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ABSTRACT 

Bacterial strains in an activated sludge aerobic reactor from a coke wastewater were found to be able to utilize thiocy- 
anate as carbon source when the thiocyanate-containing wastewater was deprived of carbon source. This study showed 
that three thiocyanate-oxidizing bacterial strains, Burkholderia sp., Chryseobacterium sp., and Ralstonia sp. were iso- 
lated from the activated sludge of a coke wastewater treatment plant as evidenced by the fact that complete decomposi- 
tion of thiocyanate was achieved either by coculture or individual pure culture. The thiocyanate biodegradation by the 
coculture occurred with an optimal pH range between 6.5 and 8.5 and an optimal temperature range between 30˚C and 
40˚C. The biodegradation kinetics of thiocyanate was well fitted with the Andrew-Haldane model, which demon- 
strated a distinct substrate concentration-inhibited bacterial growth pattern. The effects of different types of additional 
carbon, nitrogen or sulfur sources on thiocyanate biodegradation were also investigated. Analysis of the end-products 
indicated that thiocyanate degradation by these strains should proceed via two pathways. 
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1. Introduction 

Coke wastewater is a typical industrial wastewater pri- 
marily present in most of steel production facilities, as 
coke produced by heating coal in the absence of air is an 
indispensable material in the metallurgical industry. The 
liquid effluent of coking process contains considerable 
amounts of toxic compounds such as phenol, benzene, 
pyridine, quinoline, ammonium, thiocyanate and cyanide 
[1]. Current laboratory and field studies [2,3] have dem- 
onstrated that activated sludge systems are effective in 
removing these compounds particularly under aerobic 
conditions. In this manner, the degradation of phenols 
and other readily biodegradable substrates always pro- 
ceeds much faster than thiocyanate degradation [4]. Nev- 
ertheless, the aerobic reactor has the capability of re- 
moving thiocyanate as evidenced from our field data 
(obtained from a real coke wastewater treatment plant 
located in Shaoguan, Guangdong, China). We observed 

distinct removal of thiocyanate when phenol concentra- 
tions were less than about 5 mg·L−1. Thus, the thiocy- 
anate-oxidizing bacteria available in the activated sludge 
were believed to be responsible for thiocyanate biode- 
gradation due to the consumption of readily biodegrad- 
able carbon sources by heterotrophic bacteria. 

It is well documented that the aerobic microbial at- 
tacked on thiocyanate occurred as follows [5,6]. That is, 
thiocyanate was hydrolyzed to cyanate (OCN−) and sul- 
fide (S2−), followed by further hydrolyzation of cyanate 
to ammonium ( 4NH ) and oxidation of sulfide to sulfate 
( 2

4SO  ). The overall process is summarized by the sim- 
plified reaction: 

2 2

2
3 4 4

SCN 3H O 2O

HCO NH SO H



   

 

   
         (1) 

This unique ability makes thiocyanate-oxidizing strains 
attractive for applications in treating real industrial 
wastewater containing thiocyanate since this toxic com- 
pound is thought to be recalcitrant to biodegradation by *Corresponding author. 
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many heterotrophs [7,8]. To date, several microorgan- 
isms able to grow using thiocyanate as sole carbon, ni- 
trogen, and sulfur sources have been reported. These in- 
clude Klebsiella [9] isolated from a gold mine soil, 
Thiobacillus [10] isolated from the activated sludge used 
for the treatment of wastewater from a coke-oven factory, 
Acinetobacter and Pseudomonas [11] isolated from a 
sludge suspension of an urban sewage treatment plant, 
Ralstonia eutropha, Bosea thiooxidans and Sphingomo- 
nas paucimobilis [12] isolated from a gold mine tailings 
reservoir, and Thioalkalimicrobium and Thioalkalivibrio 
[13] isolated from a soda solonchak soil. 

In the present work, efforts were devoted to investi- 
gating the thiocyanate-oxidizing strains from the acti- 
vated sludge of a coke wastewater treatment plant 
(Shaoguan, China) which has undergone long-term stable 
operation. Pure culture or coculture of three bacterial 
strains including Burkholderia sp., Chryseobacterium sp., 
and Ralstonia sp. were obtained to be able to discompose 
thiocyanate in the absence of external carbon sources. 
Among which, Burkholderia sp. and Chryseobacterium 
sp. were the newly reported strains capable of growing 
with thiocyanate as sole carbon source. The determina- 
tion of optimal bacterial growth conditions and the esti- 
mation of biokinetic parameters such as bacterial growth 
rate and yield were performed. The biokinetics of the 
thiocyanate biodegradation process were studied by fit- 
ting the experimental data of the specific bacterial grow- 
th rates with the Andrew-Haldane model [14]. Moreover, 
the end-products of thiocyanate degradation were ana- 
lyzed. 

2. Materials and Methods 

2.1. Enrichment and Isolation of 
Thiocyanate-Oxidizing Bacteria 

The mineral base growth medium for enrichment and 
isolation of thiocyanate-oxidizing bacteria contained (per 
liter) 7.0 g of K2HPO4, 56 g of NaH2PO4, 4.13 g of 
MgCl2·6H2O, 0.5 g of FeCl3·6H2O, 1 g of CaCl2·2H2O 
and KSCN (its concentration was varied depending on 
the degradation tests) as sole carbon, nitrogen and sulfur 
sources. Two mL of a trace element solution consisting 
of 0.2 g·L−1 CuCl2, 0.5 g·L−1 KI, 2 g·L−1 MnCl2·H2O, 2 
g·L−1 ZnCl2·7H2O, 2.5 g·L−1 HBO3, 1 g·L−1 Na2MoO4·2H2O 
was also added to the growth medium (1 L). The medium 
pH was adjusted by adding diluted NaOH or HCl solu- 
tion. The Luria-Bertani (LB) culture medium was com- 
posed of 0.3% beef extract, 1% peptone, 0.5% NaCl with 
a controlled pH of 7.6. 

Samples of the activated sludge were obtained from 
the aerobic tank of the Shaogang Coke Wastewater 
Treatment Plant. The sludge was starved of solute or- 
ganic carbon after being strongly agitated for three days. 

Then 10 mL of suspension was inoculated in a 250 mL 
Erlenmeyer flask containing 100 mL mineral medium 
and 100 mg·L−1 SCN−. The flasks were placed on an or- 
bital shaker at 32˚C, 200 rpm for bacterial inoculation. 
The enrichment of culture was carried out by stepwise 
increase in thiocyanate concentration of 100, 300, 500, 
700 and 1000 mg·L−1 when thiocyanate was completely 
degraded. Samples of the acclimatized cultures were 
plated on LB medium solidified with 2.5% agar, in which 
individual colonies were purified and tested for aseptic 
growth in the mineral medium. The plates were incu- 
bated at 32˚C for 3 - 5 days. Three morphologically dif- 
ferent bacterial isolates denoted as SCN-1, SCN-2 and 
SCN-3 were isolated and purified. 

2.2. DNA Extraction, PCR Amplification and 
Sequencing 

Isolates were then subjected to identification using 16S 
rRNA analysis followed by comparison with database 
sequences. To sequence the 16S rRNA gene of the iso- 
lates, polymerase chain reaction (PCR) amplification of 
16S rRNA gene sequences was carried out using the 
primers F27 (5’-AGAGTTTGATCCTGGCTCAG-3’) and 
R1522 (5’-AAGGAGGTGATCCAGCCGCA-3’). The 
bacteria were placed in 20 μL sterilized deionized water 
and then boiled for 5 min to prepare the PCR template 
for 16S rRNA fragment sequencing. PCR amplification 
was conducted in an automated thermal cycler (PTC-200, 
MJ Research, USA) using the following protocol: initial 
denaturation for 4 min at 94˚C and 30 cycles of denature- 
tion for 1 min at 94˚C, annealing for 1 min at 55˚C, ex- 
tension for 1.5 min at 72˚C, followed by a final extension 
for 7 min at 72˚C. PCR mixtures (50 μL) contained 41.2 
μL of deionized H2O, 5.0 μL of 10 × PCR buffer, 1.0 μL 
of dNTPs (10 mM), 1.0 μL of primer F27 (10 μM), 1.0 
μL of primer R1522 (10 μM), 0.3 μL of DNA template, 
and 0.5 μL of Taq DNA Polymerase (5 U(μL)−1). The 1.4 
kb PCR fragments of each strain was sequenced at the 
Shanghai Sangon Biological Engineering Technology & 
Services Co., Ltd. and the sequences were logged in 
GenBank to compare with registered/submitted sequ- 
ences. 

The 16S rRNA sequences of the isolates were com- 
piled and concatenated in FASTA format. The concate- 
nated sequences were first aligned using CLUSTALX 
(version 1.83). Each output alignment was then con- 
verted to FASTA format using BIOEDIT. The alignment 
was then converted to MEGA format for phylogenetic 
analyses. Distance analyses were performed with the 
MEGA3 (version 3.0) package using the Neighbor-Join- 
ing (NJ) method with Kimura 2-model. The reliability of 
the phylogenetic analysis was subjected to a bootstrap 
test with 1000 replicates. 
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2.3. Effects of Different Operational Parameters 
on Thiocyanate Biodegradation 

The coculture obtained was tested for thiocyanate bio- 
degradation at different pH, temperature and initial thio- 
cyanate concentrations. Thiocyanate degradation rate 
was defined as 

0 tC C
V

T


                   (2) 

where V (mg·L−1·h−1) is thiocyanate degradation rate, C0, 
Ct (mg·L−1) are initial thiocyanate concentration and 
concentration at time T (h), respectively. To optimize the 
operational parameters, batch tests of thiocyanate degra- 
dation were performed by varying pH in the range of 3.5 - 
9.5 and temperature in the range of 20˚C - 40˚C. The 
tolerance thiocyanate concentration and the inhibition of 
the bacterial growth were evaluated by changing its con- 
centration from 50 - 3200 mg·L−1. The effect of addi- 
tional carbon, nitrogen or sulfur nutrient on thiocyanate 
biodegradation efficiency was examined by supplement- 
ing different types of materials including carbon source 
like glucose, sucrose, starch and sodium acetate (150 
mg·L−1 for each), nitrogen source like KNO3, NH4Cl, 
urea and peptone (150 mg·L−1 for each), or sulfur source 
like Na2SO4, Na2SO3, sulfur, Na2S, and Na2S2O3 (150 
mg·L−1 for each) to the mineral medium, respectively. 
All the experiments were conducted in a 250 mL flask 
filled with the mineral medium and at shaking conditions 
(200 rpm). 

2.4. The End-Products Analysis 

Shake flask (150 ml medium in 250 ml flask) experi- 
ments were carried out for biodegradation of thiocyanate. 
During this process, ammonia and sulfate concentrations 
in the medium were measured for the identification of 
final products. 

2.5. Analytical Methods 

The supernatant (1 mL) was taken at different time in- 
tervals from each flask and filtered with a 0.45 µm filter 
paper. The residual thiocyanate concentration was ana- 
lyzed colorimetrically as ferric thiocyanate with tripli- 
cates. Control experiments were conducted with an un- 
ionculated flask. The dry weight of bacterial cell was 
determined by centrifugation (5000 g for 15 min), wash- 
ing (0.15 mol·L−1 phosphate buffers), and drying (105˚C) 
of the cell to constant weight. Ammonia concentrations 
were analyzed by Nessler reagent colorimetric methods. 
Sulfate concentrations were analyzed by using an ion- 
chromatograph (Dionex ICS-2000, USA) with an Ionpac 
AG4A-SC/AS4A-SC column pair and eluted isocratic- 
cally with 1.0 mM NaHCO3/3.5 mM Na2CO3 at 1 
ml·min−1. 

3. Results and Discussion 

3.1. Isolation and Identification of 
Thiocyanate-Oxidizing Bacteria 

Starting with the activated sludge from the aerobic tank 
of the coke wastewater treatment plant, the microbial 
population was acclimated to a mineral medium with 
thiocyanate as sole carbon, nitrogen and sulfur sources. 
After three-month selective enrichment, thiocyanate-de- 
grading microorganisms were cultured by successive 
passages in the mineral medium. Figure 1 shows the 
decomposing of 500 mg·L−1 thiocyanate by the enrich- 
ment cultures at initial pH 7.0. After a lag period of 20 h 
for the microbial growth in relation to a slow rate of 
thiocyanate removal, concentrations of thiocyanate rap- 
idly decreased over time during which concentrations of 
cell dramatically increased and eventually reached a rela- 
tively steady value. A complete disappearance of thio- 
cyanate was detected within 90 h. These results clearly 
indicate the growth and proliferation of strains enriched 
from the active sludge since no other organic compounds 
as a carbon source were added to the liquid medium. 

Similar to that observed in a previous report [13], the 
enrichment cultures were not able to form colonies on the 
agar medium containing thiocyanate. Instead, a LB agar 
medium was chosen to obtain microbial colonies from 
the enrichment cultures. Three morphologically distinc- 
tive colonies named SCN-1, SCN-2 and SCN-3 were 
isolated after 3-day incubation. The phylogenetic analy- 
sis of the three strains on the based of 16S rRNA se- 
quences demonstrated that SCN-1, SCN-2 and SCN-3 
belonged to the genus Burkholderia sp., Chryseobacte- 
rium sp. and Ralstonia sp. (with 99% 16S rRNA se- 
quence similarity for each), respectively (Figure 2). The 
three strains were deposited in National Center for 
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Figure 1. Growth curve of thiocyanate-degrading bacteria 
t 32˚C and pH 7.0 and under agitation (200 rpm). a       
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Figure 2. Neighbor-Joining trees of SCN-1, SCN-2 and SCN-3 and phylgenetically related bacteria constructed on the basis of 
their 16S rRNA sequences. GenBank accession numbers are given beside the strain numbers and bootstrap probability val- 
ues (based on 1000 replications) are indicated the major branch points. 
 
Bio-technology Information (NCBI), USA with the ac- 
cession numbers of GU966532, GU966533 and GU- 
966534, respectively. 

The abilities of three pure strains for thiocyanate deg- 
radation were also examined. Plots of thiocyanate con- 
centration decreased as a function of incubation time ex- 
hibited distinctly similar trends (Figure 3) for all the 
pure strains, indicating that each of them can work as an 

efficient thiocyanate-oxidizing strain. It was evident from 
Figure 3 that Burkholderia sp. has the relatively strong- 
est ability to decompose thiocyanate, as the time required 
for the complete disappearance of thiocyanate by Burk- 
holderia sp. (70 h) was shorter than that associated with 
Chryseobacterium sp. (120 h) or Ralstonia sp. (80 h). A 
previous study [15] showed that Ralstonia sp. in combi- 
nation with Klebsiella pneumoniae were able to utilize 
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Figure 3. Comparison of thiocyanate biodegradation by 
Burkholderia sp., Chryseobacterium sp., and Ralstonia sp. in 
the mineral medium containing 500 mg·L−1 thiocyanate at 
32˚C, pH 7.0 and under agitation (200 rpm). 
 
thiocyanate as nitrogen source, but the individual contri- 
bution of this strain to the biodegradation of thiocyanate 
was not investigated, which indicated that they were 
cometabolic degradation. Burkholderia sp. were reported 
to be able utilize thiocyanate only when glucose were 
present. No reports concerning the biodegradation of 
thiocyanate as a carbon source of Chryseobacterium sp. 
were found in the literature. 

3.2. Effects of Initial pH, Temperature and 
Initial Thiocyanate Concentration on 
Thiocyanate Degradation 

Biodegradation of thiocyanate by strains has been re- 
ported to be sensitive to the initial pH of medium, be- 
cause the variations in pH values may influence three- 
dimensional shape of the enzymes in the microorgan- 
isms. Figure 4 shows the pH-dependent thiocyanate de- 
gradation rate in the presence of coculture isolated from 
the coke wastewater. The coculture was able to degrade 
thiocyanate effectively in the pH ranging from 6.5 to 8.5, 
a relatively wider pH range that it can tolerate as com- 
pared to many organisms reported elsewhere [9,16-18]. 
For example, the degradation of thiocyanate was inhib- 
ited even by a small change in pH (0.2 - 0.5 units) for 
Thiobacillus thioparus THI115 [10] and Acremonium 
strictum [19]. The fastest degradation was observed at 
pH 7.7 with a degradation rate of 7.5 mg·L−1·h−1. Degra- 
dation of thiocyanate was significantly decreased when 
pH was modulated below 6.0 or above 9.0. These obser- 
vations imply that the coculture of Burkholderia sp., 
Chryseobacterium sp., Ralstonia sp. can be considered to 
be neutrophilic bacteria, similar to Klebsiella sp. [9], Thi- 
obacillus sp. [17], and Pseudomonas putida [16] which 
were found to be well grown at an optimum pH ranging 

from 7.0 to 8.0. 
Temperature of the growth medium is another impor- 

tant factor affecting thiocyanate degradation. Figure 5 
illustrates that the coculture used in the present study was 
able to effectively degrade thiocyanate at temperature 
range between 30˚C - 40˚C. The highest degradation rate 
of 7.2 mg SCN− L−1·h−1 was obtained when the tempera- 
ture was controlled at 35˚C. This result was in agreement 
with Klebsiella pneumonia and Ralstonia sp. which en- 
abled thiocyanate removal potential at optimal tempera- 
ture ranging from 30˚C to 40˚C [16]. In contrast, several 
researchers demonstrated that Klebsiella [9], Pseudomo- 
nas diminuta, Acinetobacter johnsonii [11] degraded thi- 
ocyanate efficiently at 25˚C to 30˚C. 

To determine the effect of the initial thiocyanate con- 
centration on its degradation rate, a series of batch ex- 
periments were conducted at optimized pH (7.7) and 
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Figure 4. Effect of pH on thiocyanate biodegradation by the 
co-culture in the mineral medium containing 300 mg·L−1 
thiocyanate under agitation (200 rpm). 
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Figure 5. Effect of temperature on thiocyanate biodegrada- 
tion by the coculture in the mineral medium containing 300 
mg·L−1 thiocyanate under agitation (200 rpm). 
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utilizing thiocyanate exhibited a larger degradation rate 
than the growth of Burkholderia sp., Chryseobacterium 
sp., Ralstonia sp. 

temperature (35˚C) with the thiocyanate concentration 
varying in the range of 50 to 3200 mg·L−1. Figure 6 pre- 
sents the removal of thiocyanate over incubation time 
with the various thiocyanate concentrations. Of particular 
note was the apparent zero-order degradation kinetics 
observed in all the samples. The apparent degradation 
rates were thus calculated from the zero-order kinetics 
law equation. Increasing the initial thiocyanate concen- 
tration from 250 to 3200 mg·L−1 resulted in an increase 
in the degradation rate. However, the plot did not exhibit 
a linear relationship between them, but indicated a sub- 
strate inhibition pattern. Similar observations of such an 
inhibition effect by thiocyanate were also reported in other 
microorganisms for thiocyanate degradation [14,15,20]. 

3.3. Biokinetics of Thiocyanate Degradation 

Non-linear regression analysis was performed to estimate 
the biokinetic parameters of thiocyanate degradation us- 
ing the Andrew-Haldane model [14] as described by the 
following equations. 

max
2

S
i

S

S
K S

K

 


 
                (3) 

 
The coculture had maximum tolerance concentration 

of 3200 mg·L−1 at which the degradation rate of thiocy- 
anate was 350 mg·L−1·d−1. Comparisons of these values 
with those associated with other bacteria were carried out 
as shown in Table 1. All these degradation tests were 
conducted under the batch conditions. It can be seen that 
the value of 3200 mg·L−1 represents the highest thiocy- 
anate tolerance concentration among all the bacteria 
listed in Table 1. For example, it was more than one or- 
der of magnitude larger than the tolerance concentration 
(250 mg·L−1·d−1) in relation to Klebsiella sp. [14]. More- 
over, the degradation rate obtained at the tolerance con- 
centration in this study was found to be larger than those 
obtained in most of the reported bacteria [11-14,21-24]. 
The heterotrophic growth of Klebsiella pneumoniae and 
Ralstonia sp. [15] with the help of additional glucose  
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Figure 6. Effect of initial concentration of thiocyanate on 
thiocyanate biodegradation by the coculture at pH 7.7, 35˚C 
and under agitation (200 rpm). 

 
Table 1. Comparisons of thiocyanate biodegradation by different bacterial strains with batch tests. 

Strains Growth type 
Concentration

(mg·L−1) 
Time 

Degradation rate
(mg·L−1·d−1) 

pH 
Temperature

(˚C) 
References

Klebsiella pneumoniae and  
Ralstonia sp. 

glucose as carbon source 2500 120 h 500 5 - 7 30 - 40 [15] 

Proteobacteria  
(gamma-Proteobacteria) 

acetate as carbon source 290 2 weeks 21 10 N.A. [13] 

Ralstonia eutropha, Bosea  
thiooxidans and  
Sphingomonas paucimobilis 

autotrophic 550 48 h 275 6.2 - 7.8 28 [12] 

Thialkalivibrio 
thiocyanodenitrificans sp. nov. 

nitrate as electron acceptor 970 30 - 40 d 32 >9 28 [24] 

Klebsiella sp autotrophic 250 6 d (80%) 33 7 38 [14] 

Thioalkalimicrobium and  
Thioalkalivibrio 

autotrophic 639 10 d 64 10 — [13] 

Mix culture autotrophic 59 6 h (26.6) 130 — 23 ± 2 [22] 

Pseudornonas and 
Bacillus 

autotrophic 1400 6 d 233 — — [21] 

Acinetobacter johnsonii and  
Pseudomonas diminuta 

autotrophic 1400 4 d 350 7.6 28 [11] 

Burkholderia sp.,  
Ralstonia sp. and 
Chryseobacterium sp. 

autotrophic 3227 218 h 355 6 - 8 35 This study
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m sS K K i                    (4) 

max
max

2 1s
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K
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              (5) 

where µmax (d−1) is the maximum specific growth rate 
(the rate may approach µmax but will never reach it, d−1); 
S (mg·L−1) is the substrate concentration; Ks (mg·L−1) is 
the half saturation coefficient, numerically equal to the 
substrate concentration at which the specific growth rate 
is half of the maximum rate; Ki (mg·L−1) is the inhibition 
coefficient; Sm (mg·L−1) is the maximal substrate con- 
centration resulting in the apparent maximum growth rate; 
and max  (d−1) is the apparent maximum specific grow- 
th rate if the substrate is inhibitory. 

Figure 7 shows the plots of obtained and simulated 
specific growth rates against the initial thiocyanate con- 
centration in the batch tests at pH 7.7 and 35˚C. The high 
determination efficient (0.91) approximate to 1 suggests 
this substrate-inhibition model is adequately fitted with 
the experimental data. The derived values of μmax, Ks, Ki, 
Sm and max  were 0.75 d−1, 332.75 mg SCN−·L−1, 
881.05 mg SCN−·L−1, 541.45 mg SCN−·L−1 and 0.32 d−1, 
respectively. 

3.4. Growth Stimulants of 
Thiocyanate-Oxidizing Bacteria 

Different external carbon, nitrogen and sulfur nutrients  

were added to the thiocyanate-containing medium in or- 
der to examine whether these additives can stimulate or 
inhibit thiocyanate biodegradation by the coculture. Ta- 
ble 2 compared the influences of various additives on 
biomass production and thiocyanate biodegradation. 
Clear visible was that a significant increase in biomass 
production was obtained when glucose or acetate was 
used an additional carbon source. In contrast, these two 
substrates caused a significant decrease in thiocyanate 
biodegradation rate, suggesting that the coculture prefers 
to utilize glucose or acetate rather than thiocyanate as the 
carbon source. The amendment of sucrose or starch gave  
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Figure 7. Evolution of specific growth rate of the coculture 
as a function of initial thiocyanate concentration in the 
batch tests at pH 7.7, 35˚C and under agitation (200 rpm). 

 
Table 2. Effects of additional carbon, nitrogen or sulfur sources on thiocyanate biodegradation by the coculture. 

Additional substrates 

Type Substrates 
Generation time (h) Degradation rate (mg·L−1·h−1) Biomass production (mg·L−1) 

Control 79.4 10.5 3.5 

Glucose 22.0 8.4 14.9 

Sucrose 69.1 10.8 4.7 

Starch 75.1 10.3 3.7 
Carbon 

Acetate 38.5 4.8 7.0 

Peptone 28.9 12.7 11.1 

Urea 72.9 6.2 4.0 

Ammonium chloride 67.9 10.4 3.7 
Nitrogen 

Nitrate 54.0 7.8 4.9 

Thiosulphate 89.6 8.2 4.1 

Sulfate 5861.7 0.6 0.040 

Sulfite 77.7 5.6 4.2 

Sulfide 98.7 8.5 3.2 

Sulfur 

Sulfur 78.8 11.3 3.3 
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rise to a negligible effect on the growth of the coculture. 
The presence of urea, nitrate or ammonium chloride as a 
nitrogen source did not significantly improve the bacte- 
rial proliferation, but the former two sources caused a 
distinct decrease in the degradation rate. It was noted that 
the addition of peptone was effective in enhancing bio- 
mass production and thiocyanate biodegradation. The 
presence of thiosulphate, sulfate, sulfite or sulfide as a 
sulfur source also caused a decrease in the degradation 
rate. Especially when sulfate was used, the production of 
bacteria was almost completely prevented. The addition 
of sulfur to the growth medium was beneficial for thiocy- 
anate biodegradation. 

3.5. The End-Products of Thiocyanate 
Degradation 

The products generated in the medium during thiocy- 
anate degradation were analyzed. Thiocyanate depletion 
with concomitant accumulation of ammonium nitrogen 
and sulfate confirmed that the end oxidation compounds 
of thiocyanate degradation were ammonium nitrogen and 
sulfate. Equation (1) represents the thiocyanate transfor- 
mation to various end-products. 

Table 3 shows the mass balance during thiocyanate 
degradation. The overall mass balance recoveries in con- 
version of nitrogen and sulfur of thiocyanate into ammo- 
nium and sulfate were 97.2% and 86.9%, respectively. 
Different from the final ratio of nitrogen recovery, the 
conversion of SCN−-N to 4NH -N was about 90% when 
thiocyanate was completely degraded prior to the decay 
phase. As no other nitrogen compounds (i.e., nitrite and 
nitrate) was detected, the diminution of these ratios could 
be explained by bacterial cell synthesis. Continuous in- 
crease in 4 -N concentration after the complete deg- 
radation of thiocyanate was likely due to endogenous 
decay of the cell mass. Similar conversion ratios near 
100% have been reported in previous studies using Kleb- 
siella sp. [14], Acremonium strictum [19] and consortium 
of bacteria [11]. 

NH

As illustrated above, the production of ammonium was 
in good balance with consumed thiocyanate; however,  

the sulfur balance was not achieved. The sulfur balance 
performed in Table 3 shows that the weight ratio of 

2
4SO  -S/SCN−-S is 0.8, compared with a theoretical 

value of 1.0 in reaction (1). After the complete degrada- 
tion of thiocyanate, sulfate concentration increased slow- 
ly. The conversion ratio was relatively lower than previ- 
ous works [11,14,21]. It is known that sulfur contributes 
a minor effect to bacterial cell synthesis because bacterial 
cell mass usually contains sulfur less than 1%. As a re- 
sult, microbial sulfur uptake was indeed insignificant. 
Hung et al. [25] have reported that elemental sulfur (S0) 
was present during the aerobic degradation of thiocy- 
anate by activated sludge-derived culture. Therefore, the 
yellow particles visible during incubation in these ex- 
periments were supposed to be elemental sulfur. The fol- 
lowing equation may occur during thiocyanate degrada- 
tion by the isolated bacteria: 

0
2 2 2 4SCN 3H O 0.5O CO S NH 2OH         (6) 

According to the previous study [25], elemental sulfur 
was thought to play an important role in energy reserve 
for sulfur-oxidation bacteria. When the supply of other 
sulfur species was depleted, additional energy could be 
obtained from oxidation of the sulfur deposits [26]: 

0 2
2 2 4S H O 1.5O SO 2H 589.1 kJ reaction      (7) 

In the light of above discussion, elemental sulfur 
should be another sulfur product of thiocyanate degrada- 
tion, which indicated that three strains may follow dif- 
ferent kinds of degradation pathways. 

4. Conclusion 

Thiocyanate is an important component in coke waste- 
water, accounting for 15% of the total COD. Thiocyanate 
autotrophs were believed to be responsible for thiocy- 
anate decomposition when the biodegradable carbon 
sources are consumed by heterotrophic bacteria. Here, 
we showed that three bacterial strains including Burk- 
holderia sp., Chryseobacterium sp., and Ralstonia sp., 
isolated from a local coke wastewater treatment plant, 
can utilize thiocyanate as sole carbon source. At pH 7.7 

 
Table 3. Recoveries of thiocyanate to sulphate and ammonia during different assays for increasing initial thiocyanate concen- 
trations. 

Test 
Concentration of  

SCN− (mg/L) 
SCN−-N 
(mg/L) 

4NH -N 

(mg/L) 

Ratio of N 
recovery (%) 

SCN−-S 
(mg/L) 

2

4SO   

(mg/L) 

2

4SO  -S 

(mg/L) 

Ratio of S  
recovery (%) 

1 244.4 59.0 55.1 93.5 134.8 359.6 119.9 88.9 

2 408.0 98.5 96.7 98.2 225.1 622.1 207.4 92.1 

3 666.7 160.9 159.4 99.1 367.8 962.7 320.9 87.2 

4 793.8 191.6 188.1 98.2 438.0 1041.9 347.3 79.3 

mean    97.2    86.9 
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and 35˚C, the thiocyanate biodegradation proceeded with 
the highest rate, following the substrate inhibition pat- 
tern. This study may provide useful insights into the de- 
sign and operation of a large-scale aerobic bioreactor 
using the bacteria obtained from this study for the treat- 
ment of thiocyanate in the coke wastewater. 
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