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Removal Characteristics of Natural Organic Matters in Activated Carbon and
Biofiltration Process

Hee-Jong Son' - Keun-Joo Choi - Sang-Goo Kim

Water Quality Research Institute, Waterworks Headquarter, Busan

ABSTRACT : We have studied NOM(natural organic matters) adsorption and biodegradation on 3 kinds of activated carbon and a anth-
racite. Coal based activated carbon showed the highest DOC(dissolved organic carbon) adsorption capability and coconut(samchully), wood
(pica) in the order among the 3 kinds of activated carbon(F400). The biomass amount and activity also showed on coal, wood and coconut
based activated carbon in the order. Over 15 minutes EBCT(empty bed contact time) needed to achieve 10 to 17% average removal effici-
ency and 18~24% maximum removal efficiency of NOM biodegradation in biofilter using anthracite. Hydrophobic and below 10,000 dalton
NOM was much easier to adsorb into the activated carbon than hydrophilic NOM, THMFP(trihalomethane formation potential) and BDOC
(biodegradable dissolved organic carbon)ye were much easier than HAASFP(haloacetic acid 5 formation potential) and BDOC,y¢ to adsorb
into the activated carbon. Hydrophilic and below 1,000 dalton NOM was much easily biodegraded and HAASFP and BDOCrpa was easier
than THMFT and BDOC;iw to biodegrade in the biofilter.

Key Words : Natural Organic Matter, Granular Activated Carbon, Biological Activated Carbon, Adsorption, Biodegradation
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2 239 AEE fYTe 9F
HFF = AFHIPE A s= p110t-plant(300 m’/
day)d] #9& AFE AR FdFE F2E A
Z3A 1 mgOymgDOC] BEz 2087 927 &
FxolA 202 A= ﬂilElOi T59 2
A=A tE AEFxE 43971%
4& Table 1o el ﬁlt‘r-
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21.2. MENME MAL

2 AdodMe A AE(F400, Calgon), okabA] AEH1F:
Samchully), Z&4|(pica, Picabiol)g A5t A AL
¥ 249 9 BEAH FEY JAR AHEE GEFAOIE
(R FEZJAIE)= 8~32 meshz A AAFI AL
stem, I EYX AFEH BEES Table 29 Fig. 1
o Jdehi itk A3 AMER E4¢e) ATE4: v EH
e g4de AN3L£4 =3 7)(AUTOSORB-1 MP, Quanta-
chrome, US.A)E ZASQT, 11 we] Qutdel B4 A
d2 KSI #7877 $AA 712%) 23 24590

Table 1. Characteristics of post-O; water
pH  Turbidity Alkalinity DOC  UVass Temp.

Parameters 3 -
O] (NTU) (mgl) (mgl) (em’) (C)
Measurement 6.8 ~7.50.09~0.16 29~47 1.1~19 NO(;)(I]; 4~22

Table 2. The physical characteristics of GACs and anthracite
used in this study

Coal  Coconut Wood

Species (F400) (samchully) (pica) Anthracite

Case virgin virgin  virgin  virgin
Apparent density (g/em®)  0.40 0.47 0.23 1.4
[odine value (mg/g) 1,016 1,163 937 12
MB adsorption (mL/g) 256 245 250 -

Specific surface area (m’/g) 1,100 1,230 1,350 2
(celg) 0.548 0.495 1.031  0.003
(A) 23 18 28 -

Total pore volume

Mean pore radius
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3 —O— Wood-virgin 1
—O— Coconut-virgin
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Desorption volume [cc/g]

T10t 102 100 104
Pore diameter [Angstroms]
Fig. 1. Pore size distribution of activated carbons.

$4¢ SF5d v EAFY AFEHE vas) EE S84
AR BAE) picad) A$ v]EAFo] 1,350 mYge = 7}
& Tk, AgA AR FAEQ F4000] 1,100 mYgo 2
4 gegtow, AlFgde F9E pica’t 1.03 cc/gl 2 71
AL, ofAA A &4l samchullys} 0.495 cc/gl 2 7}
2 9ot 249 AR wet g9 B9 ZeAR] picart
20 A o8] mA A Z(micro pore)o] 7173 ‘1%8 ALZ Y
b, AgAQl F4000] 7HE 3E Rog ZAMFHIAT. 9
of ¥ks 100~800 A Apo]9] F3kAF(meso pore)d ZEE
v 351 F400% picas A9 A AZEHE 7ML A
o2 yelgor), obxAIQ smchully 1999 FA$e 713
AL FUAFERE 7 Ao= eyt 584 &4
Eh(pica)2 o] A A Z(micro pore)jol T MR m 2] AAZE
(macro pore)= 7 L2 V| FEY Ao /T &4
goz g4 o

22, ME u

2.2.1. Pilot-plant §1&Eat M8l

2 Age] AH pilot-plant B FH2E o}y AZ
2 W73 5 cm, & Zo] 200 cm, 1= 749 £3 EBCT
of @A Zx35t4.oH, EBCT 55, 108 9 1554 wa &
3= 30, 60 2 90 cmE FRsPTh AFLoFTo] AAH F
2& Ag7t 43 FR9 Bulx=E o) EHol ZujRdA
Z 39 EBCTY A #9459 && AFAE 2H3s1d
A7 ZdPog FYHIES JA3Ath FEz2Y 2312
sleR4] 02 EBCTE 5, 10 ¥ 15808 LA5E Ao
g/lolH, GAEL AFPLt EXA5A G EE F 15 4
sl on, &g HER A AARIAE Fig 29 1}
ERdl LT
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Fig. 2. Schematic diagram of continuous adsorption column.
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5. Anthracite(EBCT 10 min)
6. Anthracite(EBCT 5 min)
7. Coconut(EBCT 10 min)
8. Wood(EBCT 10 min)
A5 E(protozoayg A A7) Hal AFAE 2 um poly-

Germany)2 «#3t F I oNE A&l UV-Vis spec-
trophotometer(UV-2401PC, Shimadzu, Japan)$} TOC analyzer
(Sievers 820, Sievers, US.A)E2 BA 54t}

&Y f7182 EFE XAD-8 $2|(Supelco, U.S.A.)
€ ol &stern, Aol XAD-8 A& £% ¥ FFyP=
(Cole-Parmer, US.A)Z A|EE pH 2 olstz2 243} 4
mLmin®.2 LAsA AR EFANEN F2o) FAA
A XAD-S 547k 379 2he Bdsel YL $E4E
4 82, XAD-8 FA9 §34d BEE 0.1 N-NaOH=Z
9RAY AL A543 BA2 BEIAT

THMFP(trihalomethane formation potential)9+ HAASFP(ha-
loacetic acid 5 formation potential)= A|EFr0l| 242174 &
9 FAFEE BEF 15202 mg/l7} HEE giE
Yt F2ufIrIoNA 2447F wigsted QAAH1+10)F Na,SO;
£ AH3Y ARYAE WPskTh BAS THMFPY 3%
headspace auto-sampler(HP 7694, Hewlett-Packard, U.S.A.)7}
27 GC/ECD(5890 Series II, Hewlett-Packard, U.S.A)E
AHgste] £481gem, HAASFPE USEPA Method 552.2'7
o ZA3A GC/ECD(6890 Series 11, Hewlett-Packard, U.S.A.)
g Hg3tel BAJ .

BDOC i & 579 wg olgsigon, 300
mL BOD*¥| 0.2 pm @H#H ZE(Sartorius, Germany)
2 A3AF A EF(27] DOC) 200 mLE FY5EI, A2
£ 29 $71947F B4E gl AR FEHES o
71 $18) AlE 200 mLol KH,POs 8.5 mg/L, K,HPO, 21.75
mg/L,, Na;HPOy4 33.4 mg/L, FeCl; 6H,O 0.25 mg/L, MgSO,
22.5 mg/L, CaCl; 27.5 mg/Le] 5E7} HEE 23 Iy
JUE BAG FYUHHOW, TEE HA(99.999%)F 4]
AA NESFe §EA: SES Taddz B § o)y
22 AFAA HAEY 452 dHAFMRE AFEd o
2 AGSIAT 95 T EAsle 2 /7] 718 9A ¥

+ b

bt e
2d

carbonate FE|(Millipore, U.S.A)E 33t A5 100 mL
g 2Fd | mLE A FsIh 4F $ shaking incubator
(HB201SF, ghizshulolA 2257, 150 rpme] Z A A
Wl ¥sgon, BDOC ¥5 432 %7] DOC 5EE TOC
analyzre(Sievers 820, Sievers, US.A)Z2 &3 35ld, nAE
= HES F It ¢ Mg ¥ I DOC =
g %7 DOC FEA # oz Ak

% BDOC(BDOCiu) SEE 7] DOC SE(DOC)NA 8
Azt shakingsta A BEFHHIL B DOC 5 E(DOCsuy) S
Wl Zkol™, ®3}, BDOCrapid %= %7] DOC % =(DOCy)
o] A 3U7F shakingstH A A BT FS DOCDOCsuys)
EEE #l gold, BDOCy= £ BDOC EE(BDOCi )l
A BDOCupis EEE Wl gholot!)

223, RPADME MA S EME EY

ggd 239 nA g9 QA Hbiomass) BIE #F
%1 gg& ARAZ £ 37 kHz, 190 W2 35 E9 2&
22)(DHA1000, Branson, U.S.A)3le] AlFg &a)x7 =
RoA agar(Difco) F#ulA]Ve] A8 1 mLE @A 2oz 3
A ZEE § 25T wi gl 257wl gstal
F colony 9 AFFE HAISA

B0 5] 84 S(activity)= “H-thymidineo] DNAG)
FHE 4=2 Faank” Ax 24T 5T 122 2
9 AEsted MFS BEAIZ AR 2 mLejl 200 nM[methyl-"H]
thymidine -&<8(specific activity: 40~50 Ci/mmol) 1 mL¢}
200 nM cold thymidine 8<% 1 mLE #H7}5F & mul vj<F
7190 in situ 2AOZ 447 wESIGTh ATP {425 g/L)
100 pLe} 1 N NaOH 2 mLE #7}sted 100CA 1A &
et 7HEste] DNAE F&¢ £ A W4A1712 3,000 rpm
o] A 1087 FAEY A 4Ed | mLoj ice-cold 10%

FeH lg

oo o
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trichloroacetic acid 5 mLE& A7}st] 98 £EA|7|a 158
B dZ4AIZ1 F 02 um AEH] BHZ I} o
AR E vialo] Y3 AFZA|IZ) & ethyl acetate 1 mL¢} 10 mL
9} scintillation cocktail(Aquasol-2, Packard Co.)& ¢35t
liquid scintillation analyzer(HP, 2500 TR/AB, US.A)ZE A}
AZFE 339 dol2 DPM(disintergrate per minute)
FHOZRE Parsons 5o 943 4 ©]&3}] incorporation
¥ thymidine®] & A4tetth

3 2t A &

31. EMEH ERE 27|zt ME AIH|]7IE i

g4 FF5E= DOCY g (breakthrough)= =&t
A WA 848 picadlA 71 we] APHE AoE F
AtE e, thgo g ofAAIQl samchullyst AgHAIQ] F400
£o8 W7t Yolus Aoz ZAHYY. Za B4
o] A& bed volume 6,000 F=ol B9 w37} Jehg
om, ol#G ol £59 F7IEZC] 7kAE& AdKcharge)
& G99 AZoAY BTuAse 2HF #¥be] e Ao
2 Bjelopavlic £'9¢ R33}3 9t} Bjelopavlic £'9¢ &
A 48 3 £59 pHrt 4 F-2eHe BR800}
0 202 YehA gt 59 pHrl 71842 4]
e gh5te B¢ AQDT Basm o, oAy
AeA 8489 Fee $39 pHrt Ao e FdEE
YA, pH7} $7185E EHASY Zazo] B &

HE Hoks gol pH 7 R3clA: A} 0 $2oe
2AH QT Bt dehd, $39 871845 5
J22e) pHAlME SRS /AL Yol BgA Ade
FHAAINE BYE ERASRY £F §718A%e) v
goz st FABol W Wi Ushbs Aoz #9d
o SEA UMY oHs Ade obvt $AY Az

Al AZg %
@A &4e9 =
picash Z2 E8A @49 Fee FFE 9% 24
s GAE AXe ALz A Atk mElA o7 2old
g A B AZNAM e U] B Holrt 2T
Re =2 ggdrh

TS, Y ZUAS A9 fAG opxAlS HeA B
dedAe f71E2 35 BrldAe AA 24 T(F400)
o] #71E82Y FFol FF FHAFOl oA 48 »
o st AAR7IEZY FF AA uS 2HFHA A
272 FrERed, dF3AAE bed volume 50,000 ©] 34
veht obHA 24¢ Bo & 33839 f7188 AAS
= e Aoz Jehgth £, 3850 A9 9dE an-
thracite®] 7%, bed volume 2,000 o]ZEXE DOCY A A

S @A 3Hactivation) TAA oRAIT A

& BRE Z7(steam)Z A 3}A)7)A g

ar o
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ol F7tsk7l A1FEGh ol &AZI| A= 73 nAE
o] A ZH(biomass)o|} &4 E(activity)7} Hol HAAEo 9
3 AE& M S8 AR nnEA dojkkont
bed volume 2,000 o]ZR el H& uldEe AAFTH &
AR 712 Astal AR g0l Frehe ALE Yeyk
21, bed volume 25,000 o]ZEHE = &9 A& Q15
o] FaRFgo|l) SHE7t oA AdE FERVIEZ
o thgt AEE] Folx7] AlFsE ALR JEsth

7 et HRYE £33 A48 4APE EE "W E
Table 3o JeERRATE A %7]91 bed volume 10,0007}%]
= n)BE A Hbiomass)F B4 E(activity)7} HHAIQ] pica
oA 1.9x 10" CFU/g% 2.78 mgC/m’ - hr2 o}2 @43}
tEZAlolEY B 7FE A v glen, bk,
E350 9 A GEFA|EGXHE 2.0x10° CFU/gH
1.10 mgC/m’ - hr2 714 A& BAFH 42 SP=E 7}
A= Roz ZAFE YUY T3, bed volume 10,000 o] &2 &=
A FA00o1 A A Fo] 71F A Jebgow, S84,
ofzlA|, StEZALOIE 02 Ueon, BHE: picart
13 B AR ZAFGE. dutFez ngE 23T
Aot 71 AFsle) AEGHE A8 GYEoE gy
pica Bt} 35 AF2 /g F400004 wAE A F
o] § E& AL oA BE AFRIYE e Ao}’
a8y, 454 98 A5AF e pilot-plant®] BAC o
FANN Y AFEE 5L A7F & 579 A7AH
AE F&ARl picalkth Aetd 4 F4000) A v A E
AAgS G457 o A4 YeEigtn BRasa glo] &
A7de dAEAh ol"H AF= Fig. 3o vebd AF
HEXE B2 & F Qlrh picast F4009] AAZH500 A o]
Ao BEE Bd ols AN AdMge R¥e &
o] A9 FYsHA Vet X, FAROE WAYES] Hol
7F He #7189 3852 F4000] €3 Fof ol 2%
7} e Row A Q) &g okxAQl samchullys] 7
$E= F71EE §F5L pica Bt o, v BEY A%
&9 AdAlFo] picalt FA00 Bt} Zropr] ol B E2 Fio
ZE2eA] & Acr FGHAT

I3}, Table 49 bed volumey Z} @4 & 2 anthracited])
A9 F71d FHd DOC AAEE Jeidrtk 27 §&/52
bed volume 10,0007}A]1¢] &&5o 2 Brlsgon, Agd
AEE AEA, oA 2 B84 849 & AEdEe 2
€& AT &5 F3 AALS HeA Ggdeo] 69%, oF
AA L B 59%, Eetd AT 31%2 RAME YA, anth-
racite?] A+ F%Y DOCY 6% =& AEENA7= A
o8 ZAHAT

Bed volume 10,000014 30,000 A}o)e] &4 HF% Hr}
dlAe AeA @] 35%, okAAI7E 19%, B8 6%=
ZAFE 9121, anthracite®] 39 11%Y &5 e
o} &3 bed volume 30,000904 60,00071A12] &=43 &3
AAS ZAIA e AeA, okxA 2 EGA7 7 23%,
8% 2 4% F&F AASS 23eH, anthracited| e £
9] A3z st 6% HEAES Role ARE AT
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Fig. 3. The residual ratio of DOC in the GAC and anthracite biofilter by operation bed volume(EBCT 10 min).
Table 3. Variation of biomass and activity of attached bacteria in the BAC Process
Bed volume Coal Coconut Wood Anthracite
biomass activity biomass activity biomass activity biomass activity
(CFU/g)  (mgC/m’ - hr)  (CFU/g)  (mgC/m’-hr)  (CFU/g) (mgC/m’ - he)  (CFU/g)  (mgClm’ - hr)
0~10,000 1.0x107 2.78 1.4x10 235 1.9x10’ 278 2.0x10° 1.10
10,000 ~30,000 1.2x10" 3.01 9.0x10’ 2.83 9.4x10 3.04 1.8x10° 2.01
30,000 ~ 60,000 2.1x10’ 2,78 1.6x107 2.35 1.9x10’ 2,78 1.2x10° 1.01

Table 4. Removal efficiency of DOC in the GAC and an-
thracite biofilter( EBCT 10 min.)

Bed volume Coal Coconut Wood Anthracite
0~10,000 75%(69%)  65%(59%) 37%(31%) 6%
10,000 ~30,000 46%(35%) 30%(19%) 17%(6%) 11%
30,000~60,000 29%(23%) 14%(8%)  10%(4%) 6%

- Parentheses is shown real adsorbed removal efficiency

3.2. EBCTO WE AIHF/7|EE MAH AU Dot EM

£ A AMgE 24 F fU1ER AA M 4%
E25E 71 AgA @494 F4009] ti3led EBCTE &
A7t mE A5 S Fig 4o A JelgleH,
EBCTE 35, 10, 155802 247t eAs g

7|3 w2 DOCY 5% dv FAAAGES =7
bed volume 10,0007}4= EBCT 589 A<l B AA
o] 56%= eyt EBCTE 1083 15822 247 &4

o

=

=

o) W e o & ES&VZ} T3, bed volume 30,000 o]%

9] Hg DOC AAEL EBCT 5&, 10% 9 1589 A¢
15%, 23% 2 42%2 27 Jeh} EBCTE Z7HAA &4
& A7t %/SEMVH FNEA AATE Z2A FAAZ
F de ‘2}%‘9_3 L}E}‘r}‘:}.

& *3—.—0]] 9 tﬂ&]“— Fig. 59 vepl
7] 1\_ AEF e @2 DOCE AAEA 2 A

Frov, 7ol SETE FF w4
ue AEdeg2 2 E/1ES el v
bed volume 10,00071x1¢] DOC &8-S vlas] 2w EBCT
SRor e Fede B AAEol 0%; VRS,
EBCTS 1083 15808 3k 2A5%9e A9 Bg DOC
AAEL 6%} 11%= 7zt Jeh EBCTY S717F A3l
g A JEFE e Z Foz2 ZAEHIATY £, bed
volume 10,000041 30,000 Alo]o} @717 B¢ BF AA

& BrolE 69%F T6%2 ZALEO] 2719 HHASHE EBCT & EBCT 5~ 1584 4%, 11% 2 17%2 veh} 529
1o T T T T T
L o]
0.8 | .o......o°..' * ®e ‘e .
| ....I- .....0 o o Dge 0% o ° 00 0 © o |
U° e soe® 0 © ©
0.6 - e ° |
8 . o"° % © oc ° ° oo o o
I3} i * © 00® o ° ° o ° o h
o3 *® o °% o °0 o ©
A 04l e® 9© 0 © 0°%0 —
L o o opo 0% ° %o 4
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Q 10000 20000 3¢000 40000 50000 60000
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Fig. 4. Residual ratio of DOC in the coal based GAC filter by operation bed volume(EBCT 5, 10, 15 min).
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Fig. 5. Residual ratio of DOC in the anthracite biofilter by operation bed volume(EBCT 5, 10, 15 min).

Table 5. Removal efficiency of DOC in the coal based GAC
filter and anthracite biofilter

Table 6. Characteristics of influent water(post-O; treated water)
GAC adsorption

Biofiltration

EBCT 5 min. EBCT 10 min. EBCT 15 min. ltem (BV 15,000) (BV 1,000)
Bed volume
Coal Anthracite Coal Anthracite Coal Anthracite DOC (mg/L) 1.54 1.31
0~10.000 56% 0% 69% 6% 87% 11% Hydrophobic (mg/L) 0.42 0.44
' (56%) (1%)*  (56%) (21%)* (76%) (20%)* Hydrophilic (mg/L) 1.12 0.87
000030000 2% 4% 4% 1% TI% 1% 1000 Da > (mg/L) 11 0.94
? * 0, 0/ \ % 0, 0/ V¥ 90, VAL ]
(22%) - O%)7  (35%)  (Q0%)*  (534%)  (24%) 1000~10,000 Da  (mg/L) 033 025
16% 1% 29% 6% 52% 10%
30,000 ~ 60,000 10,000 Da < /L 0.11 0.12
(15%)  (S%)*  (23%) (12%)* (42%) (18%)* : (mg/L)
- , BDOC (mg/L) 0.49 037
() : pure adsorption removal efficiency.
- ( )* : maximum biodegradable removal efficiency. BDOCrpia (mg/L) 0.36 0.30
BDOC 0w (mg/L) 0.13 0.07
2714 wel AR ST 2715 o] 717 Soke] Hul A UVase (em™) 0.01423 0.01588
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Fig. 6. Removal of hydrophilic and hydrophobic organic matter
by biofiltration and GAC adsorption process.
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Fig. 7. Removal of organic matter for AMWD by biofiitra-
tion and GAC adsorption process.
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Fig. 8. Removal of THMFP and HAASFP by biofiltration
and GAC adsorption process.
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Fig. 9. Removal of BDOCpic and BDOCqew by biofiltration
and GAC adsorption process.
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Table 7. The changes of water quality before and after bio-
filtration and GAC adsorption process

GAC adsorption

Biofiltration

Item
before  after  before  after
DOC (mgll) 154 116 131 030
Hydrophobic (mg/L) 0.42 0.45 0.44 0
Hydrophilic (mg/L) 1.12 0.71 0.87 0.30
1000 Da > (mgL) 110 075 094 012
1000 ~10,000 Da  (mg/L) 0.33 0.30 0.25 0.11
10,000 Da < (mg/L) 0.11 0.11 0.12 0.07
BDOC (mg/L) 049  0.11 0.37 0.05
BDOC i (mg/L) 0.36 0 030 0.05
BDOCou (mgL) 013 011  0.07 0
THMFP (wg) 34 27 39 5
HAASFP (ugl) 31 19 29 8
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