
   ANALYSIS OF TASTE-AND-ODOR COMPOUNDS 

IN DRINKING WATER USING GAS 

CHROMATOGRAPHY AND FLAME IONIZATION 

DETECTION (GC-FID) 

 

 

   By 

   XUEWEN WANG 

   Bachelor of Science in Material Science and Engineering  

   Dalian Polytechnic University 

   Dalian, China 

   2012 

 

 

   Submitted to the Faculty of the 
   Graduate College of the 

   Oklahoma State University 
   in partial fulfillment of 
   the requirements for 

   the Degree of 
   MASTER OF SCIENCE  

   December, 2014  



ii 

 

ANALYSIS OF TASTE-AND ODOR COMPOUNDS IN 

DRINKING WATER USING GAS 

CHROMATOGRAPHY AND FLAME IONIZATION 

DETECTION (GC-FID) 

 

 

   Thesis  Approved: 

 

Dr. Gregory G. Wilber 

 Thesis Adviser 

Dr. John N. Veenstra 

 

Dr. Dee Ann Sanders 



iii 

Acknowledgements reflect the views of the author and are not endorsed by committee 

members or Oklahoma State University. 

 

ACKNOWLEDGEMENTS  
 
 
I would like to express my sincere gratitude to my advisor, Dr. Gregory G. Wilber, for his 

excellent guidance, patience, immense knowledge and providing me this excellent 

opportunity for doing a master research. His guidance helped me in all the time of 

research and writing of this thesis. This research would not have been finished without 

his help.  

 

I would also like to thank my committee members, Dr. John N. Veenstra and Dr. Dee 

Ann Sanders, for participating my defense at the last moment. I appreciate their time on 

reviewing my thesis drafts and helping me improve, refine, and expand this study. 

 

Finally, I would like to thank my family, my boyfriend Lin Guo, and my friend, Ming 

Lim. They are supporting me and cheering me up through all the time. 



iv 

 

Name: XUEWEN WANG   
 
Date of Degree: DECEMBER, 2014 
  
Title of Study: ANALYSIS OF TASTE-AND-ODOR COMPOUNDS IN DRINKING 

WATER USING GAS CHROMATOGRAPHY AND FLAME 
IONIZATION DETECTION (GC-FID) 

 
Major Field: ENVIRONMENTAL ENGINEERING 
 
Abstract: Geosmin (GSM) and 2-methylisoborneol (2-MIB) are known to cause taste and 
odor problems in water. This study investigated the usefulness of a SPME-GC-FID 
method for analyzing aqueous geosmin and 2-MIB and better understanding the capacity 
of a copper-based algaecide for controlling these compounds in a drinking water 
treatment process. 
Analysis of geosmin and 2-MIB are possible with a standard SPME-GC-FID method, 
although the method sensitivity is at or slightly above the odor threshold concentrations. 
This renders the method less useful for situations with very low concentration, but it was 
still confirmed to be a rapid and reliable method. The detection limit of GC-FID can 
reach the threshold (25 ng/l) of these compounds.  
The copper-based algaecide did show a potential for removing 2-MIB, but the variables 
that control its reaction rate remain unknown. For the recommended dosage of 1.188×10-9 
mg/l, no significant difference was found, even though the 2-MIB showed a slow 
decrease to about 18%. In another experiment which the algaecide dosage was doubled, 
both GSM and 2-MIB exhibited a slight decrease. These results indicate that an acidic, 
copper algaecide does result in reductions in 2-MIB, but not at the rate observed in the 
full-scale plant. It is concluded that one or more additional factors plays a role in the 
reaction, a factor not present in the bench-scale experiments. 
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CHAPTER I 
 

 

INTRODUCTION 

 

Geosmin (GSM) and 2-methylisoborneol (2-MIB) are known to cause taste and odor 

problems in water. Geosmin and 2-MIB are produced by members of certain groups of 

benthic and pelagic aquatic microorganisms including algae, found in source waters such 

as lakes, reservoirs, and running waters. Currently, there are not many efficient and 

commercial methods to remove GSM and 2-MIB due to their stability with respect to 

chemical (Peter, 2007) and biological degradation. In addition, the odor threshold 

concentrations (OTCs) for GSM/2-MIB can range from 4-20 ng/l (Lloyd, 1998). 

Numerous studies have focused on the removal of GSM and 2-MIB, and some treatment 

methods have been applied by drinking water treatment plants. These methods include 

activated carbon, ozone, biofiltration and application of algaecides. Adsorption by either 

granular activated carbon (GAC) or powdered activated carbon (PAC) is considered one 

of the most efficient ways to remove organic contaminants in water. However, the 

presence of natural organic matter (NOM) in water significantly reduces activated carbon 

adsorption capacity for GSM and 2-MIB. Ozone and UV are efficient but expensive ways 

for removal, but additional chemicals added into the water result in formation of 

disinfection by-products and potential health problems. Microbial treatment methods 
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applied by the water industry (activated filter beds) are few in number (Persson, 2007). 

Some indeed decrease the concentration of GSM and 2-MIB to very low levels, but 

usually microbial processes take much longer, up to several weeks or even months. 

Dissolved GSM is slowly degraded by microorganisms in aerobic freshwater, but little is 

known about the fate of this compound under anoxic conditions. Similarly, few research 

has been carried out on natural 2-MIB degradation. Most taste-and-odor outbreaks are 

unanticipated, and thus there is a heavy reliance on water treatment plants to control their 

impairment of drinking water. As such, a chemical process that can be applied on an as-

needed basis is desirable. Schweitzer and Ekstrom (2006) found that EarthTec®, a 

copper-based algaecide, application resulted in effective removal of these compounds, 

especially with geosmin. In Tulsa Oklahoma, Mohawk Park Water Treatment Plant, 

EarthTec® has shown excellent abilities to remove geosmin and 2-MIB in lake water. 

Therefore, the assumption that EarthTec® and other similar copper-based algaecides 

have abilities to remove taste and odor compounds can be made based on these results. 

A rapid method employing solid phase micro extraction (SPME) with gas 

chromatography (GC) and flame ionization detection (FID) has been developed for the 

analysis of GSM and MIB in water in some studies. Routine quantification at µg/l 

concentrations can be accomplished using SPME-GC-FID. 

Then, the specific objectives of the research described here include: 

• To determine the usefulness of the GC/FID method for GSM and 2-MIB analysis 

• To better understand the use of a copper-based algaecide for control of geosmin 

and 2-MIB in drinking water treatment. 
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CHAPTER II 
 

 

LITERATURE REVIEW 

 

2.1 Source of GSM/2-MIB 

Geosmin and 2-methylisoborneol (2-MIB) are low molecular weight volatile alcohols 

produced by actinomycetes (gram positive bacteria) and cyanobacteria (blue-green 

algae). 2-MIB is produced during those organisms’ life cycle and geosmin is trapped in 

the cell bodies and released after the end of life cycle. High concentration of geosmin and 

2-MIB in water sources is not always an evidence of algae presence. Factors that trigger 

proliferation of actinomycetes and cyanobacteria are nutrient input in water sources, 

warm temperature, and stagnation and reduced water quality associated with drought 

conditions (Ho et al., 2012).  

As the major source of the taste-and-odor compounds, cyanobacteria have been 

present on earth for around 2.5 billion years and keep evolving and adapting to our 

environmental conditions, especially in water sources, such as ocean, lakes, and 

reservoirs (Paerl et al., 2001). Actinomycetes have been associated with earthy-musty 

odors in water and fish since the early 1900s (Adams, 1929; Thaysen, 1936) but their 

actual contribution to odor in freshwater was unknown. In the late 1960s, the taste and 

odor (T&O) compounds, geosmin and 2-MIB, were identified from actinomycete cultures



4 

 

(Gerber and Lechevalier, 1965; Gerber, 1979, 1983). Since then, actinomycetes have 

attracted considerable attention in the water industry as a major T&O source of drinking 

water. 

Cyanobacteria synthesize geosmin and 2-MIB throughout growth, which relates to 

photosynthesis and pigment synthesis. These algal cells store or release these T&O 

compounds depending on growth phase and environmental factors that affect these 

processes (Naes et al., 1988; Rashash et al., 1995, 1996; Srinivasan and Sorial, 2011). 

Cell damages due to death, senescence, and biodegradation release geosmin and 2-MIB 

into water (Srinivasan and Sorial, 2011). 

 

2.2 Methods to remove GSM/2-MIB 

Taste and odors caused by metabolic by-products formed by algae and other 

microorganisms in water supply are often seasonal in occurrence. Thus the treatment 

selected requires a versatile technology that can operate under prominent composition 

fluctuations (Ferreira, 2013). Conventional water treatment processes such as 

coagulation, sedimentation and filtration are not efficient methods for removal. Effective 

and accepted treatment options to control taste and odor compounds include advanced 

oxidation processes (AOP) like ozone oxidation and adsorption using granular or 

powdered activated carbon (GAC/PAC) and microbial treatment. 

2.2.1   Powdered Activated Carbon (PAC) Adsorption 

Activated carbon is an effective method of control for these two compounds. For seasonal 

occurrences, powdered activated carbon is more commonly utilized (Summers, 2013), so 
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most applications focus on the PAC treatment. Among those options mentioned above, 

PAC treatment is the simplest method and perhaps the most widely applied (e.g., 

Srinivasan and Sorial, 2011), but is rather expensive compared to conventional treatment 

processes such as coagulation treatment, in particular when it is used on a continuous 

basis (Yoshihiko, 2013). The PAC dosages to remove organic compounds in water 

treatment plants are determined by several factors: contact time with the liquid phase; 

raw water quality; presence of natural organic matter; and adsorbent characteristics 

(Newcombe et al., 1997; Newcombe and Cook, 2002). 

Ferreira and coworkers (2013) investigated the impact of PAC adsorption, combined with 

coagulation process by using ferric salt as coagulant on the removal of organic 

compounds that produce tastes and odors in a water supply. The highest 2-MIB removal 

efficiency (about 70%) was achieved within 15 minutes’ contact time without the 

coagulant addition and with the highest PAC dosage. Lower removal efficiencies were 

observed when adding PAC after the coagulant. This maybe because the coagulant coats 

the surface of the carbon and interferes with the 2-MIB coming in contact with the 

carbon’s surface and pores.  

Even though relatively high removal efficiency can be achieved by PAC treatment, it is 

uneconomical at a higher concentration of GSM and 2-MIB (Herzing et al., 1997) and the 

treatment is easily hindered by the present of other natural organic matter (NOM)  in the 

source water (Cook et al. 2001). Yoshihoko et al. performed their study on assessing the 

removal capacity of superfine powered activated carbon (SPAC, partical size < 1µm) on 

GSM and 2-MIB in the presence of natural organic matter (NOM). The result showed the 

capacity of SPAC was 27% greater than that of PAC. The presence of NOM reduced the 
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MIB adsorption capacity on SPAC by 85% while it reduced the capacity on PAC by 84% 

indicating that the adsorption capacities of SPAC and PAC were reduced to a similar 

extent by competitive adsorption of NOM. 

2.2.2   Advanced Oxidation Processes (AOP) 

In the past few years, research on the removal of taste and odor compounds has been 

greatly focused on oxidative techniques and advanced oxidation processes (AOPs) (Jung 

et al., 2004; Park et al., 2007; Song and Shea, 2007).  In advanced drinking water 

treatment process, ozonation is one of the most commonly applied technique to remove 

these taste and odor compounds. However, the oxidation reaction is known to produce 

disinfection by-products (DBP), which might produce a significant risk. At this point, the 

optimization of ozone combined with other technologies commonly UV radiation, is 

studied for optimizing ozone dosage. Ho et al. (2002) concluded the highest removal 

efficiency (98%) of GSM and 2-MIB with ozone was observed at the present of NOM 

with higher specific UV absorbance (SUVA) for the shortest contact time.     

Liang et al. (2007) found that pH is a significant factor affecting oxidation of 2-MIB by 

ozonation, increasing the pH increased the removal rate of taste-and-odor compounds 

(Yuan et al., 2013), while the presence of natural organic matters did not have a great 

effect on ozonation of GSM and 2-MIB. It is known that decomposition rate of ozone in 

water, resulting in more high reactivity of ·OH groups increases which increase the 

removal rate of odor compounds with the increase of pH. Nerenberg et al. (2000) found 

that removal efficiencies of these compounds increased with increase in temperature, 

ozone dosage, pH, and H2O2 concentration. Westerhoff et al. (2006) found that geosmin 

showed better removal than 2-MIB because of better second order reaction kinetics. 
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AOPs can effectively eliminate geosmin and 2-MIB in water; however, high cost and 

fouling problems are considered to be a huge problem for water treatment plants. 

2.2.3 Microbial Treatment 

Geosmin and 2-MIB can be biodegraded by gram-positive bacteria because their 

structure is similar to biodegradable alicyclic alcohols and ketones (Rittmann et al. 1995). 

Some recent studies showed that biological sand filtration was shown to be an effective 

process for the complete removal of geosmin and 2-MIB, with removal shown to be 

predominantly through biodegradation. In addition, geosmin and 2-MIB were also 

effectively degraded in batch bioreactor experiments using biofilm sourced from one of 

the sand filters as the microbial inoculum. The biodegradation of 2-MIB and geosmin 

was determined to be a pseudo-first-order reaction with rate constants ranging between 

0.10 and 0.58 d-1 in the bioreactor experiments. Rate constants were shown to be 

dependent upon the initial concentration of the microbial inoculum but not the initial 

concentration of geosmin and 2-MIB when target concentrations of 200 and 50 ng/l were 

used. Furthermore, rate constants were shown to increase upon re-exposure of the biofilm 

to both taste and odor compounds. The control culture with no added carbon source did 

not reveal any significant increase in bacterial abundance during this time. From this it 

may be concluded that these bacteria may be responsible for the biodegradation of the 

geosmin in the enrichment culture within the sand filter and also in the bioreactors. 

2.2.4   Organic Acid Treatment 

Lowering pH was proved to be an effective method to remove GSM and 2-MIB by 

Park’s (2013) study on this program. Another study was conducted on reducing GSM and 

2-MIB using different organic acids. (Pahlia et al., 2013). The standard solution of 
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GSM/2-MIB was diluted to 1µg/kg and a total mass of 30g. Pure (99.8%) glacial acetic 

(CH3COOH) and pure (99.7%) citric acid ([HOOC(OH)C(CH2COOH)2]) were used in 

the acidification treatment. In the acetic acid treated samples, a significant drop (p≤0.05) 

of GSM was observed at 1.0% and 4.0% acid concentration, while in the citric samples, a 

significant drop of GSM was observed at 0.1% and 1.0%. It indicated that pH lower than 

1.9 gave the greatest reduction of GSM. For 2-MIB, either acetic or citric acid at a 

minimum concentration of 0.1% could significantly reduce 2-MIB to its minimum 

detectable level, which means 2-MIB could be effectively removed at pH less or equal to 

2.61. 

2.2.5 Copper-based Algaecide 

Copper is an essential micronutrient for growth of algae and cyanobacteria. It has been 

using in various metabolic and enzyme processes (Cid et al., 1995). However, higher 

concentrations of copper may serve as a cellular toxicant. The mechanism of copper 

toxicity is found by Kenefick et al. (1993) in a study where membrane damage was seen 

within 24 hours in cultured cells of the cyanobacterium microcystis aeruginosa following 

treatment with copper (0.64 mg L-1 Cu as CuSO4). At lower concentration, copper ions 

need to be transported into cells by a process of facilitated diffusion through the 

membrane (Florence and Stauber, 1986). Figure 2-1 shows the transport of copper 

complexes into the cell membrane by diffusion. 

Copper-based algaecides, including chelated copper and copper sulfate two forms, have 

been used for an effective removal and growth inhabitation of algae (Wagner, 2004). 

Copper-based algaecides, particularly chelated forms treatments tend to inhibit rapid 

repopulation of algae, since chelated copper form contains less copper than copper sulfate. 



 

Moreover, copper-based algaecides can be less effective in alkaline waters or at lower 

temperatures, although chelated forms perfo

al., 2004). The application of these algaecides can kill certain algae species if they are 

applied properly.  

Figure 2- 1 transport of copper complexes int
(P is carrier 

 

 

2.3 Methods to analyze

2.3.1 SPME-GC-MS 

SPME-GC-MS is a simple and sensitive method to measure very small amounts of 

GSM/2-MIB in environmental water samples. 

determination of geosmin and 2

SPME) coupled with gas chromatography

of geosmin and 2-MIB, six different commercially

PDMS/DVB fiber gave 

DVB/CAR/PDMS fibers

MS under optimized conditions were 0.9 and 0.6 pg/m

9 

based algaecides can be less effective in alkaline waters or at lower 

lthough chelated forms perform better (Wagner, 2004; García 

al., 2004). The application of these algaecides can kill certain algae species if they are 

transport of copper complexes into the cell membrane by diffusion
(P is carrier protein) (Florence and Stauber, 1986) 

ze GSM/2-MIB  

MS is a simple and sensitive method to measure very small amounts of 

MIB in environmental water samples. Saito and coworkers (2008) investigated 

determination of geosmin and 2-MIB by headspace solid-phase microextraction (HS

h gas chromatography–mass spectrometry. To optimize

six different commercially available fibers used in this study, the 

 superior extraction efficiency in comparison with

DVB/CAR/PDMS fibers. The detection limits of these compounds by HS

conditions were 0.9 and 0.6 pg/ml, respectively.

based algaecides can be less effective in alkaline waters or at lower 

rm better (Wagner, 2004; García Villada et 

al., 2004). The application of these algaecides can kill certain algae species if they are 

 

o the cell membrane by diffusion               

MS is a simple and sensitive method to measure very small amounts of 

Saito and coworkers (2008) investigated 

phase microextraction (HS-

optimize the extraction 

available fibers used in this study, the 

in comparison with PDMS and 

of these compounds by HS-SPME/GC–

, respectively. Rebecca (1998) 
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also proved that SPME-GC-MS detection limits of around 1 ng/l for both geosmin and 2-

MIB meant that the method can be used to detect these compounds at concentrations 

below their odor threshold.  

Some research employed different extraction method accomplishing with GC-MS. Sadao 

and coworkers (2001) discovered that the sensitivities of stir bar sorptive extraction 

(SBSE) method was 54 times higher for 2-MIB and 10 times higher for geosmin than 

those of the SPME method. The detection limits of the SBSE method evaluated in river 

water were 0.33 and 0.15 ng/l respectively for 2-MIB and geosmin. 

 

2.3.2 SPME-GC-FID 

GC/MS is the most accepted method for analysis of these compounds. It is one of the 

goals of the current study to determine if GC-FID can also be used. A rapid method 

employing solid phase micro extraction (SPME) has been developed for the analysis of 

GSM and 2-MIB in water. Routine quantification at µg/l concentrations can be 

accomplished using gas chromatography (GC) and flame ionization detection (FID). 

Lior et. (2012) investigated isolating GSM and 2-MIB from a digestion basin in an 

aquaculture unit used SPME/GC/FID to measure the GSM and 2-MIB in the liquid 

samples. Concentrations of the compounds (1 ng/l detection limit) were determined in the 

study. Steven et al. (1998) investigated the method employing SPME-GC-FID for 

analysis for GSM and 2-MIB in water. The concentration levels of geosmin and 2-MIB 

reached 10 ng/l, the result was confirmed by using a GC-MS detention.  

SPME-GC-FID is also a simple solid method for analyzing other organic compounds. 

Headspace (HS) HS-SPME-GC-FID revealed to be a clean, simple, fast and reliable 
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methodology for the determination of the methanol and acetic acid by Nunes et al. 

(2005). The standards in the concentration range between 40 and 100 mg/l for methanol 

and between 25 and 105 mg/l for acetic acid were performed. The results demonstrated 

that HS-SPME-GC-FID was a simple rapid useful way for methanol and acetic acid 

estimation. Quantification limits, determined by the concentration of each standard 

required to give a peak height ten times higher than the noise, was estimated to be 32 

mg/l for methanol and 26 mg/l for acetic acid. Also for low concentration of benzene and 

substituted benzenes in water samples, SPME-GC-FID could reach a 15 ng/l detection 

limit for benzene (Cristina et al., 2003). In their study, different types of fiber of SPME 

were discussed, using PDMS/DVB/CAR fiber was considered the best analytical 

condition.
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CHAPTER III 
 

 

METHODOLOGY 

 

Geosmin (GSM) and 2-methylisoborneol (2-MIB) are microbial metabolites with 

muddy/musty odors which contaminate water supplies and can be absorbed by aquatic 

organisms. Humans can detect them in water at ng/l concentration. One main goal of this 

project is to prove SPME/GC/FID is a solid and accurate method to analyze the 

concentration of GSM and 2-MIB at low ng/l levels. The result will be verified by 

parallel analysis of the same samples detected by gas chromatograph coupled to a mass 

spectrometer detector (Shimadzu GC/MS-QP5050A). The second primary goal is to 

investigate the capacity of EarthTec®, a copper-based algaecide to remove GSM and 2-

MIB. The reaction lasts for four days, because the lake water travelled in the water 

treatment pipeline for about two days, so the experiment is designed within doubled 

travel time in pipeline (4 days) to see how the reaction performed. 

3.1 Experimental chemicals 

3.1.1 Geosmin and 2-MIB 

The standard of geosmin (CAS # 23333-91-7) and 2-MIB (CAS # 2371-42-8) was 

purchased from Supelco (Sigma-Aldrich, St. Louis, MO, USA) as a 100 µg/ml in 2 ml 

solution in methanol. Basic information about these compounds is shown in Table 3-1.



 

The solutions were stored at 4 °C in refrigerator and used after dilution with deionized 

water. EarthTec® was obtained from Earth Science Laboratories, Inc. (Bent

USA) as an example of algaecides used in this study.

 

Table 3- 1 Chemical Information

Compound Name Compound Structure

Geosmin 

2-methylisoborneol 
(2-MIB) 

 

 

3.1.2 EarthTec® 

EarthTec® is a copper solution containing 99.99% cupric ions (Cu++), which are toxic to 

microscopic organisms at low doses.

reservoirs, or other water systems

suspension over long periods with mathematically predictable copper levels which allow 

precise control of algae and bacteria w

Inc. 2009). Based on observation from

EarthTec® was assumed as the primary algaecide to remove geosmin and 2

EarthTec® used in this study was obtained fr
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The solutions were stored at 4 °C in refrigerator and used after dilution with deionized 

water. EarthTec® was obtained from Earth Science Laboratories, Inc. (Bent

USA) as an example of algaecides used in this study. 

Chemical Information (Supelco Analytical, Bellefonte, PA)

Compound Structure Molecular 
Formula 

Molecular 
Weight 

CAS registry number

 

C12H22O 182.3 CAS # 23333

 

C11H20O 168.3 
 

CAS # 2371

EarthTec® is a copper solution containing 99.99% cupric ions (Cu++), which are toxic to 

microscopic organisms at low doses. It is used in lakes, ponds, municipal drinking 

reservoirs, or other water systems to control algae. It has the ability to remain in 

suspension over long periods with mathematically predictable copper levels which allow 

precise control of algae and bacteria without over-treatment (Earth Science Laboratories, 

Based on observation from Mohawk Park Water Treatment P

EarthTec® was assumed as the primary algaecide to remove geosmin and 2

EarthTec® used in this study was obtained from Earth Science Laboratories, Inc. 

The solutions were stored at 4 °C in refrigerator and used after dilution with deionized 

water. EarthTec® was obtained from Earth Science Laboratories, Inc. (Bentonville, AR, 

(Supelco Analytical, Bellefonte, PA) 

CAS registry number 

CAS # 23333-91-7 

CAS # 2371-42-8 

EarthTec® is a copper solution containing 99.99% cupric ions (Cu++), which are toxic to 

is used in lakes, ponds, municipal drinking 

. It has the ability to remain in 

suspension over long periods with mathematically predictable copper levels which allow 

treatment (Earth Science Laboratories, 

Mohawk Park Water Treatment Plant’s personnel, 

EarthTec® was assumed as the primary algaecide to remove geosmin and 2-MIB. 

om Earth Science Laboratories, Inc. 
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(Bentonville, AR, USA) as an example of algaecides. Recommended dosage of 

EarthTec® (1 gal/1,000,000 gal raw water) and twice of the recommended dosage (2 

gal/1,000,000 gal raw water) will be applied to 100 ng/l geosmin/2-MIB solution. 

The mechanism of the reaction remains unknown. These experiments were performed to 

add to the available data exhibiting the ability of  EarthTec® to remove geosmin and 2-

MIB. 

 

3.2   Solid phase micro-extraction (SPME) 

Solid phase micro-extraction is a simple and inexpensive method for the analysis of 

volatile and semi-volatile compounds occurring in a wide variety of food, water and 

environmental matrices (Eisert and Levsen, 1996). It does not require a large volume of 

sample (25 ml), expensive equipment, or extremely time consuming efforts (30 minutes 

to 1 hour). SPME relies on the partitioning of organic compounds from a matrix directly 

into a solid phase. A fused silica fiber is coated with a suitable absorbent phase and 

bound  to the tip of a syringe plunger. The plunger is plugged into  the needle which  

serves to protect the delicate fiber. The needle is used to pierce the septum of a sealed 

vial containing the sample and the SPME fiber is then extended (see Fig.3-1). The fiber 

can be directly immersed into a liquid sample or placed in the headspace above the 

sample for qualitative analysis. Analyte molecules are absorbed onto the coating. After 

equilibration, the fiber is retracted into the needle and inserted into the heated injection 

port of a gas chromatograph (Lloyd, 1998). In this study, manual assemblies of SPME 

including a 2cm-50/30µm DVB/Carboxen™/PDMS StableFlex™ SPME coated fiber 
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(Supelco part number 57348–U) and SPME fiber holder (Supelco part number 57330–U) 

(Fig. 3-1) were purchased from Supelco (Bellefonte, PA). 

 

Figure 3- 1 Solid Phase Micro-extraction (Lloyd, 1998) 

 

 

3.3 Gas Chromatography (GC) and Flame Ionization Detection (FID) 

Gas chromatography is a common method for separating the components of a solution 

and measuring their relative quantities. In gas chromatography, a sample is rapidly heated 

and vaporized at the injection port. The sample is transported through the column by a 

mobile phase consisting of an inert gas. The components are then detected and 

represented as peaks on a chromatogram. A FID typically uses a hydrogen/air flame into 

which the sample is passed to oxidize organic molecules and produces electrically 

charged particles (ions). The ions are collected and produce an electrical signal which is 

then measured. A GC-FID configuration is shown in Fig. 3-2. While generally less 

sensitive than mass spectrometry, flame ionization is readily available in water quality 

labs. This study will examine the usefulness of GC-FID analysis and compare it to the 

sensitivity achieved by mass spectrometry observed in related studies (Zhao, 2012; Park, 

2013). 
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Figure 3- 2 GC-FID configuration 

(http://www.uochb.cz/web/structure/1133.html) 

 

 

Extraction and GC Procedure 

I. Prepare needed concentration of geosmin and 2-MIB samples by diluting with 

deionized water. 

II.  Transfer 25 mL of each sample into a screw-cap sample vial with a PTFE septum. 

Add 3.5 g sodium chloride and a magnetic stir bar into each sample. 

III.  Incubate the vial in a heating block at 65°C. After 30 minutes of incubation, 

SPME fiber is injected through the airtight vial for head space extraction of GSM 

and 2-MIB for 20 minutes.  

IV.   Remove the fiber from the vial. GSM and 2-MIB concentrations are analyzed by 

injecting the fiber into the splitless operated injector of an Agilent 7890B GC with 

a FID. GC and FID conditions are shown in Table 3-2. 
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Table 3- 2 The parameters of GC and FID  

Parameter Condition 

GC Model Agilent 7890B 

Column  type EquityTM-5 fused silica capillary column 

(30m×0.25mm×0.25µm), Supelco, Bellefonte, PA 

Injector Split-less 

Injector temperature 250°C 

Oven temperature Hold at 60 °C for 2 min from injection, increase to 

100 °C at 20 °C /min, followed by an increase to 

200 °C at 10 °C /min and to 250 °C at 20 °C /min 

and hold at this maximum temperature for 3 min  

Carrier gas Helium 

Flow rate 1 mL/min 

FID temperature 280 °C 

 

 

3.4 GSM and 2-MIB chromatogram 

Previous published research, using a closed loop stripping analysis (CLSA)-GC-FID 

methodology  for the analysis of geosmin and 2-MIB (Romero, 2007), has proved that 

GC-FID is an easy methodology, very reliable, robust, and with low error in routine 

analyses of GSM and 2-MIB from drinking and natural water samples. The 

chromatogram of 200 ng/L GSM and 2-MIB is shown in Fig. 3-3. Comparing the 

detection time to the previous experiments (Zhao,2012; Park, 2013) which used GC-MS, 

the peaks appearing at 9 min and 12 min are known to be the peaks of 2-MIB and GSM. 
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Figure 3- 3 GSM and 2-MIB chromatogram 

(screenshot of a GC-FID analysis result)
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CHAPTER IV 
 

 

FINDING AND DISCUSSION 

 

Samples containing geosmin and 2-MIB were analyzed by the SPME extraction 

technique and GC-FID analysis method. Results and discussions of each three 

experiments are described below. Duplicate samples under the equivalent condition were 

conducted at each data point. In order to minimize experimental errors, the averages of 

duplicate samples` results were used as final results of these experiments. 

 

4.1 Calibration Curve                    

Two calibration curves of GSM and 2-MIB from 0 to 200 ng/l (25 ng/l, 50 ng/l, 100 ng/l, 

200 ng/l) are shown below. Great linearity and R2 value were obtained. The slopes were 

1.0565 and 1.2408 for 2-MIB and GSM, respectively, while R2 value were 0.998 and 

0.994, respectively. From the chromatogram in Figure 3-3, we can see that there are no 

problems with overlapping peaks or peak resolution that can affect the chromatographic 

detection. Since the average population odor threshold is around 15-20 ng/l, and lowest 

standard tested (25 ng/l) was detected readily, it appears that we can expect that GC-FID 

analysis can detect GSM and 2-MIB at least down to thresholds. The retention time for an 

analyte as the time it takes after sample injection for the analyte peak to reach the
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detector (Romero, 2007) is stable and consistent comparing to the results from previous 

research (Zhao, 2012). Above all, it is observed that GC-FID is a repeatable and 

potentially accurate  method to analyze GSM and 2-MIB at their odor threshold (25 ng/l). 

Using concentration versus peak area instead of mass to express the calibration curve is 

because that SPME extracted the sample, not absorb exact amount of solution, and the 

sample extracted was proportional to the mass. 

 

Table 4- 1 Peak Area of 2-MIB 

Concentration (ng/l) Set 1 Set 2 Average Area 

0 0 0 0 

25 20.77411 22.16271 21.46841 
 

50 44.64479 41.50256 43.073675 

100 112.7062 84.9668 98.8365 

200 213.89001 203.58347 208.73674 
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Figure 4- 1 Calibration Curve of 2-MIB 

 

Table 4- 2 Peak Area of GSM 

Concentration (ng/l) Set 1 Set 2 Average Area 

0 0 0 0 

25 25.18407 21.55905 23.37156 
  

50 59.41027 61.39054 60.400405 

100 133.82628 137.89635 135.861315 

200 254.1654 230.6503 242.40785 

y = 1.0565x - 4.8152

R² = 0.998
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Figure 4- 2 Calibration Curve of GSM 

                

A third set of experiments was done to confirm the consistency of the calibration curve. 

The peak area and concentration were listed below. 

 

Table 4- 3 The Third Set of Peak Area of 2-MIB and geosmin 

Concentration 

(ng/l) 

Peak Area 

2-MIB GSM 

0 0 0 

25 19.85652 25.43144 

50 46.96103 49.61527 

100 95.70641 110.06602 

200 205.07344 232.90698 

y = 1.2408x - 0.6486

R² = 0.994
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Figure 4- 3 The Third Set of Peak Area of (a) 2-MIB and (b) geosmin 

 

Comparing the slope and y-intercept for each compound, slopes for 2-MIB were 

1.0565 and 1.0344, y-intercepts were - 4.8152 and - 4.0605. Both of the parameters 

were very close. For geosmin, the slopes were 1.2408 and 1.1741, y-intercepts were     

-0.6486 and -4.4553, which also showed a steady and consistent calibration curve. At 

this point, SPME-GC-FID was verified that it’s a consistent and reliable method to 

measure the concentration of 2-MIB and geosmin down to at least 25 ng/l. 
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4.2 Standard solution of GSM and 2-MIB with EarthTec® 

In Tulsa water treatment plant, they use discovered that EarthTec® has excellent 

ability to remove geosmin and 2-MIB. However, no detail in mechanism is revealed to 

back up the EarthTec® process. So in this experiment, reaction between geosmin/ 2-

MIB and EarthTec® is recreated in lab scale, different dosage of EarthTec® are 

applied in standard (100ng/l) geosmin/MIB solution, to see if EarthTec® is the  main 

factor for removing the taste-odor compounds. Due to the previous lab work, we know 

that there is slight differences between the deionized water and lake water, so 

deionized water is used to dilute geosmin and 2-MIB solution in the duplicates samples 

below. 

 

4.2.1 Standard geosmin/MIB with Recommended dosage of EarthTec® 

Below is the experiment investigating the removal ability of recommended dosage of 

EarthTec® with standard concentration of geosmin and 2-MIB. 

 

Samples: 100ng/l geosmin/2-MIB solution 

                EarthTec® 1gal/1,000,000 gal raw water, equivalent to 1.188×10-9 mg/l  
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Table 4- 4 Peak Area of 2-MIB with 1.188×10-9 mg/l EarthTec®  

Day Set 1 Set 2 Average Area 
Concentration 

(ng/l) 

0 113.0827 118.5963 115.8395 117.5692 

1 86.10667 91.97424 89.04046 89.25604 

2 179.3914 221.2978 200.3446 206.8489 

3 115.707 89.56506 102.636 103.6198 

4 197.7925 234.3652 216.0789 223.4721 

 

 

Figure 4- 4 Plot of 2-MIB with 1.188×10-9 mg/l EarthTec®  

 

 

 

0

50

100

150

200

250

0 1 2 3 4 5

C
o

n
ce

n
tr

a
ti

o
n

 (
n

g
/l

)

Days



26 

 

Table 4- 5 Peak Area of geosmin with 1.188×10-9 mg/l EarthTec®  

Days Set 1 Set 2 Average Area 
Concentration 

(ng/l) 

0 169.3116 197.675 183.4933 227.0299 

1 128.3826 144.3649 136.3737 168.5639 

2 336.3737 434.4305 385.4021 477.5583 

3 224.1021 107.4461 165.7741 205.0439 

4 320.0738 452.2976 386.1857 478.5306 

 

 

Figure 4- 5 Plot of geosmin with 1.188×10-9 mg/l EarthTec®  
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obvious to see that the concentrations on the second and fourth days were extremely high, 

almost twice as high as on the other days, which can’t be used to analyze. This 

0

100

200

300

400

500

600

0 1 2 3 4 5

C
o

n
ce

n
tr

a
ti

o
n

 (
n

g
/l

)

Days



27 

 

experiment was re-run to check if this methodology can be used for analyzing 2-MIB and 

geosmin. 

 

Table 4- 6 Peak Area of 2-MIB with 1.188×10-9 mg/l EarthTec® (redo)  

Day Set 1 Set 2 Average Area 
Concentration 

(ng/l) 

0 103.80070 102.5875 103.1941 104.2094 

1 97.90993 95.70879 96.80936 
  

97.46389 

2 91.84613 94.73284 93.28948 93.74514 

3 88.27743 86.10667 87.19205 87.3032 

4 82.51533 86.96916 84.74225 84.71498 

 

 

Figure 4- 6 Plot of 2-MIB with 1.188×10-9 mg/l EarthTec® (redo) 
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Table 4- 7 Peak Area of geosmin with 1.188×10-9 mg/l EarthTec® (Redo) 

Day Set 1 Set 2 Average Area 
Concentration 

(ng/l) 

0 112.3688 133.63589 123.0023 151.9727 

1 111.4466 140.437 125.9418 
  

155.62 

2 126.64516 138.3113 132.4782 163.7304 

3 138.664 141.58585 140.1249 173.2184 

4 166.4891 166.81346 166.6513 206.1323 

 

 

Figure 4- 7 Plot of geosmin with 1.188×10-9 mg/l EarthTec® (redo) 
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could be caused by EarthTec®, or volatilization, photolysis, sorption, and 

biodegradation. The degradation processes of these compounds by volatilization are too 

slow to be considered significant. Photolysis of geosmin and 2-MIB could not contribute 

significantly to removal of geosmin and 2-MIB, since the vials containing the solution are 

brown. Otherwise, GSM showed a slight increase during the experiment. This could be 

caused by instrument error, but also could occur because of SPME or during sample 

preparation. DVB/Carboxen/PDMS is reported as the most sensitive for small 

compounds and organic acids due to its increase retention capacity resultant from the 

mutually potentiating effect of adsorption and absorption to the stationary phase. The 

small pores (10 Å on average) of Carboxen make this coating fiber particularly effective 

for extracting small molecules (Kataoka et al., 2000). SPME is, however, sensitive to 

experimental conditions. Any change in experiment will affect the sorption rate, 

including the time required for extraction of the analytes.  

 

4.2.2  Standard geosmin/MIB with Twice Recommended dosage of EarthTec® 

Below is the experiment investigating the removal ability of twice recommended 

dosage of EarthTec® with standard concentration of geosmin and 2-MIB. 

Samples: 100ng/l geosmin/2-MIB solution 

EarthTec® 2gal/1,000,000 gal raw water, equivalent to 2.376×10-9 mg/l 
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Table 4- 8 100ng/l 2-MIB with 2.376×10-9 mg/l of EarthTec® 

Day Set 1 Set 2 Average Area 
Concentration 

(ng/l) 

0 104.0644 125.7488 114.9066 116.5836 

1 120.1366 91.41241 105.7745 
  

106.9356 

2 29.26741 122.6274 75.94741 75.42323 

3 27.8781 79.78844 53.83327 52.05965 

4 80.74574 95.54005 88.1429 88.30777 

 

 

Figure 4- 8 Plot of 2-MIB with 2.376×10-9 mg/l EarthTec®  
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Table 4- 9 100ng/l GSM with 2.376×10-9 mg/l of EarthTec® 

Day Set 1 Set 2 Average Area 
Concentration 

(ng/l) 

0 189.4258 179.39140 184.4086 228.1656 

1 197.67497 179.8839 188.7794 
  

233.5889 

2 189.5053 185.9595 187.7324 232.2898 

3 144.7809 164.13663 154.4588 191.0038 

4 196.8135 226.4461 211.6298 261.9417 

 

 

Figure 4- 9 Plot of geosmin with 2.376×10-9 mg/l EarthTec®  
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day), and return to a higher concentration on the fourth day. Meanwhile an obvious 

decrease (16.84%) also found on GSM, but not as significant as that of MIB. Since the 

concentration of both compounds return to a higher concentration on the fourth day (last 

day of experiment), this decrease was probably caused by operator error, like transferring 

the solution to each reaction vial. But 2-MIB did perform a decrease (23.41%) within the 

reaction time. 

With 2.376×10-9 mg/l of EarthTec®, Park (2013) didn’t find any significant decrease of 

either geosmin or 2-MIB, while Zhao (2012) observed a significant decrease (78.64%) of 

both compounds by 200ng/l geosmin/2-MIB with twice recommended dosage of  

EarthTec®. The results in this experiment was inconsistent with either of the earlier 

works. EarthTec® did show a potential to remove geosmin and 2-MIB, but the results 

indicated that there might be some other variables control the reaction rate which remains 

unknown. 

The calibration curve indicated that SPME/GE/FID was a consistent and potentially 

accurate method to analyze geosmin and 2-MIB, and the detection limit was down to 25 

ng/l. The reaction results from different dosage of  EarthTec® with standard geosmin/ 2-

MIB solution were not inconsistent with the earlier work. For the recommended dosage 

of EarthTec® (1.188×10-9 mg/l), no significant difference was found, even though the 2-

MIB showed a slow decrease to about 18%. In another experiment which the EarthTec® 

dosage was doubled, both GSM and 2-MIB exhibited a slight decrease, in which both. 

From these results, EarthTec® did show a potential for removing geosmin and 2-MIB,  

while the variables that controlling its reaction rate remained unknown.



33 

 

CHAPTER V 
 

 

CONCLUSION 

 

Taste-and-odor problems in drinking water have caused many customers’ complaints for 

decades. Water treatment plants aim to remove these taste-and-odor compounds by 

numerous methods, such as granular/powdered activated carbon (GAC/PAC), advanced 

oxidation processes (AOP), algaecides, and biofitration etc. Based on a Tulsa water 

treatment plant’s observation, EarthTec® was tested as the primary algaecide to remove 

geosmin and 2-MIB. In addition, an alternate measuring method (GC-FID) for these 

compounds was investigated. This study investigated the usefulness of a SPME-GC-FID 

method for analyzing aqueous geosmin and 2-MIB and better understanding the capacity 

of a copper-based algaecide for controlling these compounds in a drinking water 

treatment process. From the results of those experiments, the following conclusions can 

be made. 

• Analysis of geosmin and 2-MIB are possible with a standard SPME/GC/FID 

method, although the method sensitivity is at or slightly above the odor threshold 

concentrations. This renders the method less useful for situation with very low 

concentrations, but it was still confirmed to be a rapid and reliable method. The 

detection limit of GC-FID can reach the threshold (25 ng/l) of these compounds.
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During the whole experiment, there were numerous complications encountered with the 

GC-FID system. Adjusting the proper setpoint for the GC-FID program to make the 

output peaks to be sharp, clear without tail or baseline took a long time. Sometimes the 

results didn’t come out as we expected, and attempts to determine the source of the 

problem were unsuccessful. As such, the experiment was repeated many more times than 

planned.  

The capacity of EarthTec® to remove GSM/MIB was analyzed. As seen in earlier work, 

the rate of EarthTec®’s reaction with gesomin and 2-MIB was inconsistent. While 

showing potential for removing 2-MIB, the variables that control its reaction rate remain 

unknown. For the recommended dosage of EarthTec® (1.188×10-9 mg/l), no significant 

difference was found, even though the 2-MIB showed a slow decrease to about 18%. In 

another experiment which the EarthTec® dosage was doubled, both GSM and 2-MIB 

exhibited a slight decrease, in which both. 

• Relative to controls, these results indicate that EarthTec® does result in 

reductions in 2-MIB level, but not at the rate observed in the full-scale plant. It is 

concluded that one or more additional factors plays a role in the reaction, a factor 

not present in the bench-scale experiments. 

SPME/GC/FID is recommended for analyzing geosmin and 2-MIB at or above the 

concentration of 25 ng/l. Since GC/FID costs much less than a GC/MS, and due to its 

repeatable calibration curve, it’s a useful, economic and potentially accurate method. 

Even though the detection limit of GC/FID is not as low as GC/MS, it is still a 

recommended and useful method for analyzing in most situations.  
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APPENDICES 
 

 

Here listed all the raw data of calibration curve and experiment results from Agilent 

7890B GC with FID. 
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