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Sammanfattning på svenska strukturerad enligt följande: 1) Projektets betydelse för programmet  
2) Miljörelevans och förväntad betydelse för miljöpolitiken 3) Mål och hypotes 4) Metodik och genomförande 
5) Kommunikationsinsatser i relation till programmet: 
 
 

1. Projektets betydelse för programmet: Den högre cancerincidensen i bl.a. tätorter har antagits delvis 
bero på luftföroreningar som emitteras vid förbränning av olja och andra organiska bränslen. Tidigare 
arbeten tyder på att polycykliska aromatiska kolväten (PAHer, ett stort antal ämnen som förekommer i 
låga koncentrationer) samt butadien härvid kan spela en relativt stor roll, genom DNA-skadande 
verkan av reaktiva metaboliter. På grund av komplex mekanism för den carcinogena verkan samt 
analytiska svårigheter är hittills gjorda uppskattningar av cancerrisker av dessa ämnen mycket osäkra. 
Detta projekt avser en förbättrad mekanism-baserad riskuppskattning av PAH och butadien, för 
tillämpning på luftföroreningar från förbränning.  

2. Genom tidigare arbeten, samverkan mellan institutioner, samt nytt EU-projekt har förutsättningar 
skapats för arbete mot förbättrad och mer tillförlitlig riskuppskattning vid låg exponering. Detta projekt 
avser mekanismer och dos-respons-samband för carcinogen verkan, risker för människors hälsa och 
prioriteringar av riskreducerande åtgärder. Det är f.n. ej klarlagt vilken roll PAH adsorberade på 
partiklar spelar för den cancerriskförhöjande verkan av partiklar. På sikt kan hälsoeffekter i olika 
miljöer övervakas genom analys av cancerinitiatorer i blodprover. 

3. Övergripande målsättning är att uppnå en tillförlitlig uppskattning av cancerrisker på grund av 
exponering för PAHer och av butadien i omgivande luft. Eftersom den lineära ”no-threshold” 
hypotesen (LNT) får anses gälla för cancerinitiatorer måste mätningar av doser av genotoxiska ämnen 
in vivo kunna göras ned till mycket låga exponeringar. 

4. Doser bestäms genom analys av ”addukter” till blodproteiner. Metoder framtas för mätning av doser av 
genotoxiska metaboliter och tillämpning i djurförsök, för studier av mekanismer (främst inom EU-
projekt) och förbättrad riskuppskattning, och för butadien på exponerade personer. Hög-känsliga LC-
MS metoder utvecklas i kombination med användning av selektiva material för fast fas extraktion 
(särskilt ”molecularly imprinted polymers”, (MIP) och ”restricted access materials” (RAM) ).  

5. Resultat kommer att kommuniceras på sedvanligt sätt (vetenskapliga publikationer, konferenser etc.) 
samt genom deltagande i informationstillfällen relaterade till programmet. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

År 2004 År 2005  
 
                                                                                  Summa sökta medel per år i kr: 857 534 850 646 
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Sökta projektmedel fördelade på kostnadsslag År 2004 (kr) År 2005 (kr)

Personalkostnad  inkl. soc. avgifter * 

Margareta Törnqvist, 20 % 

Doktorandtjänst, 100 % 

 

 

 

 
128 000 
328 000 

 
128 000 
328 000 

Övriga omkostn exkl moms (förbrukningsmtrl, analyser, resor etc)** 

Förbrukningsmaterial (rör, pipettspetsar, lösningsmedel, etc.) 

Special kemikalier (reagens, enzymer) 

MS analyser (operatörskostnad, drift) 

LC och GC kolonner 

Djurförsök  

Dator, Fax, Porto, Språkgranskning 

Resor (presentation av arbetet) 

 

 

 

 

 

 
 
 
 
 
 
 

 
30 000 
30 000 
50 000 
30 000 
10 000 
  5 000 
15 000 

 
30 000 
30 000 
50 000 
20 000 
15 000 
  5 000 
15 000 

Delsumma av ovanstående poster: 626 000 621 000 

Förvaltningspåslag:                                                          .37...... % 231 534 229 646 

Totalsumma per år: (införs sid. 1): 857 534 850 646 
     *) Specificera namn, tjänst  **) Specificera 

  
    Samtliga övriga miljörelaterade projekt  för vilka de sökande har beviljats anslag eller söker anslag  
    för  2004-2006. OBS Även EU-finansiering. 

Projekttitel Finansiär Tidsperiod Sökt kr Beviljat kr 
Sökande: 
Cobalamin and mimics. 
 
Mekanism-baserad tillämpning för förbättrad cancer r
uppskattning av PAHs i omgivande luft. 
 
Validering och standardisering av analytiska  
metoder för biologisk monitorering av exponering  
för carcinogena substanser. 
 
Gifter bildade till följd av upphettning 
 
Upptäckt av och cancerriskuppskattning av  
genotoxiska ämnen i miljön – tillämpning på  
akrylamid och besläktade ämnen. 
 
Förbättrad riskuppskattning av akrylamid 
 
Medsökande: 
Analys av komponenter som bildas 
vid pappersmassatillverkning och effekten av dessa 
substanser på bakterietillväxt. 
 
LC-kolonn för automatiserad membranextraktion. 

 
EU 
 
EU 
 
 
EU 
 
 
 
EU 
 
Formas 
 
 
 
Cancerfonden 
 
 
MISTRA 
 
 
 
Bergwalls stiftelse 

 
2004 
 
2004 
 
 
2004 
 
 
 
2004-2006 
 
2004 
 
 
 
2004 
 
 
2004-2005 
 
 
 
2004 

 
    600 000 
 
 1 200 000 
 
 
   250 000 
 
    
 
1 500 000 
 
   494 000 
 
 
 
   200 000 
 
 
1 450 000 
    
 
 
    75 000 
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  Miljörelaterade projekt för vilka sökande har beviljats anslag för 2000-2003 
     OBS Även EU-finansiering 

Projekttitel Finansiär Tidsperiod Beviljat Kr 
Sökande: 
Cobalamin and mimics. 
 
Mekanism-baserad tillämpning för förbättrad cancer r
uppskattning av PAHs i omgivande luft. 
 
Validering och standardisering av analytiska  
metoder för biologisk monitorering av exponering  
för carcinogena substanser. 
 
Upptäckt av och cancerriskuppskattning av  
genotoxiska ämnen i miljön – tillämpning på  
akrylamid och besläktade ämnen. 
 
Utveckling av system för kvantitativ mätning och 
identifiering av kemiskt reaktiva ämnen i miljön, 
med fisk som modell. 
 
Förbättrad riskuppskattning av akrylamid 
 
Cancerrisker associerade med bioenergianvändning 
 
 
Medsökande: 
Utveckling av analytiska 
tekniker med MIP och RAM 
 

 
EC Thematic Network  
 
EU 
 
 
EU 
 
 
 
Formas 
 
 
 
Formas 
 
 
 
Cancerfonden 
 
Energimyndigheten 
 
 
 
Vetenskapsrådet 

 
2002-2003 
 
2002-2003 
 
 
2003 
 
 
 
2003 
 
 
 
2002-2003 
 
 
 
 2003 
 
2001-2003 
 
 
 
2002-2003 

 
1 000 000 
 
  600 000 
    
 
   250 000 
 
 
 
   494 000 
 
 
 
1 148 000 
 
 
 
   200 000 
 
 1 100 000 
   
 
   
   520 000 

     
 
Datum och sökandes underskrift, vilken samtidigt ger 
Naturvårdsverket tillåtelse att publicera sökandes namn 
på sin webbplats: 
 
 

Datum och underskrift av prefekt eller motsvarande med 
namnförtydligande: 
 
 
 

 
Ansökan skall bestå av detta formulär jämte högst sex sidor lång projektbeskrivning på engelska  
(strukturerad som den svenska sammanfattningen samt en redovisning av kunskapsläget). Referenser till egna 
publikationer ges med sifferhänvisning till CV. Andra referenser ges i löpande text. Sökandes och  
eventuell medsökandes CV får omfatta högst två sidor. Inga bilagor kommer att beaktas vid bedömningen.  
Ansökan (max 10 A4-sidor, 12 punkters teckenstorlek) skall inlämnas i original + 15 kopior samt elektroniskt 
till ansok@naturvardsverket.se.  Häfta ihop ansökan och använd hålat papper. Ansökan skall ha inkommit senast 
den 15 oktober 2003 till Naturvårdsverket, Forskningssekretariatet, 106 48 STOCKHOLM. 
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POLYCYCLIC AROMATIC HYDROCARBONS AND BUTADIENE: 
RELIABLE CANCER RISK ASSESSMENT BASED ON IN VIVO DOSES 
 
Contribution to the SNAP research programme 
A raised cancer risk in urban areas has been partly associated with pollutants from 
combustion of oils and other organic fuels, with relatively large contributions from PAH and 
from butadiene. The cancer risk estimates for these components are, however, very uncertain. 
 
Relevance and expected importance 
Cancer risks from organic air pollutants. - During incomplete combustion of organic material 
several thousands of compounds are emitted, many with potential health effects, for instance 
increased cancer risks. Butadiene and polycyclic aromatic hydrocarbons (PAH) are, according 
to preliminary estimates in the beginning of the 1990-ies, important contributors to cancer risk 
from air pollutants (1) and from emissions from wood burning (2).  

In these early estimates of cancer risks from emissions from wood burning a “worst 
case” scenario was modelled and no measurements of exposure levels existed. Within the 
frame of a project (Bioenergy-Health-Environment, BHM) from Swedish Energy Agency the 
pollution level in an area (Lycksele) heavily polluted by emissions from wood burning have 
been measured. It was shown that during the winter period the air concentrations of PAH 
were several-fold higher than earlier estimated as the “worst case” for wood burning and that 
the exposure levels of butadiene were lower than earlier estimated (3). 

Based on these levels, and improved risk coefficients, it was estimated that the cancer 
risk from PAH is not negligible and that the risk from butadiene is lower than earlier 
estimated (3, 4). The cancer risk estimates are, however, still uncertain, because of 
uncertainties in the risk coefficients (up to a factor of 10). In order to reach a more reliable 
risk estimate the most active PAH have to be identified, and the relative contribution to the 
risk associated with exposure to those compounds has to be determined. Furthermore, it is 
unclear to which extent adsorbed PASH etc. on particles contribute to the cancer risk 
associated with exposure to particles. The uncertainty in the risk value for butadiene should be 
reduced. 

Improved estimation of both the cancer risk and the contribution to total health risks 
give a basis for decisions and priority setting by authorities. 

 
Aim  
The main aim of the project is an improvement of the cancer risk estimation of the above 
components, based on new studies of action mechanism and dose response, and new more 
sensitive, analytical procedures. 
 
Background 
Cancer risk models.- An increase of the cancer risk (∆P, probability increment of tumour 
development), may in principle be due to factors of two kinds. One concerns factors that lead 
to an increase of the mutation frequency above a ubiquitous background. In this case the 
cancer risk increase would be proportional to the in vivo dose of the genotoxic agent without 
any no-effect threshold (“LNT” hypothesis) (5). Factors of the second kind increase the 
cancer risk by enhancing the propensity for growth and clonal expansion, increasing the risk 
at doses exceeding a no-effect threshold.  This means that such “promotive” factors, alone, are 
not expected to contribute to risk at low or very low doses.  

Early models for risk estimation have been based on the increase of the fraction of 
animals with tumours per unit of dose in mg per kg body weight observed in experiments with 
rats or mice. Often linear risk coefficients have been inferred and applied directly to exposed 
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humans. This simplified assumption of equality of humans and rodents has been applied by 
WHO. In its risk-estimation procedure US EPA (6) is now assuming linearity, and allow for 
species differences by assuming the risk to be proportional to dose per unit body surface area. 

Within a research line, now at Dept. of Environmental Chemistry at Stockholm 
University, a linear cancer risk model has been developed avoiding such default assumption 
for extrapolation between species. Differences in metabolism to ultimate genotoxic species is 
allowed for by measurement of in vivo doses in test animals and exposed humans. This model 
is already applied for cancer risks from ionising radiation (7) according to:  

∆P = β x D x P°  (1) 
In this model the risk coefficient (β) is an estimate of the genotoxic potential of the 
carcinogen. Accordingly cancer risk increments (∆P) at low doses will be proportional to 
doses (D) of the ultimate genotoxic agent in target organs and to the background incidence 
(P°). (P° vary between organs, strains, species, ages etc.; in the model P° for site-specific or 
total incidence implicitly reflect the background of  “promotive”, often inherited conditions, 
interacting with the background mutation frequency). The in vivo dose measurement allows 
for differences in metabolism in the extrapolation between species. The model has been 
shown applicable to animal cancer test data for a few chemical carcinogens and validated for 
ethylene oxide (7).  
 
Polycyclic aromatic hydrocarbons.- PAH constitute a wide class of compounds, with 
benzo(a)pyrene (BaP) as a well-studied indicator. A general background exposure occurs 
through ambient air pollution and diet. According to earlier estimates the domestic heating, 
particularly wood burning, is the largest emission source of PAH in Sweden (review ref. 8). 

A range of individual PAH is classified as possible or probable human carcinogens. 
However, quantitative risk estimates are so far very uncertain. Epidemiological data on lung 
cancer in coke-oven workers are still the best basis for quantitative cancer risk estimates, but 
these results are very uncertain due to differences between PAH profiles, etc. Estimation of 
cancer risk from animal cancer tests with individual PAH has considerable uncertainties 
because PAH may provoke a cancer risk by mutagenesis or promotion or a combination of 
both. According to the suggested model (1), initiation (mutation) may be caused by 
electrophilic reactive intermediates at low doses, in a linear dose-response relationship 
without a threshold dose. At higher exposure levels, above a threshold,  “promotion” may 
occur, perhaps with the non-metabolised PAH as the cause (8, 9). 

In human exposure (at low levels), most probably, the genotoxicity of PAHs is the 
dominating mechanism in its cancerrisk-increasing action. Therefore, for a reliable risk 
estimate from animal cancer tests, the different action mechanisms have to be evaluated 
separately. In the development and evaluation of reliable risk models for PAH, measurement 
of doses of reactive and mutagenic metabolites is of utmost importance. 
 
Butadiene.- 1,3-Butadiene is a component in emissions from combustion of organic material 
and therefore occurs as an air pollutant. It is an established rodent carcinogen, mouse being 
more sensitive than rat. Butadiene is classified by IARC as a probable human carcinogen, and 
is considered by the US EPA to be a human carcinogen (10). The human lifetime cancer risk 
for chronic exposure to BD has recently been re-estimated to 0.08 per ppm by US EPA, based 
on increased leukaemia risks observed in occupationally exposed workers (10). This 
coefficient is 4 times lower than the earlier value from cancer tests in mice. The cancer risk 
coefficient is, however, still very uncertain, being limited to one study on leukemia incidence.   

Risk assessment from cancer tests of butadiene has been difficult, partly because the 
sensitivity of mouse and rat differs by a factor of 100-1000 (cf. 11, 12). The mechanism of 
this difference in butadiene-induced carcinogenicity has been suggested to be due to species-
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related differences in the enzymatic production and detoxification of reactive metabolites. 
Diepoxybutane exhibits, because its ability to form cross-links in DNA, a very high 
mutagenic potential, compared to simultaneously formed monoepoxides (see Fig. 1).  

Therefore knowledge about the dose (that is concentration x time) of diepoxybutane in 
mice and rats used in cancer tests of butadiene, and in the next step in butadiene-exposed 
humans, are of basic importance for improved cancer risk assessment of butadiene. 
 
 

 
 
Fig. 1. Relative genotoxic potency of epoxides formed through metabolism of 1,3-butadiene. 
 

 
Methods for dose measurement.- In our risk model (1) in vivo dose of the genotoxic agent is a 
corner-stone. In vivo doses are measured in blood through adducts to blood proteins 
(hemoglobin or serum albumin) in the test animal species and in humans. Methods for 
determination of protein adducts by mass spectrometry and their applications are recently 
been reviewed (13).  

The N-alkyl Edman method, for measurement of adducts from electrophilically reactive 
compounds to N-terminal valine in Hb through gas chromatography-mass spectrometry 
(GC/MS) analysis, developed at SU, has been applied internationally for measurement of 
exposure and in vivo doses for a range of low-molecular weight compounds. With this 
method a high sensitivity has been achieved, permitting detection, e.g., of background 
exposures. This method is, however, not applicable to all electrophilic compounds. Therefore, 
efforts have been devoted to development of alternative methods for adduct measurement, to 
a large extent based on liquid chromatography-mass spectrometric analysis (LC-MS). 

 
Methods and accomplishment 
Butadiene.- For cancer risk estimation of butadiene it is a prerequiste to measure the in vivo 
dose of diepoxybutane. Adducts from the monofunctional epoxy-metabolites from butadiene, 
but not from diepoxybutane, could be measured by the above N-alkyl Edman method. A 
method based on analysis by LC/MS of diepoxybutane adducts to N-termini of Hb after 
enzymatic cleavage and enrichment of modified N-terminal heptapeptides have been 
developed within a Ph.D.-project. Quantitative analysis of Hb adducts in samples from 
diepoxybutane-treated or epoxybutene-treated mice and rats has been performed (14-16). 
Studies are now ongoing on Hb samples from mice and rats exposed to butadiene. Although, 
results indicate large species differences in metabolism (in agreement with the large 
difference between species in the carcinogenic action of butadiene), it is doubtful whether 
sufficient sensitivity is attainable with this method for measurement of diepoxybutane doses 
in butadiene-exposed rodents. Still more this applies to samples from butadiene-exposed 
humans. To attain higher sensitivity an alternative method development based on 
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hydrazinolysis of Hb and enrichment of the diepoxybutane adduct has been initiated (see 
below), for analysis by GC-MS or LC-MS. After evaluation this method will be applied to 
samples from butadiene-exposed rodents for a evaluation of cancer risk model and better risk 
assessment. In the next step the method will be tested at samples from humans occupationally 
exposed to butadien for evaluation of the relative doses of diepoxybutane. 
 
PAH.- As for PAH this research group participates in an EU project (AMBIPAH, 2003-06) 
which studies basic problems and mechanisms involved in carcinogenesis of PAH. These are 
e.g. cancer promotion and simultaneous induction of bioactivating enzymes, expected to 
follow a thresholded dose response and with interactions with other factors. Five selected 
PAHs (including BaP and fluoranthene) are studied by different methods (in vivo and in vitro) 
with regard to promotive action (microarray for gene expression) and mutagenicity (in vitro 
and short-term tests in vivo in mouse). Five models of PAH are studied. The accessible 
material from the animal experiments with studies of promotion and mutagenic potency of 5 
PAH is most valuable for clarification of mechanisms of action. Tissue samples will be 
collected for different doses and different time points. 

This group will primarily measure doses of genotoxic diolepoxides in blood through 
adducts to blood proteins from the in vivo studies in mice. In parallel work DNA adducts are 
studied. With regard protein adducts, first hand of BaP and FA, will be studied. As a first step 
protein adducts after treatment of animals with radio-labeled compounds, available for BaP 
and FA, are studied. In the next step methods for enrichment and analysis by LC-MS will be 
explored and developed (see below).  

Within the budget frame of the ongoing EU project the resources available will only 
permit very limited exploration of LC/MS analysis for the analysis of diolepoxides of BaP. 
This additional project in collaboration with Dept. of Analytical Chemistry would focus on 
development (with new techniques)of methods for LC-MS: a)Towards analytical methods for 
diolepoxides of PAH with high sensitivitity and for quantitative work; b) Application to 
several of the model PAH studied within the EU-project; c) Application to animal tests within 
the EU-project for studies clarification of mechanisms and dose-response relationships. d) 
Testing of methods for application to humans. 

In studies of occupationally exposed humans protein adducts of diolepoxides of BaP 
have been measured by GC/MS after cleavage through mild hydrolysis mainly of PAH tetrols 
esterified with carboxyl groups (see refs. in 8). Due to spontaneous hyrolysis of these esters 
this approach is not useful for dosimetry. Therefore, stable adducts useful for measurement in 
both humans and rodents have been sought (17). Method development has focused on 
measurement by LC/MS of adducts from diolepoxide of BaP to histidine in serum albumin 
(SA) after hydrazinolysis of SA and enrichment by solid phase extraction (SPE) (18). This 
procedure has been shown to work in experiments with mice, but probably with insufficient 
reproducibility and sensitivity (17 and to be published). A new development, has been 
initiated based on cleavage of SA or Hb by alkaline or enzymatic hydrolysis and enrichment 
of PAH adducts, first-hand to histidine in SA, and analysis by LC-MS. Adducts to SA treated 
in vitro with diolepoxide of BaP have been isolated and identified by LC-MS. At present 
samples from rats treated i.p. with BaP is isolated for analysis. New procedures for isolation 
of adducts will be explored (see below).   

 
Application of new analytical methodology.- In this project, new selective materials for solid 
phase extraction (SPE) and liquid chromatography (HPLC) will be used together with mass 
spectrometry (LC-MS) in order to obtain the selectivity and sensitivity required and also to 
reduce the time needed for the analysis of the complex blood samples. LC-MS with 
electrospray ionization (ESI) or atmospheric pressure ionization (APCI) has become the 
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primary analytical method for several environmental and bioanalytical problems due to a very 
high selectivity especially when tandem mass spectrometry (MS-MS) is used. However, 
problems such as signal suppression due to co-eluting matrix, such as proteins, are common 
especially in ESI. Clean up of the sample and some kind of chromatographic separation are 
often required to obtain a sufficient sensitivity and to ensure correct quantitative 
determination of the analyte by LC-MS. 

Selective removal of proteins and other large biomolecules usually involves their 
denaturation by addition of an organic solvent or acidifying of the sample, followed by 
centrifugation. The disadvantage of this technique is the inherent risk that solutes will be 
included and co-precipitated, leading to a loss of precision, accuracy and sensitivity. 
Developing rapid and sensitive analytical procedures using LC-MS, the use of selective solid-
phase extraction (SPE) columns can be considered a primary choice in order to decrease the 
matrix effects in the LC-MS interfaces. Restricted access materials (RAM) are an example of 
these materials, which allow a direct and repetitive injection of untreated biofluids (e. g. 
hemolyzed blood, plasma, serum, milk, fermentation broth, supernatants of cell cultures and 
tissue homogenates) (19-27). Molecular Imprinting (MI) technology enables the preparation 
of materials with host sites that recognize specific guest molecules, analogous to the "lock-
and-key" paradigm of antibodies and enzymes (28-42). The advantages of these materials are: 
(a) a degree of specificity in same case approaching that of antibodies, (b) great temporal and 
thermal stability, and (c) wide applicability with complex matrices such as biological or 
environmental samples and in multi-component analysis. 

Preparation and use of selective SPE materials such as molecularly imprinted polymers 
(MIPs) and restricted access material (RAM) has been the focus of our analytical research for 
several years. A molecularly imprinted polymer solid phase extraction (MISPE) method has 
been developed for extraction of a flame retardant metabolite, diphenyl phosphate (DPhP) 
with high recoveries and repeatability from urine samples (43-44). Compared to a commercial 
SPE material (a mixed-mode anion exchanger) the MIP yields similar recoveries but extracts 
of much higher purity. Another example is the development of an on-line SPE-LC/MS/MS 
method using RAM for the simultaneous determination of nine organophosphate esters in 
untreated human blood plasma (45). The detection limits were in the range of 0.2-1.8 ng/ml of 
plasma and the total analysis time was only 27 minutes.  

At present a MISPE material has been synthesized for extraction of the N-terminal 
hydrazinolysis product of the Hb-diepoxybutane adduct. The hydrazinolysis produces a very 
complex mixture of cleaved peptide chains, thus selective clean-up is needed to enable MS 
detection of the target analyte occurring at low concentrations. The imprinted polymer was 
prepared in acetonitrile using methacrylic acid as the functional monomer, ethylene glycol 
dimethacrylate as the cross-linker and a structural analogue of the analyte as the template 
molecule. The polymer is now under evaluation regarding recoveries and repeatability. The 
preliminary results are promising and show a highly stable material and a high overall 
sensitivity of the MISPE-LC-ESI-MS method. The estimated limit of detection is 50 pg.  
 
Collaboration, resources 
M.T. is participant in an EU project (2003-06) concerning mechanism-based risk assessment 
of PAH. This project contributes to important contacts (coordinator S. Kyrtopoulos, Athens), 
collaboration, and  with valuable material from animal experiments to be studied within this 
project.  

Earlier work in MT’s group both with regard to cancer risk model, development of 
methods for in vivo dosimetry through measurement of protein adducts for the studied 
compounds gives a solid platform for the project. The collaboration with coapplicants U.N. 
and C.C, with experience of new analytical techniques, is further strengthening the project. 
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Department of Environmental Chemistry is since 2002 located in the same building as the 
Department of Analytical Chemistry, in the Arrhenius Laboratory at Stockholm University. 
This nearness facilitates the already initiated collaboration. Furthermore, the co-operation also 
gives access to a large instrument park. The MS facility at the Dept. of Analytical chemistry, 
SU,  also includes the Stockholm University Proteomic Facility. The facility at the present 
holds eleven mass spectrometers such as are MALDI, GC-MS, LC-MS and LC-GC-MS 
instruments, which includes single quadrupole, triple quadrupole, ion trap, and time of flight 
mass analysers. The department is experienced in bioanalytical and environmental MS 
applications, both on GC-MS and LC-MS. 
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