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Physico-chemical and biological characteristic analysis of
stratified anaerobic granules in a full-scale UASB reactor
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ABSTRACT: In this study, the physico-chemical and biological characteristics of anaerobic granular sludge at different
heights of a full-scale UASB reactor (UASBr) were investigated. Granular sludge was taken from 1 m, 2 m, and 3 m
above the ground level in the UASBr. The morphological analysis showed that the upper part had bigger granules and
the lower part had rounder granules. The ANOVA test confirmed that the mean size and the roundness of the granules
had statistically significant difference along the height at 95% confidence level, and there was a significant negative
linear relationship between the size and roundness (=-0.40, p<0.05). A SMA test using acetic, propionic and butyric
acids showed that granules from 2 m height had the highest specific methanogenic activity. The EPS contents were also
unequal to each height, with 2 m showing the highest content. These findings could be helpful to understand the different

characteristics of stratified anaerobic granules in full-scale UASBr and maintain the reactor performance.
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Table 1. Characteristics of Granular Sludge at Each Height

1M M M
TS (g/L) 49.1 36.4 39.2
FS (gL) 55 45 52
VS (g/L) 43.6 31.9 34
VSS (g/L) 33.6 21.9 24




A2 UASBEIZZ U2 A

Ol

=1

2 @o1d d2M=el Seleety & 4Eety £

0x

ZAL 35

=

< AT AFHA T T2ES Serum bottlel] H L
71d =24 1 g CODZ7]F Acetic acid, Propionic acid,
Butyric acidE 27 F4sta, 7k WA o] B A
g z7)o= 347 HF o2 wiEk Ay ERe ERls)
Ao, 64 FE = WY EE 7taegFE aste] Al
£ 1HAe 2EsI5tE WAE vlo| ke ks A
Z ke 78 3(Gow-Mac series 580, Gow-Mac instrument
Co.)E AH&3F] Columne Hayesep Q 80/100 mesh,
Carrier gas= e E AATEAE o]8351o] HEd &S
S5t vAE 7ol B adh v|Fdas Table
28} o] F=Y3tal AA| wiek DAY S 7/ E] (STP,
Standard Temperature and Pressure) = 3213+ % H] ol
SIS = A

2.3. AR| &Rt 22! (EPS, Extracellular Polyrreric
Substance) 241
7144 e SEiskekd A4S AR SEl
TPEY 27 AR 9 s Al A A
e F= Ao2 BHIHA = EPS T 4
AT olE f3l, ©<sl= A Zoll= Phenol-sulfuric
NS AR831 T, Tl A TFoll= Hartree-Lowry

protein assayS ©|-23}% SRR

u_
=

S|
Al

2.4, HEf & EX
J#Ee] Y= FA4-S CMEIAS (Center for Microbial

Ecology Image Analysis System ver. 1.28) X273}

Elis

Table 2. Composition of the Trace Elements Supplemented

to the Incubation

Compound used Element
P concentration(mg/L)
. MgCl, + 6H,0 100
Mineral salts
CaClz M 6H20 75
Na2M004 * 2H2 0.0087
H;BO; 0.05
MnCl, - 4H,O 0.5
ZnCl, 0.05
Trace metals
CuCl 0.0221
NiCl, - 6H,0 0.05
CoCl, - 6H,0O 0.7
NaSeO; 0.05
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T2 2, 190 7S Ay 2 ofvs
T} ANOVA 2 724 (Correlation analysis)< SPSS
ver. 235 ©|83t o, 0.059 fFolFFEoR 73
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3.1. Morphological Analysis
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Fig. 1. Size distribution of granules at different heights.
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Acetic acid, Propionic acid 2 Butyric acidE 713
= A8 SMA AES Fall 2 EolE e B
SIAE 9 WY E5E Y| WS THFig. 2). Acetic
acidE 714=Z 39S 749 2 m =o]olA AT 1
el 30.39 mL CHyg VSSE 7 £ nlved
AEES BRI IMS} 3MellAfE 27100 whe &
S et Bl o 70 hE HAE 28
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Table 3. ANOVA Test of Size and Roundness along the Height

Height (m) Number Mean size §t§ndard Fvalue i
of granules (mm) deviation (mm)
1 1600 0.51* 0.09
Size 2 1706 0.84° 0.14 98.62 <0.001
3 1901 0.90° 0.15
1 1600 0.81° 0.01
Roundness 2 1706 0.75° 0.02 42.34 <0.001
3 1901 0.72* 0.02

a,b,c : results of Duncan’s multiple range test; different letters indicate significant differences at 95% confidence level.
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Fig. 2. Monitoring of specific methanogenic activity of

anaerobic granules.

Table 4. Summary of Specific Methanogenic Activity (SMA)
of Anaerobic Ganules

M 2M 3M

(mL CHa4/g VSS)
Acetic acid 25.49 30.39 22.68
Propionic acid 26.67 38.14 32.26
Butyric acid 28.03 41.94 39.48

A BE AlE7F40 h o] A7EA] wE we 8-S B
PARE o] WY 57} ThAdto], B B 2M,
3M, IM <=2 717} 38.14 mL CHy/g VSS, 31.02 mL
CHy/g VSS, 26.67 mL CHy/g VSSZ UEPIT} Butyric
acid®] 737, 3Mo| 7)ol w727} wEA] A=
QA 230 h A= A7 & 2Mo| e A} vl
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AL IFoNME 2 m Folo] THEelA 7P =4 U
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28 FYEE TR AR YFF loE &
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A J#E2] SMA Z¥+= 20~30 mL CHy/g VSS A=
2 Huwo] FrjH o "t Weidito] o837
T fF714Rs o] 8% B A3oA ¢ =2 vvE
AEE Bl Ao Z AlgHL FU1H o2 A &
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L1819 Acetic acid®] 734 A3}x2] slHHE2l 1Mol
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Acetoclastic methanogen©| 1Mel|A] -3}, 2Mol| A
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3.3. EPS Analysis
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Table 5. Carbohydrate, Protein and VSS Content in EPS
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