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ABSTRACT : In this study, a lab-scale sequencing batch reactor of effective volume 3.5 L was used to evalute
the performance of mircopollutants removal by 2 Stage PAC-AGS process. It consisted of raw water tank, 1*
AGS reactor, 2" PAC-AGS reactor, reservoir, effluent tank. AGS has superior precipitation of SVIz, 58 mL/g and
high EPS concentration. For combination AGS with PAC, PAC was evenly distributed by attaching to AGS
surface. The result of operating, BOD, TOC, SS, T-N, T-P of 2™ PAC-AGS effluent was 1.2 mg/L, 6.0 mg/L,
1.9 mg/L, 15.5 mg/L, 0.13 mg/L. SUVA of influent, 1* AGS effluent, 2™ PAC-AGS effluent was 0.97 L/mg/m'l,
1.30 L/mg/m”, 2.03 L/mg/m™ respectively. It means that hydrophilic and small-molecule compounds was mainly
removed of DOC. The 14 species of micropollutants was detected in influent from A STP. Micopollutants
concentration of influent, effluent of bioreactor from A STP was 68,016.3 ng/L, 710.4 ng/L respectively and the
micopollutants concentration of effluent from 2 Stage PAC-AGS process was 18.1 ng/L. It shows that 2 Stage
PAC-AGS process has superior performance for micropollutants removal than bioreactor from A STP in operation.
Specially, Diclofenac acid, Carbamazepine were known for high RQ(Risk Quotient) was not detected in effluent
from 2 Stage PAC-AGS process.

Key Word : Micropollutants, Pharmaceutical, Advanced Wastewater Treatment, Powder Activated Carbon(PAC),
Aerobic Granular Sludge(AGS)
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Table 1. Operating condition of 2 Stage PAC-AGS process.

HRT(hr) 4 6
Organic loading rate

(kg CODc/m’/day) 1 0.2

Operating cycle(Cycle/day) 12 10

C/N(COD¢/T-N) 2.7 1.6

Exchange percentage(%) 50 40
1t AGS

Raw water tank

Fig. 1. Schematic diagram of experimental device.
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Fig. 2. Feature of AGS according to the operating period elapsed.
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Fig. 4. Variation of SVIzo and AGS/MLSS ratio.
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Table 2. Characteristics of influent and effluent?.

Once
Influent 1% AGS 2" PAC-AGS
BOD 1121 12.6 0.2
TOC 58.2 17.3 9.7
SS 58.0 2.0 5.5
T-N 32.3 19.6 39
T-P 3.15 2.63 2.07%

(unit: mg/L)
Twice Water quality
Influent 1AGS 2" PAC-AGS  Standard”

98.0 52.6 1.2 5

235 8.2 6.0 15
19.0 75.0 19 10
38.6 32.4 155 20
2.84 3.90 0.13 0.2

3 The resulf of testing from accredited institution
b Without coagulation for T-P removal

9 Effluent water quality standard of sewage treatement plants for | region

L 717} 63.4 mg PS/g MLVSS, 3.4 mg PN/g MLVSS O &
PS/PNH|L:= 18.60 2 UER} AGSQ] PS/PNH|E= E4d&7 %]
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Fig. 6. Morphology observation of AGS and EPS. (a) AGS, (b) and (c) EPS.
b Aerobic Granules: Microbial Landscape and Architecture, Stage and Practical Implications, 2014
9Formation, extracellular Polymeric substances, and structural stability of aerobic granules enhanced by granular activated carbon, 2019

Fig. 7. Optical microscope images of (a) AGS and (b) PAC-AGS, (C) SEM image of PAC-AGS.
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Table 3. DOC/TOC, SUVA of influent and effluent.

TOC(mg/L) 40.9 12.7 78
DOC(mg/L) 218 11.8 74
DOC/TOC (%) 53.3 92.9 94.9
UVas4 (cm™) 0.212 0.153 0.150
SUVA (L/mg/m™) 0.97 1.30 2.03
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Table 4. Micropollutants concentration Influent, Effluent of sewage plant and 1% AGS, 2" PAC-AGS
2 Stage PAC-AGSb)

Effluenta
Compound Influent at STP )
Caffeine 58964.0 N.D
Naproxen 5489.6 96.1
Icaridine 23437 N.D
Atenolol 4311 122.8
Sulfamethoxazole 347 .4 N.D
Carbamazepine 123.8 120.4
Sotalol 81.6 N.D
Tebuconazole 79.3 23.2
Carbofuran 747 N.D
Isoproturon 67.7 115.9
Tricyclazole 13.3 10.5
Diclofenac acid N.D 165.4
Metoxuron N.D 19.6
Metalaxyl N.D 36.5
Total 68,016.3 710.4

1 AGS 2" PAC-AGS Improvement rate(%)
N.D N.D -
120.1 N.D 100
N.D N.D -
178.1 N.D 100
3411 N.D 100
97.7 N.D 100
N.D N.D -
52.2 N.D 100
N.D N.D -
111.0 N.D 100
14.5 N.D 100
189.4 N.D 100
30.6 18.1 7.6
35.7 N.D 100
1,170.3 18.1 975

2 Sewage treatment plant Bio-reactor efflent, HRT 15hr
b2 Stage PAC-AGS process effluent, HRT 10hr

&) A A= L 2% PAC-AGSOl| A W2 13teS Zh= njed
B9 Fzlo] avpr oz WAt Zlog gt chdEe)
F2 A Rzt o] w2 Edo] 4K oR FAHS A3
3 oju] F2E Y gl W2 2SS 2t B 2
of ¥ A3 7t B e g st
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AR Y AET-SR el ¥
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Fig. 99} Zt}.
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Fig. 9. Total micropollutants concentration Influent, Effluent
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