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Experimental Results

Results

(1): Bioremediation of Cd?*, Cu®*, Pb* and As™" ions using
different fungi

(1-1): isolation and identification of fungi:

Fungal isolates were collected from local soil. The isolation technique
was described before (material and method) at page (48). These fungal
isolates were identified according to Gilman (1971); Watanabe (2002).

The isolated fungi belonging to twelve species namely Aspergillus niger,
Aspergillus terreus, Cunninghamella echinulata, Curvularia lunata,
Fusarium oxysporum, Mucor indicus, Nigrospora sphaerica, Paecilomyces
lilacinus, Penicillium chrysogenum, Scopulariopsis brevicaulis, Stachybotrys

chartarum, and Trichoderma viride.
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(1-2): Screening for the sensitivity of fungal isolates against

different concentrations of heavy metal ions:

It was necessary to study the effect of some heavy metals on the viability
and growth of the isolated fungi. twelve fungal species that were isolated by
the dilution plate technique (material and method; page 48) and were
identified as Aspergillus niger, Aspergillus terreus, Cunninghamella
echinulata, Curvularia lunata, Fusarium oxysporum, Mucor indicus,
Nigrospora sphaerica, Paecilomyces lilacinus, Penicillium chrysogenum,
Scopulariopsis brevicaulis, Stachybotrys chartarum, and Trichoderma viride
as well as the strain S. cerevisiae (that was obtained from Holw Elsham

Company, 6th of October city, Egypt).

The isolated fungal were grown for seven days at 27 C on the glucose
peptone broth media (see page 50) amended with different concentration (50,
100, 150 and 200 mg/l) of Cd**, Cu®*, Pb?* and As®* ions. After incubation
period, the cultures were filtered, and the fungal mats were dried in the oven

at 60 C and their weights were determined.

Table 4 includes the average values of dry weights of the isolated fungi
grown in glucose-peptone media amended and not amended with different
concentrations of Cd®*, Cu**, Pb®* and As®* ions. According to these results,
the fungal isolates can be classified, with respect to their viability and growth

into four groups:
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e GroupA:

Cultures which are completely inhibited (no growth) in the presence of
four metal ions at any concentrations. This group includes four species
namely; C. echinulata, C. lunata, N. sphaerica and P. lilacinus

e Group B:

Cultures which can survive feeble with one metal but completely inhibited
with others.  This group includes S. chartarum which survive feeble with
Cd** and Cu?* (50 mg/l) only; and S. brevicaulis which is completely
inhibited with Pb*" and As®".

e Group C:

Cultures reveal viability and growth depending on the metal
concentration; where the lowest metal concentration is accompanied with the
highest fungal growth, and vice versa. This group includes F. oxysporum, M.

indicus and T. viride.

e Group D:

Cultures show the highest viability and growth (high resistance to metal
ions). This group includes four species A. niger, A. terreus, P. chrysogenum
and S. cerevisiae. A. terreus was completely inhibited with Cd** ion at 150
and 200 mg/l while P. chrysogenum was completely inhibited with Cd** ion

at 200 mg/l only.
The data obviously reveal a regular relation between the concentration of

metal ions and the amount of fungal growth; where the highest metal

concentration is accompanied with the lowest fungal growth, Also, the data
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in table 4 clearly establish the A. niger, A. terreus, P. chrysogenum, and S.
cerevisiae showed high tolerant against the highest concentration of four
metal ions except Cd** ion which completely inhibit the growth of A. terreus

and P. chrysogenum.

Based on these results in table 4, A. niger, A. terreus, F. oxysporum, M.
indicus, T. viride, P. chrysogenum, S. cerevisiae, S. brevicaulis, were tested
for further studies in the present investigation due to their highest viability
and growth in the presence of different concentrations of Cd**, Cu?*, Pb** and

As® ions.
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(11) Determination of minimum inhibitory concentration (MIC) of
Cadmium, Copper, Lead and Arsenic against tested fungi:

The minimum inhibitory concentration (MIC) values are important to
confirm the degree of resistance of fungi to each metal ions, this experiment
was carried out to determine the MIC of Cd?*, Cu®*, Pb?* and As®* ions
against the eight fungal species (A. niger, A. terreus, F. oxysporum, M.
indicus, P. chrysogenum, S. cerevisiae, S. brevicaulis and T. viride) which
tested from the total isolates due to their highest resistance to heavy metals.

The eight fungal isolates were grown for seven days at 27 C on the glucose
peptone media supplemented with different concentrations of Cd**, Cu®,
Pb* and As”* ions separately. Triplicate flasks were used for each treatment
(see page 53). The MIC was determined here as the lowest concentration of
Cd?*, Cu?*, Pb?* and As™* salts that will inhibit the viable growth of the tested
fungi.

Table 5 includes the average values of the MIC of Cd?*, Cu?*, Pb?* and
As® ions against the tested fungi. The data reveal that the MIC of Cu®* to A.
terreus, A. niger and P. chrysogenum. (600, 550 and 500 mg/l) was higher
than that of other tested fungi, while F. oxysporum. and S. cerevisiae had
similar value (450 mg/l). T. viride, S. brevicaulis and M. indicus had the
lowest Cu?* MIC values (350, 300 and 200 mg/l).

A. terreus, S. brevicaulis, F. oxysporum, M. indicus and T. viride had the
same Cd** MIC values of 150 mg/l, while S. cerevisiae, A. niger and P.
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chrysogenum could resist more Cd** concentrations with MIC values 300,
250 and 200 mg/| respectively.

Concerning to As® resistance, A. terreus, A. niger, S. cerevisiae and P.
chrysogenum were the most resistance fungi with MIC values 350, 300, 250
and 250 mg/l while S. brevicaulis was the most sensitive fungi with MIC
values 50 mg/l. M. indicus, F. oxysporum and T. viride showed suitable

resistance with the same MIC value of 150 mg/I.

The MIC values of Pb?* revealed that, A. niger was the most resistant
fungus, where it could resist Pb* till concentration 650 mg/I. A. terreus and
S. cerevisiae were in the second rank with the same MIC values of 500 mg/I
while T. viride. was placed in the third rank with 400 mg/l as MIC. M.
indicus, F. oxysporum and P. chrysogenum had the same MIC value of 350
mg/l in the fourth rank, finally S. brevicaulis was placed in the bottom with
50 mg/l MIC.
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(111) Bioaccumulation of Cd**, Cu**, Pb*" and As** ions by the

tested fungi:

The term bioaccumulation refers to heavy metals passing into the cell
membranes through the cell metabolic cycle. This mode of metal uptake is
dependent on the biological metabolic cycle and is known as "active uptake".
This experiment was designed to follow up the ability of the tested fungi to

accumulate the selected heavy metals in their growing mats.

The tested fungi were grown separately in conical flasks (250 ml) each
containing 100 ml of sterilized glucose-peptone broth amended and not
amended with 100 mg/l of Cd**, Cu®*, Pb?* and As°*. The flasks were then
incubated at 27 C for 2, 4, 7 and 14 days. After which, the filtrate of each
treatment was analyzed for the final metal concentration (see page 54) and
the percentage of metal ions removed by the fungi were calculated from the

following equation:

% removal = (C;-C¢/C;) * 100  where
Ci: initial metal concentration (100 mg/l),

Cs: final or residual metal concentration.
Triplicate set of flasks were carried out for each treatment and the average

values were calculated. The data were collected in the tables (6, 7, 8 and 9)
and represented graphically in the figures (2, 3, 4 and 5).
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It is obvious from the data presented in the tables that all tested fungi able
to grow and tolerate 100 mg/l Cd?*, Cu?*, Pb?* and As°* ions in growth media
except S. brevicaulis that was inhibited by 100 mg/l Pb?* and As®*. This
tolerance was varied among tested fungi and this reflected on their
bioaccumulation capacity, where the high tolerance accompanied by high
bioaccumulation capacity.

Table 6 and figure 2 showed the bioaccumulation of Cd** ions by eight
fungi after 2, 4, 7 and 14 days of growth. The data reveal that the maximum
Cd*" removal was 70.74% by A. niger while the minimum Cd?* removal was
12% by M. indicus after 14 days incubation. The bioaccumulation capacity of
the remaining fungi can be arranged in the following descending order S.
cerevisiae > A. terreus >P. chrysogenum> F. oxysporum> T. viride > S.
brevicaulis with % removal values 68.29, 56.32, 50.45, 36.72, 34.99 and
17.02 % respectively.

Incubation period played an essential role for cadmium removal and
bioaccumulation where the bioaccumulation capacity increased with time till
saturation that done for tested fungi during 4-7 days. For example, A. niger
removed 55.75% Cd®* during first two days incubation but the value
increased to 70.74% after 14 days. A. niger, M. indicus, and S. cerevisiae
reached saturation during first 4 days while A. terreus, S. brevicaulis, T.
viride, F. oxysporum and P. chrysogenum reached saturation during 7 days

incubation.
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% Cd removal

-0 A. niger ——T. viride

——F. oxysporum —0—P. chrysogenum
—A—A. terreus

{1 S cerevisiae ——S, brevicaulis

100
90
80

time(day)

Fig 2: Bioaccumulation of Cd*" ions (% of removal) by the tested

fungi after 2, 4, 7 and 14 days of incubation.
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Table 7 and figure 3 include the bioaccumulation of Cu®* ions by eight
fungal isolates after 2, 4, 7 and 14 days of growth. A. niger, T. viride and A.
terreus occupied the first place in the high Cu®* ions removal that were 84.3,
78.85 and 76.34 % respectively while M. indicus showed the lowest value
that was 14.65% after 14 days incubation. The descending arrangement of the
intermediate position for Cu* ions removal was P. chrysogenum> S.
cerevisiae > F. oxysporum > S. brevicaulis with % removal values 68.65,
62.87, 52.01 and 42.33% respectively.

S. brevicaulis, M. indicus, T. viride, and P. chrysogenum reached
saturation during first 4 days while, A. niger, F. oxysporum, A. terreus, and S.

cerevisiae reached saturation during 7 days incubation.

Concerning to bioaccumulation of Pb?* ions by the tested fungi, table 8
and figure 4 reveal that yeast S. cerevisiae overcome all tested fungi in
removing Pb®* ions while S. brevicaulis failed to even survive under 100 mg/l
Pb* stress. The fungal bioaccumulation capacity of Pb?* ions can be
arranged in the following descending order: S. cerevisiae > A. niger > A.
terreus > F. oxysporum> P. chrysogenum> T. viride > M. indicus with %
removal values 73.98, 61.97, 56.82, 42.24, 31.66, 22.33 and 11.14%

respectively.

Here, saturation done during first 4 days for all tested fungi except T.

viride, and S. cerevisiae that involved more time to reach saturation.
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Fig 3: Bioaccumulation of Cu* ions (% of removal) by the

tested fungi after 2, 4, 7 and 14 days of incubation.
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% Pbl removal

—@— A. niger —&—T. viride
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100
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Fig 4: Bioaccumulation of Pb?* ions (% of removal) by the

tested fungi after 2, 4, 7 and 14 days of incubation.
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From table 9 and figure 5, we can conclude that the tolerance of all tested
fungi against 100 mg/l As>* ions in glucose-peptone media reduced
dramatically in comparison with other metals, where the removal value of
100 mg/l As>* ions ranged from 61.89 to 7.55%. P. chrysogenum, S.
cerevisiae and T. viride showed high resistance than M. indicus, A. niger, A.
terreus and F. oxysporum while the S. cerevisiae failed survive under As®*
stress as well as 100 mg/l Pb?* stress. The removal values of the tested fungi
were 61.89, 55.05, 45.44, 25.64, 18.17, 11.87 and 7.55% respectively. All
fungi reached saturation stat during first 4 days except A. niger that required

7 days to reach saturation.
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% As removal
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Fig 5: Bioaccumulation of As®* ions (% of removal) by the
tested fungi after 2, 4, 7 and 14 days of incubation.
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(1V) Biosorption of Cd**, Cu®*, Pb?* and As®* ions by the dried and

killed forms of tested fungi:

The term biosorption, sometimes refer to as physical adsorption,
describes the ability of inactive, dead or living biomass to bind to heavy
metals or contaminants present in dilute solution (passive sorption solution)
there is no need to use growth media but the process was carried out using
the aqueous metal solution only. This experiment was designed to follow up
the biosorption capacity of the tested fungal biomass (dry and killed) to

accumulate the metal ions.

The biomasses were pretreated in two different ways: dried at 50 °C for
12 hours in an incubator (still live) and autoclaved for 15 min at 121 °C
(killed). Biosorption experiments were carried out by using 0.5 g biomass
(dried or killed) to 50 ml of metal (100mg/I) solution in 100 ml Erlenmeyer
conical flasks (pH 5.0). The reaction mixture was agitated at 150 rpm on a
rotary shaker after 2, 6, 10, 24, 48 and 96 hours of contact time. The
biomasses were separated by filtration and the filtrate was analyzed for
residual metal concentration (see page 55 for details), and the metal uptake
(g) were calculated form the following equation:

0= (Ci-Cy) VIW Where;
q = metal uptake (mg/g).

Ci= initial metal concentration (100 mg/l).

Cs= final metal concentration in the solution.
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V= the volume containing solution in the contact with the biomass (1)
W= the amount of added biomass (0.5 g) on dry basis.

Triplicate set of flasks were carried out for each particular treatment and

the average values were calculated.

The data were collected in the table (10-17) and represented graphically in
the figures (6-13). The data presented in Tables (10, 12, 14 and 16) and
figures (6, 8, 10 and 12) show the amounts of Cd**, Cu*, Pb?* and As®*
biosorbed on the dried form of biomasses of A. niger, T. viride, F.
oxysporum, P. chrysogenum, M. indicus, A terreus, S cerevisiae and S.
brevicaulis after 2, 6, 10, 24, 48 and 96 hours in their aqueous solution at
room temperature on electrical shaker at 150 rpm, while tables (10, 12, 14,
and 16) and figures (6, 8, 10 and 12) show the amounts of Cd**, Cu**, Pb**

and As®" biosorbed on the killed form of biomasses at the same conditions.

Table 10 and figure 6 show the biosorption of Cd®* ions by dried
biomasses of A. niger, T. viride, F. oxysporum, P. chrysogenum, M. indicus,
A. terreus, S. cerevisiae and S. brevicaulis after 2, 6, 10, 24, 48 and 96 hours
in its aqueous solution at room temperature at 150 rpm. The data reveal that
the maximum Cd?* uptake was 6.496 and 6.058 mg/g by A. terreus and A.
niger respectively while the minimum Cd®* uptake values were 0.94 and 1.15
mg/g by S. brevicaulis and M. indicus respectively after 96 hours. The
biosrption capacity of the remaining fungi can be arranged in the following
descending order as S. cerevisiae >P. chrysogenum> T. viride > F.
oxysporum (q values 5.546, 4.566, 3.429, and 3.053 respectively) after 96

hours contact.
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Fig 6: Biosorption of Cd®* ions by dried biomasses of tested

fungi after 2, 6, 10, 24, 48 and 96 hours of contact.
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The biosorption of Cd** ions by killed biomasses of tested fungi after 2, 6,
10, 24, 48 and 96 hours in its aqueous solution at room temperature at 150
rpm was shown in table 11 and figure 7. Despite the dried forms of A. terreus
and A. niger occupied the first position in biosorption of Cd*" ions; they
lowered to intermediate position (with g values 3.487 and 3.845 mg/g
respectively) in biosorption of Cd®* when they were killed. The highest Cd?*
biosorption capacities were by P. chrysogenum and S. cerevisiae with g
values 6.408 and 4.352 mg/g respectively while the M. indicus, S.
brevicaulis, T. viride and F. oxysporum had the lowest q values as follow:
0.936, 1.776, 1.29 and 2.506 mg/g respectively, all after 96 hours contact.

Table 12 and figure 8 demonstrate the biosorption of Cu®* ions by dried
biomasses of A. niger, T. viride, F. oxysporum, P. chrysogenum, M. indicus,
A. terreus, S. cerevisiae and S. brevicaulis. The data reveal that all dried
biomasses could perform well in biosorption of Cu** where the lowest q
value was 3.075 by M. indicus. The descending order of Cu* biosorption by
the remaining biomasses was: A. niger > A. terreus > P. chrysogenum> S.
brevicaulis > F. oxysporum> S. cerevisiae > T. viride with g values 7.179,
6.602, 6.269, 6.081, 5.767, 5.666 and 5.033 mg/g respectively after 96 hours

contact.

The killed form of P. chrysogenum and S. cerevisiae got the same results
in biosorption of Cu®" ions with q values 7.541 and 7.452 mg/g respectively
as shown in table 13 and figure 9, while M. indicus still in the bottom even
with its killed form with g value 1.516 mg/g. The remaining killed biomasses
got the intermediate position with q value ranged from 6.684 to 3.32 mg/g
after 96 hours contact.
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Fig 7: Biosorption of Cd** ions by killed biomasses of
tested fungi after 2, 6, 10, 24, 48 and 96 hours of contact.
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Fig 8: Biosorption of Cu?* ions by dried biomasses of tested
fungi after 2, 6, 10, 24, 48 and 96 hours of contact.
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Fig 9: Biosorption of Cu®* ions by killed biomasses of
tested fungi after 2, 6, 10, 24, 48 and 96 hours of contact.
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The biosorption of Pb* ions by dried and killed biomasses of tested fungi
after 2, 6, 10, 24, 48 and 96 hours in its aqueous solution in tables 14,15 and
figures 10,11 respectively. According to the results obtained in two tables,
the dried form of S. cerevisiae and P. chrysogenum had the same and high
Pb*" biosorption capacity with q value 7.435 and 7.215 mg/g respectively
while the killed form of S. cerevisiae, A. niger and A. terreus had the same
and high Pb?* biosorption capacity with q value 6.253, 6.245 and 6.211 mg/g
after 96 hours contact. Both dried and killed forms of T. viride and M. indicus
had the lowest Pb®* biosorption capacity with q value 3.826, 2.67 mg/g for
dried form, and 4.187, 2.381 mg/g for killed form respectively after 96 hours

contact.

According to our data, the equilibrium stat of dried and killed biomasses
with Pb?* ions differ according the fungal type, where dried form of M.
indicus and killed form of F. oxysporum, S. cerevisiae involved only 2 hours
to reach saturation stat with Pb®" ions. In contrast, the dried form of P.
chrysogenum, S. cerevisiae and the killed form of M. indicus consumed more
than 24 hours to reach equilibrium stat with Pb?* ions.

Table 16 and figure 12 include the biosorption data of As>* ions by dried
biomasses of A. niger, T. viride, F. oxysporum, P. chrysogenum, M. indicus,
A. terreus, S. cerevisiae and S. brevicaulis. The data reveal A. niger and P.
chrysogenum showed high biosorption capacity with g value 5.586 and 5.073
mg/g respectively, while the descending order of As>* biosorption by the
remaining biomasses was: A. terreus > S. cerevisiae > F. oxysporum> T.
viride > S. brevicaulis > M. indicus with g values 4.836, 3.991, 3.056, 2.6,
1.589 and 1.167 mg/qg respectively after 96 hours contact.

112



Experimental Results

(5/5w) uondosorq 10 ayedn [ejeu :b
ACW.E.U U01BNUIIUOD [RISUI [RUY 4

973¢ | #LT9 | CE0¢ CO6F | CEFL | S9°CT | SITL | S¥LT 197 £l LE9C | EFEF | LFEC | £CFF | 6039 | T6TTE 96
6IL°C | 18779 | L6LY £0°CC | STFL | SLCT | SLF9 | STCE | 6F9T | TCEL | 6F0°C | TC6F | LFEC | £5FF | BI39 | T8TE §F
LT9E | €089 | SOl CETE | TEFL | 89°CT | eL°C | LOTF | TRLT | 6CTL | 6F0°C | TC6F | CISC | S8%F | #2839 | OLTE ¥
C65°E | S0T9 3¢ 79 FL 9z 96L°¢ | FOTH 9¢T F¥L 6L | LOTE | 8FFC | TCCF | 6F9 | TLCE 01
90SE | ¥6F9 | FICE 9LF9 | €969 | LEOE | T9C°C | 68FF | LETT | £98L | T6SF | 60FC | THTC | 8C8F | L6FC | £0°CF 9
ct 319 STt CTLL | 9F6F | #C°0C | TBOF | 81765 | 6C6°T | THO0% | 90EF | #6°9C | €89F | LOCC | &FTC | SCUF 4

b in b in b in b in b in b in b in b in

(w) 2y
. . | wnusBosfiya . . . .
apLIA " sinealAaIg S | aeIsIAGIe2 '] o shapul W wniodsfxo 4 shalal 'y JaBiuy g

:(Jupg/8¢°() UONLIUIIUOI YJIM
131N PAJIAAS ) JO SISSBUIOIQ PILIP SWSN Yo PUR §F*H7°0T°9 “7 191J% (5/5ur) mondiosolg suol pea Jo SIN[BA ISRIIAY ] I[qRL

113



Experimental Results

—&— A. niger —&—T.viride
——F. oxysporum —O—P. chrysogenum
JIE —A—A. terreus
—{1- S cerevisiae —+—S. brevicaulis
10
9,
8
—_ 67
> ——A
o 2 g/
T E
o
41 =
3,
2,
1,
0 Bm— . . . . . . . . . . . . . . . . . . .
0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105

time (h)
Fig 10: Biosorption of Pb?* ions by dried biomasses of

tested fungi after 2, 6, 10, 24, 48 and 96 hours of contact.
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Fig 11: Biosorption of Pb?* ions by killed biomasses of tested
fungi after 2, 6, 10, 24, 48 and 96 hours of contact.
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Fig 12: Biosorption of As®" ions by dried biomasses of tested
fungi after 2, 6, 10, 24, 48 and 96 hours of contact.
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The killed form of also A. niger and A. terreus got the same and high
results in biosorption of As>* ions with q values 4.679 and 4.271 mg/g
respectively as shown in table 17 and figure 13 while M. indicus still in the
bottom even with its killed form and even with different metal ions with g
value 0.873 mg/g. The remaining killed biomasses got the intermediate
position with g value ranged from 3.588 to 1.381 mg/g after 96 hours contact.

The biosorption of As®* ions by both killed and dried forms of biomasses

required nearly 6 hours in order to reach the saturation stat.

In our biosorption study, dried and killed biomasses were used. It is
obvious from the data presented in tables 10 to 17 and figures 6-13 that A.
niger and A. terreus were the best microorganisms in removal of all metals
except Pb%* that was removed better by dried form of S. cerevisiae; also Cd**
and Cu?* were removed better by killed form of P. chrysogenum. The highest
metal uptake values by dried biomasses were 6.49, 7.17, 7.43 and 5.58 mg/g
while by killed biomasses were 6.4, 7.51, 6.2 and 4.67 mg/g at pH 5 for Cd*",
Cu?*, Pb®* and As®*, respectively during the 96 h (saturation done during the
first 6 h).

The factor of time was not essential with the same degree as in the
bioaccumulation process for most tested fungi because this process is non-
metabolism dependant, and faster than bioaccumulation process. Saturation
of fungi with metals varied according to the individual fungus and the type of
metal ions. For most fungi, saturation not requires long time but it takes place

during the first 4-6 hours.
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It is clear from the data presented in tables 10 to 17 that all tested fungi
able to adsorb an amount of Cd**, Cu?*, Pb®* and As* ions. This amount (q)
was varied among tested fungi according to the type of metal ions, the main

composition of cell wall.
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Fig 13: Biosorption of As®* ions by killed biomasses of tested
fungi after 2, 6, 10, 24, 48 and 96 hours of contact.
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Studying various parameters that affect on Bioremediation of Cd?*,

Cu?*, Pb?* and As>* ions by Saccharomyces cerevisiae

(1-1): Effect of Different nutrient media on bioaccumulation of
Cd?*, Cu®*, Pb* and As®™ ions by Saccharomyces cerevisiae:

Five different liquid nutrient media (Glucose-peptone, Malt 4% dextrose
peptone yeast broth, Malt broth-Blakeslee, YM broth and Glucose Yeast
peptone broth, see material and methods page 51 and 52) were used to study
their effect on the bioaccumulation of 100 mg/l of Cd**, Cu**, Pb** and As**
ions by S. cerevisiae after 4 days of growth at 27 C and pH 5. Triplicate set

were used for each treatment.

Table 18 and fig 14; a &b include the dry weights and metal removal
capacity of S. cerevisiae that was grown in different five liquid nutrient
media as control and in the presence of 100 mg/l of Cd**, Cu?*, Pb?* and As**
ions. The data revealed that the nutrient media number 1 and 2 (Glucose-
peptone, Malt 4% dextrose peptone yeast) showed high S. cerevisiae growth
rate (high dry weight) and also high metal removal capacity, while the
remaining three liquid media (Malt broth-Blakeslee, YM broth and Glucose
Yeast peptone broth) showed lower growth rate and also lower metal removal

capacity.
The dry weights of S. cerevisiae in the Glucose-peptone, Malt 4%

dextrose peptone yeast broth, Malt broth-Blakeslee, YM broth and Glucose
Yeast peptone broth media under control condition were 2.432, 2.651, 1.765,
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1.118 and 1.481 g/100 ml medium respectively. These dry weights decreased
in different values after the treatment of 100 mg/I of Cd?*, Cu*, Pb** and
As® ions. The bioaccumulation process was strongly related to the yeast
growth, where high S. cerevisiae growth rate, accompanied with high metal

removal capacity.
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Fig (14): effect of different nutrient media on (a)
metal bioaccumulation capacity of S. cerevisiae and
(b) its growth (resembled by dry weight g/100ml

medium).
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(1-2): Effect of incubation period on bioaccumulation of Cd*,
Cu?*, Pb®* and As®" ions by Saccharomyces cerevisiae:

The effect of increasing incubation period (2, 4, 7 and 14 days) on the
bioaccumulation of 100 mg/l of Cd**, Cu**, Pb** and As®* ions by S.

cerevisiae grown in glucose-peptone medium at pH 5 was studied.

The data concerning the dry weights and metal removal capacity of S.
cerevisiae that was grown in glucose peptone media as control and under the
effect of 100 mg/l of Cd**, Cu®*, Pb*" and As®" ions was included in table 19
and fig 15; a &b. It showed that by increasing time, the growth increase till
the stationary phase at which the growth stopped. The bioaccumulation
capacity of S. cerevisiae also is affected by increasing time, where it

increases with time till saturation state.

The dry weights of S. cerevisiae in the Glucose-peptone after 2, 4, 7 and
14 days were 1.332, 2.432, 2.531 and 2.566 g/100 ml medium as control.
These dry weights decreased in different values after the treatment of 100
mg/l of Cd?*, Cu**, Pb** and As"* ions. The data obviously revealed a regular
relation between the amount of S. cerevisiae growth and the bioaccumulation

process, the highest the biomass, the highest is the metal bioaccumulation.
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Fig (15): Effect of different incubation periods on (a) metal
bioaccumulation capacity of S. cerevisiae and (b) its growth

(resembled by dry weight/100ml medium).
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(1-3): Effect of initial concentration on bioaccumulation of Cd?**,

Cu?*, Pb?" and As®* ions by Saccharomyces cerevisiae:

The effect of increasing Cd**, Cu®*, Pb** and As®" ions concentrations (50
-500) on their bioaccumulation by S. cerevisiae grown in glucose-peptone
medium at pH 5 after 4 days incubation was studied. The data revealed that
by increasing metal ions concentration the growth and also its

bioaccumulation capacity decrease.

Table 20 and fig 16; a &b show the dry weights and metal removal
capacity of S. cerevisiae that was grown in glucose peptone media as control
and under the effect of different Cd®*, Cu?, Pb* and As™ ions
concentrations ranged between (50 -100mg/l). S. cerevisiae could not grow
under 300 mg/I Cd?*, 450 mg/I Cu** and 250 mg/l As®" but it resisted all Pb**
concentrations. The increasing metals concentrations were negatively
reflected on its bioaccumulation capacity, where the lowest bioaccumulation
values were obtained under the sub-lethal metal concentrations and vice

versa.
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Fig (16): Effect of different metals concentrations on
(a) metal bioaccumulation capacity of S. cerevisiae and
(b) its growth (resembled by dry weight/100ml

medium).
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(I1) Effect of different physical and chemical pretreatments on

metals biosorption by Saccharomyces cerevisiae cells:

In order to investigate the effect of different pretreatments on metal
uptake by S. cerevisiae cells, the cells were treated with heat, ethanol, sodium
hydroxide, formaldehyde, hydrogen peroxide and acetic acid solutions (see
method and materials page 60 and 61). Table 21 showed the q values of Cd**,
Cu?*, Pb* and As>* obtained by these cells and untreated cells. The data
revealed that, physical and chemical pretreatments of yeast cells showed
different metal uptake capacities.

The data presented in table 21 and fig. 17; a, b, ¢ and d, generally
indicated that all physical and chemical pretreatments of S. cerevisiae
participated in Cd?*, Cu?*, Pb?* and As"* removal, but in different values. The
highest metal uptake values (q) which were 6.78, 7.54 and 6.12 mg/g for
Cd**, Pb?* and As>* respectively, were obtained by ethanol treated yeast cells,
but the highest Cu®* ions uptake was obtained by sodium hydroxide treated
yeast cells (8,00 mg/g). On the other hand the lowest As>* and Cu®*
biosorption was obtained by fresh biomasses with g values 3.7 and 2.5 mg/g,
while the lowest Cd®* and Pb®* biosorption was obtained by formaldehyde

and acetic acid treated cells with g values of 2.45 and 2.03 mg/g respectively.
The physical treatment (dried and killed forms) of S. cerevisiae cells

showed suitable Cd®*, Cu?**, Pb?* and As®* biosorption capacity. The highest
biosorption capacity were obtained by dried biomass with g values 7.4, 4.87,
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and 3.92 mg/g for Pb?* | Cd** and As®" respectively, while autoclaved

biomass was the best for Cu®* ions biosorption (q value was 7.4 mg/g).

The Cd** uptake values by sodium hydroxide, acetic acid, formaldehyde,
hydrogen peroxide and ethanol treated S. cerevisiae cells were 5.6, 2.45,

4.04, 4.4, and 6.78 mg/g respectively.

The q values of Cu®*, Pb** and As®* biosorption by previous treated S.
cerevisiae cells were 8, 3.8, 5.53, 4.32, 5.18 f mg/g or Cu**, 5.15, 2.65, 2.03,
4.41, 7.54 mg/g for Pb®* and 5.3, 5.54, 4.35, 5.89, 6.12 mg/g for As"* after 10

hours contact.
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Fig (17): Effect of different physical and chemical
pretreatments on the Cd** (a), Cu** (b), Pb®* (c), and

As®* (d) biosorption by S. cerevisiae cells.
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(111) Effect of different pH values on Cd?*, Cu?*, Pb?* and As®*

biosorption by Saccharomyces cerevisiae cells:

The aim of the present experiment was to test the effect of pH values on
the Cd®*, Cu?*, Pb*" and As>* biosorption capacity of S. cerevisiae. The pH
ranges of 2 — 6.8 for all metal ions were used (pH values higher than 7 could
not be used due to the rapid precipitation of Cu**and Pb?* ions). Biosorption
experiments were carried out by adding dry biomass 0.5 gm of yeast cells to
the pH metal solutions which were adjusted to the desired pH value with
either 2M NaOH or 2M H,SO, solution. NaOH pretreated cells (0.5 gm) was
contacted with Cu®* ions, ethanol treated yeast cells was contacted with Cd?*,
Pb* and As®" ions in separate solutions (50 ml) at a metal ion concentration
100 mg/l. The reaction mixture was agitated at 150 rpm for 1, 2, 4, 6, 8, and
10 hours. Triplicate set were used for each treatment.

Table 22, 23, 24 and 25, and fig 18, 19, 20 and 21 showed the effect of
different pH values (2, 4, 5, 6, 6.5, and 6.8) on biosorption of 100 mg/l Cd?*,
Cu?*, Pb?* and As"* ions by treated S. cerevisiae after 1, 2, 4, 6, 8, and 10

hours of contact time on electrical shaker at room temperature.

At an initial pH 4 or lower, little biosorption occurred. Especially at pH 2,
almost no biosorption was observed for all metals. A sharp increase in
biosorption capacity took place in the pH 5. Above pH 5, biosorption of Pb?*,
As>* and Cu?* was found to be relatively reduced; biosorption of Cd** still
increased but to a lesser extent. Thus, different metals have different pH

optima. The factor of time was important for saturation of S. cerevisiae
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biomass with metal ions but not for growth because the process was growth

independent.

Table 22 reveals that the effect of different pH values on Cd®* biosorption
by ethanol treated S. cerevisiae cells. Increasing pH value lead to increase
Cd** biosorption till pH 6, after that (i.e. pH 6.5 and 6.8) the biosorption

process decreased. The highest Cd®* biosorption was at pH 6.

Tables 23, 24, and 25 show the effect of different pH values on Cu?*
biosorption by sodium hydroxyl treated cells and Pb®*, As>* biosorption by
ethanol treated cells at 1-10 hours contact time. The highest biosorption of
the three metal ions was at pH 5, after that the biosorption rate decreased,

while the lowest biosorption occurred at lower pH (2 and 4).
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Fig (18): Effect of different pH values on the
biosorption of Cd** by ethanol treated S.

cerevisiae cells.
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Fig (19): Effect of different pH values on the biosorption

of Cu?* by sodium hydroxide treated S. cerevisiae cells.
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Lead uptake (q) mg/g
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Fig (20): Effect of different pH values on the
biosorption of Pb?* by ethanol treated S. cerevisiae

cells.
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Fig (21): Effect of different pH values on the
biosorption of As>* by ethanol treated S. cerevisiae
cells.
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(1V) Effect of different concentration of Cd?*, Cu®*, Pb* and As™*
on their biosorption by Saccharomyces cerevisiae:

The Cd*, Cu®*, Pb** and As® ions were prepared at different
concentrations in order to study the effect of initial metal concentrations on
the biosorption process by S. cerevisiae. The range of metal concentration
was 25-200 mg/l at pH 6 for cadmium and pH 5 for other metal ions. The
biosorbent concentration was 0.5g per 50 ml metal solution (NaOH
pretreated cells was contacted with Cu®* ions, ethanol treated yeast cells was
contacted with Cd?*, Pb?* and As®" ions in separate solutions). The reaction
mixture was agitated at 150 rpm for 1, 2, 4, 6, 8, and 10 hours. Triplicate set

were used for each treatment.

Tables 26, 27, 28, 29 and fig 22, 23, 24, and 25 include the effect of
various Cd**, Cu**, Pb** and As® concentrations (25, 50, 75, 100, 150 and
200 mg/l) on their biosorption by S. cerevisiae after 1, 2, 4, 6, 8, and 10 hours

of contact time on electrical shaker at room temperature.

The data reveal that increasing of Cd*, Cu®*, Pb?* and As**
concentrations in their aqueous solutions containing suitable form of S.
cerevisiae , was accompanied by increasing their biosorption process. We
noted that the biosorption was very fast for all metal ions during the first 2 h
but, in the remaining time period, final metal concentrations in the liquid

reached an equilibrium concentration value.
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Concerning the effect of different Cd®* concentrations on its biosorption
by ethanol treated S. cerevisiae cells at pH 6; it was appeared from the results
which are presented in table 26 and fig 22 that the highest concentration of
Cd?* led to its highest biosorption in comparing to its lower concentrations.

Saturation occurred during first 2-4 hours.

Table 27 showed the biosorption of 25-200 mg/l Cu®* by sodium
hydroxyl treated S. cerevisiae cells at pH 5. The data presented indicated that,
biosorption process capacity increased with increasing the concentration of
target metal ions. The factor of time was not important because saturation

was quickly occurred and the process was metabolism independent.

The data presented in Tables 28, 29 and plotted in fig 23, 24 showed the
effect of the same previous concentrations of Pb?* and As™* on their
biosorption by ethanol treated yeast cells at pH 5. The same previous
conclusion was also noted here; that by increasing Pb®* or As>*concentration,

their biosorption would increase.
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Cadmium uptake (q) mg/g
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Fig (22): Effect of different initial metal concentrations
on the biosorption of Cd?* ions by ethanol treated S.

cerevisiae cells.
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Fig (23): Effect of different initial metal
concentrations on the biosorption of Cu?* ions by

sodium hydroxyl treated S. cerevisiae cells.
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‘ ——25mg/l —{50mg/l —e—75mgl/l —©—100mg/I —A—150mg/l —=—200mg/l

Lead uptake (q) mg/g

Fig (24): Effect of different initial metal
concentrations on the biosorption of Pb*" ions by

ethanol treated S. cerevisiae cells.
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Arsenate uptake (q) mg/g
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Fig (25): Effect of different initial metal concentrations
on the biosorption of As>* ions by ethanol treated S.

cerevisiae cells.
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(V) Regeneration and reuse of pretreated Saccharomyces

cerevisiae for biosorption of Cd**, Cu?*, Pb®* and As>* ions

Elution is defined as the process of extracting a substance (adsorbed
metal ion) adsorbed to another (S. cerevisiae cell wall) by means of a suitable
solvent or buffering agent. After biosorption of Cd**, Cu?*, Pb*" and As®*
ions, biomass was eluted using HNO3 as solvent, and then regenerated by
washing with deionized water or NaOH. The aim of this experiment is to test
the best regenerated agent (water or sodium hydroxyl), and to exploit the

same biomass in other biosorption processes.

Initial metal concentration was 100mg/l, pH was 5 for Pb?*, As®* and
Cu®, 6 for Cd** biosorption. Biomass was ethanol treated cells for
biosorption of Cd**, Pb?*, and As>* while it was sodium hydroxide for Cu**
biosorption. Contact time was 10h, rpm= 150 at room temperature. Biomass
concentration was 0.5g/50ml (dry mass per volume). The elution was carried
out using 0.05M HNOs3.

S. cerevisiae biomasses were used for 5 cycles of biosorption— elution—
regeneration, where the first cycle was the main experiment without any
elution or regeneration but the 2-5 cycles undergo elution and regeneration.
Tables (30) and fig (26; a &b) showed that biomass regenerated by washing
with only deionized water lost some of its metal removal capability in
comparison with that of NaOH-pretreated biomass. However, biomass
regenerated with NaOH regained its initial metal removal capacity. The q

values in the cycle 2-5 were fluctuated around the g value in first cycle using
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NaOH-pretreated biomass, while the g values in biomasses that regenerated

with deionized water were always lower than that of first cycle.

For example, in regeneration with deionized water, the g value of Cd** in
first cycle was 7.87 mg/g and then decreased in 2-5 cycles with values 3.75,
3.99, 4.3 and 4.07 mg/g, while in regeneration with sodium hydroxyl the q
values remain around the first value (7.96, 8.13, 7.7 and 8.07 mg/g) and may

exceed it in same cases. The same was done for all metal ions.
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Fig (26): Regeneration by (a) deionzed water and (b)

NaOH for recycling of biosorption process
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Effect of Cd**, Cu*, Pb?* and As>* ions on the growth and

metabolism of Saccharomyces cerevisiae

(1) Growth curves of Saccharomyces cerevisiae under the effect of

different Cd?*, Cu®*, Pb®" and As®" concentrations:

The effect of , Cu**, As>*, Pb*" and Cd*"ions with different concentrations
(50 -250 mg/l) on growth phases of S. cerevisiae that grown in glucose-
peptone broth medium at pH 5 was studied. The growth rate of S. cerevisiae
cells was determined after 4, 8, 12, 24, 48, 72, 96 and 120 hours through
measuring the dry weight .The data were recorded and plotted in tables 31,
32, 33, 34 and figures 27, 28, 29, and 30.

This experiment showed the negative influence of Cd**, Cu**, Pb** and
As>* ions on all growth phases of S. cerevisiae. Although this negative
influence, S. cerevisiae resisted all Cd?*, Cu?*, Pb?* and As"* ions with all

concentrations except 250 mg/l As®* ions.

The shape of the absorbance curve during the growth of cultures indicates
the inhibition of the yeast cell reproduction (fig 27, 28, 29 and 30). This
inhibition differs from metal to another according to the degree of metal
toxicity. The growth curve of the control cells was higher than the curves of
the treated cells. With increasing concentration of Cd**, Cu®*, Pb®* or As>*
ions the metal uptake gradually decreased and the curves were flatter and

flatter. The speed of S. cerevisiae growth lowered under the effect of Cd*,
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Cu?*, Pb?* or As® ions with any concentration than the control cells. The
concentration of 250 mg/I As>* ions caused total inhibition of yeast growth.
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dry weight (g/100ml)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
incubation period (h)

Fig (27): Effect of Growth curves of S. cerevisiae
under different Cu?*ions concentrations (50, 100,
150, 200 and 250 mg/l) on its growth rate (g/100ml
dry weight).
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Fig (28): Effect of Growth curves of S. cerevisiae under

different As®*ions concentrations (50, 100, 150, 200 and
250 mg/l) on its growth rate (g/100ml dry weight).
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Dry weight (g/100ml)

0 10 20 3 4 s 6 70 8 9 100 10 120 130 140
incubation period (h)

Fig (29): Effect of Growth curves of S. cerevisiae

under different Pb®‘ions concentrations (50, 100,

150, 200 and 250 mg/l) on its growth rate (g/100ml
dry weight).

169

—8— control

—&-50

—A—100

—6—200

—— 250




Experimental Results

L8O 980 £8°0 180 6E0 LOTD LOO LOTO LOTO 05T
P60 760 760 60 £F0 60°0 LOO LOO LOO 007
8670 L6 LG $6°0 950 70 o L0 LOO 0T
Tl Tl Tt It §0°0 LED 8T'0 80°0 LOO 001
LET 9T PET £ET a0 S0 ST0 80°0 L0 0s
I+ 8T 9€'T 9Tt 8TT €< 80 £T0 LOTO [oguo)
0071 106 qiL usy Ll Uzt qs L 7000

(y3uw) . .pD

Jape ([uQQs) Jgsam Liq

(U T/3 S1aa £1p) )M0I35 3] WO SWOI . p) JO (/5UI) SUONEIJUIIUW0D JUAIIJFIP JO 1IAJJI AT[) JO SAN[EA 3BRIIAY §¢ QEL

aIsIAa432 5 JO

170



Experimental Results

dry weight (g/100ml)
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Fig (30): Effect of Growth curves of S. cerevisiae
under different Cd®*ions concentrations (50, 100, 150,
200 and 250 mg/l) on its growth rate (g/100ml dry
weight).
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(11) Effect of Cd**, Cu**, Pb?** and As°* ions concentrations on

DNA of S. cerevisiae

(11-1): Effect of different concentrations of Cd**, Cu?*, Pb?* and

As" ions on total DNA of S. cerevisiae:

The effect of different concentrations (50- 200 mg/l) of Cd**, Cu®,
Pb* and As®* ions on total DNA of S. cerevisiae that was grown after four
days growth on glucose peptone broth media (in static culture at 27 C°,

pH=5), amended and not amended with metal ions was studied.

Table 35 shows the total concentrations of S. cerevisiae DNA as control
and also under the effect of different Cd**, Cu®*, Pb®* and As®" ions
concentrations ranged between (50-100mg/l). The data revealed that by
increasing the concentration of Cd**, Cu®*, Pb** or As>* ions, the total DNA
decreased. The degree of the negative effect of metal ions on DNA was

varied according to the type of metal ions.

The response to metal toxicity appeared first under arsenate treatment,
where at even low As>* concentration (50 mg/l), total yeast DNA decreased
from 0.521 to 0.154 pg/pl, unlike under 50 mg/l of Cd**, Cu** and Pb*
treatment. At higher Cd?*, Cu®*, Pb** and As>* concentration (200mg/l), total
S. cerevisiae DNA concentration decreased dramatically with values 0.049,
0.182, 0.028 and 0.021 pg/ul respectively.
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Fig (31): Effect of different Cd®*, As>*, Cu®* and Pb?*
concentrations on total DNA content (pg/ul) of S.

cerevisiae
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(11-2): Effect of sub-lethal Cd**, Cu?*, Pb?** and As®" concentrations

on intact DNA of S. cerevisiae:

S. cerevisiae was subjected to further molecular study. This experiment
aimed to evaluate the molecular level changes in total genome DNA as a
result of metal treatment. Thus total DNA's from harvested S. cerevisiae cells
in the presence of sublethal concentrations of Cd**, Cu®*, Pb?* and As® as
well as in the absence of such metals, were detected.

Agarose gel electrophoresis of S. cerevisiae total DNA (Table 36 and
fig.31) revealed that the intact DNA of the control sample of S. cerevisiae
was separated into one band without any fragmentations with molecular

weight 1089 bp representing 100%.

Three DNA bands were detected in Cd®" treated cells of S. cerevisiae,
their molecular weight were 556, 396 and 211 bp accounted for 36.4%,
36.9% and 26.8% respectively. With respect to As>* treated cells of S.
cerevisiae in lane 2 table 36, the data revealed the separation of four DNA
bands. These bands had the molecular weights; 1078, 540, 379 and 168 bp
representing 26.6%, 26.9%, 26.9% and 19.6% respectively. In lane 3, Cu®*
treated cells of S. cerevisiae did not showed any fragmentation of DNA and
appeared in one band with 1072 bp DNA representing 100%. Finally, in lane
4, DNA was fragmented and four bands were detected after Pb®* treatment.
These bands had molecular weights of 1039, 600, 483 and 193 bp constituted
29.2%, 22.4%, 29% and 19.4% respectively.
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In conclusion, the intact S. cerevisiae DNA undergone fragmentations
when was treated with sublethal concentration of Cd?*, Pb** and As”* but not

under Cu®* treatment.
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Fig (32): S. cerevisiae DNA profile analysis by electrophoresis.
Total DNA profile prepared from S. cerevisiae cells treated with
sub-lethal concentrations of Cd** (lane 1), As®* (lane 2), Cu?*
(lane 3) and Pb?* (lane 4).

178



Experimental Results

(111) Effect of different concentrations of Cd**, Cu®*, Pb*" and As™*

ions on total protein of Saccharomyces cerevisiae:

The effect of different concentrations (50- 200 mg/l) of Cd**, Cu*,
Pb* and As®* ions on total proteins of S. cerevisiae that was grown after four
days growth on glucose peptone broth media (in static culture at 27 C°,

pH=5), amended and not amended with metal ions was studied.

Table 37 and figure 33 showed the total concentrations of S. cerevisiae
protein as control and also under the effect of different Cd**, Cu®*, Pb*" and
As” ions concentrations ranged between (50-100mg/l). The data revealed
that by increasing the concentration of Cd®*, Cu®*, Pb** or As>* ions, the total
protein decreased. The degree of the inhibitory effect of metal ions on total

protein was varied according to the type of metal ions.

Under control conditions, S. cerevisiae total protein was 305.2 mg/g. This
value decreased till 123.5 mg/g under 200 mg/l Cd?* treatment, 187.9 mg/g
under 200 mg/I Cu®** treatment, 127.1 mg/g under 200 mg/l Pb?* treatment,
and 97.2 mg/g under 200 mg/I As>* treatment. These values reflected that the
degree of metal toxicity towards total protein increased in order; As>* >Cd**

>Pph%* >Cu?",
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Fig (33): Effect of different Cd**, Cu®*, Pb?*, and As®* ions
concentrations (50, 100, 150 and 200 mg/l) on the total protein

content (mg/g) of S. cerevisiae
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(1V) Effect of different concentrations of Cd**, Cu**, Pb* and As®*

ions on total carbohydrates of Saccharomyces cerevisiae:

Effect of different concentrations of Cd**, Cu?*, Pb?* and As>* ions on
total carbohydrates of S. cerevisiae was placed secondary after total proteins.
Different concentrations (50- 200 mg/l) of Cd*", Cu®*, Pb**,and As®* ions
were used to study their effect on total carbohydrates of S. cerevisiae that was
grown after four days growth on glucose peptone broth media (in static
culture at 27 C°, pH=5), amended and not amended with metal ions was
studied.

Table 38 and figure 34 showed the total concentrations of S. cerevisiae
carbohydrates as control and also under the effect of different Cd**, Cu®*,
Pb* and As” ions concentrations ranged between (50-100mg/l). The data
also revealed that by increasing the concentration of Cd**, Cu?*, Pb®** or As®*
ions, the total carbohydrates decreased. The degree of the negative effect of
metal ions on total carbohydrates was varied according to the type of metal

species.

Under control conditions, S. cerevisiae total carbohydrates were 115.6
mg/g. This value decreased till 50.2 under 200 mg/l Cd*" treatment, 73.8
under 200 mg/l Cu®* treatment, 52.7 under 200 mg/l Pb?* treatment, and 30.6
under 200 mg/l As>* treatment. These values reflected that the degree of
metal toxicity towards total carbohydrates increased in the previous same

order that was: As®* > Cd**> Pb®* > Cu?".
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Fig (34): Effect of different Cd®*, Cu®*, Pb®*, and As"* ions
concentrations (50, 100, 150 and 200 mg/l) on the total

carbohydrates content (mg/g) of S. cerevisiae
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(V) Effect of different concentrations of Cd**, Cu®*, Pb®* and As™*

ions on total Lipids of Saccharomyces cerevisiae:

Finally, the effect of different concentrations of Cd®*, Cu®*, Pb** and As™*
ions ranged between 50 — 200 mg/l on total lipid of S. cerevisiae was studied.
S. cerevisiae was grown after four days growth on glucose peptone broth
media (in static culture at 27 C°, pH=5), amended and not amended with

metal ions was studied.

Table 39 and figure 35 showed the total concentrations of S. cerevisiae
lipids as control and also under the effect of different Cd**, Cu®*, Pb?* and
As>* ions concentrations ranged between (50-100mg/l). The data also
revealed that by increasing the concentration of Cd®*, Cu®*, Pb** or As** ions,
the total lipid decreased. The degree of the negative effect of metal ions on

total lipid was varied according to the type of metal species.

Under control conditions, S. cerevisiae total lipid was 52.3 mg/g. This
value decreased till 23.2 under 200 mg/l Cd** treatment, 33.1 under 200 mg/I
Cu®* treatment, 23.7 under 200 mg/l Pb*" treatment, and 16 under 200 mg/I
As treatment. These values reflected that the degree of metal toxicity
towards total lipid increased in the previous same order that was; As®* >Cd**

>Pph%* >Cu?",
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Fig (35): Effect of different Cd**, Cu?*, Pb®*, and As®* ions
concentrations (50, 100, 150 and 200 mg/l) on the total

lipids content (mg/g) of S. cerevisiae
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