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Removal of Dissolved Organic Matters in Drinking Water
by GAC adsorption using RSSCT
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Abstract

Granular activated carbon (GAC) has been identified as a best available technology (BAT) by the United
States Environmental Protection Agency (USEPA) for removal disinfection by-product (DBP) precursors, such
as dissolved organic carbon (DOC) and dissolved organic nitrogen (DON). Rapid smail-scale column test
(RSSCT) were used to investigate four types of carbon (F400, Norit1240, Norit40S, and Aquasorb1500) for
their affinity to absorb natural organic matter (NOM). DOC, UV,s,, and Total dissolved nitrogen (TDN)
concentrations were measured in the column effluent to track GAC breakthrough. DOC and UV,
breakthrough occurred at around 3500 bed volumes (BVs) of operation for all GACs investigated. The UV,5,
breakthrough curves showed 33% to 48% at 8000 BVs, when the DOC was 48% to 65%. All GACs showed
greater removal in DOC than UV,s,. The NORIT1240 GAC was determined to have the highest adsorption
capacity for DOC and UV,ys,. The removal of nitrate (NO;-N) had not broken through over BVs. The initial TDN
breakthrough curves were started around 50%, when the DOC breakthrough was only 10 % at 500 BVs.
The curves were gradually increased after 3500 BVs and approximately 69% through 81% of TDN
breakthrough occurred at 8000 BVs. All of the GACs were able to remove TDN, in the case of this
investigation the majority of the TDN was present as DON. Because nitrate nitrogen was seldom removed
and ammonium nitrogen (NHz-N) was not detected in the effluent from RSSCTs even though raw water. The
carbon usage rate of DOC was from 2 to 6 times less than that of TDN. The NORIT1240 GAC
demonstrated the best performance in terms of DOC removal, while the F400 GAC was best in terms of
TDN removal. Excitation emission matrix(EEM) analysis was used to show that GAC adsorption successfully
removed most of Humic-like DOC and Fulvic-like DOCs. However, soluble microbial product{SMP}Hike DOC in
the absence of raw water were detected in the NORIT40S and Aquasorb1500 GAC. The authors assumed
that this resuits is due probably to the part of GAC in the RSSCT which was converted into biological
activated carbon(BAC). To compare with organics removal by GAC according to preloading, the virgin GACs
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had readily accessible sites that were adsorbed DOC more rapidly than preloaded GACs, but the TDN

removal had not showed differences between those GACs.

Key words: GAC(granular activated carbon), RSSCT(rapid small-scale column test), DOC(dissolved organic

carbon), DON(dissolved organic nitrogen), EEM(excitation emission matrix)
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Table 1. Specifications of GACs used in this study

Specifications™ Guidelines for this study™ F400 Norit1240 Norit40S Aquasorb 1500***
Manufacturer Caigon Norit Norit Jacobi
Carbon Source Bituminous Bituminous Bituminous Bituminous
lodine Number(mg/g) 800 min. 1000 1020 850
Molasses Number 200 min. - 230 200
Abrasion Number 75 min. 75 75 75
Moisture content(%) 2 max. 2 2 2
Mesh size(%)
Greater than 12 mesh 5 max. 5 5 5
Less than 40mesh 4 max. 4 4 4
Apparent density(Ib/i%) 27~-29 27 275 28
Effective Size(mm) 0.55~0.75 0.65
Uniformity coefficient 19 1.6

*All specifications were obtained the reports from manufacturer.
“*All GACs were satisfied by the guidelines.
***Jacobi did not provide the specification of Aquasorb1500.
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Table 2. Design and operating parameters and scaling equations of full-scale GAC contactor and RSSCT

Design Parameters Full-scale GAC contactor RSSCT Scaling Equations®
Particle Radius(cm) 0.0513 0.0049 : 4
[U.S. mesh size] (12x40) (140x170) EBCTg _ [ 3 SC} _tse
EBCT, . d, - tie
EBCT(minutes) 20 1.91 Le nLe Le
Loading Rate(m/h) 12 74 Dy _ d, sc
GAC Contactor D¢ d niLC
Length(m) 76
Width(m) 15.2 Ve _|%nsc |, ResexSe
Surface Area(m?) 116 Vie |4pc| RerexSe
RSSCT Vixp,xd,
Diameter(cm) 1.1 Re= ———
Flow rate(mL/min) 11.6 #
Bed Depth(cm) 256 234 Se = .5_“_
L X P
RexSc(200,000~200) 8541 500 ! t

# Note: EBCT=empty bed contact time; SC=small column (i.e. RSSCT columny); LC=large column (i.e. pilot column); d,=media diameter
t=run duration D=effective surface diffusivity V=loading rate Re=Reynolds number Sc=Schmidt number p =liquid density; p=viscosity; and

D =liquid diffusivity.
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Fig. 1. Schematic diagram of RSSCT column.
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Fig. 2. Normalized breakthrough curves of DOC (a) and UV, (b)
for four GACs.
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Mash, 2002) .

DOCsE TDNe| 50%(C/C,=0.5) A4S o)
GAC 2223 g4 et A& & (carbon usage rate,
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GACSl DOC 2 TDN £#%3 CURS g 32
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A= GACZI] o] (348.0~463.6)F HQl Wl
CUR Z+e 201 (0.061~0.079) 5 Koz ¢kgte}.
TDN2 ZA$dli= GAC E&%0] DOCd) vl 4
Ge zH6.5~15.9)% 291, CUR &% DOCel H|
& <k 2~6m AL = gH(0.140~0.386)2 EHTH
ol 4e] A2 Held RH FA 4o DOCs
TDNE A2igd 4% TDNAHHE H& d2d
GACS] cko] DOCo] B8l 2 2~6u) A= o] B st
te AL ouldy, o= 3 GAC/ TDNET
DOCE Bt} 44 AAZ & dvte AHA 23

=F A&
g} & 4 3l

3.2. EEME 0|28t GACS| ®7|& MHEY

GACd| AAE #7159 S4E& dotir] 3o
8000BVY ul EEMZ 32 Fig. 4ol Yehiict. 18
oAl Hi= upe} o] BE GACAA 2~3708 1
A 1] A (excitation 315nm, emission 420nm, excitation
230nm, emission 420nm) 7} JERtTH F8 9 AE 7]
zo] dFdaEg 4t ¥ 7 excitation
315nm, emission 420nmo| A e ow 5§l
Humict#t #2413 84¢ Ao xAHAH
(Mobed etal., 1996) 77} Lojur] A= ojuj gt
S a4 % FEMe Jehx] ektont, izt Az
HAREH Fo FA Fo Taie] vehur] Az
CEERE I ER fe a2 ERY
23~2.68) E Ao2 YERT

Table 4= RSSCTE 8000 BV 434S 4
EEM 2232 g9 Aajd Aoz, ojde] d+
Ao A g o] FEEMARE & 4719 Ades |
=o] BA59tH(Chenetal, 2003). o]l 273t

A5 EA5tE 4718 F %5 Humic2h# AL

AR

Table 3. GAC Capacity and CUR results for four different GACs at 50% breakthrough from RSSCTs

GAC 50% (C/C, = 0.5) breakthrough of DOC 50% (C/C, = 0.5) breakthrough of TON
GAC capacity CUR GAC capacity CUR

(mg DOC/g GAC) (g GAC/L water) (mg TDN/g GAC) (g GAC/L water)
F400 3929 0.071 15.9 0.140
NORIT1240 4863.6 0.061 15.8 0.145
NORIT40S 4223 0.068 97 0.240
Aquasorb1500 348.0 0.079 6.5 0.386
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Table 4. EEM characteristics of water samples at 8000 bed volumes from RSSCTs

GAC Fluorescence intensity at four regions*

Fluorescence intensity DOC UVs, SUVA
A B c D of dominant peak™* (mg/L) (cm-1)  ((m'(mg/L)")
F400 16.0 22.5 10.9 57 137 1.79 0.017 1.0
(2% (41%) (40%) (7%)
Norit1240 222 257 10.6 7.6 12.6 1.49 0.014 09
(16%) (39%) (36%) (8%)
Noritd0S 570 326 113 12.0 13.1 1.71 0.015 09
(26%) (34%) (31%) (9%)
Aquasorb1500 30.5 36.0 12.7 119 15.2 2.03 0.020 1.0
(20%) (38%) (34%) (9%)
Raw water 432 86.2 38.2 211 439 3.06 0.043 14
(12%) (38%) (43%) (7%)
*Region A represents Protein-like DOC: lexcitation = 2100M; yrission = 345nM
Region B represents Fulvic acid-like DOC: L, qiation = 2100M; erission = 440nm
Region C represents Humic acid-ike DOC: lyygaion = 320NM; lyrission = 440nm
Region D represents SMP-like DOC: loxcitation = 280NM; lgmission = 350NM
**Fluorescence intensity of dominant peak at 315nm excitation, 420nm emission in the sample.
“**Percentage distribution of volumetric fluorescence (Chen et al., 2003).
3 24 38%% Fulvicdtst §A1gr 240 Aog 1.0 © Virgin NORIT40S ® Virgin F400 (a)
gy g om(Xd B C, Table 4 F2) GAC 28 & A Preloaded NORIT40S & Preloaded F400
_ . N ) 15 A
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of hRE FojmE AP MY 59, Fe A2 £ giigha, mo®
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O
Col #H&(%) Wk DOC % UVy, Mgt 8 04 IR bS-L
Arhgith @, Fig. 4949 2o] NORITH0S % 3 et ©°"
N . _ 6 024 8
AquisorblS00 GAC®} 29 fl5ole ZAlgA) et § - |gg399°*?
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