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Abstract  17 

Magnetic polyving akohol (PVA) immobilized the endogenous bacterium Bacillus licheniformis18 

with sodium alginate to get a novel biosorbent. The optimum preparation and adsorption conditions 19 

were studied. The optimal preparation conditions was the fraction of magnetic PVA was 9%, the 20 

fraction of sodium alginate was 0.8%, the fraction of microbial suspensions was 5% and the 21 

crosslinking time was 20 h. The best adsorption conditions were listed as follows: pH was 6, the 22 

biosorbent dosage was 0.7 g L-1, the initial concentration of lead ions was 200 mg L-1 and the optimal 23 

adsorption time was 12 h. The results of SEM and FTIR spectroscopy analysis displayed this novel 24 

biosorbents had good structure and the functional groups on the surface was abundant. The VSM 25 

analysis confirmed the novel biosorbents had good magnetic magnetization and were easily separated 26 

from aqueous medium. Under the optimum conditions, the removal rate of lead ions from waste water 27 

could reach 98%, the calculated maximum adsorption capacity could be up to 113.84 mg g-1. The 28 

whole adsorption process was well fit by the pseudo-second order kinetic and it was also a Langmuir 29 

monolayer adsorption. The desorption experiments showed the biosorbent had good re-usability.  30 

Keywords  Magnetic PVA; Endophyte (Bacillus licheniformis); Lead ions; Biosorbent31 

 32 

33 
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1. Introduction 34 

With the rapid development of mining, electroplating and lead smelting industry, the release of 35 

lead into the environment has become a serious problem (Huang et al., 2008; Zeng et al., 2013; Huang 36 

et al., 2017). Due to the non-biodegradable nature, lead can accumulate in environment and transfer in 37 

the food chains. However, even trace level of lead can pose hazards to human. Lead shows toxicity on 38 

liver, brain, nervous and reproductive system (Tang et al., 2008; Ghosh et al., 2015; Lai et al., 2016). 39 

The main treatment of lead ions in wastewater includes physical method, chemical method and 40 

biological method (Fan et al., 2008; Hashim et al., 2011; Huang et al., 2015). Owing to the high 41 

removal rate, few secondary pollution and eco-friendly, biosorption has become an emerging field for 42 

treatment of heavy metals in recent years (Nguyen et al., 2013). The heavy metals–resistance 43 

endophytes which were extracted from hyperaccmulator have potential to adsorb heavy metals. 44 

However, the free endophytes which applied in the heavy metal adsorption are difficult to separate from 45 

water, easily lose their activity, difficult to reuse.Immobilization technology is explored to overcome 46 

above disadvantages and was utilized to separate and concentrate heavy metals from wastewater 47 

(Tuzen et al., 2007). Iron oxide magnetic nanoparticles have advantages of large specific surface area, 48 

magnetic, strong adsorption of heavy metals (Zhang et al., 2007; Xu et al., 2017; Wan et al., 2018). Iron 49 

oxide magnetic nanoparticles also can be a carrier for the microorganism immobilization to treat heavy 50 

metals polluted water and obtained a series of amazing results (Rajkumar et al., 2012; Zhang et al., 51 

2016). Additionally, applying PVA and sodium alginate for immobilizing microorganisms to produce a 52 

new kind of biosorbent can have property of strong magnetic, easy separation, high mechanical strength 53 
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(Iqbal and Edyvean, 2004; Hu et al., 2011). 54 

In this study, the endophytic bacterium bacterium Bacillus licheniformis which was extracted from 55 

Sedum alfredii Hance was embedded in the sodium alginate and magnetic PVA. A new kind of 56 

biosorbent was carried out. The preparation conditions and adsorption conditions were optimized. The 57 

prepared novel biosorbents was characterized by FTIR, SEM and VSM. The adsorption experiment 58 

about kinetics, isothermal model was explored in this research. At last, the reusability was also 59 

estimated. 60 

2. Materials and methods 61 

2.1. Materials 62 

Biological reagents used for extracting and culturing microorganism were purchased from Aobox 63 

biotechnology Co., Ltd. (Beijing, China). All other reagents used in this research were all of analytical 64 

reagent grade and were supplied by Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). All the 65 

solutions throughout this study were prepared by ultrapure water that was from an LMO water 66 

purification system (LEAD R&D, Chongqing, China).  67 

2.2. Isolation and culture of endophytic bacterium 68 

The endophytic bacterium used in this study was isolated from hyperaccumulator Sedum alfredii 69 

Hance root, collected from Shuikoushan Mining Tailings, Hengyang, Hunan Province, China. The 70 

bacterium strains number was BRE07, the 16S rDNA sequence analysis identified result was Bacillus 71 

licheniformis (GenBank sequence accession No. GU967445). 72 

The endophytic bacterium that was cultured and amplified was inculated into the seed liquid. After 73 
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incubating at 30 °C 150 rpm for 24h, the suspension was inculated to the fermentation liquid medium. 74 

Then above endophytic bacterium suspension was agitated at 150 rpm for 48h and incubated at 30 °C. 75 

All the process was operated under the sterile conditions. 76 

2.3. Preparation of biosorbents 77 

The entophytic bacterium Bacillus licheniformis was embedded within magnetic PVA and sodium 78 

alginate. The specific procedure was listed as follows. Initially, PVA was dissolved according to the 79 

proportion of 30-90 g L-1, and then mixed up with iron oxide magnetic nanoparticles suspension to 80 

obtain magnetic PVA. Next, the sodium alginate was added to above magnetic PVA according to the 81 

proportion of 4-8 g L-1, and then sterilized at 115 °C for 30-60 min. Then, microbe suspension was 82 

inoculated into above sterilized mixture according the proportion of 100 ml: 5-15 ml, and above 83 

mixture was added into the sterile CaCl2 (0.1 M) with syringe according to the proportion of 1-3: 10. 84 

The obtained pellets was cross-linked under 4 °C for 16-24 h. Above pellets was washed twice to triple 85 

with aseptic physiological saline, and the rinsed pellets was transferred to the liquid medium shaking 86 

for 24h under 30 °C, the speed was 150 rpm. After above incubation, the pellets were washed triple 87 

with sterile ultrapure water. Finally the obtained immobilized biosorbents were utilized in adsorption of 88 

lead ions in waste water. 89 

2.4. Orthogonal experimental design 90 

In order to optimize the optimal preparation conditions of biosorbent, the orthogonal experiment 91 

L9 (34) was carried out with the removal rate of lead ions as target index. Conditions as follow, the 92 

fraction of magnetic PVA was A, the fraction of sodium alginate was B, the fraction of microbial 93 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

6 

suspensions was C, cross-linked time was D. Different factors had different levels (Table S1).  94 

2.5. Physicochemical characteristics of Biosorbents 95 

The morphological and structural image of biosorbents were analyzed from environmental 96 

scanning electron microscope (SEM, TESCAN MIRA 3) after gold plating at an accelerating voltage of 97 

20 kV. The functional groups of biosorbents were analyzed by the Fourier transform infrared 98 

spectrophotometer (FTIR, Nicolet, Nexus-670) over the range 4000-400 cm-1. The VSM analysis 99 

aimed to explored the magnetic properties of magnetic particles, which were assessed with a vibrating 100 

sample magnetometer (Quantum Design, MPMS (SQUID) XL-7) at room temperature. 101 

2.6. Adsorption experiment 102 

Biosorbents were added into the conical flask with lead ions solution and agitated them under 103 

30 °C at the speed of 150 rpm. The adsorption experiments were carried out at different Pb (II) initial 104 

concentration, pH value, biosorbent dosage and time. The lead solutions were prepared with Pb 105 

(NO3)2.4H2O. The control group was set to contrast related influencing factors. The whole process was 106 

under sterile conditions. All samples were treated in triplicate. 107 

2.7. Desorption experiment 108 

Biosorbents were mixed up with lead ions solution, and the solution was agitated at 30 °C for 12 h 109 

by the speed of 150 rpm. The biosorbents were filtered and collected. The biosorbents were rinsed triple 110 

with sterile water, and then were added into 1 M HCl solution. The desorption process was contacted 111 

for 30 min at 30 °C. Then the biosorbents was filtered and collected. Above adsorption/desorption steps 112 

were repeated five times. 113 
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3. Results and discussion 114 

3.1. Optimal preparation conditions of biosorbent 115 

The experiment was arranged under different factors and levels by the orthogonal experiments L9 116 

(34). The fraction of magnetic PVA as A, the fraction of sodium alginate as B, the fraction of microbial 117 

suspensions as C and cross-linked time as D with three levels were chosen in the orthogonal experiment 118 

(Table S1). Calculate the removal rate of lead ions under different levels and factors as the target index. 119 

Then calculate K1, K2, K3 to determine the optimal level. The R value reflects the effects of each factor 120 

on the adsorption. 121 

The orthogonal experiment results (Table S2) showed the R value of different factors. The order of 122 

the effect of different factors was: the fraction of magnetic PVA (A) > the fraction of sodium alginate 123 

(B) > crosslinking time (D) > the fraction of microbial suspensions (C). The fraction of magnetic PVA 124 

had the largest effect on the removal rate. The optimum level of each factors were listed as follows: the 125 

fraction of magnetic PVA and the fraction of sodium alginate were under level 3, the fraction of 126 

microbial suspensions was under level 1, crosslinking time was under level 2. Therefore, the best 127 

preparation condition is A3B3D2C1. The best preparation conditions was the fraction of magnetic PVA 128 

was 9%, the fraction of sodium alginate content was 0.8%, the fraction of microbial suspensions was 129 

5% and the crosslinking time was 20 h. 130 

 Fe3O4 nanoparticles were mixed up with PVA to obtain magnetic PVA. The magnetic 131 

nanoparticles showed good adsorption for heavy metal (Feng et al., 2010). The magnetic nanoparticles 132 

could increase the surface area and mechanical strength of biosorbents and was conducive to the 133 
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diffusion and adsorption of lead ions to the biosorbents (Ge et al., 2016). Magnetic PVA had large 134 

impact on the adsorption efficiency. Sodium alginate mainly affected the crosslinking establishment 135 

process of the biosorbent. Entophytic bacterium was embebbed in the biosorbent with the sodium 136 

alginate and magnetic PVA together. Hydroxyl groups that exist in sodium alginate had strong 137 

adsorption ability for lead ions. The mechanical strength, surface pore formation and growth of 138 

microbial in sphere surface were mainly affected by the crosslinking time of biosorbents (Wan Ngah 139 

and Hanafiah, 2008). The mechanical strength, microbial biomass would not be inadequate if 140 

crosslinking time was too short, the too strong mechanical strength while the crosslinking time was too 141 

long would decrease the porosity of biosorbents. 142 

The fraction of endophytic bacterium BRE07 that embed in biosrobents had influence on the 143 

adsorption characteristics. Microorganisms that were adhered to the carrier surface were contacted with 144 

lead ions from solution firstly, and next the lead ions were adsorbed or transferred into the endophytic 145 

bacterium. When the fraction of endophytic bacterium BRE07 was too low, the space of 146 

immobilization carrier was not fully occupied, and thus the removal ability of microbial BRE07 cannot 147 

get fully utilized. However, excessive endophytic bacterium BRE07 would be occupied in the carrier 148 

and thus may lead to the endophytic bacterium inactivation (Xiao et al., 2010). Hence, appropriate 149 

fraction of endophytic bacterium BRE07 was important 150 

3.2. Biosorption experiment 151 

3.2.1. Effect of pH on adsorption performance   152 

The pH value of lead ions solution affected the process of adsorption (Alkan et al., 2015). The 153 
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surface physical and chemical characteristics of biosorbents were influenced by the pH value of 154 

solution. When the pH value was low, the solution contained more H+, and H+ was easily binding to the 155 

biosorbents surface (Alavi et al., 2015). The biosorption site that was bond to lead ions was relatively 156 

reduced due to the binding of H+ (Naiya et al., 2008). When the pH value was higher, the lead ions 157 

began to precipitate and Pb(OH)+ was produced (Ozdes et al., 2009). Large amounts of lead ions in 158 

solution would react as insoluble oxides, hydroxide particles solution. These react would hinder the 159 

adsorption process (Saifuddin et al., 2005).  160 

As shown in Fig.1, the adsorption rate of immobilized microorganism pellets, not immobilized 161 

microorganism pellets and microorganism were changed with the pH value. When the pH value 162 

reached 5, adsorption capacity gradually tend to be stable. When the pH was 6, the adsorption rate 163 

could achieve 95%. The adsorption process was affected by the pH because of its effects on the surface 164 

of biosorbent and surface charge. 165 

The immobilized microorganism pellets were the endophytic bacterium BRE07 embedding in 166 

magnetic PVA and sodium alginate. The immobilized microorganism pellets had a higher level 167 

adsorption rate for lead ions. Magnetic PVA could adsorb lead ions. The endophytic bacterium BRE07 168 

which was extracted from the hyperaccumulator Sedum alfredii Hance also had strong endurance and 169 

adsorption to lead ions attributing to an amount of carboxyl and hydroxyl on microbial cell surface, 170 

which could chelate, adsorb or translate lead ions. The figure indicated that the immobilized 171 

microorganism pellets had a great adsorption ability to lead ions. 172 
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3.2.2. Effect of adsorption time on performance 173 

The adsorption time had important effect on the adsorption process (Chong et al., 2013). Normally, 174 

the adsorption process was the contact between solid and liquid boundary layer first. Then the lead ions 175 

attached on the surface of microorganisms and the biosorbents. At last the lead ions was transferred into 176 

the microorganisms or adsorbed into the biosorbents internal.  177 

Fig. 2 is the effect of time on the adsorption. From Fig. 2, one can see the adsorption rate of 178 

immobilized microorganism pellets was much higher than microorganism. The removal rate of the lead 179 

ions was increased quickly in the first 12 h. After that, adsorption rate remained unchanged or changed 180 

very little. 181 

The biosorption process on entophytic bacterium surface was a relatively fast stage. The proteins 182 

or small molecules that were secreted from entophytic bacteria had a chelation, complexation 183 

adsorption with lead ions (Guo et al., 2010). When the surface cell walls of entophytic bacterium were 184 

fully occupied by lead ions, the lead ions would be transferred to the internal of microbial cell. Thus the 185 

surface of biosorbent can adsorb lead ions again. 186 

When the surface adsorption site was fully occupied, adsorption capacity achieved saturation. 187 

Then a part of lead ions were transferred into the internal space of living cells through microbial cell 188 

surface system. Another part of lead ions was transferred inside of immobilized microorganism pellets 189 

and adsorbed by the magnetic nanoparticles and calcium alginate. Therefore the biosorbent site was 190 

released and could absorb the lead ions again. This stage was relatively slow, and then the adsorption 191 

process basic gradually reached equilibrium. The results were also confirmed by the study from Xu et 192 
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al. (2013).   193 

3.2.3. Effect of biosorbent dosage on adsorption performance 194 

Biosorbent dosage had a greatly influence on the removal of lead ions (Boschi et al., 2011). In this 195 

experiment, the initial concentration of lead ions was 200 mg L-1; the dry weight of biosorbents was 196 

0.42-2.1 g L-1. As shown in Fig. 3, with the increase of biosorbent dosage, the adsorption rate of lead 197 

ions gradually increased. When biosorbent dosage increased from 0.42 to 2.1 g L-1, the removal rate 198 

increased from 70% to 98%. This phenomenon was attributed to the increase of adsorption sites on the 199 

surface of the biosorbent (O Apos Connell et al., 2008). On the other side, the concentration gradient 200 

between the adsorption sites and lead ions will increase with the increase of biosorbent dosage. The 201 

adsorption dynamic caused by different concentration gradient also increased the removal rate of lead 202 

ions. However, as the Fig. 3 shown, when the biosorbent dosage was 2.1 g L-1, the removal rate of lead 203 

ions reduced to 85%. For one reason was biosorbent dosage increased the adsorption agent reunion 204 

overlap together. The overlaps lead to the available adsorption sites decreased, and thus resulting in the 205 

removal rate decline (Zhou et al., 2009). Another reason was the amount of biosorbent sites could not 206 

reach saturated with the biosorbent dosage increasing gradually. The coefficient of utilization of 207 

biosorbent decreased. Also the repulsive interactions between the adsorption sites and the enhanced 208 

electrostatic interaction resulted in the remove rate decreased (Lata et al., 2008). 209 

3.2.4. Effect of initial ions concentration on adsorption capacity  210 

From Fig.4, one can see the adsorption rate of lead ions was increasing when the lead ions initial 211 

concentration varied from 80 mg L-1 to 200 mg L-1. When the lead ions initial concentration achieved 212 
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200 mg L-1, the adsorption rate reached the maximum 98%. When the lead ions initial concentration 213 

was higher than 300 mg L-1, the removal rate decreased gradually. As control, the adsorption rate of 214 

microorganism also changed with the lead ions initial concentration. When the initial concentration was 215 

600 mg L-1, microorganism still could adsorb lead ions. The adsorption rate of immobilized 216 

microorganism pellets were almost 4 times of free microorganism. 217 

Normally, the concentration of lead ions had a great influence on the adsorption process (Xu et al., 218 

2013). The adsorption capacity would increase with the increasing of the initial concentration of lead 219 

ions. When the concentration was low, the adsorption sites on the biosorbent surface were more easily 220 

to be occupied. The utilization coefficient and the removal rate would increase with the concentration. 221 

When the lead ions initial concentration was exceeded a certain limit, the biosorption sites were easily 222 

achieved to saturation. While empty binding sites decrease, the adsorption capacity would decrease 223 

(Lizama-Allende et al., 2017). On the other side, the increasing lead ions initial concentration would 224 

increase the toxicity to microorganism, and hence inhibited microorganisms’ growth and metabolic 225 

activity. Eventually the exorbitant initial concentration of lead ions could inhibit the adsorption capacity 226 

of biosorbent. 227 

3.3. Characterization of biosorbent 228 

3.3.1. Environmental scanning electron microscope observation 229 

In Fig. S1, (a) was the internal structure of the biosorbent, (b) was the surface structure of the 230 

biosorbent, (c) was the encapsulated magnetic particles. Fig. S1 showed the surface and interior of 231 

biosorbent was polyporous. The vesicular structure was conducive to the attachment and transform of 232 
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lead ions, and it was also conducive to endogenous bacterium adhesion. Numerous of functional groups 233 

(like hydroxyl, carboxyl, amino etc.) on the endogenous bacterium cell wall could bind to lead ions, and 234 

thus enhance adsorption ability of biosorbent (Alkan et al., 2015). Fe3O4 particles that were embedded 235 

in the biosorbents could enhance the stability and mechanical strength of biosorbent. 236 

3.3.2. FTIR analysis 237 

The biosorbents was analyzed by FTIR spectroscopy, the experimental results were shown in Fig. 238 

S2. The Fig. S2 showed that there was a characteristic peak at 441.9 cm-1, which was due to the 239 

formation of Fe-O in the vibration. The results indicated the modification of magnetic nanoparticles had 240 

a certain effect on the biosorbents (Xu et al., 2012). And the characteristic peaks were found in 1196, 241 

1495, 1814 cm-1, and this phenomenon indicated the surface had the functional groups like P-O, 242 

-COOH, C=O after immobilization (Alkan et al., 2015). The characteristic peak at 3329 and 3793 cm-1243 

showed that the biosorbent surface also contained -OH and -NH functional groups (Gundogdu et al., 244 

2009). 245 

3.3.3. Magnetic properties 246 

For the response ability of magnetic materials, the magnetic hysteresis loop is significant (Song et 247 

al., 2016). The magnetization of magnetic particles and pellets in this study (included Fe3O4, 248 

Immobilized microorganism pellets, Pellets after adsorption, Pellets after five cycles) was explored by 249 

VSM analysis. The hysteresis loops of magnetic particles and pellets (included Fe3O4, Immobilized 250 

microorganism pellets, Pellets after adsorption, Pellets after five cycles) at room temperature were 251 

shown in Fig. S3 (a). As presented in Fig. S3 (a), the maximum saturation magnetization of Fe3O4, 252 
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immobilized microorganism pellets, pellets after adsorption and five cycles were 63.55 emu g-1, 17.03 253 

emu g-1, 14.69 emu g-1 and 6.45 emu g-1. Saturation magnetizations of immobilized microorganism 254 

pellets was lower than Fe3O4, which might be primarily ascribed to the doping of PVA and sodium 255 

alginate with Fe3O4 nanoparticles and hence lead to the relatively decreased amount of Fe3O4256 

nanoparticles. The loops also displayed that the maximum saturation magnetization of pellets still could 257 

achieve 14.69 emu g-1 and 6.45 emu g-1 after adsorption and five cycles. Additionally, the Fig.S3 (a) 258 

indicated that there was no obvious hysteresis was found in the magnetic hysteresis loops of these 259 

magnetic particles and pellets. The results confirmed that the remnant magnetization and coercivity of 260 

these magnetic particles and pellets were almost zero. This phenomenon revealed that the pellets carried 261 

out in this study presented strong magnetic response ability even at small applied magnetic fields. The 262 

magnetic pellets that could be magnetic separated from aqueous solution were desirable for practical 263 

applications.  264 

3.4. Adsorption kinetics analysis 265 

The general biosorption process has two stages, the first stage was passive adsorption (surface 266 

rapid adsorption process) and the second stage was active adsorption (slow accumulation of heavy 267 

metal process) (Gong et al., 2009; Sar I and Tuzen, 2009). The first stage usually occurred on the 268 

surface of microbial cell wall. When the biosorbent were added into the lead ions solution, the 269 

complexation reaction between the various active groups on cell wall and lead ions was completed in a 270 

relatively short time. This stage was completed by adsorption, ion exchange force. Then the lead ions 271 

on the cell wall were transferred to the interior of the cell (Montazer-Rahmati et al., 2011). At last the 272 
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lead ions were removed by chemical adsorption. This stage belonged to the active transport, which was 273 

relatively slow, and hence the reaction time was relatively long (Iram et al., 2010). 274 

In this experiment, the adsorption process was fitted by the quasi first order and second order 275 

kinetic equations to analyze the adsorption kinetics. The formula used in this study was (1) and (2). The 276 

quasi first order kinetics, the quasi second order kinetic and the related parameters obtained from the 277 

experimental data was shown in the Table 1. Results shown that the first 60 min was more fitting by the 278 

quasi first order kinetics, while the R2 values of the quasi second order kinetic were larger than the R2279 

values of the quasi first order kinetic in the whole absorption process. So the whole adsorption process 280 

was more fitted by the quasi second order kinetic. All the absorption process was chemical adsorption. 281 

The same results was observed in the study that utilized saccharomyces cerevisiae biomass to adsorb 282 

lead (II) from aqueous solution (Ghaedi et al., 2010).  283 

( ) tk-lnqq-qln ete 2=                                                          (1) 284 

e
2
et q

t
qkq

t +=
2

1                                                               (2) 285 

where qe is the capacity of absorbed lead ions on the biosorbent at equilibrium (mg g-1), the qt is the 286 

capacity of absorbed lead ions on the biosorbent at time (mg g-1), K1 is the first-order rate constant 287 

(min-1), K2 is the pseudo-second-order rate constant (g mg-1 min-1). 288 

3.5. Adsorption isotherm model analysis 289 

The experimental data was fitted by both Langmuir model and Freundlich model, and the related 290 

parameters were obtained as shown in the Table 2. The fitting equation of the Langmuir model was 291 
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formula (3); the fitting equation of Freundlich model was formula (4). 292 

eFe lnC
n

lnKlnq ⋅+= 1                                                           (3) 293 

memLe qCqKq
1111 +⋅

⋅
=                                                          (4) 294 

01
1

CK
R

L
L ⋅+

=                                                                (5) 295 

where qm is the maximum adsorption capacity (mg g-1), Ce is the equilibrium concentration of lead ions 296 

(mg L-1), KL is characterized as the Langmuir constant (L mg-1), RL is equilibrium constant, judge 297 

reaction constant (mg g-1), n is affinity constant, KF is defined as the adsorption coefficient (Xu et al., 298 

2012);. 299 

Langmuir isotherm model was used to describe the ideal situation of the surface monolayer 300 

adsorption (Langmuir, 1916; Hall et al., 1966). The Freundlich isotherm model was usually used to 301 

describe various suboptimal cases of surface adsorption and multi molecular layer adsorption (Gupta et 302 

al., 2010). The R2 values of both model was shown in Table 2, the R2 values of Freundlich model was 303 

lower than the R2 values of Langmuir model. Therefore, the adsorption equilibrium can be better 304 

described by Langmuir model and the maximum adsorption capacity of single molecule layer was 305 

113.84 mg/g. Tabel S3 listed maximum adsorption capacities of biosorbent from this study and reported 306 

in other study. The result showed that the biosorbent in this study was better than other biosorbent, and 307 

prepared biosorbent was potential to apply in actual treatment. 308 

3.6. Desorption characteristics of biosorbent 309 

In order to explore the reusability of biosorbent, the adsorption-desorption experiments were 310 

carried out. Experimental results (Fig. 5) showed that the removal rate of adsorption was from 98% to 311 
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90% after cycling five times, and the removal rate was only decreased by about 8%.The result 312 

confirmed the biosorbent had a good reusability. The prepared biosorbents was promising to treat the 313 

lead ions waste-water. 314 

4. Conclusion 315 

In this study, the entophytic bacteria Bacillus licheniformis embedding within magnetic PVA and 316 

sodium alginate successfully obtained a novel biosorbent. This study showed that the adsorption 317 

process was easily affected by pH, adsorption time, biosorbent dosage and initial ions concentration. 318 

Under the best preparation and adsorption conditions, removal efficiency of novel biosorbent could 319 

reach 98%. The SEM images showed the biosorbent had good pore structure that was beneficial to 320 

adsorb lead ions. FTIR spectroscopy curves confirmed that the biosorbent had relatively stable structure 321 

and abundant functional groups on surface. The VSM analysis confirmed the biosorbent could be 322 

magnetic separated from aqueous solution. Equilibrium adsorption data indicated that the whole 323 

process was more fitted by the pseudo second order kinetics, which was mainly ascribed to chemical 324 

adsorption. According to the isothermal analysis, the adsorption process was well demonstrated by 325 

Langmuir model. The calculated maximum adsorption capacity was 113.84 mg g-1. The five 326 

adsorption-desorption experiments showed the biosorbents had good reusability. To sum up, this novel 327 

biosorbents showed a promising prospect to treat the practical heavy-metals wastewater.  328 
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Tables  1 

Table 1 Kinetic parameters of the adsorption. 2 

Table 2 Parameters of isothermal adsorption model. 3 

 4 

  5 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

2
�

Table 16 

 Kinetic parameters of the adsorption 7 

Pseudo-first-order�first 60min� Pseudo-second-order 

C0 qe  K1 R2 qe K2 R2

(mg L-1) (mg g-1) (min-1)  (mg g-1) (g mg1 min-1)  

50 25.13 0.0191 0.9781 29.85 0.0013 0.9994 

100 54.08 0.0177 0.9711 59.24 0.0007 0.9991 

150 77.46 0.0088 0.9141 79.72 0.0005 0.9963 
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Table 2  

Parameters of isothermal adsorption model 

Freundlich isotherm model Langmuir isotherm model 

T KF 1/n R2 qm KL RL R2

    (mg g-1) (L mg-1)  

298K 14.53 0.7656 0.9648 110.41 0.0613 0.0234~0.3185 0.9804

303K 33.49 0.5517 0.9777 113.23 0.1089 0.0439~0.4787 0.9875

308K 23.60 0.7404 0.9741 113.84 0.2140 0.0754~0.6200 0.9834
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Figure Captions 1

Fig.1. Effect of solutions pH on the adsorption. Metal concentration: 100 mg L-1; 2

biosorbent dose: 0.7 g L-1; contact time: 12h. 3

Fig.2. Effect of contact time on the adsorption. pH value: 6; metal concentration 100 4

mg L-1; biosorbent dose: 0.7 g L-1. 5

Fig.3. Effect of biosorbent dosage on the adsorption. Metal concentration: 100 mg L-1; 6

pH value: 6; contact time: 12 h. 7

Fig.4. Effect of initial concentration on the adsorption. Biosorbent dosage: 0.7 g L-1; 8

contact time: 12 h; pH value: 6. 9

Fig.5. Five consecutive adsorption-desorption cycles of immobilized microorganism 10

pellets for Lead ions. Metal concentration: 200 mg L-1; biosorbent dosage: 0.7 g L-1, 11

contact time: 12h; pH value: 6. 12

  13
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Fig.1. Effect of solutions pH on the adsorption. Metal concentration: 100 mg L-1; 15

biosorbent dose: 0.7 g L-1; contact time: 12h. 16

 17 
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Fig.2. Effect of contact time on the adsorption. pH value: 6; metal concentration 100 19

mg L-1; biosorbent dose: 0.7 g L-1. 20
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Fig.3. Effect of biosorbent dosage on the adsorption. Metal concentration: 100 mg L-1; 22

pH value: 6; contact time: 12 h. 23
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Fig.4. Effect of initial concentration on the adsorption. Biosorbent dosage: 0.7 g L-1; 25

contact time: 12 h; pH value: 6. 26
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Fig.5. Five consecutive adsorption-desorption cycles of Immobilized microorganism 28

pellets for Lead ions. Metal concentration: 200 mg L-1; biosorbent dosage: 0.7 g L-1, 29

contact time: 12h; pH value: 6. 30
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Highlights ��

� A novel biosorbent: magnetic polyvinyl alcohol immobilized the entophytic ��

bacteria Bacillus licheniformis was prepared. ��

� Optimum prepared conditions were explored as the fraction of magnetic ��

polyvinyl alcohol, the crosslinking time, etc. ��

� Optimum biosorption conditions were studied as the pH of solution, the adsorbent ��

dosage, etc. 	�

� Pseudo-second-order and Langmuir models best described the lead ions 
�

adsorption. ��

� The biosorbents had large capacity for lead ions removal, high separability from����

solutions and good re-usability. ���


