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Pollutant Removal in Variable HRT Using the Aerobic Biofilm
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Abstract

In this study, an experiment was conducted on influent water with low concentrations of organic matter, such as river
water or secondary treatment water of a sewage treatment plant, according to HRT changes by using aerobic biofilm. In the
biofilm process, as the biofilm increases in thickness, the inner membrane can be low in oxygen transfer rate and become
anaerobic conditions, while the detachment of biomass from biofilm occurs. To overcome these limitations in the detachment
of microorganisms in biofilm, the yarn, which was made from poly propylene(PP), was weaved and manufactured into a
tube. Then, a test was carried out by injecting air so that the interior of the biofilm could create aerobic conditions.

The results of the experiment showed that the removal efficiency of TCOD,; reached 66.1 ~81.2% by HRT 2hr, and 50.9
~61.8% after HRT 1 hr. The removal efficiency of SCOD.; was 45.9 to 55.1% by HRT 1hr, and 26.1% in HRT 0.5hr,
showing the highest removal efficiency in HRT 1lhr. The SS removal efficiency was at 81.8 to 94.6%, and the effluent SS
concentration was very low, indicating less than 2.2 mg/L in all HRT's. As a result, the SCOD., and NH,'-N that were
removed per specific surface area and attached to microbial biofilm showed the highest efficiency in HRT lhr with 8.37
gSCODcr/mZ-d, 2.93 gNHf—N/mz-d. From the result of reviewing the characteristics of biofilm growth, microorganisms were
found to be attached, and increased by 36 days. Later, they decreased in number through detachment, but showed a tendency

to increase again 41 days later due to microbial reproduction.
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Fig. 1. Schematic diagram of aerobic biofilm tube.
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Fig. 2. Reactor with tube for water treatment.
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Table 1. Properties of the reactor with tube

Items Properties
tube diameter(@,mm) 2
tube length(cm) 17
Number of tube(ea) 806
tube volume(cms) 430.2
tube surface area(cmz) 8604.8
Reactor volume without tube(L) 19.86

Reactor size(LxWxH, cm) 60%20x30

Ao AREH Fes seA R 12 AAA|
9222 A3 2 % o] 4 glucose, NHLCl, KH,PO,9}
TEEe TYsto] ARSI AR A(2F200)
oA Saisl o, 7] 1047F HRT 647t A] o}
o|3g FHo| njEo] FAEEE HYEt A7l &
HRT Wzlo| wie} A|RE BA513 oH, njdESR7
o §71E 9 XSS A3} & = Qs 4250 &
A0 T 45 mgl2 FASIIHHChoi 5,
2003).

Table 2= HFgx 2AZ2AL Uehd Zo=
SCOD.-2 HRT 6hrof|A] 0.5hr7}2] HRTS 7FAA]A
Balrp Z7hEws A9s9lom, NHy -N2 6hr~
2Ahr7}A] Z7FA)7] 3 HRT 2Bhrof|A] 1.78 gNH,'-N
[de g G AR F, thA] FokaS S7HAA A9
3l A|Re] BAS Standard Methods(APHA,
1998)0f| =ato] FAJskgl om, Hhg-2f v ETe
HRT =& u]gEo] F2E wbes ol Al&skL
GF/C oA 2 ofatsto] AT} Hxso] HA R}
2 ek

Table 2. Operation conditions of the reactor

SCODx . NH4-N
HRT(hr) zigi;’ loading rate (g /L) loadin+g rate
(6SCOD./d) (eNH, -N/d)
335 2.73 11.6 0.95
3 30.6 498 10.5 1.72
2A 329 8.05 11.0 2.70
2B 30.0 7.35 7.3 1.78
1 27.3 13.38 7.6 3.71
0.5 134 13.14 7.3 7.12

3 HRT #3tof| b2 e 9EH A|A 1497

3. Zut { n¥

3.1. R7I1E HA

Fig. 3-> HRT Hg}o|| ©t2 TCOD,, 2] s =Ri3} 9
AARES Hepdl A SR, HRTO| e Hdtghe
HRT 6hr~2hr7}#] 8-¢]<=9] TCOD,; ¥E= 71.1~
118 mg/lL, 42 TCOD, %Ei 13.3~41.1
mg/LA.o1, TCOD2] AATEL 69.9~81.2%=
A2} Z7)sl= Agko] UERdth HRT 1hr~0.5hr7t
2] AwoA 8914=2] TCOD, HE= 21.0~64.2
mg/L, #2]52] TCOD,; %% 10.1 ~25.8 mg/LZ A
AFLL61.8,50.9%= 591422 TCOD, =7} 7Ha
ol whet 22]429] TCOD.: F= = Thas AE|Qlch

Fig. 4= HRT 3} w2 SCOD,; =13} E A
ArES el 1902 §9YU4 SCODy 5=
HRT 6hr~HRT 2hr7}#] 18.3 ~44.1 mg/L& -3-¢]%
9lom, A2]4= SCOD,2 11.8~22.2 mg/L$ith HRT
1hr~HRT 0.5hrof|412] SCOD, -394~ 10.5~43.1
mg/LZ $9lE|glon a4 SCOD,S 82~17.2
mg/L3ch SCOD. 2] A|A &-8-2 HRT 6hr~1hr7}4]
459~551%= FARRE AAEES YER9oH,
HRT 0.5hroflA] 26.1%2 W2 A A&ES Jehfgl
t}. TCOD2} SCODu= HRT 7H4of| whet Q)=
Hap7t ST oy Ael s vlad YAt
=g s

Fig. 5= HRT ®¥is}of| w}-2 SS 53t 9 Al A&
£ YJERH A0 & 9914 SS7} HRT 6hr ~2hr7}2]
10.0~57.0 mg/L& S| om, T4 SS=1~6
mg/LE UER o ojufo] Bt SS AAGES oF
94%9t}h. HRT 1hr~HRT 0.5hrof|4]<] §S 9-¢l4==
4~24 mg/LY 20, 2]4= SS=0.5~3 mg/LE o|u]
Hat SS AATES 80% oo ekt SS=
4ol SS FEEAPE E Ao vlE) 2|42 SS
e e AR A FEE UEE,
o= SS7} Fol=et T AR o] FEHA Y=
o] FHo| FAw|1, A= A e 2o} AET
o] Qg Al F2h wjio g whehEth ngEY
COD2} SS9 491 A 2|22 Kim -5(2002a)°]|
A= Uep=d], 2 AdoAe Bt @2 SCOD:
30 mg/L o512 Hat U4 FollA = A1 A
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Fig. 3. TCOD.; concentration and removal efficiency with
various HRT.
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Fig. 4. SCOD,, concentration and removal efficiency with
various HRT.
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Fig. 5. SS concentration and removal efficiency with various
HRT.
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£S5 R Ao 8914 T-NL210.7~15.4 mg/Lo|
lom, A24=2] T-N 5= 8.9~12.0 mg/L=Z AHA

I
b

FEL HRT 6hr~HRT 2Ahr7HA] 9] 16.7~22.2%,
HRT 2Bhr~HRT 0.5hrof] A% 10.4~19.4%2] T-N
A|A B-go] ebstth

Fig. 72 HRT 3}o] wh2 NH, -N F=H3s} 9 A
AFLS eRH 1% 0 2 HRT 6hr ~HRT 2Ahr7H4]
89420 NH, N 55 =7.1~14.4 mg/LE 3=
om, 749 NH,' N &L 0.1~6.0 mg/L=E
NH, -N&] A AFL-2 57.6~89.0%%]ct. HRT 2Bhr ~
HRT 0.5hrof|A] $-¢14=¢] NH,-N &= 55~11.6
mg/L2 =25, Ael5=2] NH, N 5= 0.2~
7.8 mg/L=E AAFEL 37.5~86.2%%]cl. HRT 2Ahr
of| A F-E3t Aalslrt o] fo) x| %] ekgtom, the 241
2 IR 3l FU49 NHy N2 5 sy 2a)
£-8 w3 HRT 2Bhro|A] NH, -N A A&L0] 57.6%
ol 86.2%= FFAFEIAL, o5 NH,-N Hslee] &
7}l whgk NH,"-N9| A7 &&-E FHA} WolA HRT
0.5hrof| A= NH,'-N A 7] &-80] 37.5% 2 WolHth

Fig. 82 HRT ®i3}o] w2 NOs-N F=R3HE U
ERdl 7190 & NOy-N2| 2418} gkl ule}, HRT 6h
r~HRT 2Ahr7}4] $-914=2] NOy-N &£ 1.3~33
mg/LE Y=o, 2242 NO;y-N =41~
11.6 mg/L & UFERGTE HRT 2Bhr ~HRT 0.5hrof| 4] &
9]4=9] NO5-N B 5= 0.3~2.6 mg/LE 5%,
A E]422]NO;y-N %23 ~7.5 mg/L= e} ZAk
Sh=wtjolH | AaReea RS RAlE U
ERfar 18-S oF 4= 91 9lchBoller 5, 1994).
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Fig. 7. NHy-N concentration and removal efficiency with
various HRT.
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Fig. 8. NO5™-N concentration with various HRT.
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Table 3-& HRTH 3} W F/M 8|9} SCOD, 2
S Uehdl 2102 HRTO| ZHacof whet FM v, 3
WA k&2 57F= 1L HRT lhroflA] F/M H|, 3
HAF SCOD. 73}, FHAF SCOD.: A|A7Fo] 2k
7} 0.24 kgSCOD/kgMLSS-d, 15.55 gSCOD/m™d,
8.37 gSCOD/m™d 2 7} =31 HRT 0.5hrof| A= 9.
sl fravls Aol vehkth FEOHEHAT
NH; -N2| A7/ NH, -N 2] 5}5Fo] wf2} HRT 1hr
of| A 7} 322,93 gNH, -N/m™d 2 UERL} HRT 1hr

Table 3. F/M ratio and SCOD,, loading with various HRT
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&2 290w, NH,'-N+= SCOD,; of B]3] EHH3}
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At Fopol| 2 F3FE ek om, Boller 5(1994) 1}
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ke ool o3t AAikskeS AMgshr] 9l
FEHESI] wE  FAFSS(specific nitrification
rate, SNR)-2 A4 3| = A3} HRT 6, 3, 2A, 2B, 1,
0.5hrof| A ZFz}F 0.033, 0.034, 0.028, 0.027, 0.069,
0.051 mgNH, -N/mgMLVSS-d2 HRT 1hrof|A] 24}
skeo] 7 A vehtem, s SNRE 0.041
mgNH,"-N/mg MLVSS-d(1.708 mgNH, -N/gMLVSS-hr)
& Hay 5(2009)9] 1.42 mgN/gMLVSS-hr#} Park 5
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F/M ratio SCOD, loading per =~ Removal SCOD.;, per NH,"-N loading Removal NH; -N per
HRT
(hr) (kgSCOD./ surface area surface area per surface area surface area
kgMLSS-d) (28CODe/m™d) (£8CODe/m™d) (mgNH; -N/m™d) (gNH4"-N/m™d)
6 0.07 3.18 1.77 1.10 0.98
3 0.09 5.80 3.10 1.99 1.62
2A 0.10 9.30 4.49 3.14 1.82
2B 0.10 8.54 4.29 2.07 1.76
1 0.24 15.55 8.37 4.31 2.93
0.5 0.16 15.27 4.11 8.28 2.52
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