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Application of MBR process for the treatment of
RO concentrate from wastewater reuse process
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Abstract : Biological treatment of RO concentrate from wastewater reuse process is known to be very difficult due to its high
concentration of non-degradable organics and salt ions such as chloride, nitrate and phosphate. In this research, the treatment
performance of MBR was examined using RO concentrate mixed with raw wastewater as the influent of MBR, Addition of PAC
(powdered activated carbon) to MBR was also evaluated in order to enhance the treatment performance and stability. The perfor-
mance of MBR for treating only RO concentrate decreased gradually although external carbon source was added, The average
removal performance of MBR with and without PAC decreased from 99.1 %(98.8 %) to 94 9 %(91.4 %) for COD, 81.3 %(80.3
%) to 42.0 %(41.9 %) for T-N and 57 3(55.0 %) to 30.0 %(21.0 %) for T-P with the increase of RO concentrate mixing rate of O
% to 20 % in the feed water, Addition of PAC showed positive effect on the performance of MBR for the removal of COD and
phosphorus in case that the ratio of RO concentrate to feed water increased,
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Fig. 1. Schematic diagram of MBR process

Table 1, Operating condition of MBR

Parameter Set value Parameter Set value
Total Volume(L) 12,13 Ae.ratlon m,ten_ 3
sity (L/min)
PAC Concentra-
Total HRT(hr) 16.83 tion in MBR 1 4
(g/L)
Total filtration
1st Anoxic(hr) 1.30 volume 17.3
(L/day)
2nd Anoxic(hr) 3,39 SRT (Days) 40 ~ 50
. Permeate flux
Large Anaerobic(hr) 4.94 (m*/m?/day) 0.3
Oxic[membrane](hr) 7.20 Time: QN/OFF 9:1
(min)
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Table 2, Composition of the synthetic wastewater

Components Concentration(mg/L)
Glucose 300 ~ 500
NaHCO3 300
NH_HCO,

KH PO, 225

MgsO, 7H,0

MnSO, H,0 0.03

ZnS0, 7H,0 0.04

CaCl,2H,0

FeCl, 4H,0 0.32

Yeast Extract

Table 3, Characteristics of RO concentrate

Parameter Averagg Parameter Averag?
concentration concentration
COD_(mg/L) 70.00 pH 8.42
T-N(mg/L) 52.50 E.C(ms/cm) 4,58
NO,-N(mg/L) 48.40 TDS(mg/L) 2,240
NO,-N(mg/L) 0.39 U.v,, 0.43
NH,"-N(mg/L) 1.39 TOC(mg/L) 14.78
T-P(mg/L) 5.10 SUVA 2,92
PO *-p(mg/L) 3.08 Cl(mg/L) 1,027
AR e w2 Ae & 5 3
ot B3 ROFSHTE T 854 138 =4 (Total

Dissolved Solids, TDS)®¢| 2,240 mg/LZ =
A FAEReH, o]F 50 % A&7t ClI'= 4

=o] ik,

231 2iREAgl Folo| T2 RO 554 Xz
£y
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Table 4, Experimental conditions in case of external carbon source addition

f MBR1PAC MLSS(mg/L) Methanol dosage(ml/d)
Influent L

injection(mg/L) MBR1 MBR2 1 ~8day 9~17day | 18~32day | 33 ~40day
RO concentrate 4,000 8210 4150 0 5 10 20

Table 5, Experimental conditions in case of feed water mixed with RO concentrate

. MBR1 PAC MLSS (mg/L) RO concentrate mixing ratio(%)
Influent S
injection(mg/L) MBR1 MBR2 1~ 14 day 15 ~ 35 day 36 ~ 50 day
Synthetic wastewater
+ 4,000 8,480 4,270 0 10 20
RO concentrate
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Fig. 2. MLSS variation of MBR for RO concentrate with external
carbon source addition

Parameter Method Instrument
COD Reactor Digestion Method HACH, DR 2800
T-N Chromotropic Acid Method HACH, DR 2800
T-P Molybdovanadate Method HACH, DR 2800
NH -N Nessler Method HACH, DR 2800
NO,-N, Diazotization Method HACH, DR 2800
NO,-N Chromotropic Acid Method HACH, DR 2800
PO P Ascoribe Acid Method HACH DR 2800
uv,., Ultra Violation Spectrophotometer SHIMADZU, UV 1800
TOC Infrared Spectrophotometer AURO'RA, TOC Analyzer
E.C Conductivity meter Thermo, Orion Star A Series
TDS Conductivity meter Thermo, Orion Star A Series
pH pH meter Thermo, Orion 3tar
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Table 7. Treatment performance of MBR1 for RO concentrate with external carbon source addition

1~ 8 day 9 ~ 17 day 18 ~ 32 day 33 ~ 40 day
Item Inf, Eff, Removal Inf, Eff, Removal Inf, Eff, Removal Inf, Eff, Removal
(mg/L) | (mg/L) | rate(%) | (mg/L) | (mg/L) | rate(%) | (mg/L) | (mg/L) | rate(%) | (mg/L) | (mg/L) | rate(%)
COD 70.0 52.0 25.7 174.0 52.0 69.6 265.0 46,7 82.4 478.0 53.9 88.7
T-N 52.5 48.6 7.4 48.9 33.2 32.0 48.8 32.6 33.2 50.9 31.0 39.1
T-P 5.1 4.4 13.5 5.0 4.0 18.8 4.8 4.0 16.2 5.1 4.2 16.3
NH,-N 1.39 0.17 87.84 1.31 0.14 89.07 1.07 0.16 85.39 0.95 0.13 85.96
NO,-N 48.4 44.6 7.7 45.1 31.1 31.0 459 60.6 33.4 48.4 28.3 41.6
NO,-N 0.39 0.02 94,17 0.43 0.03 92,23 0.44 0.02 96.37 0.44 0.01 97.21
POf'—P 3.08 2,70 12,48 2.84 2.34 17.40 271 2.28 15.58 3.01 2.55 15.23

Table 8, Treatment performance of MBR2 for RO concentrate with external carbon source addition

1~ 8 day 9 ~ 17 day 18 ~ 32 day 33 ~ 40 day
Item Inf, Eff, Removal Inf, Eff, Removal Inf, Eff, Removal Inf, Eff, Removal
(mg/L) | (mg/L) | rate(%) | (mg/L) | (mg/L) | rate(%) | (mg/L) | (mg/L) | rate(%) | (mg/L) | (mg/L) | rate(%)
COD 70.0 54.0 22.6 174.0 54.8 68.6 205.0 49.1 81.5 478.0 58.8 87.7
T-N 52.5 46.0 12.4 48.9 33.8 30.9 48.8 33.7 30.9 50.9 329 35.4
T-P 5.1 4.7 6.9 5.0 4.5 10.3 4.8 4.2 12.6 5.1 4.3 14.6
NH,-N 1.39 0.18 87.39 1.31 0.15 88.81 1.07 0.15 86.02 0.95 0.16 83.46
NO,-N 48.4 429 11.2 45.1 30.9 31.4 459 31.3 31.9 48.4 30.2 37.7
NO,-N 0.39 0.03 92.78 0.43 0.05 88.03 0.44 0.02 96.31 0.44 0.01 97.27
POf'—P 3.08 2.88 6.68 2.84 2.51 11.63 271 2.45 9.59 3.01 2.63 12,61
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Fig. 3. COD removal performance of MBR for RO concentrate with external carbon source addition
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Table 9, Treatment performance of MBR1 and 2 for RO concentrate mixed with synthetic wastewater

1 ~ 14days(0 %) 15 ~ 35days(10 %) 36 ~ 50days(20 %)

- Eff, Removal rate Eff, Removal rate Eft. Removal rate

Inf. | MBR | MBR | MBR | MBR | Inf. | MBR | MBR | MBR | MBR | Inf. | MBR | MBR | MBR | MBR
1 2 1 2 1 2 1 2 1 2 1 2

COD 492.0 4.4 6.1 99.1 98.8 | 462.8 | 11.1 18.5 97.6 96.0 | 404.4 | 20.7 34.9 94.9 91.4
T-N 45.6 8.6 9.0 81.2 | 80.3 | 484 | 169 | 17.2 | 65.2 | 645 | 485 | 28.1 282 | 420 | 41.9
T-P 5.0 2.1 2.2 57.3 | 55.0 5.0 3.0 3.2 40.0 | 36.0 5.0 3.5 3.9 30.2 | 21.0
NH,-N | 495 0.1 0.1 99.8 | 99.8 | 43.7 0.1 0.1 99.8 | 99.8 | 38.2 0.1 0.1 99.7 | 99.7
NO,-N 0.3 0.1 0.1 66.7 66.7 4.9 14.4 15.9 - - 12.1 26.7 27.1 - -
PO>-P | 3.8 1.5 1.9 60.5 50 3.3 2.0 2.2 37 33 29 2.2 2.4 27 18
DOC 195 0.8 1.7 99.8 | 99.2 170 3.5 6.1 98 96.4 152 7.3 13.6 | 95.2 | 91.1

Uv,, | 0.8 | 001 | 003 - - 0.55 | 0.08 | 0.23 - - 0.52 | 0.19 | 0.55 - -
RO #5492 23H|&o] 37HedE &5+
F7lE2 S/, ol RO s5l & e gt i gt 3%
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= S o o, 9 4 L
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= [ ! =
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