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Introduction and purpose 
 

Potassium is one of the indispensable elements of 

fertilizer, which can significantly affect the growth of 

crops. Although agriculture has a heavy demand for 

potassium, as the matter of fact, potassium ores in 

Japan are very scarce, which means Japan has to 

import a good deal of potassium from other countries 

every year. What’s more, since the import price is 

increasing rapidly, expenses on import grows 

steadily. 

On the other hand, abundant potassium is 

discharged into the environment through sewage, 

which could be recovered to get around the lack of 

resource. Thus, to ensure the stable development of 

agriculture, the effective consumption and recovery 

of resource are essential.  

Therefore, our group has proposed such process-- 

recovering potassium from wastewater with 

halophilic archaea Haloferax mediterranei utilizing 

excess sludge as its carbon source. However, in 

previous research, we find that reactors were 

contaminated by some microorganism. Thus, the 

purpose of this research is to identify the 

characteristics of those contaminative microbe and 

figure out the solutions which can prevent them 

dominating in reactors. 

 

Methods 
Identification of contaminative microbe in 
reactor and their origin 
 

Samples were taken from each reactor and excess 

sludge, and then cultured on plate medium which 

containing high concentration of NaCl. 16s rDNA was 

amplified for sequencing analysis in order to identify 

the species of the microorganism in chemostat reactor 

and sludge.  

 
Evaluation of the potassium recovery 
capacity of contaminative microbe 
 

Contaminative microorganisms which were isolated 

before called Halomonas taeanensis and Idiomarina 

loihiensis were inoculated into standard medium for 

H.mediterranei and incubated at 38℃. Batch reactors 

were used to culture those microorganisms. 

 Turbidity(OD520) of each medium was measured 

every each 24h. As graph1 shows, after 4 days’ 

cultivation, the growth reached to stationary phase. 

Samples of stationary phase from batch reactors were 

taken and then centrifuged to separate the 

microorganisms from medium. Total solid (TS)and 

fixed solid(FS) were measured then volatile solid(VS) 

which was considered as cell concentration in medium 

can be calculated. Finally, Na+, K+ in FS were 

determined. 

Graph1 Variation trend of turbidity 

Optimization of operating conditions 
(temperature and HRT) 
 

This experiment was to investigate whether the 

adjustment of HRT and temperature can inhibit the 

growth of contaminative bacteria or not under 

continuous cultivation. 

Variables of this experiment included： 

➀HRT（2，4，6 days） 

➁Temperature  

38℃:optimum temperature for H.mediterranei 

growth
1）

  

20℃:indoor temperature  

➂Different combination of microorganisms 

According to the result of 2.1.1, there were 2 

kinds of halophilic bacteria dominating in the reactor 

called Halomonas taeanensis and Idiomarina 

loihiensis. Therefore, to compare the priority between 

them, the above bacteria were selected and composed 

different combinations as the following: 

1.pure H. mediterranei  

2.pure Halomonas taeanensis  

3.pure Idiomarina loihiensis  

4.H.mediterranei and Halomonas taeanensis  

5.H.mediterranei and Idiomarina loihiensis  

6. Mixture of 3 kinds of microorganisms 
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After stationary phase, samples were also treated 

with the same methods above-mentioned in 2.1.2 to 

determine VS and the concentration of K+ 

 

Supplement of H.mediterrane in reactor in 
order to improve its occupancy 

The load of H.mediterrane added into unit volume 

of reactor per day was set at [122.1mg/L/day, 

305.3mg/L/day, 366.4mg/L/day, 488.5mg/L/day, 

610.6mg/L/day], and all of cultivation proceeded 

under the condition[38℃, HRT2] in chemostat 

reactor(picture1). VS and concentration of Na+、K+ 

were determined as 2.1.2 mentioned to evaluate K 

recovery capacity. 

Pic1 chemostat reactor 

 

Results and discussion 
Species and characteristic of contaminative 
microbe 
 

According to the results of DNA sequence ，
contaminative bacteria were Halomonas taeanensis 

and Idiomarina loihiensis. Both of them are halophilic 

proteobacteria and have similar optimum growth 

conditions with H.mediterranei as the table1 shows. 

Table1 Characterization of contaminative microbe in 

chemostat reactor 

 

Potassium recovery capacity of 
contaminative microbe and their effect on 
potassium recovery rate 
 

As the figure1 shows, K content percentage of 

contaminative bacteria were obviously lower than 

H.mediterranei, which means only H.mediterranei 

can accumulate high concentration K. Thus, if they 

multiply in quantity，K content percentage will 

decrease and the potassium recovery capacity of 

reactor will decline obviously. 

 

 

  Figure1 K content percentage in each microorganisms(%/vs) 

 

Effect of operating conditions on potassium 
recovery rate 
 

As the figure2 shows, at 38℃, quantity of K recovered 

in unit volume of reactor per day reached to maximum 

apparently when the HRT was set at 2 days. Same 

conclusion can be reached when the temperature was 

set at 20℃. Besides, if the reactor was contaminated 

by contaminated by other bacteria, regardless of the 

adjustment of HRT and temperature, K recovery 

capacity would decline certainly. Thus, it is difficult to 

let H.mediterranei dominate in reactor by only 

changing the operating conditions(HRT or 

temperature).  

Figure2 K recovery capacity of each combination of 

microorganisms under different operating conditions 

 

Appropriate additive load of H.mediterranei 
 

As the table2 shows, K content percentage in cells 

didn’t change a lot while adding different load of 

H.mediterranei. When the quantity of H.mediterranei 

added into unit volume of reactor per day was over 

488.5mg/L, the K recovered in unit volume of reactor 

per day was close to the value that H.mediterranei was 

the dominating species in reactor. It suggested that if 

the load of H.mediterranei added into unit volume of 

reactor per day was over 488.5mg/L, H.mediterranei 

would dominate in reactor and this solution can 

prevent the decline of K recovery rate. 

 

 

 

 

 

Characterization of contaminative microbe in chemostat reactor 

Species Halomonas taeanensis Idiomarina loihiensis 

Colonies Creamy 

aerobic, 

Gram-negative 

non-pigmented on marine 

agar 

Gram-negative 

Salinities 1–25% (w/v) NaCl 

(optimum at 10–12%) 

0.5-20% (w/v) NaCl 

(optimum 1–10%) 

Temperature 10 -45 ℃ (optimum 35 ℃) 4–46°C(optimum 37–40 °C) 

pH 7.0-10.0 (optimum 7.5–8.0) 5.5-10.0(Optimum pH 7.5) 

54.44 

27.88 

42.00 

17.31 

30.13 30.06 

22.66 

11.44 14.50 
10.78 

16.59 

11.78 
18.94 

12.08 
9.33 7.29 

14.90 

5.96 

0

10

20

30

40

50

60

H.M H.T I.I H.M+I.I+H.T H.M+I.I H.M+H.T

[38℃] quantity of K recovered in unit volume of 

reactor per day(mg/L/day)

HRT2

HRT4

HRT6

11.39 

3.25 
4.64 

0.00

2.00

4.00

6.00

8.00

10.00

12.00

Haloferax

mediterranei

Halomonas taeanensis Idiomarina loihiensis

K content percentage(%/vs) 

Different combination of microorganisms 



Table2 change of K recovery capacity with different additive 

concentration of H.mediterranei 

 

Conclusions 

 

This research has proved that when excess sludge 

was used as the nutrient source for the cultivation of 

H.mediterranei, other halophilic bacteria from sludge 

would interfuse into reactor and become the 

dominating species.  

In addition, since those contaminative bacteria 

can’t accumulate high concentration of K , if they 

dominate in reactor, the growth of H.mediterranei 

will be inhibited, which may lead to the decrease of 

the recovery quantity of K. Therefore, it’s necessary 

to prevent them from multiplying in quantity.   

Although adjusting HRT and temperature is 

difficult to achieve that objective, it’s feasible to add 

pure H.mediterranei to improve the ratio of it in 

reactor and ensure the recovery rate of potassium. 
 

Operating condition 

38℃ HRT2 

additive load of H.mediterranei to unit volume of 

reactor per day 

122.1 

mg/L/

day 

305.3 

mg/L/

day 

366.4 

mg/L/

day 

488.5 

mg/L/

day 

610.6 

mg/L/

day 

K content 

percentage(%/vs) 
9.33 7.92 7.84 8.99 8.35 

K recovered in unit 

volume of reactor 

per day(mg/L) 

32.37 39.73 40.19 48.02 49.34 

K+/Na+ in FS 0.121 0.196 0.183 0.197 0.256 


