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A Study on the Removal of Dissolved Matter in Groundwater
and Characteristics of Fouling using NF and RO

Eun-Mi Gwon * Myong-Jin Yu

Department of Environmental Engineering, University of Seoul

ABSTRACT

To investigate removal efficiency of dissolved matter by NF and RO, a pilot plant
was operated for six months using groundwater treated by UF membrane. After the
pilot plant operation, we performed autopsy test to identify characteristics of foulant
attached on the membrane surface applying the used NF and RO in the pilot plant
test. In autopsy test, we measured permeate flux and recovery rate of flux by
chemical cleaning in each membrane. We also analyzed chemical cleaning disposal to
examine component of foulant. Permeate flux of NF and RO1 showed rapid decline
after 100 days of operation. Especially. reduction of specific flux in ROl was more
serious than in NF. Specific flux of RO2 with a low recovery rate resulted in gradual
flux decline. Removal efficiencies of dissolved inorganic matters as a conductivity
were 76.3%. 88.2% and 95.3% respectively for NF, ROl and RO2, and RO2 presented
the highest removal efficiency. And those of dissolved organic matters as TOC were
about 80% for both NF and RO. The specific flux of membranes declined gradually
from the feed water inlet to outlet of the membrane module and it showed that
membrane fouling increased along the feed flow direction. Namely, concentration of
pollutants became higher and volume of feed water was less as the feed flow
approached to the outlet. It seemed that major foulants were Ca consolidated into
inorganic material and Si consolidated into organic material on the membrane
surface. Fe was a great contribution to irreversible fouling. The SEM results indi-
cated that the organic matter was attached to the first layer, closer to the membrane,
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and then inorganic matter with tetragonal shape layered over them. We could not
observe biofouling because microorganism, which was cause of biofouling, was almost
pretreated in UF membrane.

Key Words @ NF, RO. Dissolved Matter, Foulant, Autopsy Test
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2.1. Pilot Plant Test
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Fig. 1. Experimental schematic diagram of
pilot plant.

Table 1. Characteristics of membrane evaluated at pilot plant

Membrane Material MWCO Per(nLl‘(/a:ien ;‘lux Effec;i;/:a n(x;r;l)l’)rane Salt z's/_ie)zction raftts‘c‘o‘\:e?o; )
NF Polyamide 200 1.46* 2.1 85.0 12.7
RO1 Polyamide 200 1.94** 2.1 99.0 124
RO2 Polyamide 200 1.84*** 2.51 99.0 8.7

Test condition:
recovery rate :

* NaCl 500 ppm, 25T at 5.2 bar, recovery rate :

10%, *** NaCl 2,000 ppm, 25C, at 15.5 bar, recovery rate :

10%, ** NaCl 1,500 ppm, 25T at 10.2 bar.

15%, **** In this study
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Fig. 2. Membrane sections for autopsy test.
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Fig. 3. Experimental schematic diagram of
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Fig. B. Specific flux comparison of each
section before chemical cleaning in
autopsy test.

Table 2. Water quality of influent and permeate in NF, RO1 and RO2 during pilot plant period

Parameter Membrane Influent NF permeate RO1 permeate RO2 permeate
pH 7.09%0.36 6.46+0.48* 6.11%0.54 5.85%+0.40
Conductivity (us/cm) 984.7+378.0 233.21120.1 115.8166.3 45.4118.9
TOC (mg/L) 2.68%1.35 0.54%0.20 0.43%0.18 0.44%0.20
UVass (cm™) 0.036+0.015 0.004+0.004 0.002£0.003 0.001x0.002
SUVA (m"/mg/L) 1.35+0.25 0.781+0.47 0.4410.56 0.19%0.42
TOXFP (us/L) 250.4+144 .4 24.5%25.1 32.6+33.1 25.4%22.8
THMFP (us/L) 156.0+133.1 9.5%8.2 9.9£8.6 8.6%6.9
Mg (mg/L) 14.0 0.07 N.D** 0.05
Si (mg/L) 30.2 2.3 1.2 3.2
Ca (mg/L) 66.6 04 0.4 0.3
Fe (mg/L) 0.02 N.D N.D N.D

* AveragetS.D., " Not detected
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Fig. 7. Specific flux of each section after
chemical cleaning in RO2.

Table 3. Cations in waste cleaning solutions
of each membrane (Unit: mg/L)

Parameter .
m Mg | Si | Ca | Fe

Hydraulic washing|{ 0.02 | 0.12]0.24| N.D
NF | Acid cleaning 0.1510.34|1.07} 0.55
Alkaline cleaning | N.D {2.95|0.47] 0.20
Hydraulic washing| 0.13 | 0.07}0.97{ 0.12
RO1| Acid cleaning 0.2010.7211.69] 0.34
Alkaline cleaning | 0.20 | 1.7210.02] 0.05
Hydraulic washing| 0.02 | 0.15]10.24| N.D
ROZ| Acid cleaning | 0.12 |1.15(1.09| 0.78
Alkaline cleaning | 0.33 | 2.81]0.75{ 0.05

&8 AAEAY. Cadt Si7} 7HF Bel A&HAx
Fe?} Mg2 1 mg/L °|37F A&=H Ut
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Table 4. Concentration and ratio of cations
in waste cleaning solutions of
RO1 (Unit: mg/L(%))

Parameter

M Si C F
Sample & ' 2 ¢

0.13 | 0.07 | 097 | 0.12
(17.5) | (2.3) {(28.1)| (12.5)
020 0721 169 | 0.34
(26.6) | (23.5) ] (49.0} | (35.8)
0.20 1 1.72 | 0.02 | 0.05
(26.6) | (56.0)| (0.6) | (5.4)

Microwave 022 ] 056 | 0.77 | 0.44
extraction solution | (29.3) | (18.2) [ (22.3) | (46.3)
0.75 | 3.07 | 345 | 0.95
(100) | (100) | (100) | (100)

Hydraulic washing

Acid cleaning

Alkaline cleaning

Total amount
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Fig. 8. Microscopic photograph of NF sur-
face after operation(x5000).

Fig. 9. Microscopic photograph of RO1 sur-
face after operation (xX1000).
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