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Go from the globe to you and 
beyond  

 What  

 Where 

 How  

 When  

 Why 

 



 102 million compounds –approx. 

 100’000 in use  

 15’000 per day are added 



Mass per volume  

 

Air –m3 

 

Water –L-1 

 

Soil –g-1 

Other Terms  
 
PPM, PPT, PPB 
 
Mole (6.02 x 1023 
atoms) 
 
Wet weight/Dry 
weight  
 
Normalized 



 Observation  

 

 Experimentation  

 

 Theory  

 

 Simulation/Model 

  

 Observation 



 Stockholm convention 2001  
 The Dirty Dozen  

 Alrin  
 Chlordane  
 DDT 
 Dieldrin  
 Endrin  
 Heptachlor 
 Hexachlorobenzene (HCB) 
 Mirex 
 Toxaphene  
 Polychlorinated Biphenols (PCBs) 
 Polychlorinated dibenzo-p-dioxins (PCDD) 
 Polychlorinated dibenzofurans (PCDF) 



 Stockholm Convention 2011 
 The naughty 9 

  chlordecone  

 alpha hexachlorocyclohexane, beta hexachlorocyclohexane, 
lindane, (α- β- γ- HCHs) 

 pentachlorobenzene 

 hexabromobiphenyl  

 hexabromodiphenyl ether, heptabromodiphenyl ether  

 pentachlorobenzene  

 perfluorooctane sulfonic acid, its salts and perfluorooctane 
sulfonyl fluoride (PFOS) 

 tetrabromodiphenyl ether and pentabromodiphenyl ether  

 alpha hexachlorocyclohexane, beta hexachlorocyclohexane 
and pentachlorobenzene 



 

 

 Bioaccumulation 

 

 Long range transport  

 

 Toxicity 



 PCBs  
 Atmosphere -USEPA 

 Mono- 12.5 days  

 Hepta 1.31 years  

 

Soil/Sediment 

 Arochlor 1254 -940 days Hsieh et al. (1994). 

 2.9-37 year (Sinkkonen and Passivirta, 2000) 

Water  

 Mono-0.17 years  

 Hepta 23.4 years 

   



 

BBC News  



 





Mexico City 



 



 E.g. CFC 





 Atmospheric  Transport 

 

 

 Water Transport  

 

 

 Biovectors  



 Air pollution in 
China kills 1.6 
million per year  

 That’s 4400 a day or 
3 per minute  

 

 UK 1952 ‘Great 
Smog’ killed 4000 
people in London 
>100’000 ill 

Air Pollution in China: Mapping of Concentrations and Sources Robert A. Rohde , 
Richard A. Muller 



Häggström, Mikael. "Medical gallery of Mikael Häggström 2014". 



• molecular mass 
• vapour pressure (PL) 
• aqueous solubility (SL) 
• Henry’s Law constant (H) 
• Partitioning Co-efficient 

• octanol/water (Log KOW)  
• octanol/air (Log KOA)  
• air/water (Log KAW) 
• humic acid/water (Log KHA/W)  
• particle-gas (Kp) 

 

Wania and Dugani., 2003; Wania and Makay, 1995; Macdonald et al., 2005 



 What goes in goes where  

Volatility 

Low High 



 What goes in goes where  

Solubility 

Low High 



• D is a transport parameter based on rate 
of flow or diffusion (mol Pa-1 h-1)  

• f is the fugacity (Pa) of the chemical in 
question 

Macdonald et al, 2002, Wania 1999 



 Rate of change in a system = 

 + Mass of compound in  

 -Mass Transport out   

 -Breakdown  



Input  
Volatilization 

Stream Flow 

Sedimentation 

Bioaccumulation 



20kg day-1 1 x 10-4 kg/m-3 

 

(1kg day-1) 

3 x10-4 m3 day-1 

 
(3kg day) 

10 kg day-1  

Bioaccumulation 

1 x 10-4 kg/m-3 

6 kg day-1 unaccounted for 
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Pollutant Exposure 
duration 

Standard Cause for concern 

CO 
Carbon Monoxide 

1 hour 
8 hours 

35 ppm 
9 ppm 

Headaches, asphyxiation 
Decreased exercise tolerance angina pectoris 

NO2 

Nitrogen Dioxide 
1 year 0,53 ppm Aggravation of respiratory disease 

SO2 

Sulphur Dioxide 
3 hours 
1 day  
1 year 

0,50 ppm 
0,14 ppm 
0,03 ppm 

Shortness of breath wheezing odor acid precipitation 
damage to vegetables 

O3 

Ozone 
1 hour  
8 hours  

0,12 ppm 
0.08 ppm 

Eye irritation interference with breathing damage to 
materials and plants  

Pb 
Lead 

3 months  1.5 ug/m3 Blood poisoning infant development 

PM2.5 24 hours 
1 year 

60 ug/m3 
15 ug/m3 

Lung disease 

PM10 24 hours  
1 year 

150 ug/m3 
50 ug/m3 

Visibility respiratory disease 

The six chemicals designated as criteria pollutants by the US Environmental Protection 
Agency and the corresponding National Ambient Air Quality Standards. 



 



 There is 
randomness to 
movement 

 For every step 
there is a series 
of choices   



p(n∆x, m∆t)  

 

• m are intervals 

• t is time  

• n probability it stays there and remains 

Einstein, A., Investigations on the Theory of Brownian Movement, Dover Publications, 
1956, 122 pages 



25% 25% 

50% 

p[n∆x,(m + 1)∆t] = 1 /2 p(n∆x, m∆t) + 1/ 4 p[(n − 1)∆x, m∆t] + 1 /4 p[(n + 1)∆x, 
m∆t] 





 Different 
chemicals disperse 
into different 
phases 

 Rain and Snow 
generate different 
partitioning 

 How chemicals 
will fall out will 
change with 
seasonality  

Lei and Wania 2004 
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Ahrens Et al  



 

Moller et al 2011 



 

Moller et al 2011 



 Any organism that 
travels can transport 
chemicals 

 Salmon  

 Reindeer 

 Whales 



 

Evenset et al., 2007, Choy et al., 2010 Blais et al., 2005; 2007 



 LRT can 
transport many 
chemicals 

 But biovectors 
can go against 
the flow.  

Blais et al., 2007; Christensen et al., 2005  



 Annually 20’000 
Chinook salmon 
(Oncorhynchus 
tshawytscha) spawn 
and die in the Credit 
River, 

 Passive water 
monitoring devices 
(SPMDs, (semi-
permeable 
membranes devices)  

 ~75g of ∑PCBs and 
25g of DDT to the 
river over a few 
weeks  

O’Toole et al 2005 



 DEW sites (distance early warning) 



 ~119 kg of PCB 
waste dumped  

 42 sites  

(Breivik et al., 2004 Stow et al., 2005). 
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 Metals –natural  

 Agriculture  

 Commerce  

 Industry  

 Residence  

 Waste Management 



 



 100 million 
people at risk 



 95% of people in 
at risk 







 



 Fig. 7. Impact map showing the spatial association between land use and nitrate (NO3−) contamination defined by level of nitrate 

concentration and contamination index. 

 Assessment of groundwater contamination by nitrate leaching from intensive vegetable cultivation using geographical 

information system 
Environment International, Volume 29, Issue 8, 2004, 1009–1017 



 

USGS  Groundwater Contamination  











 Northern Diets  

 Persistence  

 Snow and Ice  

 Volume 

 Bioaccumulation 

  0.0008% PCB  

 21% of γ-HCH  

 12% of DDT  

 



 



 



 

Moller et al 2011 



 



 

T > 
0°C 

T < 
0°C 

Kpa 

Ksa Kwa 

Atmospheric vapour 
phase 

Sorbed to atmospheric particles 

Dissolved in rain or sorbed to water surface Sorbed to ice interface 



 





LRAT 

LRWT 

Wet/Dry 
Deposition 

Revolitilization 

Circulation 

Flow in/out 
snow 

Air/Water 
transfer 

Snow 
melt  

Ice melt  

The Polar Marine System  



 



Terrestrial 
Catchment Surface Ocean 

Atmosphere 

Deep Ocean 

Snow/ice 
Snow/ice 

Good 

Observed 

Limited 

POPs Arctic Distribution 
 

Time…? 

LRT 

Ocean 
Currents 

Halsall Environmental Pollution (2004) 128: 163-175 

Theorised 

PBDE Arctic Distribution 
 



Chemicals in a Snowpack 







PV = nRT 

8.3144598(48) J mol−1 K−1 















• 5ng m-3 

• 1°C 
• 50ng m-3 

• 25°C 

• H (PCB-18) as 21.33 Pa m3 mol-1, at 298 K (or 25°C) 



Kaw = 21.33 / (8.314 x 298) = 8.6 x 10-3 or ln Kaw -
4.8 

 



 

Cw = Ca / Kaw 

 

 

Cw = 50 / 8.6 x 10-3 = 5808 pg m-3 = 5.8 pg L-1 

 







4.7 pg L-1 

5.8 pg L-1 



 1984-2006 annual  increases in 
PFCs  

 PFOS 4.7% 
 PFNA 6.1% 
 PFDA 4.3% 
 PFOA 2.3% 
 PFCs exceed all other 

Organohalogen contaminants 
in Bears  

 Based on rat and monkey tests 
by 2014-2024 will exceed 
NOAEL and LOAEL 
estimates  

Dietz 2008 



 

Arcrisk 



 Three major routes of contamination  

 Atmospheric 

 Water  

 Biovectors  

 Persistence 

 Toxicity  

 Many factors affect the transport 




