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Effects of Alkalinity on the Nitrification Capability of Nonwoven Fabric Filter Bioreactor

Min-Su Bae - Yoon-Chan Ahn - Myung-Bae Jang - Yun-Kyung Cho* + Kwang-Myeung Cho'

School of Environmental and Civil Engineering, Inha University

*Department of Civil and Environmental Engineering, University of Wisconsin-Madison

ABSTRACT : To investigate the effects of alkalinity on the nitrification capability of the nonwoven fabric filter bioreactor(NFBR), an
experiment was performed for 641 days at a hydraulic retention time of approximately 11 hours by changing the influent concentration of
NH:-N from 54 mg/L to 1,400 mg/L and alkalinity from 43 mg/L to 10,480 mg/L. The MLSS concentration reduced from an initial value
of 2,650 mg/l. down to 830 mg/L, then increased up to 8,340 mg/L. Though the volumetric loading rate varied in a range of 0.120~
3.130 kg NHx-N/m® -day, the F/M ratio showed a narrow range of 0.067~0.414 kg NH;-N/kg MLSS-day. The average nitrification effici-
ency at each experimental stage resulted in the range of 35.2~100%, and the maximum nitrification rate was 2.970 kg N/m’-day or 0.489
g N/g MLVSS-day. The nitrifiers’ fraction of the MLVSS increased up to 100% from an initial value of 7.1% and the biofilm formed
on the nonwoven fabric filter showed a very low nitrifiers'’ fraction of mere 2.2%. The growth yield of the MLSS and the alkalinity con-
sumption rate were computed to be 0.117 g VSS/g N removed and 7.08 g alkalinity/g NO,-N produced, respectively. Results of the research
suggest that NFBR could be an adequate process for nitrification of wastewaters with high ammonia concentrations.
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Fig. 1. Schematic diagram of the experimental system.
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Table 1. Summary of the analytical methods

Parameter | Analytical methods

pH pH meter(Orion 720A)

DO DO meter(YSI Model 58)

Alkalinity | Titration Method(Standard Methods ; 2320 B)

SS Korean Standard Method for Water Pollution(Advantec GS-25)

TKN Macro Kjeldahl Method(Standard Methods ; 4500-Norg B)
NO;-N fon Chromatography(Young Lin Instrument)
NOs-N Ton Chromatography(Young Lin Instrument)




FAX o7 JEDZZAA G2 =7}

24t % 1F

MEoA AFE uie} Zol B AT FEHo] BIY o
et QENGES A3 5¥ L HoslE RojlEE AP
HexY dRUol BIE X FATE Byos Y
H Aot

Table 20 Q9FH upepgho] A2 641U AA =% 13
QAR APEPE, ol AFHE F2 Y59 d=
Yolsx9 F7te A& Aarsle] wsle}l Aislo] B
¢ZYE FFF g ng FEHAIT FY59 TKN
BEE 52 mg/LolA 1,400 mg/L7tA] ZEla G EE 43
mg/Lel A 10,480 mg/L7tA] Z7tH Ak #d4E NO,-N
& AF FHaA 4o NOyN9) EEE 028~1.75 mg/L
HAAE B o RYAFY AR o)gd FEE
EA4¢ Aoz @ggao

Fig. 2~4d A#@AHNI} TAHo 9led, 4 AFeAE
2 ZrDs AgEy, 19443 48 ARSAEA 27
10972 AAstago] g3 pH7L Aslaigoy g2 =g
B2l F7lole RAslE g0 100%E Folgr) 2¢k
ALRANME 959 TKNsES 92 EE 1949 o
202 F7HAZ AT 27lde AAE ARt obd ALY
Aot 92 352 APHJ oG Fav)de 2455 80)
100%=2 £olxth 3, 4 R STHARNFAAL 20419 vz
st #4459 TKNsEE 454 #A81Y ¢2ezs
3GAR Urol ANz dR 97ElE FYsEs g
Folimel Astagol 4sE I 4 F SFALPAME A
g ofdig ALVt 9 BEE EFHAAY. watA 6
GALEANE L FYFES 2BALFY FFo=
7 A3 AastEgol AY 100%E FEHAT 7S
ALAAAE 4959 TKNsES} SZYTE 6BALF Y
oF 242 FVH A AdstEgol 6BALET nRslA
2 A9 100%e] c)2Ft} SHALPANE FU52 TKN
Sk 2 L EE TOAALAEY o 1562 FAARAT
2 a e A3 100%) /A FEsdnh FU5Y
TKNEE 2 42 EE sUAERY 1.2~1.3412 F7A R
IGALRAA = 27 A8 A deHAAT F2F
22 FgE H oF 352%9 ANsagS By 10¢
ALAPAAE 1~92ALES A3k gr|g /949 TKN
BEE 390 mg/Loq 710 mg/L7lA] a8l ¢BYEE 50
mg/LAA 4,680 mg/L7kR] FRHo2 F7A17 AH 27
de ZARE L] WL Ukoy o 104 ol 2A3Eag
o] 100%e] =2atgch. AR AANAE #59 F7F TKN
BEEE 672 mg/l 283 LB EE 4,556 myLog AY
o) AFHYJAT AGF9 NO,-N 327 435 27159
ZAa S F 7% AT otABEEO| BRE AL
HAo 28y f959 TKN 2 ¢Z23 = HdsEE 11g
AL Histe 1 2 247 624 mg/l 2 4,378 mg/L
2 #AF RuAdANME Ag$9 NO, NsEE 550
mg/L A 022 A ZA23an NOy NEEE 65 mg/Ld

A48 5ol

nAE 9F 785

Table 2. Description of the experimental stages

Exp. Exp. Influent concentration(mg/L)

stage | date(day) TKN Alkalinity
1 0~31 53.6(52.1~59.6) 380(43 ~470)
2 32~56 130.7(130.5~131.6) | 1,058(1,037~1,080)
3 57~173 130.6(130.5 ~130.8) 780(770 ~790)
4 74~ 180 130.7(130.5 ~130.8) 672(660 ~ 690)
5 181~210 | 130.7(130.5~130.8) 565(560 ~ 570)
6 211~227 | 130.8(130.5~130.8) | 1,035(1,030~1,050)
7 228~248 | 260.2(257.4~261.8) | 2,021(1,960~2,050)
8 249~266 | 390.8(382.0~394.8) | 3,029(2,970~3,080)
9 267~280 | 518.7(5082~523.6) | 3,542(3,480~3,580)
10 | 281~348 | 487.9(389.2~711.2) 3,213(50 ~4,680)
11 | 349~436 | 672.0(613.0~773.0) | 4,556(4,120~4,900)
12 | 437~462 | 624.0(616.0~633.0) | 4,378(4,330~4,400)
13 | 463~641 | 927.7(622.0~1,400.0) | 6,740(4,350 ~10,480)
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Table 3. Average MLSS concentration and NH;-N loading rate for each experimental stage of the NFBR

MLVSS NH;-N loading rate
Exp. stage n* MLSS conc.(mg/L)
/MLSS kg N/m’-d kg N/kg MLSS-d kg N/kg MLVSS-d
1 13 1,780 0.714 0.120 0.067 0.094
2 11 1,885 0.681 0.292 0.155 0.228
3 6 L715 0.707 0.292 0.170 0.241
4 39 1,290 0.589 0.292 0.226 0.384
5 11 1,155 0.570 0.292 0.253 0.443
6 6 1,128 0.603 0.292 0.259 0.430
7 9 1,855 0.646 0.581 0.314 0.485
8 8 2,612 0.689 0.874 0.334 0.485
9 6 2,803 0.678 1.160 0.414 0.610
10 29 3,298 0.734 1.091 0.331 0.450
(2,460 ~4,070)F (0.872~1.587) (0.354 ~0.390) (0.482~0.531)
11 34 4979 0.747 1.502 0.301 0.404
12 10 5,136 0.734 1.395 0.272 0.370
13 77 6,745 0.719 2.074 0.307 0.427
(5,175 ~8,340) (1.386 ~3.130) (0.268 ~0.375) (0.373~0.522)

*

+

: number of analysis
: ranges are given when the values varied significantly
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Fig. 2. Nitrification during the experimental period.
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Table 4. Nitrification efficiency at each experimental stage

i Avg. nitrification | Avg. nitrification

;:g é A"PIIE.I\IIHJ(])[;ZI_“ Avg. effluent cone.(mg/L) eff.%%) based on ragte based on

(mg/L) TKN NO;-N NO;-N Alkalinity | TKN | NO,-N | TKN* |NO,-Nt

1 53.6 6.7(0~47.3) 42.2(8.5~58.3) 0 62 87.5 787 | 0.082 | 0074

2 130.7 6.1(0 ~44.5) 110.4(47.8~127.6) 6.2(0~36.8) 169 1 953 892 | 0217 | 0.203

3 130.6 8.5(7.3~70.4) | 104.3(103.8 ~109.8) 0 3 935 80.9 | 0225 | 0.195

4 130.7 22.9(11.2~352) | 91.7(54.2~116.2) 6.5(0~40.7) 12 82.5 75.1 | 0317 | 0.288

5 130.7 39.2(33.3~554) | 79.7(61.6 —87.6) 0.8(0~5.1) 12 700 | 616 | 0310 | 0273

6 130.8 1.7(0~7.8) 121.1(106.2 ~128.4) 1.2(0.3~2.6) 172 987 | 935 | 0424 | 0402

7 260.2 0.0 253.9(252.4~258.4) 0.6(0.4~1.0) 229 1000 | 978 | 0485 | 0474

8 390.8 10.2(0~53.2) | 373.2(334.0 ~388.4) 0.700.4 ~1.0) 300 974 | 957 | 0472 | 0464

9 5187 343.7(0~337.6) | 181.6(14.2~483.2) 1.2(0~2.8) 2,353 33.7 352 | 0206 | 0215

10 4879 21.5(0~380.4) | 448.2(24.5~675.0) 0.6(0~1.5) 90 956 | 920 | 0430 | 0414

1 672.0 93(0~112.8) 478(27.1~1672) | 625.1(421.8 ~663.5) 119 98.6 | 1000 | 0.398 | 0.404

12 624.0 7.000~16.2) 229.2(65~552.5) 384.4(65.0 ~554.5) 141 989 | 983 | 0366 | 0.364

13 927.7 02(00~3.1) | 879.6(574.0 ~ 1340.5) 0.5(0 ~36.2) 164 1000 | 949 | 0427 | 0.405

*unit = g N/g MLSS-day ; ¥ unit = g N/g MLVSS-day
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Table 5. Examples of high nitrification rates given in references

Reference Nitrification rate Reactor type Ref. No.
Walter, et al.(2005) 2.0 kg N/m’-day Membrane bioreactor 25
Ciudad, ef al.(2005) 3.3 kg N/m’-day Activated sludge 26
Demsey, et al.(2005) 1.7 kg N/m3-day Expanded bed(glassy coke) 27
Tsuneda, et al.(2004) 1.6 kg N/m’-day Upflow fluidized bed reactor 28

Tarre, et al.(2004) 1.4 kg N/m’-day Fluidized bed reactor(chalk) 29
Tsuneda, ef al.(2003) 1.5 kg N/m3-day Upflow fludized bed reactor 30
Pujol, et al.(1994) 1.5 kg N/m3-day Upflow packed bed 31
Joerdening, et al.(2006) 1.2 kg N/ms-day Fluidized bed reactor(pumice) 32
Tsuneda, et al.(2006) 16.7 kg N/m’-day Fluidized bed reactor(pure oxygen) 33
Manser, et al.(2005) 2.0 kg N/kg MLSS-day Membrane bioreactor 34
Manser, et al.(2005) 5.0 kg N/kg MLSS-day Sequencing batch reactor 34
Li, et al.(2005) 0.45 kg N/kg MLSS-day Submerged membrane bioreactor 35
Manser, et al.(2005) 4.83 kg N/kg MLSS-day Pure culture of N. europaea 34
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Table 6. Alkalinity consumption for the nitrification in the
NFBR

Exp. Alkalinity] TKN | NO,-N | Alkalinity consumption rate
Stage consumed | removed | produced mg Alk./mg mg Alk./mg
(mg/L) | (mg/L) | (mg/L) | TKN removed [NO,-N produced

1 318 46.8 422 6.79 7.54

2 889 124.6 115.2 7.13 7.73

3 777 122.1 104.3 6.36 7.45

4 660 107.8 98.2 6.12 6.72

5 553 91.5 80.5 6.04 6.87

6 863 129.0 | 1223 6.69 7.06

7 1,792 2602 | 2545 6.89 7.04

8 2,729 380.6 373.9 7.17 7.30

9 1,189 1753 | 182.8 6.78 6.50

10 | 3,123 4464 | 448.8 6.70 6.96

11| 4,437 662.7 | 672.9 6.70 6.59

12 | 4237 617.0 | 613.6 6.87 6.90

13| 6,576 929.5 | 880.1 7.07 747
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