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Anions from three short organic acids: acetate, formate and 
MSA are interesting to measure since they can be measured 
used for different environmental studies; for example atmosphe-
ric composition over time or assessing the anthropogenic pollu-
tion and the influence of large forest fires into different study 
areas. 
 The ion-chromatographer at the Department of Earth 
Sciences is currently not able to separate these three substances; 
therefore new methods were developed in this project to solve 
this problem. Only acetate and formate was separated by the 
best method; short organic test 5, a result that was considered 
good even if MSA were not separated. 
 Method 5 was then tested on natural samples of water, 
snow and ice. All these samples showed a larger amount of 
formate than of acetate, which in some cases was not even 
found. The results seemed plausible; not many of them were 
sticking out compared to others of the same phase. The shallo-
west sample from the Lomonosovfonna ice cap did however 
differ quite a lot in amount of formate compared with samples 
from other depths of this ice core; probably because of contami-
nation which could have occurred at both the ice cap and in the 
lab during the handling of the samples.
 The known amount of acetate and formate in a sample 
can however make it possible to also measure MSA in that 
sample. This is done by adding known amounts of MSA to the 
same sample in subsequent runs to then be able to calculate the 
concentration of MSA in the sample. The problem with the use 
of this method is that the concentration of MSA needs to be high 
enough in contrast to acetate and formate in order to get reliable 
results, which was not the case in the samples measured in this 
project.
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Sammanfattning 
 
Anjoner från de tre korta organiska syrorna: acetat, format och MSA är intressanta att 
mäta då de kan användas för olika sorters miljöstudier. Jonkromatografen vid 
Institutionen för Geovetenskaper kan för närvarande inte skilja på dessa tre ämnen, 
därför utvecklades sex nya metoder i detta projekt för att lösa problemet. Metod 5 
visade sig vara den bästa, där acetat och format separerades. Resultatet ansågs 
vara bra, även om MSA inte separerades. 

Metod 5 testades sedan på ett par naturliga prover; vatten-, snö- och 
isprover. Alla dessa prover visade en större mängd av format än acetat, som i vissa 
fall inte ens visades. Resultaten verkade rimliga, inte många av dem stack ut i 
jämförelse till andra resultat av samma fas. Det ytligaste provet från 
Lomonosovfonnaglaciären skiljer sig dock ganska mycket i mängden format jämfört 
med prover från andra djup av denna iskärna, förmodligen på grund av 
kontamination vid hanteringen av proverna både vid provtagningen och i labbet. 

MSA kan dock även mätas om man vet mängden acetat och format i 
provet. Detta görs genom tillsats av kända mängder av MSA till samma prov i 
efterföljande körningar, för att sedan kunna beräkna koncentrationen av MSA i 
provet. Problemet med denna metod är att koncentrationen av MSA måste vara 
tillräckligt hög i kontrast till koncentrationerna av acetat och format för att få 
tillförlitliga resultat, vilket den inte var i det här projektets analyserade prover. 

 
Abstract 
 

Anions from three short organic acids: acetate, formate and MSA are interesting to 
measure since they can be used for different environmental studies. The ion-
chromatographer at the Department of Earth Sciences is currently not able to 
separate these three substances; therefore six new methods were developed in this 
project to solve this problem. Short organic test 5 ended up to be the best method, 
where acetate and formate were separated. The result was considered good, even if 
MSA were not separated.  

Method 5 was then tested on a couple of natural water, snow and ice 
samples. All these samples showed a larger amount of formate than of acetate, 
which in some cases was not even found. The results seemed plausible; not many of 
them were sticking out compared to others of the same phase. The shallowest 
sample from the Lomonosovfonna ice cap did however differ quite a lot in amount of 
formate compared with samples from other depths of this ice core; probably because 
of contamination which could have occurred at both the ice cap and in the lab during 
the handling of the samples. 

MSA can however also be measured if the amount of acetate and 
formate in the sample is known. This is done by adding known amounts of MSA to 
the same sample in subsequent runs to then be able to calculate the concentration of 
MSA in the sample. The problem with the use of this method is that the concentration 
of MSA needs to be high enough in contrast to acetate and formate in order to get 
reliable results, which was not the case in the samples measured in this project.
  



 

 

 
  



 

 

Foreword 
 
The purpose of this project have been to separate the chromatographic peaks of 
three short organic acids and measure them if this was done successfully, something 
that haven´t been done with expected results on the Department for Earth Sciences 
in Uppsala. The project has therefore been based on ion chromatography and the 
chemistry behind it. The ionic chromatographer is an instrument that not all students 
on the Bachelor for Earth Sciences at Uppsala University have been in contact with, 
and the knowledge about chemistry is varying because of different study 
backgrounds. I will therefore describe the instrument and its theory in detail in this 
report together with the description of my work. I hope this will help and that 
everybody who reads this essay will find something new or interesting! 
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1. Introduction 
 

1.1 Background 
Anions from short organic acids like formate (HCOO-), acetate CH3COO-) and 
methanesulfonic acid (MSA) can be measured in environmental samples and be 
related to different kinds of sources. For example, you can assess the anthropogenic 
pollution and the influence of large forest fires into different study areas by measuring 
acetate and formate in snow and ice (Legrand et al., 1992). Ice cores also give an 
insight in the atmospheric composition through time since the precipitation reflects 
the conditions during deposition, and an estimate of the concentration of atmospheric 
impurities in the past can be made (Legrand & Angelis, 1992). MSA is produced at 
the sea ice margin by the oxidation of dimethyl sulfide (DMS), which is produced 
when phytoplankton develops, decays and oxidizes (O´Dwyer et al, 2000). Several 
investigations suggest the possibility to reconstruct past marine biological activity and 
sea ice conditions using MSA records from near-coastal ice cores. It can therefore be 
of great interest to measure these short organic acids at the Department of Earth 
Sciences. 
 

1.2 The Problem 
When analyzing different samples using ion-chromatography, the different ions 
(anions or cations) dissolved in the liquid samples, are identified when they are 
released or eluted from a polymer column after pumping the sample through it.  
These differential releases (differing in time) show up as peaks in a diagram called 
chromatogram (figure 1). Currently, the ion-chromatographer at the Department of 
Earth Sciences cannot separate the peaks for the short organic anions appearing 
together as one single peak (figure 2). Therefore, the task was to modify the current 
method or develop a new one, so it would be possible to measure the short organic 
ions at the same time as the other major ions, such as Chloride, Sulphate and Nitrate 
(eluted at longer time than the short organics). If the problem got solved, the method 
would be tested on natural and synthetic samples to make it possible to evaluate the 
method error and sensibility. 
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Figure 1: Chromatogram where the problem of a combined peak for acetate, formate and 
MSA can be observed. 
 
 

 
Figure 2: Un-separated peaks of acetate, formate and MSA. 
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2. Theory 
 

2.1 Short organic acids in snow and ice 
The short organic acids acetate, formate and MSA are interesting for environmental 
studies since they come from different sources. Like mentioned earlier, it is believed 
that MSA can be used to measure the sea-ice variability over time (Isaksson et al., 
2005), while acetate and formate can be used in the investigation of man-made 
impact on the environment (Legrand et al., 2003). Acetate and formate occurs mainly 
as gases in the atmosphere, but can be incorporated into snow and ice in the high 
latitudes (Kerbrat et al., 2010). Curran et al. (2003) explains that knowledge about 
the variability and change in sea-ice extent is of great interest since it is an important 
parameter in climate control, ocean-atmosphere heat exchange, ocean circulation 
and ecosystem support.   

The organic compounds have, in contrast to the inorganic, barely been 
investigated in the search after what effect pollutants have on the environment, even 
though they are more various and important trace components of the atmosphere 
(Khwaja, 1994). 

2.1.1 MSA 

The main source of MSA is the emission from marine organisms in form of marine 
biogenic dimethyl sulfide (DMS) that gets oxidized in the atmosphere to MSA 
(O´Dwyer et al., 2000). Sea ice coverage is a parameter that strongly influences the 
MSA production in polar waters because of the organisms that produce DMS. In the 
spring and summer, the thick ice provides melting water which creates a highly 
productive environment together with the warm temperatures that favors the growth 
of algae and their photosynthesis and therefore the DMS and MSA production 
(O´Dwyer et al., 2000). DMS concentrations under present conditions are therefore 
highest in open water at the ice edges and lowest under heavy pack ice, and this 
difference in concentration depending on the sea ice extent suggests that MSA could 
be used as a sea ice proxy in ice core studies (Isaksson et al., 2005).  

The link between MSA content in ice cores from large high altitude ice 
caps and present sea-ice conditions have been investigated several times, with 
mixed results. In a study made in the Weddell Sea area the result was a negative 
correlation between these parameters, the MSA that reached the ice core sites 
decreased with increasing winter sea ice. This result is opposite to a study made at 
Siple Dome in West Antarctica where a positive correlation where found, the rate of 
MSA in the ice increased with increasing sea ice (J. Turner & G. J. Marshall, 2011). 
Other studies also show these varying results.  

Isaksson et al. (2005) suggests that lower-lying ice caps on Svalbard and 
the Arctic could support the theory behind the relationship between MSA and sea ice 
extent since it appears in their study that lower-altitude ice-cores better exposed a 
sea-ice connection than high-altitude since these are closer to the marine source, 
and the higher mainly record atmospheric changes in MSA content. They make it 
clear that more records of MSA in low-altitude ice cores are needed to really show 
that these reveal a better sea-ice connection together with more knowledge about the 
DMS/MSA processes. Their explanation of the higher MSA content during colder 
periods is that the ice edges increases which creates more melt water release that 
stabilizes the temperature in the sea, and so a larger area with favorable conditions 
for DMS-creating phytoplankton and thus more MSA. The MSA content also seems 
to be affected by the temperatures in the sea and air, precipitation patterns and sea 
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and air currents since all of them affect the creation and transport of phytoplankton 
(O´Dwyer et al., 2000). A conclusion made by Isaksson et al. (2005) is that MSA 
reflects processes on a regional scale, because of similar patterns between their 
results and MSA data from Greenland during the same time span. 

There are also some theories mentioned in a study made by de Mora et 
al. (1997) that the DMS can affect the global climate by its oxidation products; MSA 
and non-sea salt sulphur, since these can aggregate and form aerosols in the marine 
troposphere (figure 3). These clouds can in turn produce a cooling effect because of 
a change in the Earths albedo, which could compensate the trend in global warming. 
They also mention that both the extent and sign of this compensating trend are very 
controversial; but that this thought is the reason for many sulphate studies in this 
subject.  

 

 
Figure 3: Different layers of the atmosphere (Alexandra Drake, 2013). 

2.1.2 Acetate and Formate 

The origin of acetate and formate in snow and ice are mainly natural emissions from 
vegetation, biomass burning (Bobylev et al., 2003), but also oxidation of precursors 
and anthropogenic sources like vehicle exhaust emissions (Legrand et al., 2003). 
The relative importance and nature of the individual sources are although not 
completely established yet (Legrand et al., 2004), and there is more to know about 
the atmospheric chemistry of these acids (Dibb & Arsenault, 2002). The organic acids 
can be preserved in snow and ice and these records can then be used to examine 
the impact of man-made activities of these species in the midtropospheric levels 
(figure 3) (Legrand et al., 2003). How well they are preserved in the snow and ice 
seems to be different in different studies, Lee et al. (2002) claim that they can be 
preserved for tens of thousands of years due to cold temperatures that makes the 
precipitation to fall as solid precipitation. Dibb & Arsenault (2002) on the other hand 
mention a study which shows that the concentration in ice and snow are less than the 
concentration in rain over the same area and that this is suggested to be due to bad 
incorporation and preservation of the organic acids in snowflakes. 
 The anthropogenic content is mainly transported to the polar ices by sea 
and air currents, and it is the easterly to southeasterly winds that transports it to 
Svalbard (Isaksson et al., 2001). 
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Acetate and formate also contribute to the acidity in precipitation, and acidification of 
the environment, especially remote areas, even if they usually are low in 
concentration and weak acids (Lee et al. 2002). It was shown in a study made by 
Keene et al. (1983) that their contribution was up to 64% of the free acidity in the 
precipitation over non-urban areas. The gaseous carboxylic acids are slowly removed 
from the atmosphere since they have a low chemical reactivity, which encourages 
detailed studies of these to get information about the atmospheric cycles of trace 
organic species (Khwaja, 1994).  

 

2.1.3 Short organic acids in snow and ice through time 

MSA 
Like mentioned before, MSA is dependent on different parameters, but one that is 
mentioned in several studies is the temperature of the sea surface. In the study of a 
Svalbard ice core made by Isaksson et al. (2005), they found out that the MSA and 
sea-ice records for this site over the period 1920-1997 are closely related, in warm 
years the concentration of MSA have been higher due to less sea ice and more 
favorable production conditions. The records correlated better with the Barents Sea 
east of Svalbard than with the westerly conditions, which made them suggest that 
MSA can be used as a sea-ice proxy for past local climate changes on a decadal 
scale.  

Isaksson et al. (2005) found that for the period before 1900, the amount 
of MSA increased remarkable from the beginning of the core (year 1200) to 1600 and 
then more slowly to the highest concentrations in the mid-19th century followed by a 
significant decrease. They explained that this pattern can have several explanations, 
but the ones that they found most likely were source change, sea ice and storminess. 
The source change was suggested to be a more contributing DMS source in mid-
latitudes that had a higher production than the sources in the Arctic water since the 
sea-ice covered a bigger area and therefore could “uptake” more MSA from this 
source. How the sea ice affects the DMS production and therefore the MSA was 
explained in 2.2.1. Storminess is an unsure reason for the concentration pattern, but 
the theory is that the more stormy conditions during the 19th century would increase 
the vertical mixing in the water and therefore increase the DMS production exchange 
to, and oxidation in, the atmosphere – producing more MSA. The variation in 
concentration of MSA can be seen in figure 4. 

The decadal-scale variability and a decrease in MSA since the 1950s 
can be seen at Law Dome on Antarctica in a study made by Curran et al. (2003). It 
was a little change in MSA concentration between 1841 and 1950. Curran et al. 
(2003) used MSA as a sea-ice proxy for this area since a correlation between MSA 
and sea ice extent could be seen. The result showed that the sea-ice extent had 
decreased with 20% since the 1950s. 

Like mentioned before, there are different results in the correlation 
between MSA records in ice cores and sea ice extent/DMS production from different 
sampling sites over the world, and therefore the relationship between DMS 
production and MSA found in the ice cores is not straightforward. 
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Figure 4: Variation of MSA from 1200-1997 (Isaksson et al., 2005, with permission). 

 
Acetate and Formate 
The concentration of acetate and formate are usually higher in polluted urban areas, 
than in non-polluted marine atmospheres which means that the concentration in polar 
ice usually are lower than concentrations in atmosphere over cities (Chebbi & Carlier, 
1996). It was shown in Osada & Langways (1993) study that anthropogenic 
contributions start to appear after 1900 in ice on Greenland. They also found that the 
background formate concentration increases with the snow accumulation rate, and 
that there was a weak positive correlation between formate concentration and 
temperature; at the warmest sample site the highest concentrations of formate were 
found and the lowest was found at the coldest. Dibb & Arsenault (2002) writes that 
the concentration of formate is higher in winter layers due to a lower acidity which is a 
favorable condition for this acid. Legrand et al. (2004) explains this higher 
concentration with reactions between ozone and alkene. The summer levels of 
acetate increased between 1950 and 1975 and declined during the 1980s, 
suggesting that the change was caused by vehicle emission that increased 1950-
1980 (Legrand et al., 2003). In the 80s the engines got better which also can be seen 
in the decline of acetate, and in the 90s the levels are only slightly higher. 

 In a study made by Legrand et al. (1992) on an ice core from Summit, 
Greenland, increased concentrations of acetate and formate were found during 
summer, once together with high amounts of ammonia and possibly hydrocarbons. 
According to the peak-shape the emission from the source should have occurred 
during a day to a month, with high intensity to be able to reach Greenland. The 
plumes from large forest fires matches these demands, since they can be transported 
for long distances due to the high energy and has the possibility to reach the 
troposphere, they also have the ability to cause the disturbance in ammonium 
concentration observed in the study. Past biomass burning events (like large forest 
fires), possibly modulated by past climatic conditions, in the northern latitudes can 
therefore be reconstructed with this information. 

2.1.4 Expected results 

The specific results expected and the goal is to separate as many of the three peaks, 
and find the best conditions to accomplish this. Although, no study have been found 
during this project that have had the same problem with a Metrohm IC, making it hard 
to expect any specific concentrations of the acids. Several studies have measured 
these short organic acids together with other major anions in one single run, but then 
ICs from other brands have been used. The use of a suppressor for better detection 
of the ions and a NaHCO3 and Na2CO3 eluent have although been a common 
denominator in these studies, for example in the study made by Jauhiainen et al. 
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(1999), something that the IC used in this project also is equipped with. Despite that 
the IC and methods used have been different; results from those studies will be the 
foundation of the expected results in this project. 
 In Legrand & Saigne´s study from 1987, acetate is released first, 
followed by formate and last MSA, a pattern that also was seen at Jauhiainen et al. 
(1999).  Jauhiainen et al. (1999) also analyzed the same ice core from 
Lomonosovfonna that will be analyzed in this project if the short organic acids are 
separated, and their results for the first 2-20 m of the core was varied between below 
the detection limit and 51,1 ppb, both for formate and MSA. Acetate was not 
measured. Legrand & Saigne (1987) got results varying between 0-5 ppb for formate, 
0-9 for acetate and 0-5 for MSA for Antarctic ice, which shows how varying the 
results can be. Maybe some cyclic pattern can be seen in the MSA analyzed in this 
project if the samples are far enough from each other in time and if MSA can be 
separated, also some seasonality can be seen for acetate and formate 
(winter/summer) if the samples analyzed are close enough each other in time to 
determine a seasonality. The results for MSA by Isaksson et al. (2005) that collected 
the same ice-core from Lomonosovfonna that were used by Jauhiainen et al. (1999) 
were for the period 1800-99; maximum 120,9 ppb, minimum 0,04 ppb and the mean 
concentration was 11,72 ppb. For the period 1900-97; maximum 196,6 ppb, minimum 
0,39 ppb and mean 7,43 ppb. The maximum concentration for the whole core was 
196,6 ppb, the minimum was 0,39 ppb and the mean was 9,33 ppb. Legrand et al. 
(2003) mention that the change in acidity of the atmosphere can affect the 
concentration of acetate and formate in the precipitation, if the acidity increases the 
formate concentration would decrease more significantly than the acetate 
concentration. They also mention that acetate and/or formate can migrate in the 
upper part of the ice, from higher acidic summer layers to closely lying winter layers 
with lower acidity, causing an increase in concentration of these in the winter layers. 
 In terms of the natural snow samples that were taken next to an urban 
road in Uppsala and analyzed in this project, a decrease in organic content further 
away from the road is expected. This because of a study made by Reinosdotter & 
Viklander (2006) where they observed that at roads with much traffic and little snow 
content, suspended solids existed in a higher concentration than at roads with less 
traffic and more snow. Their explanation was that with much snow, the substances 
get more diluted than with less snow, an explanation that also should be possible to 
apply to the short organic acids. 
 The water samples from Fyrisån in Uppsala that also were analyzed in 
this project are believed to show an increase in organic content as the spring flood 
proceeds, and then decrease to the original value. This conclusion is made due to 
the increased water level which drags more organic content than usual, to then go 
back to normal and leave much organic content where it came from – the land. 
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2.2 Ion-chromatography 
Ion-chromatography (IC) is a kind of high performance liquid chromatography (HPLC) 
consistent of a solid stationary phase (columns) and a liquid mobile phase (eluent) 
that have an ionic polarity. IC can be used for determination of ions that carry one or 
multiple charges (Scribd Spain, 2013). It is used to measure major anions such as 
fluoride, chloride, nitrate, nitrite, sulfate and organic acids. It also measures major 
cations such as calcium, lithium, ammonium, potassium, magnesium and sodium. All 
these ions can be measured in parts per billion (ppb) (The Science Education 
Resource Center at Carleton College, 2013), parts per million (ppm) and parts per 
trillion (ppt). Figure 5 shows the ion-chromatograph on the Department of Earth 
Sciences used in this project. 
The difference between ion chromatography and other simple kind of column 
chromatography (for example, when a solvent flows through the column with help of 
gravity) is that in IC the solvent is under high pressure (up to 400 atmospheres or -
40,5 MPa in some cases). This makes the ion chromatography a much faster method 
than other simpler chromatographic analyses. Another advantage with ion-
chromatography is that the particle size of the packing in the column can be much 
smaller, and therefore give a greater area for reactions between the mobile and 
stationary phase (Chemguide, 2013). Modern ion chromatography also makes it 
possible to have particle sizes between 5-10 µm and ion exchange material with low 
capacity, compared with the classical ion exchange where the particles have a high 
exchange capacity and are of the size 75-250 µm. This gives a much better 
separation of the different ions in the sample; it is done more quickly and efficiently 
with eluents of low concentration (Schäfer et al., 1996).  
 

 
Figure 5: Picture of the ion-chromatograph to the left and the injection system with samples 
to the right. Photo: Alexandra Drake 2013
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2.2.1 Ion exchange 

Ion exchange is the process where ions (either cations or anions) present in the 
sample are completely interchanged between the stationary (column) and mobile 
(eluent) phase. On the stationary phase there are functional groups that can keep 
ions due to electrostatic forces. For example, sulfonic acid groups or carboxylic acid 
groups in the simplest cation chromatography and quaternary ammonium groups in 
anion chromatography (Scribd Spain, 2013). On the other hand, the mobile phase or 
eluent is a conductive liquid, which gives a high background reading of the 
conductivity, but can be lowered with a membrane suppressor or suppressor column 
(Sinniah & Piers, 2001).   

The theory behind ion exchange is explained by Sinniah and Pers 
(2001); when the mobile phase (eluent) moves through the column, the counter ions 
to the functional groups will react with these and get stuck in the column. When you 
put in samples with ions of the same charge as the eluent, these ions compete with 
each other. According to (Scribd Spain, 2013) the speed of the sample ions through 
the column depends on how good or bad they compete with the eluent ions of the 
counter charged spots - how well they adsorbs to the stationary phase (Örebro 
University, 2013). The ions that don´t get stuck in the column continues to the next 
step in the process together with the eluent that is left (Scribd Spain, 2013). The 
sample ions will attach to the stationary functional groups for a little while, and then 
get replaced by the ions of the same charge from the eluent. The sample ions are 
getting exchanged at different rates since every kind of ion have different bonding 
capacities due to electrostatic forces between the ion and the functional group, the 
ions also get released faster with increasing temperature (Eith et al., 2007). The 
different exchanging/eluting rate will in turn be the ground for the resulting 
chromatogram (Schäfer et al., 1996). Figure 6 shows a schematic of how anion 
exchange works. 

 

 
 

Figure 6: Schematic over anion exchange (Alexandra Drake, 2013).
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2.1.2 The instrument 

The ion-chromatograph consist of several parts that each one has a special task in 
the analysis. These parts are the eluent supply jar, the pump system, the injection 
system, the ion exchange column, a suppressor, the detection system and last (but 
not least) the computer controller as seen in figure 7 (Sinniah & Piers, 2001).  
 

 
 

Figure 7: Schematic of an ion-chromatographer (Sinniah & Piers, 2001, with permission). 

 
Pump and injection system 
The pump is the part that starts the whole process, and is an important part since it 
has to deliver the eluent as fluid and with as little pulses as possible. To do this, it is 
also important to have a special kind of injector for sample introduction. The injector 
therefore introduces the sample to the instrument with usually a six-way valve, with a 
defined volume of the sample. The sample goes through a loop at standard pressure 
before it comes to the rest of the instrument operating at high pressure (Eith et al., 
2007). The injection system can be both manual and automatic where the automatic 
system can work continuously without human supervision. 
 
Eluent 
The eluent, or the mobile phase, that is used depends on the column type (what kind 
of analyze that are done) and also the type of detector. The most common for anion 
analysis are carbonate based or hydroxide and a dilute acid solution for cation 
analysis (Sinniah & Piers, 2001). The ion chromatographer on the department of 
Earth Sciences has an eluent made of Na2CO3 and NaHCO3 which is a very common 
eluent for anion chromatography. The sample then gets introduced to the separating 
column, where the ion exchange takes place.  
 
Suppressor 
Before going to the detector, the sample can go through a suppressor. By using a 
suppressor the sensitivity of the system is increased and the background conductivity 
is reduced (Scribd Spain, 2013), which is good since the method with a suppressor 
only uses conductivity detection (Eith et al., 2007). The sensitivity would be low if a 
suppressor not was used, since the analyzed ions not would give a significant 
change in conductivity (or other parameter measured) due to the large background 
conductivity from the eluent (Sinniah & Piers, 2001). In anion chromatography the 
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cations (Na+) of the eluent are removed in the suppressor through cation exchange 
and replaced by an H+, resulting then in the sample ions dissolved in pure H2O rather 
than in the carbonated eluent (Scribd Spain, 2013). The process can go further with 
one more step before the detection system, and that is a suppressor that traps the 
carbon dioxide emitted by the carbonated eluent, in a carbon dioxide suppressor. 
Having the eluent converted into water and the CO2 released from the system, the 
background conductivity can be reduced down to values below 1 μS/cm (Scribd 
Spain, 2013), see equation 1. Unfortunately, this process is not always good since 
anions of weak acids like acetate or fluoride almost gets completely protonated after 
this reaction with a lower detectability (Eith et al., 2007). 
 
Equation 1, from Sinniah & Piers (2001) 
 
Resin-SO3H

+ + NaHCO3/Na2CO3  resin-Na+ + [H2CO3]  resin-SO3Na+ + [H2O + CO2]  

 
The suppressor in the ion chromatographer on the department of Earth Sciences is a 
MSM suppressor (Metrohm Suppressor Module). This consists of three separated 
chambers (figure 8), one that connects the eluent with the detection system, one that 
are connected to the dilute sulphuric acid (replaces cations with H+) and one that are 
rinsed with water (Scribd Spain, 2013). It also has a carbon dioxide suppressor that 
traps the carbon dioxide before the detection system. These steps makes the result 
in the chromatogram more defined, with a clearer baseline (Scribd Spain, 2013).  

 
 
 
 
 
 
 
 
 
 
Figure 8: Schematic over the MSM suppressor 
(Eith et al., 2007, with permission). 

 

Detection system 
The ion chromatographer on the department of Earth Sciences has a detection 
system based on conductivity measurements. This is the most common detection 
system if you have a suppressor before it (Scribd Spain, 2013) and are often used 
when analyzing anions (Haldna Ü, 1992). It measures the conductivity of the sample 
as it passes the detector (Sinniah & Piers, 2001). Schäfer et al explains that the 
conductivity is the ability of the sample to lead electricity and that the result appears 
as peaks in a chromatogram (figure 9). If a sample ion has a greater conductivity 
than the rest of the eluent, the peak will be positive, on the other hand, if the sample 
ion has less conductivity than the rest of the eluent, the peak will be negative. The 
conductivity increases with concentration and temperature. There are other detection 
systems, like UV-VIS detection which is a kind of optical detection. It is used to detect 
ions that absorbs strongly in the UV range (direct UV-VIS), or by detect ions that 
does not absorb in this range and instead use an eluent that do (indirect UV-VIS). 
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Figure 9: How a chromatogram can look, this one from one analysis of tap water in this 
project. 

 
Computer-Software 
The last step is the computer, it is the controller of the whole process and here is all 
data acquisition and processing done (Eith et al., 2007). The final result, the 
chromatogram with the peaks, will be seen on the computer screen, in the software-
program that controls the process. The peaks represent the different kind of ions that 
are detected in the sample, and usually have different heights which depends on how 
great the concentration of that specific ion is (Chemguide, 2013). 
 The result in the chromatograms is shown in conductivity, and since the 
wanted result often is concentration, that needs to be calculated. The conductivity still 
shows the relationship in distribution between the ions, but not the exact 
concentration. To do this calculation, a calibration curve is first produced by analyzing 
master standard samples. From this analysis, the calibration curve is constructed by 
plotting the concentration against the area or height of the curve. The equation of the 
calibration curve is then used by using the conductivity value instead of the unknown 
value in the equation.
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3. Method 
 

3.1 Laboratory work 
Like mentioned earlier, the main method used in this project was ion-
chromatography, which was executed in the department of Earth Sciences. The ion 
chromatograph was a Metrohm 850 Prof-IC and was equilibrated before every run. 
Different application notes from the Metrohm website were used as a guide to figure 
out a solution to the problem, these can be found in Appendix 1. This section will be 
divided into the different methods/tests developed, to give a better view over the work 
and what was done.  

3.1.1 Preparations 

The first thing that was done was a tour in the lab, the instrument was explained a bit 
more, how to use it and the software. Different eluents was prepared, one acidic and 
one carbonate eluent. The carbonate eluent is the mobile phase, the one that goes 
through the separation column. It was prepared by blend 32 ml of 0,1M Na2CO3 
(sodium carbonate) and 10 ml of 0,1M NaHCO3 (sodium hydrogen carbonate) with 
1L of milliQ (ultra-pure water). The acidic eluent is the one that goes through the 
suppressor, and it was prepared by putting 5 ml of H2SO4 (sulfuric acid) in 1L of 
milliQ. The instrument was equilibrated before every run, something that took a long 
time the first time and became faster the more the instrument were used. 

3.1.2 Short organic test 1 

The first run in the ion-chromatograph, short organic test 1, was standards of the 
different anions, two short organic acids and milliQ with parameters from application 
note S-110 (Appendix 1.1) from the Metrohm website (Metrohm, 2013). These 
parameters were a flow rate of 0,7 mL/min, 20 µL as injection volume of the sample, 
the temperature was 30°C and the run time 30 minutes. The only thing that was 
different from the IC used in this project was the length of the column. In the 
application note the length was 250 mm, and the column used in this test was 150 
mm. With the application it should be possible to separate acetate and MSA. To 
know how much of the standard that would be diluted with milliQ, this calculation was 
done: 
 
            Equation 2 

From Eq. 2:      
    

  
    Equation 3  

 

C1 (concentration of the standard) = 1000 mg/L 

V1 (volume needed of standard) =? 
C2 (concentration of diluted sample) = 5 mg/L 
V2=250 ml (0,25 L) 
 

C2 was known from the application note, and V2 was the size of the blending-
container. From equation 3 it was calculated that 1,25 ml of the standard was needed 
if the wanted concentration of the diluted sample was to be achieved. This dilution 
was then made to 5 different standards; acetate, chloride, bromide, sulfate and MSA 
since this were the five anions showed in the example-chromatogram in the 
application note, and therefore was formate not used. The short organic test 1 was 
also used in a run of only standard samples of the three different anions that the 



~ 14 ~ 
 

problem encircle (acetate, MSA, formate). Three samples of each standard were 
analyzed, with milliQ samples before and after. The goal with this run was to see 
were these different anions appeared in the chromatogram compared with the 
example-chromatogram from the application note (S-110), especially since formate 
had not been analyzed with this method yet. 

3.1.3 Short organic test 2 

To create the short organic test 2, some parameters from short organic test 1 were 
changed. The flow rate was changed to 0,5 mL/min from 0,7 mL/min and the run time 
was changed to 20 minutes instead of 30. The changed flow rate made everything 
flow slower and the thought behind this was to get a better separation of the ions at 
different times. The run time could be changed since the anions sought after would 
appear in the time range between 0-20 minutes according to the example 
chromatogram in the application note S-110. Since it was not sure where they would 
appear due to the changed parameters, and the absence of formate in the example, 
the first group of samples was observed to see if anything needed to be changed. 

3.1.4 Short organic test 3 and 4 

In test 3 the temperature was changed to the maximum of the column, 50°C, to see if 
there was any change in separation. Maybe the anions would get more separated 
since the speed of the release of ions increases with increasing temperature, or 
maybe they just would appear faster but still together. Before this method were 
completely done, a better idea came up which became short organic test 4. The main 
difference with this method compared with the others was the column. In this method 
one more column of the same type were used, so the total length of the separation 
became 300 mm. This was done since the columns that could be bought to possibly 
solve the problem were longer than the one in this IC. Also, when the length of the 
column increases, the time of separation also increases, which should result in a 
more separated sample. The second column were put second in order to avoid 
contamination of the first ordinary one. The flow rate was first changed to 0.8 mL/min, 
but the pressure became too big because of the two columns and was changed 
again to 0,7 mL/min. The run time was kept at 20 minutes together with the 
temperature of 30°C. 

3.1.5 Short organic test 5 and 6 

In short organic test 5 all three samples (formate, acetate, MSA) were tested together 
as one, aside from separately. The concentration of the samples was increased to 
100mg/L - a parameter used in application note S-118 (Metrohm, 2013), the flow rate 
was still 0,7 mL/min, the temperature 50°C and two columns were still used 
(Appendix 1.2). Short organic test 6 was a “side test” just to see if the result would be 
anything like the ones in short organic test 5. Only one column was used, the flow 
rate was changed to its maximum value, 0,8 mL/min - also a value used in S-118, 
and the temperature was kept at its maximum value 50°C. Short organic test 5 was 
the method that later were used in the run with natural samples. 
 

3.1.6 Construction of calibration curve 

A calibration curve needed to be constructed in order to be able to measure the 
concentration of the short organics in the samples. This was done by preparing 
master samples of the short organics, each with concentrations of 3000 ppb (MA1), 
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200 ppb (MA2) and 100 ppb (MA3). The IC could then dilute these master samples to 
other concentrations needed. The master samples of the short organics was run with 
master samples of the major anions, these was already prepared. Two calibration 
curves were needed since the first one had a correlation coefficient below 0,99 which 
is not ideal. For the second one only the master sample of the highest concentration 
was used (MA1) and instead injected five times with different amounts and therefore 
creating different concentrations in the instrument. These different amounts were 
1000µL, 750µL, 500µL, 250µL and 200µL. The calibration curve could then be 
constructed with the result from this analyse. New calibration curves for acetate and 
formate were done for the water samples since these were analyzed in a different run 
in the instrument. 
 

3.2 Sampling 
Apart from the synthetic samples, some natural samples were analyzed. These were 
two snow samples from Antarctica, two snow samples from Svalbard, six ice core 
samples from Lomonosovfonna on Svalbard from 1997 (figure 10 and 11 below), four 
samples from the river Fyrisån and two samples from snow next to an urban road in 
Uppsala. One of the samples from Svalbard had been left in the lab for a while from 
an earlier analysis, and was used during this project to see if the amount of short 
organic acids had changed with time. The Svalbard and Antarctica samples had 
been collected from their sites earlier and the collection of these samples was 
therefore not a part of this project. The snow samples from Antarctica were taken 
from site G4 on the map in figure 12 below at 5 cm depth and the ice samples from 
Svalbard were taken from a 121 m long ice core from the glacier Lomonosovfonna, 
1230 m a. s. l. (Isaksson et al., 2005). The six samples were taken from different 
parts of the ice core that corresponded to certain years. The dating of the ice core 
and the sample layers were distinguished by counting layers with variations in 
sodium and sulfate with a radioactive layer as reference layer (Isaksson et al., 2001). 
The samples from Fyrisån and the ones next to the road were collected by a co-
student for another project and were prepared by this student. The preparation was 
mainly filtration to get rid of bigger particles that could disturb the test. The samples 
from Antarctica and Svalbard had been kept frozen until analyze and then melted 
under clean hood to avoid contamination. The synthetic samples were diluted and 
prepared like mentioned in the laboratory work. 
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Figure 10:  Map over Svalbard (Isaksson 
et al., 2001, with permission).                
 
 

Figure 11: Svalbard position in Europe 
(Location_European_nation_states.svg: 
Ssolbergj, Wikimedia 2013).

 

 
Figure 12: Map over sampling sites on Antarctica (Norwegian Polar Institute maps: M. P. 

Björkman, 2010). 
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4. Results 
The goal with this project was to separate the three short organic acids acetate, 
formate and MSA, and were partly reached after several different methods; acetate 
and formate was successfully separated but not MSA. This was nevertheless an 
accepted result, and if all acids were to be separated, new parts to the instrument 
would be needed. The results from each one of the different methods used to try to 
solve the problem will be presented in 4.1. Since the separation of these elements 
was accepted, the best method could be used on some natural samples, these 
results will be presented in 4.2. 
 

4.1 Synthetic samples 
It turned out that the problem was tricky to solve, and a total of six methods were 
developed in order to try to solve it. In these different methods synthetic standard 
samples were used.  

4.1.1 Short organic test 1 and 2 

The short organic test 1 showed a very uneven baseline on the first samples of milliQ 
and tap water, which was a result of a too short equilibration time of the IC since it 
became more even against the end of the analyze. The uneven baseline can be seen 
in figure 13. The separate samples of the short organics appeared before the 
chloride in the chromatogram, but should have appeared after according to the 
application note used. Their peaks also appeared at the same time, which showed 
was the problem was all about. Although, the height of the peaks suggested that the 
concentration of the different standard samples were good, and the next thing to do 
was therefore to begin to try and distinguish MSA and acetate from this 
chromatogram. This was done in the second run of the short organic test 1, where 
formate also was included. The result from this run was that the peaks still appeared 
together and not at the same place like in the example. After this the short organic 
test 2 was run, with results similar to test 1. The short organics still came around the 
same time and would not be able to be distinguished separately if they were 
analyzed in the same sample (like a natural snow sample), which can be seen in 
figure 14 where the curve overview of the three short organics can be seen together. 
 



~ 18 ~ 
 

 
Figure 13: Curve overview of one milliQ sample, observe the uneven baseline. 
 
 
 

 
Figure 14: Combined curve overviews of the three short organics, test 2. 
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4.1.2 Short organic test 3, 4 and 6 

Like mentioned earlier, test 3 was not completely used since the idea of test 4 came 
up before and seemed like a better way to go. Nevertheless, the few samples that 
were run with test 3 showed that the ions appeared faster, not more separated, like 
suspected. This can be seen in figure 15. The appearance of combined peaks was 
also a result of short organic test 4, figure 16. The short organic test 6 that was 
created just to see if it differed anything from the short organic test 5 was not 
completed since it also early showed a result with a combined peak for the short 
organics. 
 

 
Figure 15: Short organic test 3. 

 
Figure 16: Short organic test 4, where formate is the first one (from the bottom), then acetate 
and the top one is MSA. 
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4.1.3 Short organic test 5 and the calibration curve 

The most successful test was the short organic test 5, which made it possible to 
separate acetate and formate from each other. The peaks were although not 
completely separated, but appeared as one peak with a “shoulder” (see figure 17), 
but the maximum of each peak could be distinguished which made it possible to use 
the information. The baseline was however very uneven and therefore a new run with 
only MA1 was done to get a better calibration curve. The chromatograms with the 
uneven baselines can be found in Appendix 2 together with other chromatograms. 
From these runs the conductivity (height of peak) of each diluted MA1 could be 
plotted against the concentration and in that way create a linear curve – the 
calibration curve (figure 18 and Appendix 3). By using the linear equation of this 
curve the concentration of acetate and formate could be calculated manually. In 
these calculations both the height and the area of the peak could be used, but the 
height was used since the peaks were mainly united. If the area were to be used the 
result would not reflect the actual amount in the sample since the united peak was 
split at the “peak valley” in order to separate the two peaks and area would then 
either be lost or gained for each peak (figure 19). If the peaks were not united, the 
area would be easier to use, see figure 19. The calibration curve for the other anions 
was good enough and therefore the program could calculate the concentrations of 
these anions in the samples. 
 
 

 
 
Figure 17: Usage of height and area from chromatograms (Made by: Alexandra Drake 2013) 
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Figure 18: Calibration curve for acetate standard. 
 
 

 
 
Figure 19:  Chromatogram for short organic test 5. 
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4.2 Natural samples 
The exact amounts of the anions in the different natural samples can be seen in table 
1 below. All the natural samples showed a bigger amount of formate than of acetate, 
which in some cases not even was found. Of the other ions measured in some 
samples, A1809 from Antarctica contained the most fluoride, bromide and nitrate 
(figure 20 and 21), A2109 contained the most chloride and sulfate and the highest 
amounts of oxalate were found in one of the injections of the Svalbard sample.  

The highest amounts of the short organics in the natural samples were 
found in the Svalbard sample that had been in the lab for a while. Of the “new” 
natural samples, the highest amounts of acetate were found in the snow sample from 
Svalbard. The highest amount of formate was found in sample A1809 G4 from 
Antarctica (figure 21). All these concentrations are based on the peak height. The 
ice-core samples from Lomonosovfonna didn´t show any specific pattern in 
concentration of acetate, but an increasing pattern of formate concentration excluded 
the first sample from year 1727. A chromatogram from one of these ice-core samples 
can be seen in figure 23. The samples from Fyrisån showed a big increase of acetate 
with the increased spring flood and big decrease approximately one month later. The 
formate also increased when the amount of acetate was highest, but continued to 
increase when acetate had gone back to lower levels (figure 22). The samples from 
the urban road showed the highest amounts of acetate and formate closest to the 
road. 

 
 

Table 1: Data over all of the results, ice samples from Lomonosovfonna marked LF, 
Svalbard Snow are injections from the same sample, A1809 and A2109 are from Antarctica. 
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Figure 20: Chromatogram of snow sample from Antarctica, A1809 G4. Acetate and formate 
are to the left of the highest peak (chloride). 
 

 
Figure 21: A1809 G4 zoomed in on the short organics. 
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Figure 22: Chromatogram of water sample collected from Fyrisån 14/5-13. 

 
Figure 23: Chromatogram of one ice-core sample from the Lemonosovfonna glacier. 
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5. Discussion and conclusions 
 

5.1 Use of the ion-chromatograph 
The use of the ion-chromatograph went well; the use of it almost was without any 
trouble. The thing that showed up to be the most difficult with the instrument 
specifically was the input of the second column. This was executed by my supervisor, 
but it took a while to get it in place without any leaks. Another thing that was a bit 
tricky was how the problem was to be approached. As a geoscientist it seemed to be 
a lot of chemistry to understand before any method could be developed. Although, 
this felt better after the introduction, the main function of the instrument was quite 
easy to understand, and when understanding this it became easier to understand 
what effect the change of different mechanical parameters would have. Information 
from the different application notes from Metrohm and of course backup by my 
supervisor was a great help.  

One thing that was quickly noticed was how long a single run of samples 
took; it could take over a day to get just a few samples analyzed. However, this was 
something dependent on which method that were run and which anions were to be 
analyzed. The final short organic test 5 ended up to be a quite fast method since 
every sample only needed to be analyzed for 15 minutes due to the fast releasing of 
and only interest in acetate and formate. The different time needed for equilibration of 
the instrument was probably due to a long shutdown before this project since it went 
faster the more it was used. 
 Considering contamination, the biggest risk of it was when preparing 
solutions. This can be explained by the uneven baseline for some standard solutions 
that were prepared. Since every preparation was executed under clean hood and 
with plastic gloves, the contamination could have been caused by the human factor; 
something that have not been properly cleaned or not handled carefully enough. The 
natural samples can also have been exposed for contamination before this project, 
for example during collection and handling of them. 
 

5.2 The results 
The most important thing from the synthetic results was the method used on the 
natural samples and the calibration curves for the acetate and formate standards that 
were used for calculating the concentration in the natural samples. When so many 
methods failed before test 5 the hope for finding a method good enough started to 
disappear, but test 5 ended up to be the best method for this project, even if MSA not 
were separated. The separate order could be seen in test 5, and ended up to be like 
expected, except for MSA which were impossible to separate during this project. It 
was a bit unfortunate that MSA not could be determined since the concentration of it 
in the Lomonosovfonna ice core had been measured in other studies, and could have 
been a good evaluation parameter of the method developed. But like mentioned 
before, two separated acids out of three was considered a good result. In order to be 
able to also separate MSA, new parts to the instrument probably would have been 
needed. This was although not an alternative in this project since new parts are 
rather expensive and could not guarantee the wanted results.  
 The supervisor of this project explained that it could be possible to 
measure MSA if the concentrations of it in contrast to acetate and formate would 
have been higher. Then the change in area/height of the peak could be calculated by 
adding a known amount of MSA to the same sample in subsequent runs. The 
problem with this method is that since the concentrations of MSA is so low here; it is 
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hard to get an enough big change of area/height in the combined peak. The change 
has to be larger than the analytical error (~5%) to get reliable results. 
 The calibration curves seem to be quite accurate when looking on the r-
values for the trendlines, they are very close to 1. Also, the results found when using 
the height of the peak seem to work, there is not always a big difference between 
using the height and using the area. Although, some results show a big difference 
between these two, and then the height was a safer parameter to use. The good 
definition of the peaks in the chromatogram also suggests that the results can be 
reliable. 

Compared with other studies where all three short organic acids have 
been separated, other IC-brands have been used, with other properties of the parts, 
and therefore it is not completely fair to compare the method developed for this IC 
with these other studies. 

5.2.1 The ice and snow samples 

The results from the natural samples are hard to compare with the expected results 
since MSA not was able to be separated. Although, the formate levels of the top 2-20 
m of the Lomonosovfonna ice-core can be compared with the formate results that 
Jauhiainen et al. (1999) got from a previous study of this part of the ice-core. The 
formate levels analyzed with short organic test 5 in the ice-core sample from 1992 
(4,55 m depth) shows a concentration of formate more than twice as high as the 
maximum value from the compared study. This is probably a result of either 
contamination or by using previous studies of formate in ice; the layer is a winter 
layer with a high snow accumulation rate and low acidity and many reactions 
between ozone and alkene which favor the conditions for formate. Contamination is 
probably the most reasonable explanation since a concentration of formate this high 
has not been mentioned in the earlier study of the same ice-core.  
 The noticeable increase in acetate between 1896 and 1931 and the little 
decrease in 1992 can be explained by the increased anthropogenic content in the 
atmosphere from 1900. The amount of acetate probably continue to increase for a 
while after 1931 due to the contribution of vehicle emissions between 1950 and 1980, 
and then start to decrease towards the amount found from 1992. Like expected, no 
specific pattern in the acetate results from the ice-core can be seen. For formate, an 
increase can be seen in these samples between 1980 and 1992. Since no other 
pattern in formate than seasonality have been reported, is it unclear what this 
increase can depend on. The samples are too far from each other in time to be able 
to determine if there is any seasonality, so maybe the increase can be due to more 
acidic precipitation. The most probable explanation for the higher amounts of acetate 
and formate in the snow samples are that they specifically are snow samples from a 
shallow depth, and that the acidity in precipitation are usually higher than in ice. They 
have probably not been deposited a long time before the sampling, and therefore the 
precipitation is quite young, with higher concentrations of acetate and formate. 
 The higher amounts of acetate and formate in the snow sample from 
Svalbard that had been in the lab for a while are because of possible reactions with 
the air, since it had not been in a sealed container or frozen.  

5.2.2 The water samples 

The water samples from Fyrisån shows the expected pattern with an increase with 
the spring flood that had the peak around 19/4-13 and then a decrease back to lower 
values again. The increase is caused by a higher water table in the small river which 
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makes it possible for the water to drag down organic matter from land into the water. 
The amount of organic acids then decreases when the water table stabilizes on a 
lower lever after the spring flood since the possibility to incorporate organic matter to 
the water decreases. All the results for formate from these samples are below the 
smallest standard, which make them less reliable than the acetate results. Although, 
if the formate results are to be explained, the explanation would be that formate seem 
to demand a longer time to increase, and that the decrease have not started to occur 
on the 14th of May when the last sample was collected.  
 The snow samples from the urban road also showed the expected 
results, with a decrease in organic content further away from the road. This because 
of the less amount of snow close to the road which makes the sample less diluted. 
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Appendix 
 
Appendix 1 
Appendix 1 shows two different application notes that were used for method 
development. 

Appendix 1.1: Application note S-110 used for method development (Metrohm, 2013). 
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Appendix 1.2: Application note S-118 used for method development (Metrohm, 2013). 
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Appendix 2 
Appendix 2 shows chromatograms that were the results for different sample 
analyses. 

 
Appendix 2.1: Master sample MA1 with uneven baseline (bad result). 
 

 
Appendix 2.2: Master sample MA2 with uneven baseline (bad result). 
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Appendix 2.3: Master sample MA3 with uneven baseline (bad result). 
 
 

 
Appendix 2.4: Tap water chromatogram from short organic test. 
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Appendix 2.5: Chromatogram of one injection of the Svalbard sample. 
 

 
Appendix 2.6: Chromatogram of A2109 G4 from Antarctica. 
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Appendix 2.7: Chromatogram of the Svalbard sample that had been left in the lab. 
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Appendix 3 
Appendix 3 shows the different calibration curves that were created and used for 
concentration calculations. 
 

 
Appendix 3.1: Calibration curve for formate standard. 
 

 
Appendix 3.2: Calibration curve for the water samples, acetate. 
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Appendix 3.3: Calibration curve for the water samples, formate. 
 

 
Appendix 3.4: Calibration curve for the ice-core samples, acetate. 
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Appendix 3.5: Calibration curve for the ice-core samples, formate. 
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