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Abstract: Geosmin and 2-methylisoborneol (2-MIB) are volatile organic compounds responsible for the majority
of unpleasant taste and odor events in drinking water. Geosmin and 2-MIB are byproducts of blue-green algae
(cyanobacteria) with musty and earthy odors. These compounds have odor threshold concentration at ng/L levels.
It is needed to develop a sensitive method for determination of geosmin and 2-MIB to control the quality of
drinking water. In this study, geosmin and 2-MIB in water samples were determined by gas chromatography-
mass spectrometry (GC-MS) with headspace-solid phase microextraction (HS-SMPE). The detection limits of
this method were 1.072 ng/L. and 1.021 ng/L. for geosmin and 2-MIB, respectively. Good accuracy and precision
was also obtained by this method. Concentrations of the two compounds were measured in raw waters from
Nakdong River in the cyanobacterial blooming season. Water bloom formed by cyanobacteria has been occurred
currently in Nakdong River. It is needed to investigate the concentrations of geosmin and 2-MIB to control
the quality of drinking water from Nakdong River. Both geosmin and 2-MIB were detected in raw waters from
Nakdong River at concentrations ranging from 4 to 24 ng/L and 6 to 16 ng/L, respectively.
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Table 1. Characteristics of geosmin and 2-MIB
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Compounds Structure Chemical name M.W. Molecular formula  Odorant
CHs
OIH H
Geosmin QO trans-1,10-dimethy] trans-9-decalol 182 C;pHy0 Earthy
CH3
2-MIB 2-methyl isoborneol 168 C1H00 Musty
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Fig. 1. Description of sampling sites in the Nakdong River.
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2.3. HS-SPME

HS-SPMEZ+ CombiPAL SPME system (CTC, USA)
< AHg3te] £ 3T A E 10 mLE SPME Hpol
&l FHste] WHEEFEZ(, 2-dichlorobenzene-d4)2
7}t ¥ 50/30 um DVB/Carboxen/PDMS fiber2 3
3I3Ath A8-slE]o] A|9EAL SlE SPME fibers L

goll met o8 ZEA7F A 2 Sl A 50/30 um
DVB/Carboxen/PDMS fibers 2 #2H3 40~275 ¥
2] 394 (volatile)o] L} WES) 24 (semivolatile) &2
o] Ao o] &HM, F Are IS 7Hth
Fiber= AF&-317] A 270 °CollA] 1 A]7F §<F AYA
J3te] AFEEI o H, SPMES] & 278 Table 291
e AT

il
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24. GC/MS £4

GC/MSE  Agilent (Santa Clara, CA, USA) 7890A
GC¢ 5975C MSDE Ah-&3te] 43ttt ZHS
DB-5MS (60 m x 0.25 mm x 0.25 pm)E AR5} o,
LA E S5 99.999% Hed AM&39a, §&52
1.0 mL/minZ A 3HA FASHATE Al &= split (20:1)
mode® FY3FoH, F=YF+ 2=+ 250 °c 2438 2
EL2%E 100 °CollA 5 & B FAA121 ¥ 10 °C/
minS 2 52A1A 280 °ColA 5 & &<t FAXA #
243}tk Scan =9} SIM (selected ion monitoring)
REOA E24]0] %*l 1 O] FAAEE F}o scanTE
oA 7+ BEFo AHFAHERS RIS the SIME
2 AR O]'Mq. q g2 o) ALg-3 SIMO]QOE

Table 2. Conditions of HS-SPME and GC/MS

Parameters Conditions

Pre Incubation Time 10 s

Extraction Temp. 70 °C
Agitator Speed 500 rpm
Vial Penetration 31 mm
Extraction Time 30 min

Injection Penentration 54 mm
Desorption Time 10 min

He at 1.0 mL/min
Split (20:1)

Carrier gas flow
Injection mode

Injection temp. 250°C
Transferline temp. 280 °C
Oven temp. 100 °C (5 min) —5 °C/min
—280 °C (5 min)
Ion mode El
SIM 2-MIB: 95, 108, 135, geosmin: 112, 125,97

1,4-dichlorobenzene-d4:150

+ geosmin (m/z 112, 125, 97), 2-MIB (m/z 95, 108,
135)& AHgstd o, WEEEEZAZE 1.2-dichloro-
benzene-d4 (m/z 150)S AHE-313 tH(Table 2).

3 4% ¥ 1

A 9] £ & 3H(method validation)E ¢1 3 24
A, P AESEA), A, Aste 2 AU Ao

, %]
A D FALIRANRIE F
Wl whe} AT QA
2AW 2 5-100 ngl W9 BRIt HEE
RERAL AN 5 N9 RS BAse] AW
gom, A oA ko] 099 oo =
) A TH(Table 3). ARGl 2 HF3HA|

12 4 3

FEr} HES EEEPS FYA A7 7
g =]

=

ol

MIB9} geosmin®] WHAZE A= 2H7F 1.021, 1.072
ng/L, AFIAE 247} 3253, 3414 ng/Le) e 73
T AAHTable 4). ARl FZFSHA =< 10 )

A7} ES BEEAS Wrielel Y3 2 4=

£ 73 A3}, 2-MIBS}F geosmin®] F == 7tz
1034 99.3%, AU == 7”4 124, 12.9%2] & 4

AR K Table 5). BAWH] A4, 8=, H4
Eoﬂ/\i E L A9E ?i—,% T e, s
A S} AFIAL ZFG B2 FEE T F

Table 3. The calibration curves and linearities of 2-MIB and

geosmin
Conc. Calibration curves Lineari
Compounds  range (Y=aX+b) me?nty
™)
(ng/L) a b
2-MIB 5~100 4.425 12.678 0.9986
Geosmin 5~100 5.896 -0.562 0.9994

Table 4. The method detection limits and limit of quantitation
of 2-MIB and geosmin

Compounds Spiked Conc. MDL" LOQ™
(ng/L) (ngll)  (ng/l)
2-MIB 2 7 1.02 3.25
Geosmin 2 7 1.07 341

"MDL : method detection limit (SD*3.14),
"LOQ : limit of quantitation (SD*10)
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Table 5. The accuracy and precision results for the analysis of 2-MIB and geosmin

Spiked Conc. Accuracy Precision
Compounds (ng/L) Calculated Conc. %) (RSD, %)
2-MIB 20 18.5 19.0 22.8 19.1 103.4 12.4
Geosmin 20 17.7 17.9 22.6 18.4 99.3 12.9
Ak (C94d), 14-tho] 52HC04d, °099d), FHEFZH O E(06
), #E0089) T el o3 #d e dAaLrt
32 49438 FA s+ 2MZAY A BB o] FERES kg e Al
SEAE g FHUEC] AFHeR o5 Yle b o= A B ada & 5 itk 58] £
Hos Yt THoE B4 9 Fde] 4H 204 o]Fu 7} AL g AAFREL WS
ATt o1H 3 FF7F2 19709 o] F F&5HA 3 HEg-at, QAo ik flald 72 Wy = A
| stz skl @A H e tgAzE HAARE Al Wi B E4lo] AF 4 vk
91d AL AALE AVIR S B4le] FFE FHZ 4 ARle] d3to® 7AW F
Al ZFshEA AN dF o] FF5H e STt A Alde] AR dFEdRTe see o] HTE Bol
tefet RS o g Yaide] MubAel A SOPRA N2 A 8] oA QY] FEe FEF G
2 1990 o] % 3] AMAHAMARE, tEERue BE UehlAL Slo] AHT F&, A & 5 @
7Be71ol AT /o] g LA 7hsAdol =M,
ZF HAd e A olHn 4] dA
a0 ] A7e AbE A EAlE dod 5 Sl
1100 20129 % 7, 8€9] stV o THE O R
AF Feds, 92F T7H R B gFow A
e AAFYe] SVt sor Hxeu Zha B AR
— 277 2 B 8 $A 8 ) B A
700% 1.4-Dichlorobenzene-d4 s ;g 1’4‘]3}04 201215_ 8% lloé—]f'“]ﬂ 9% 10%]7]]_X] 115]'}—%’
o00 7F 2T AVE FAHLE AEE AF Sk E43613
00 o, 24 A2vEIRS Fig. 2°] e 3
w0 ] 7 A 8 M ARl Histe] 7 21 38 AR A,
L ) _
lrima.» geosmin®] A4 AHEE 3~6 3] AZFHE 5 A AH
(a)
3 Table 6. Concentrations of geosmin and 2-MIB in raw water
700 samples from Nakdong River (ng/L)
850 _ ) Geosmin 2-MIB
] Sampling
600 ,: sites Ndetccwd/ Conc Ndewcled/ Conc
1,4-Dichlorobenzene-d4 total ’ Neotal '
e Donam 31 10-17 021 ;
500 3 ‘ Nakdan 3/21 14~24 0/21 -
w0 ] 2MIB Geosmin Sunsan 421 8~12 021 -
1 Chilgok 5/21 11~16 0/21 -
3 Dasa 521 9~15 121 15
350 - ; ! : . : : : i : Nongong 6/21 4~13 121 15
[Timp--= 1n0nn 14 0N
b) Dukgok 5/21 5~7 2/21 11~16
Haman 3/21 7~13 121 6

Fig. 2. GC-MS selected ion chromatograms for (a) water
samples spiked in the concentration of 20 ng/L and
(b) raw water samples from Nakdong River.
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*Dominant genus:Aphanocapsa, Merismopedia, Phormidium,
Aphanizomenon, Microcystis
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gol st ol AN FAE WA s, B
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