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The Treatment of Garlic Wastewater and
Sludge Microbial Structure in SBR Process

LI Wei ,ZENG Fei,YOU Kun,FU Jinxiang

(School of Municipal and Environmental Engineering, Shenyang Jianzhu University , Shenyang,China, 110168 )

Abstract; The objective of the experiment is to study the treatment efficiency of garlic wastewater
in SBR reactor and analyze the microbial community by high-throughput sequencing technology.
According to the concentration of COD TN and TP in two different SBR reactors and microbial
community of activated sludge,in the effluent of the two reactors concentration of TN and TP can
meet the first-class A standard. Faster start-up and higher pollut removal efficiency are in the
inoculation reactor than in the natural culture reactor. In the inoculation reactor the maximum mass
concentration threshold of treatable COD is 6 129.31 mg/L and the removal efficiency reaches
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85% . The microbial diversity in the sewage plant sludge is most abundant, and in above two

reactors are similar. Proteobacteria was the main bacteria phylum in above two reactors, o-

proteobacteria and Planctomycetiain inoculation reacto rare the dominant bacteria class, a-

proteobacteria and Actinobacteria were dominant in the natural culture system. So SBR reactor

which start by inoculation and acclimation is more suitable for garlic wastewater treatment and

proteobacteria is the main bacteria.

Key words : garlic wastewater ;acclimation ;activated sludge ; microbial structure
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IR e TR B AT LTS ey RN 5
PRG54 ELA 2R TRV FH A R 28 (1 JFL T v
AR EAT G b B O kA R B O v
FLAR A 325, T PG R O 1k AR O A —
SERIANJE 1 P V5 U 7 — LR PR /K Ak BT 5
A, Bz i AT AR, 1 A48 25 ] i
et g v SRS, ER, T TS VR AL 3
o R R I TR K RIS i AR A T
WFIER B, (GRS B 5% T 3% P 5 Ve vk b
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AR TR T 0 R R IR T AL T
w1, B E AR AOK BN 1 s,
R 1 BN T AOK 5
Table 1 Simulated wastewater quality in

garlic processing

p(COD)/ o(TP)/ p(TN)/

pH
(mg-L™")  (mg-L™')  (mg-L°")
8 000 ~950 14 ~15 65~70  6.5~7.0

1.2 SHmBSwNG*
T A I T b A I U7 9k 5k 2
B,
F2 EEITIE B AN T %
Table 2 Main analytical items and methods of determination

s oAUl IS
N £\ i ;RS
TP R L
COD PR A A T A 1
MLSS IR
pH pHS -25 # pH 1
DO HQ40d AUEHEH /- P 44X

e 38 15 U T 43 8 7 vk A8 Qubit 3. 0
DNA il 28 77 £ 46 B o 5 2% K1 2 DNA, LA
T PCR KU WA Y DNA &, R 514
%} 341F ( CCTACGGGNGGCWGCAG ) 5
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805R ( GACTACHVGGGTATCTAATCC ) *f
16SIDNA T V3-V4 XJFF AT 14, 45—
By W PCR A RN 30 pL, 45 2 x
Tagmaster Mix 15 pL, B /G 514945 1.0 pL,
ANEE 29 DNAL0 - 20 ng, )5 L H,0 b2
%30 pL, BB 470 PCR IR R 4% IR 18 55
F9:94 CTHKZEYE 3 min, 94 € 30 5,45 C .
20 5,65 C .30 s #4175 ;94 T .20 s,
55 .20 5,72 C .30 s #4720 NEIR; 78
72 C K #E fff 5 min & F] 10 C, Ffi J5 YA
Nlumina #2 PCR fE R 5149, FF 65 59
H  PCR 1R R FEE —F 4 B4 AH R 30 pL, [H]
Af AL 45 2 x Tagmaster Mix 15 pL, {5 5]
P 1.0 wL, 55—k Y 1515 2] 9 20ng, i
J& DL H,0 #ME % 30 pL, it B 41/ PCR 1A R
Ry 38 & .95 CH A 3 min,
94 C 20 5,55 °C 20 5,72 C 30 s #4715
PEI7E 72 C FLEMS minZE 10 CJa, K-
B RE SR T B BR R EE I P UK, sk 3
YR e IR A, AR L AL AR N
20 pmol , iz J& FE il i Miseq W5 AR 47
e

1.3 RWEE

B4/ B4 SBR W #s ANl 1 FR

H B
9] 10
1
<%> R
14 7
5 7
7
7
7
3
- T |8 8

T 6 12 13
L BB 2. BERESE ;3. LIRS A 4. AR T BT
5. 256, INHETT ;7. K HAE 158, HEJE 159, pH 78
LRSI 10, DO FEL A 11, BEKAR 512, ALY 5 13.
IKEE 14, KO

1 B/ 474 SBR N 7
Fig.1 Anoxic/aerobic SBR reactor

IR R B R B 500 15 LY
A HLIE B FE: > B B 4 A B AT
SBR [ Jii#w A Fl B, HI T WA 4875 1B
1307 MM 45 44 I 5¢ 4 A TR] , il O v —
AMELABER o SO0 25 TR AT B2 SC Al
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FIRR IR 2, RIS A T SR I e
DA K o A AL et AE RIS S 1R A A
HEVE 1 [R5 A v i A AR 2R W ISR pH
FEL WAL,

1.4 RKEETAHR

FERDEE R 2 SR I TS K Ak
)5 2R R AL ) falE A A PR KRR
VR K B 0 DA B AR 2 RO o vk
74 000 mg/L ZEAT AP JEHEFI7E A 5 SBR
FNE e P8 K KGR K pH #E 7.0 /2
A, ABERTE/K 10 min JR4(3 h 4467 h UL
JE 45 min HEZK 5 min (938 F7 B0 KB 1T
PSR S5 5% T 60 d,

F ARG TR 5 4R 8 T 1k A F2 B 1 IX )
BB SPRFIE N A R KGRI K A
B HA W/ E D L s BE S IE N KRR R
KBS R T RESERL) I COD i
WP R 5 000 mg/L A2 A7 RGN TR 7K FEA
B 5 SBR Jx Wi #§ 1, AIRA 3 h 4748 7 h UL
€45 minfis 1T R i tT, 44t 21 d 1Y
PR BRSO A I & B DR, 4R
Jii LABEIE7K 10 min R4 3 h 1507 h U
45 min HEK 5 min iz 7RR KIS 1T A
A, #EK KGR K COD Joi v J3 3 el 4 7l
1£5 000 ~9 000 mg/L, #4847 T 40 d,

2 R

2.1 AMEEAXXKFEEKS COD B
PR 35 B 0T v o o vk B K R IR K

COD EBRECRE 2 Frios, ME 2(a) wl L

AR AP IR UE K COD it & vk
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4 60 mg/L,iZ 7R 7 d #E/K COD Ji & ik i
FRUGH M 20 mg/L 247, B4 7 KAF COD
R W OJE B 142.76 mg/L B F T
20.21 mg/L,COD 2Bk * 4 85.84% ,COD
FMR B, [R5 U b S 0 32 AR
hEE G, G PR WA N T KR E K K
T, 3 H I RE ) g B v Vo Ttk g
A HUTREVERT . K TR /K COD %k
RFRETE 85% LA A e A 15 i i35 e 9
PRRh s E 8 Kk, HEsk COD i 4 vk
FERER AN 100 mg/L, LW FEAT5 48 K
i}, COD it #6129 31 mg/L &%
T 98.29 mg/L, Jk /K COD & [ & n] ik
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Fig.2 Removal effect of COD in the reactors with two vaccination methods
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NO,; " B Ak 2 48 A il A 41 B G 1R
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AL AR I 3 i, Ve A Fl B #£
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SAAE MR A A SR AL, B Ak 4 T
AL T AR BRI S S A S o N, RUTS
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X TN HPEHLBRR M 91.29% , XK 3(b),
B W AR TEESEE 1T 60 d &, K TN S
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Fig. 3 Removal effect of TN in the reactors with two vaccination methods
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Fig.4 Removal effect of TP in the reactors with two vaccination methods

s A B BTE R AU AT e
TEAT , R TR AE G RS T W | 5 1SR
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i, Hh A B RN A RS 8 B R R R
o, R A R AR B B, R A B RV AR
Xt TP M RBRREH R, hE 4(a) i,
16 A B [ ek /K COD [ vk 5 A [l it 17
LT FEIK TP A 5 5 vk B Bl 2 Rt EL A

HEhNT RS AN, TP AYEK A 8 ~ 14 mg/L, I
A TEBESLIE AT 60 d J5 H K TP -3 i &
We 4 0. 27 mg/L, i TP B LN
94.98% . XL 4(b), N #% B fEiE4kia
760 d J&, K TP Y34 i & vk B o
0.37 mg/L, TP 13 LERF N 94.01% , F
FNies A T LBRBCRARMT , # AT LLIK 20 HE L
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2.4 WEYZEEMESTEEAST
2.4.1 UEMZFM

TRIE A3 HIE K B (HL) , #ERh s 1A
YIS 60 d Y5 (H2) , H AR KR BIE I
RS (H3) , #E 4T T mam s il )y, &
I PR AT 8 S HRAS T 195 811 /AR
F1), Hod HI (H2 H3 &5 A %0750 50 518
105 289 4 529 44 993 4%, & FEM AT M £
FEPERE RN 3 PR, B o R S ey 2
JE AR FRAEA A S B L, (B (=5 W FE A rp
JP B AR ARG I 2] A A R AR L3 AN RE S Y
B RARKT 0. 95, X UL BT FE S v i
AR5 Be b 78 15 48 S 4 DXk, I ) &
AT LU RE S B 0L, AR i Rh
#H FH ACE( FEE45%0) F1 Chaol (=& FE A
TEE) R BN B AE R R AU R 97 %
414 F , ACE $5%¢ H1 > H3 > H2,Chaol 1§
HI > H3 > H2, PR3k 1% OTU (FEHE X 5§
FEHI%CH ) S HI > H2 > H3, iy T 5 I B 1)
JIA , ACE #5405 Chaol H8%05 5L Prik3my
OTU 88U A58 —3 ., H TH—1 OTU
W E PR — A AE Y R, B DO 5 DA

OTU #8800 Z L #4743 B, AN 3 A FE i 1)
OTU #8484l LA & PL, H3 4= ¥y =+ ¥ e 1%, H1
) OTU $8%4EiE K T H2 19 OTU 54K, iX
SRR R K 8 A 1A KR 2 2 T ELAT
S FA SN /R A, T H2 19 OTU F5EUEER
T H3 1Y OTU F5%L, X 2K 57K T~ BUR
OEP7 S iGN = S S ISV €20 N R =13
SR ORI K R T AT

Shannon ( ZAH£1EFE4L) Al Simpson ( 2£3%
RRZFEPERRE) R WURE S T W) 2 RE M 8
H#E#5 , Shannon {E # K, 1 4= W) 2 kP
i, ) Z Simpson FEEUEER/NK, A Y 24
Ve ), N3 3 W L Y Shannon 45 %%
HI >H2 > H3, 1 Simpson #§ %% H1 < H2 <
H3,UiB HI Y 2Rt s H2 i e
A R E TR, X Em T EkE R
R K A ELAG JTE R ) A0 A AR R
w0 2 P ECE YAk A b S SRR ek /L
IR, T OH2 5 H3 19I5 MUY
AR ZE AR X T RESE T H2 5 H3 &6
S LA e Jo e TR KRR R K O BB TR, BT LA LA
A E 2R

R3 HMZEEEEEGE
Table 3 Sample diversity index table

TR Z AR AL

P

o Seq OTU Shannon ACE Chaol
G Coverage Simpson

num num index index index
H1 105 289 7 798 6.38 84 182.82 45 625.45 0.95 6.5¢ -03
H2 45 529 3322 4.94 28 191. 54 16 691. 02 0.95 0.03
H3 44 993 2 071 4.16 46 316. 94 18 089. 56 0. 96 0. 04
2.4.2  WREEWIRER A IR SR I e v, 3K 8] T 45.49% , HOK 2

4 WA Miseq il &P, 20t 4y
Mrle 5 2 BFE S HI H2 H3 T 4nm il e 4
KIFM, AT 3 AN al v i 240 e A
WA AR B E 1A T2 R L8R
AH{L, #£ H1 7, Proteobacteria A (7 Lt ] H%
5,83 T 48.53% , H:Yk /& Bacteroidetes £l
Planctomycetes, 3X 3 N [] &4 T B W
73.15% . TMifE H2 ', Proteobacteria FIf (5 b

CandidatusSaccharibacteria /1 Bacteroidetes iX
3AEEITE TR 81.07% , 78 H3 1,
Proteobacteria JIT o L 74K 9K 2 5 i, a8 31 1
52.81%, H. X J& Bacteroidetes I
Actinobacteria, 3X 3 AN ] &5 T B AW
91.95% , H:tf Proteobacteria 42 I ¥4 75 &
FRH UL A o Al Y B AR TS
TRAE BRI ¥ e ) A ) 2R a5 R R
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HH ¥% £ 75 8 A Proteobacteria B ] Lk 141 Ky
91.9% , I THFIE MG IEENTE7K T B m
JE R T — Bt ] IR A i S/ IR A
RATE—ERBRE LU TI5 R i e s 25
¥, AT LLFE IR 5 78 I N f is 47 #E rh
Planctomycetes , CandidatusSaccharibacteria LA
K Actinobacteria % ¥ B A 2 48 A 2R
[T, 60 et 2B A4 HE T . e Ah , %oF
It H1 5 H2, CandidatusSaccharibacteria %]
JIT i LG B 3% 2 0, N 0. 66% 32 i 1 K 2
24.05% , J A 1Y Proteobacteria , Bacteroidetes
F1 Planctomycetes [ [ ] HL 3 # A BT T B, iX
Wi BT T AR B KRR T K A R T
CandidatusSaccharibacteria [ ] 14 K, A1 %

X} Proteobacteria , Bacteroidetes I Planctomycetes
W TAERKEA —Erm, WR4 mTLUE
i H2 FH3 IS TR I E R S5, 7R
H3 ' Proteobacteria, Bacteroidetes il
Actinobacteria [# [ ] Fr 5 £ KT H2 4
18, HH Actinobacteria B [ 5¢ M \8 3, BT &
N1.72% ,J5# 4 18.04% , Ui HH H AR5 3% 1k
A4 F] Actinobacteria & ] B9 A K, 1M
CandidatusSaccharibacteria [ ] 7F 3% Ff 75 g
R B T AR RS, B A
I U I A R R T N[
CandidatusSaccharibacteria & | ] 19 4= 1, ) Bt
TG T A T A A Y a5 R Y

19 -21
e L

R4 TUKCFRUEREE A

Table 4 In phylum level microbial community structure

AMBTEA R A 5 LB %

AR 2 PR
H1 H2 H3
Proteobacteria 48.53 45.49 52.81
Bacteroidetes 16. 38 11.53 21. 1
Planctomycetes 8.24 8.08 1. 88
Actinobacteria 0.67 1.72 18. 04
CandidatusSaccharibacteria 0. 66 24.05 0.46

3 %45 i

(D) 3R IGEER S HTHE 7 d, 1 [R5
BRI BhEE 24 d A BESEIN.

(2) FEADEE TRV RN 1 SR 35 R Ak R ASE 411
KRB KX TN R TP (9 2 BRALREAH I, X
COD EBRFCRAFAE 22 57, HFh 35 i 1k b P ASE
WK B K ok CcOD B OfH M
6 129.31 mg/L, 7K Al LAk 2] B 5 — 9% HE
PREZESR , A SR IE TR A AN B ER

(3)FE“T T RN 497 G 1) b HE A% TR 1Y
5 e # 4> 4 DL Proteobacteria Al
CandidatusSaccharibacteria ™ /> & [] Al
Alphaproteobacteria,  unclassifie DEN/3
Planctomyceti 3 N2 5 3= T 1M H SR 1)
15 URRE -7 LL Proteobacteria Bacteroidetes £l

Actinobacteria3 /1 [# [ ] A1 Alphaproteobacteria
Actinobacteria Flavobacteriia 3 ™MHEH 5 F 5.
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