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ABSTRACT 

The microbial treatment of alum sludge industrial effluent 
was carried out. The chemical analysis of this waste was performed. 
The microbial treatment was conducted using two bacterial and two 
yeast strains These microbes namely Bacillus megatertum, 6SB, 
Serratia marcescens, 3STA, Saccharomyces cerevisiae, SC64 and 
Saccharomyces cerevisiae, SC66. The growth dynamic of these 
microbes was followed using four different dilutions of the tested 
waste i.e., 0.00%, 25%, 50% and 75 % (water: waste). The 
optimization for maximize IIUlilagement of this waste was examined 
by change of pH value and inoculums size % of microbe used. 
Monitoring of microbiological treatment was carried out by 
examining dry weight of obtained biomass, growth dynamics and 
Bioremoval of some trace metal ions. The observed result show that 
about 97.589 % of the total aluminium in the tested effluent was 
removed after the first 24 b. Furthermore, some of trace metal ions 
were removed in high percent such as cadmium in 100 % by 
B.megaterium, 6SB and S. cerevisiae,SC64; they are the most active 
strains. The highest value of Cr~Soo- removal is achieved by S. 
cerevisiae,SC66 and S.cerevisiae,SC64 have 95.46% and 92.05 % 
reduction,respectively.The two examined yeast strains exhibit 
maximum Pb removal with I 00 %.Results of selenium showed that 
B. megaterium, 6SB gave the bighest value of 84.16% reduction. 
Kinetics of aluminium bioaccumulation, recovery of alum sludge 
aluminium and kinetics of selenium bioaccumulation were also 
carried out Addition the microbial cells to the tested alum sludge 
reached the equilibrium in ten min.Observed rapid bioaccumulation 
indicated that this was not specific accumulation process. The eluted 
percent of ArJ• which adsorbed on the cell surface of the tested yeast 
strains, S. cerevisiae, SC64 and S.cerevisiae,SC66 using 0.2 M 
H2S04 were 96, 96 and 82.67% and 96.91, 88 and 80% from AJJ+ 
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doses (100, 200 and 300 ppm) used. The observed results of B. 
megaterium, 6SB confirm that the test biomass exhibited a rapid 
cation uptake from 0.913 to 0215 mg /L at the first hour with more 
than 69.88 %, and with metal uptake value of 0.056 mg /g dry 
biosorbents.The observed results show that more than 75.36 o/o of 
equilibrium is reached within three hours. The yeast strain S. 
cerevisiae,SC66 gave Se removal of 72.62 o/o after the first hour of 
the incubation period. These results prove the possibility to recycle 
such waste as a part for taking a part of resolving of the 
environmental pollution problem. 
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INTRODUcriON 

Alum is used in the coagulation of raw water in almost all water treatment 
plants world-wide. The sludge produced from this process is usually thrown away. In 
Egypt, thousands of tons of alum are used annually in water treatment plants across the 
country, costing millions of dollars (Andia & Martin (2002)).Alum recovery has 
recently gained more attention because many water utilities need to improve their 
sludge handling and disposal practices. As part of an overaH sludge management 
program, alum recovery can reduce the amount of solids and allow for reuse of the 
recovered alum as a coagulant It also has other potential uses such as phosphorus 
control at wastewater treatment plants. Although the exact nature of the biotransfonned 
aluminum and the lipids associated with it have to await further delineation, it is not 
unlikely the latter moieties may have an important role in the detoxification of the 
metal. This aluminum evoked response may have interesting implications for aluminum 
biochemistry and the bacterial entrapment of toxic aluminum may have potential 
applications in waste management industries (Appanna eta!., (1994)]. Biosorption of 
aluminum by sulfate-reducing bacteria isolated from uranium mine tailings was 
examined. The mechanism of aluminum biosorption was found to be a passive one. 
Freezing and thawing of the cells reSlllted in higher sorption of aluminum, whereas heat 
treatment or the uncoupler carbonyl-cyanide- m-<:hlorophenylhydrazone (CCCP) had no 
effect. The pH value had significant influence on the aluminum ion adsorption, the most 
absorbance being at pH 3 and 5, and the lowest at pH ?.Addition of magnesium and the 
presence of iron sulfide precipitate decreased aluminum sorption.The relationship 
between biomass and A13+ions accumulated was linear.Use of the isolates in 
bioremediation processes for removing aluminum from water is considered [Hard et 
al., (1999)}. Acid- and aluminum (Al)-tolerant microorganisms were isolated from tea 
fields, from whicb six strains were selected and identified as Cryptococcus humicolal, 
Rhodotorula glutinis, Aspergillus flavu.s Link, Penicillium sp,Penicillium janthinellum 
Biourge and Trichoderma asperellum. They were tolerant to AI up to 100-200 mM and 
could grow at low pH, 22-2.5. In a glucose medium (pH 3.5) the pH of the spent 
medium decreased to below 3 .0. The toxic inorganic monomeric A1 in the spent 
medium decreased with three strains (A.flavu.s P-6b, Penicillium sp. F-8b and P. 
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janthinellum F -13 ), but the total Al remained constant for all strains. In a soil extract 
medium (pH 3 .5), the pH of the spent medium of aJI strains increased to around 6.0-7 2 
and total AI in the spent medium was removed by precipitation due to pH 
increase.Tbus,different tolerance mechanisms were suggested in glucose and soil extract 
media [Kawai et aL, (2000)]. 

MATERIALS AND METHODS 

Alum sludge effluent samples were obtained from- water treatment plant of 
Sherbin city,Dakahlia Governorate [summer (2003)]. All samples were collected in 5 
liter polyethylene bottles for the chemical analysis and one litre sterile glass bottle for 
microbiological analysis using the procedures recorded in the Standard Methods 
Examination of Water and Waste water {APHA (1992)]. 
Chemical analysis: 

All physicochemical parameters, organic constituents and trace metal ions 
detenninations of industrial effluents samples were detennined according to the 
standard methods mentioned in (APHA (1992)J.Aluminium,AJ3

+ (Eriochrome Cyanine 
R Method) and chromium (Cr~ (Diphenylcarbazide Method) were detennined by 
measuring the absorbance (A) at). max =535 run and ). max =540 run, with a light path 
of tern or longer using Spekol TI spectrophotometer, respectively. A perkin-Elmer 
MHS-10 hydride generation system and 10 em single slot burner attachments were used 
in Selenium detennination as mentioned in [APHA (1992)]. 

Meta] accumulation e.xperiments: 

Batch type metal accumulation experiments were perfonned by using free 
cells. 5 mL of the cell suspension (3 giL) were added to flasks containing 50 mL of 
sterilized tested industrial effluent Samples of 2.5 mL were used for metal 
determination after 24, 48, 72 and 96 h, and acidified with 1% (v/v) of HN03 and stored 
at -20°C. The amount of tested metals (AI, Se and Cr) accumulated by the free 
microbial cells was detennined by measuring the residual metal concentration in the 
supernatant after centrifugation at 6000 rpm for 20 min using VIO MED Export 
Centrifuge (USSR) and after filtrating using 0.2 J.Im (0 50 mrn) membrane filter, refNo. 
404114, Scheicher and SchUll, IDD, West Gennany. Controls without cells are treated 
in the same manner. The initial and residual metal concentrations were detennined by 
specific method as described above. 

Desorption and Recovery of AJ metal: 

Sulphuric acid was used for AI meral desorbent in the examined free microbial 
cells. After metaJ accumulation for 24 hr at 30°C, cells were separated by centrifugation 
and the supernatant solutions were removed and filtered by 0.2 jJ.ffi membrane filters, 
acidified with 1% ( v/v) of HNO~ and stored at -20 °C. The cell pellets were then washed 
with 25 ml of sterilized bidistilled water and, the supernatant obtained from the wash 
was acidified and stored as described above. Cell pellets were suspended in 10 ml of 
desorbent at 25 °C, centrifuged at 6000 rpm for 15 min and the supernatant solutions 
were acidified Wltil measurement 
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Microbiological e:u min a tioo: 

The used microbes were Bacillus megaterium, 6SB, Serratia mmcescens, 
3STA, Saccharomyces cerevisiae, SC64 and Saccharomyces cerevisiae, SC66. These 
two yeast strains was kindly taken from Prof. Dr. S. A. EI-Saied,Professor of 
Microbiology,DeplMicrobioi,Soil, Water and Environmental Res. Institute, Ministry of 
Agric, Giza, Egypt These two yeast strains were recommended for its efficiencies of 
metal ion removal. 

All the cultivation media used in this investigation were prepared as described 
in lMD.K (1994)1. Standard inocula were prepared of each strain either bacteria or 
yeast by scrapping the 24 b old growth on slope agar with 5 mL sterilized water and 
transferred into 45 mL appropriate sterilized liquid TGY medium in 250 mL. 
Erlenmeyer flasks and then allowed to grow for 24 h to obtain abundant growth (5 x 105 

cfulmL) to be suitable for inoculating the experimental media for a required purpose. 
The experimental media used were the industrial effluents after filtration and dilution to 
appropriate ratio. 

Optimi7Jltion for microbial growth: 

Effect of dilution ratio: 

The prepared ratios of dilutions were ranged from 0.00 to 75 % for sugar beet 
(SB) industrial effluents. The bacterial propagation was carried out using 250 ml of 
Erlenmeyer flasks; each contains 50 ml of the tested industrial effluents inocu Ia ted with 
I ml inoculum of bacterial broth. The flasks were then incubated at 30°C. The 
developed colonies were counted as colony forming units ( cfu} per ml of the tested 
waste after plating on a nutrient agar (NA} medium. 

Effect of initial pH: 

This experiment was carried out to detect the ability of different bacterial 
strains to grow on the tested waste at different initial pH vatu~. Therefore, the bacterial 
propagation was carried out using triplicate of 250 mL.Erlenmeyer flasks, each 
containing 50 ml of 50% concentration of sugar beet (SB) industrial effluent. The pH 
value was adjusted to 3, 5, 7 or 9, and then each flask was inoculated with I ml 
inoculum of bacterial broth. The flasks were then incubated at 30 °C and the developed 
colonies were counted as colony forming units (cfu) per ml of the tested waste after 
plating on NA medium. 

Effect of inoculum size: 

The microbial propagation was carried out using triplicate of 250 mi. 
Erlenmeyer flasks, each containing 50 ml of 50% concentration of sugar beet (SB} 
industrial effiuenl Then the flasks were inoculated with different inoculum sizes (v/v} 
of2, 4, 6, 8 or 10% of bacterial broth. The flasks were then incubated at 30°C and the 
developed colonies were counted as colony forming units (cfu) per ml of the tested 
waste after plating on NA medium. 
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Effect of yeast extract addition: 

A weight of 02 % (w I v) of yeast extract was added to a one series of 
experimental flasks for the tested waste All the experimental results were subjected to 
statistical analysis.ISAS (198.9)" 

RESULTS AND DISCUSSION 

Chemical analysis: 

Alum sludge ofSWf (clarifier sludge) is directly discharged to Al-Sahel canal. 
At the moment, the alum sludge is not listed as an industrial effluent in Egypt, while the 
Environmental Protection Agency (EPA) has classified alum sludge obtained from 
water treatment plants as an industrial wastewater (G~ (l'1JS)):These effluent 
samples are belonging to the article No. 61 ofLaw 48/1982. 

As shown in Table (1), alum sludge effluent samples have mean value of pH 
equal to 7.3 that nearly neutral. This value was within pH range of the article No.6! of 
the Egyptian Law 48/1982 being 6-9. The measured concentration ofTS and IDS were 
390 and 354 mg/L that were within the Egyptian standard (ES) level of the article No. 
61 of Law 48/1982 (TDS > 800 mg/L). At the same time, the mean value of TSS 
concentration was 36 mg/L for alum sludge effluent samples, that exceeds the ES level 
of the article No. 61 ofLaw 48/1982 (ISS >30 mg!L). 

Table (1): Physicochemical analysis of alum sludge effluent. 

Physicochemical panmeten (mg/L) 

TS ms TSS 
Hardne Calciu Chlori 

Sulfate 
5S m de 

390 354 36 156 38.477 42.046 56.375 
roc rn COD BOD 

320.97 224 363.17 3.615 

Cr6+ 
Trace metal ions (mg/L) 

Al Cd Cu Fe Mn Pb Se Zn 
9.54 0.17 

0.88 1.9 
25.27 0.09 

0.125 0.913 2.23 
7 6 8 5 

Results recorded in Table (1) show that the hardness and Ca ion 
concentration were not high; tlleir mean values equal to 156 and 38.477 mg/L, 
respectively. On the other hand, chloride and sulfute concentration equal to 42.046 and 
56.375 mg!L, respectively. {£1-liadaly a~ (1000)] observed that swr, for the same 
sample, pH equal 826 which slightly basic where IDS, value of ilie hardness, calciwn, 
chloride and sulfate concentrations were 191, 155.3, 37.8, 39.99 and 39.5 mg/L, 
respectively. These results show that IDS increased by 2.04 fold, but that the hardness 
and Calcium ion concentration were nearly tlle same. On the other hand, sulfate 
concentration was increased by 1.43 fold more than that obtained in year 2000. 
Regarding the organic constituents, the observed mean values of TOC, TI~, COD and 
BOD were 320.97 mg!L, 2.24 mg!L, 363.17 and 3.615 mg/L, respectively. In this case, 
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COD level exceeds the ES (COD > 30 mg/L). On the other hand, BOD value was 
within the ES level by the article No.61, since the standard level must not exceed 20 
mg/L.(MUla (lQQQ)) indicated that BOD was 9.69 mg/L, which means that BOD 
decreased by 2.68 fold than that value obtain~ in year 2000.l~pta ~ Sbl (lm)) 
found that the TOC concentration was 860 mg/L in samples of Allentown WTP. 

Total aluminium concentration was detected as 9.547 mg/L. In the WTP in 
Dakahlia Governorate, approximately 17.423 tonnes of aluminium· alum sludge are 
directly discharged into Al·Sahel canal every year. The importance of aluminium in 
sludge and mass discharged into surface water without treannent was discussed by 
many workers. Few researches have been carried out on the periodical discharge of 
sludge into the surface waters. In the Volta Redonda WTP, approximately 19 tonnes of 
sludge are discharged in the main stream every 75 days wb.ile in the Guandu WTP 
almost 4 tonnes of sludge are discharged daily. This represents approximately 1.77 
tonnes/year of aluminium discharged in the Paraiba River (A.Mu~ d fll., (~)). The 
mean concentration of aluminium in the edible portion and intestines of fish was varied 
from 14 to I350 mglkg wet weight, respectively. Meanwhile, the guideline level 
recommended by the (WHO (1993)] is 200Jl&IL. So, there is, however, information 
regarding the toxic effects of alum sludge discharge in water on other aquatic organisms 
such as benthic invertebrates. 

HeavY metal ions such as Cd, cr, Cu, Fe, Mn, Pb and Zn. were also detected. 
Concentrations of Cd, cr and Cu were equal to 0.176, 0.88 and 1.9 mg/L, respectively. 
Levels of these heavy metals exceeded the ES (Cd < 0.01, Cr6<- < 0.05 and Cu < lmg/L). 
Fe, Mn, Pb and Zn Concentrations values were 25.278, 0.095, 0.125 and 2.23 mg!L, 
respectively. The levels of Fe and Pb were higher than the ES since the standard level 
must not exceed I and 0.05 mg/1, respectively. Conversely, Mn and Zn levels were 
within the ES (Mn < 0.5 mg!L and Zn < I mg!L). Selenium concentration was 0.913 
mg!L.~pta ~ W (lm)) pointed that the total aluminium was 5.60 mg/L, pH= 
7.1, while TSS and Ca values of clarifier alum sludge from Allentown WTP were Il2 
and 30 mg/L, respectively. Also, their results showed that Fe, Mn, Zn and Cu 
concentrations were 1.7, 85, 23 and 3.2 mg/L, respectively. They added that copper, 
lead, cadmium, and other heavy metal concentration in the alum sludge was normally 
low, but it may warrant concern ifrecycled through recovered alum. The values of these 
metals measured by LMalda (1000)) were found to be 0.635, 0.087, 0.064, 0.101, and 0. 
442, 0.191, and 0.590 mg/L for, Cd. Cr6+, Cu, Fe, Mn, Pb, and Zn, respectively. This 
mean that Cd, Cr6<-, Cu , Fe, Pb and Zn metal ion concentrations increased from year 
2000 by 2.77, 10.12, 29.69, 250.28, 0.65 and 3.779 f9ld, respectively. Conversely, Mn 
ion concentration was decreased by 4.65 fold. 

Optimization of microbial growth: 
Dilution ratio: 

Four dilutions (0.00, 25, 50 and 75%) of the tested effluent samples 
investigated as shown in Fig (1), the TMC of B.megateri"um, 6SB that gave about 0.60, 
0.166, 0.138 and 0.138 x 101 cfu/mL after 24 h, respectively. This mean that TMC was 
increased by 1.84 fold for 75 and 50%, while 2.213 and 8 fold for dilutions of25% and 
0.00 %, respectively. At incubation period of 48 h, the treatment of 75% dilution was 
reached its maximum of the total count that equal to 5.245 xl08cfu/mL, while 50 'Yo 
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dilution sample achieved the maximum value of the TMC equal to 3.461 x1 08 cful mL. 
On the other band, 50% dilutions exhibited the maximum value ofthe TMC being 4.51 
xl01cfulmL after 72 b, respectively. All values were decreased in all treatment after 96 
b incubation. 
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Fig (1): Growth dynamic the-tette6JG!Gr~BS en<::~.IUIT6tfeldg&1Rdust:Sul effluent 

plotted results Fig (1) for S. marcescens, 3ST A showed that all dilutions 
exhibited the TMC values more or less close to each other, being 0.549 ± 0.069, 0.416 
±0.035, 0.658 ± 0.048 and 0.576 ± 0.109 x108 cfulmL, and 0.722 ± 0.111, 0.640±0.088, 
0.617± 0.069 and 0.768±0.119 xl08 cfu/mL after 24 and 48 h, respectively. The growth 
of S. marcescens, 3STA in the tested waste (dilutions 50% and 75%) were decreased to 
0.393±0.032xl08 cfulmL, 0.402±0.069xl08 cfu/mL and 0.407±0.02Jx108 cfulmL and 
0.2195±0.027 x108 cfu/mL, after 72 and 96 h, respectively. On the other hand, the 
microbial growth was still increased to 1.179± 0.167 xl08 cfulmL and 1.033± 0.088 
xl 08 cfulmL in case of 0.00 and 25 % dilutions of the alum sludge effluent after 72 h, 
respectively. The bacteria then showed a decrease after 96 h to 0.878±0.073x108cfu/mL 
and 0.686 ± 0.069xl08 cfu/mL for the last dilutions, respectively. 

The growth of yeast strainS. cerevisiae, SC64 reached 2.800 xl08 cfu/mL for 
0.00 % waste d ilution, after 24b. The TMC values were found to be 6.00±0.400, 
7.2±1.058, 8.167±2.673 and 6.00±0.909 xl 08 cfu/mL with 15.33 as a value of CY% for 
0.00, 25, 50 and 75% dilution, after 48 h of incubation, respectively. Then the growth 
was gradually decreased after intervals of time of 72 and 96 h. S.cerevisiae, SC66 
growth dynamics indicated clearly as can be seen in the same figure. Fig. (1) shows 
that 0.00 % dilution has the highest TMC value equal to 16.0 1±0.96 with 11.60 fold 
increase after 24 h. The maximum growth levels were observed for all dilutions after 48 
h. The growth was then decreased at time intervals of72 and 96 h. 

The results obtained by (Ka~ ct aL., (lQQQ)) using Rhodotorula glutinis 
(yeast) and Cryptococcus humicola (G .. bacteria) showed that these microbes were 
tolerant to AI up to 100-200 mM. The same trend of these results was obtained by 
[Fls,tl\u d al.., (lW)) since Acidiphilium cryptum grew in glucose mineral medium 
containing 300 mM aluminium sulphate. 
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Initial pH: 

ntustrated results Fig (2) confirmed that the highest growth was obtained at pH 
= 7.9 which represent the normal pH value of the alum sludge effluent giving 4.012 ± 
0.047 x 101 cfu /ml, followed by pH= 7 at which the growth density equal to 3.593± 
0.023 xl01 cfulml after 24 h. On the other hand, pH 3 exhibited the lowest growth 
density being 0.977± 0.047 x xl08 cfulmL. interestingly, the pH 7.9 showed also the 
highest growth density at the end of all incubation time intervals. 
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Fig (2): Effect of initial pH val~~on.th~ ~J>J&Dp&iJl,a.hw:Liludge industrial 
effluent 

The obtained values for S marcescens, 3STA Fig (2) showed that, after 24 h 
incubation, the values of growth density were 1.436± 0.00, l.422 ± 0.0 14, 1.394± 0.014 
and 1..513± 0.007 xi 08 cfulml at pH 5, 7, .9, and 9, respectively. The treatment of pH 3 
clearly showed the lowest values of growth at all the time intervals of incubation. 
Fig (2) also indicated that the highest growth of S. cerevisiae, SC64, was occurred at pH 
5 with TMC of 2. 158 ± 0.02 xl08cfulml. S. cerevisiae, SC64 reaches its maximum 
growth after 72 h, where TMC at pH 5 was 2.373± 0.02 xi08 cfulml which represented 
the highest growth value. The value ofTMC for Saccharomyces cerevisiae, SC66 were 
30.2 ± 0.95, 30.2±0.95, 22.6± 0.95 and 12.1 ± 0.95 xl08 cfulmL for pH 5, 7, 7.9 (nonnal 
pH of the tested waste) and 9, respectively. M observed in Fig (2), S.. cerevisiae, SC66 
reaches to its maximum growth after 72 h, since the TMC value at pH 5 was equal 
tol13.l ± 0.00xl08cfulml. The growth values of all treatment are decreased after 96 h. 
Initial pH 3 again showed the lowest growth values at all the intervals time of 
incubation for the two tested yeast strains. [Kawai et al., (2000)1 isolated 
microorganisms that could grow at low pH of 2.5 -2.2. They added that when the pH 
value increased to around 6.0, 72, the total A1 in the medium was recovered by 
precipitation due to increase.of pH. 
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Inoculum size: 

The importance of inoculum size(%) in the determination of optimum growth 
has been clearly observed when 2, 4, 6, 8 and I 0 % of living free cells were used.As 
shown in Table (2) when the inoculum size increased from 2 ro I 0 %, the value TMC 
was gradually increased for the all tested organisms after 24 h incubation. For bacterial 
strains, B. megaterium, 6SB and S. marcescens, 3STA the TMC value increased from 
0.12±0.001 to 1.035±.023 (352.7 %) xi08 cfuJml and from 0.812 ±0.007 ro 1.403±0.008 
xl08 cfulrnl which equal ro 120.6%, 'With CV% values of 67.38 and 21.82% for 2% 
and 10 %, respectively. Also the values ofTMC increased for the two yeast strains, S. 
cerevisiae, SC64 and S. cerevisiae, SC66 from 0 .670±0.011 to 1.034±.011 xl08 cfulrnl, 
and from 18.13± 0 .. 550 to 27.02±0.550 xl08 cfulml, with CV% of 18.83 and 17.06% 
for 2% and 10% respectively. 

Table (2): Effect of inoculum size(%) on the tested microbial strains growth on alum 
sludge industrial effluent after 24 hrs. 

Inoculum 
size(%) B. megaJerium, 6SB 

cfu x I o~ I ml after h incubation 
~~~~~----~--------~ 

S. marcescens, S. cerevisiae, 
3ST A S. cerevisiae, SC64 SC66 

2 0.120 ±0.001 0.812 ±0.007 0.670 ±0.011 18.13 ±0.550 
4 0.422 ±0.013 0.983 ±0.008 0.756 ±0.011 19.24 ±3.610 
6 0.632 ±0.013 1.177 ±0.007 0.852 ±0.021 19.24 ±0.480 
8 0.876 ± 0.007 1.359 ± 0.007 1.034 ± 0.011 20.67 ± 0.960 

~~~~o_,~~~~.o~3~5-=_±~o~.0~2~3~1.~4~03~-±~o.~oo~s--~L~0~34~~±~o~.o~I~I~2~7~.o~2~±~o~.5~s~o 
mean 0. 62 1.15 0.87 20.86 
SD •,36 0.25 0.16 3.56 

CV% 58.83 21.82 18.83 17.06 

Monitoring of microbiological treatment: 

Dry weight: 

Biomass yield was represented by measuring the dry weight of the microbial 
cells harvested after 72 h incubation period as shown in Fig (3). Firstly for B. 
megaterium, 6SB dry weight values were I, 1.214 and 1.714 mg/L with 27.99 as a CV 
% for 50, 25 and 0.00%, respectively. This means that 0.00 % dilution of the alum 
sludge effluent exhibited the highest dry weight value but with a little difference from 
the other two dilutions. Also, dry weight mean values of S. marcescens, 3ST A were 
1.474, 1.36 and 1.263 mg/L with 7.73 CV %for the aforementioned dilutions. On the 
other hand S.cerevisiae, SC64 and S. cerevisiae, SC66, exhibited dry biomass values of 
2. 133, 1.923 and 2.133 mg/L with 5.88 as a CV% and 1.357, 1.4 and 1.2 mg/L with 
7.98 as CV % for 50, 25 and 0.00% diluted waste, respectively . 
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Fig (3): Microbial dry weight obtained by the tested microorganisms 
from examined alum sludge industrial effluent 

Microbial growth dynamics: 

216 

B. megaterium, 6SB, S. marcescens, 3STA. S. cereviS1ae, SC64 and S. 
cerevisiae, SC66 were grown at different dilutions of alum sludge industrial effluent 
0.00, 25 and 50 % and their efficiencies for aluminum removal, at intervals time were 
studied. 

The value of CV % was 40.62, 44.99 and 125.46 % of B. megaterium, 6SB, 
after 24, 48 and 12 h, respectively Fig (4). The highest tMC value at 0.00% dilution 
was recorded to be 2.163x1 08cfu/mL after 72 h. Results showed that the highest growth 
after 48 h observed for dilution of 25 % being 3.429x108cfu/mL. At the same time 
aluminum removnl % for alum sludge effluent dilutions 0.00, 25, and 50 % were 
90.140, 92.197 and 94.287% with CV% value of2.25, with small differences between 
them after 24 h incubation period. These results mean that about 90.140% of the total 
aluminum in the tested effluent was removed rapidly at the first day. The removed% of 
aluminum was almost the same after 48 and 72 has seen in Fig (4). A little difference in 
value not exceeded 2.5% or less was ranged from 93.302 to 95.401 %as a mean value 
after 48 h. Aluminum metal uptalce (Q) after 24 h at 0.00, 25 and 50 % values were 
0.251, 0.183 and 0.117 mg A1 3 

.. / g dry biosorbent with CV% value of 36.30. This 
means that the highest Q value was observed with dilution 0.00 %. B. megaterium, 6SB 
did not show any observed differences in metal accumulation at 48 and 72 h which 
showed the same values to be 0.252, 0.85 and 0.126 mglg biosorbent with CV% value 
of33.85 with the three mentioned dilutions. 
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Results in Fig (4} showed the total microbial count (TMC) values, aluminum 
reduction% and Atl+ accumulation (Q} by S. marcescens, 3ST A at the three dilutions 
0.00, 25 and 50%. These values were 2.071, 2.123 and 2.669 xl08 cfulmL, 90.551, 
90.888 and 9l.l9 3 % and 0.334, 0.250 and 0.167 mg /g biosorbent after 24 h, 
respectively. These results indicated that the differences of the TMC of S. marcescens, 
3STA in the three dilutions was still low and did not exceeded 14.48 as a value of CV 
%. The Al3+ reduction % corresponding to the mentioned TMC values were 90.551, 
90.888 and 91.19 3 %, respectively. This also means that the values of Ae+ reduction% 
were very close to each other with a little difference between them,. that is to say that 
about 90.551% of the initial aluminum was uptake by the microorganism at the first 24 
h. Furthennore, metal (AI} accumulation was equal to 0.334 mg/g biosorbent when the 
total count was 2.071 x108 cfulml at 0.00 % dilution,. that was considered to be the 
highest value of Q. Results showed also the negative relation between TMC value and 
corresponding value of Q as can see in Fig ( 4). 

Results listed in Fig (4) further show that the two yeast strains S. cerevisiae, 
SC64 and S. cerevisiae, SC66 have the same behavior of that the two bacterial strains 
illustrated above. The highest TMC of S. cerevisiae, SC64 was 6.987 x108 cfulmL at 
0.00% dilution (100% waste) after 24 h incubation period.The 15.629x108cfu/mL was 
achieved as the highest total count followed by 13.083x108cfulmL for 50 and 0.00% 
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dilution% with CV% value of29.37,after 48 h. respectively.AI:~-+ reduction% was very 
close to each other since the values were 91.199, 92.487 and 94.469 %. Al>+ reduction 
% was showed the same values to be 92.451, 92.144 and 97.47 5 % at 0.00, 25 and 50% 
diluted waste, after 48 and 72 h. respectively. Metal uptake or metal (AI) accumulation 
values (Q) after 24 h at 0.00, 25 and 50% were 0.263, 0.198 and 0.130 mg A1 3+/g dry 
biosorbent. This means that metal accumulation increased with decreasing dilution%. 
Metal acGumutation increased with increasing of aluminwn concentration since Q value 
was increased by 2.02 at 0.00 % dilution than 50%, and increased by 1.52 at 25 % than 
50 % of dilution. Also, as in case of A13

+ reduction %, metal uptake maximum values 
were achieved at the first 24 h of the incubation period.The highest total count values of 
S. cerevisiae, SC66 at 0.00% dilution with 13.695, 16.863 and 14.962 xl08 cfu/ml after 
incubation periods of24, 48 and 72 h. respectively. These values against A11

+ reduction 
%maximum values of 96295, 99.850 and 98.850 %at incubation geriods of24, 48 and 
72 h, respectively. IUustrated maximum metal uptake values for A1 • being 0.255, 0261 
and 0.261 mglg dry biosorbent for the same intervals time Fig (4). The above results 
concluded that 0.00% dilution of alu.m sludge (100 %) was the most suitable treatment 
for aluminum accumulation experimenG. 

Bioremoval of some trace metal ions: 

Plotted results in Fig.(5) illustrates the values of some trace metals reduction 
(%) as a result of the tested microbes in alum sludge as a culture medium For Cd 
removal, B. megateriwn, 6SB and S. cerevisiae, SC64 showed the most active strains 
since they gave I 00% removal. While, S. marcescens, 3ST A and S. cerevisiae, SC66 
exhibited 88.333 % and 82.50, removal respectively. The highest reduction value of 
cr was achieved by S. cerevisia£. SC66 and S.cerevisiae, SC64 being 95.46 % and 
92.05 o/o,respectively.The highest values of Cu removal were achieved by S. cerevisiae, 
SC64 and S.cerevisiae, SC66 which equal to 86.05 % and72.09% with fold decrease of 
7.166 and 3.583, respectively. At the same time results showed that S. 
marcescens,3STA was the most efficient in removing Fe followed by S. cerevisiae, 
SC66 being of 48.72 and 43.59 reduction %, respectively. B. megaterium, 6SB carne 
first in case of Mn removal, giving 66.93% reduction followed by 33.86 % by S. 
marcescens, 3STA or S. cerevisiae, SC66. 

As illustrated in Fig. (5), the two examined yeast strains exhibited maximum 
Pb removal with 100 % reduction. Results of selenium removal showed that B. 
megaterium, 6SB gave the highest value of 84.16 reduction% which represented the 
most effective one followed by S. cerev;siae, SC64 and S. cerevisiae, SC66 giving 
82.497 and 72.38 reduction%, respectively.S. cerevisiae, SC66 exhibited the maximum 
removal % of Zn of 93.27 with 14.86 fold decrease, while 79.81 % reduction (4.953 
fold) was recorded by S. cerevisiae, SC64. This means that yeast strains exhibited the 
highest removal efficiency for zinc metal. S. marcescens, 3ST A came second to show 
61.31 reduction% (2.5&4 fold) of Zn while B. megaterium, 6SB gave the lowest removal 
% for Zn equal to 34.39 %with 1.524 fold decreases. These results are in agreement 
with those obtained by [Hu & Boyer (1996)) who decided that bacteria accumulate and 
immobilize heavy metals. They added that the cell wall of Gram positive bacteria have 
strong metal- binding properties. 
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Fig (5}: Bioreduction percent of some metal ions from alum sludge.industrial effluent 

Kinetics or aluminium bioaccumulation: 

The aluminium bioaccumulation was very rapid by free microbial cells the 
equilibrium.Addition of the microbial cells to the tested alum sludge reaches the 
equilibrium in ten min. This was approved by the measurement of Ae ... in the supernatant 
in which the Ae... concentration dropped rapidly. All+ removal efficiency was 
98.675±0.02, 98.88±0.02, wtd 87.28±126 wtd 86.64±0.02 percent for B. megaterium, 
6SB, S. marcescens, 3ST A, S. cerevisiae, SC64 and S. cerevisiae, SC66, respectively. 
Metal uptake with the dry weight of cells that 1.7, 1.3, 1.5 wtd 1.8 mg/L 
were0.824±0.002,1.064±0.001,0.820±0.001and 0.689±0.07 mg A13"'/g dry cells 
(biosorbent).Observed rapid bioaccumulation indicated that this was not specific 
accumulation process. For B. megaterium, 6SB and S. marcescens. 3ST A, aluminium 
concentration was directly decreased at the first ten minutes from 9.55±0.06 mg /L to 
0.13 ±0.01 and 0.11±0.01 mg/L with a highly CV% values of 79.167 and 68.037%, 
respectively. That is to say that the metal accumulation were reached to their maximum 
values at the first ten min being 0.824±0.002 and 1.064±0.001mglg cells of B. 
megaterium, 6SB and S. marcescens, 3STA, respectively. At the same time from the 
first ten min to the end of 48 h interval time, the metal reduction% were changed from 
98.675±0.02 to 99.929±0.02 % with a little change in its uptake values from 
0.8244±0.002 to 0.8256±0.002 mglg cells with 2.37 and 2.38 as CV% values, 
respectively. This behavior was repeated with the other three microorganisms as shown 
in Fig (6). 

The accumulation of aluminium by microorganisms is of great importance 
since the high dose in drinking water can cause many reported health effect although 
allegation of impaired mental function have not been substantiated lA.ndta & Martin 
(1001)]. Aluminium can also increase the acidity of water which causes the solution of 
Cu from pipes and Pb from solders (Campb~ (1~) aod .Ap~ U (Jl.., 
(lm)]demonstrated that Pseudomonas fluorescens (G- bacteria) survives in an 
aluminium rich environment by trapping the toxic metal as an insoluble phosphorus 
residue rich in lipids. In agreement with these results, [IliA. & BQyu (199~1 reported 
that Bacillus megaterium (G ... bacteria) had the ability to accumulate Ae ... and/or Fe3 

... 

through forms complexes with siderophores. They added that the cell wall of G+ 
bacteria have strong metal- binding properties. 1n addition (Hard « GL, (lm)) 
observed that the interaction between aluminium and sulfate-reducing bacteria is a 
passive one and occurs on the surface of the cells. It is independent on the physiological 
status of the cells, which can be alive or dead, intact or broken. 
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Fig (6): Growth dynamic, bioreduction percent and Q (mglg) of aluminium metal 
occurred by the tested bacterial strains on alum sludge industrial effluent 
samples 

Recovery o( alum Sludge aluminium: 

Hoping to save money and to reduce solid waste, water utilities are evaluating 
various alternatives for the disposal of alum sludge industrial effluent (mainly clarifier 
sludge) containing 30 to 50 percent hydrated aluminium hydroxide. Water Treatment 
Plant showed that alum can be recovered. Alum that is recovered can be caused as a 
coagulant, there by reducing operating costs ISuwl('ta & W (lm)). Both S. 
cerevisiae, SC64 and S. cerevisiae, SC66, as detected in Fig (7), were represented 
excellent viable biomass for aluminiwn bioaccumulation. The residual percent from 
100, 200 and 300 mg!L aluminium doses were 5.6, 13.2 and 4.97 %, and 22.49, 7.81 
and 5.57 % for S. cerevisiae, SC64 and S. cerevisiae, SC66, respectively. The eluted 
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percent of A13
+ which adsorbed on the cell surface of the tested yeast strains S. 

cerevisiae, SC64 and S. cerevisiile, SC66 using 0.2 M H2S04 were equal to 96, 96 and 
82.67 %, and 96.91, 88 and 80% from used Al3+ doses of 100, 200 and 300 mg/L, 
respectively. 

i :::l~· . .,.:·······"'·. 
. . ~ ~ : 

0 
tOO lOt lOt 

Fig (7): Aluminium desorption by yeast free cells after bioaccumulation using 
different Al3+ doses 

Kinetics of selenium bioaccumulation: 

Selenium bioaccumulation (metal removal) by living free microbial cells was 
done by usiDg 1.714 g and 1.8 g dry biosorbents of B. megaterium, 6SB and S. 
cerevisiae, SC66. As shown in Fig (8), obtained results of B. megaterium, 6SB 
confinned that the test biomass exhibited a rapid cation uptake from 0.913 to 0.275 
mg/L with CV% value of 102.54 at the frrst hour with more than 69.88 %, and with 
metal uptake value of 0.056 mglg dry biosorbent. More than 75.36 % of equilibrium 
was reached within three hours with Q value of 0.060 mglg dry biosorbent. At the end 
of 48 h, the maximum selenium uptake was equal to 0.075 mg /g dry biosorbent which 
represented 91.79 reduction percent. At the same time the residual selenium 
concentration remains in the solution was reached to 0.073 mg!L. The yeast strain S. 
cerevisiae, SC66 gave Se removal by 72.62 % and Q value was equal to 0 .055 mglg at 
the first hour of the incubation period. At the end of 48 h, the Se reduction% reached 
to 97.26% with Q value of0.074 mglg dry biosorbent. 

On the other hand, (Ilo&&i (l.QlU)j showed that Se deficiency causes health 
implications in humans and animals. lt is also very toxic in high concentrations that can 
cause Se poisoning which called selenosis in humans and animals. Deficiency of Se has 
caused health problems to livestock; however, the problems were eliminated after 
adding Se supplementation. Any how, the major source of Se is diet, and the levels of 
Se in the soils generally reflect the Se status in human population. The bioavailability 
and toxicity of Se depend on its chemical forms. Generally, organic forms of Se are 
more bioavailable and less toxic than the inorganic forms (selenites, selenates) l'TI.QW 
(1003)). Further more, the dennatologic effects after exposure to high levels of 
environmental selenium was also considered (VU&c~U U lll..~ (lQQl) ). 
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