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INTRODUCTION
Pulp and paper mill industries are categorized as
one of the 12 most polluting industries in india
which release environmentally hazardous liquid
effluent containing heavy metals and other
organic toxicants1.  Heavy metals are included
among the priority pollutants because of their
high toxicity require suitable treatment prior to
discharge into the environment. Heavy metals
cannot be degraded and even at low concentration
cause toxicity in humans2. Conventional
methods used for removal of metals include
chemical precipitation, ion exchange, membrane
filtration and activated carbon adsorption.
Biological methods provide an attractive
alternative to conventional methods because of
low operating cost, minimization of chemicals,
biological sludge easily disposed and high

efficiency in detoxifying very dilute effluent.
Microbial biomass can be used for detoxification
and recovery of toxic and valuable metals from
waste water3,4. Metal accumulation can be
carried out using easily available Saccharomyces
sp. in their native state and after processing in
culture media containing metal ions. Microbial
populations present in the metal polluted
environment have adapted to toxic concentrations
of heavy metals and become metal resistant5,6. 

AIMS  AND  OBJECTIVES
The objective of this work was to isolate
potential multi-metal resistant Saccharomyces sp.
from paper mill effluent for bioremediation of
toxic heavy metals present in aqueous medium
and paper effluent. Literature survey suggested
that Saccharomyces sp. is a kind of promising
fungi for removal of many heavy metals. Little
work has been done on comparative heavy metals
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accumulation study using Saccharomyces. 

STUDY  AREA
Study was undertaken on industrial effluent
resulted from paper mill factory to Bhadra River
in Karnataka state, Southern India. The Bhadra
River originates in Western Ghats and flows
initially through the city of Bhadravathi towards
east across the Deccan plateau which empties
into the Bay of Bengal. Bhadra River receives
75,000 m3/day waste water from paper mill
industry.

MATERIAL  AND  METHODS
Effluent sampling

Before effluent mix with the river water the
untreated and industrial treated paper mill
effluent samples were collected in clean, dry
plastic cans, labeled properly and stored in the
refrigerator (4oC) for isolation of Saccharomyces
sp. The samples were preserved at 4oC by
acidification with concentrated HNO3 (1.5ml/)
for physicochemical and heavy metals (Cu2+,
Zn2+, Cr6+, Cd2+, Ni2+ and Pb2+) analysis. 
Physicochemical and heavy metals character
Temperature, pH, color and odor of the effluent
samples were recorded on the spot. Electrical
conductivity, TDS, BOD, COD, DO, total
alkalinity, total acidity, oxidizable organic mater,
chloride, sulphate and phosphate analysis were
carried out as per standard methods. After acid
digestion of the effluent samples, Cu, Zn, Cr, Cd,
Ni, Pb content were analyzed using Atomic
Absorption Spectrophotometer (AAS)7.
(Table.1)
Isolation and characterization of
Saccharomyces
Yeast nitrogen base medium was prepared with
20% glucose. 50ml of the medium was dispensed
into 250 ml Erlenmeyer flask and 2 ml of 1:10
diluted suspension of untreated paper effluent
was added and kept on rotary shaker at 150 rpm
for 72 hours. After the incubation period content
of the flak was allowed to settle. The flask was
tilted and a loop of yeast cells streaked on yeast
extract malt extract glucose agar medium.
Inoculated plates were  incubated at room
temperature for 5-7 days. Growth of
Saccharomyces sp. was identified based on their

utilization of 4% ethanol as carbon source and
development of pseduomycelium in slide culture.
For experimental purpose Saccharomyces sp. was
grown in the Yeast Malt Extract Peptone Glucose
Medium (YMPG) medium containing
streptomycin. Pure culture of the isolate was
maintained on YPD agar medium and preserved
at 4oC in refrigerator. The  subculture was carried
out once a month or when required8,9.
Preparation of heavy metal solutions
Stock metal solutions (2000 mg/) of Ni(II),
Zn(II), Cd(II), Pb(II), Cr(VI) and Cu(II) were
prepared by dissolving AR grade salts of
NiSO4.7H2O, ZnSO4.6H2O, CdCl2,
(CH3COO)2Pb.3H2O, K2Cr2O7, CuSO4.5H2O in
double distilled water. Working metal solutions
were prepared from the stock solution.  
Determination of heavy metals tolerance and
bioaccumulation by Saccharomyces
The fresh cultured Saccharomyces sp. was
inoculated in to aliquots of 100 ml YMPG
medium 250 ml Erlenmeyer's flask supplemented
with 100, 250, 500 and 1000 ppm of each heavy
metal. Inoculated flasks were incubated in the
rotary shaker (150 rpm) at 30oC for 72 hours with
control  containing yeast inoculated medium with
out metal.  Saccharomyces sp. was harvested
from late exponential growth phase by
centrifugation at 2500 rpm for 10 min and
supernatant was decanted.  Obtained cell  pellet
was washed thoroughly with double distilled
water to remove non-biomass ash and dried in the
oven at 80oC for 12 hours until get constant dry
weight. Cell pellet and supernatant were used to
determine accumulated heavy metals
concentration. Metal treated filtrate medium was
digested with 5 ml concentrated HNO3 and
boiling chips. The content was boiled and
evaporated to 16-20 ml on hot plate. 5 ml
concentrated HCl was added and boiled till the
sample become clear and brownish fumes were
evident. The dried container was cooled and
diluted with 100 ml double distilled water and
filtered through Whatman no.1 filter paper. The
cell pellet was placed in a conical flask and
mixture of 5:1 (nitric / perchloric acid) was
added. The content of the flask was placed on a
hot plate until the production of red nitrous fumes
ceased and liquid becomes colorless. The cooled
container was diluted with 100 ml double
distilled water and filtered through Whatman
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no.1 filter paper. The  concentration of heavy
metals in the solution was determined by AAS10.
Heavy metals uptake in effluent by
Saccharomyces
This study aimed to know the reduced heavy
metals content in paper mill effluent treated by
Saccharomyces sp. The biomass of 100 mg was

inoculated in 100 ml untreated and industrial
treated paper effluent enriched with 0.01%
glucose. Inoculated samples were incubated in
rotary shaker for 72 hours at 37oC in 150 rpm for
determination of organism growth and its metals
removal ability11. All values reported are in
averages of three independent experiments each
in triplicate.

Table 1 : Physicochemical and heavy metals characterization of untreated and 
industrial treated paper mill effluent

S/N Parameter
Observed value Tolerance Tolerance

Untreated  Treated limit limit
effluent effluent (IS 10500) (WHO 2006)

1. pH 3.5±0.03 7.8±0.08 5.5-9 No guideline
2. Temperature 32±0.30 32.4±0.29 40 No guideline
3. Color Dark yellow Light yellow -- --
4. Odor Pinching Pinching -- --
5. BOD (3days) 602 ±2.0 60 ±1.51 30 No guideline
6. OD 0 4.3 ±0.28 -- No guideline
7. COD 1488 ±2.1 202 ±2.26 250 No guideline
8. Hardness 687 ±1.8 359 ±2.76 300 No guideline
9. Total acidity 157± 1.9 67 ±1.24 -- --
10. Total alkalinity 164 ±1.2 63± 0.96 -- --
11. Free CO2 81 ±0.9 53 ±1 -- --
12. TDS 765 ±1.3 803± 2.1 500 No guideline
13. Conductivity 1528± 2.4 1598± 3.1 -- --
14. Chlorine 101 ±0.7 75 ±1.29 -- --
15. Calcium 95 ±0.8 79 ±0.86 -- --
16. Magnesium 110 ±0.8 45 ±1.23 -- --
17. Chloride 1768± 1.8 686± 2.64 -- --
18. Sulfate 446 ±1.3 192 ±2.64 -- --
19. Copper 8.01± 0.08 7.72± 0.11 3.0 2.0
20. Chromium 63.15±0.23 59.02± 0.43 0.1 0.05
21. Nickel 3.76 ±0.14 3.49± 0.13 3.0 0.07
22. Zinc 3.64 ±0.13 2.90 ±0.15 5.0 2.0
23. Lead 1.92 ±0.10 1.54 ±0.06 0.1 0.01
24. Cadmium 1.71 ±0.01 1.44± 0.01 2.0 0.03

Parameter unit -mg-1 except pH, temperature and conductivity, ± Standard Error
WHO (2006) World Health Organization12

BIS (2003) Bureau of Indian Standard for effluent discharge to inland surface water13
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Fig. 1 : Dry weight of Saccharomyces sp. treated with heavy metals of 
100, 250, 500 and 1000 ppm concentration

RESULTS  AND  DISCUSSION

Physicochemical and heavy metals
characterization of paper mill effluent 

The physicochemical and heavy metals
characterization of untreated and industrial
treated paper mill effluent was determined.
Results in the (Table 1) shows that untreated
effluent had dark yellow color, pinching odor,
acidic nature with high COD (1488 mg-1), BOD
(602 mg-1), TDS (765 mg-1) and hardness (687
mg-1). In treated effluent COD (202 mg-1), total
acidity (67 mg-1), total  alkalinity (63 mg-1)
were within the desirable limit. However, the
level of BOD (60mg-1), total hardness
(359 mg-1) and TDS (803 mg-1) was found to be
higher than the tolerance limit. Heavy metals
concentration in both effluent  samples
contained in higher amount when compared to
permissible limit. Presence of lignin and its
derivatives which are not readily biodegradable
impart color to effluent and also increase BOD,
COD and TDS of the effluent. Chemicals used
in paper mill industries to treat effluent and
reduce its physicochemical content to
permissible level in turn increase hardness and
heavy metals of the effluent14. Hence paper mill
effluent is one among the highly polluting
industries notified by Government of India and
industrial guidelines15. High Cr (63 ppm) and
other metal content in paper effluent were

found due its application as catalyst, pigments,
wood preservatives and  corrosion inhibitors. 
Isolation of Saccharomyces and its metal
tolerance 
The potential of Saccharomyces sp. isolated from
paper mill effluent to grow and remove lead,
chromium, copper, nickel, zinc and  cadmium
from aqueous medium and effluent was
investigated. The Fig. 1 shows heavy metals
tolerance of Saccharomyces sp. in terms of their
dry biomass. Obtained isolate was  capable of
tolerating all treated heavy metals at 100 to 1000
ppm concentration. Effect of heavy metals on
growth of organism was variable and depends on
type of metal and its concentration in the
medium. The metal resistance property of isolate
could be exploited for accumulation of toxic
metals present in aqueous medium and
industrial effluent. Sacchromyces sp. was
capable to tolerate and grow in all treated heavy
metals at high concentration by coping with its
membrane fatty acid. Mannan-ß-glucan along
with structural polymer, protein, lipid, pigment,
carboxyl, phosphate, sulphydryl and amine
group are metal complex sites present on the
Saccharomyces cell wall. Other important
mechanism adopted in Saccharomyces for
detoxification, tolerance and accumulation of
metal is by conjugation with thiol,
metallothionein and sequestration of metal inside
the vacuoles16.
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Bioaccumulation of heavy metals by
Saccharomyces in aqueous medium 
The observed heavy metals accumulation by
Saccharomyces sp. was in the order of Cd(52%)>
Pb(45%)> Ni(43%)> Cr(41%)> Zn(38%)>
Cu(37%) at 100 ppm  followed by Cd(35%)>
Pb(28%), Ni(28%)> Cr(24%), Zn(24%)>
Cu(14%) at 250 ppm, Cd(24%)> Pb(18%)>
Ni(17%)> Cr(15%), Zn(15%)> Cu(12%) at
500ppm and Cd(12%), Pb(12%)> Ni(11%),
Cr(11%)> Zn(12%)> Cu(5%) at 1000ppm con-
centration (Fig. 2). The efficiency of heavy met-
als accumulation in Saccharomyces  sp.
decreased with increase in metal concentration
due to saturation of biosorbent. In metabolically
active living cells intracellular metal uptake
occur in combination with extra cellular
adsorption. Metal accumulation is carried out by
initial rapid binding of metal ions on to the
negatively charged cell wall followed by
penetration in to the cytoplasm and get accumulated
inside the cell. The metal accumulation
observed at 1000 ppm concentration is due to
increased  electrostatic interactions of metal
ions with cell surface. Saccharomyces sp.
accumulated high cadmium and lead among all
treated metals due to presence of cysteine rich
metallothionein. This protein shows higher
affinity towards Cd and Pd as compared with
other metals. Outer mannan layer on the cel wall

contribute heavy metals accumulation by
Saccharomyces. 

Cell wall  ligands participate in heavy metals
sorption, complexation, ion exchange,
precipitation and accumulation. Toxicity of heavy
metal depends on the atomic number of metal and
hence metal containing high atomic number are
more toxic. Among the Saccharomyces treated
heavy metals maximum accumulation was
observed in metals containing high atomic
number (48Cd, 82Pb). This  observation is in
agreement with earlier results on Cd and Pb
accumulation using Saccharomyces17,18.
Chromium ions are optimal for yeast growth and
Growth Tolerance Factor (GTF) is a complex
cation mainly connected with Cr uptake. The
Fig. 1 and Fig. 2  indicate that metal removal
capability in Saccharomyces sp increased with
decrease in their biomass (Cd> Pb> Ni > Cr>
Zn> >Cu). The low biomass of Saccharomyces sp
causes high surface area-to-volume ratio and
holds maximum heavy metals in both soluble and
particular forms. Low biomass also leads to
exhaustion of heavy metal ions in the medium
and cause increased interaction of metals with
active  binding sites of the cell surface. Presence
of toxic metals in the growth medium could alter
cell wall composition of Saccharomyces sp. and
results in increased production of melanin for
binding of metal ions. 

Fig. 2 : Bioaccumulation of Cu, Zn, Pb, Cr, Ni and Pb by Saccharomyces sp. at
100, 250, 500 and 1000 ppm concentration 
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Accumulation of heavy metals by
Saccharomyces in untreated paper mill effluent 

The amount of metal removed from effluent was
calculated by difference between initial
concentration and concentration of metal after
treated with Saccharomyces sp. Table 2 shows
significant (p<0.05) reduction of  Cu, Pb and Zn
in the paper effluent treated by Saccharomyces
sp. This study indicate that despite toxic stress,
the isolate had evolved volatilization, extra
cellular precipitation, exclusion, cell surface
binding and intracellular sequestration of heavy
metals.  Biomass of Saccharomyces sp. observed
in the treated effluent was high (250 mg) as
compared to biomass in untreated effluent
(194 mg). This indicate reduced pollution load in
the effluent treated by organism. To counteract
nonessential metal toxicity Saccharomyces
possess an ideal homeostatic mechanism that
controls metals detoxification, distribution and
cellular accumulation. 

CONCLUSION

Considering all the aspects, we can conclude
from the study that Saccharomyces is a promising
organism for removal of all major toxic heavy
metals especially Cd and Pd. Sacchromyces sp.
has displayed unique metal accumulation
characteristic for all treated toxic Zn2+, Cu2+,
Cd2+, Pb2+, Ni2+ and Cr6+ metal ions from
aqueous phases. It shows broad range of metals
accumulation with out specificity that enables it
to bind with all treated heavy metals while other
fungi are specific in their metal accumulation.
Yeast is easy to cultivate in large scale using
unsophisticated fermentation techniques and
inexpensive growth media. Moreover, yield of
the biomass is also high. The molecular biology
of yeast is helpful to identify the mechanism of
metal removal. Multi-metal resistant potential
Saccharomyces isolated from the effluent
enriched with metals can be further manipulate
genetically and morphologically for enhances
metals accumulation. 

Table 2 : Heavy metals concentration of paper effluent treated by Saccharomyces

Heavy Metal
Untreated effluent Industrial treated Saccharomyces sp. 

metal conc. effluent metal conc. treated effluent  
(mg/) (mg/) metal conc. (mg/)

Cadmium 1.71±0.01 1.44±0.01 1.38±0.04*
Chromium 63.15±0.29 59.02±0.43 60.18±0.63
Copper 8.01±0.08 7.72±0.11 7.41±0.11*
Nickel 3.76±0.14 3.49±0.13 3.47±0.12*
Lead 1.92±0.10 1.54±0.06 1.03±0.02*
Zinc 3.64±0.13 2.90±0.15 2.25±0.14*

*Significant (p<0.05), ± Standard error 
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