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Isolation of an Aerobic Denitrifying Bacterial Strain and Its
Characterization in Nitrogen and Phosphorus Removal

YU Da-Yu" GUO Wei ZHANG Jin-Bang ZHANG He YANG Peng

(Department of Applied Chemistry and Biological Engineering, Northeast Dianli University, Jilin, Jilin 132012, China)

Abstract: Utilizing the enrichment substrate, an aerobic denitrifying bacterial strain with the capability of
phosphorus removal was screened from the activated sludge which had been domesticated by actual living
sewage. By the morphological observing and identification of the physiological and biochemical indexes, the
strain was identified to belong to Pseudomonas. The aerobic denitrifying bacterial strain was applied to deal
with the simulated and actual living wastewater. By inspecting the changes of total nitrogen, inorganic
phosphorus and CODcr in the wastewater, it was ascertained that the optimal wastewater treatment condi-
tions of the bacterial strain were C/N= 3, inoculated ratio= 10%, pH 6.8, 30°C, treatment time= 2 d. After the
activated sludge was strengthened by the aerobic denitrifying bacterial strain, its treatment capability for ac-
tual living sewage was improved, evidently.

Keywords: Aerobic denitrifying bacteria, Pseudomonas, Nitrogen and phosphorus removal, CODecr, Opti-
mal conditions
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CODcr ,
1 FefE
1.1 ##}
1.1.1  5iRFKiR: A2/0

112 BEAKKIR:
, 28 mg/L~32 mg/L;
CODcr 320 mg/L~342 mg/L;
0.18 mg/L~0.2 mg/L, NaOH HCI
pH

1.1.3 $EFEY. BTB( ) (3]
20 g/L; KNO; 1 g/L; KH,PO, 1 g/L; FeCl,-6H,0O
0.5 g/L; CaCl1,-7H,0 0.2 g/L; MgS047H,0 1 g/L;

8.5 g/L; BTB(1% ) I mL, [ mol/L
NaOH pH 7.0~7.3; LB KNOs 1 g/L;
KH,PO,4 1 g/L; FeCl,-6H,0 0.5 g/L; CaCl,"7H,0
0.2 g/L; MgSO47H,01 g/L; 8.5 g/L;

KNO; 0.6 g/L; KH,PO4 1 g/L; MgSO47H,0

1 g/L; 2.4 g/L 1.03<10° Pa,
20 min
1.2 FHi%
1.2.1 EHRRDBRFHE:
BTB , 30°C
2.d

>

LB ,
30°C 160 r/min 12h , 10%
50 mL , 30°C 160 r/min
1.2.2 EHRBIEE: D) ,
; 2)

(6]

1.2.3 SHENmEE & AE.
( ),
; ; N-(1-
)- ; ;
CODcr

1.2.4 37 B 0 B XT 48 B R 7K F0 A TR TR 7K RY &b
. 1.2.1

pH , 160 r/min
CODcr
,Kl K2 K3 1 2 3

; k ki ko ks
R [8]
1.2.5 FERRHELEMEESRMAELLE:
11 ,
30°C >

2 GR5R

2.1 BERBITRIEREE

R1 ERERE LT

Table 1 Physiological and biochemical characteristics of strain

V-P
Indexes  Potassium tartrate salt ~ Methylred ~ Vopes-prokauer test  Gelatin liquidized ~ Oxidase  Catalase Salt need
_ _ _ _ o o 2% need
Results 5% needless
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22 WFEREUYRLEBELEKOHAR CODcr
221 EHBFSUEERRE. BE. XBREH0E
T4 , 2

x2 BEHBIFSUERBRE. B, £ CODer R

Table 2 Aerobic characteristic, denitrification, dephosphorization and CODcr removal of strain

Aerated Airproof
Detected items 1d 2d 3d 1d 2d 3d
Dissolved oxygen 5.8 9.8 9.8 5.8 5.0 3.8
TN removal rate 22.47 70.79 69.66 33.33 42.53 43.9
NO;™ removal rate 29.51 52.48 52.11 21.99 38.78 32.41
NO,™ increase amount 2.95 1.55 1.181 2.9 3.075 2.25
Inorganic phosphorus removal rate 20 23.1 21.4 19.9 14.2 7.8
CODcr removal rate 96.31 95.54 95.96 93.35 97.02 96.32
2 , 2 CODcr ,
) L, ) ,
;2 ) ,
, 222 iR, RiR. CO/N RBBREMTFERBELEN
, , AR C/N
pH
o1, , 6.8 30°C , ,
’ ’ 2d, CODcr
[10] s 3~5
’ ’ (1]
’ ) %3 BE. BE. BRAMAEREE
; C/N EXREEFKTFER
, , Table 3 Factors and levels in orthogonal experiment of
carbon source, nitrogen source, phosphate and C/N
’ Factors
’ A B c
> Levels Sodium Potassium Potassium dihydrogen
succinate (g/L) nitrate (g/L) phosphate (g/L)
’ ’ 1 0.8 0.2 0.3
2 2.4 0.6 1.0
’ 3 7.2 1.8 3.0
) 2 ) )
) CODcr s
, 2 17.54  22.61;
, s 10.45 CODcr
s , 3 s 3
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x4 WR. RR. BEREMAEREE CNEXIRERDH

Table 4 Results of orthogonal experiment of carbon source, nitrogen source, phosphate and C/N

Factors combination CODer .

Number N B C CODcr removal rate (%) TN removal rate (%) Inorganic phosphorus removal rate (%)
1 1 1 1 100 71.91 40.55
2 1 2 2 98.14 71.57 41.42
3 1 3 3 98.64 58.44 35.78
4 2 1 3 95.37 65.1 26.89
5 2 2 2 95.37 79.41 35.41
6 2 3 1 38.23 66.67 2.82
7 3 1 2 90.73 75.36 33.44
8 3 2 3 93.51 75.66 17.26
9 3 3 1 98.15 70.2 40.98

x5 Wik, RiR. BEREMAEREE C/NEXIRERSH

Table 5 Results analysis of orthogonal experiment of carbon source, nitrogen source, phosphate and C/N

CODcr
CODcr removal rate (%) TN removal rate (%) Inorganic phosphorus removal rate (%)
K1 296.78 286.1 236.38 K1 201.92 212.37 208.78 K1 117.75 100.88 84.35
K2 228.97 287.02 284.24 K2 211.18 226.64 226.34 K2 65.12 94.09 110.27
K3 282.39 235.02 287.52 K3 221.22 195.31 199.2 K3 91.68 79.58 79.93
ke 98.93 95.37 78.79 iy 67.31 70.79 69.59 Iy 39.25 33.63 28.12
2 76.32 95.67 94.75 ke 70.39 75.55 75.45 ke 21.71 31.36 36.76
ks 94.13 78.34 95.84 ks 73.74 65.1 66.4 ks 30.56 26.53 26.64
R 22.61 17.33 17.05 R 6.43 10.45 9.05 R 17.54 7.1 10.12
A>B>C, 1 g/L, C/N 3:1,
, ) 79.41%, CODcr 95.37%,
: A2B3Cl1 35.41%
2.82%, 223 BEEENFERBEAEAAEEKBRGE
2.4 g/L, 1.8 g/L , e -
C/N CODcr ,
, 2.5% 5% 10%
A2B2C2, 20% , pH 6.8 30°C
2.4 g/L, 0.6 g/L, 3d, 1
A B C
100 1 A% 100 1 50
_ = S .
X 1 B 1 2 ~
< 90 Fé 90 g 40
S ] Z o
= 80 1 Z 80 1 £E 30
> =) &
) ) o S
g 70 1 = 70 1 E g
I oy $E 20
Q (o) o =
: :
5 60 b 60 1 10
S
50 T w T " 50 T T T " 0 T " T "
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
1(d) 1(d) t(d)

E1 TREEEMERERANY. RE. BRBEROZME
Fig. 1 Effects of bacteria rate on denitrification, dephosphorization and CODcr removal
Note: ®: 2.5% of bacteria; 0: 5% of bacteria; ¥: 10% of bacteria; A: 20% of bacteria. All data are expressed as X £ S (n =3).
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s CODcr CODcr 3
, 2.5% 10% , 3 C>B>A,
, pH
, 10% ,
23 WFEREUAHELEBEERKEOHR A2B2C2, pH 6.8, 30°C, 2

b E

F6 EHRAEBEFRAGERFHEILERZKTER

Table 6 Factors and levels in orthogonal experiment of

pH optimal treatment conditions of strain for actual living
5 , wastewater
6~8 Factors
Levels A pH B °C) C )
CODcr , 1 5.8 25 1
36.49 11.66  30.1; CODer 2 6.8 30 2
3 7.8 35 3

, 26.72 13.72;

R7T EHRLBEFEERKSREFHFERIEER

Table 7 Results of orthogonal experiment of optimal treatment conditions of strain for actual living wastewater

Number AFactors c](;mbinationc CODCc:rO rlz::oval rate (%) TN removal rate (%) Inorganic phosphorus removal rate (%)

1 1 1 1 37.5 20.48 14

2 1 2 2 71.43 66.2 21.74
3 1 3 3 77.78 45.59 22.52
4 2 1 3 82.5 48.9 7.83
5 2 2 2 80 68.09 17.13
6 2 3 1 35.71 48.6 8.72
7 3 1 2 76.76 55.66 20.41
8 3 2 3 73.6 51.45 10.44
9 3 3 1 70.37 11.41 1.57

x8 EMAEBERRKEREFHERIBRERSN

Table 8 Results analysis of orthogonal experiment of optimal treatment conditions of strain for actual living wastewater

CODcr

CODcr removal rate (%) TN removal rate (%) Inorganic phosphorus removal rate (%)
K1 186.71 196.76 143.58 K1 132.27 125.04 80.49 K1 58.26 42.24 24.29
K2 198.21 225.03 228.19 K2 165.59 185.74 189.95 K2 33.68 49.31 59.28
K3 220.73 183.86 233.88 K3 118.52 105.6 145.94 K3 32.42 32.81 40.79
ky 62.24 65.59 47.86 k 44.09 41.68 26.83 ki 19.42 14.08 8.10
k> 66.07 75.01 76.06 k> 55.20 61.92 63.32 k> 11.23 16.44 19.76
) 73.58 61.29 77.96 ks 39.51 352 48.65 ks 10.81 10.94 13.60
R 11.34 13.72 30.1 R 15.69 26.72 36.49 R 8.61 5.5 11.66
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68.09%, CODcr 80%,
17.13% CODcr , 2
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R CODcr

>
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@}
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> £ = &
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Fig. 2 Effects of activated sludge and strengthened sludge by bacteria on CODcr removal,
denitrification and dephosphorization
Note: o: activated sludge; o: strengthened sludge by bacteria. All data are expressed as X £ S (n =3).
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