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Abstract: The aim of this paper was to study biosorption characteristics of Penicillium and Fusarium fungi to Cd** Cu®* Zn’* and Pb’>* and to
explore the effects of multiple heavy metals and different growth media on the biosorption capacity of the fungi. Experiments were conducted in Czapek Dox
medium (CDM) and Potato Dextrose Broth (PDB) medium with inoculation of the fungi with different concentrations of the various heavy metals. Results
showed that adsorption rates of Cd** Cu®* and Zn?* by the fungi decreased with increasing metal concentration and amounts adsorbed by the fungi first
increased then decreased with the concentration. The adsorption rates of Ph*>* increased with the concentrations then began to decrease at a concentration
of 300 mg*L~! and the amount of Ph?* adsorbed increased with the concentration up to 100 mg*L =" then remained almost unchanged. The adsorption
rates and amounts of Ph>* adsorbed by the fungi were significantly higher than those of Cd** Cu?* and Zn**. The amount of Ph?* adsorbed by
Penicillium reached 34.80 mg*g ™! at a concentration of 300 mg*L ~! in CDM. Combinations of the heavy metals inhibited the biosorption of metallic ions
by the fungi. The combined inoculation with Penicillium and Fusarium fungi greatly improved the biosorption of heavy metals compared with single fungi
grown in PDB. With multiple heavy metals in the medium the amounts of Ph?* adsorbed by the fungi in CDM were higher than those in PDB.
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1 (Introduction)

Cd.Cu-Pb Zn
( 2007).

(Umrania 2006).

(Solisio et al. 2008).
( pH ~
)
(Chen
et al. 2005).
(
2003).
(Gadd 2005)
Cd** . Cu’" .
sz + Z1’12 +

2 (Materials and methods)

2.1

( Penicillium sp.)

(Fusarium sp.) Al A19( 2007 ; Du
et al. 2008).
4°C
2.2
( Czapek Dox
medium CDM) ( Potato
Dextrose Broth PDB) (A1.A19 Al
+A19) PDB CDM 121 C

20 min.
2 NaNO; 0. 2 g. FeSO, 0. 001 g.

K,HPO, 0.1 g. 3.0 g.KC1 0.05 g MgSO,#7H,0

0.05 g. 100 ml..
200 g 20
g- 1000 mlL. 0.5
h 1000 mL.
2.3 Cd** .Cu**\Pb**  Zn**
3
mm 100 mL
25 €150 remin "' 3d
3 mm
4 3
lg 45 min.
CdCl,.CuCl,~ZnCl, Pb(NO,),
10,100 300 mg*L™';
100 mg-L ™" 4
\3 4 11
. Al.A19 Al + A19
3 ( 1/2).
3 (4x3+11) x3=69
2.4

2.4.1
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X p<0.05
80 C 12 h
3 (Results)
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Fig. 1 The dependence of heavy metal adsorption rates by fungi on initial metal concentrations
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Fig. 2 The dependence of the amounts of heavy metals adsorbed by the fungi on the initial metal concentrations
3.2
PDB  CDM 2 CDM
1 2. Ph**
1 PDB Ph** 100% ; Cd-Pb
3 78. 47% . 3 Cd**. Cu’"
100 mg*L"' Ph** Zn’* 25. 13% . 28. 21%
3 Al +A19  47.26%. 1 CDM Al
Pb** 67.88% ; Cd-Pb Ccd** PDB
45.47% . Cd*" . Al
Cu’"  Zn’" 28.66% +22.99% PDB )
33.32%. 1 Cd-Cu 1 PDB
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Pbh>* 16.51 mgeg™'. 7.78 mgeg™'.
Cd-Pb Cu-PbZn  Cd-Cu-Pb-Zn Zn**
Pbh>* In’".
11.06 mgeg~". cd**  Ccu®t
6.76  5.39 mgeg™'. PDB
Cd2+ Cu2+
CdPb  Cd<Cu Al
2.43 4.55 rng'gfl. A19
Cd-Pb-Zn In’"
1 PDB
Table 1  The amounts and rates of the heavy metals adsorbed by the fungi cultured in PDB
Al A19 Al +A19
/ / /
(mgeg™") (mgeg™") (mgeg™")
cd Cd** 3.59 +0.54" 14.04% 5.86+0.91% 24.88% 6.76 £0.94* 28.66%
Cu Cu** 3.09 +0.02" 13.19% 4.37 +0.66™ 18.66% 5.39+1.16" 22.99%
Pb Ph2* 13.94 +0. 48" 58.71% 13.05 +0. 44" 53.64% 16.51 £1.82° 67.88%
Zn In?* 2.22+0.11" 9.37% 3.79 £0.13* 16.22% 3.72 £0.16* 15.91%
Cd-Cu Cd** 0=+0° 0 0.54 £0.03* 2.29% 0.06 +0.04" 0.24%
Cu?* 3.12 £0.37¢ 13.31% 3.68 0" 15.71% 4.55 +0.04* 19.43%
Cd-Zn Cd** 0=+0° 0 1.47 £0.10* 6.25% 1.74 £0.28* 7.40%
Zn* 0.83 +0.07° 3.55% 1.93+0.11° 8.28% 2.32+0.17° 9.95%
Cd-Ph Cd*+ 00" 0 2.33 £0.15° 9.90% 2.43 £0.02° 10.32%
Ph2* 10.67 £0.10° 44.22% 7.78 £0.48" 31.98% 11.06 £0.74° 45.47%
Cu-Zn Cu?* 1.62 +0.50" 6.91% 3.53+0.07° 15.06% 3.43 £0.16° 14.65%
Zn* 0.22 +0.05" 0.95% 1.16 +0.01° 4.96% 0.93 +0.29° 4.00%
Cu-Ph Cu?* 0.36 +0.41° 2.68% 3.66 +£0.44° 15.61% 3.64 £0.01° 15.54%
Ph2* 5.1920.53" 21.32% 6.10 0. 56" 25.07% 6.83 +0.13" 28.09%
Zn-Ph Ph2* 3.39 +0.68° 13.95% 6.69 +0. 46" 27.49% 9.67 +0.16° 39.75%
In®* 0.42 +0° 1.82% 1.68 £0.08" 7.18% 2.10 £0.19° 8.98%
Cd-Cu-Zn Cd?* 0+0° 0 00" 0 0+0° 0
Cu®* 0.53 £0.47" 2.28% 0=+0" 0 3.46 £0.22° 14.75%
In®* 00" 0 00" 0 0.80 +0.05* 3.42%
Cd-Cu-Ph Cd* 0+0° 0 00" 0 0+0° 0
Cu?* 1.90 £0.02" 8.10% 0£0° 0 3.51+0.10° 14.97%
Ph2* 2.27 £0.27" 9.31% 1.16 £0.44¢ 4.77% 6.55+0.19° 26.94%
Cu-Pb-Zn Cu** 1.18 £0.25" 5.02% 0+0° 0 2.44 £0.40° 10.41%
Ph%* 1.41 £0.20" 5.81% 0+0° 0 5.26 £0.24° 21.64%
Zn* 00" 0 00" 0 4.75 £0.24" 20.32%
Cd-Ph-7Zn Cd** 0+0° 0 00" 0 0+0° 0
Pb2* 3.0120.18" 11.32% 2.14 £0.29° 8.79% 8.30£0.15° 34.11%
In®* 0+0° 0 1.79 +0.30" 7.61% 7.78 +£0.15° 33.32%
Cd-Cu-Pb-Zn Cd?* 0+0° 0 0£0° 0 0+0° 0
Cu?* 1.08 £0. 16" 4.59% 0£0° 0 2.10 £0.29° 8.95%
Pb2* 1.37 £0.10" 5.65% 3.00 £1.62" 12.35% 4.85 +0,23° 19.93%
In®* 00" 0 2.66 £1.61° 11.39% 4.33 +0.20° 18.52%

(LSD p<0.05).
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2 CDM Pb** ) 2 A19  Cu-Pb-Zn.Cd-
9.49 ~29.64 mg*g ™' Pb-Zn.Cd-Cu-Pb-7Zn Zn** Al
Cd**.Cu**  Zn*" 0~5.92 Al Al19.
mg*g .0 ~6.61 mgeg™' 0~14.04 mgeg~'. Al9
Cd-Pb.Zn-Pb.CdPb-7Zn Pb** Cd-Cu-Zn cd**  Zn**
Cu-Pb-Zn. Cd-PbZn. Cd-CuPb-Zn Cd-Cu-Pb cd**
Zn** ) 1 CDM
Pb2+
CDM A19  Zn** 3 Cd**.Cu**  Zn**
Zn** PDB
2 CDM
Table 2 The amounts and rates of the heavy metals adsorbed by the fungi cultured in CDM
Al A19 Al +A19
/ / /
(mgeg™") (mg-g™") (mgeg™")

cd Cd** 2.43 +1.09" 10.31% 5.92 +0.64° 25.13% 5.46 +0.83" 23.17%
Cu Cu®* 6.12 +0.95° 26.10% 5.57 +0.69* 23.78% 6.61 +0.50° 28.21%
Pb Ph2* 29.64 £3.61° 100.00% 12.37 £0.73" 50.86% 29.28 +1.41° 100.00%
Zn Zn?* 4.32 +0.81% 18.51% 0.23 +0. 14" 0.98% 7.75 +1.99° 33.17%

Cd-Cu Cd** 0.82 +0.03" 3.50% 00" 0 00" 0
Cu* 4.88 +0.04" 20.84% 2.85+0.52" 12.15% 2.08 +0.37" 8.87%

Cd-Zn Cd** 0.71 £0.53" 3.01% 0.16 £0.05® 0.66% 00" 0
Zn* 2.13 £0.42° 9.10% 0.93 +0.03" 3.97% 1.17 £0.02" 5.02%
Cd-Ph Cd** 3.58 +0.47° 15.18% 3.86 +0.38" 16.37% 0.29 +0.32" 1.25%
Ph2* 19.09 +3.53% 78.47% 13.47 £0.54° 55.38% 14.08 +1.19° 57.89%
CuZn Cu®* 4.37 £0.12° 18.64% 1.70 £0.49" 7.27% 0.80 +0.39" 3.40%

In** 1.28 £0.12¢ 5.48% 00" 0 00" 0
Cu-Pb Cu®* 4.78 £0.35° 20.42% 1.60 +0.39" 6.81% 1.07 £0.43" 4.57%
Ph2* 15.18 +0.08" 62.39% 11.55 £0.77" 47.50% 12.33 1. 12° 50.67%
Zn-Pb Ph2+ 17.84 £1.90° 73.33% 14.22 £0.47" 58.45% 13.13 £0.89" 53.99%
Zn* 3.17 £0.07° 13.56% 1.14 +0.11" 4.86% 4.14 +£0.48° 17.73%
Cd-Cu~Zn Ccd** 0.14 £0.09" 0.61% 00" 0 1.68 +0.11* 7.15%
Cu®* 4.27 £0.11° 18.20% 1.64 +0.22" 7.02% 4.43 £0.19° 18.89%
Zn* 1.03 +0.34" 4.41% 0.35 +0.15¢ 1.49% 2.99 +0.26" 12.78%
Cd-CuPb Cd** 00" 0 00" 0 1.53 £0.24* 6.50%
Cu* 3.89 +0.05° 16.61% 0.94 +0.48" 4.00% 4.39 +0.19° 18.75%
Ph%* 13.35 £0. 57" 54.89% 10.22 +0.96" 42.00% 10.88 +0.31" 44.71%
Cu-Pb-Zn Cu®* 2.96 +0.26" 12.63% 0=0" 0 3.72 +0.38" 15.85%
Ph2* 14.98 £0.94° 61.59% 9.49 +0.76" 39.01% 10.18 £0.24" 41.86%
Zn* 0.66 +0.01" 2.84% 8.51 +0.70° 36.42% 9.63 +0.24° 41.22%
Cd-PbZn Cd** 0.87 +0.12% 3.69% 00" 0 1.77 £0.74" 7.52%
Ph2* 16.33 £1.70° 67.12% 14.90 +4.79* 61.24% 11.60 £0.82° 47.70%
Zn* 1.71 £0.34> 7.31% 14.04 £4.61° 60.09% 11.04 £0.80° 47.26%
Cd-Cu-Pb-Zn Ccd** 00" 0 00" 0 0.79 +0.27* 3.37%
Cu®* 3.13 £0.42° 13.37% 0.48 £0.08" 2.06% 3.33 £0.11° 14.21%
Ph2* 12.57 £0.11° 51.69% 8.40 £0.04° 33.52% 10.11 £0.28" 41.58%
In** 0.92 +0.05° 3.92% 7.70 £0.08" 32.02% 9.57 +0.29* 40.99%

(LSD p<0.05).
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. . (Chen et al. 2005).
4 (Discussion) )
Ansari  (2007)
( 2006)
Cd** . Cu®*
In®* . Pb**
S. platensis (Solisio et al. 2008) Pb (Ansari et al. 2007).Cd Cu  Pb-Zn
(300 mg*L™") Ph** Zn
. Cu**
Cu** ( 2006) ; Zn
E.coli WSI1 Ni  Cd (Saxena et al. 2002).
(Ansari et al. 2007). Gikas(2008)
Cd*.Cu®*  Zn**
Pb>* P. putida CZ1 ~ Cu’” Cd Cu PbZn
Zn** Zn
2 3
(Chen et al. 2005). (Meghvansi et al.
2008).
PDB
(Chen et al.
2005).
Cu Cd 3 (Meghvansi et al.
( Escherichia coli) « (Bacillus subtilis) 2008).
(Saccharomyces sp. )
( 2004). (Byrne et al.  2008).
Pb 3
Citrobacter N
Pb >7Zn >Cu>Cd >
Ni > Co(Puranik et al. 1999). Prashar  (2004)
P. palmata  Pb .
Pb > Cd > Cu > Ni pH-
Langmuir Pb N
15.17 mgeg~'. Ph 34. 80 (Puranik et al. 1999).
mg*g ! Ccd** .
Cu’*  Zn** CDM Ph**

PDB CDM
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sz +
5 ( Conclusions)
1) Cd**.Ccu®*  Zn**
; sz +
(300 mg-L.7™")
Pb2 +
3 . CDM
300 mgeL.~' Pb*"
34.80 mgeg .
2)
PDB
. CbM Ph**
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