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Livestock Wastewater Treatment Using MBR/NF/RO and Application of

Post-Denitrification and Air Flotation Process to Treat
Excess Sludge and NF/RO Brine
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Abstract : Full scale livestock wastewater treatment plant (100 t/d) was constructed and operated to develop compact and cost
effective treatment process for public plant as well as individual farm. Liquid form of livestock wastewater after belt press filter
was treated through MBR/NF/RO. NF/RO brine water was mixed with livestock wastewater sludge and treated using denitrifica-
tion, coagulation and air flotation process. Mixed effluent of NF/RO and air flotation meet public livestock wastewater treatment
standard, BOD, T-N and T-P, 30 mg/L, 60 mg/L, 8 mg/L below, respectively. Condensed sludge of air flotation returned belt press
filter. Dewatered cake contained 90% water and could be used fertilizer after mixing sawdust.
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Table 1. Flow chart and influent/effluent BOD quality of public livestock manure treatment plants®

BOD (mg/L)
Treatment flow chart Influent
Effluent
(pre-treatment)
Liquid phase  Grit remover (pre-treatment)—Denitrification/Nitrification—Mixing chamber—Flocculation—dehyd- 25337 14
floatation rator—neutralization—Up-flow fiter—Sand filter—Activated carbon absorption—Disinfection (19,506) ’
Grit remover—Centrifuge (pre-treatment)—HYCEM—Nitrification reactor—1st Settling tank—SBR 15.870
HYCEM —Qzone media contact tank—2nd Settling tank—3rd Settling tank—Sand filter—0zone con- ® 623) 3
tactor—Activated carbon absorption ’
Nix-MBR Grit remover—Centrifuge (pre-treatment)—pressure flotation—Denitrification/Nitrification reactor— 13,933 20
Screen—UF—Fenton oxidation—Neutralization—Settling tank—Activated carbon absorption (5.953)
BCS Grit remover—Centrifuge (pre-treatment)—BCS (SBR)—Pressure flotation—0zone contactor— 14,230 17
DBAF—Activated carbon absorption (8,740)
Grit remover—Multi step screen (pre-treatment)—1st Reactor—1st Settling tank—2nd Reactor— 21 892
B3 2nd Settling tank—Chemical sedimentation—Sand filter—0Ozone contactor—Activated carbon © ’720) 255
absorption ’
L FFET|7F AW 2 o] A - Bo] we =717} Table 2, Characteristics of water quality liquid livestock waste-
o worrki Akl 2010 13 765% 7k A 201219 water after coagulant addition belt press filter
34570 13 374% 712 39157}, oF 22%7} Z-Asch Iterr; Minimum Maximum Average
Eg o FEFTIIAL B $E YA B w2 2 Flovw {miday) 19 028 202
Wom Aeshs 9% W R E” nelRelde P 1 o2 0
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v} k= s77F S7ksked olo uheh Eu|sie]go] F oD (gL 27 400 41300 20200
cr m 3 il ’
71eli FEsA sleke s vtel AAH oflgol 715E °
7 ok CODmy (Mg/L) 3,040 2,450 2,658
AL
E}/;H R A A T Ao A A8 SCOD« (mg/L) 24,500 38,640 26,155
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Fig. 1. Schematic diagram of the pilot plant,
Table 3, Characteristics of UF membrane Table 4, Characteristics of NF/RO membrane operation
ltem Characteristics Item (Average value) Characteristics
Pore size (um) 0.04 Influent flow (m®/hr) 132
Membrane material PVDF Permeate flow (m®/hr) 102
Membrane type Hollow fiber Concentrate flow (m®/hr) 30
Operating pressure (kgf/cm?) 0.07~0.55 Recovery (%) 77.0
Operating type Submerged Type Inflow pressure (kgf/cm?) 11
Cycle 10 min Filtration, 40 sec Backwashing Concentrated pressure (kgf/cmZ) 10
TMP (kgf/cm?) 0.18~0.22 (0.20) APD (kgf/cm?) 10

Sodium Hypochlorite (2 times/wk)
Citric acid (1 time/wk)

Sodium hydroxide (twice a week)

Chemical usage Citric acid (twice a week)

Chemical usage

Surface area (m°) 232

Flux (LMH) Filtration : 12, Backwashing : 30 Table 5. Denitrification process operation condition

Permeability (Ll\/lH/(kgf/sz)) 52.9~69.4 (59.9) ltem Inflow

- o - 3

Permeability (?20 C) 35.3-60.2 (46.6) NF/RO brine water 15 m*/d

(LMH/kgf/omT)) MBR sludge 10 m¥/d

*min,~max., (mean) External carbon source (Methanol 99%) 20 L/d
Retention time 16 hr
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Table 6, Specifications of chemical coagulation

[tem Specifications
FeCls feed tank 10me
FeCls feed pump 1 L/min x 0,04 kW
FeCls feed rate 4.6 kg/m®
Polymer solution tank 1.0m®
Polymer feed pump 1 L/min x 0,04 KW
Polymer feed rate 0.3 kg/m®

Table 7. Specifications of pressure flotation equipment

[tem Specifications
Size 300 W x 900 L x 1,200 H
Pressure pump 0,05 CMM x 55 mH x 08 kW
Pressure Tank $500 x 1000H
Compressor 9 kg/em? x 2.2 kW
Scum Pump 0.02 CMM x 10 mH x 0,75 kW

© Table6, 7o 2}z trEhygich. AT HOIA FE v
HeE FRIRA RO FaE o] AAH

= oj:lL-oJ = o Bauhie FAAEY 9 Standard
Method (1998, USA)o] F35HA AE-E& X842, HACH

AFe] DR 50005 2833t

Table 8, Soluble COD. removal efficiency of livestock waste-

water
e Concentration (mg/L) Removal efficiency
Livestock wastewater | Final effluent (%)
24, 500~38,640 21.0~46.6
SCOD. (26,155) (34.7) 999

*min,~max_, () is arithmetic mean

Table 9. T-N removal efficiency of livestock wastewater

e Concentration (mg/L) Removal efficiency
Livestock wastewater | Final effluent (%)
T-N 1,140~2,760 (1,927) | 36~48 (42.2) 978

*min,~max_, () is arithmetic mean

CODy= B4 26,155 mg/Lo]n] SCOD.2| -5 H717|7t
EF 24,500 mg/L~38,640 mg/LO g G|, HFHFS
o] FE= Bt 347 mgLE ePgH o2 ujEEgleh SCOD.
)i 9 H=H3E Table8 2 Fig. 20] Urebyich

31.2. TN X2|EE
U TN Hat 2,274 mg/Lo|H && T-N2| 74-¢
FAdeE 1,140 mg/L~2,760 mg/L M2 FUEH, FFS
=l W 422 mg/LE PR o2 wi&E Tt T-N A
Has 9 =3l Table9 9 Fig. 30 vehch
31.3. TP IS8
U] T-P2 Ht 55.7 mg/LolH §& T-P sk 8.0
mg/L~106 mg/LE A= o HFYFro s Fdt
08 mg/Le2 P o= W&t TP A2as 3 &
=3} Table 10 Y Fig. 40] Uebdch
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Fig. 2. Soluble COD, variation of livestock wastewater and effluent,
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Fig. 3. Soluble T-N variation of livestock wastewater and effluent,
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Fig. 4. Soluble T-P variation of livestock wastewater and effluent,

Table 10, T-P removal efficiency of livestock wastewater

A SCODG0] w5 Table 119] Lpekuleh. £:415:9] %

ttem Concentration (mg/L) Removal efficiency T = 26,155 mg/Lo|, AYEHFERQ] FAAZQ} T 7]
Livestock wastewater |  Final effluent (%) %9] WP HE 1,955 mg/L, 680 mg/Lo|u], UFZ]2|<=9}
T-P 8.0~106 (25.7) 0.42~1.09 (0.8) 98.6 NF/ROA 2]4=9] Hit %X 5664 mg/L, 13.7 mg/LEA] Z+

*min,~max., () is arithmetic mean

7} 97.8%, 99.9%2] A|AZE HIT

- NFROsES9] 49 Hd 52t 744 mg/L2 YETS

3.2 QIR AY S o, oJelzel Aol Baetel SAS AN 4718 BRBE

321. 5718 =8l 524 mg/L= Uperidt, 2EWR0] SCOD.S] Wit FEE
H"?‘]%Xétg %7]%@_2] 71 ‘.% 2 O]’Eﬂ -r]OHO'i Z+ v} % 34.7 mg/LO]u:] BOD lg_ =16 mg/LE L]—E]—‘J'E]-

Table 11, Variation of SCOD. concentration in each reator

Live stock ) ) UF NF/RObrine  NF/RObrine water + NF/RO Pressure Final
Item Anoxic  Aerobic )
waste water permeate water Excess sludge permeate flotation effluent
SCOD« (mg/L) 26,155 1,955 680 566.4 744 524 137 413 347
BOD (mg/L) 13,200 - - - - - - - 16
CHetEIA Zefa|R| | M35 M65] 20134 68 |
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Table 12, Variation of soluble T-N concentration in each reator

Live stock ) ) UF NF/RObrine  NF/RObrine water + NF/RO Pressure Final
[tem Anoxic  Aerobic A
waste water permeate water Excess sludge permeate flotation effluent
Soluble T-N (mg/L) 1,927 3529 1273 120.0 2226 98.6 287 447 422
NH3z-N (mg/L) 1,875 1 1161 53 24 54 17 17 16 16
NOs-N (mg/L) 192 145 417 39.0 7 406 261 382 324
3.22 HA sEHE NFRO %4 Yol&aAet 23 & %@%‘—*JEM A
TNEEE i 2274 mgL(§2 TN 1,927 mgL)& § 57| ujo] 7Fd5A 259 TP 1.3 mg/LZ e}
dE & AEvSxolA disled & AA #E UF wrh HEFHRTY 5+ 08 mglle %%im%} W
84 120 mg/L, NF/RO A9 9 28.7 mg/LZE L} $271%& 8 mg/L o|stETt ujQ 3o 28 S5t A
etk o Ubehytth,
NF/RO5Z49 T-NELE= Hot 222.6 mg/Lo|y doj&
2|9} E3Fsto] oF 200~210 mg/Le] FEE TEE x| 3 3.2.4. A20| OI2 AHHE

HE 2iekagl 2ol ot 2 o]F TNE B 98.6
mg/Lolu, 7IHEA A F B 447 mgLE vekith 7h
QPFAA e 4t NFROA 2] E4lo] HEWRew o
0 o] TN EE 422 mg/L2 24 Was 22 7|&
50 mglL o5H2 yhEsteic

7120 Bt 28 33TCE A7)0 A $L£266T,
shE7)0] o 422 39.5C 2 UEhton, pHE B 7.852
74~8.19 W2 A=)

MBRE] AAA| A& Fig. 52 Zro] Bt 93.2%E 90.2~
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Table 13, Variation of soluble T-P concentration in each reactor

Live stock ) ) UF NF/RObrine  NF/RObrine water + NF/RO Pressure Final
Item Anoxic  Aerobic )
waste water permeate water Excess sludge permeate  flotation  effluent
Soluble T-P (mg/L) 257 18.9 175 122 174 83 07 13 08
#Temperature ApH ENitrogen removal efficiency
45 — = i ‘ — 100.0
F F s 1 . B =4 L P . [ e =
40 |+ 2 =y ‘ L k - 90.0
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Date

Fig. 5. Variation of nitrogen removal efficiency according to temperature,
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Fig. 6. Variation of UF flux and TMP,
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Fig. 7. Variation of UF permeability.
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Fig. 8. Variation of NF/RO inflow pressure and brine water pressure,
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