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The Effect of Fixed Media and Recycling Ratio on Nutrients
Removal in a Pilot-Scale Wastewater Treatment Unit
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Abstract : The effect of recycling ratio and fixed media on nitrate and phosphate removal was investigated in a pilot-scale waste-
water treatment unit using synthetic wastewater. Addition of fixed media increased nitrate removal from 45 to 58% while no
noticeable change was observed for Chemical Oxygen Demand (COD) and phosphate removal (<5%). Nitrate removal efficiency
also enhanced (Ca 7%) when the influent wastewater flow was doubled (2Q), however phosphate removal was decreased from
40.9 to 26.6% with the increasing recycling rate. The attached biomass analysis showed the presence of bacteria (73.4 mg/cmz)
on the surface of added media in anoxic reactor. Pseudomonas aeruginosa a common denitrifying bacterium dominated the bac-
terial growth (58%) in the anoxic reactor which was determined using Fluorescence In Situ Hybridization (FISH) analysis.
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Table 1, Characteristics of the sewage wastewater

Parameter Concentration (mg/L)
COD 44+06
Total nitrogen 23+01
Nitrate (NOs-N) 16+0.2
Nitrite (NO2-N) 3.2+0.1
Total phosphorus 6.6+0.3

Total solids 4600+160

pH 71+02

2: Flow control tank
6: 2" aeration tank

1: Influent tank
5: 1% aeration tank

Fig. 1. Schematic diagram of the pilot-scale wastewater treatment unit,

3: 1% anoxic tank
7: Settling tank

Table 2, Composition of the synthetic wastewater

Parameter Concentration (mg/L)

Glucose 1450+10

NaNOs 40,0=+2

K2HPO,4 46+02

MgSOs- 7H.0 15.0=+0.1

FeSO4-7H0 3.0+03

CaCl, 40+02
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Fig. 2. Photograph of the fixed media (a) with a magmﬁcatlon on the surface (
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2o 1A} g0 AAe]E A2 Z hybridization buffer
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probe = hybridizationA]|Ft}. o] ] FH7}5l= probe E+=
25 ng/uL2 UAS}A 3lAste] A3}ttt Hybridization
AL 46T of|A] 1205 %<t hybridization chamberof| 4 <=
st &alo] == Kr/Ar ion laser (Excitation wave
length 494, 550, 650 nm)7} A2+ MRS-1024 (Bio-Rad, U.
K.) confocal laser scanning microscopes AME-3}% 1L, oligo-
nucleotide probe?} &%= = Table 3o e St

3. Zm Y

31. 2 EA K200 02 WS U gAY U
2.4. Fluorescence In Situ Hybridization 24” S 1 cycle2 3H= AR F1223]g] A|AH||A 2
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Table 3, 16S rRNA targeted oligonucleotide probes used in this study
Probe Specificity Sequence (5'-3') Dye
PseaerA Pseudomonas aeruginosa GGTAACCGTCCCCCTTGC Cy3
Nit3 Nitrobacter spp CCTGTGCTCCATGCTCCG FITC
EUB 338 | bacteria GCTGCCTCCCGTAGGAGT
EUB 338 I bacteria not covered by EUB338 | and EUB 338 Il GCAGCCACCCGTAGGTGT Cy3 or FITC
EUB 338 Il bacteria not covered by EUB338 | and EUB 338 I GCTGCCACCCGTAGGTGT
(a) (b)
= 507 anoxic aerobic 8.5 anoxic aerobic 40
f=2)
E
= 404
.g -0 o
S 30- 2
;é; «—A“"“A’»V“A —_
S 204 AT 3
° o o—°—0 --40 =
o
% 101 -A- wlo media A~ pH
_‘z:, o : : -©- 'wl media : 7.0 . . I-e— ORP 80
0 2 4 6 8 (1] 2 4 6 8

Operation time (hrs)

Operation time (hrs)

Fig. 3. Removal of nitrate (a), and monitoring of solution pH and ORP (b) in the anoxic and aerobic reactors (filled symbol; without

media, open symbol; with media),
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(EUB338 1+ EUB338 II + EUB338II)2} Pseudomonas aeru-
ginosa®] E0]X o7 ZA3lst= Cy32 labeling%l probe Ps-
eaecrAE ©]-&3t hybridization 23}, FAFAZ oA &3
die2oFl PseaerAo] HEE Zlstglon, omz]e] A
FEAY At AA| drE 2ot F Bt 58.7%7} Pseudomonas
aeruginosa®| 432 & 4= th(Fig. 5(a)). Pseudomonas
aeruginosa*= nitrate2 No 2 A3+ U wh-g-7 o] JoFE 2
3 A] nitrateS U] EFo] NH4+§94 AEs}F 2= glom M9 =
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Qls W NH, = ?ﬂ%‘rﬂ‘ﬂ Fl=o] NHs 7} gleole &
F+shar m]EFe] Nitrobacter (1% We))7t BH&-7] o] &4
Aoz AHETKFig. 5(b)). BdE2 A S olA nitrite o]

Fig. 5. Fluorescence in situ hybridization images of Pseudomo-
nas aeruginosa (PseaerA) and Nifrobacter spp. (Nit3), a)
Simultaneous in situ hybridization with Cy3 probe Pse-
aerA and EUBmix (EUB338I+lI+lll; FITC), and b) Simul-
taneous in situ hybridization with FITC labeled probe
Nit3 and EUBmix (EUB338I+lI+lll; Cy3). Bar=50 um,

I Journal of KSEE | Vol.35, No.6 | June, 2013
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Fig. 6. Effect of fixed media on phosphate removal at each treatment stage.

Table 4, Summary of experimental results obtained for two recycling ratios in the presence of fixed media

£9] COD

t%:;z:“;; 0-67 68-157

Recycling rate Q 2Q

feactor COD(mg/l) NOs (mgl)  T-P(mgl) MLSS(gL) COD(mgL)  NOs (mg/L) T-P(mg/)  MLSS (g/L)

Int.  Ef. It Eff. It Eff, It Ef. It Ef. It Eff.

Influent tank ~ 145+5 36+3 44403 22+03 156+8 38+3 45403 23402
Flow control tank 76+9 52+2 40+3 39+1 38+02 32+01 19+01 80+Q 4742 44+2 4242 37+02 36+01 20+04
1 anoxic tank 5242 3144 39+1 2241 32401 3601 17+03 47+2 2846 4242 2641 36+01 37+01 19+03
2 anoxictank 3144 3041 2241 14+2 36+01 37+02 18+02 2846 27+2 2641 10+£2 37+01 37+01 2.0+02
1% aeration tank  30+1 26+3 1442 1543 37402 33+01 16401 27+2 25+4 1042 12+1 37+01 35402 17+03
2" gerationtank 26+3 23+1 15+3 1544 33+01 30+01 15+02 2544 2041 12+1 14+1 35+02 33+01 1.6+02

vszce??;%i 2341 1542 1544 1242 30+01 30+£01 01+00 2041 11+2 1441 10+2 33+01 33+01 01+01

Effluent 1542 1242 30+01 0 1142 1042 33+01 0

Removal

efficiency (%) 89.6 66.6 318 923 736 26,6
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Table 5. Nitrogen mass balance with different recycling rate for fixed media and without fixed media

) N Input N Output
Recycling rate 3 ) 3
mg/oycle Mes 7 Mwaste Mpe T sum
w/0 media - 384 139 55 42 236
- 38.2 147 69 56 272
w/ media Q 36.5 142 70 74 286
2Q 38.2 106 8.1 121 308
Recycling rate % Mer 7 Mwaste Moe T % N
w/o media - 100 36.2 14,3 109 614
- 100 385 181 147 713
w/ media Q 100 359 19.2 203 78.4
2Q 100 278 212 317 80.6
I Merr : ASHIE R4 5 Y(mg/cycle)
* Muaste : 2 21| H|7| &I ElAZHmg/cycle)
I Moot B HEA Y(mg/cycle)
7] o eheeh?) WAk Mot wipn] Sobel b b AR Pseudomonas aeruginosa® Lebgth. %
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