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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) Det är väl känt att vår omgivningsluft är förorenad av en mängd olika kemikalier. Däremot är det 
inte alltid känt vilka källorna är, om det är regionala eller transporterade utsläpp (long-range 
transport), eller hur mycket olika källor bidrar med till den totala belastningen. I detta projekt vill vi 
spåra och kvantifiera miljöföroreningskällor med hjälp av en multivariat metod som kallas för 
receptormodellering. Med hjälp av denna kunskap skapar man sedan multivariata modeller som kan 
ge information om källpåverkan på miljöprov. 

2) Vi vill studera polyaromatiska kolväten (PAHer) i stads- och landsbygdsluftluft. Detta är en 
ämnesklass som klassas som "prioriterad" av myndigheter och kommissioner, och som skall 
reduceras i största möjliga mån. Det är därför av yttersta vikt att kunna peka ut och kvantifiera 
föroreningskällorna i olika miljöer.  

3) Syftet med projektet är att spåra källorna i den svenska luftmiljön. Detta anses möjligt efter viss 
modifikation av befintliga modeller för receptor modellering. Projektet skall ses som en pilotstudie för 
att arbeta fram en strategi som fungerar för andra luftburna organiska miljögifter.  

4) Projektet går ut på att man karaktäriserar primära och sekundära källors sammansättning, deras 
så kallade "fingerprints", som ofta är typiskt för varje källa. Exempel på sekundära källor är 
återemittering från jord, vatten och växter till luft. Arbetet utförs i fem delsteg: 1. Identifiering av källor, 
2. Kemisk karaktärisering av källor och bakgrund. Existerande data kommer att utnyttjas, men det blir 
också nödvändigt med nya mätningar, 3. Identifiering av lämpliga variabler (fingerprints) 4. 
Modellering och 5. Validering av modellerna. 

5) Projektet förväntas resultera i en rapport till Naturvårdsverket samt publicering i lämplig 
vetenskaplig tidskrift. 

 
 
 

År 2004 År 2005  
 
                                                                                 Summa sökta medel per år i kr: 658 800 658 800 
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Sökta projektmedel fördelade på kostnadsslag År 2004 

(kr) 
År 2005 
(kr) 

Personalkostnad  inkl. soc. avgifter * 

Sundqvist, Kristina, forskningsassistent 100% 

 
Geladi, Paul, forskningsledare 8% (1 månad) 
 

 
320 000 

 
53 000 

320 000

53 000

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

Lösningsmedel 
Övriga kemikalier, förbrukningsvaror  
Glasvaror 
Kromatografikolonner, kirala och akirala 
Instrumenttid 
Mjukvara och datortid 
Provtagningsresor 
Övriga resor 
 

 
15 000 
20 000 
10 000 
15 000 

5 000 
10 000 
20 000 
20 000 

15 000
20 000
10 000
15 000

5 000
10 000
20 000
20 000

Delsumma av ovanstående poster: 488 000 488 000

Förvaltningspåslag:                                                       35 % 170 800 170 800

Totalsumma per år: (införs sid. 1): 658 800 658 800
     *) 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 
Källspårning av miljöföroreningar med 
hjälp av receptormodellering 
 
Tracking sources of environmental 
pollutants by using receptor modeling 

CMF 
 
 
FORMAS 
 

2004 - 2005 
 
 
2004 - 2007 

1 262 300 
 
 

1 742 300 
 

 
 
 
 
 

 

     
     Miljörelaterade projekt för vilka sökande har beviljats anslag för 2000-2003 
     OBS Även EU-finansiering 

Projekttitel Finansiär Tidsperiod Beviljat Kr 
Chiral environmental pollutants as tracers 
in environmental transport studies  (fellow-
applicant). 
 
Chiral pesticides as tracers for pollutant 
transport and accumulation processes 
(fellow-applicant). 
 
Ansökan till Miljöhögskolan om 
gästprofessor på Miljökemi under 4 mån, 
Prof. Terry Bidleman från Meteorological 
Service of Canada (fellow-applicant). 

Swedish EPA  
 
 
 
Swedish EPA 
 
 
 
Miljöhögskolan, Umeå 

2000 
 
 
 
2001-2002 
 
 
 
2001 

150 000  
 
 
 
300 000  
 
 
 
210 000  

     
 
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: 
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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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Tracking sources of air pollutants by using receptor modelling 
 

 
Karin Wiberg 
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Umeå University, SE-901 87 Umeå 

 

 

Introduction – environmental relevance and significance to the program 
It is well known that the ambient air is polluted with many unwanted chemicals. However, it 
is not always obvious which the sources are, whether the pollutants are long-range transported 
or regional, or to which extent each source contributes to the total pollution. 

Substances of great environmental concern has been selected and listed on so called “priority 
lists” by authorities and commissions [1-3]. For these substances, it is of outmost importance 
to reduce or eliminate their prevalence on earth, and thus it is essential to identify and 
apportion their sources. 

In environmental monitoring, concentrations of pollutants are determined and evaluated. 
However, the relations between compounds, i.e. the pollution patterns are frequently 
overlooked. This pattern is often specific for each source and can be used as a fingerprint. In 
addition, it may carry information on the age and fate of the pollutants.  

Receptor modelling is a multivariate modelling technique that has been proven to be useful 
for tracking and apportioning sources of inorganic pollutants [4]. This technique utilizes 
knowledge about the composition (fingerprints) of sources and how the releases are affected 
by aging.  

In this project, organic environmental chemistry will be combined with chemometrics. Dr. 
Wiberg (Assistant Prof.) have comprehensive knowledge about persistent organic pollutants, 
and have also the facilities and equipment needed for environmental trace analysis. Doc. 
Geladi will contribute with his expertise within receptor modelling. He has extensive 
experience of multivariate modelling and has applied receptor modelling before.  

 

Aim and hypothesis 
Our hypothesis is that it is possible to trace and apportion sources for organic pollutants in 
urban and background air by using receptor modelling. However, it may be necessary to 
modify current methods, which originally were developed for inorganic pollutants. 

The aim of this project is to track and apportion sources for polyaromatic hydrocarbons 
(PAHs) in Swedish urban and background air by using receptor modelling.  

 

Method 
The preliminary strategy of the method is as follows: 

 

 
Step 1 

Identify sources 
Step 2 

Chemical 
characterization 

Step 3 
Identify 

fingerprints 

Step 4 
Multivariate 
modelling 

Step 5 
Model 

validation 



1.  Identify sources  
For each compound or compound group we have to identify possible primary and 
secondary sources. Examples of primary sources are: 

 Technical products  
 Industries 
 Traffic 
 Combustion 
 Other human activity 
 Natural formation 

Secondary sources are those that emit recycled pollutants, such as revolatilization 
from soil, water and plants to air. For secondary sources, abiotic processes (e.g. 
photolysis), and biotic processes (e.g. enzymatic degradation) have changed the 
original fingerprint of the pollutant. 

 

2.  Chemical characterization of sources and background  
 In this step, we will collect typical source and background data. The data will be 

extracted from literature and databases. Extensive amount of data for the target 
compounds exist at Environmental Chemistry. 

 For lacking data, we will acquire complementary chemical data. If possible, we will 
use existing extracts for analysis. However, additional sampling and subsequent 
sample analyses will be necessary.  

 

3. Identify fingerprints 
 At this stage, it is time to determine which variables are the best to constitute the 

fingerprints. There will be several options to express the pattern: 

 an isomer and the sum of this isomer and another isomer 
 an enantiomer and the sum of this enantiomer and the other enantiomer 
 a congener and the sum of all congeners in that compound group 
 a homologue group and the sum of all homologue groups in that compound 

group 
 a compound and the sum of other related compounds 

Multivariate methods will be used for interpretation and identification of fingerprints. 

 

4. Multivariate modelling 
 The next goal is to build multivariate models, which differentiate between different 

sources. The variables will be the ones that were determined in step 3, and the objects 
will be the “new” and “aged” releases. The techniques that are often used in receptor 
modelling are factor analysis and multiway factor analysis, together with derived and 
related techniques.  

 

5.  Model validation  
 In this final step, known samples will be introduced as unknown samples for 

validation of the models. 



Work plan 
This preliminary strategy is general and can be used for various compounds and compound 
groups. It is therefore necessary to make priorities among chemicals and environments.  

For this project we have selected polyaromatic hydrocarbons (PAHs) in Swedish urban and 
background air because: 1) they are priority substances, known to be toxic (carcinogenic) to 
humans 2) they have many different sources, 3) a lot of air data are available. However, it is 
important to keep in mind that our intention is to develop a strategy that works in general for 
organic pollutants, and that this project serves as a pilot project. We believe that the following 
time schedule is realistic: 

 

Compound class Year 1 Year 2 

PAHs Step 1-2 Step 2-5 

 

Financial plan 
To be able to accomplish this project we are asking for salary for a research assistant (Kristina 
Sundqvist) during two years. Kristina holds a Masters degree in Chemistry and is currently 
employed at Environmental Chemistry, Umeå University as a project assistant. She is the first 
author of an accepted paper, which deals with air-sea gas exchange and long-range transport 
of PCBs and pesticides [CV Wiberg 1]. We are also applying for Docent Geladi’s supervising 
time (salary) for one month per year. In addition, we need funding for complementary 
sampling, sample analysis, computer time and travelling costs. We do not need funding for 
equipment since the department have a high-volume air sampler and facilities for sample 
clean up and instrumental analysis. 

 

What has been done so far?  
Receptor modelling. The basics of receptor modelling have been described in the literature [4-
6]. So far, most applications have focused on aerosols [7] and inorganic compounds such as 
trace metals [8].  
 
Examples of fingerprints. For compound groups, which include a large number of congeners, 
normalization of each congener to a prevalent and/or highly recalcitrant congener has been 
used as tracers in multivariate analyses [9,10]. In that way no chemical information is lost, 
and chances of finding characteristic patterns are high. 

Often, the relation between isomers can be used. One example is the relation between the 
hexachlorocyclohexane (HCH) isomers α and γ. High fraction of α-HCH indicates a technical 
HCH source, which is subsequently aged due to long range air transport, whereas low values 
are typically associated with regional lindane (90% γ-HCH) usage [CV Wiberg 2]. 

The relation between enantiomers of organochlorine pesticide has been used as fingerprints in 
a number of studies [CV Wiberg 3, 4]. A composition similar to the technical product (close 
to racemic) indicates fairly fresh release or that the compound was directly transported in air 
from its source, while enantio-enrichment indicates that it was released some time ago and has 
since been subjected to recycling from water and soil. 



Related work conducted by the applicants. Dr. Wiberg has been the author or co-author of 
many publications in which enantiomers and isomers were used as tracers [CV Wiberg 1, 2, 3, 
5-7]. In addition, she has experience of multivariate modelling [CV Wiberg 6, 7]. One related 
study is the multivariate evaluation of North American indoor air, urban air and ambient air 
[CV Wiberg 6]. Fingerprint variables for the pesticide chlordane was selected and modelled 
by Principal Component Analysis, which often is used as the first step in receptor modelling. 
Although this was a simple model (only five variables), conclusions could be drawn 
concerning the influence of different sources (including the technical product) for the various 
air types (Figure 1). 

Doc. Geladi has worked intensively with three-way modelling, a technique that is highly 
relevant for receptor modelling data [CV Geladi 2]. Some of his work has been conducted 
within the environmental chemistry field [CV Geladi 3]. In addition, he has spent several 
months as a guest professor at the department of Prof. Hopke (Clarkson University, NY, 
USA), who is a scientist of repute within receptor modelling [4, 6].   

 

Cooperation partners and communications 
Karin Wiberg has cooperated with several partners within the air pollution field, e.g. Eva 
Brorström-Lundén, IVL (Swedish Environmental Research Institute) [CV Wiberg 1, 2] and 
Terry Bidleman, Metrological Service of Canada [CV Wiberg 2, 3, 5, 6]. It is our intention 
that the cooperation will continue, and in addition we intend to initiate cooperation with Prof. 
Hopke. 
 
This project is expected to result in a report to the Swedish Environmental Protection Agency 
as well as a publication in a suitable scientific journal.  
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Figure 1. Scoreplot for air samples. 
Indoor (I), Ambient (A), Urban (U), Technical Chlordane (T)
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