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Rejection property of geosmin and 2-Methylisoborneol (MIB) with high
concentration level at multi stage nanofiltration (NF) membrane system
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Abstract : Algal problem in drinking water treatment is being gradually increased by causing deterioration of water supplies
therefore, especially taste and odor compounds such as geosmin and 2-MIB occur mainly aesthetic problem by its unpleas-
ant effects resulting in the subsequent onset of complaints from drinking water consumer, Recently, geosmin and 2-MIB are
detected frequently at abnormally high concentration level, However, conventional water treatment without advanced water
treatment processes such as adsorption and oxidation process, cannot remove these two compounds efficiently, Moreover, it is
known that the advanced treatment processes i.e, adsorption and oxidation have also several limits to the removal of geosmin
and 2-MIB. Therefore, the purpose of this study was not only to evaluate full scale nanofiltration membrane system with 300 m?/
day of permeate capacity and 90% of recovery on the removal of geosmin and 2-MIB in spiked natural raw water sources at high
feed concentration with a range of approximately 500 to 2,500 ng/L, but also to observe rejection property of the compounds
within multi stage NF membrane system, Rejection rate of geosmin and 2-MIB by NF membrane process was 96% that is 4% of
passage regardless of the feed water concentration which indicates NF membrane system with an operational values suggested
in this research can be employed in drinking water treatment plant to control geosmin and 2-MIB of high concentration, But,
according to results of regression analysis in this study it is recommended that feed water concentration of geosmin and 2-MIB
would not exceed 220 and 300 ng/L respectively which is not to be perceived in drinking tap water, Also it suggests that the
removal rate might be depended on an operating conditions such as feed water characteristics and membrane flux, When each
stage of NF membrane system was evaluated relatively higher removal rate was observed at the conditions that is lower flux,
higher DOC and TDS, i.e,, 2™ stage NF membrane systems, possibly due to an interaction mechanisms between compounds
and cake layer on the membrane surfaces,
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Fig. 1. Schematic diagram of integrated membrane systems,
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Table 1, Properties of MF and NF membrane

Parameters MF membrane’ NF membrane’

Company Woongjin Chemical (Seoul, Korea)

HFTS 7090 NE 4040-90

Membrane type

Module type Hollow fiber Spiral-wound

Polyvinylidene
fluoride (PVDF)

Polyamide

Material
e / Thin-Film Composite

Dead-end

. Crossflow
/ Out-in pressure

Filtration mode

Effective

60 (m?*/module)
membrane area

7.9 (m?*/module)

Pore size 0.05 um n/a
Max. turbidity n/a 1.0 NTU
Max, pressure 44 psi 600 psi
Temperature 1-40C 1-45C

Flow rate 21.2 - 120 m*/day | 1,600 GPD (6.0 m*/day)

pH 2-11 2-11
Surface charge n/a Negative
M NaCl a
ax. Nac n/a 85-95% (93%")
Rejection
Max, SDI
. 3 <5

(15min) n/a 5.0

Max. Chlorine n/a <0.1mg/L

Concentration

‘described in membrane specifications by manufacturer
" certified from Korea Water and Wastewater Association
n/a: not available
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Table 2, Operating condition of NF membrane systems

Flow rate (m?/day) Flux
Parameters Recovery (%) i) Configuration
Feed | Concentrate | Permeate (m*/m’ day)
Stage operating state 333 33.5 300 90 0.49 78 modules/ 14 vessels (11:3)
First Normal 333 67 266 80 0.51 66 modules/ 11 vessels (7:4)
Second Normal 67 33.5 33.5 50 0.36 12 modules/ 3 vessels (2:1)
O Crossflow mode
O Recovery calculation (%)= (Permeate flow rate / Feed flow rate) x 100
Remark | O Concentration factor (C)= (Feed flow rate / Concentrate flow rate)
O Minimum flow rate of concentrate: 0,7 m*/hr (16,8 m?/day) above
O Average membrane flux: 0.75 m’/m? - day below
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Table 3, Conditions of chemical injection at spiking experiment

Parameters Value Unit
Feed inflow 333 m?*/day
Chemical pump 50 mL/min
flowrate
50 mL/min
Chemical inflow
0.5 mg/min
Chemlcal' concen- 0.01 mg/mL
tration
Chemical volume 10 L
Chmical mass 139 mg
Safety rate 1.5 -
Elapsed time 3 hr
Summary Value Unit
Tz ot ¢ -entra-
arget concentra 2,000 ng/L
tion
Feed inflow 333 m?*/day
Chemical pump 50 ml/min
flowrate
Chemical volume 10 L
Chemical mass 139 mg
Expemme'ntal 3 hr
elapsed time

MS (Varian 450, Agilent Technologies,
CA, USA)Z A=A sklar, Add,o 4
A Faolse 9 F8E41YE (Orion
Star A215, Thermo Scientific, USA), Uv,,
(CARY 300 Conec, UV Spectrophotometer,
Varian, Agilent Technologies, CA, USA),
Z87]¥ta (TOC—VCPH, Shimazu, Japan)

2 w4t
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NTURA tj22o] edo] A= 3, 424
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Table 4, Characteristics of feed water

Values
Parmeters Unit
Feed water’ Spiked water”
Temperature ¢ 23.9 23.9
pH - 6.8 6.4
Turbidity NTU 0.03 0.03
Total
o =
dissolved solid me/L 7.5 77.3
Dissolved mg/L 17 1.8
organic carbon
uv,,, em ™ 0.05 0.05
Specific UV L/ 28 28
absorbance mg - m
1% Exp. | 2387
Geosmin ng/L 140
29Exp | 413
B iso- 1 Exp. | 1102
2-Methyliso ng/L 3
borneol 2" Exp 663

" Permeates of microfiltration (MF)
" Results of water analysis after 90 min of dosing stock solu-
tion in feed water during 1* experiment (i.e., 1st Exp.)
" indicates 10 mm of square cell at UV, analysis
" Value of UV, divided by DOC indicating hydrophobicity
of organic compounds,
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Fig. 2. Concentration of geosmin and 2-MIB in spiked natural
raw water
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Fig. 3. Concentration and removal efficiency of taste and odor compounds by NF membrane system (n=4).
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Fig. 4. Concentration of geosmin and 2-MIB in permeate from each membrane stages within multi stage NF membrane systems in
which membrane flux and recovery rate were 04865 m®/m? - day and 90% respectively,
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Fig. 5. Concentrations of geosmin and 2-MIB in concentrates at multi stage NF membrane systems in which membrane flux and

recovery rate were 0.4865 m*m? - day and 90% respectively.
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