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Introduction

-Snow is a useful tool to measure accumulation of contaminants
-scavenges pollutants from the air
-used for biomonitoring of pollution

-Effect directed analysis (EDA) is used to try to identify dioxin-like 
compounds, emitted by cars, in the snow samples 

Bioassay: -DR-CALUX
Chemical analysis: -GC HR ToF MS
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Chemical analysis: -GC HR ToF MS
-GCxGC ToF MS

- black carbon analysis
- bioavailability study



Methods – Sampling in Oslo, February 2009
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Aftenposten, February 8th, 2009



Methods -Sampling

•Snow collected in Oslo 
in February 2009
•Sampled from top 10 
cm
•3 road-side ‘dirty’ 
samples
•1 mountain 
‘background’ sample

6. februar 2013Martine Muusse 4

http://retro.met.no/observasjoner/oslo/Oslo-Blindern/2009/februar/index.html

In total 69,1 mm precipitation

‘background’ sample
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Methods- DR-CALUX assay

DR- CALUX: Dioxin Responsive- Chemically Activated 
LUciferase eXpression

-HL16.Lc2 genetically modified rat liver cell-line
-Luciferase gene downstream of DRE

Responds to everything 
that binds to the AhR:
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that binds to the AhR:
• PCDDs
• PCBs
• Furans
• PBDDs
• PAHs



Methods –Sample preparation

Snow

Water

SPE 

Particles

Black ASE 

Location

Amount (L)

Water fraction

Weight (g)

Particle fraction

1.Suburban street (Oslo) 5 2.88

2. Ringroad 2 (Oslo) 4.4 3.93

3. Major highway (E18, Oslo) 5.02 7.51
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SPE 
extraction

Black 
carbon 
analysis 

ASE 
extraction

Multi-layer 
dioxin 
column

F1 
particles

Analysis

Cell based: DR-CALUX, Chemical: GC-HR-ToF-MS 
and GCxGC-ToF-MS

F2 
particles

4. Mountain area (Norefjell) 2.86 n.a.

F1: hexane fraction
F2: DCM fraction



Methods –Black Carbon (BC)

Snow

Water

SPE 

Particles

Black ASE 

•BC has been shown to sorb 90-99% 
of planar aromatic contaminants in 
soils and sediment

•Compounds with highest AhR 
induction bind strongest to BC
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SPE 
extraction

Black 
carbon 
analysis 

ASE 
extraction

Multi-layer 
dioxin 
column

F1 
particles

Analysis

Cell based: DR-CALUX, Chemical: GC-HR-ToF-MS 
and GCxGC-ToF-MS

F2 
particles

•Results in reduced bioavailability



Results- DR-CALUX assay
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Black 
carbon 
analysis 

ASE 
extraction

Multi-layer 
dioxin 
column

F1 
particles

Analysis

Cell based: DR-CALUX, Chemical: GC-HR-ToF-MS 
and GCxGC-ToF-MS

F2 
particles

SPE 
extraction

0

50

1.Suburban

street

3. Major

highway
2. Ringroad 4. Mountain area



Results- DR-CALUX assay

Snow

Water

Black ASE 

Particles

SPE 
1000

2000

3000

4000

5000

6000

7000

8000

T
E

Q
 c

a
lu

x
 p

g
/L

Water fraction

Particle fraction

6. februar 2013Martine Muusse 10

Black 
carbon 
analysis 

ASE 
extraction

F1 
particles

F2 
particles

Multi-layer 
dioxin 
column

Analysis

Cell based: DR-CALUX, Chemical: GC-HR-ToF-MS 
and GCxGC-ToF-MS

SPE 
extraction

0

1. suburban
street

3. Major

highway

4. Mountain area2. Ringroad

F1: hexane fraction: no activity
F2: DCM fraction



Results- BC and bioavailability
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•BC amount of 1 mg/L
•BC/TOC ratio of 1.61-1.67

More than 50% compounds 
with (KTOC)>10⁴ L/kg and 
(KBC) >106 L/kg 
will be bound to BC (most 
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0

1. suburban
street

3. Major

highway

4. Mountain area2. Ringroad

will be bound to BC (most 
AhR agonists)

•Bioavailability study was done on 
sample 3 (particles F2)
•16.2% of the particle bound fraction 
was bioavailable



Results –GC-HR ToF MS

Non-targeted analysis
-plasticizers
-Fire retardants

Targeted analysis
-PAHs could explain up to 
0.0015%

TEQcalux pg/liter

Sample

F2 

particles water

1. Suburban street 1353.60 15.04

2. Kirkeveien 3584.16 168.00

3. Major highway 7388,82 384.00

4. Mountain area 221.40
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Diethyl phthalate

Dibutyl Phthalate
Triphenyl Phosphate



Results –GC-HR ToF MS

TEQcalux pg/liter

Sample

F2 

particles water

1. Suburban street 1353.60 15.04

2. Kirkeveien 3584.16 168.00

3. Major highway 7388,82 384.00

4. Mountain area 221.40

Benzo(k)fluoranthene

Analyzed for PAHs with Targetlynx®

PAH pg/Liter

IEF     (Machala 

2001) IEQ (pg/L)

% of TEQ 

calux

benzo(k)fluoranthene 70099,6 0,00294 206,09 5,73

chrysene 110796,8 0,000107 11,86 0,33
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Benzo(k)fluoranthene

Chrysene

aromatic UCM



Results –GCxGC ToF MS

85 PAH derivatives 

identified:

PAKs, alkylated, 

nitrogen, sulphur and 
oxygen PAHs
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oxygen PAHs



Conclusions

• TEQCALUX in the water fraction of road-side snow was between 10-
400 pg/Liter

-‘Background’ sample unexpectedly high 
-This could be explained by the occurrence of black carbon in 
the particles

• No CALUX activity in the F1 (dioxins, PCBs) fraction of the 
particles
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particles
• TEQCALUX in the F2 fraction of the particles between 1300-8000 

pg/Liter 
- 16.2% bioavailable

• 2-10% of the activity in the F2 fraction could be explained by the 
PAHs benzo(k)fluoranthene and chrysene

• In the UCM 85 PAH derivatives could be identified



Thank You!
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