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Abstract 23 

Realizing the reasonable allocation of resources is possible to solve the dual problems 24 

of resources and environment. Therefore, in this study desert cyanobacterium 25 

Scytonema javanicum was cultivated in artificial synthetic wastewater to explore the 26 

feasibility of nutrient transferring from wastewater to desert. After inoculation, S. 27 

javanicum grew well in the wastewater; nitrogen and phosphorus were gradually 28 

removed from the wastewater. In general, cyanobacterial biomass, exopolysaccharide 29 

content, COD, nitrogen and phosphorus contents were all significantly affected by the 30 

cultivation time, wastewater dilution treatment and their interaction (P<0.001). 31 

Comprehensively considering the producing period, biomass accumulation and  32 

nutrient removal efficiency, cultivation time of cyanobacterium S. javanicum in the 33 

synthetic wastewater should be controlled around 20 days, with wastewater dilution 34 

ratio at 1:1. Conclusively, desert cyanobacterium S. javanicum is a promising species 35 

for nutrient transferring from wastewater to desert, and its maximum biomass yield 36 

could reach 3.91 mg Chl-a L
-1 

in the synthetic wastewater. 37 

Keywords: Cyanobacteria, Cultivation, Wastewater, Nutrient, Desert 38 
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1. Introduction 45 

With the rapid development of economy and society, the resulting resource 46 

shortage and environmental problems become increasingly serious; therefore, looking 47 

for environmental friendly allocation and supply of resources has become an 48 

important research issue recently. On the one hand, the uneven distribution of 49 

resources leads to the relative shortage of some resources, such as the distribution of 50 

water resource in the northern China is much less than that in the southern, leading to 51 

the water shortage in many regions of the northern China (Wang et al., 2014a). On the 52 

other hand, the excessive or scarce distribution of some resources in a certain area 53 

also bight great pressure to the environment, such as the problem of water bloom 54 

caused by eutrophication in Dianchi Lake (Wu et al., 2010). So, realizing a reasonable 55 

allocation of resources is likely to solve the dual problems of resources and 56 

environment to a certain extent. 57 

Nutrients, as the important resource in an ecological environment, provide the 58 

material basis for a variety of organisms to achieve growth and metabolisms. In water 59 

ecosystems, due to the natural factors and/or human activities, nitrogen, phosphorus 60 

and other nutrients from various industrial, agricultural and domestic wastewaters 61 

were continuously discharged into water environments, resulting in the excessive 62 

accumulation of water nutrition, known as eutrophication (Smith et al., 1999; Conley 63 

et al., 2009). Eutrophic water bodies provide a rich material basis for microalgal 64 

reproduction, leading to the formation of water blooms (Paerl and Otten, 2013; Dai et 65 

al., 2015; Sun et al., 2017). In contrast, in desert ecosystems, due to the limitation of 66 
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water and nutrients, the distribution of vegetation is sparse, and the gaps among 67 

vegetation patches are still the source of sand storms (Lan et al., 2014). Therefore, if a 68 

combination point between the nutrient removal from wastewater and nutrient 69 

supplement to desert habitat can be found, it will be able to achieve the transfer of 70 

nutrient materials from wastewater to desert. 71 

Microalgae are a generic term for algae that can only be recognized under a 72 

microscope, including a variety of eukaryotic and prokaryotic (cyanobacterial) species. 73 

The application of microalgae has been a long history; since entering modern society, 74 

with the increase of population, shortage of resources and degradation of environment, 75 

microalgal cultivation has recently been considered as an important way to obtain 76 

foods, feeds, bioenergy, and bioactive substances (Chisti, 2007; Brennan and Owende, 77 

2010; Lan et al., 2015). During the process of microalgal cultivation, greenhouse gas 78 

CO2 can be fixed; furthermore, some microalgal species suitable for wastewater 79 

cultivation can also be used in nutrient removal and wastewater recycling so as to 80 

achieve the objective of environmental management (Mallick, 2002; Chisti, 2007). In 81 

addition, our recent studies have shown that some desert cyanobacteria can accelerate 82 

the development of biological soil crusts on the surface of desert sandy soil, thus 83 

contributing to the accumulation of desert soil nutrients and improvement of 84 

ecological environments (Liu et al., 2008; Hu et al., 2012; Lan et al., 2014). This 85 

technology is mainly artificially inoculating the cultivated desert cyanobacteria onto 86 

the surface of sandy soil, thereby promoting the development of biological soil crusts 87 

in desert regions (Lan et al., 2014). However, the large-scale cultivation of these 88 
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desert cyanobacteria was usually carried out in freshwater enrichment medium (Lan et 89 

al., 2017; Rossi et al., 2017), which not only causes great water pressure, but also 90 

increases the cost of this technology. 91 

Therefore, in this experiment the desert cyanobacterium S. javanicum was 92 

inoculated into the different dilution ratios of artificial synthetic wastewater to study 93 

the feasibility of nutrient transferring from wastewater to desert. After the inoculation, 94 

cyanobacterial growth, metabolism and nutrient removal in wastewater were 95 

monitored to explore the appropriate dilution ratio of the wastewater for desert 96 

cyanobacterial cultivation. The results would provide important guidance and support 97 

for desert cyanopbacterial cultivation in wastewater, nutrient removal from the 98 

wastewater and desertification control in desert regions. 99 

 100 

2. Materials and methods 101 

2.1. Cyanobacterial strain and inoculum 102 

In this experiment, the cyanobacterium S. javanicum was isolated from the 103 

Dalate Banner region (located in the eastern edge of the Qubqi Desert; 40°21'N, 104 

109°51'E), a typical continental monsoon climate zone, with scarce rainfall (about 105 

annual 280 mm) and great potential evaporation (about annual 2300 mm; Rao et al., 106 

2012; Lan et al., 2015). In the field environments, S. javanicum often is distributed on 107 

the surface of biological soil crusts; therefore, the collected crust samples were first 108 

observed under a stereoscopic microscope, with which the S. javanicum filaments 109 

were picked up using a fine needle, and transferred to the sterilized Petri dishes 110 
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containing solid BG110 medium for purification (Hu et al., 2012; Lan et al., 2014; 111 

Rossi et al., 2017). Before the experiment, S. javanicum was transferred and 112 

cultivated in 1L flask of sterilized liquid BG110 medium with aeration to obtain 113 

enough cyanobacterial inocula. The culture was placed into an illumination incubator 114 

under the light intensity of 40 μmol photons m
-2

 s
-1 

(light/dark ratio was 12 h: 12 h), 115 

and the cultivation temperature was controlled about 25 °C (±2°C). 116 

2.2. Inoculation and treatments 117 

After obtaining enough cyanobacterial inoculum through previous cultivation, the 118 

S. javanicum was harvested for wastewater cultivation. In this experiment, artificial 119 

synthetic wastewater was used as the cultivation medium, and the basic components 120 

in the synthetic wastewater were listed in Table 1. Before the inoculation, the 121 

wastewater was diluted into four treatment gradients with distilled water, and the 122 

volume ratios of wastewater to distilled water were 1:0, 1:1, 1:2 and 1:4, respectively 123 

(labeled as 1:0, 1:1, 1:2 and 1:4 groups; Table 1). Then in each treatment group, S. 124 

javanicum was cultivated in 1L flasks with 800 mL diluted (or not) synthetic 125 

wastewater, and each treatment group was conducted in three replicates. All these 126 

flasks were cultivated in an illumination incubator under the light intensity of 40 μmol 127 

photons m
-2

 s
-1 

(light/dark ratio was 12:12) at 25°C. Besides the NaHCO3 and KHCO3 128 

in the artificial synthetic wastewater, atmospheric CO2 was supplied as the inorganic 129 

gaseous carbon source for each flask with a flow rate of 0.5 L min
-1

. During the 130 

cultivation process, cyanobacterial chlorophyll-a (Chl-a), exopolysaccharide contents, 131 

chemical oxygen demand (COD), nitrogen and phosphorus contents of the wastewater 132 
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were measured every five days. 133 

2.3. Determination of Chl-a content 134 

At each measurement time, 5 mL of the cyanobacterial culture was sampled and 135 

centrifuged at 900 g for 10 min to remove the supernatant wastewater medium. The 136 

harvested cyanobacterial biomass was grounded into 10 mL 100% acetone with a 137 

mortar and pestle (Lan et al., 2015; 2017). The extract solutions were incubated in a 138 

fridge at 4°C overnight, and then the extract solutions were centrifuged again at 900 g 139 

for 10 min to remove the cyanobacterial fragments. The supernatant fractions were 140 

determined at 663 nm, 490 nm and 384 nm using a spectrophotometer, and Chl-a 141 

content was calculated according to the formula described by Garcia-Pichel et al. 142 

(1991). Biomass yield of Chl-a was calculated by subtracting the initial Chl-a content 143 

from the Chl-a content after a certain time of cultivation; biomass productivity was 144 

estimated by the biomass yield per unit cultivation time. 145 

2.4. Determination of COD and exopolysaccharide content.  146 

For COD determination, 5 mL of the cyanobacterial culture was sampled and 147 

centrifuged at 900 g for 10 min to remove the suspended cyanobacteria, and 2 mL of 148 

the supernatant fluid was digested using a HACH DRB 200 digestion instrument 149 

(HACH, USA) after adding 0.04g HgSO4, 2.5 mL 1% H2SO4-Ag2SO4 and 0.5 mL 150 

0.25M K2Cr2O7 solutions. The digestion was conducted at 150 °C for 120 min, and 151 

then the digested solution was spectrophotometrically measured at 620 nm using a 152 

spectrophotometer. The COD was calculated according to the calibration curve using 153 

phthalate as the standard (Mendez et al., 2016). Similarly, another 2 mL of the 154 
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supernatant fluid was spectrophotometrically measured at 485 nm according to the 155 

phenol-sulfuric acid method, and the exopolysaccharide content was calculated 156 

according to the calibration curve using sucrose as the standard (Dubios, 1956). 157 

2.5. Determination of nitrogen and phosphorus contents. 158 

In this experiment, NH3-N and PO4-P were used as nitrogen and phosphorus 159 

source of the synthetic wastewater; therefore, the nitrogen and phosphorus contents in 160 

the wastewater actually were the NH3-N and PO4-P contents. Before the 161 

determination, 15 mL of the cyanobacterial culture was sampled and centrifuged at 162 

900 g for 10 min to remove the suspended cyanobacteria, and 10 mL and 1 mL of the 163 

supernatant fluid were used to analyze the contents of nitrogen and phosphorus 164 

according to the phynol-sodium hypochlorite spectrophotometry and 165 

molybdenum–antimony anti-spectrophotometric method, respectively (CSEPA, 2002; 166 

Feng et al., 2011). 167 

2.6. Data statistics 168 

The variance of each parameter among the treatment groups was analyzed at 95% 169 

level using One-Way ANOVA. The effects of cultivation time, wastewater dilution 170 

treatment and their interactions on cyanobacterial Chl-a, exopolysaccharide contents, 171 

COD, nitrogen and phosphorus contents in the wastewater were analyzed using 172 

Two-Way ANOVA. All statistical data were performed on SPSS 13.0 software (SPSS, 173 

USA). 174 

 175 

3. Results and discussion 176 
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3.1. Biomass accumulation 177 

As a type of habitat environment in drylands, desert breeds the special form of 178 

life. In desert regions, due to the limitation of water, nutrition and other conditions, 179 

many organisms cannot survive; however, microalgae (especially cyanobacteria) 180 

because of their unique physiological and ecological characteristics are widely 181 

distributed there (Hu et al., 2003; Lan et al., 2017). Microalgae in desert regions often 182 

live on the surface (or surface substrate) of sandy soil, forming a layer of 183 

biological-soil matrix together with the soil particles and some other species, known 184 

as biological soil crusts (Liu et al., 2008; Hu et al., 2012; Lan et al., 2014). Biological 185 

soil crusts play an important role in the ecological processes of soil surface stability 186 

and nutrient accumulation in desert regions; therefore, accelerating the formation and 187 

development of biological soil crusts has been proposed by many researchers for the 188 

aim of ecological restoration and desertification control (Bowker et al., 2007; Lan et 189 

al., 2014). In the field environments, S. javanicum often is the dominant species in 190 

biological soil crusts, and play irreplaceable ecological functions in the formation and 191 

development of biological soil crusts; therefore, S. javanicum has been screened as an 192 

inoculum to construct artificial cyanobacterial crusts in the Dalate Banner region to 193 

promote the development of biological soil crusts and restoration of desert ecological 194 

environments (Liu et al., 2008; Hu et al., 2012; Lan et al., 2014). 195 

Like many other microalgal application technologies, accumulation of 196 

cyanobacterial biomass is a key issue of artificial cyanobacterial inoculation to 197 

promote the formation and development of biological soil crusts. At present, the 198 
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biomass accumulation is mainly achieved by large-scale cultivating the selected desert 199 

cyanobacteria in artificial enrichment BG11 (or BG110) liquid medium (Liu et al., 200 

2008; Lan et al., 2014; 2015). While in the present experiment, it was tried to 201 

cultivate desert cyanobacterium S. javanicum in artificial synthetic wastewater, 202 

aiming at achieving the goal of removing nutrients from the wastewater at the same 203 

time of realizing desertification control via cyanobacterial inoculation. The results 204 

showed that S. javanicum grew well in both the diluted (1:1, 1:2 and 1:4 groups) and 205 

undiluted (1:0 group) synthetic wastewater, and the biomass in each group gradually 206 

increased after the inoculation (Fig. 1A). 207 

In the present experiment, Chl-a content was used to indicate cyanobacterial 208 

biomass (Lan et al., 2015; 2017). In general, cultivation time, wastewater dilution 209 

treatment and their interaction had significant effect on the growth of S. javanicum 210 

(P<0.001; Table 2), although no significant difference was observed between 1:0 and 211 

1:1 groups in the final cyanobacterial biomass accumulation after 30 days of 212 

inoculation (P>0.05; Fig. 2A). Comparing with the three diluted (1:1, 1:2 and 1:4) 213 

groups, the undiluted (1:0) group obviously depressed the growth of S. javanicum 214 

within the first 15 days, during which the growth rate of S. javanicum was much 215 

higher in the diluted (1:1, 1:2 and 1:4) groups (P<0.01; Fig. 1A). However, at the end 216 

of the experiment, the undiluted (1:0) group achieved the highest cyanobacterial 217 

biomass accumulation, and cyanobacterial biomass in the low dilution (1:0 and 1:1) 218 

groups was significantly higher than that in the high dilution (1:2 and 1:4) groups 219 

(P<0.05; Fig. 2A). 220 
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As shown in Table 3, the maximum yield of Chl-a after 20 days of cyanobacterial 221 

inoculation was 2.93 mg L
-1

, whereas the value was 3.91 mg L
-1

 during the whole 222 

cultivation period (30 days). Based on the correlation between biomass yield and 223 

productivity, the estimated maximum cyanobacterial biomass productivity reached 224 

0.15 and 0.13 mg Chl-a L
-1

 d
-1

 during the 20 days and whole cultivation period, 225 

respectively. Comprehensively considering the producing cycle, biomass 226 

accumulation (Fig. 1A) and nutrient removal efficiency (Table 4), it was recommend 227 

harvesting the S. javanicum after 20 days of cultivation in 1:1 diluted wastewater. At 228 

that time, the biomass yield had reached up to 2.60 mg L
-1

, with biomass productivity 229 

of 0.13 mg Chl-a L
-1

 d
-1

. 230 

Efficient harvesting approaches that separate S. javanicum from the cultivation 231 

system are essential for the artificial cyanobacterial crust constructing project. At 232 

present, the main microalgal harvesting approaches include centrifugation, flotation, 233 

flocculation, sedimentation, and filtration (Uduman et al., 2010). Comparing with 234 

unicellular microalgae, filamentous cyanobacteria because of their larger cell size and 235 

density are much easier to harvest by sedimentation or filtration, which cost much less 236 

than flotation and centrifugation mentioned above in harvesting unicellular 237 

microalgae (Chen et al., 2011). Therefore, in the field experiment station of 238 

cyanobacterial crust constructing project in the Dalate Banner region (at the eastern 239 

edge of Qubqi Desert, China), the main harvesting approaches for S. javanicum are 240 

natural sedimentation or filtration using a screen filter, which is both cost-economical 241 

and productivity-efficient (Liu et al., 2008; Hu et al., 2012; Lan et al., 2014). 242 
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 243 

3.2. Nutrient removal and transfer 244 

With the increase of population and development of agriculture and industry, 245 

eutrophication in water bodies is becoming more and more serious. Nitrogen and 246 

phosphorus are considered as the important nutrients of eutrophication; therefore, 247 

reducing the discharge of nitrogen and phosphorus is recommended as the main 248 

approach of controlling water eutrophication (Shi et al., 2007; Conley et al., 2009; 249 

Wang et al., 2014b). During the removal processes of nitrogen and phosphorus from 250 

wastewater, microalgae have attracted much attention because of their good removal 251 

efficiency, fast growth and low energy consumption (Fernández et al., 2008; Liu et al., 252 

2014). For nitrogen and phosphorus removal, the most widely studied microalgae are 253 

Spirulina, Chlorella and Scenedesmus (Olguín et al., 2003; Hernandez et al., 2006; 254 

Shi et al., 2007); as well, Phormidium, Nannochloris, Chlamydomonas, Oscillatoria 255 

and Dunaliella also have been reported (Liu et al., 2014). However, little study has 256 

been conducted on the nutrient removal from wastewater through cultivating desert 257 

cyanobacteria.  258 

Compared to other nitrogen forms, such as NO3-N, N2 and urea, NH3-N is the 259 

most preferred nitrogen source for cyanobacteria (Boussiba and Gibson, 1991); 260 

coupled with the low direct energy demand for microalgae/cyanobacteira, NH3-N are 261 

often used in microalgal/cyanobacterial cultivation (Aaron and Tsouris, 2005; Johnson 262 

et al., 2013). Additionally, NH3-N from wastewater (especially the living wastewater) 263 

has been proposed as one of the main nitrogen sources for water eutrophication and 264 
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bloom (Zhang et al., 1998; He et al., 2007; Conley et al., 2009). Therefore, in the 265 

present experiment, NH3-N in the artificial synthetic wastewater was used to 266 

determine the ability of nitrogen removal in desert cyanobacterium S. javanicum. As 267 

shown in Fig. 3A, NH3-N contents of all the four treatment groups declined rapidly 268 

after cyanobacterial inoculation. After 10 days of inoculation, the removal efficiency 269 

of nitrogen had reached more than 90% in the 1:2 and 1:4 dilution groups, when the 270 

removal efficiency was only 72.95% and 79.95% in the undiluted (1:0) and 1:1 271 

dilution groups, respectively (Table 4). The disparity in removal efficiency between 272 

the low dilution (1:0 and 1:1) and high dilution (1:2 and 1:4) groups can be ascribed 273 

to the different initial NH3-N contents. Because of the dilution effect, the initial 274 

nitrogen contents were higher in the low dilution groups (Fig. 3A); therefore, the 275 

removal amount of NH3-N showed the opposite results with the removal efficiency, 276 

that was the nitrogen removal amount decreased with the increasing dilution ratio 277 

(P<0.05). After 20 days of inoculation, no significant difference in nitrogen content 278 

was found among the different treatment groups (P>0.05; Fig. 3A), and the nitrogen 279 

was removed more than 96% in each group. 280 

As another important nutrient material, phosphorus is generally regarded as the 281 

driving factor for state shifts between clear and turbid water; therefore the phosphorus 282 

removal and control has also been proposed as an important aspect to mitigate water 283 

eutrophication (Scheffer and Carpenter, 2003; Wang et al., 2014b). Similar to the 284 

nitrogen removal, phosphorus removal via cultivating desert cyanobacterium S. 285 

javanicum was also significantly affected by the cultivation time, wastewater dilution 286 
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treatment and their interaction (Table 2). It has been proven that both the removal 287 

efficiencies of NH3-N and PO4-P depended on the initial nutrient content and also 288 

many other factors, such as cultivation conditions, light/dark cycle, etc (Lee and Lee, 289 

2001; Aslan and Kapdan, 2006). And it also has been reported that only when the 290 

initial content was as low as 0.05 mg L
-1

, the PO4-P could be completed removed by 291 

cyanobacterium Phormidium bohneri (Dumas et al., 1998). However, the present 292 

results showed that even the initial phosphorus content was as high as 4 mg L
-1

 (1:0 293 

group), the PO4-P could also be nearly completed (more than 95%) removed by S. 294 

javanicum at the end of experiment (Fig. 3B; Table 4). Comparing with the nitrogen 295 

removal, phosphorus removal was relatively slower; after 20 days of inoculation, the 296 

phosphorus was removed more than 90% in the three diluted (1:1, 1:2 and 1:4) groups, 297 

while only 66.61% in the undiluted (1:0) group (Table 4).  298 

After cultivating and harvesting desert cyanobacterium S. javanicum, the 299 

nutrients in wastewater were removed efficiently; at the same time, the nutrients 300 

transferred from wastewater to the cultivated cyanobacteria. Then the harvested S. 301 

javanicum could be inoculated onto desert sand surface to construct artificial 302 

cyanobacterial crusts, and this process has been proven feasible in the eastern edge of 303 

Qubqi Desert (Dalate Banner region, Inner Mongolia; Liu et al., 2008; Hu et al., 2012; 304 

Lan et al., 2014). After inoculation, cyanobacterial crusts formed quickly on sand 305 

surface, and gradually succeeded to moss crusts after two to three years later (Lan et 306 

al., 2014). During that course, on the one hand the nutrients transfer from the 307 

cultivated cyanobacteria to desert sandy soil; on the other hand, the inoculated 308 
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cyanobacteria and formed crusts further improve the soil nutrients through 309 

photosynthesis, nitrogen fixation and other metabolisms, providing more stable soil 310 

microenvironments for the succession of vegetation communities and control of 311 

desertification (Liu et al., 2008; Hu et al., 2012; Lan et al., 2014). In the Dalate 312 

Banner region, after about a decade of cyanobacterial inoculation, the environments 313 

had been much improved, and the established BSCs occupied more than 80% in 314 

coverage. In the report of Lan et al. (2014), total 27 species of vascular plants had 315 

regenerated in the experimental region after 8 years of cyanobacterial inoculation, and 316 

the dominant species succeeded from Agriophyllum squarrosum gradually to Leymus 317 

chinensis. 318 

 319 

3.3. COD change and exopolysaccharide accumulation 320 

Chemical oxygen demand (COD) is a chemical method for measuring the 321 

oxygen equivalent required for oxidizing substances in water samples. It reflects the 322 

level of reducing substances in water, and the high level of COD means the water 323 

contains a large amount of reducing substances, mainly organic matters (CSEPA, 324 

2002). It has been reported that in a range of initial contents from 250 to 1100 mg 325 

COD L
-1

, Chlorella vulgaris had effective removal efficiency on COD, although the 326 

efficiency varied widely from 20.6% to 88% (Travieso et al., 2006). Mendez et al 327 

(2016) also found that Chlorella vulgaris and two cyanobacteria (Aphanizomenon 328 

ovalisporum and Anabaena planctonica) removed 35-45% COD after 10 days of 329 

cultivation period at the initial COD content of 200 mg L
-1

. To the contrary, in the 330 
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range of initial contents from 135.11 to 276.68 mg L
-1

 in the present experiment, all 331 

the final COD contents of the four treatment groups did not significantly decreased 332 

compared with the initial COD contents (Fig. 4). 333 

In general, the COD content was significantly affected by cultivation time, 334 

wastewater dilution treatment and their interaction (P<0.001; Table 2). After 335 

inoculation, the COD contents of all the four groups increased within the first several 336 

days, and then gradually decreased with the cultivation time (Fig. 5). At the end of 337 

experiment, the COD content of undiluted (1:0) group decreased to the initial level, 338 

while in the other three diluted (1:1, 1:2 and 1:4) groups the COD contents were still 339 

slight higher than the initial levels (P<0.05; Fig. 4). The initial increase of COD 340 

contents might be ascribed to the death of some cyanobacterial cells after 341 

cyanobacterial transfer inoculation from BG110 medium to the artificial synthetic 342 

wastewater.  343 

In addition, the high exopolysaccharide secretion ability contributed to the COD 344 

content to a certain extent, although the contribution of exopolysaccharides might 345 

play a lighter role. This conclusion could be supported by the result that the 346 

exopolysaccharide contents of all the four treatment groups gradually increased with 347 

cultivation time (Fig. 1B), although the different dilution treatment leaded to the 348 

different exopolysaccharide accumulation (Fig. 2B; Table 2); on the contrary, the 349 

COD contents increased first and then gradually decreased (Fig. 5). The later decrease 350 

of COD contents implied us that S. javanicum also might absorb some organic matters 351 

(such as the secreted exopolysaccharides) to fulfill growth, which was consistent with 352 
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the result found in the desert cyanobacterium Microcoleus vaginatus (Mager and 353 

Thomas, 2011; Lan et al., 2015). 354 

Although the COD content in the wastewater did not decrease through cultivating 355 

desert cyanobacterium S. javanicum, if the COD in the wastewater is not necessary, it 356 

could be also removed by simple aeration process (Bouallagui et al., 2004; Shin et al., 357 

2014). However, lots of the organic matters in the wastewater after cultivation were 358 

cell debris and the secreted exopolysaccharides. In the cell debris, most of the organic 359 

matters also belong to polysaccharide substances (sometimes accounts for 50-70% of 360 

cell dry weight; Gloaguen  et al., 1995; Ge et al., 2014), and all those polysaccharides 361 

(including exopolysaccharides) are not found to be persistently toxic and harmful (Hu 362 

and Liu, et al., 2003; Philippis et al., 2007; Zhang et al., 2008). On the contrary, it has 363 

been proven that the exopolysaccharides are not only beneficial to the formation of 364 

cyanobacterial crusts on the surface of sandy soil (Mager and Thomas, 2011; Lan et 365 

al., 2014), but also can promote the adsorption of heavy metals via the chelating effect, 366 

thereby reducing the toxic effects of heavy metals in water and soil (Philippis et al., 367 

2007), although the secreted exopolysaccharide components may also vary from 368 

source to source (Ge et al., 2014; Rossi et al., 2017); as well as the secreted 369 

exopolysaccharides have been widely studied and proved to have a very broad 370 

application prospects in anti-oxidation and anti-tumor (Hu and Liu, et al., 2003; 371 

Zhang et al., 2008). 372 

 373 

4. Conclusions  374 

http://xueshu.baidu.com/s?wd=author%3A%28V.%20Gloaguen%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
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In this study, the desert crust constructing cyanobacterium S. javanicum was 375 

cultivated in the different dilution ratios of artificial synthetic wastewater, and it was 376 

found the cyanobacterium grew well. The maximum biomass yield achieved 3.91 mg 377 

Chl-a L
-1

, and the maximum biomass productivity reached 0.15 mg Chl-a L
-1

 d
-1

. 378 

After 20 days of inoculation, all the removal efficiency of nitrogen and phosphorus 379 

from wastewater reached up to more than 90% except for the phosphorus in the 380 

undiluted (1:0) group. In addition, after cultivation the polysaccharide substances 381 

were an important source of COD, and also have a broad application prospects. 382 
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Table 1. Components in 1 L of the different dilution treated artificial synthetic 551 

wastewater (mg). 552 

 1:0 group 1:1 group 1:2 group 1:4 group 

NaAc 256.4 128.2 85.47  51.28 

NH4Cl 152.9 76.45 50.97  30.58 

KH2PO4 17.5 8.75 5.83  3.5 

MgSO4·7H2O 13 6.5 4.33  2.6 

CaCl2·H2O 43 21.5 14.33  8.6 

NaHCO3 25 12.5 8.33  5 

KHCO3 25 12.5 8.33  5 

FeSO4·7H2O 25 12.5 8.33  5 

EDTA 75 37.5 25.00  15 

CoCl2·6H2O 012 6 4.00  2.4 

ZnSO4·7H2O 21.5 10.75 7.17  4.3 

MnCl2·4H2O 49.5 24.75 16.50  9.9 

CuSO4·5H2O 12.5 6.25 4.17  2.5 

NaMoO4·2H2O 11 5.5 3.67  2.2 

H3BO4 0.7 0.35 0.23  0.14 

NiCl2·6H2O 9.5 4.75 3.17  1.9 
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Table 2. Two-way ANOVA of effects of cultivation time, dilution treatment and their 565 

interactions on cyanobacterial Chl-a, exopolysaccharide contents, COD, nitrogen and 566 

phosphorus contents in the wastewater. 567 

Variables Factors 
Sum of 

Squares 
df 

Mean 

Square 
F P 

Chl-a Time 140.717 6 23.453 1.183* <0.001 

 
Treatment 4.072 3 1.357 68.495 <0.001 

 

Time × 

Treatment 
9.197 18 0.511 25.783 <0.001 

Exopolysaccharide Time 1.189* 6 198.246 343.827 <0.001 

 
Treatment 120.668 3 40.223 69.76 <0.001 

 

Time × 

Treatment 
60.942 18 3.386 5.872 <0.001 

COD Time 634.668* 6 105.778* 86.665 <0.001 

 Treatment 60.333* 3 20.111* 16.477 <0.001 

 
Time × 

Treatment 
193.384* 18 10.744* 8.802 <0.001 

Nitrogen Time 2.692* 6 448.619 1.271* <0.001 

 
Treatment 652.072 3 217.357 615.718 <0.001 

 

Time × 

Treatment 
829.805 18 46.1 130.59 <0.001 

Phosphorus Time 85.383 6 14.231 413.289 <0.001 

 
Treatment 67.545 3 22.515 653.891 <0.001 

 

Time × 

Treatment 
27.335 18 1.519 44.105 <0.001 

* Mean the data × 10
3
. 568 

 569 

 570 

 571 

 572 

 573 

 574 
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Table 3. Comparison of cyanobacterial biomass (Chl-a content) in the different 576 

dilution treated groups after 20 and 30 d of inoculation, respectively
a
. 577 

 

20 d  30 d 

Biomass yield 

(mg L
-1

) 

Biomass productivity 

(mg L
-1

 d
-1

) 
 

Biomass yield 

(mg L
-1

) 

Biomass productivity 

(mg L
-1

 d
-1

) 

1:0 group 1.147 ± 0.050 0.057 ± 0.003  3.910 ± 0.179 0.130 ± 0.006 

1:1 group 2.603 ± 0.149 0.131 ± 0.007  3.887 ± 0.319 0.130 ± 0.011 

1:2 group 2.934 ± 0.157 0.147 ± 0.008  3.399 ± 0.043 0.113 ± 0.001 

1:4 group 2.928 ± 0.206 0.146 ± 0.010  2.789 ± 0.167 0.093 ± 0.006 

a
 Data are represented as mean ± standard deviation of triplicates. 578 

 579 

 580 
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 592 
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 594 
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Table 4. Nitrogen and phosphorus removal efficiency (%) in the different dilution 595 

treated groups 596 

 1:0 group 1:1 group 1:2 group 1:4 group 

Nitrogen     

Day 5 43.16 ± 7.90  44.51 ± 3.71  60.35 ± 3.12  74.39 ± 1.69  

Day 10 72.95 ± 3.09  79.95 ± 1.84  92.20 ± 1.97  91.46 ± 2.34  

Day 15 88.93 ± 2.66  88.73 ± 0.48  94.57 ± 1.34  97.49 ± 2.06  

Day 20 96.66 ± 0.35  95.97 ± 0.19  97.54 ± 1.30  97.73 ± 0.89  

Day 25 98.58 ± 0.42  99.55 ± 0.42  99.47 ± 0.42  99.60 ± 0.36  

Day 30 99.29 ± 0.40  99.27 ± 0.89  99.46 ± 0.73  96.87 ± 1.32  

Phosphorus     

Day 5 22.13 ± 9.51  16.90 ± 6.94  32.61 ± 7.71  23.57 ±11.90  

Day 10 25.73 ± 10.27  57.96 ± 15.62  72.19 ± 4.35  77.38 ± 2.74  

Day 15 46.25 ± 4.30  77.64 ± 2.57  87.66 ± 1.43  91.45 ± 2.06  

Day 20 66.61 ± 8.31  92.12 ± 2.60  92.63 ± 0.40  96.30 ± 3.47  

Day 25 90.33 ± 1.77  93.46 ± 1.79  98.51 ± 1.94  93.47 ± 2.22  

Day 30 96.38 ± 1.82  98.48 ± 0.54  97.62 ± 1.91  93.47 ± 2.22  

 597 

 598 

 599 
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Figure captions: 610 

Fig. 1. Variation of Chl-a (A) and exopolysaccharide contents (B) in the different 611 

dilution treated groups. Data are represented as mean ± standard deviation of 612 

triplicates. 613 

Fig. 2. Chl-a (A) and exopolysaccharide contents (B) after 30 days of cyanobacterial 614 

cultivation in the different dilution treated groups. Data are represented as mean ± 615 

standard deviation of triplicates, and the different letters indicate the differences are 616 

significant at 0.05 level (P<0.05). 617 

Fig. 3. Variation of nitrogen (A) and phosphorus contents (B) in the different dilution 618 

treated groups. Data are represented as mean ± standard deviation of triplicates. 619 

Fig. 4. Comparison of COD in the different dilution treated groups. Data are 620 

represented as mean ± standard deviation of triplicates, and the different letters 621 

indicate the differences are significant at 0.05 level (P<0.05). 622 

Fig. 5. Variation of COD in the 1:0 (A), 1:1 (B), 1:2 (C) and 1:4 dilution treated 623 

groups (D). Data are represented as mean ± standard deviation of triplicates. 624 
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Fig. 1. 632 
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Fig. 2. 637 
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Fig. 3. 652 
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Fig. 4. 658 
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Fig. 5. 672 
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