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Abstract: The aim of the study was to analyze the microlgiiclal and physico-chemical composition of sewage
sludge from the food industry. The research mdteida dewatered sewage sludge with and without, ldeeved
from the water and drink production plant in the o@p region, obtained for testing in March 2013.
Physico-chemical analysis included the determimatio pH, temperature of sludge, sedimentation grigs, the
dry weight, mineral substances, biogenic elememd heavy metals. Microbiological evaluation incldde
quantitative and qualitative determination of mdsbg psychrophilic and potentially pathogenic
microorganisms. Sewage sludge with and without lioharacterized similar physico-chemical parameters.
However, the addition of lime to the sludge lectchange in ratios of different groups of microoigens. In the
sludge with lime, we observed reduction in the namtif mesophilic bacteria and yeast, and totalbitioin of
psychrophilic bacteria and fungi. Knowledge of tipdysico-chemical parameters and microbiological
composition of the sewage sludge is needed tordeterthe directions of their development.
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The sludge, which is created after the biologicalstewater treatment, within the
meaning of the Act of 27 April 2001 on waste is thaste from the Q9 category. Its
chemical and biological composition varies accaydio the type of wastewater and
pre-treatment methods [1, 2]. The produced sewhaige is a worry for the operators of
wastewater treatment plants [3]. So far it has besed mainly in agriculture and land
reclamation or stored in landfills [4]. However,edto the changes in legislation [5] from
January 1, 2013 there are significant restrictionsthe storage of sewage sludge. The
storage of hazardous waste is prohibited, in wiitbon is at level of at least 5% of dry
matter and the heat of combustion- at least 6 Mdfldyy matter [4- 6].

Sewage sludge from food industry vary widely in roi@al composition, so it is
difficult to find a consistent way of their developnt. Therefore, the use or utilization
should always be preceded by a study of sludge ositign and considered individually for
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each treatment plant. Knowledge of the physico-débainparameters and microbiological
composition of the sewage sludge is needed to m&ter the directions of their
development.

Physico-chemical determination has to be perforinetcordance with the Regulation
of the Minister of Environment of 13 July 2010 ommitipal sewage sludge. The pH and
the contents of elements such as K, Ca, Mg, N aallo® to determine the possibility of
use the sewage sludge as a fertilizer [7]. It3® @nportant to assess the ability of migration
of metals from sewage sludge into the soil [8]. Shely of the different forms of metals in
the fractions (fraction of exchangeable metal iofmaction of metals associated with
carbonates, medium and easily reducible fractiand,residual fraction) allows to evaluate
not only the total metal content in the sediment, &so their availability to plants [9-11].
Maximum levels of heavy metals in sewage sludgeaépicultural use as defined also in the
Regulation of the Minister of Environment of 13 @010 on municipal sewage sludge
[12].

Sewage sludge may be contaminated by pathogenicoonganisms and spores.
Unfortunately, the study of sludge are carrieduming traditional methods and is limited to
the detection of potentially pathogenic bacteriahe Salmonella genus, and the eggs of
intestinal parasites ATTA&carislumbricoides, Toxocara sp.,richuris sp). Less commonly
performed test for coliform bacteriaPseudomonas aeruginosa and Clostridium
perfringens. In fact, there are not carried out a comprehenshicrobiological testing
because there is no such legal requirement [1,ah?]applied diagnostic methods are taken
from various industries. Accredited laboratoriegfgen analyzes based on their own
testing procedures, which are based on the actsegudations on: water and wastewater,
soil, municipal waste, feed and food, and generaisrfor the microbiological testing [13].
It follows that there is a need for changes inl#dwslation and standards for diagnostics,
especially in microbiology.

The aim of the study was to analyze the microbiigllgand physico-chemical
composition of sewage sludge from the food industry

Material and methods

The research material was dewatered sewage sluilgeamd without the addition of
burned lime, derived from the food industry in Gpotgion. Lime was added in an amount
of 1.5 kg/Mg of sludge. The designations were mafisamples averaged. The research
included:

I.  Physical analysis determination of sediment terafure [°C], the properties of the
sediment by the volume-sedimentation method (PNiEN02-1:2008) and humidity
by the gravimetric method (PN-EN 12880:2004) [13].

II. Chemical analysis - determination of pH (PN- ER176:2004), mineral content-loss
on ignition (PN-EN 12879:2004), nitrogen (total) by Kjeldahl method (PN-EN
16169:2012), ammonia nitrogen (PN-EN 14671:200@}alt phosphorus (PN-EN
13346:2002), phosphorus agOR (PN-EN 1SO 11885:2009), the content of elements:
Ca, Mg, Zn, Pb, Cd, Cr, Cu, Ni (PN-EN 13657:20068)d mercury (PN-EN
13346:200) [14, 15].

lll. Microbiological analysis - quantitative and alilative determination of mesophilic,
psychrophilic and potentially pathogenic microorigars by the culture method (serial
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dilutions) on the media: nutrient agar - mesophitind psychrophilic bacteria;

YPD - yeastCapek - filamentous fungi; and selective media: Hektbacteria of the

Enterobacteriaceae family; Parker Staphylococcus spp.

Cultures were incubated 24-48 h at 35°C - mesaplitid potentially pathogenic
bacteria Enterobacteriaceae family, Staphylococcus and Streptococcus genus), 48-72 h at
20°C - psychrophilic bacteria, at 30°C - yeast, @rdhys incubation at 25°C - fungi. After
incubation, the colonies were counted and the reguén in 1 g CFU/g d.m. of sludge.
Additionally the bacteria were differentiated by Bram stain and divided morphologically
into groups.

Results and discussion

Results of the physico-chemical analysis of sludgk and without lime content, used
test standards and their ranges are shown in Table

Table 1
Physico-chemical analysis of sewage sludge
The sewage | The sewags
The unit | sludge after |sludge after Current Range of
Analysis of drinks drinks Research method 9
- . standards standards
measure| production | production
without lime | with lime
Chemical analysis;
Potentiometric PN-EN
pH e ved (Electrometry) | 12176:2004 1135
. Thermogravimetriq  PN-EN
9 0, -
Dry weight 105°C [%] 10.9 10.7 (Weight) 12880:2004 0.50-99.5
Mineral and organi PN-EN
substances - loss 0ff6 d.m.] 83.1 83.2 Weight . 0.50-99.5
S 12879:2004
ignition 600°C
Nitrogen (total) | -, N PN-EN )
Kjeldahl [% d.m.] 6.32 6.92 Titration 161692012 0.003-8.00
L N PN-EN
0, -
Ammonia nitrogen [% d.m.] <0.010 <0.010 Titration 146712007 0.003-2.00
Phosphorus [% d.m 1.2 1.2 ASA PN-EN 0.0005-10.09
) ’ ) 13346:2002| )
Optical emission
o spectrometry with| PN-EN ISO }
Phosphorus s | [% d.m.] 2.74 274 linductively activate| 118852009 0-0005-10-09
plasma
Ca [% d.m.] 1.01 1.18 ASA PN-EN 0.0001-15.0
Mg [% d.m.] 0.29 0.3 13657:2006| 0.0001-2.00
Zn [ma/kg 150 145 0.50-10000
d.m.]
Pb [ma/kg 2.25 1.61 1.00-3000
d.m.]
cd [ma/kg 4.34 4.45 0.05-200
d.m.]
cr [ma/kg 36.2 35.6 0.30-1000
d.m.]
Cu [ma/kg 26 27.4 0.40-5000
d.m.]
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The sewage | The sewags
The unit | sludge after [sludge after Current Range of
Analysis of drinks drinks Research method g
> . standards standards
measure| production | production
without lime | with lime
Ni [mg/kg 10.7 10.5 0.40-1000
d.m.]
Atomic Spectromet
Hg [?%k]g 0.36 0.33  |with upconcentratio 1322';3',52'\(')02 0.05-25.00
o on amalgamator )
Physical analysis
Temperature [°C] 16.5 - - - -
. . Volume-
Sedimentation /sy 3l 29375 ; sedimentation |, NEN | 100-1000
properties 14702-1:2008
method
Determination of o ) Thermogravimetriq  PN-EN ]
humidity (%] ez (Weight) 12880-2004| 0-50-995

The results found that liming had no effect on mddghysico-chemical parameters. In
the sludge with lime, compared with the other dhere was a slight increase in pH (from
6.9 to 7.1), total nitrogen, cadmium, copper ardigm. The concentrations of most metals
were slightly (irrelevant) decreased, and the cotraéon of phosphorus and ammonia
nitrogen were unaffected. The average temperatustidge was 16.5°C, the average value
of the sedimentation properties was 293.75/dnt and the average dry weight of limed
sediment was 99.23%.

Microbiological analysis showed that liming hadeftect on the number of mesophilic
bacteria and yeast but inhibited growth of psychilipbacteria and fungi (Figs. 1 and 2).

Sludge without
lime

8 4
- Sludge with lime
g 4
4 4
2 4

Total number of bacteria Psychrophilic bacteria Mesophilic bacteria

[lg CFUIg d.m]

Fig. 1. The total number of mesophilic and psychilip bacteria [Ilg CFU/g d.m.] in sewage sludge
with and without lime
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Fig. 2. The total number of microorganisms inclgdjreast and fungi [lg CFU/g d.m.] in sewage sludge
with and without lime
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Fig. 3. The composition of mesophilic bacteria dafian [%] in the limed sediment without and with
the addition of lime
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Fig. 4. The composition of yeast population [%}fe limed sediment without and with the addition of
lime

The addition of lime to the sludge lead to a chamgéhe quantitative ratios of the
various groups of microorganisms. In the sludgeheut lime dominated gramnegative
rod-shaped bacteria (50%), and in limed sedimerst sudilar quantities of gramnegative
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rod-shaped bacteria and cocci, but there was reepeoe of grampositive cocci (Fig. 3). In
the sludge were essentially the same types of yleassthe quantitative ratios have changed
(Fig. 4). In the sludge without lime four typesfidmentous fungi were selected.

Microbiological analysis for potentially pathogemiicroorganisms showed that liming
significantly affect the incidence of potentiallathogenic bacteria; in sludge with lime
clearly increased their numbers, especially stajglndci and streptococci. However, liming
did not affect the number of microorganisms of Eméer obacteriaceae family (Fig. 5).

10 4 = Sludge
without lime

g Sludge with

lime
2 .

Pathogenic bacteria Enterobacteriacae Staphylococcus Streptococcus

[lg CFUlg d.m.]

Fig. 5. The total number of potentially pathogebacteria [lg CFU/g d.m.] in sewage sludge with and
without lime content

Conclusions
1. Sewage sludge with and without lime charactdriz@milar physico-chemical
parameters.

2. In the limed sediment, compared with the othee ave observed reduction in the
number of mesophilic bacteria and yeast, a totaibition of psychrophilic bacteria
and fungi and increase the number of potentialth@genic bacteria.

3. Due to the diversity of sewage sludge, detertiineof their development directions
should always be preceded by a study of physicoacta and microbiological
composition.
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Abstrakt: Celem bada byta analiza sktadu mikrobiologicznego oraz fizgkemicznego osadévciekowych
pochodacych z przemysitu spgwczego. Materiat badawczy stanowit odwodniony o$eigkowy wapnowany

i niewapnowany pochodey z zaktadu produkcji wdd i napojow na terenie Bpozyzny. Analiza
fizykochemiczna obejmowata oznaczenia: pH, tempeyabsadu, wiciwosci sedymentacyjnych, zawasétn
suchej masy, substancji mineralnych, pierwiastkdagénnych oraz metali gikich. Ocena mikrobiologiczna
obejmowata oznaczenia §lciowo-jakdiciowe mikroorganizméw mezofilnych i psychrofilnycinaz potencjalnie
chorobotwoérczych. Osaéciekowy zaréwno wapnowany, jak i niewapnowany ceady podobne parametry
fizykochemiczne. Jednak dodatek wapna do osaitkowego prowadzit do zmiany stosunkéwsdimwych
poszczegOlinych grup mikroorganizméw. W osadzie wammym, w poréwnaniu do niewapnowanego,
obserwowano ob#énie liczby bakterii mezofilnych i dédzy oraz catkowite zahamowanie rozwoju bakterii
psychrofilnych i grzybéw. Znajondé parametréw fizykochemicznych oraz sktadu mikrobgatznego osadéw
sciekowych niezbdna jest do wytyczenia kierunkéw ich zagospodaraavan

Stowa kluczowe:osadysciekowe, ocena mikrobiologiczna, analiza fizykochemma, przemyst spywczy



