+1500 rprthe most suitable choice.

Table 3
Absolute values of differences between decile vafube first and the twentieth measurement fdiedéint
settings of pumping intensity (different rotor spggee

Hydro G Hydro MU
Rotor speed Rcé:ic;:;nd
[rom] | Rd(0.2)| " | |Rd(0.5)|" | | Rd(0.9)| speed |Rd(0.2)|" | |Rd(0.5)|" | |Rd(0.9)]
[rpm]
1000 7.4 17.1 25.1 1200 6.3 13.4 18.7
1300 5.3 9.1 20.0 1500 6.7 13.3 13.7
1600 5.4 10.5 15.7 1800 6.0 11.6 13.3
1900 4.3 6.9 10.6 2100 55 10.2 14.6
2200 5.0 10.0 20.9 2400 5.9 10.9 16.8
Mean value 5.49 10.72 14.48 6.08 11.89 15.4]1
Standard 1.16 3.84 9.73 0.42 1.43 2.07
deviation
Coefficient | 5, 15 35.77 67.24 6.85 12.03 14.73
of variationk

* Absolute values of differences between decildaesof the first and the twentieth measurement

Considering the mean values for particular dec#ejstically there was no difference
(P = 0.05) between values obtained with the two usé@d. So, it may be concluded that the
stirrer operation did not influence the flock decéowever, analysis of coefficients of
variability for both units (Table 3) shows thatrsfgcantly lower values were obtained for
the Hydro MU (integrated operation of pomp andet. The differences in the design and
in the possibility of separate rotor and stirreeegh control for both units lead to the
conclusion that better values (less variable) ffier ¢valuation of flock size were obtained
with the use of Hydro MU.

Comparison of separate decile values for the 28thication in relation to pump rotor
speed may be assumed as an alternative assessarerdrof the effect of stirring intensity
on flock diameters. Examples of results for medihanges (d(0.5)) are presented in Figure
3 and values for the rest of the analysed decikepresented in Table 4.

The Hydro MU and Hydro G units have different desand different settings scope
[49]. This results in different lowest rotationalecities of pump rotor causing movement
of flocks in the measurement unit. So, it was dedithat not the same speed settings but an
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identical step in rotor speed increments betweenessive measurements, in relation to the
minimal values, was the point of reference in @search. The minimal value of rotational
velocity setting was 1200 and 1000 rpm for Hydro sl Hydro G, respectively.
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30D 1100 1300 1500 1700 1900 2100 2300 2500
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Fig. 3. Change in the dynamics of distribution naedi for flock size during the P0replication in
dependence on the mixing intensity. Explanatiof®& mixing intensity was presented in
revolutions per minute (rpm). In the Hydro MU unit the pump was integchteith the stirrer, so
the presented rotational speed values relate altetspeed of stirring. In the case of the Hydro
G the stirrer was switched off

Table 4
Decile values for both units, obtained at differsettings of stirring and pumping intensity of sersgion through
the measurement device. Values achieved for tHer@@asurement/replication

Hydro G Hydro MU
Rotor speed [rpm] Rotor and stirrer
d(0.1) | d(0.5) | d(0.9) speed [rpm] d(0.1) d(0.5) | d(0.9)
1000 24.1 74.9 201.1 1200 24.8 78.9 190.5
1300 21.5 73.0 201.1 1500 22.2 74.1 1845
1600 18.3 66.0 179.0 1800 20.6 70.8 1814
1900 16.8 65.2 180.8 2100 18.9 68.0 1749
2200 14.6 59.2 164.4 2400 17.7 66.0 1722

Data presented in Table 4 show that the valuesamheter deciles decreased linearly
along with increase in the stirring intensity foetconsecutive settings. Practically in all the
cases (apart from one case) the values of deteioineoefficient for the analysed curves
exceeded the value of 0.9.

Effects of ultrasounds on flock sizes

The distinct decrease in the values of flock di@metedians to 62.55+61.65 um at
1200 rpm and to 52.32+46.55 um at 2400 rpm wasechby treating the samples with
ultrasounds for 4 minutes before the experiment.
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It appears that the conditions under which the omeasents were conducted influenced
the results obtained. The measured structures pveree to mechanical fragmentation. The
application of ultrasounds clearly breaks up tleeks of activated sludge. Similarly, the
pumping and stirring speeds had an influence onfldek diameters; the median values
decreased along with increase in those speeds. \Howieis not precluded that the stirrer
speed had a positive effect on the sludge flocianlat the second series, with the stirrer
turned off was characterized by lower values ofrtteglian.

Summary and conclusions

Based on the conducted experiment with the impléatiem of activated sludge
particle diameters measurement using laser diffraainethod it is possible to make the
following conclusions:

» Sample holding for 3 hours before the measurendidtsiot influence the measured
values of flock diameters.

» Flocks of activated sludge are prone to fragmematiaused by the applied method of
measurement.

» The measurement results of activated sludge flotitained with the laser diffraction
method were dependent on the pump rotor and stipeed to a high degree. Flocks of
larger diameters were fragmented more intensively smaller ones.

» Median of measured diameters decreased along mdgtkdse of rotor speed as well as
with the time of measurement - stabilisation of sugament results was observed after
10+15 minutes from the start of the experiment.

* The application of the Hydro MU units to the Masteer 2000 apparatus resulted in
more stable results than in the case of the Hydep@ication for which measurements
were characterised by higher dispersion.

« Ultrasound treatment of samples before measuremséthishe laser diffraction method
significantly affected flock sizes and result slifpi- the results were stable from the
first measurements.

Based on the conclusions presented above, theddBaction method can be applied
for measurements of activated sludge flock diarsateder the following conditions:

* The size of activated sludge particles measureld thié laser diffraction method is not
a real value but after standardisation of measun&sneesults may be treated as
a parameter describing the examined sample of sludg

e The diameters of activated sludge particles shohtl stabilised before the
measurements.
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POMIARY SREDNICY CZ ASTEK OSADU CZYNNEGO
ZA POMOC A METODY DYFRAKCJI LASEROWEJ

Linstytut Agrofizyki Polskiej Akademii Nauk, Lublin
2\Wydziat Inzynierii Srodowiska, Politechnika Lubelska

Abstrakt: Praca dotyczy oceny mlawvosci wykorzystania dyfrakcji laserowej do badaniamiaréw ktaczkéow
osadu czynnego. W czasie pomiaréw zaobserwowanatpa@d analizowanych cgtek na zniszczenie
mechaniczne zatea od zaprogramowanej intensywi#td mieszania (mieszanie i przepompowywanie jest
wymagane w celu wymuszenia przeptywu analizowangatviesin przez uklad pomiarowy). Na podstawie
wnioskOw opracowanych na podstawie prowadzonychabadazna stwierdz, iz metoda dyfrakcji laserowej
moze by stosowana do pomiaréw rozmiaréw klaczkéw osadmmego pod nagbujacymi warunkami: rozmiary
ktaczkéw oraz pozostatych elementéw osadu czynneyskane w czasie pomiar6w nie mdny¢ traktowane
jako wartdé¢ bezpdrednia opisujca rozmiary klaczka, lecz po standaryzacji warunk@miarowych mge byt
traktowana jako iléciowy parametr opisagy wiasciwosci osadu czynnego. Przed pomiarem metdgfrakcji
laserowej osad czynny powinien doyprzednio stabilizowany na przyktad za pomauieszania w ukladzie
pomiarowym Rldz tez za pomog ultradzwickOw.

Stowa kluczowe:metoda dyfrakcji laserowejrednica castek osadu czynnego



