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Removal characteristics of NOM in advanced water
treatment using ceramic MF membrane
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Abstract : This study assessed the removal efficiency of NOM which is known as the precursors of DBPs in advanced water
treatment using the ceramic membrane filtration, introduced the first in the nation at the Y water treatment plant (WTP). It is gener-
ally well-known that the removal of NOM by MF Membrane is very low in water treatment process, But, the result of investigation
on removal efficiency of NOM in advanced water treatment using the ceramic membrane was different as follows, The removal
rate of organic contaminant by the ceramic membrane advanced water treatment was determined to be 65.5% for the DOC,
85.8% for UV254, and 77 to 86% for DBPFP . The removal rate of pre-ozonation was found to be 6 to 15% more effective com-
pared with the pre-chlorination, The removal rate of DOC and UV, in biological activated carbon(BAC) process was over 50%
and 75%, respectively although the rate was decreased 10 ~ 20% according to analysis items in converting from GAC to BAC,
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Table 1, Raw Water Qualities of Y Water Treatment Plant

o _J_.:L'— )]
] - Oﬂ ol E}‘ Raw Waters
=1 = Parameter
tq"‘_"}/‘_] :lloﬂ }‘1’1:‘ %LH }’15—5_‘—1 _}F\‘E‘% }\g Average Maximum Mimimum
Aol Ak nE A e 30l e pr 2 | 77 | 6
YXC-)] 7(]— /\1_6_}5] % o’% %6}0:] 7:“ Etﬂ %j_i1 ]j/] Temperature (C) 20.8 32 8
i Turbidity (NTU) 6.4 18.8 2.9
T, $7) 240 W Aetyarelzt 2
SAlel o : o o COD (mg/L) 3.8 4.4 3.2
al’zx L
273 574142 NOM 3 7= AARES DOC (mg/L) 2.12 2.79 1.40
B3 AT o0, GAC ARE-717E 7 dol| whet UV, (cm) 0.0532 | 0.0673 0.0404
BAC(Biological Activated Carbon) 3420 & SUVA (L/mg - m) 2.7 3.5 17
Aglo|| W2 A|A aLHslE 2AEACH D-Mn (mg/L) 0.068 0.277 0.012
Table 2. NOM characterization of raw water by LC-OCD
Approx, MolecularWeightsing/mol: > >20,000 ~ 1000 300-500 <350 <350
TOC | DOC | POC | HOC | CDOC | . oo Humic Subst. it
Cateso (total (dis- (par- | (hydro- | (hydro- mersy Aroma- | Mol- blocksg Neutrals | acids
sory OC) | solved) | ticul) | phob) | phil) (HS) ticity | Weight
ppb-C | ppb-C | ppb-C | ppb-C | ppb-C ppb-C ppb-C (mfgim ) g/mol | ppb-C ppb-C | ppb-C
2009/08/13 | 2173 2138 35 123 2015 258 886 5.00 705 427 438 6
2010/02/03 | 2042 2033 8 1 2032 344 753 2.50 685 493 442 0
2010/02/22 | 2231 2218 13 359 1859 311 629 3.86 685 428 491 0
2010/04/22 | 2743 20691 52 258 2432 258 639 3.62 695 484 895 157
Aver, 2297 2270 27 185 2085 293 727 3.7 693 458 567 41
Ratio(%) - - - 8 92 14 35 - - 22 27 2
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Table 3, Characteristics of MF ceramic membrane element

Parameter Characteristics el G eamie
membrane
Nominal |y
pore size
Dimension 180 mm <
ensio 1,500 mmL
Membrane 25 m?
surface area
Size of 2.5 mm
channel
Number of 2,000
channel
Material ceramic
Membrane
filtration
channels
(92.5mm) Filtrate
Raw water

[Element]

Membran
e filtration ‘
channels

Filtrate
collection ‘
channels

[Inside flow]

Fig. 1. Water path of ceramic membrane element in a module,
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Table 4, Analytical conditions of LC-OCD

Column : TSK HW 40 S, HW 508

Injection Volumn : 2 ml

Detector : K-200 UV254-Detector, Non-Dispersive Infrared

Detector (NDIR)

Carrier Gas : Nitrogen 4.0 or 5.0, about 20 L/h.

Mobile Phase : Phosphate buffer 28 mmol, pH 6,58, about 2
L/24 hrs,

Acidification Solution : Phosphoric Acid pH 1,5, about 0.6

L/24 hrs,
Measuring Range LC-OCD : >10-5,000 ug/L (compound-
specific)
Detection Limit LC-OCD : 5-50 ug/L (compound-specific)
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Table 4, LC-OCD values of the NOM fractions by pretreatment condition

Approx. MolecularWeightsing/mol: > >20,000 ~ 1000 300-500 <350 <350
TOC | DOC | POC | HOC | CDOC | o oo Humic Subst, .
Category (total (dis- @ar— (hydro- (hyd'ro- mersy (HS) Aroma- | Mol- blocksg Neutrals | acids
OC) | solved) | ticul) | phob) | phil) ticity | Weight
ppb-C | ppb-C | ppb-C | ppb-C | ppb-C ppb-C ppb-C (mic;im ) g/mol | ppb-C | ppb-C | ppb-C
Raw water | 2743 2091 52 258 2432 258 639 3.02 695 484 895 157
Filtered W, 1243 1214 29 158 1056 55 246 1.01 653 360 395 0
R.E(%) 55 55 43 39 57 79 61 - - 20 56 100
Raw water | 2042 2033 8 1 2032 344 753 2,50 685 493 442 0
ozone 2.0 | 2002 1954 20 30 1951 340 738 1.55 692 486 388 0
Filtered W, 1206 1203 3 33 1169 43 367 0.41 627 377 383 0
R.E(%) 41 41 60 - 42 88 51 - - 24 13 -
45 45
g;gg::q ocD ocD
4 4
38 s ——Raw water
g3 3 g2 3 ——ozone 2.0
g ﬁ:::« ;c»ds E —Filtered W.
Eo 25 g 25
% 2 '_f; 2
c 15 E 15
1 1
05 05
0 0
0 20 40 60 80 100 o @ “ L % 100
Retention Time in Minutes Retention Time in Minutes
Fig. 2. LC-OCD chromatogram of raw water and filtered water, Fig. 3, LC-OCD chromatogram of raw water, ozonated, filtered water,
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Table 5, DOC removal efficiency in Water Treatment Process

Parameter RW | MI (I\i-lli) G.E

Average 2.24 | 2.29 1.56 0.82

Maximum 2,79 | 2.85 2,01 1.11

DOC Minimum 1.42 | 1.24 1.05 0.32
(mg/L) RE com- Average - | -3.17 | 29.56 | 63.54
pared to Ozone - 12,1 32.1 67.1

RWOO | chiorine | - | 129 | 279 | 61.3

* RW : raw water, M.I : membrane influent, G.I : GAC influent(=M_.E).
G.E : GAC effluent, R.E : removal efficiency
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Fig. 4. DOC removal efficiency in Water Treatment Process.

Ak o] A ALo] 60%NE tht AT A
gk, dukz o 2 BACE A3 9A 2 7]+ Bed
volume (T3-S GAC AH L2 Yie 7h)o]
20,0000] doA 2013 119 o] Fof = A ]
Z o] AFtglo] Hat 50% o]Are] e E A7
Eo YER Sl

32UV,

20139 % 3YEE 129711 AAEE 423 g
4 UV,,, 2AFET}= Table 6 ¥ Fig, 5%}
UV, = 559 o4 o|5a3y 22 &
o143 2 ks =459 e el
AfE, AAe 24 @& UV, 5% HIE
ZAFSE A3} DOC 5% Hr) 48k Z5o ot
2 AAE Zpol7t A LA sh= A2 e
oh Mezog A o A 37%, A4 A
E A 4% FAaE= A0 R AL, d4
of uls| @&of oJ§t UV,,, AlA a3p7t Dl 2
O = et o]#el A4S ek AR
2o o8l humic 49| &4 o] 2=
A

2 My o
oL

N
=)
Sl
-0,
pauy
o
fru
=)
L
pal
=
Q
=
Q.
[\
(@)
(@]
*

Fodak4=9] UV, = Y5y
3k Ao m 2AEGIOH, 4k}
A TF) T2 AAES Aoz A2 A] 75.7%,
Ada AHPA 56. 7%=, HoE A AA&
0] 19% F7}ok= A S &2 YR GAC &
ol UV,,, 5%+ 4 tiv] Hat 85.8%7F AlA
o, HeE A2 A 88.9%, AAL A2 A
83.2%% & AA| AAE| ¢ 6% 5715t
= A0 8 ZAE QT

GAC AH&-717F 7 3kef] whel BAC 3822 &
3o M2 UV, AAE ¥skE 2AE 243, &
A 9] 27)5E BAC 2719A|Q1 89714 3
o+ 89%0] =2 AAEE Hon, BAC ¥4
o2 g} o]Fox Hat 75% olAre] S H A
A&S YER ST

3o ZA5= NOMQ EAS SUVA

N
SR
)
o
ox
B o -
=

-



ISSN (Print) 1225-7672
ISSN (Online) 2287-822X

Journal of Korean Society of Water and Wastewater Vol. 28, No. 4, pp. 367-376, August, 2014

Table 6. UV,,, removal efficiency in Water Treatment Process

Parameter RW M.I G.I(M.E) G.E

Average 0.0532 0.0437 0.0188 0.0079

Maximum 0.0673 0.0601 0.0262 0.0139

uv,., Minimum 0.0404 0.0252 0.0090 0.0029
(e Average 18.64 65.13 85.8
R.E C}‘;“”;az;ed © | Ozone 37.0 75.7 88.9
Chlorine 4.0 56.7 83.2
SUVA (L/mg - m) 2.375 1.908 1.205 0.96

*RW @ raw water, M.I: membrane influent, G.I: GAC influent(=M.E). G.E : GAC effluent, R.E : removal efficiency
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Fig. 5. UV,., removal efficiency in Water Treatment Process,
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Table 7. DBPsFP removal efficiency in Water Treatment Process

Parameter RW G.I G.E
Average 0.066 | 0,033 | 0.016
Maximum 0.155 | 0.097 | 0.059
THMFP Minimum 0.031 | 0.014 | 0.004
(mg/L) RE com. | Average - 50.1 | 77.4
pared to Ozone - 41.6 82.2

RWOO | Chlorine | - | 53.9 | 75.2

Average 0,128 | 0.053 | 0.018

Maximum 0,213 | 0.119 | 0.079

HAASFP Minimum 0.064 | 0.013 | 0.001
(mg/L) R.E com- Average - 57.4 86.2
pared to Ozone - 64.8 91.1

RW (%) Chlorine - 54.1 84.0

Average 0.018 | 0.011 | 0,004

Maximum 0.023 | 0.023 | 0.018

CHFP Minimum 0.011 | 0.005 | 0.000
(mg/L) RE com. | Average - 389 | 79.1
pared to Ozone - 45.0 90.4

RWOO [ Chiorine | - | 369 | 75.4

* RW : raw water, G.I: GAC influent(=M.E)., G.E
R.E : removal efficiency
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Fig. 5. DBPs FP removal efficiency in Water Treatment Process.
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