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5- Bioremediation
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9- Minimal Inhibitory Concentration
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1- Biosorption

2- Bioaccumulation

3- Biomineralization

4- Biologically Controlled Mineralization

5- Biologically Induced Mineralization

6- Microbially Induced Calcium Carbonate Precipitation
7- Ureolytic

8- Urea amidohydrolase
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1- Colony Forming Unit
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Table 1- Sequential extraction procedure (Tessier et al., 1979)
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Figure 1- Ammonia concentration during six days of experiment in the presence of Sporosarcina pasteurii Error bars are
deviations from the criteria (n = 2)
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Figure 2- Calcite precipitation formed by Sporosarcina pasteurii after 48 hours

35 Bl 5 £ oll s 55L 03) 5 s Sole o i ol
yo5in 18y Sl 45 5.8 A (YY) J g ol e
pyS o Y0+ b Cd(IT) cdale yiul3sl L, Rhodotorula sp.Y11
Ol A8 (e g el 518 (pl jho clle 4 Cons 1) 5
oS ool 3B Lite saly oo 4 LtlS ol Yiais] 45 S ol o
Hyga > 2lySl 4Bl ub; Gials WS e ST 68 A,
sLis daw 95 2 O 2l 2028 o & Sl (Sae (iznen
Ol ol ioli8l g Lid bluwsl 4 oo a3 &5 wil asly
by L 3y90 dlge JUil g J&5 (Ll o o 0ud (g Nign (sl

{7) 290 3L

WS e S (558 ) ) S mpedls I RS (o a8

w3l Voo Ao ALY slackle 3954 Voo Lo ¥ clale
15y pialS (V) hlsSes o SO ) jao 4 (581 A3,
» Lysinibacillus sphaericus CH-5 ol s i8S 0 g5 (5,5
P L) L aglio > medlS yd oS Y (il lae
aS ol L oo guls Lages (055 1) peedlS” oy laizes
weodlS Yoo o Ve g A K Y ) /0 slacdale ) g9 Ol
Cunl 03,5 by (ialS (48L3) waedl8’ jho clald &) i C 5 4
i slo3ls iy bl > gy 55 (10) (yele (F US5)
Bacillus thuringiensis 5 Pseudomonas aeruginosa ..,



IWAY 5 — ol )5 Yo,lod FY ulsr (S g T ayis YFA

8 -
iz 5 S
6 4
i
33
S s 4
P~
~ X
37
ENe)
2-
0 T T T J m
0 0.5 1 2 4 8

mmol Ly wesls clale

Gl £A 51 ot oaodlS Cillisee GRS |5 (g it s v ygunn] 6 S @idly Bass —Y S0
Figure 3- The number of Sporosarcina pasteurii cells in different concentrations of cadmium after 48 hours
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Figure 4- Optical density at different concentrations of cadmium during 48 hours. Error bars are deviations from the criteria
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letters indicate significant differences at P < 0.05 (Tukey method). Error Bars are deviations from the criteria (n = 3)
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Figure 6- Urease activity (a) and dehydrogenase activity (b) in different concentration of cadmium in presence (B) and
absence (NB) of bacterium at the end of 7 days of incubation. Different letters indicate significant differences at P < 0.05

(Tukey method). Error Bars are deviations from the criteria (n = 3)
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Figure 7- The amount of cadmium content in soluble and exchangeable phase in presence (B) and absence (NB) of bacterium
at different concentrations of cadmium at the end of 7 days of incubation. Different letters indicate significant differences at
P < 0.05 (Tukey method). Error Bars are deviations from the criteria (n = 3)
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Figure 9- Cadmium concentration in different fractions of soil in presence (B) and absence (NB) of bacterium at 50 mg Kg!
of cadmium at the end of 7 days of incubation. Different letters indicate significant differences at P < 0.05 (Tukey method).

Error Bars are deviations from the criteria (n = 3)
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Introduction: Cadmium is considered to be one of the heavy metals with the highest toxicity, because it has
high activity and a relative high dissolution rate in water and in living tissues. In recent years, due to the high
volume of natural resources pollution and the inefficiency of conventional physicochemical methods for refining
these resources and the occurrence of environmental crisis, bioremediation process has been at the forefront.
Microbially induced calcite precipitation (MICCP) has been considered as a novel solution for these problems,
and several bacterial species have been already utilized for MICCP. MICCP based degradation of urea occurs
through the ureolytic pathway. Urease (urea amidohydrolase) is an enzyme that hydrolyzes urea into one mole of
carbonate and two moles of ammonia per mole of urea. In this aspect, microbial mineral precipitation products
such as calcite can strongly adsorb heavy metals on their surfaces and incorporate heavy metal ions into their
crystal structure. Some studies have reported MICCP-based sequestration of soluble Cd via coprecipitation with
calcite was useful for Cd bioremediation. Several bacterial species have been utilized for MICCP. The endospore
forming bacteria Sporosarcina pasteurii have been shown to produce high levels of urease and have therefore
been extensively studied. Sporosarcina pasteurii has attracted significant attention for its unique feature of
calcium carbonate precipitation, which can be easily controlled. So, In the present study the ability of
Sporosarcina pasteurii bacterium has been investigated in the remediation of Cd(ll) in Cd-contaminated sandy
soil based on MICCP method.

Materials and Methods: Sporosarcina pasteurii (PTCC 1645) was procured from Microbial Bank of Iran
(Central Collection of Industrial Fungi and Bacteria, Karaj, Iran). The bacterial strain was inoculated into NB
(nutrient broth) media containing 2% urea and 25 mM CaCl, (NBU media) and then incubated at 37°C for 6
days. The urease activity was determined at regular time intervals by measuring the amount of ammonia released
from urea according to the phenol-hypochlorite assay. Minimum inhibitory concentration (MIC) test was
performed to determine the lowest concentration of cadmium chloride, which prevents the growth of bacteria.
Sporosarcina pasteuriiwas inoculated into NBU media supplemented with 0.5, 1,2,4,8 and 10 mmol I* Cd and
incubated at 37°C, 130 rpm for 50 hours. Control flasks without adding Cd were also incubated. Bacterial growth
was determined in terms of optical density (OD) by measuring absorbance at a wavelength of 600 nm at regular
time intervals (0, 10, 20, 30, 40 and 50 hours) and colony-forming units (CFU) were also counted. The cadmium
removal in 0.5, 1 and 2 mM cadmium solutions (based on MIC) was measured.A sandy soil from a depth of 0 to
30 cm was sampled. The soil was polluted with 10, 20, 40 and 50 mg/kg of cadmium and incubated in room
temperature for two weeks. After incubation time, the cadmium remediation studies were performed at 30°C in
the beakers containing 100 g of sterilized dried contaminated soils and 200 mL of overnight grown of
Sporosarcina pasteurii (~ to 10’cfu ml™?) in NBU media. For each treatment corresponding control were
included with the same condition but without bacteria.After 7 days of incubation, urease and dehydrogenase
enzymes activity and concentration of cadmium in soluble + exchangeable and carbonate fractions were
measured. The concentration of cadmium in iron-manganese oxides, organic matter and residual fractions in
concentration of 50 mg/kg cadmium was also determined according to the continual extraction procedure of
Tessier et al. (1979).

Results and Discussion: The amount of released ammonia by ureolytic activity of Sporosarcina pasteurii
increased up to fourth day and then became almost constant.Optical density in different concentrations of
cadmium decreased in comparison to control treatment after 48 hours. The minimum inhibitory concentration of
cadmium for bacteria growth was 2 mM as determined by colony counting after 48 hours of incubation.
Cadmium removal efficacy from solutions containing 0.5, 1 and 2 mM of cadmium was 99.6, 99.8 and 99.8%,
respectively. The amounts of urease and dehydrogenase activities in the presence of bacterium were significantly
higher than control treatments (P<0.05). The results of the fractionation of contaminated soils in the absence of

1, 2, 3 and 4- M.Sc. Student, Assistant Professor, Associate Professor and Assistant Professor, Department of Soil
Science, Faculty of Agriculture, University of Guilan, Iran, Respectively
(*- Corresponding Author Email: nasrin.ghorbanzadeh@gmail.com)



YOV (o S5 50 ol Sl s (s (51 ogms ) 9y b oeodlS (Wl oms

Sporosarcina pasteurii showed the distribution of cadmium as organic matter <residual < carbonated< Fe-Mn
oxides< exchangeable, While in the soil with bacterium, the cadmium distribution was as organic matter
<residual <exchangeable<Fe-Mn oxides< carbonated. The results indicated that Sporosarcina pasteurii could
significantly reduce the exchangeable fraction and increase the carbonate fraction of cadmium.

Conclusion: The results showed that MICCP-based removal of heavy metals via coprecipitation with calcite
may be useful for toxic heavy metal bioremediation.
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