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Wastewater and Shudge Reduction using PVA-gel Immobilized
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Abstract

The carbon and nitrogen removal process using PVAgel (Polyvinyl Alcohol) immobilized microorganisms
was studied. The process has been operated under diverse process conditions for 12 months. The process
consists of denitrification with internal recycle of 300%, nitrification, aerobic digestion reactors and settling
tank. Nitrificatoin and nitrogen removal efficiency according to gel packing ratio and temperature were
studied. Yield for Heterotrophs (Y,;), decay coefficient for Heterotrophs(by) in aerobic digestion reactor were
determined to seize sludge reduction mechanism and compared with typical data of activated sludge
process. Then SRT in aerobic digestion reactor was determined on an experimental basis and sludge
reduction efficiency was calculated. The process was implemented successfully with sludge reduction
efficiency of 92.0~98.5% on a basis of biomass.
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Tabie 1. Operation conditions of ASEC process
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(Advanced wastewater treatment & Sludge reduction by
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Flow rate Internal return  External return

Denitrification reactor  Nitrification reactcr A utoxidation reactor

Date

(L/day) (%) (%) HRT(h)  Vol() HRT(Y Vo) HRT(Y) Vol
0506.01~050630 100 100~ 200 100 - 10 : 25 - 15
05.07.01 ~ 137 300 70 18 44 26
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interva returm " Extomal reum ; Table 3. Analytical methods
’ l g Parameter Analytical method
Influent N \ /
: ) Temp. Thermometer
D i pH pH meter(YS! 63)
: DO DO meter(YSI 55)
; BODg DO meter(YSI 5100), BOD probe(YSI 5010)
o CODcr Closed Reflex Method(SM 5220E)
| ;;;;;;;;; The carbon & nitrpgen removal zone: = == Sludge reduction zone TSS 105°C, 2hrin dl'y Oven(GF/C fllter)
Fig. 1. Schematic diagram of ASEC process. VSS 550°C, 30min in dry oven(GF/C filter)
TKN Total Kjedahl Method
NH,*N HACH 2010
MLVSS F%= 4500~6000mg/L. & FA8HA T} NO,™-N lon-Chromatography(HIC-20A Super)
NO;-N lon-Chromatography(HIC-20A Super)
Alkalini Titrimetric Method(Methyl Orange
2.2. PVA-gel o £4 alinity itrimetri (Methyl ge)
PVA-gel 117 3P 2 A 37k4] s o)A gle v
Ao 2R AR ofAo =, k-Ftel  Table 3¢ Ve,
A Gt T, FE ol 8 A A 2
Tyl vel g sk =3 ert Zetm 3713k 232 24 W5 vd= 243 £
o Abgol ol@ Aol & 4HE 1A Bl Rze) 60U AT T Az AW BA
gl et 54g0] QI gelel 979k o At E AR Fd Wil vl B &4 JRE s}
AgEo| Afolgte] v|AE Fo] thefalA ¥R ¢t} 949 AE BdS LBHIA (Brilliant Green
714 EoldE yehlle vAEY A4S F28  Lactose Bile Broth) ¢} LAB|X] (LBu}=] + ¢t A &) o)
F vk B Ao ARRE PVA-gel e Y& Fefe]l  Axddy ela 35:0.5°CY] incubatore] Yol 24417}
of Abo]l&:(F)2HE AFHE gel2A A B2 Bl MUgF Fol wiXE Ao njgEe Aol R
shetx] B2 Table 29} 2} g Fdqr. LBHM% ayptone 10g, NaCl 10g,
yeast extract S5g 0.2 ZAH HHX]E‘L Ab-g3tact, g3
2.3 AU zsh ANz 9A S ge Moz ddstart.
231, By
A2 F 28 AAsilon Abgd e 233, FA9 1 &d w2 A & 97t
Al w9h2.7] 4719 Q1 EEFE W 2 218
Table 2, Physical & chemical characteristics of PVA-gel SR W] el AgsE P A onmE
- 5%(VIV), 10% 15%, 20% 2 PVA-gel & ¥ & 5 &
ltems Characteristics 7] 7| (DO 4 o) 4) 6417+ Sk 5 A7+ 740
Name Polyv?nyl alcohol gel o 2 NO,, NO,, NH t2 z2x3d AAs 5o
Components  Polyvinyt alcohol 5~ 20%, Alginic acid 0~ 3%, _ 5 _ o 1= 1o o
Water 80 ~95% NOZ _04 E‘l’“o‘ﬂ g’%)}j]}\éva_ Tf:}'\jl—o‘}'%\q' )é—%]‘t" ZE]/}_]_'-%
CAS No. 9002-89-5, 9005-38-3 oAA 7AW PVA-gel(m]A&0] 9Fo B2 i
Chem. formula  (CgH,OgM), o nAstE A2 ALgslged zeg 2L
Shape White & spherical shape, diameter(4.1 m) A4 =
= } A& 2o
Water contents 84% Table 4] et sic. aste Fh A4 T
Specific gravity 1.025 NaOHE FYsto] pH7L 7.1~778 RS 3}
Melting point ~ 200°C Atk o] 48 B3 HRTS =2 &d w2 Fikg
Density 0.7245¢/cw 0.0 =As X 0]
Sedimentation  3.95cm/sec S2E F A
velocity
pH impact pH3: OK, pH 11: OK 234 250 w2 AAg g8 yr}
Yome  008ahnt A 87] 47o] AFEEE i 2 Wbz
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Talole 4. Characteristics of the synthetic wastewater for influent

Component Conc.(g/L) Remarks Component

¥ Con.{g/L)
(Glucose(CgH,0;) 0.1 Organics COD = 0.100
KH,PO, 0.008 Phosphorus  T-N = 0.035
KHPO, 0.018 T-P = 0.005
NH,C! 0.16 Nitrogen
Mgso, - 7H,O0  0.09 Minerals
CaCl, - 2H,0 0.07
EDTA 0.02
Trace mifL.

Table 5. Characteristics of trace solution

Component Concentration{g/L)
FeCl; - 6H,0 15
HyBO, 0.15
CuS0, - 5H,O 0.03
K 0.03
MnCl, - 4H,0 0.12
Na,MoC, - 2H,0 0.06
ZnS0, - 7TH,0 0.12
CoCl, - 6H,0 0.15

PVA-gel & 15% 2 $48 & 228 717 7°C, 10°C,
15°C, 20°C& fAAAT. 7184 (DO 4
Ay 6X 7 ok 3 A AL E NGOy, NO, |

0,9 Wer) &

NH, & &33to] 2ibst Z&3 N
2

A9e BAsde. Age Aakzel W PVA-
gel (Rl Fe] 9¥o] BAYD W) nYsE
E])-S A8t 3 NaOHE 913t pH7F 7.1~7.

235 Az B A% B}

2.3.5.1. Yield for Heterotrophs(Yyy) 2+

4 427 A9 shpdA Adete T
o Yy ® ARHLE o) A AdEE GUFE
GF/C AR A3 F 2184 gz ¥3, F4
Fefe] Atk zol A A v EE AT

oz
¢ e

Table 6. Operation condition of batch reactor according to F/M ratio

F/iinbl o e} mode 1, mode 2 2 F-E3q¢l o A
27L& Table 69 VERIQ T HAMsbo)] ofgl AbAio
arE BAs7] fste] dikgl dAAQL allythiourea
(ATU)E 30mg/LE FY 89t}
2.3.5.2. Decay coefficient for Heterowrophs(by) 214
GF/Cg dalat 942 384 uezd ¥

271A171H OURE 248ttt F/Mu]e] ¥ slo)] o}
2 7B AZAL Table 63 723 AA3E nAE9
s AAste] %

;‘I-’L§Jr0ﬂ oot Akae] ARE WX
5 A¢l allythiourea(ATU) &

236 Aitelx &84 e &8 9o

&4 el 7o 2AL AL A% 1Y
o A aolt o Fht 47180 ofd A5
Falm YA GeiAe) A b FRAAR o
2ot AT S B agz0lN 4
3 715 Fad uPEe Wales vhexe Ryt
DRE A9l 13} A g2z ofe) 43 2ol
£3 ¥4 a9

M m

dt
w7)A,
dM/de= A E3) 7Hs 338 nEEM) & 94
g sk (A /A2, MT!

- 1
=g %, T

M = 2pak 2 ol
5 598 198 4

AZE ol dolsle AEs 7t

AN Az wreze] B dgsne 4
% g o4 s AsgE vyt Qude

H
2 AAx J&yx 9 oF 20~30%7F A& 7Hse)
A 7] W
70~80% = 714 fiur.

9 Ae A7 A o s ARad ol o} 2Th,

Operation Conditicn SCOD(mg/L) Volume(V) MLVSS(mg/L) Biomass(X) Wastewater(mi)
F/M ratio 0.03 mode 1 40 3,000 4,500 680 2,320
0.05 mode 2 5,500 380 2,620
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2R 2me} 2 oRz7iel Wl 73 A8 o)
dckal WE Al glo] o] & FAY] 27l I ok

A] :
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3.4, Aptstx FASt Al Hot
3 4.1, Yield for Heterotrophs(Yyy) A4
= AL gH/AdRAA R71EY dF-Eo] A
Aoz (Aaszz #9499 F7 SBODg2
2mg/L ©|3}) A4tatze] F/M ratiots 0o g},
o] g F/M ratio(0.03~0.05) 2 3|84 wher]d] A]
2ol slA A7 nAEFH shrFE AT
o 71 T Yt AP A AAEE v E
A 28E WAE AGAS FH(Net Yield for
heterotrophs)©] Sl FYH o n}3lpol A ALY
373l o] §5 = 7)H & readily biodegradable substrate
e nH T AES nAAEY A E 97 9
o TCOD¢} SCODE &£%3l7] H8 4@z
AA gt vAE COD= TCODS SCODS 3ol
2 AME F 9lom, ALtAlSeE SCOD Aold gk

LAUHA] LBHH A

Denitrification reactor

Fig. 2. Identification of Immobilized Microorganism.
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£ E
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Fig. 3. Nitrification efficiency according to packing ratio.

Nitrification efficiency at 20°C

Fig. 4. Nitrification efficiency according to temperature.
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Table 8. Analysis result of mode 2(F/M ratio = 0.05)
Time(hr) TCOD SCOD BCOD SCOD H o2 BCOD A B2 Y
0 148385 7569 1408.16 - - -
05 122553 7389 115164 1.80 206.52 0.0070
1 1165.46 69.09 1096.37 4.80 55.27 0.0868
15 1103.40 64.28 1039.12 481 5725 0.0840
2 1051.37 61.27 990.10 3.01 49.02 00614
25 1003.37 5727 946.10 4.00 44.00 0.0909
3 1000.25 57.20 943.05 007 3.05 0.0230
Average - - - - - 0.0589
Table 7. Analysis result of mode 1(F/M ratio = 0.03)
Time(hr) TCOD SCOD BCOD SCOD Hi otgsf BCODH s} &t Yy
0 2927324 132.34 29080.80 - - -
05 28583.00 139.97 28393.03 237 687.87 0.0034
1 23459.15 132.54 23276.62 743 511641 00015
15 22758.25 131.60 2257765 094 698.97 0.0013
2 22580.23 130.80 22399.33 0.70 17832 00039
25 21903.55 17577 2172778 513 671.55 0.0076
3 21804.22 172.01 21632.21 3.76 95.57 0.0393
35 2050522 15549 20349.73 16.52 128248 00129
4 20345.58 15344 2019214 206 15758 0.0130
Average - - - - - 0.0104
ddxo® Hoxe 71 SRTERE oA 4Es e oz dddv aysiie A8 T3 o
e A At FoluR A7 ot diber &7
- e gtk
SRY “Xo. 2) A FAE o] 15% (V/V)<d w) HRT7} 3~ 4hro|
" it A ANE ZE 729~863%F /U 4 dth
lnﬁl— =—k,(t, —1y) Te 27} 7°C, 10°CY v HRT7} 57)shol] uwhgd
’ Adg gge F7hol Holv 2A A e ¥
Ao HeoniRE oA ZEF¥s &2 Ha ghen 217} 15°C7F HE HRTZE 3AIZEA 44
92.0% 014 Hth 98.5% (A F71E) 7k A&=H U ToR T4 W NH,-N AAZE] 511914
1% 2 3A Z71ks & 5 ),
4. 4 E 3) A g S EkE wdle Az
rising @4ko] ofglE]o] Helg Fdo] AstEglou
DA gl pavl e A i Wz £ Asdoz ade) PACS YT A rsing e
Ag gAgozn ngst FAHQ PVA-gelo] n|AlE  JHAEIT o)) FrIHor FejA] AdE &d
Aol 875 A3 Aak WRE B A AAE W LA A%l Bol Aol PACS
FEY 2719 L /AR Yok ARET oA FUSA obE FuF e £AE Ag F U
gl vAEe] 35 R 243 HrPAE ol B e8A e F & AATeER v
ol A= 7 Agte] Bad RAow Alady &4 §E W A9 FHol WA HUL FUFY 2 <
27)dE FRuAPEd o stpAe)t o] R FER Qg Aele TPt BiT $271F o
o|Fof mA S| BB oa strAEFo]l A FE  GkR KA F AATh
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