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Removal characteristics of NOMs in a slow sand filter at different media depth
and operation time
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Abstract
Natural organic matter (NOM) removal by physico-chemical adsorption and biological oxidation was investigated in five slow

sand filters with different media depths. Non-purgeable dissolved organic carbon(NPDOC) and UVs4 absorbance were
measured to evaluate the characteristics of NOM removal at different filter depths. Removal efficiency of NOM was in the
range of 10-40% throughout the operation time. At start-up of the filters packed with clean sand media, NOM was probably
removed by physico-chemical adsorption on the surface of sand through the overall layer of filter bed. However, when
Schumutzdecke layer was built up after 30 days operation, the major portion of NPDOC was removed by biological oxidation
and/or bio-sorption in lower depth above 50 mm. NOM removal rate in the upper 50 mm filter bed was 0.82 hr-1. It was about
20 times of the rate(0.04 hr-1) in the deeper filter bed. Small portion of NPDOC could be removed in the deeper filter bed by
both bio-sorption and biodegradation. SEM analysis and VSS measurement clearly showed the growth of biofilm in the deeper
filter bed below 500 mm, which possibly played an important role in the NOM removal by biological activity besides the

physco-chemical adsorption mechanism.

Key words : SSF(slow sand filter), NOM(natural organic matter), Filter depth, physico-chemical adsorption, Biological
activity.
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A2 1] SAAE FY8l Folof sh7] witel] o7 714
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AETL A A== Z oz deA Q7] ol L5F4ARE]
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ool FAtEo] Q= AETS S F Hlugt 23, v
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ol fa 7 (effective size)d w5 AF(uniformity
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Feritabic pump

Fig. 1. Schematic diagram of the slow sand filters.
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dg= 9 ojaee] A5 FEL H= (HACH 2100P
turbidimeter, USA), pH (InoLab pH meter, Germany),
UV-254 &3% (Shimadzu UV1601 Ultraviolet

Table 1. Characteristics of the raw water with or without humic

substances
Turbidity (NTU) 1.05-5.60
pH 6.20-8.56

UV254 gbsorbance (cm-1) 0.040-0.068 (raw water)
0.213-0.312 (with humic substance)
6.00-7.64
2.28 — 4.25 (raw water)

5.32 — 8.80 (with humic substance)

12,000 -24,000

DO (mg/L)
Non-purgeable DOC (mgC/L)

Particle counts

spectrophotometer, Japan), DO (istek Model 235D DO
meter, Korea) 5°]2t}. NOM EHE& 2A317] 95t
F4HAldrich Co)& AR&3HI ™ NPDOCE &7d3H3
oh E3 e&ojula] majoiz) FHof| gEut §2F o 5iE
W] 95t SEM(scanning electron microscope)
AE YSLaL(Ells, 1995), AFEAS HAste] Ay
=873

=2(VSS) s S5
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Fig. 2= o7} th& &&oix]of| A UVAY AAEASS
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Zo] WHER] kS FEo] JMHE st S4E F
E4Z AASN Fct ZF gAY AR Folls AT
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3 4= ot Fig. 2= ZF AE dAloA] F=35HA o UVA
AAEALES Uehiln, 194 A3 ZRtoll= ofakz] Yol 3
g HejoAf o] el EEol A gl 7R AdEisl
1 o2 F30ll Schmutzdecke(REUE)Z0] A E A ¢kt
Ot UVA AAEL 60% o402 A vepstct, o]
UVA AA= o5 R ofe} ojZZlolof mabM e &=
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Fig. 2. UVA variation with different filter depths at each operating
stage.
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Fig. 3. UVA Removal according to filter depths at different operating
time.
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Fig. 4. UVA Removal at each depth of sand filters.
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Fig. 5. NPDOC Removal with different filter depths at each operating
stage.

FHO| T AL TR &) 2 27]of] NOMUVA)- &
gojzf wel FEHE o] AAEY, SHAIZ 309 FHEl=
F2 AR FEZ0) ETE(Schmutzdecke 3] A4 =] o]
AETE, 45k 9 28l 59 ohekst wlA Y (mechanism)
o oJ5f) AAEE Hoz AlgE) E3F UE NOM-2 oA
Z oA e Z2i3fetd Fatolu BEshe 2ol oaliAl
T AAE 5= e A o= AlmEnh

3.2. 8&R7|2(DOC) MHEH

Fig. 5= &&o3x]¢] 9713k &<t NPDOC(Non-
purgeable dissolved organic carbon) AAEAAS Ve
o, A Y] FEE 3-5 mgC/L oo, FuEd
S Z7FskeE 297171, 3 2 Ad)oll= 5-9 mgC/L W
9& Z71ste] F-dakich. NPDOCE UVA AlAEAT &
st o AAGEL 10-30% AER thE B34
o] AAEET FARIAY S EUtHHarberer, 1984;
Collins, 1991). %2712 NPDOC AIAAE UVA AIA
o} FYUBHA o1FZ o7t FojdE AARE] F7I8I3I.
HhH of R #EZof SchmutzdeckeZo] EAlsHE o]Fof= of
=2l o] WH3}Lo] Aol AL tFES] NOMe| &34 A
A=t 2927 =448 &2 Schmutzdeckes 2]
AgToll= AETH HAYEZO] F23 NOM AAGES
Yol A0 R AlREnt

Table 2. Adsorption of DOC on sand media in slow sand filters

(at 2070)
Parameter Freundiich isotherm
ftem ih LogK Correlation Coeff (1)
Batcre 2.21 0.52 0.97
1 day 7.12 =5.41 0.99
10 days 7.18 —7.37 0.92
SSFe
30 days 8.23 -8.38 0.83
45 days 9.03 -6.74 0.75

a : DOC, b : NPDOC
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Raw -] 15 30 (E1] BS

Depth (cm)

Fig. 6. Average NPDOC with different filter depths at stage
2(operating period from 40 to 100 days).

Table 2= 2H50]3k2] %71 Hefjoize] 25 NOM
o] FsS ERIsH] st FUsh AR E o]8ste
3|54 DOC S&AES 3lgt Aot T3t A4 ¢
LTl A o7 Zlo]of| wheka] A|AE NPDOCS] ¥t
THES FAGH mEjof ] BA R5E F2g2 ol 14
atod Blwstgct, SlA] Age] e Aol B AAzE
mefofAoll oJgk DOC g2kt F2HA| Atolol| ] $-4=3F 4
HEAE HY e &4 Freundlich 2524102 s4o] 7}
e AR Vet oldf 1/n £k} LogK grel 2+t 2.21
90,528 F2REEAo] Fagt AS & 4= it o= ¢
&0 7z| 9] S z7]o] NOMo| ZA| Tefjoizjsola 12
A AAE Bt E2|3shy F2bol| g Aog dd 4=
itk ghd, majolupr]of A Azt w2 NPDOC AIAEA
& Freundlich S2-5-241 02 717} s A 7Z9ole 43
gt ABLAE HoFAY, 18y 2d 30€ ¥
Schmutzdecke30] A/ H ol wheh AaAl7F §43] 4
grozn Fe|aisha] g2t o]ele] AYESHA wjA US| <Js|
NOMe| AAE R 4 02 AJAFsaL Qlct,
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31T NPDOCS] & AIAEE-LS oF 24% A o3lon o]
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ATt 2 Bdo|u A7lolA AmE uiel o]
SchumutzdeckeZ©| NOM A|A 2] 23 98-S Gdslal
PSS & 5 ok 1y AR S YRl A& Al E NOM
o] MA AAFY oF 40%= AT QL E3,
SchmutzdeckeZd-& AAE 7ol A5 WHe] ojz{gt
AAFEo] Sagt Gk skl S-S & 4= qick. 1EER
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Fig. 7. NOM(NPDOC) removal rate constant(k) in slow sand filter.

HARE A o' Yehyl=tl(Fig. 5, 6), °l= 7152 A4 Al
A7]20] AAISH= 210](700-900 mm)e} AR gholtt,

3.3. NOM HHs=st

Fig. 72 &A1 9] oA Z- Zlolol| th-gdl= HEAKE
(EBCT)oll w2 NOM A AL=E UeRd 2otk NOM AlA
&w7t 12) RS okl 7Pgs A ot 2
Aom A 4= qlrh SchmutzdeckeZo] 443} A&
74, Fig, 72} Zro] 2&:0{1kx] 9] #3550 mm o)l A<
AALEEL} 50 mm ©]5+2] 2|5 Yol A A|ALE L ot
2 F e AR ajaE 4= Qlck, ZF 2 419] NOM Al
ASEARRE 22F 0,82, 0.04 hr10]9Lom], 50 mm ©]
o] 2 AR sEZoA AALETL AL 2080 o4 whE A
o2 Yt

3.4. 0{xE W2 VSS 2%

Fig. 82 &<&0]1k7] o413 50 mme} 500 mm Zo]oflA]
717y Qe mefjol o] HS FARARFEE|H (SEM) &2
ERE Axfolnt, EHAIZte] Zgte] whel ojxfF Zlo]
500 mm °olstollAE nlAES] X5 ERIE 4= 9lglom,
Zlol7k Z71gke) whet B2 YEL] dert WolA|= Ao s
T ), o= otz oA NOM AAG&T} A4S
Aol HHBAZ ASS SAE F Ao,
SchumutzdeckeZ-o] /43HE o= AT H =il
2t EHOAN = BES FAdo] 7Hesh, o] AEESol 9
3 L5 NOMo| 71808 AAR = 2o al4st 4= 9l
Az el F2of <gt NOMO] AlA+= oF 30Y &
E A9 AXE= A0 R Hol7] wjiof, ojzF oA
e E4= NOM AlA o 583 98-S @t A
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Fig. 8. SEM images of bio—film a) at 50 mm depth, b) 500 mm
depth of slow sand filter.
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