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Abstract

Geosmin and 2-MIB removals were evaluated with different
empty bed contact time (EBCT) of 5, 10, 15min in granular
activated carbon (GAC) columns at geosmin concentrations of
1000, 500, 100ng/L and 2-MIB concentrations of 300, 200,
100ng/L. As a result, GAC column with EBCT of 15 min
displayed the highest removal of geosmin (89%) and 2-MIB
(85%). With 5min EBCT increase, both geosmin and 2-MIB
removal percentages increased 10-20%. In the NOM loading
experiment, TOC were spiked in concentrations of 5, 10, 20
mg/L and evaluated through different EBCTs of 5, 10, 15 min.
The result conformed that geosmin and 2-MIB removal
efficiencies were significantly reduced in TOC concentrations of
5-10mg/L. At over 10mg/L of TOC loading, geosmin and 2-
MIB removals displayed below 40%. Therefore, at over 10mg/L
of TOC, micropollutants could preload and block pores in GAC
columns before geosmin and 2-MIB removal start.

Keywords: Granular Activated Carbon, Geosmin, 2-MIB, TOC,
DOC, Different EBCT.

1. Introduction

With global warming, more algae growth results in algae
byproducts such as geosmin and MIB, causing
objectionalble tastes and odors in drinking water. Most
taste and odor problems in municipal water systems are no
concern to human health, but they raise customer’s
suspicions of water safety. Westerhoff et al. (2005)
conducted a survey of more than 800 water utilities in the
United States and Canada. They found that 16 percent of
utilities experienced serious taste and odor problems.
Moreover, these utilities spent approximately 4.5 % of
their total budget to control taste and odor problems [1]. In
South Korea, algae blooms usually occur during summer
to fall. In August, 2014, algae blooms in Paldang-Dam
occurred and geosmin concentrations were measured
1,131ng/L [2]. Lalezary et al. (1986) mentioned that
conventional water treatment technologies, consisting of
breakpoint pre-chlorination, coagulation, sedimentation,
and post chlorination, are not effective in removing
geosmin and 2-Methylisoborneol (2-MIB) from potable
water to below its odor threshold of 10 ng/l [3]. One of

common used system for taste and odor events is activated
carbon treatment [4]. Due to the difficulty of removal of
taste and odor compounds, activated carbon can’t remove
these compounds completely. Therefore, specific removal
data is necessary to improve its efficiency. Drikas et al.
(2009) researched that reduction of EBCT is impacting on
removal of geosmin and MIB [5]. Ham Y. W. et al.
investigated geosmin and MIB removal with EBCTs of 10
min, 15 min using GAC columns and concluded that GAC
with 15 min EBCT enhanced 6% more removal of
geosmin and MIB than GAC with 10 min [6]. Smith
(2011) delivered that high natural organic matter (NOM)
in water provide poor efficiency in removal of geosmin
and 2- MIB [7]. Summers et al. (2013) researched removal
of 2-MIB effect on GAC, in the range of 50-200ng/L, with
different EBCT and TOC effects. They concluded 10-30%
different removal efficiency for 5, 10, 15min EBCT
differences. For TOC effects, high TOC removed 10-20%
less 2-MIB [8]. Anthony et al. 2015 researched different
GAC adsorption of organic micropollutants(MPs) with
different EBCTs of 7 and 15min and concluded that
iopromide broke through to a level of 10% after 50-70%
DOC breakthrough[9].

This paper presents comparing study on removal
efficiency of taste and odor compounds by using GAC
with different empty bed contact time (EBCT) for pilot
plant design specifications.

2. Experimental Method

2.1 Material

Rapid small-scale column test (RSSCT) for different
EBCTs of 5, 10, 15 min was constructed using sand
filtered water as a source water to treat taste and odor
compounds in Gwangju, South Korea. The experiment
was conducted for 2 months, including the fall and winter
from October through December in 2014. Analysis was
provided based on sand filtered water and treated water for
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each unit process. Granular activated carbon (GAC) used
in the experiment was Noritz GAC 1240, USA. GAC
specifications are fresh 12 mesh(1.70mm) x 40
mesh(0.425 mm) GACs with a particle diameter (log
mean) of 1.1 mm, and a bed density of 0.48 g/cm’. The
GAC was backwashed for 12 days before operating and
the backwashing time of GAC was designed as turbidity
over 0.1 NTU of the treated water was captured.
Characteristics of raw water entering the RSSCT during
the test was shown in Table.1.

Table 1: Raw water characteristics during the experiment

ltem Analytica Unit
Temperatur 10-11 C
pil 7.01-7.82 -
Turbidity 0.2-0.4 NTU
Alkalinity 35-40 mg/L
TOC 0.9-1.6 mg/L
DOC 0.8-1.3 mg/L
Geosmin 0-10 ng/L
2-MIB 0-16 ng/L

2.2. Rapid Small-Scale Column Test (RSSCT)

The geosmin samples, at concentrations from 100
ng/L to 1000 ng/L, and 2-MIB samples, at concentrations
from 100 ng/L to 300 ng/L, were prepared for the RSSCT.
Samples were run in triplicate to improve accuracy. The
RSSCT was constructed with three different EBCTs of 5,
10, 15 min to deliver different geosmin and 2-MIB
removal efficiencies. Three columns were independently
operated to treat taste & odor and inorganic compounds.
Schematic images of RSSCT are shown in Fig. 1.

Water
distribution
Tank

GAC contact
orage Tan (EBCT 15min, 10min. Smin)
(sand filtered water)

Final treated water

Fig. 1 Schematic images of RSSCT.
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2.3. Spiking test

Geosmin and 2-MIB spiking test was determined because
of no high concentration of geosmin and 2-MIB during
experimental period as shown in Table 1. Preparation of
the test samples were made by diluting sand filtered water
from Gwangju Water Treatment Plant, South Korea with
geosmin and 2-MIB (100 pg /mL in methanol) from
Supelco, USA in the geosmin concentrations of 100ng /L,
500ng/L, 1000ng/L, and 2-MIB concentrations of 100ng
/L, 200ng /L, 300ng/L. These concentrations were set
according to high concentration of geosmin during
summer, 2014, South Korea [2]. For natural organic
matter (NOM) experiment, humic acid was used and
purchased from Sigma Aldrich, USA. Humic acid
concentrations were calibrated before diluting in sand
filtered water to make TOC concentrations of 5 mg/L,
10mg/L and 20mg/L.

2.4. Analytical Method

A fast stir bar sportive extraction (SBSE) method was
used to analyze geosmin and 2-MIB. The recent developed
stir bar absorptive extraction techniques provide many
advantages with very dilute media and low-level samples.
This technique was demonstrated with a wide range of
volatile and semi-volatile substances such as geosmin, and
2-MIB using a polydimethylsiloxane (PDMS) coated
stirring rod [10].

In the experiment, water samples were analyzed PDMS
coated stirring rod, sized by length of 10mm and thickness
of 32mm (TwisterTM, Gerstel, Germany), for 90 min at
1,200 rpm. The stir rod with the adsorbed material
contained in water samples was heated at 280 °C using
TDS-2 system (Gerstel, Germany) for Smin and injected to
GC(6890N, Agilent, U.S.)/MS(5973N, Agilent, U.S.) The
injected analyte was condensed at -120 °C using the liquid
nitrogen. The analysis conditions of GC / MS shown in
Table 2.

Table 2: GC/MS Conditions for geosmin and 2-MIB analysis

GC condition MS condition

Column:

HP-5MS,
30m(L)*x0.25mm(ID)*0.25um(film
thickness)

SIM mode

Oven Temp.:

Initial Temp. 50°C, Hold 1.6 min, Selected ion:

Ist rate 20C to 100 T,
2nd rate 10°C to 140C,
3rd rate 5C to 160C

Geosminglll, 112, 125)
2-MIB(95, 108)

The removal efficiency (percent removal) was calculated
using the following formula:
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Removal(%y) = EQE— £ % 100
¢ (1)

Where C, is the initial concentration of geosmin, 2-MIB,

TOC and C is the concentration after GAC process.

TOC were analyzed using a Shimadzu V-series analyzer

(Japan).

3. Results and Discussion

This paper investigated geosmin and 2-MIB removal
efficiency using the RSSCT with different EBCTs and
TOC concentrations. In first experiment, removal
efficiencies of geosmin with different EBCTs of 5, 10,
15min in geosmin concentrations of 100ng/L, 500ng/L
and 1000ng/L were evaluated. The second experiment was
to meausre 2-MIB removal efficiencies with different
EBCTs in 2-MIB concentrations of 100ng/L, 200ng/L,
300ng/L. In third experiment, natural organic matter
(NOM) was investigated to analyze degrees of effect on
geosmin and 2-MIB removal.

3.1 Geosmin removal by GAC with different EBCTs

In the experiment, initial geosmin concentrations of
100ng/L, 500ng/L, 1000ng/L were artificially made for
delivering geosmin removal efficiency by GAC. Used raw
water was sand filtered water from Gwangju Water
Treatment Plant at ambient temperature 10-11°C. GAC
columns were independently provided by variation of
EBCT conditions (5, 10, 15 min). TOC ranges were
analyzed between 1.1-1.3 mg/L. Geosmin removal
efficiencies were shown in Fig 2.

Geosmin in 1000ng/L
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(a) Geosmin removal efficiency at 1000ng/L.
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(b) Geosmin removal efficiency at 500ng/L.
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(c) Geosmin removal efficiency at 100ng/L.

Fig. 2 Geosmin removal efficiency with different GAC EBCTs of 5,
10, 20 min in geosmin concentrations of 1000, 500, 100ng/L

As shown in Fig. 2, geosmin removal was estimated in
three different GAC columns. At geosmin concentration of
1000 ng/L, GAC with EBCT 5 min removed 444ng/L
(56%) of geosmin and GAC with 10 min removed
287ng/L(71%) of geosmin and GAC with 15 min removed
176ng/L(82%)of geosmin. To sum up, increasing EBCT
of Smin provides 10-15% increase in geosmin removal
efficiency.

At geosmin concentration of 500 ng/L, geosmin removal
efficiencies were measured 178ng/L (64.4%) with GAC
EBCT of 5 min, 146ng/L(70.8%) with GAC EBCT of 10
min, and 89ng/L(82.2%) with GAC EBCT of 15 min. As a
result, geosmin removal increased in 7-12% with
incensement of 5min EBCT.

At geosmin concentration of 100 ng/L, 41ng/L(59%) of
geosmin was removed with GAC EBCT of 5 min and
32ng/L(68%) of geosmin was removed with EBCT of 10
min and 11ng/L(89%) of geosmin was removed with
EBCT of 15 min. Geosmin removal was increased in 11-
21% with 5 min of EBCT increase.

To conclude, GAC with EBCT of 15 min displayed the
highest removal efficiency among different EBCTs of 5,
10, 15 min nevertheless influent geosmin concentrations.
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During lowering geosmin concentrations 1000, 500, and
100ng/L, geosmin removal efficiency was measured 5%
increase in each concentration. Plus, each 5 min increase
in EBCT affects around 7-21% geosmin removal increase.

3.2 2-MIB removal by GAC with different EBCTs

This experiment was conducted to determine 2-MIB
removal efficiency in different EBCTs of 5, 10, 15min. 2-
MIB concentrations of 100ng / L, 200ng / L, 300ng / L
were provided to prove effectiveness on 2-MIB removal
with different EBCTs. Raw water used for spiking 2-MIB
was shown in Tablel and the experimental result was
displayed in Fig. 3.
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(a) 2-MIB removal efficiency at 300ng/L
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(b) 2-MIB removal efficiency at 200ng/L
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(c) 2-MIB removal efficiency at 100ng/L
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Fig. 3 2-MIB removal efficiency with different GAC EBCTs of 5, 10, 20
min in 2-MIB concentrations of 300, 200, 100ng/L.

According to Fig. 3, 2-MIB removal at initial
concentration of 300ng/L was measured 107ng/L (64%)
for EBCT 5min, 81ng/L (73%) for EBCT 10 min and
53ng/L (82%) for EBCT 15min. This result represents that
9% of 2-MIB removal increased with 5 min EBCT
increase.

At influent concentration of 200ng/L, 2-MIB
concentrations were reduced 91ng/L (55%) for EBCT
Smin, 76ng/L(62%) for EBCT 10min, and 34ng/L (83%)
for EBCT 15min. GAC with 15 min EBCT showed the
highest 2-MIB removal and S5min increase in EBCT
resulted in 7-21% of 2-MIB removal.

At influent concentration of 100ng/L, 2-MIB
concentrations were reduced 53ng/L (47%) for EBCT
Smin, 38ng/L (62%) for EBCT 10min, and 15ng/L (85%)
for EBCT 15min. Among these, the highest 2-MIB
removal was observed with 15 min of GAC column. Thus,
increasing EBCT of 5Smin affects 15 to 23% of increasing
2-MIB removal.

In general, increase in EBCT of GAC columns tended to
display a higher 2-MIB removal efficiency without
variation of 2-MIB concentrations. As a result, it was
found that increasing EBCT could deliver 7-23% increase
in 2-MIB removal. Overall, GAC with 15min delivered
the best performance among three different EBCTs, at 2-
MIB concentrations of 100-300ng/L.

3. 3. Effects of Natural Organic Matter (NOM)

High natural organic matter called (NOM) in natural
water delivers low adsorption capacity in activated carbon
process and it could affect geosmin and 2-MIB removal
efficiency. NOM compounds move down GAC beds faster
than many specific contaminants. As a result, the GAC in
the lower segment of GAC fixed beds can be preloaded
with NOM before it is contacted by the contaminants of
specific interest [11]. Newcombe et al. 2002a, 2002b
concluded that NOM levels of 3-10mg/L significantly
reduce equilibrium adsorption capacity by absorbing
closer to external surfaces and blocking access to pore
[12].  In this section, GAC adsorption capacity for
geosmin and 2-MIB were estimated in terms of high
loading of NOM (TOC ranges of 5-20mg/L). In detail,
geosmin concentrations of 100ng/L, 500ng /L, 1000ng/L
and 2-MIB concentrations of 100ng/L, 200ng/L, 300ng / L
in TOC concentrations of 5, 10, 20mg/L were artificially
made for delivering removal efficiency by GAC at
ambient temperature 10-11°C. GAC columns were
independently provided by variation of EBCT conditions
(5, 10, 15 min).

269



IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 1, January 2015.

wWww.ijiset.com

ISSN 2348 - 7968

Geosmin 1000 ng/L 2-MIB in 200 ng/L
100

100

E T E |
7§ 7§
| |

—&—— TOC 1.2 mg/L —®—— TOC 1.2 mg/L
© TOC 5 mg/L o TOC 5 mg/L
——-y-—— TOC 10 mg/L

80 4| — —Aa — TOC 20 mg/L

60 - (o]

——-y-—— TOC 10 mg/L
—_———— TOC 20 mg/L

80 1

60 -

40 4 40 4

v———— T T TYT T T T T T I -———— —w————————"V
20 e 20 A A A
o ; ; ; o ; ; ;
EBCT 5 EBCT 10 EBCT 15 EBCT 5 EBCT 10 EBCT 15
Empty Bed Contact Time Empty Bed Contact Time
(a) Geosmin removal efficiency at 1000ng/L (e) 2-MIB removal efficiency at 200ng/L
Geosmin 500 ng/L 2-MIB in 100 ng/L
10 100
—e—— TOC1.2mg/L e Igg é-ﬁjg}gi
s} TOC 5 mg/L <
g 80 4 | ——-¥-—— TOC 10 mg/L S  so04 X TOC 10 mg/L
é — A TOC 20 mg/L g — — TOC 20 mg/L
60 o 60 o
° o g8 o
°
é 40 v————— ——y——— - g 40
c o
£ Do D A -————— -v.- v
20 - 20 D A
o : : : o : ; ;
EBCT5 EBCT 10 EBCT 15 EBCT 5 EBCT 10 EBCT 15
Empty Bed Contact Time Empty Bed Contact Time
(b) Geosmin removal efficiency at 500ng/L (f) 2-MIB removal efficiency at 100ng/L

Geosmin 100 ng/L . . . . i
100 Fig. 4 TOC effects on geosmin 2-MIB removal efficiency with different

GAC EBCTs of 5, 10, 20 min in different concentrations (geosmin 1000,
500, 100ng/L, 2-MIB 300, 200, 100ng/L).

—®—— TOC 1.2 mg/L
o TOC 5 mg/L

80 1 ——-—9-—— TOC 10 mg/L

— A TOC 20 mg/L

60 1
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In Fig. 4(c), geosmin removal was 59% (EBCT S5min),
68% (EBCT 10min), and 89% (EBCT 15min) in TOC
1.2mg/L. At TOC concentration of 5mg/L, geosmin was
removed 49.2% (EBCT 5min), 53.7% (EBCT 10min), and
64% (EBCT 15min). At TOC concentration of 10mg/L,
geosmin removal displayed 33.2% (EBCT 5min), 38.7%
(EBCT 10min), and 44% (EBCT 15min). At TOC
concentration of 20mg/L, geosmin was reduced 28.2%
(EBCT 5min), 30.7% (EBCT 10min), and 31% (EBCT
15min).

Around 40-20% of geosmin removal was exhibited in the
TOC concentration of 10-20mg/L nevertheless difference
of EBCTs of GAC columns. At TOC concenrations of 1.2
through 10mg/L, geosmin removal absorption capacity
was decreased average 26% for EBCT 5min, average 35%
for EBCT 10min and 45% for EBCT 15min. The result
could be concluded that longer time water remained in the
GAC column adsorbed higher TOC in water. Plus, TOC
concentration between 5-10mg/L could highly damage on
geosmin removal and over 10mg/L of TOC could reduce
33-59% of geosmin removal efficiency.

For 2-MIB removal, percentage of removals were plotted
among the EBCT in Fig. 4(d),(e),(f). In Fig. (d), (e), ()
percentage removals of 2-MIB were significantly
decreased during an increase in TOC concentrations.
Between TOC concentrations of 1.2 to 5mg/L, 2-MIB
removals exhibited 10-25% decrease. The 2-MIB removal
percentages were sharply reduced from 5 to 10mg/L of
TOC. In the TOC concentration ranges of 10-20mg/L, 2-
MIB removal delivered within 5% difference. Therefore,
we concluded that high loading of TOC could largely
affect 2-MIB removal efficiency. Plus, TOC loading over
10mg/L could preload most of pores in the activated
carbon system. After that, 2-MIB removal was settled
around 25-40%.

Overall, the geosmin and 2-MIB removals for the three
different TOC concentrations indicated that over 5Smg/L of
TOC influent could significantly affect geosmin and 2-
MIB removal efficiency and over 20mg/L of TOC could
reduce geosmin and MIB removal efficiency in below
25%. With EBCT increase, geosmin and 2-MIB removals
were increased while the high EBCT of GAC columns
were further affected by TOC concentrations.

4. Conclusions

In this paper, three main experiments were performed
using different EBCTs of GAC column. The geosmin and
2-MIB removals were conducted with different EBCTs of
5, 10, and 15 min in geosmin concentrations of 1000-
100ng/L and 2-MIB concentrations of 300-100ng/L. In the
experiment, GAC column with EBCT of 15 min displayed
the highest removal of geosmin (89%) and 2-MIB(85%).
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With Smin EBCT increase, both geosmin and 2-MIB
removal percentages increased 7-23%. In the NOM
loading experiment, TOC were spiked in terms of 5, 10,
20 mg/L with different EBCTs of 5, 10, 15 min. In this
experiment, geosmin and 2-MIB removal efficiencies were
significantly reduced in TOC concentrations of 5-10mg/L
and at over 10mg/L of TOC loading, geosmin and 2-MIB
removals displayed below 40%. This result conformed that
at over 10mg/L of TOC, micropollutants could preload
most of pores in GAC before geosmin and 2-MIB.

This study determined geosmin and 2-MIB removal in
GAC columns by changing EBCTs and NOM levels.
Since the GAC process has used a main process in the
water treatment system, this experiment would be helpful
to control taste and odor compounds in water treatment
plant.
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