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HYGIENIZATION OF SURPLUS ACTIVATED SLUDGE
BY DRY ICE

HIGIENIZACJA OSADU NADMIERNEGO SUCHYM LODEM

Abstract: The presence of pathogenic microorganisms in sewagige is one of the crucial factors affecting
their use in agriculture and in nature. An apprajerimethod of sludge hygienization can contribatehie
reduction of the presence of pathogenic microbethinsludge or to their complete elimination. Thisdy
presents the possibility of using dry ice in thajibypization of surplus activated sludge. The scopsurvey
covered microbiological as well as physiochemicahlgses of the sludge. The microbiological analyses
conducted show the hygienization effect of dry acesurplus activated sludge such as the reducfidnectotal
number of bacteria as well as of pathogenic bactémithe case of sludge to dry ice 1:1 volumiadibor, the total
number of bacteria has been reduced by 76%, thebauwof Salmonella sp. rods by 90%, an@lostridium
perfringens by 85%.The results of physiochemical analyses confirmeddestructive effect that dry ice has over
microorganisms. The disintegration of microbes bsans of dry ice contributed to the increase of sgiant
liquid turbidity and to the release of organic reatfor the sludge to dry ice 1:1 voluminal ratig, increase in
turbidity of supernatant liquid by 320 mg Si@has been proven, as well as an increase in the GAIGOR;,

by 549 mg @dni 3, which indicates the release of organic mattey the liquid phase.

Keywords: surplus activated sludge, dry i&Jmonella sp.,Clostridium perfringens

Introduction

A primary objective of sludges treatment is theaabdizing. Stabilized sludges have
a favourable chemical composition, excellent soikfing properties and generally return
water well. However, the conditioning processedeised do not provide a product that is
completely safe in terms of sanitary matters dughto fact that they are occupied by
bacteria, viruses, parasitic worms, fungi, protoaad other microorganisms. They include
both pathogenic microorganisms, dangerous to huanash,saprophytic ones, neutral from
the sanitary point of view. The presence of pathag®rganisms in sewage sludges is
therefore a sanitary hazard for the environment.

The assessment of a sanitary condition of sludgbased on the indirect conclusion on
the content of pathogenic bacteria and eggs ofstine parasites and is based on
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determining so called sanitary indicator. Until e@etly, the species being a sanitary
indicator among bacteria was a lactose-positives Estdherichia coli. Currently, under the
Regulation of the Minister of the Environment [&]new bacteria indicat@almonella sp.

is being used in sanitary assessmesimonella sp. is a relatively anaerobic rods,
commonly present in sewage, sewage sludges an@dmmated water. The time of its
survival in the environment is approximately 3 nienf2]. The role oSalmonella sp.rods

in the pathogenesis of human infections has inekasgnificantly in recent years [3].
A minimum infectious dose for this pathogen is frathto 13° of cells [2]. Salmonella sp.

is, among others, the cause of 86% gaftroenteritis met [3], typhoids, multi-organ
infections and sepsis [4, 5]. The effect of itsitoactions results from the release of
lipopolysaccharide endotoxin [6].

Clostridium perfringens are spore-forming rods, present in sewage, sewhglges,
soil contaminated with faeces and the gastroimtakstract of humans and animals. It is
a strictly anaerobic bacteria, able to survivehim énvironment for a long period of time due
to the ability of creating conditions of unfavoulatendospores. It may cause wound
infections or nosocomial infections and food poiagnas a result of consuming food or
water contaminated with spores that are resistat@rmperature and disinfection [2, 4, 7].

The risk of infecting the environment with pathogemiginating from sewage sludges
requires seeking new methods to improve their apnittatus. Some of the methods used in
sewage biotechnology are used for sewage sludgastatjration: thermal energy [8, 9],
enzymes [10, 11], ozonation [12, 13], acidificatidd], alkalization [15], the use of high
pressure [16-18], mechanical grinding [19], ulttasds [20-24], hydrodynamic cavitation
[25-27], microwave radiation [27-31].

As a result of disintegration the disruption ofl agivelopes takes place (cytoplasmic
membrane and/or cell wall), which causes the detstnu of microorganisms and thus
the release of the organic substrate and intrdaekunzymes into the environment [31]. On
this basis, the concept of the use of dry ice widnjization of surplus activated sludge was
revealed.

Dry ice is a carbon dioxide in the solid state vahis formed by expansion of liquid
carbon dioxide under normal conditions (temperatie273 K (-0.15°C), pressure of
1013.25 hPa). The dry ice sublimes at —78.5°C apteasure of 1013.25 hPa. Its heat of
sublimation is 573 kJ, which means that it is agpnately 3.3 times more effective coolant
than water ice (with the same volume). Its spedifiavity comprises in the range from
1.2 to 1.6 kg/drf) and its hardness on the Mohs scale is 2, whighesponds to the
hardness of gypsum. It is anhydrous, non-flammahte-toxic and has no smell or
taste [32].

It is widely used as a coolant in laboratories,ustdal cold rooms, alone or as
a constituent of cooling mixtures, and preventsgiteavth of fungi and bacteria; therefore it
is used for transportation of perishable food potsluln temperature baths, dry ice is
usually used in the form of cooling mixture, cotisig of crushed dry ice and organic
solvent of a low freezing point (> —80°C), for exale acetone or ethanol [33]. Today it is
also used for industrial cleaning.

The aim of the study was to demonstrate the desteucffect of dry ice on
the structure of surplus activated sludge, showthbyrelease of organic matter, changes in
turbidity of supernatant liquor and hygienization.
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Material and methods

The experimental material was surplus activatedggurom sewage treatment plants,
using advanced biological wastewater treatment gu®es, involving the simultaneous
removal of organic compounds and nitrogen and pharsis. The sewage treatment plant
was designed for the flow of 120 00G oi*. At the moment, the amount of draining off
sewage is approximately 90 008 di*, the wastewater retention time is about 14 dags an
the concentration of the active sludge in the kioter is about 4500 mg din

Hygienization/disintegration of sludge by dry ice

Hygienization/disintegration by freezing/thawing sample of 1 drh of surplus
activated sludge was executed with dry ice. Foridnigation/disintegration of surplus
activated sludge the following volume ratios of sugplus sludge to dry ice were used,
iel1:0.25;1:05;1:0.75;1:1.

The time in which samples stay in the frozen stipends on the applied volume of
the dry ice:

« for the volume ratio of sludge to dry ice 1 : 0.25 hours,
» for the volume ratio of sludge to dry ice 1 : ®%ours,

« for the volume ratio of sludge to dry ice 1 : 0.3%ours,

» for the volume ratio of sludge to dry ice 1 : 15 #ours.

Microbiological analysis

The samples of surplus sludge for microbiologicablgsis were collected into
sterilized hermetically sealed glass containerh wivvolume of 250 cPn The material was
delivered to the laboratory within 15 to 30 minufiesn its collection.

The analyses in surplus sludge were performed befmd after the hygienization
process by dry ice in terms presence bacteri@alhonella and Clostridium perfringens.
The determinations of microorganisms were made doomance with Project Routes
(2011-2014), Novel processing routes for effecBesvage sludge management procedure.
Innovative system solutions for municipal sludgeatment and management. Grant
agreement n°265156 [34The studies related also to the total number ofdsccontained
in the surplus sludge before and after the destnucif the dry ice.

As the culture media, the following were used: Mutr Agar, Buffered Peptone Water
supplemented Novobiocin, Rappaport-Vassiliadis Medi Hektoen Enteric, SMS Agar,
SPS Agar. In order to verify the taxonomic classifion of Salmonella sp. the API 20E
biochemical test and the MUCAP test were used.

Salmonella sp. - principle of the method

This is a method recovery of sub-leth&gimonella sp. In this method detection of

Salmonella sp. is undertaken in main five steps:

e pre-enrichment of bacteria in primary selective med (Buffered Peptone Water
Medium),

 enrichment in secondary selective medium which bithi the growth of
microorganisms but promotes that of salmonellade¢sige enrichment), (Buffered
Peptone Water Medium supplemented Novobiocin),



654 Ewelina Nowicka and Alicja Machnicka

e inoculation in selective medium to presumptivelynfiion the presence ddalmonella
sp. (Rappaport-Vassiliadis Medium, SMS Agar),

* culture on a second selective medium to definiteigfirm the presence &lmonella
sp. (Hektoen Enteric Agar),

« confirmation of the presumptivBalmonella sp. with a biochemical assay (APl 20E,
MUCAP test).

Clostridium perfringens - principle of the method

A thermal shock at 80°C for 10 minutes is perforntedthe samples in order to
removal all the accompanying microbiota and theetative forms ofC. perfringens. Then,
the sample is added into an empty tube and SPSiagasured. Tubes are incubated
anaerobically at (44+1)°C for (24+1) h. The presen€ spore<C. perfringens is indicated
by black colonies resulting from the precipitatioaf the sulphide produced
by C. perfringens with the ferric citrate of the medium.

Total number of bacteria

The number of bacteria (cfu) in 1 g of the sur@luglge before and after hygienization
by dry ice, presented graphically, was the aritlereterage of the three test series.

Physicochemical analysis

In the surplus sludge samples, before and aftepitheess of disintegration by dry ice,
the turbidity of supernatant liquor and C@Drvalue, expressing the release of organic
matter, were determined. The physicochemical asalysiere performed based on
the methodology contained in the Standard Methams Examination of Water and
Wastewater, 19 Edition [35].

The presented here investigations were performdd istages, arithmetic average and
standard deviation was counts. Standard deviatamsdetermination according to estimator
of highest credibility in STATISTICA 6.0.

Results and discussion

Large amounts of sludge are produced in biologiGdtewater treatment plants. Since
the sludge is highly contaminated, it has to undgmgper stabilization before it is disposed
or utilized in an environmentally safe way. The @apresents a potential application of
disintegration by freezing/thawing for sewage skidgainly surplus activated sludge) and
sanitary condition enhancement.

The dry ice used caused the destruction of micarasgns, and thus contributed to
a partial hygienization of surplus sludge, which denfirmed by the results of
the microbiological analyzes (Figs. 1-3). In thepdus activated sludge not subjected to
hygienization by dry ice, the total number of baetevas 16 790 610 cfu,g ™ (Fig. 1) and
for the sludge subject to hygienization the nunvees reduced:

«  for the volume ratio of sludge to dry ice 1 : 0.8$,8 576 238 cfug, ™ (Fig. 1),
« for the volume ratio of sludge to dry ice 1 : §,10 489 285 cfug, ™ (Fig. 1),
«  for the volume ratio of sludge to dry ice 1 : 0.8%,11 739 829 cfug, ™ (Fig. 1),
« for the volume ratio of sludge to dry ice 1 : 1,1%/684 266 cfu g, (Fig. 1).
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Fig. 1. The total number of bacteria (cfu) per af ghe surplus sludge depending on the volume wftio
sludge to dry ice

Sewage sludge commonly contains high amounts ofahuipathogenic bacteria
excreted in feces and urine. The enteric pathogdiacterial constituents include
Salmonella spp., Listeria spp., Escherichia coli (enterotoxigenic and enteropathogenic

variants),Campylobacter spp.,Clostridium spp. andrersinia spp.
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Fig. 2. The number dBalmonella sp. rods (cfu) per 1 g of the surplus sludge dejpgnadn the volume
ratio of sludge to dry ice
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Additionally, these organisms have a strong abtlitypersistently adapt to changes in
the surrounding environment for survival and canrbékatively resistant to commonly
employed sludge stabilization techniques [36, 3ifhe health risks related to these
pathogens depends on the prior sludge treatmeptedpre-treatment processes), as well
as their ability to maintain virulence propertiegridg both storage and distribution on
a field used for grazing or food harvesting purpd88-41].

The sludge hygienization is one of the objectivad aenefits of the treatment by
freezing/thawing. The dry ice had a destructiveecffon bacteria indicator of sanitary
assessment of sewage sludge. The number ofSaid®nella in 1 g of the surplus sludge
not subject to hygienization by dry ice amounted &15 170 cfu g, (Fig. 2), while after
the process hygienization, this number decreased:

«  for the volume ratio of sludge to dry ice 1 : 0.8$,641 108 cfu g, (Fig. 2),

« for the volume ratio of sludge to dry ice 1 : b§,804 226 cfu g, (Fig. 2),

«  for the volume ratio of sludge to dry ice 1 : 0.B%,1 098 025 cfug, ™ (Fig. 2),
« for the volume ratio of sludge to dry ice 1 : 1,b861 410 cfu g, (Fig. 2).

A potential indicator of the sanitary quality ofasege sludge, which is mentioned in the
literature [42] isClostridium perfringens.
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Fig. 3. The number dflostridium perfringens rods (cfu) per 1 g of the surplus sludge dependimthe
volume ratio of sludge to dry ice

There was a gradual elimination of Bkostridium perfringens bacteria caused by the
growth of the volume ratio of the sludge to dry.i€ae number oflostridium perfringens
rods in the sludge not subject to hygienizatiordbyice amounted to 1 164 001 cfy,g*
(Fig. 3), while after the hygienization proces® thumber was reduced:

« for the volume ratio of sludge to dry ice 1 : 0.B§,270 728 cfu g, " (Fig. 3),
«  for the volume ratio of sludge to dry ice 1 : ©%,533 890 cfu g, (Fig. 3),
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«  for the volume ratio of sludge to dry ice 1 : 0.8$,712 577 cfu g, " (Fig. 3),
« for the volume ratio of sludge to dry ice 1 : 1,988 797 cfu g..”~ (Fig. 3).

The efficiency of sludge hygienisation dependedanthe volume ratio of sludge to
dry ice.

Mechanical damages of cells and osmotic shock whbee cause of death of
microorganisms during freezing. The mechanical dpsavere caused by the formation of
ice crystals in the surrounding environment of e@dl inside the cell. Extracellular crystals
increasing in the freezing process were destrog#its of microorganisms present among
them [43]. The formation of intracellular crystalamage caused biomembrans damage and
change of their properties leading to leakage dfagellular substances into the
environment.

Several disintegration processes are developed:hanemal, thermal, chemical,
biological. Although the methods are different matacter, the aim of all of them is partial
or complete bacteria cells disintegratioa,destruction and release of organic substances
present inside cells to the liquid phase of thegdu
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Fig. 4. The released organic matter (expressedCi3cf and the turbidity of supernatant liquor before
and after the process of disintegration by dry ice

The results of physicochemical analyzes confirneddestructive action of dry ice on
microorganisms. Release of organic matter expresseth increase in soluble C@Dalue
was considered as a tool for measurement of deaeteiia effects (Fig. 4). According to
the methodology used, the process of disintegrabprdry ice was carried out for the
volume ratio of sludge to dry ice 1 : 0.25; 1 :;0l5 0.75; 1 : 1. The disintegration of the
surplus sludge by dry ice resulted in the reledserganic matter expressed with C@D
value (Fig. 4)The greater the dose of the dry ice used for te&ragtion of the sludge, the
higher the value of COg in the supernatant liquor (Fig. 4). The value @, in the
supernatant liquor of the surplus sludge not siibfecdisintegration by dry ice was
85 mg Q dm (Fig. 4), while after the disintegration for thelwme ratio of the surplus
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sludge to dry ice 1 : 1, the value of C@Ilihcreased to 634 mg,@n1> (Fig. 4). It was over
sevenfold increase of CQD Similar results using freezing method had Momwsiz et al
[44]. Destruction of the microbial cells by dry jcas well as other methods of the
disintegration, has a pronounced impact on releaf@edganic matter to agqueous phase [9,
23, 45-46].

The microbiological destruction of the structureflotk by dry ice contributed to the
increase in turbidity of the liquid phase of theidgle, mainly due to the release of
intracellular and extracellular substance of polsan@ig. 4). In the surplus sludge not
subject to disintegration by dry ice, the turbidifysupernatant liquor was 60 mg Sidn>
(Fig. 4), and after the process of destruction, tfeg volume ratio to dry ice 1: 1, was
increased by 320 mg Si@nt? (Fig. 4).

The obtained microbiological results, allow to code that hygienization by dry ice
may become a new and favourable method of improgiegage sludges hygienization
processes.

Conclusions

1. The destruction of the surplus sludge by dry iceiea out, helped to reduce the total
number of bacteria and pathogenic bacteria, and tihe partial hygienization of the
surplus sludge. The total number of bacteria indf the volume ratio of the sludge to
dry ice 1 : 1 was reduced by 76%, the numbeBabionella sp. rods decreased by
90%, while the number @lostridium perfringens rods decreased by 85%.

2. The disintegration of the surplus activated slubgedry ice resulted in the release of
organic matter into the liquid phase and the irmeean turbidity of supernatant
liquor. CODY, value increased by 549 mg, @nm> and the turbidity of liquid
by 320 mg Si@dni>.
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HIGIENIZACJA OSADU NADMIERNEGO SUCHYM LODEM

Zaktad Mikrobiologii i BiotechnologiSrodowiskowej
Instytut Ochrony i laynierii Srodowiska
Akademia Techniczno-Humanistyczna w Bielsku-Biatej

Abstrakt: Obecnd¢ mikroorganizméw chorobotworczych w osadadiekowych jest jednym z decydigych
czynnikéw wplywagcych na rolnicze i przyrodnicze ich wykorzystarelpowiedni spos6b higienizacji osadéw
moze przyczyné sie do ograniczenia wygbowania w nich bakterii patogennych lub catkowitd) eliminaciji.
Praca przedstawia rdowo$¢ zastosowania suchego lodu do higienizacji osadimiexnego. Zakres bafla
obejmowat analizy mikrobiologiczne i fizykochemieznosadu. Przeprowadzone analizy mikrobiologiczne
wykazaly higienizujce dziatanie suchego lodu na osad nadmierny popemizkci ogodinej liczby bakterii

i bakterii patogennych. Dla stosunku gbgciowego osadu do suchego lodu 1 : 1 ogdélna licziaenii ulegta
zmniejszeniu o 76%, redukcja liczby palecZdtmonella sp. o 90%, natomiast liczba lasecz€kostridium
perfringens obnizyta sic 0 85%. Potwierdzeniem niszcego dziatania suchego lodu na mikroorganizmy byly
wyniki analiz fizykochemicznych. Dezintegracja dnoloistrojow suchym lodem przyczynitag silo wzrostu
metnaoici cieczy nadosadowej i uwolnienia materii organgjz Dla stosunku obfosciowego osadu do suchego
lodu 1 : 1 stwierdzono wzrostetmosci cieczy nadosadowej 0 320 mg S$i@n° oraz wzrost wart@i ChZTe,

0 549 mg @/dn?® wyrazajacej uwolnienie materii organicznej do fazy ptynnej.

Stowa kluczowe:osad nadmierny, suchy l6g8almonella sp.,Clostridium perfringens



