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Application of Immobilizing Pellets to Nitrification-Denitrification Process
with Nitrified Liquor Recycling

R &, BBER". BLEFMH. EHEHR™
S.Takizawa,M.Takahashi,S.Hatano,Y . Harada

ABSTRACT; In order to evaluate the effect of bacteria-immobilizing pellets in oxic tank, two experimental
wastewater treatment processes, namely Process-1 and Process-2, were compared. In Process-1, the hollow
immobilizing pellets (O.D. 4mm, 1.D. 3mm, density 1.001g/cm?) were dosed into the oxic tank up to 20% of the
reactor volume. Process-2 was operated as a control experiment without pellets. Process-1 showed superiority in
suspended solid removal, BOD removal, phosphorus removal, and nitrogen removal over Process-2 especially
during winter season, namely, nitrogen removal rate above 70% was maintained at 14°C, with HRT of 6hours
and flow rate fluctuation between 0.5 to 2.0 times of the average wastewater flow rate. By further investigating
the mechanism of nitrogen removal enhancement by immobilized bacteria, it was concluded that immobilized
bacteria not only promoted nitrification and decomposition of organic nitrogen, but they were able to enhance
denitrification in the oxic tank.

KEY WORDS; nitrogen removal, bacteria immobilization, polypropylene pellets, wastewater treatment
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Table 1 Experimental Conditions Table 2 Water Quality Analysis and Frequency
Run-1 I Run-2 [ Run-3 ] Run4 item frequency
Reactor Volume [L] temperature continuously monitored
Anoxic Tank 100 50 pH continuously monitored
Aerobic Tank 50 50 alkalinity 2/week
Clarifier 56 56 transparency 2/week
HRT [h] DO continuously monitored
Anoxic Tank 4 2 2.66 ORP continuously monitored
Aerobic Tank 4 4 5.34 | suspended solids 2/week
total 8 6 8.00 BOD total 1/week
ORP objective 100 {100-120 [120-140 140 dissolved 1/week
flow-rate fluctuation none| none05-200.5-20 nitrogen total 1/week
MLSS [mg/L] 4000 total dissolved 1/week
pellets [v/v%] Process-1: 20 organic 2/week
Process-2: 0 ammonia 2/week
nitrite 2/week
nitrate 2/week
phosphate total 2/week
orth phosphate 2/week
MLSS 2/week
attached solids 2/week
SV,SVI 2/week
3 RRULER

3. 1 EBREEOEERSR

- JIEEEHEHOEA R RT . KBRIERBE»HH4AETL, 100B2EELAZ525615CTH
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MERIBIC & & 2037 H0SHREDPHIE T3 - 720
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53, bFrLEANEEBRVTOSmgLU T CH o7, ORPIZBALTH., 1 RTREEMBOLREICENRTE LS
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Table 3 Summary of Experimental Result

Run-1 Run-2 Run-3 Run-4
influent | P-1 eff. | P-2 eff. | influent | P-1 eff. | P-2 eff. | influent | P-1 eff. | P-2 eff. | influent | P-1 eff. | P-2 eff.
237 204 14.7 14.7
temperature 23.3 18.9 135 147
[T} 220 19.0 13.6 14.7
7.0 7.0 6.9 6.8
pH 6.7 6.8 6.6 6.5
6.8 6.6 6.7 6.7
137 183 239 147
SS [mg/L] 10.0 19 11.6 1.7
11.8 16.7 17.8 18.3
130.0 1329 189.0 160.0
BOD [mg/L] 7.3 4.6 17.7 13.7
9.9 138 26.6 29.3
288 317 35.6 395
T-N [(mg/L] 7.1 82 10.9 9.6
13 11.5 14.1 16.8
1.0 1.0 13 1.5
PO4-P [mg/L} 1.2 09 1.5 18
1.1 1.3 1.7 2.1
5.0 59 6.2 57
T-P [mg/L] 1.5 1.2 19 23
2.1 19 24 3.0
T-N removal 76 73 70 76
rate [%] 75 64 60 56
T-P removal 70 67 69 60
rate [%] 58 56 61 47
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Table 4 Bacterial Assimilation and Contribution of Each Reactor to Nitrogen Removal

Process-1 Process-2
Run-1 |Run-2 [Run-3 jRun4 [Run-1 [Run-2 [Run-3 [Run4
bacterial assimilation | % of inf. TN 16 16 17 19 11 15 14 14
denitrification % of inf. TN 60 58 52 57 64 48 46 4
contribution of each | anoxic tank 25 17 13 25 26 41 23 29
reactors (total=100%) |oxic tank 55 68 69 50 54 36 58 43
to denitrification clarifier 20 16 18 25 21 23 19 28
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H7: ) DHLEES R DBV ORPEGEI X 2 BIEEELIEATH Y. BBkt 4 X0k & wiBkiEmE
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Table 5 Summary of Nitrification Rate Measurement

Immobili- | Pellet Pellet Pellet [temp. |Nitrification Rate, Experimental Ref.
zation Material Size Volume | T Volumetric | Specific Condition No.
Method mgN/L/h | mgN/gSS/h
attached polyurethane | 2cm cu. 10% - 4.1 ---j cultured in sewage for 40days 4
lcm cu. 10% -—n 4.1 ed by batch exp. in NH4Cl
entrapped [ PVA-boric acid| ¢ Smm,L5mm 10% 15 137 - ed by batch exp. in secondary 5
10% 25 124 ---j effluent with addtion of NH4C1
PEG 3-4mm cu. 10% 15 216 -
10% 25 22.2 -
entrapped { PEG 3-4mm cu. 10% 35 15 --{ scrubber wastewater 6
attached  |sponge 15X 12X 12mm| 10% - 93 ---| sequential batch process, synthetic WW 7
10% 11.8 --| nitrified liquor recycling, synthetic WW
cultured in synthetic WW with night
attached polypropylene | ¢ Smm,LSmm |30(18)% 20 14.1 6.25 soil, measured by batch exp. in NHACI 2
attached | polypropylene | ¢ Smm,L5mm |20(12)% 20 6.9 4.46 | nitrification-denitrification pilot plant, 1
40(24)% 13 8.6 2.4 | measured by batch exp. in NH4Cl sol.
attached polypropylene | ¢ Smm,LSmm |20(12)%| 14.5 6.3 3.6 ed by batch exp. in NH4Cl sol.
activated sludge o~ - 145 6.6 1.5 | at the end of this study
*numbers in parenthesis indicate the actual pellet volme
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