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Treatment of shrimp wastewater by combination of immobilized
nitrifying bacterial consortia and selected Bacillus population

QI Zi-Zhong' YANG Kuang' CHENG Cheng® LIU Zi-Xia' HAN Yin"

(1. College of Marine Life Sciences, Ocean University of China, Qingdao, Shandong 266003, China)
(2. Qingdao BeiBao Marine Science and Technology Co. Ltd., Qingdao, Shandong 266400, China)

Abstract: [Background] The highly intensification of shrimp culture industry is facing an
increasingly serious problem in water pollution. Simultaneously and high-efficiently degradation of
organic matter, ammonia and nitrite in shrimp wastewater is one of important guarantees for the
sustainable and healthy development of aquaculture. [Objective] In order to promote sustainable
development of Litopenaeus vannamei culture in China, high-efficiently degradation of organic
matter, ammonia and nitrite of aquaculture wastewater was developed by combination of
immobilized nitrifying bacterial consortia (NBC) and selected Bacillus population. [Methods]
High-throughput analysis of 16S rRNA gene was applied to study NBC’s community, which was
enriched from the bottom mud of local shrimp ponds. We screened the strain with the highest COD
(chemical oxygen demand) degrading capability from five Bacillus strains, and selected nontoxic
immobilizing materials with good absorption capacity and ball performance. Further, the
immobilized formula was optimized by orthogonal test to improve the mechanical strength. The
optimum use concentrations of NBC and selected Bacillus strain were evaluated for high-efficiently
degradation of COD, ammonia and nitrite in shrimp wastewater, respectively. [Results]
High-throughput analysis of 16S rRNA gene showed that NBC was dominated by Proteobacteria
(61.10%), and the abundance of autotrophic nitrifying bacteria in NBC was 12.69% with high
diversity. NBC also contained denitrifying or potential denitrifying bacteria with an abundance of
47.44% and photosynthetic bacteria with an abundance of 12.85%. It is an important complement for
nitrification under high organic loading and nitrogen removal through denitrification. Bacillus
amyloliquefacien YL-10 has the highest COD degradation rate 100% in 48 h. The optimal formula
for immobilization is 5% of shell powder, 3% of sodium alginate and 4% of calcium chloride. The
mechanical strength of the embedding pellets is 129.68 mN. The immobilization significantly
increased the degradation rate of ammonia and nitrite by 128.13% and 130.11%, respectively, but
had no obvious effect on COD degradation. The optimum concentration of NBC and YL-10 was
1x10® CFU/mL. Under the joint action of immobilized NBC and YL-10, the concentrations of
ammonia, nitrite and COD in shrimp farming wastewater were significantly reduced from
(6.3240.12), (5.69+0.11) and (65.29+1.14) mg/L to (0.03+0.03), (0.06+0.01) and 0 mg/L in 48 h
(P<0.05), respectively. The degradation rates were 99.57%, 99.03% and 100%, respectively.
[Conclusion] Organic matter, ammonia and nitrite in shrimp wastewater were biodegraded
simultaneously and efficiently by combination of immobilized NBC and selected Bacillus
population, which provides the scientific data reference for the large-scale practical application in
high-density culture of L. vannamei.

Keywords: Nitrifying bacterial consortia (NBC), Bacillus, Immobilization, Ammonia, Nitrite, COD
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10 mg/L (Chemical oxygen demand 6 d 2.09 mg/L
COD) 40 mg/L (241 0.09 mg/L 74.48% 98.90%  COD

[5] [16]
0.02 mg/L 5
0.016 mg/L 82.16% 94.62%
0.021 mg/L'* Cheng 7 Le Moullac ™  COD 25%
[9]
0.787 mg/L
pH
[10-11]
Shan 7]
0.08 mg/L!"* 6d
[13] 3.5 mg/L 0 mg/L Manju [
0.041 mg/L 7d
15 mg/L 0 mg/L [19]
Bh [6] 0.1 mg/L
5d COD
1.57mg/L  0.06 mg/L 73.1%
80.0% 0.016—0.052 mg/L
2017
20% 20
COD COD
20 mg/L 1 mg/L
B MRS R
6d COD 1.1 ##
84.44 mg/L  0.07 mg/L 1.1.1 =E#
50.32%  99.15% 5 (B.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1925

amyloliquefacien YL-10) (B.
megaterium H-1) (B. subtilis YL-9)
(B. lincheniformis GE6-1)
(B. pumilus YL-2)

[22]

1.1.2 EHFE
(TSB) (g/L)
17.0 3.0 5.0
2.5 2.5 pH 7.5 1x10° Pa
30 min
(NH4),S04 0.15-0.20 g/L
NaNO, 0.15-0.30 g/L ( 28%)
20-30 mg/L
10—20 mg/L
pH 83

NaHCO;

(NH4),SO4 3.3 g/L
KH,PO,4 0.41 g/ 1 mol/L MgSO,4 0.75 mL 1 mol/L
CaCl, 0.2 mL 30 mmol/L FeSO4+50 mmol/L EDTA
0.33mL 50 mmol/L CuSO40.02 mL 1000 mL H,O
113 FERAFIFLR

TSB
«C )
0.45 um
Sigma
-20 °C
1.2 7&&E
1.21 HUHEENBEFRESEMESEFR

100 g

3L 1L
NaHCO; pH 8.3
pH 7.0
NaHCO;
0.1 mg/L
10—15 mg/L 25 °C

0.1 mg/L

1:1

10—15 mg/L pH 83
2-4d pH
0.1 mg/L
10—15 mg/L
NaHCO;
10-10° /mL

pH 7.0

GB17378.4-20071

GB17378.4-2007)

1.2.2 fHEESBENF S

15 mL 10%
100 mL 13 000xg 20 min
2 mL
DNA DNA
-20 °C DNA

16S rRNA V4
FASTQ
FLASH (Version 1.2.7
http://ccb.jhu.edu/software/FLASH/)*"

Illumina MiSeq

OTU
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1.2.3  #RELEIKFFIEEKAIHI&E

24 1L 36g 48 h

COD  55.79+1.02 mg/L
4.52+0.09 mg/L 4.51+0.07 mg/L
1.2.4 ZFFEFERTHE

TSB
37°C 160 r/min 18 h ODsoo
1.2.3

1x10® CFU/mL 5
500 mL 3
20-25 °C 24 h

COD

COD GB17378.4-2007*

1.2.5 EEHKEAMAREZE L NEREF &
(40-60 )

SPSS
(1 [25]

x1 BEEHEFMRMLENRRER
Table 1 Orthogonal test for the optimization of
immobilized formula

Groups Shell powder  Sodium alginate ~ Calcium chloride
(2/100mL) (/100 mL) (/100 mL)
Al 2 3.0 4.0
A2 2 35 45
A3 2 4.0 5.0
Bl 5 3.0 4.0
B2 5 35 45
B3 5 4.0 5.0
Cl 10 3.0 4.0
c2 10 35 45
e 1Y 4.0 5.0

Mi (g) Fi (mN)
Fi GxMi/3 G=9.8 g/mN
80 °C 3% 5%
50 mL
4% CaCl,
4 °C
24 h 2-3 4 °C

1.2.6 [EENXIFHUERFHILIERAZFaFTE CoD

(A
1.2.3
( )
500 mL

1x10® CFU/mL 3
( )

20-25 °C 24 h
COD

1.2.7 WHUEFNFEARREFERRENRR
1.2.3
1x10” CFU/mL
YL-10 (
1x10° 1x107 1x10® CFU/mL) 500 mL
3
YL-10
1x10” CFU/mL
( 1x10° 1x107 1x10® CFU/mL)
500 mL 3

20-25 °C 24 h
COD

128 EEUWHLERMFETERSLERE
E S ERFRFE R 7K
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COD  65.29+1.14 mg/L
6.32+0.12 mg/L
5.69+£0.11 mg/L

30L 3

2628 °C 24 h

COD

12,9 KBRS O
SPSS19.0 t

P<0.05
SPSS19.0 (TukeyHSD)
2 RS0

2.1 FHUWEEETEEWERRIIGEREE ST
2.1.1 MHUEEERGMIAIHERK

16S rRNA
30 056
97% 867 OTU
OTU (Phylum) (Class) (Order)
(Family) (Genus)
21 225 >1%

(Proteobacteria 61.10%)

2 FHILEEE NBC i BN ERE

Figure 2 The relative abundance of dominant genus of NBC

(Bacteroidetes  16.11%)
12.12%)

(Firmicutes 2.82%)

(Deinococcus-Thermus
(Nitrospinae 4.55%)

(Acidobacteria 1.75%) (1)
o- (Alphaproteobacteria
40.48%)  v- (Gammaproteobacteria
11.04%)  B- (Betaproteobacteria 8.76%)
>1% 9
4 ( 2 Amphiplicatus
(14.71%)  Gracilimonas (13.31%)
(Truepera 12.10%) Tistlia (9.74%)

m Proteobacteria

m Bacteroidetes

m Deinococcus-Thermus
m Nitrospinae

m Firmicutes

m Acidobacteria

= All others categories

B 1 FHCERE NBC I ENERE
Figure 1 The relative abundance of dominant phylum of
NBC

m Amphiplicatus
m Gracilimonas
m Truepera
m Parvularculaceae unidentified
m Tistlia
m Nitrosomonas
m Nitrospina
m Methylophaga
m Marinobacter
Kangiella
m Acidobacteria subgroup 26 (GP26) unidentified
m Bacteroidales family S24-7 unidentified
Rhizobiales unidentified
All others categories
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(Nitrosomonas 7.88%) (Rhodospirillales  11.10%)
(Nitrospina  4.55%) (Methylophaga (Erythrobacteraceae 0.74%)
4.85%) (Marinobacter  2.46%) Kangidla (Rhodobiaceae 0.63%) (Rhodobacterales
(2.08%) (Parvularculaceae 0.22%) (Chloroflexi 0.12%)
unidentified  10.02%) (Cyanobacteria 0.03%) (Rhodocyclales
(Acidobacteria GP26 unidentified 1.65%) 0.01%) 12.85%
S24-7 (Bacteroidales family S24-7
unidentified 1.28%)
(Rhizobiales unidentified 1.14%) [34-40]
2.1.2 FHUERHEXTIREEE (
>1%) (Parvularculaceae 24.74%)
12.69% Gracilimonas (13.31%) (Methylophaga
(Nitrosomonas 7.88%) (Nitrospina 4.85%) (Marinobacter  2.46%)
4.55%) (Nitrococcus 0.19%) Kangiella (2.08%)
(Nitrobacter ~ 0.04%) [41-46]
(Nitrospirales 0.03%) 47.44%
2! ol 22 FAMERFE
7.91% 2l 3 COD
(29] (301 (7] (55.79+1.02 mg/L) 5
4.81% (P<0.05) COD
(Actinobacteria 48h COD 0 mg/L
0.81%) (Acinetobacter 0.48%) 100%
(Planctomycetes 48h COD 13.74+4.76 mg/L
0.03%)3! ( 73.95%)  23.37£6.30 mg/L (
55.73%) TukeyHSD
S RTRITTEN . d -
g BN YL
= Sor na ¢ Bacillus pumilus YL-2
£l M ™ B R S HYL-10
g 50l be Bacillus amyloliquefaciens YL-10
3 b A ZF FAT R GE6-1
§ 201 Bacillus licheniformis GE6-1
g 10} . O FOCFFFIRH-1
O 0 Bacillus megatherium H-1
72 B AEZFFREYL-9

B3 5#FMIFEST COD HIFERR

Figure 3 COD degradation of five Bacillus strains
(P<0.05).
Note: The data with different little letters show significant difference (P<0.05).
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COD
4 (P<0.05) 5

YL-10

23 EEEC A AR & E X R L B B AR
CAERFNZFTaFTE COD PEEERAIE N
231 EEKEHMRL
(2
5% 3%
4% 129.68 mN

4 BEENIRIFR

Figure 4 Samples of the immobilized pellets

232 EEUESFREHLEHNEARTHE
BRI

( 4 5 6
24h  48h 4.52+0.09 mg/L
®21 BEUESHRLEZRRER 130£0.12 mg/L  0.05£0.01 mg/L
Table 2  Optimization of immobilized formula with
Orthogonal test 71.17%  98.92% 24h 48 h
4.51+0.07 mg/L 1.65+0.14 mg/L
Groups Mechanical strength (mN) 0.06£0.01 mg/L 63.41% 98.58%
N o 24h 48 h
A2 33.97
A3 72.52 2.934+0.26 mg/L.  2.56+0.04 mg/L 35.39%
Bl 129.68 43.36% 24h  48h
B2 22.54
3.19+0.17 mg/L 2.60+0.13 mg/L
B3 56.18
Cl 11.43 29.42%  42.84%
c2 17.20 48 h
e 21.36 128.13%  130.11% (P<0.05)
~ S5 e e e . T
= 3 - ol V] ARZ
éﬂ 4 7 _I_ d _I_ Blank control
£ g « HH 2 1l A/ R xR
g 3L s T 7 Blank control of immobilized pellets
£ 7 s #l K
g % i % H % LRI A
g 21 / / b / Group of NBC
E it i R
g Ir i / Group of immobilized NBC
N | ;;%E |
0 P § -: $
24 48
1 (h)

E5 BlEWNHELERSEMERIRNE

Figure 5 The effect of immobilization on ammonia degradation of NBC

(P<0.05).

Note: The data with different little letters show significant difference (P<0.05).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1930 A 2 A Microbiol. China

5 e e e ¢ e .
2 Bz GIEbo el
é 4r % % —I— d . Blanlzcontrol
2 % % g 7 1 [ /B B
3= 3r i % % e Blank control of immobilized globules
R %% b WL BRER a1 f
=2 i Group of NBC
B %% R AL
2 i Group of immobilized NBC
S L % § a P

0 48

El 6 [EELIiHLE R I AHEREL P ARSI

Figure 6 The effect of immobilization on nitrite degradation of NBC
(P<0.05).

Note: The data with different little letters show significant difference (P<0.05).

233 BIEUXIHEESFETE COD MR

200
7 COD 24 h
24 h 55.79+1.02 mg/L 9.53+2.70 mg/L
(P<0.05) 24 h 48 h 83.44% 24h 11.774£3.88 mg/L
3.43+0.07 mg/L  3.24+0.02 mg/L 79.55% 48 h COD
24 h 48 h 3.52+0.07 mg/L 0
3.40+0.06 mg/L COD
COD 24h 48 h

70

¢ c
C C C
60 1 %_ O %5 LInt A
50 _EF Blank control
i e 2 P /N ER R B2

40 + Blank control of immobilized globules

FEEVERD 20 FRUAT B R T A2

Group of B. amyloliquefaciens YL-10
W HTER IR e A

Group of immobilized

B. amyloliquefaciens YL-10

30

20

(=

COD concentration (mg/L)

o

LI -

m

. NI -

=<}

(Y -

24
t(h)
7 BEENIIRRIER FAMTE COD R
Figure 7 The effect of immobilization on COD degradation B. amyloliquefacien

(P<0.05).
Note: The data with different little letters show significant difference (P<0.05).
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24 HUEBMFREARREFERKENRR TukeyHSD
241 AEFEARENBEMFRTEIS BN
¥, |REFNILAHER EPE AR R AR 3 A8 h
1x10" CFU/mL
4.51+£0.07 mg/L 1.34+0.04 1.44+0.02 mg/L
1.40+£0.20 mg/L 70.35% 68.14.%
YL-10 ( 1x10° 1x107 1x10® CFU/mL) e ° °
g 69.03% ( 9) TukeyHSD
YL-10 3
48 h 4.52+0.09 mg/L
1.02£0.06 0.98+0.13 mg/L  0.84+0.14 mg/L COD
77.38% 78.27% 81.37% 10 YL-10
5r C C C C C
C
—~ - o
=) gl 7] e o 2
£ 4r B o Black control
< i
£ B TR SFHRFIA <100 RSILTEREL X107
£ ST % i B. amyloliquefaciens 1x10° NBC 1x107
s, [ ARTER SEFUFF I 1:107: REALIATRE 1107
§ a B. amyloliquefaciens 1x107: NBC 1x107
g i 3% a . .
O 5 2 W R AT 0% AL 107
S i B. amyloliquefaciens 1x10% NBC 1x10
s LE . B
48

(=]

¢ (h)

8 MEMFRAREIRERREXNHEER IR EMRETM

Figure 8 The effect of different use concentrations of B. amyloliquefacien on ammonia degradation

(P<0.05).

Note: The data with different little letters show significant difference (P<0.05).

C

C

N

(o

Concentration of nitrite (mg/L)

O %5 IR
Black control
FERVER 2 FAT TR 1 10°: fiALTATRE1>107
B. amyloliquefaciens 1x10°: NBC 1x1(7
FERVER 2 FAT TR 1 107: fiALTATRE1>107
B. amyloliquefaciens 1x107: NBC 1x10’
w AEVEREIFF A 1 10%: AHILTARELx107
B. amyloliquefaciens 1x10%: NBC 1x1(7

o R

t(h)

B9 MR R ERRE X H L E R B EL AR AN S2 00

Figure 9 The effect of different use concentrations of B. amyloliquefacien on nitrite degradation

(P<0.05).

Note: The data with different little letters show significant difference (P<0.05).
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70 r
e
60 |
= F A R O FEXMHEH
é’ 50 | % _:[r Black control
g % 3t B TR TR 1105 ALTRE 1107
.§ ar % B. amyloliquefaciens 1x10° NBC 1x10’
g8 30t [ % i FRTERY U 1:107: RALBRE107
§ % b 2 be B. amyloliquefaciens 1x10": NBC 1x107
R C o
§ ? i % b m TR T L. 10° AR X107
10 | % § - B. amyloliquefaciens 1x10%: NBC 1x10’

E 10 BEMFRTEAEERKEST COD RIS/

Figure 10 The effect of different use concentrations of B. amyloliquefacien on COD degradation
(P<0.05).

Note: The data with different little letters show significant difference (P<0.05).

COD (P<0.05) 3 ( 1x10° 1x107 1x10® CFU/mL)
48h COD 55.79+1.02 mg/L 11
16.24+3.11 9.76+1.23 0 mg/L YL-10
70.89% 82.51%  100% 3 24 h
242 ARERAKENHELEREBEIENY. &8/  452£0.09 mg/L 2.66+0.26  1.54+0.09
I RHES R PE AR R OS2 0.60+0.05 mg/L 41.15% 65.93%
YL-10 86.73% 48 h 1.82+0.14
1x10" CFU/mL 0.7740.07  0.06+0.03 mg/L 59.72%
6 -
—_ [§]
= 5t (5] € ¢ €
o
E i i (§
1 i —} £ O 2 e B
E4r | Black control
g ] d TR SEHIRFAT 1107, LT <10°
= 3r ] B. amyloliquefaciens 1x107: NBC 1x10°
g ¢ 5 N SRR ST 1X107: RSALTARE 1107
g 2r B. amyloliquefaciens 1x107: NBC 1x107
g b b W TR SRR 1107 AL 1108
Sr B § . B. amyloliquefaciens 1x107: NBC 1x10%
0 =
24 48
1 (h)

E 11 GHCER AR RRE R R RS

Figure 11 The effect of different use concentrations of NBC on ammonia degradation
(P<0.05).

Note: The data with different little letters show significant difference (P<0.05).
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82.96% 98.67%

(P<0.05) 3
4.51+ 0.07 mg/L

2.71+0.18 1.85+0.08  0.52+0.07 mg/L

58.98%  88.47% 48 h

1.47+0.13 0.79+£0.02  0.07+0.02 mg/L

24 h
39.91%
67.41%
(P<0.05)
COD
5 & &
g i
251 EID)
s :§5%
g
g
@]

82.48% 98.44% ( 12)

13 3

11.5

48h COD 55.79+41.02 mg/L
6+037 9.14+0.13  10.50+0.36 mg/L
79.28% 83.61%  82.18% TukeyHSD

2.5 [EELEKELIERE X B ARFRER K

6

b

24
¢ (h)

12 FHICERFAREfE KR T T AHBR R P R A 2T

Figure 12 The effect of different use concentrations of NBC on nitrite degradation

(P<0.05).

48

Note: The data with different little letters show significant difference (P<0.05).

70

60

50

40

30

20 1

COD concentration (mg/L)

10

Iy

C

a a a

0

t (h)

13 fHICER AR AMREY COD FEMERIFZMm
Figure 13 The effect of different use concentrations of NBC on COD degradation

(P<0.05).

48

Note: The data with different little letters show significant difference (P<0.05).

1x10® CFU/mL
YL-10

3 48 h

.32+0.12 mg/L 0.03+0.03 mg/L

n S poyii:ei:|
Black control

B fRTER AT I 1107 AHIEIARE1<100
B. amyloliquefaciens 1x10": NBC 1x10°

FRVERD 2 FIAT IR 1107 AL ITRE1<107
B. amyloliquefaciens 1x10": NBC 1x107

B TER SE AT 1< 107: ASIL AR 108

§ a
B. amyloliquefaciens 1x10": NBC 1x10*

B 75 X REg
Black control
B ETER AT 1107 AHETARE1<100
B. amyloliquefaciens 1x107: NBC 1x10°
HTERD AT TR 1107 fiMALTAREL <107
B. amyloliquefaciens 1x107: NBC 1x107
W EVER AR 12107 fSLTEREL <108

% @_l B. amyloliquefaciens 1x107: NBC 1x108
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x3 EIEHEKALIEREAXURFRIEE K
Table 3 Treatment of shrimp wastewater by by combination of immobilized NBC and selected B. amyloliquefaciens YL-10
/ / COD/
Time (h) Ammonia (mg/L)/Degradation rate (%) Nitrite (mg/L)/Degradation rate (%) COD (mg/L)/Degradation rate (%)

0 6.32+0.12 5.69+0.11 65.29+1.14
24 0.69:£0.17 (89.08) 0.79+0.31 (86.11) 12.19+0.83 (81.32)
48 0.03:£0.03 (99.57) 0.06+0.01 (99.03) 0 (100)
99.57% 48 h NOB) 0.30% 5.65%
5.69+0.11 mg/L 0.06£0.01 mg/L 9.5h 41.2 mg/L 0.72 mg/L
99.03% COD 48 h 65.29+1.14 mg/L ( 0.03 mg/L) [47]
0 mg/L 100% AOB  NOB
3 WD 1.70%  6.99%
0.81%
10-10°  /mL (0.81%)
(0.48%)
16S rRNA
(0.03%)
(61.10%) a-
o, _ o -
(40.48%) vy (11.04%) P 12.85%
(8.76%) ad
[50-53]
12.69% B- 47.44%
7.88%
(4.55%) Rani (24.74%) Gracilimonas (13.31%)
(4.85%) (2.46%)  Kangiella
Y- (0.19%) a- (2.08%)
(0.04%) (0.03%) [54-55]
[28]
7.91% 4.81%

[49]

(Ammonia-Oxidizing Bacteria

AOB) (Nitrite-Oxidizing Bacteria
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(P<0.05)
( )
48 h
128.13%  130.11% (P<0.05)
( 5 6 [se]
2d 96.78%
70.29%
37.69%
( )
5 6
(P<0.05) 24 h
4.52+0.09 mg/L 3.43+0.07 mg/L 24%
24 h 4.51+0.09 mg/L
3.52+0.07 mg/L 22%
[57] [58]
0.055 mg/g
5% 3% 4%
(129.68 mN) 591
73.5 mN [60]
89.2 mN
COD
COD

5
(P<0.05) ( 3)
COD 48 h
0 mg/L

COD

YL-10

55.79+1.02 mg/L

100% Luo Y
3d COD
64.04% (62]

COD

12.8 mg/L

6 d COD

235.20 mg/L
YL-10

658.56 mg/L
64.29%

[63]

YL-10
YL-10 COD
(P<0.05) 1x10" CFU/mL
YL-10 (
1x10* CFU/mL) 24h
0.60+0.05 mg/L  0.52+0.07 mg/L
86.73% 88.24% (11  12)
1x10* CFU/mL 24 h
1.30+0.12 mg/L
1.65+0.14 mg/L 71.17%  63.41%
(5 6
24 h 14.49%
25.05% (P<0.05) [16]
5d
75.41%  92.22%
82.16%
8.9%

94.62%

[20]
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[64]

[14]

1x10° CFU/mL 1x10® CFU/mL
YL-10 48 h
COD 0
0.06+0.03 mg/L
0.07+0.02 mg/L

100% ( 10)
98.67% ( 11)
98.44% ( 12)

1x10% CFU/mL YL-10
COD 48 h 6.32+0.12
5.69+0.11 mg/L  65.29+1.14 mg/L 0.03+0.03
0.06+0.01 mg/L 0 (P<0.05) 99.57%
99.03%  100%

COD
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