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ABSTRACT 
Extractions for the analysis of geosmin and 2—methylisoborneol (MIB) were carried out on board a 
research vessel by extracting water samples in the collection bottles with dichloromethane. The 
extracts are stable and can be stored for up to two months with no apparent loss of analytes. 
Workup and analysis could be done at the rate 15-20 samples per week. Approximately 150 
samples from Lake Ontario were analyzed in 2000 and 120 samples in 2001. Concentrations as low 
as 1 ng/L could be detected, but reliable determination was only attained above 5 ng/L (_> 30% 
qualifier ion match within 150%). Reproducibility between duplicates was generally better than 
10%, and recovery of surrogate standards from reagent water averaged ca. 80% and from lake water 
ca. 60%. In earlylsepternber, 2000, geosmin concentrations in Lake Ontario ranged from 1-13 ng/L 
and MIB from 1-31 ng/L. In 2001, the ranges were 1-47 and 1-56 ng/L for geosmin and MIB, 
respectively. Lowest concentrations occurred in the western and central regions and highest 
concentrations in the eastern «region and St. Lawrence River. 7
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Méthode d_’e_'xtjra_cI_:iojI_'i d_e_s coniposés odorants 2-méthy1i_sobor_n,éol et géosmine 2‘; bord d’_u,n 
navire 

Brian Brownlee, Gordia Maclnnis, Murray Charlton, Susan Watson, Shannon Hamilton-Browne et 
Jacqui Milne. 

RESUME 
A bord dl’un navire de recherche, on a fait des extractions au dichlorométhane, pour analyse 
ultérieure, de la géosmine et du. 2-méthylisoboméol (MIB) d’échantillo'ns d’eau 5; meme les flacons 
de prélévement. Les extraits sont stables et peuvent étre conservés jusqu’a deux mois sans qu’il y 
ait de perte a'ppajren_te.« La méthode utilisée perrnet la préparation et l’analyse de 15 a 
20 échantillons par semaine. En 2000, environ l50iéchantil1ons provenant du lac Ontario ont été 
analysés et en 2001, environ 120. La technique perrnet de rnesufer des concentrations d’a peine 
lng/L, mais elle n’est fiable qu’a des concentrations supérieures a ,5 ng/L (pour > 80% des 
échantillons, il y a correspondance de l’ion de c'onfir_r‘_nation dans les liarnites de ! 50 %). L_'a 

reproductibilité des échantillons analysés en double était généra_lernent supérieure a 10 %, et la 
récupération desétalons de substitution était, en moyenne, de 80 %, ‘environ, pour une eau de 
qualité analytique, et de 60 %, environ, pour une eau de lac. Au début de septembre 2000, la 
concentration de géosmine dans le lac Ontario variait del 51.13 ng/L, et celle du MIB, del 51 

31 ng/L. En 2001, les plages des valeurs étaient de 1 a 47 ng/L et de 1 a 56 ng/L pour la géosmine 
et le MIB, respectivernent. Les concentrations les plus faibles ont été mesurées dans les régions 
ouest et centrales du lac Ontario, et les plus élevées, dans la région est du lac ct dans le Saint- 
Laurent.
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An Analytical Method for Shipboard Extraction of the Odour Compounds, 2-Methylisobomeol 
and Geosmin. 

Whatls the problem and what do scientists already know about it? 

Lake Ontario is the source of drinking water for several million consumers in Ontario. The 
northwest comer of the lake occasionally has epsiodes where the water smells. This has been 
shown to be from elevated levels in the water of a natural compound, geosmin, produced by 
microbes, probably blue-green algae. These episodes typically occur in mid-August. In the 
northeast corner of the lake and the upper St. Lawrence River elevated levels of geosmin and a 
second compound, 2-methylisobomeol, occur regulaxy in late summer and fall. 

Why did4NWR| do this study? 
In order to catalog the lakewide distribution of geosr’ni_n and 2-methylisoborneol and, to look for 
correlations with possible contributing factors such as. higher nutrient levels, lakewide cruises 
lasting four or five days were carried out in late August or early September. While several 
analytical methods exist for these two compounds, we required a method in which the 
extraction could be done in the laboratory of a research vessel. This work describes the method 
we developed. 

What werethe results? 
Cruises were carried out in 2000 and 2001 which were no'n—event years for the northwest lake 
and typical years for the northeast lake and St. Lawrence River. Distribution maps of geosmin 
and 2-methylisobomeol in surface and bottom water were ge'nerated. Concentrations were 
highest in eastern Lake Ontario and the upper St. Lawrence River, lower in the northwest 
portion of the lake and lowest in the central portion. Where the lake is deep enough to be 
stratified, concentrations were higher in surface water than in bottom water. 

How will these results be used? 
. These results form a baseline for the database which will be used by us and our partners as part 
of the effort to elucidate the in-lake‘ processes which occasionally result in production of 
geosmin concentrations high enough to cause consumer complaints. 

Who were our main partners in the study? 
Western Lake Ontario municipalitie's, Ontario Clean Water Agency, Ontario Ministry ofthe 
Environment and St. Lawrence River Institute for Environmental Sciences.
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Méthode d’extraction des composés odorants 2—méthylisoboméol et géosmine a bord d’un 
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Quel est leyprobléme et que savent les chercheurs a ce sujet? 
Le lac Ontario est la source d’eau de boisson de plusieurs millions de consommateurs en 
Ontario. A l’occasi‘on, la portion nord-ouest du lac connait des épisodeds pendant lesquels_ 1’eau 
dégage une odeur. On a dérnontré que ce phénoméne était dfi 2'1 la concentration élevée dans 
1’-eau d’un compose d’origine naturelle, la géosmine, que produisent des microbes (l’algu_e blen- 
vert, pr‘obable'ment), Ces episodes surviennent habituellement 51 la mi-aofit. A la fin de l’été et 
en automne, dans la portion nord-est du lac et dans le haut Saint-‘La_ur‘e‘nt, la concentrat_i_on'd_e 
géosmine et d’un second compose, le 2-rnéthylisoboméol, est réguliérement élevée. 

Pourquoi l'INRE a-t-il effectué cette étude? e

- 

Pour déterminer la répartition de la géosmine et du 2-méthylisoboméol a la grandeur du lac et 
p'our rechercher des correlations avec les factcurs contributifs possibles (comme une 
concentration plus élevée en éléments nutritifs), on a fait a la fin aofit (on an debut dc 
septembre) des carnpagnes de quatre ou cinq jours dans Pensemble du lac. Plusieurs méthodes 
d’analys_e existent déjia pour ces deux composés, mais il en fallait une qui pennette l’extraction 
a bord d’un navire de recherche. On décrit-, dans le present article, la méthode qu’on a misc au 
point. 

Quelssont les résultats? 
Les campagnes se sont déroulées en 2000 et en 2001, années pendant lesquelles aucun épisode 
dc concentration élevée n’es't survenu dans la portion nord-ouest du lac; toutefois, la portion 
nord-‘est du lac et le Saint-Laurent ont connu des épisodes typ'iq_1_'1es. Des cartes de répartition de 
I_a géosmine e_t_ du 2-:r‘néthylis’oborn'éol dans les eanx de surface et de fond ont été dressées. Les 
concentrations étaient maximales dans la portion est du lac Ontariolet dans le haut Saint- 
Laurent; elles étaient plus faibles dans la portion nord-ouest du lac et atteignaient leur valeur la 
plus, faible dans la portion centrale du lac. La of: le lac est suffisamment profond pour‘ qu’il y ait 
une stratification des eaux, les concentrations en surface étaient supérieures a celles du fond. 

Comment ces résultats seront-ils utilisés? 
Ces résultats constituent les données de référence qui seront utilisées par les auteurs ét leurs 
partenairespour comprendre les processus lacustres qui, 2'1 l’occa_s'ion, se traduisent par la 
production de géosrnine en concentrations suffisamment élevées pour susciter des plaintes de la 

' 

part des consommateurs. 

Quels étaient nos principaux partenaires dans cette étude?
. 

Les municipalitésr de la partie ouest du lac Ontario, 1’Agence oiitarienne des eaux, le ministére . 

de l’Environnernent de l’Onta_rio et l’Institut des sciences environnemcntales du fleuve Saint- 
Laurent.
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ABSTRACT 
Extractions for the analysis of geosmin and Zsmethylisoborneol (MIB) were carried out on board a 
research vessel by extracting water samples in the collection bottles‘ with dichloromethane. The 
extracts are stable and can be stored for up to two months with no apparent loss of analytes. 
Workup and analysis could be done at the rate 15-20 samples per week. Approximately 150 
s,a_1_r'1p,les from Lake Ontario were analyzed in 2000 and 120 samples in 2001. Concentrations as low 
as 1 ng/L could be detected, but reliable determination was only attained above 5 ng/L (> 80% 
qualifier ion match within 150%). Reproducibility between duplicates was generally better than 
10%, and recovery of surrogate standards from reagent water averaged ca. 80% and from lake‘ water 
ca. 60%. In early September, 2000, geosmin concentrations‘ in Lake Ontario ranged from 1-13 ng/L 
and MIB from 1-31 In 2001, the ranges were 1-47 and 1-56 ng/L for geosmin and MIB, 
respectively. Lowest concentrations occurred in the western and central regions and highest 
concentrations in the eastem region and St. Lawrence River. ' 

KEYWORDS 
Analysis; geosmin; Lake Ontario; MIB; odour compounds; shipboard extraction 

INTRODUCTION 
Lake Ontario is the source of drinking water for several million consumers in Ontario. The 
northwestern portion of the lake experiences occasional episodes ofelevated geosmin concentration 
sufficient to trigger consumer complaints. The most recent episodes occurred in August of 1998 
and 1999 when maximum geosmin concent1'7ati_ons were briefly greater than 100 ng/L (Charlton et 
al. 1999, Watson et al. 2000). A research consortium consisting of western Lake Ontario 
municipalities and federal and provincial agencies was formed in 2000 to study this problem. In 
addition, the northeastern part of the lake regularly has elevated levels (20-50 ng/L) of both 
geosmin and 2-methylisoborneol (MIB) for several months in the late summer and fall (Ridal et al. 
1999-, 2000). Lakewide cruises to determine the distribution of geosmin and MIB were initiated in 
2000 to study both problem areas. As a result-, an analytical method was required which would be . 

capable of shipboard extraction of samples to give a storable extract, and would be simple enough 
to process more than 100 samples during a four or five day cruise. Furthermore, because of the 
large number of samples generated the method was limited to using a low resolution mass 
spectrometer (HP 5971 MSD). Several published methods were considered, Two methods 
involving liquid-liquid extraction with hexane (Brownlee et al. 1988, Bao et al. 1997) required 
magnetic stirring which was considered unworkable onboard a sometimes pitching research vessel. 
Another method using resin adsorption required theuse of deuterated analogs of geosmin and MIB



and therefore high resolution mass spectrometry to obtain sufficient sensitivity (Palmentier et al. 
1998). The method selected was an adaptation of one described by Lin et al. (1997) wherein 
extraction is done right in the sample bottle by dichloromethane (DCM). We used the 
perdeuterated aromatic hydrocarbons, naphthalene-dg and biphenyl-dgo, as recovery standards, since 
they are more practical for low resolution mass spectrometry than the deuterated analogs of MIB 
and geosmjn. 

This method has been applied and tested during lakewide surveys of Lake Ontario in early 
September of 2000 and 2001. In each year more than 100 samples were extracted on board a- 

research vessel during a four or five day period. Preparation and analysis were done over several 
weeks in the laboratory onshore.

‘ 

METHODS 
Materials 
Methanol solutions of (1,2,7,7-tetramethyl-exo-bicyclo[2.2.l]heptan—2—ol) and (i)-geosmin 
(trans,trans-1,10-dimethyl—9-decalol) were purchased from Wako Chegmicals USA (Richmond, 
VA) and Supelco (Sigma—Aldn'ch, Oakville, ON). Naphthalene-dg, biphenyl-dm and4dibenzofuran- 
('13. were purchased from CDN Isotopes (Pointe-‘Claire, QC). _Distillede-in-glass solvents (DCM, 
methanol, isooctane) were supplied by Caledon Laboratories (Georgetown, ON). The .amber 1-L 
bottles used had volt'1jrt_"1e'of 1050 3-_ 10 mL -when completely filled and were equipped with PTFE- 
lined screw caps. They were initially purchased pre—cleaned and if they were reused, they were 
washed well with water, dried, rinsed two times with DCM and dried. 
Sample Extraction and Storage 
A clean 1—L, amber bottle is completely filled with water sample to be analyzed, 50 mL is removed, 
recovery standard is added by syringe (250 pL of 100 ng/mL naphthalene—dg + biphenyl-dlo in 
methanol, giving 25 ng/L), the sample is mixed well, then 40 mL of dichloromethane (DCM) is 
added and the bottle is shaken (sideways, horizontally) on a reciprocal shaker at ca. 200 
strokes/rni‘_nute for one hour. After extraction, samples can be stored at room temperature. During 
storage, the DCM layer separates cleanly. 
Extract Workup 
About 800 mL of the upper (water) layer is decanted from the bottle and the remainder of the 
contents (water + DCM) is transferred to a 250 separatory funnel. The layers are let separate 
for a few minutes and then the (lower) DCM layer (30-35 mL) is drawn off into a 60 mL vial (27 x 
140 mm) containing a layer of ca. 4-5 mm of pre-combusted (450°C) anhydrous sodium sulfate. 
The vial "is capped "with a PTFE-lined septum and screw cap and then shaken to provide good 
contact of the contents with the sodium sulfate drying agent, The DCM is reduced in volume to 8- 
10 mL under a gentle stream of nitrogen or argon gas and the DCM is carefully transferred (to avoid 
picking up sodium sulfate) by disposable glass pipet to a 15 mL graduated centrifuge tube. The vial 
and sodium sulfate are rinsed once with DCM (ca. 1 mL). In the centrifuge tube, the volume of the DCM is reduced under the gas stream to 1 mL, and then internal standard is added (200 uL of 500 
ng/mL dibenzofura._n—dg in isooctane). The volume is reduced to 0.2 mL, a further 200 ML of 
isooctane is added and the volume again reduced to 0.2 mL. The extract is transferred by 
disposable glass pipet to an autosampler vial with 250 uL insert.



Gas Chromatography-Mass Spectrometry (GC-MS) 
Extracts are analyzed by GC-MS using a Hewlett-Packard model 5890 II gas chromatograph 
c.onnec,te_d to a model 5971 mass selective detector. A 1 ;LL sample is injected (splitless mode, 
valve off 0.75 min) onto a 30 m by 0.25 mm fused silica capillary column coated with 0.25 am of 
HP—5‘MS (2000 sample set) or DB-1701 (2001 sample set). With HP-5MS, the column. oven is 
programmed from 40-280 °C at 4°C/min with a 10-m_ir__1_ute _hold at the final temperature. With DB- 
1701, the start temperature is 60°C and the final temperature is 240°C. Helium carrier gas is used 
with constant flow programming with a linear velocity’ of ca.- 35 cm/sec. Chemstation software is 
used for instrument control, and data acquisition and analysis. Calibration curves are run for two to 
five levels of standard from 20 to 500 ng/ml... For MIB, the quantitation ion is m/z 95 and the 
qualifier ions are 110 and 150; for geosmin, the qu‘antitat_io‘_n ion is m/z 112 and the qualifier ions 
are 125 and 149. 

Extract Storage Experiment 
,Naphthal_e'ne-dg, biphenyledlo, geosmin and MIB were added to twelve 1000 mL samples of Lake 
Ontario water at 50 ng/L (500 y.L of 100 ng/mL in methanol). These were immediately extracted 
with 40 mL of DCM and stored in the dark at room temperature. At various times (0, 1, 2 and 4 
weeks) sets of three were worked up and analyzed. 

RESULTS AND DISCUSSION
1 

Accuracy and Recoveries 
Because survey cruises on a large lake such as Lake Ontario generate large numbers of samples 
when spatial coverage is sufficient to produce lakewide distributions, high resolution mass 
spectrometry was not feasible. Therefore, deuterated analogs of geosmin and MIB could not be 
used as recovery standards since their use re_qu,i‘r‘es high resolution mass spectrometry (McCal1um et 
al. 1998, Palmentier et al. 1998). As an alternative, we selected the perdeuterated bicyclic aromatic 
hydrocarbons, naphthalene-d3 and biphenyl-dm. Their partitioning and volatility properties are 
similar enough to MIB and gesomin, respectively, to serve as suitable surrogate standards for 
recovery correction. By using an additional standard, dibenzofuran-dg, added at the final stages of 
extract preparation for GC-MS analysis, recoveries of the surrogate s‘tandard__s could be determined. 
For reagent water, surrogate recoveries were 75-85% for naphtha1ene—dg and 70-80% for 

- biphenyl-d1o. For Lake Ontario water with a sample set of 140 in 2000 naphthalene-dg recoveries 
were 59 i 6% and biphenyl-dlo recoveries were 52 i 5%. In 2001 with a sample set of 116 the 
respective values were 67 1 8% and 64 1- 8%. The lower recoveries in lake water are ascribed to 
the presence of dissolved and particulate organic carbon which reduces partitioning into the

, 

relatively small volume of DCM (nominal ratio of DCM to water 4%). 
The accuracy of recovery correction was examined in two ways. In the _fi_r'st, two s'1'1bsar'nples__of 25 
ml. were analyzed by headspace solid-phase microextraction using the method of Watson et al. 
(2000) as well as the 1-L sample by DCM extaction. The samples for this came from the Niagara 
River in the summer of 2000. The results from the two methods are in good agreement (Table 1). 

In the second approach, MIB and geosmin were added at 25 ng/L to samples of Lake Ontario water 
collected from May to mid-August, 2002. For ten samples, measured values for MB and geosmin 
were 23.7 i 1.7 and 24.9 _+; 0.6 ng/L, respectively, in excellent agreement with the theoretical 
values. .



Table 1. Comparison between present method and headspace solid-phase microextraction 
(HSPME) 

MIB (ng/L) Geosmin (ng/L) 

This Method HSPME Relative % This Method HSPME Relative % 
Difference“ Difference“ 

15.6 15.8 1.3 3.1 2.9 6.7 
14.6 14.0 4.2 2.5 2.1 17.4 
25.5 25.2 1.2 5.1 5.4 5.7 
23.5 26.3 11.2 5.2 5.4 3.8 
18.1 16.7 8.0 ' 

. 

_ 

2.9 
I 

2.7 7.1 
18.-'2 16.6 9.2 2.3 2.8 19.6 

Average 5.9 Average 10.0 

‘rltbsolute valuelfrlorn this method minus HSPME:as a percentage of the average of the two. 

Detection and Confirmation Levels 
The detection‘ level is a function of signal—to-noise ratio and the presence of interfering compounds, 
The signal—to—n‘oise ratio was generally better than 3:1 at the 1 ng/L level. Using background 

7 

subtracted chromatograms, the noise level is reduced and the integration settings define the 
detection level. These settings were selected to give a detection level of 1-2 ng/L. In the 2000 
sample set, there was a consistent response for MIB in reagent water blanks of 1.3 1 0.2 ng/L 
(n=12) and no measurable response for geosmin in the blanks. The MIB blank was eventually 
found to be from latex rubber tubing used to connect the argon source for concentrating the 
extracts, Replacing this with PTFE tubing eliminated the blank for the 2001 sample set. 

The results were tested for the concentration at which there was a reasonable certainty of 
confirmation by both qualifier ions meeting the criterion of a 150% match in intensity with a 
standard. These results are summarized in Table 2. For both MIB and geosmin, at 1-3 ng/L there is 
a low per”ce_nt_age of samples rjneeting this criterion, at 3-5 ng/L probability is moderate, and above 5 
ng/L the probability is greater than 80%. Thus 5 ng/L could be considered the “confirmation” level 
for the method with the present instrumentation. 

Table 2. Qualifier ion match by range of MIB and geosmin concentration 

Percentage of Samples with Match @_-50%) 
if H H 

in I 

Geosrnin 
Range (ng/L) 2000 2001 2000 2001 

< 1-3 
5 

11 0 
I V V 

7 17 

3-5 76 60 36 40 
> 5 92 100 81 so



Reproducibilty and l’recision 
Reproducibility, in the form of differences between duplicate samples, is shown in Table 3. The 
difference is similar for the two years and is usually less than 0.5 ng/L. However, variability is 
higher for MIB than for geosmin, possibly because MIB has been more subject to blank problems 
and ‘background interference. Since these results are for actual samples, any heterogeneity in the 
samples is included ir_'1 the variability. Precision is better illustrated by the fesults in Table 4 for an 
experiment ‘where MIB and geosmin were added to the samples. The relative standard deviation 
was generally less than 5% for sets of samples analyzed in triplicate. 

Table 3. Reproducibility between duplicate samples” 

Mm ‘ 

, 

" 
fiueosminlu 

Range ng/L 2000 2001 1 2000 2001 

< 1-3 
V 

‘ 

0.5 1 0.3 (n=12) 0.2 (n=1) 0.2 i 0.2 (n=5l) 0.05 i 0.03 (n=6) 
3-5 0.4 i 0.3 (n=5) 0.45 i 0.3 (n=4) 0.3 10.3 (n'—.-41 1) 0.2 i 0.2 (n'=6) 

> 5 0.7 i 0.4 (n=11) 0.2 1 0.2 (n=6‘) 0.4 1 0.4 (n=4) 

3 Difference between duplicates in ng/L; average _-5 standard deviation for n sets. 

Table 4. Stability of MIB and geosmin in the extracts during storage at room temperature 
' 

Concentration in ng/L (Relative Standard Deviation %) 
Weeks of Storage MIB Geosrnin 

0 
‘ 

47.5 i 0.6 (1.3) 47.9 i 1.4 (2.4) 
1 48.6 :16 (3.3) 49.2 i 1.6. (3.3) 
2 49.7 i 1.6 (3.2) 49.8 .4_=. 2.2 (4.4) 
4 46.1 3 3.5 (7.6) 47.7 i. 1.0 (2.1) 

Stability of Extracts 
The stability‘ of the extracts was examined in a storage experiment. and geosmin were added 
to twelve l—L samples at a nominal concentration of 50 ng/L and the samples extracted with DCM 
immediately. These were an_alyzed in sets of three at O, 1, 2 and 4 weeks of storage at room 
temperature. From the results in Table 4, there are no trends in concentration differences over the 
four week period, deinonstratingithat the extracts could be stored ‘for at least four weeks in the 
bottle with the sample with no change in concentration. 

A further test of stability of MIB and geosmin -on storage of the extracts was to compare the 
difference between pairs of duplicate samples from the 2000 set, one group of which was analyzed 
within less than three weeks of each other and 0a second group which was analyzed within five to 
seven weeks of each other. For MIB, the meandifference between duplicates was 0.5 1 0.4 ng/L 
(n==12) for less than three weeks and 0.5 i 0.3 ng/L (n=15l) for five to seven weeks of storage. For 
geosmin, the mean difference was 0.4 1 0.3 ng/L (n=10) for less than three weeks and 0.2 -1 0.2 
ng/L (n=10) for five to seven ‘weeks of storage. Since the differences between duplicates stayed 
quite constant, the extracts must have been stable for at least the duration of the test.



Lakewide Results
4 

Sixty stations on Lake Ontario were sampled from September 11e15, 2000. The results are 
summarized for surface and bottom samples in Table 5 in the form of averages and ranges. These 
only give a partial picture of the MIB and geosmin distribution horizontally and vertically in the 
lake, and are complicated by the occurrence of samples below detection, especially for geosmin in 
bottom water where nearly 50% of the samples were below detection. Contour maps’ are also 
useful, and. an example is shown in Figure l for the distribution of geosrriin in the surface water. 
For 43 stations sampled from September 4-7, 2001, the ranges were 1-56 and 1-47 ng/L for MIB 

' and geosmin, respectively. In general, lowest concentrafions of MIB and geosmin were found in 
the western and central regions and higher concentrations in the eastern end of the lake and entrance 
to the St. Lawrence River. In a more lirfiited survey, Ridal et ‘al. (2000), found a similar pattern in 
1998. 

Table 5. MIB and geosmin concentrations (ng/L) in Lake Ontario surface and bottom water by 
region, September 11-15, 2000 ' 

Western Region Centralliegion: 
1 1 

0 

Eastern Region 
Twenty Stations Eighteen Stations Twenty-two Stations 

Average“ Range Average“ Range Average? 
1 

Range 

MIB. surface 2.6 i 3.0 DL - 15.0 2.231_139.11" 
V 

1151. — 14.1” 
" ‘ 

ii.31i“s.7 DL — 31.0 
MIB, bottom 1.1 1 0.6 DL - 2.2 1.5 : 193 DL - 4.5 5.3 1 7.3 DL - 27.6 
Geosmin, surface 3.3: 0.8 1.6 - 5.5 2.7 0.4 1.6 -3.8 4.6 i 2.6 2.4 - 12.6 
Geosmin, bottom ' 1.5 _-I; 1.4 DL -5.5 1.5 1.3 DL - 4.2 2.0 i 2.3 DL - 8.6 
3 13L = detection level. For samples below detection (< 1.0), a value of one-half the detection level, 
i.e., 0.5 ng/L, was substituted in calculating the average and standard deviation. 

~~~~ no sample 20.00 

Figure 1. Surface geosmin (ng/L) in Lake Ontario, Sept. 11-15, 2000. 
-_ Sampling station. - - - - Region boundary.



Summary 
In the early stages the more established closed-loop stripping analysis (CLSA) and the recently 
available SPME/HSPME were both considered and eliminated: both require inimediateanalysjis and 
the equipment for CLSA is too complex. Extraction with lighter than water solvents such as 
hexane was ruled out because of the requirement for magnetic stirring, considered impractical for a 
pitching vessel. Finally, a resin adsorption method was also eliminated as being a bit too complex 
for shipboard use and also requiring deuterated analogs of MIB and geosmin as recovery standards 
with the consequent need for high resolution mass spectrometry. ~ 

Thus far, most of the application has been to untreated source water (Lake Ontario, Niagara River). 
The suitability of the method for the analysis of treated (chlorinated) water is not known. Possible 
complications are the reaction of chlorine with the bicyclic aromatic hydrocarbon surrogates, and 
cyclohexene if present as a preservative in the DCM. Highly organic waters may also be - 

problematic since the partitioning of the analytes into the small volume of DCM used is reduced in 
the presence of dissolved organic carbon, and also the pos_'sjibili_ty‘ that they would contain higher 
levels of interfering compounds. 

CONCLUSIONS » - 

'

_ 

By extracting samples right in the sample bottle with DCM, this method provides a practical 
method for extraction of a large number of‘ water samples for MIB and geosmin on a research vessel 
during a survey cruise. The sample-DCM mixtures are storable for at least several weeks with no 
loss of analytes. The detection level, precision and accuracy are sufficient for a survey of a large 
lake such as Lake Ontario and the analysis does not require high resolution mass spectrometry. 
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