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O9: ) TXSE8_Ǹ HPI 8 AV +O- =<b )9NXKFM

6 PF_ 8GUNc NP_ SI P N9OUI PV Fentori's GPSTKH8MV NSMHKSKH8MV NKSLH9HXSKH8MV SU7SMTPU 8dHUSKH8M EG8TPNN:

,2 ] 3, "' !6 #%+* ' / 0) / ! / ! 2" ) # ' ( 3 $+Z+' /+W! #%+/ !5 . +' "/3 #$
) ( !5 e , 4#+' 6 ) ,3 #$

, P̀ NEPGFRPMTHP SMS9HX8_ SM8 R8a9H_ 8fg XSNK8N8_ SMHS GPS̀ ThH * PMK8MS _ EG8TPNHP JHI HPMHXSThH
8NSUi _ fTHP̀ 8_ FTJ: \ SUSMHS EGXPEG8_ SUX8M8 _ KGXPTJ PKSESTJV EGXF _ F` 8GXFNKSMHO NKSM8_ HǸ
8UE8_ HSUShj TFTJ Ǹ S9H 9SL8GSK8GFhMPh: ) ` GPf 98M8 _ Ê F_ US_ ` H GPSI PMKi _ TJPRHTXMFTJ kh8Mi _ * Pl V $ V) VV
Ò ŜUO * P?mn$ V) Vo MS 8NKSKPTXMF PQP̀ K KPTJM898I HTXMF: ! MS9HXF RH̀G8LH898I HTXMP U8KFTXF F̂ LS̀ KPGHH X I GOEF
coli , LS̀ KPGHH coii KFEO ` Ŝ8_ PI 8V EGXPKG_S9MH̀ 8_ FTJ Q8GR Clostridium perfringens 8GSX LS̀ KPGHH X G8UXShO
Salmonella. , NOG8_FR 8NSUXHP MSURHPGMFR ` 8MTPMKGSThS LS`KPGHH X I GOEF coli _ FM8NĤS BV= p + @6 / 2. nI N:R:V
LS̀ KPGHH coli KFEO ` Ŝ8_ PI 8 ; V? p <@6 / 2. nI N:R: 8GSX EGXPKG_S9MH̀ 8_FTJ Q8GR LPXK9PM8_ Ti _ Clostridium 
p erfrin gens <V? + ) m%06 nI N:R: ( K_ HPGUX8M8 Gi _ MHPa 8LPTM8f g LS̀ KPGHH X G8UXShO Salmonella. 
/ ShǸ OKPTXMHPhNXj RPK8Uj JHI HPMHXSThH SMS9HX8_ SMFTJ 8NSUi _ fTHP̀ 8_FTJ 8` SXŜ8 NHq XSNK8N8_ SMHP KPTJMH̀ H
E8I q̂LH8MPI 8 OK9PMHSMHS: , _ SGHSMTHP MShǸ OKPTXMHPhNXFR 9HTXLq LS̀ KPGHH X I GOEF coli 8I GSMHTX8M8 U8
DV? <@m/ 2.n I N:R:VS LPXK9PM8_ Ti _ U8 BVb <@B %06nI N:R: , KFR EGXFESÙ O MHP NK_HPGUX8M8 LS̀ KPGHH
X G8UXShO Salmonella. ( ` OKPTXM8fg EGPXPMK8_ SMPh KPTJM898I HH G8N̂S _ GSXX ` 89PhMFRH US_ ` SRH GPSI PMKi _
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( ORRSGF

* PMK8M GPSTKH8M _ SN HM7PNKHI SKPU Q8GHKN E8KPMKHS9 K8 HREG87P KJP NSMHKSGFPQQPTKN 8QKJP PdTPNN N9OUI P
QG8R _ SNKP_ SKPGKGPSKRPMKE9SMKN: 0JP HM7PNKHI SKH8MN _ PGP T8MUOTKPU HM KJGPP EJSNPNV 8M 9SL8GSK8GF>NTS9P
PdEPGHRPMKS9 NKSMUN: 0JP HRE8GKSMTP 8Q* PMK8MmN GPSI PMKN U8NPNV QPGG8ON NO9EJSKP SMU JFUG8I PM EPG8dHUP
U8NPN SN HMUPEPMUPMK SI PMKN HMQ9OPMTHMI KJP KPTJM898I HTS9 PQQPTKN _ PGP UPKPGRHMPU: . HTG8LHS9 SMS9FNHN
T8MTPMKGSKPU 8M coli Q8GR LSTKPGHSV QSPTS9 coli Q8GR LSTKPGHSV SMSPG8LHT PMU8NE8G8ON Q8GR 8QClostridium 
perfrin gens SMU RHTG88GI SMHNRN 8QSalmonella I PMON: +M STKH7SKPU N9OUI P M8KPdE8NPU K8 TJPRHTS9 KGPSKRPMKV
KJP MORLPG8Qcoli Q8GRLSTKPGHS _ SN SEEG8dHRSKP9F 8M KJP 9P7P9 8QB:= p <@6 . 2/ nI U: R:V QSPTS9 coli Q8GRN
; :? p 9@6 . 2/ nI U: R:V J8_ P7PGV SMSPG8LHT PMU8NE8G8ON Q8GR 8QClostridium perfringens _ SN8M KJP 9P7P98Q
<:? 9) m# * - nI U: R: Salmonella RHTG88GI SMHNRN_ PGP EGPNPMK:

0JP R8NKPQQPTKH7P RPKJ8U K8 HREG87P KJP NSMHKSGF PQQPTKN 8QKJP PdTPNN N9OUI P _ SN SU7SMTPU
8dHUSKH8M EG8TPNN k! ) 2o: 0JP LPNK GPNO9KN GP7PS9PU KJSK KJP MORLPG8Qcoli Q8GRN _ SN GPUOTPU K8
D:? p 9 ) m. 2/ nI U: R: SMU SMSPG8LHT Q8GRNK8 B:b p + ) m# * - nI U: R: Salmonella UHU M8KSEEPSGHM KJP N9OUI P:
0JP PQQHTHPMTFp 8QKJP EGPNPMKPU RPKJ8U UPEPMUPU UHGPTK9F 8M TJPRHTS9 GPSI PMKU8NPN:
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MATERIAL S AND METHODS 

In presented study raw excess sludge from wastewater treatment plant was used. 
Physico-chemical and microbial parameters of the sludge are shown in Table I. The 
investigations were conducted in three phases; on laboratory-scale experimental stands at 
the ambient temperature ranging from l 9°C do 22°C. 

Parameter Unit M in Max Mean 

Hydration [%] 96.23 95.72 95.97 

Filtration resistivity [kg/m] 1.732·1012 3.410·1012 2.571-1012 

CSK [s] 386 525 455 

Dry mass [g/dm3
] 37.690 42.780 40.235 

Mineral fraction [g/dm3
] 12.700 16.820 14.760 

Volatil e fraction [g/dm '] 23.150 27.520 25.335 

COD of the fil trate [mg O2/dm3
] 267.8 549.4 408.6 

P-PO4 of the fil trate [mg P-PO4/dm3
] 176.7 284.2 230.4 

N tot of the fi ltrate [mg N/drn3
] 316.8 401.4 359.1 

N-NH4 of the fil trate [mg N-NH4 /drn '] 253.5 379.8 316.6 

Reaction [pH] 6.70 7.52 7.1 

Coli form bacteria [MPN/g d. m.] 4.3-106 5.1 · 106 4.7·106 

Faecal coli forms [MPN/g d. m.] 3.0-106 3.4-106 3.2·106 

Clostridium perfringens [CFU/g d. m.] 1.0-104 1.4-104 1.2· 104 

Salmonella sp. - + + + 

Table I. Characteristic of the sewage sludge used in the experiment 

+ present in the sewage sludge 

The research phases varied from the type of chemical reagents suppli ed to the 
technological system. Depending on the experimental phase the foll owing substances 
were doze to the analyzed sewage sludge: 

- Phase I - ferrous ions (Fe2+) in the form ofFeSO 4 · 6H
2
O, 

- Phase II - hydrogen peroxide (Hp2) in the form of30% perhydrol dilution, 
- Phase Ill - ferrous ions (Fe2+) in form ofFeSO

4 
· 6Hp and hydrogen peroxide (H

2
O

2
) 

in form of30% perhydrol dilution- Fenton's reagent. 
The applied doses of the reacting substances are shown in Table 2. 
Each experimental phase was divided into six technological variants varied from 

chemical substances doses applied in the system. Doses of reacting substances were 
chosen on the basis of preliminary experiment and li terature data [ 12, 13, 23-26]. 
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Sewage sludge retention time was 24 h. Samples were taken directly from the reactors 
at the beginning of the cycle before reacting substances had been applied to the system 
and then after 24 h of the reaction time. Sewage sludge was assayed for the following: 

- Coli form bacteria, 
- Faecal coli form bacteria, 
- Salmonella sp., 
- Endosporous form of Clostridium perfringens. 
Coliforms and faecal coliform bacteria from sludge samples were determined according 

to PN-EN-ISO 9308-1 :2002(U). Samples were inoculated and incubated on lauryl-sulphate 
broth; the ability to gas production was checked. Incubation was carried out at the 
temperature of37°C (48 hours) for coli form bacteria and at 44.5°C (24 hours) for faecal 
coli forms. 

Presence of Salmonella sp. bacteria on the afore-mentioned media was determined 
after previous culturing of 100 cm3 water in bull ion with tetrathionate according to Muller­ 
Kauffman (Merck) for 24 hours at 37°C. Salmonella sp. bacteria were analyzed on their 
capabili ty to produce flagellar antigen using agglutinating serum for HM antigen (Biomed). 
They were finall y identifi ed by API 20E tests (bioMerieux). 

In order to determine anaerobic spore-forming and sulphite reducing bacteria of 
Clostridium perfringens, sewage sludge was analyzed according to PN-EN-ISO 2646-1 :2002. 
Bacteria were inoculated and incubated on Wilson-Blair's broth in anaerobic jars, using 
AnaeroGen (OXOID) for the generation of anaerobic conditions. Bacteria surrounded by 
black precipitate of ferric sulphide were counted. 

RESULTS 

In presented study it was shown that in the analyzed sludge not affected by chemical 
parameters the most probable number of coli form bacteria was approximately on the level 
of 4. 7 · 106 MPN/g d. m., faecal coli forms - 3.2 · 106 MPN/g d. m., however, anaerobic 
endosporous form of Clostridium perfringens was on the level of 1.2 · 106 CFU/g d. m. 
Microorganisms Salmonella were present (Table 1). 

During the experiment the most effi cient method of the excess sludge sanitation was 
appli cation of AOP. The reduction effectiveness of the number of coliforms and Clostridium 
perfringens correlated with the increasing reagents doses (Fig. 4). In the fi rst variant, the 
application of0.25 g Fe2+/dm3 and 1.0 g Hp/dm3 revealed that the numberoffaecal coli forrns 
was 5.1 · 104 MPN/g d. m. as for coli form bacteria 1.0 · 105 MPN/g d. m., however for 
Clostridium perfringens it was 7.2 · 103 CFU/g d. m. (Fig. 4, Fig. 7). lt was visible that at this 
dose of Fenton's reagents bacteria from Salmonella sp. genus were present. Salmonella 
sp. was eliminated from the sludge in variants with reagents doses above 0.50 g Fe2+/dm3; 
2.0 g Hp/dm3 (Table 3). Reduction effectiveness of coli forrns increased with chemical 
reagents doses, however in the range from 1.0 g Fe't/dm': 4.0 g Hp/dm3 to 2.0 g Fev'/dm"; 
8.0 g Hp/dm3, final results were comparable (Fig. 4). 

The lowest number of anaerobic cell s 4.9 · 101 CFU/g d. m. was observed at Fenton 's 
reagents doses on the level of2.0 g Fe-t/drn'; 8.0 g Hp/dm3 (Fig. 7). The appli cation of the 
highest Fenton's reagents doses to stabili zed sludge let obtain 2.2 · 102 MPN/g d. m. of 
faecal coli forms and 6.2 · 102 MPN/g d. m. of coli forms (Fig. 4). 

The results of the sewage sludge sanitation with the application of inorganic coagulant 
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Fig. 2. Reduction of MPN coliforms and faecal coliforms in the excess sludge in phase I 
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Desinfective property ofhydrogen peroxide can be directly connected with toxicity of 
this chemical compound. A lot of tests done on the organisms settled in water environments 
prove this theory. It has been shown that the concentration over40 mg Hp/dm3 is toxic for 
trouts. In the case on lower organisms the toxicity threshold (LC50) is the following: Gammarus 
Pulex-5500 mg H

2
O/dm3, Epeorus Assimilis-3000 mg Hp/dm3, Paramaecium Cauda tum 

- 7000 mg Hp/dm3, Vorticella campanula - 2500 mg Hp/dm3• It is widely known that 
hydrogen peroxide concentration at the level of200 mg H2O/dm3 is quite well tolerated by 
activated sludge of biological wastewater treatment plants. However at the concentrations 
of3-l O mg Hp/dm3 antiseptic property of this reagent is observed, with li ttle residual 
concentration [ 16]. 

Such types of interaction are presented in the studies concerning integrated chemical 
- biological system for treatment of the synthetic diary wastes [ 18]. Using this technology 
resulted in effective and fast organics removal before activated sludge chamber and 
improving fi nal effect of organic and nutrient compounds reduction. The investigations 
were carried out in biological sequencing batch reactors SBR. In the fi rst variant Fenton 's 
reagent was mixed with wastes directly before the addition to biological reactor of activated 
sludge. In the second variant SBR reactor was preceded by separate chamber of advanced 
oxidation. The third variant was the most complex because wastes from separate chamber 
of advanced oxidation were clarifi ed and then added to bioreactor with activated sludge. 
It was proved that preliminary advanced oxidation process should be performed according 
to the third variant. In other cases microorganisms' activity was signifi cantly limited by 
residual hydrogen peroxide concentrations, which was confi rmed by microscopic study of 
the activated sludge. The number of microorganisms in this process decreased [ 18]. 

It has been also evidenced that hydrogen peroxide concentration in drinking water 
should not exceed 1.0 mg H2O/dm3. The study showed that H2O2 

is a source of peroxide 
radicals which can through tryptophan and cysteine oxidation, enzymes inactivation and 
nucleic acids modifi cations lead to mutation or cell mortifi cation. Literature data show that 
hydrogen peroxide is mutagenie for coli form bacteria, Staphylococcus Aureus and 
Nevrospora and causes anomalous changes in chromosomes and the limitation of the 
repli cation activity of DNA [8, 32]. 

Other experiments revealed that direct infl uence of hydrogen peroxide on strains of 
the microorganisms rich in alimentary substances is insignifi cant and diverse [ 16, 20]. 

The comparison of the effectiveness of the reduction of bacterial spores from genus 
of Bacillus using hydrogen peroxide and ozonation indicated that ozone is more effective. 
In the most effi cient variant at the concentration of0.001 g O/dm3 Bacillus sp. reduction 
was 6.1 log

10 
CFU/dm3

. Appli cation of hydrogen peroxide in the amount of l O g H
2
O/dm3 

enables to obtain merely 1.6 log
10 

CFU/dm3. It can be concluded that 10000-fold higher 
concentration ofH2O2 than ozone concentration leads to almost the same final technological 
results [20]. 

For this reason some oxidizing substances used simultaneously in the system seem to 
be a good solution. Better results were observed during both chlorination and hydrogen 
peroxide dosing [ 16]. Simil arly both ozonation and hydrogen peroxide (Peroxone) addition 
appeared to be effective in the case of organic substances removal and in the case of 
sanitation. Most of all , it is economical in contrary to separate ozonation or hydrogen 
peroxide oxidation [ 4, 21, 34]. In order to intensify the fi nal technological effect simultaneous 
using of hydrogen peroxide with magnetic field, electromagnetic field or microvalves is 
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