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column shaker (Fig. 1 ). The fractionation took about eight hours. The fractions were collected 
in sterile plastic containers, then thoroughly mixed, stored at 4°C for 12 hours and used for 
analyses and experiments. 

In the original sludge sample and its fractions, the composition of keratinolytic and 
keratinophil ic fungi was determined using the hair baiting method [ 17]. Small Petri dishes 
(5-cm diameter) were fi ll ed with 5 g of sludge or its fraction and covered with O. I 5 g of 
detergent-defatted, fine cut, and autoclaved child hair each. The dishes were incubated in 
the dark at 23°C for four months. Ten dishes responded to the original sludge sample and 
each fraction. During incubation, stable moisture conditions (ca. 40%) by adding sterilized 
redistil led water were maintained in the samples. The fungal growth indices were as follows: 
number of isolates; isolation frequency (number of Petri dishes positive for fungal 
growth* 100/total number of Petri dishes set up); and the number of species. 

The qualitative and quantitative composition of actidione-resistant fungi was also 
determined in the original sludge sample and its fractions. Dilutions in autoclaced 
physiological saline and the Wiegand medium (8] supplemented with chloramphenicol 
( I 00 mg/dm') and actidione (500 3 45677789: with I O-day incubation in the dark at 23 and 3 7°C 
were used. Pure fungal isolates were identifi ed to the species level. The geophilic 
dermatophytes were identifi ed using the monograph by de Hoog et al. [4], whil e in 
identifi cation of the fungi from the genera Chrysosporium, Aphanoascus, Malbranchea 
and all ied genera the papers by van Oorschot [7], Cano and Guarro [I] and Sigler and 
Carmichael [II] were used. Subsequently, the monograph by Raper and Fennel [9] was 
used for identifi cation of Aspergillus strains. Finally, the monograph on soil fungi by 
Dom sch et al. [3] was used for identifi cation of other fungi. The in vitro hair degradation 
test was that of U I fi g et al. [ 16]. The test relies on the incubation of fungal strains for one 
month on Sabouraud I: I O+ mineral salts [ 12] with steril ized child hair laid over its surface. 

Particle size fraction distribution, pH in ,;<2=: pH in I M KCI, total nitrogen, organic 
carbon, C:N, total sulfur, C:S, heavy metals (Fe, Mn, Zn, Cd, Pb, Cu, Cr, Ni, and Hg) and total 
bacterial (on SMA) and fungal (on MEA supplemented with chloramphenicol in the quantity 
of I 00 mg/dm3

) numbers also were determined in the original sludge sample and its fractions 
The methods for determination of sludge phys i co-chem i cal parameters were described in a 
previous paper [ I 4]. 

RESULTS 

Trichophyton terrestre with its teleomorph Arthroderma quadrif idum, Microsporum 
gypseum and Am auroascus 11111/a/lls prevailed in the original sludge sample (Tab. I). The 
fi rst two fungi occurred in all fractions. In the fraction< 0.032 mm, M. gypseum grew well in 
ten dishes, whereas T terrestre with its teleomorph A. quadrif idum was observed only in 
three dishes. The growth of the latter fungus was weak and the number of ascomata was 
low. Most isolates of A. mut at us were isolated from fractions> I and 0.125-0.063 mm. The 
remaining keratinolytic fungi were sporadicall y isolated from the original sludge sample 
and its fractions. The number of keratinolytic fungi isolates was distinctly higher in the 
original sludge sample than in its fractions (Tab. 2). In the case ofkeratinophilic fungi, the 
number of isolates and the number of species were higher in the original sludge sample 
than in its fractions. No more signifi cant diff erences between fungal compositions were 
observed. 
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Table 2. The keratinophilic and keratinophilic fungi growth indices in the original sludge sample and 
its fractions 

Fractions 
Fungal growth Original 
indices sludge > 1 1-0.5 0.5-0.25 0.25- 0.125- 0.063- < 0.032 

sample mm mm mm 0.125 mm 0.063 mm 0.032 111111 mm 

Keratinolytic fungi 

Number of isolates 38 28 19 25 30 28 24 16 

Frequency of 
isolation(%) 100 100 90 90 90 100 100 100 

Number of species 4 4 2 3 4 3 2 2 

Keratinophilic fungi 

Number of isolates 24 14 11 13 14 12 16 14 

Frequency of 
isolation (%) 100 100 100 100 100 90 100 100 

Number of species 8 4 2 3 5 4 3 2 

Table 3. Microbiological characteristics of the original sludge sample and its fractions 

Fractions 

Microbiological Original 
> 1 1-0 5 0.5- 0.25- O 125- 0.063- < 

parameters sludge mm mm 0.25 0.125 0.063 0.032 0.032 
sample mm 111111 111111 mm mm 

5.7x 106 8.9 X 1 X 2.7 X 
2.9x 106 6.2 X ]06 2.5x 107 

2.8 X 
Total bacterial number* 106 107 107 106 

3 X 105 
14 I x 2.5 X 2.6 X 

4 X 105 7.5 X l05 2.7 X 106 
J.9 X 

Total fungal number 105 105 105 106 

Number of actidione - 
3.1 X l04 

5 X 5.4 X 5.9 X 
9.6 X 104 9.4 X l04 1.2 X 10

5 1.9 X 

resistant fungi at 23°C 104 104 )0 4 105 

Number of actidione- 
2.3 X 103 

1.5 X 3.5 X 1.8 X 
3.3 X 103 1.1 X 10

4 1.8 X J04 
].4 X 

resistant fungi at 37°C 103 103 103 104 

* - all numbers in CFU/g d.w.; CFU - colony forming units 

From the actidione-resistant medium by the dilution method, ten fungal species were 
identified in the original sludge sample (Tab. 4). The number of species in the fractions 
ranged between 13-17. The highest number of species ( 17) was identified in the fraction 1- 
0.5 mm. Arthrographis alba, T terrestre, Phialemonium dimorphosporum, Paecilomyces 
lilacinus, Verticil li um lecani and Penici//ium nigricans prevailed in the original sludge 
sample. These species also occurred abundantly in all fractions. However, the more diverse 
composition of actidione-resistant fungi characterized the fractions. The keratinolytic 
species identified were as follows: T terrestre, Aphanoascus reticuli sporus, Sporothrix 
schenckii, Trichophyton aje//oi and Chrysosporium anamorph of Aphanoascus cl athratus. 
The highest number of T terrestre propagules was observed in fractions 0.125-0.063, 
0.063-0.032 and< 0.032 mm (range 2000-2360 CFU/g d.w.). The remaining species occurred 
infrequently in the samples examined. 
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In the original sludge sample and in the fi rst four fractions(< 1--0.125 mm), the C:N 

ratio ranged between 7.4-8.5, while in the last two fractions (0.125-0.032 mm) the C:N range 

was 9.1-10.7 (characteristics in Table 5). In the original sludge sample and fir st four fractions, 

the total sulfur content ranged between 0.52-0.57% d.w, The total sulfur contents for the 

last two fractions were 1.09 and I .45% d.w, In the original sludge sample, the C:S ratio was 

34.9. In fractions, the C:S ratio ranged between 12 and 42.6. The C:S ratios were distinctly 

lower in fractions 0.125--0.063, 0.063--0.032 and< 0.032 mm ( 12-21.2) than in other fractions. 

Higher concentrations of iron, manganium, zinc and cadmium were detected in the last 

three fractions. Lead was ,,accumulated" in the fraction < 0.032-mm. The highest nickel 

concentration was observed in the fraction> I mm. The contents of these heavy metals in 

the original sludge sample and in its fractions were determined using !CP spectrometry 

(with mineralization in nitrohydrochloric acid in the microwave MDS 2000 system). No 

signifi cant relationships were found for other microbiological and physico-chemical 

parameters. 

Table 5. Physico-chcmical characteristics of the original sludge sample and its fractions 
Physico- 

Original Fractions 
chemical Units 1-0 5 O 5- 0.25- 0.125- 0.063- <O 032 
parameters sludge >Imm nun ).2511111 0.125mm 0.063mm 0.032nun 111111 

Fraction 
distribution % - 40.8 29.3 16.4 8.6 2.8 L3 0.8 

pH in HP - 5.8 6.0 5.8 5.8 5.8 5.7 5.8 6.0 
pH in I 

- 5.7 5.9 5.7 5.7 5.7 5.6 5.6 5.8 MKCI 

Total nitrogen % 2.5 2.9 2.7 1.9 2.0 2.3 2.2 1.7 
Organic .9 
carbon % 19.9 23.8 22.6 16.3 14 20.8 23.8 17.4 

C:N - 7.8 8.2 8.5 8.5 7.5 9.1 10.7 IOO 
Total sulfur % 0.57 0.56 0.53 0.52 0.55 0.98 109 1.45 
C:S - 34.9 42.4 42.6 313 270 21.2 21.8 12.0 
Iron mg/kg d.w 11093 12800 10393 8485 10018 12967 14177 15130 
Manaanium mg/kg d.w 1013 913 818 761 1053 1698 2123 2545 
Zinc mg/kg d.w. 2247 2109 1843 1478 1726 2178 2094 2432 
Cadmium mg/kg d.w 8.9 8.9 8. I 6.7 7.7 9.5 9.4 10.4 
Lead mg/kg d.w 161.6 178.4 162.6 133.2 143.6 174.1 166.3 195.5 
Copper mg/kg d.w 145.8 143.0 124.7 95.7 107.5 128.6 125.2 136.6 
Chromium mg/kg d.w 47.8 86.4 45.8 33.1 36.8 46.8 46.3 517 
Nickel mg/kg d.w 28.1 191.6 27.9 25.2 21.7 27.9 29.5 29.9 
MercWy mg/kg d.w. 1.6 1.5 1.4 I.O 1.1 11 1.2 13 

d.w. - dry weight 

DfSCUSSION 

In a screening study [ I 4], T terrestre with its teleornorph A. quadrifi dum favored 

sludges with coll oidal loam content <15%. No relationships between particle size distribution 

and M gypseum were found. However, the number of Pseudall escheria boydii isolates 

positively correlated with colloidal loam content In addition, positive relationships were 

found between the number of M. gypseum and P boydii isolates with total sulfur and 
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HB = 9@G??BHBN9>: MR ] V_ Ĉ-B >D? PG?9?B>9>: MR/ DHND?G@AB@?B>G=>HAB9 A<9AU? U?>=;9 E?G?
M?>?@>?M HB >D? ;=9> >DG?? I9U=;;K <G=@>HAB9C ( D?G? H9/ DAE?Q?G/ BA ?QHM?B@? >D=>>D?9?
@AB>=UHB=B>9=<<?@>?M>D? <:BNH?[ =UHB?MC

* : BN=; PGAP=N: ;? Y: =B>H>H?9M?>?GUHB?MOR>D? MH;: >HABU?>DAME?G? DHND?GHB <G=@>HAB9
>D=B HB >D? AGHNHB=; 9;: MN? 9=UP;?C0 ;9A/ >D? B: UO?GA<=@>HMHAB?̀ G?9H9>=B><:BNH=>OA>D JT
=BMTa\5 E=9 DHND?GHB <G=@>HAB9 ) CVJ! `" C" bT/ " C" bT̀ " C" TJ =BMS " C" TJ UU >D=B HB ;=GN?
<G=@>HAB9C( D? 9U=;; <G=@>HAB9 =;9A 9DAE?MDHND?G<:BN=; MHQ?G9H>RC( D? DHND?9>B: UO?GA<
>D? >A>=; <:BN=; PAP: ;=>HAB IAB 4 60 KE=9 =;9A AO9?GQ?MHB 9U=;; <G=@>HAB9C( D? PD?BAU?B=
U=R O? ?[ P;=HB?MOR>D? <=@>>D=>>D? @AB>GHO: >HAB9 A<>D? <G=@>HAB9 >A >D? AGHNHB=; 9;: MN?
9=UP;? E?G? MH<<?G?B>C( D? 9U=;; <G=@>HAB9 D=MU: @D 9U=;;?GMH9>GHO: >HAB9 >D=B >D? ;=GN?
<G=@>HAB9 MHMC( D? 9U=;;?G@AB>GHO: >HAB HUP;H?MDHND?G9;: MN? U=99 =B=;RL?M=BMDHND?G
<:BN=; Y: =B>H>H?9C-B =MMH>HAB/ >D? //@: U: ;=>HABWA<>D? PGAP=N: ;?9 HB 9U=;; <G=@>HAB9 M: ? >A
>D? 9;: MN? <G=@>HAB=>HAB HB = @A;: UB 9D=X?GE=9 =;9A PA99HO;?C

-B @AB>G=9>>A <:BN=; Y: =B>H>H?9 M?>?GUHB?MOR >D? MH;: >HAB U?>DAM/ >D? B: UO?G9 A<
X?G=>HBA;R>H@=BMX?G=>HBAPDH;H@<:BNH H9A;=>?MOR >D? D=HGO=H>HBN U?>DAME?G? ;AE?GHB
<G=@>HAB9>D=B HB >D? AGHNHB=; 9;: MN? 9=UP;?C' AU? Y: =;H>=>HQ? MH<<?G?B@?9 O?>E??B <G=@>HAB9
E?G? =;9A <A: BMC ( D? Y: =;H>=>HQ? =BM Y: =B>H>=>HQ? @AUPA9H>HAB A<X?G=>HBA;R>H@=BM
X?G=>HBAPDH;H@<:BNH HB >D? <G=@>HABc - UU UA9>;RG?9?UO;?M>D? <:BN=; @AUPA9H>HAB HB>D?
AGHNHB=; 9;: MN? 9=UP;?C -> H9 : BM?G9>=BM=O;?/ 9HB@? >DH9 <G=@>HAB G?PG?9?B>?M=9 U: @D =9
_" Cde A<>D? >A>=; 9;: MN? U=99C( D? MH<<?G?B@?9 HB <:BN=; @AUPA9H>HAB9 @?G>=HB;RG?9: ;>?M
<GAU MH<<?G?B>9?;?@>B?99A<>D? U?>DAM9 =PP;H?MC( D? D=HGO=H>HBNU?>DAMH9 UAG? 9?;?@>HQ?
HB H9A;=>HAB A<X?G=>HBA;R>H@<:BNH>D=B >D? MH;: >HAB U?>DAMO: >=;9A UAG? //9?B9H>HQ?W>A
?BQHGABU?B>=; <=@>AG9 A<>D? 9=UP;? : BM?G?[ =UHB=>HABC( D? M=>= 9: NN?9>>D=>/ N?B?G=;;R/
HBMHQHM: =; <G=@>HAB9 @AB>GHO: >?M>A >D? >A>=; PAP: ;=>HAB A<X?G=>HBA;R>H@=BMX?G=>HBAPDH;H@
<:BNH HB >D? 9;: MN?C -> =PP?=G9/ DAE?Q?G/ >D=> UAG? B: >GH?B> <=@>AG9 =99A@H=>?MEH>D >D?
<G=@>HAB9>D=B >D? PGAP=N: ;? Y: =B>H>H?9 IHBA@: ;=K=<<?@>?M>D? @AUPA9H>HAB A<>D?9? <:BNHHB
>D? 9;: MN?C



! " # $ %" ! &' ( %" ) $ * +, - &" ! ,. " /* $ - +,0 1 ! 22 5] 

! "#$%&'( ) * (+ ($,
- . ( / ,0)1 &2/ 3(45%4+ ( ) &6,. 6$ 2 7 89 * 42$, : ; <=> <? @AB - . ( 20,. %4/ &6/ . ,%

,. 2$# C4/ @B86( ) 4%D5%4 . (4 (E"( '' ($, ,( " . $6"2' 2/ / 6/ ,2$" ( B

REFERENCES 
3,4 - 567 i.r., J. %85//79 - . ( * ($0/ !3 . 2$%2/ "0/ B : ; <7=7>?<5= * @A@5/<BC 94, DEEFDGGHI JJKL2
3M4 - B/6@= L., $ 2 ==5A?=?N7O5C J. P/5QN7C$ 2 R=5S?=?N7O59 - . ( 6$5'0($" ( %5/%+ ( ( "%'%* 6"2' 52",%4/ %$

#(42,6$%3. 6'6" 50$* 6 6$ ,. ( /%6'F ! 5T78/58<=?5C IO, MUFDV HI JGML2
3D4 ( 7/6A<B W P 22 # 2 %5/6AC+2$ 2 $6X@/A769 G%+ 3( $) 60+ %5H%6' I 0$* 6B $<5X@Y?< ) /@AAC &76X76Z

! 56 [ /56<?A<7 I J\ K2
3V4 IF=77> X@%2! 2CJ. %85//72 ]2 %@6@2 : 2]2 [ ?>8@/5A ! ,' 2/ %5G'6$6"2' I 0$*6F - @6 /̂55=T8/@58 O77/

A<B?Y Y @=<8=̂8/@AC ' 6?O@/A?̂5̂ * 7O?/5 ? R?/>?=?C ' /̂@<B̂C * @8A MKKK2
3EI W86@/^ ]29 ; . 1/6%'%*1 %5#(42'6$%3. 6'6" 50$*6F 3?694 86%'%*1 %5J (4+ 2,%3. 1,(/ 2$) %,. ( 4

7(42,6$%3. 6'6" I 0$* 6H* 2W2! 2 W8AB_5B5 56X ]2 %85//7C@X?̂7/ALC* @O?Â5 ,T@/75/6</?<565 X@: ?<7=7>?5
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