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Figure S1. Timeline for compounds listed under the Stockholm Convention on POPs 
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Figure S2. Map of all GAPS sites 

Map of all GAPS sites 2005-2014 with Site ID and site names (below).  Additional site details are available in an Excel 

file included in the SI. GAPS sites with long-term POP data for temporal trend analysis are marked yellow. GAPS 

sites that are in operation as of summer 2021 are marked with a star in the list (). 
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Text S1. Effective air volume calculation 

 

With its start in 2005, the GAPS network aimed to deliver global information on POP concentrations in air. PUF-PAS 

were selected as a cost-effective method with low logistical requirements. Site- and sample-specific sampling rate (R) 

values were derived from depuration compounds (DCs), that were spiked on the PUF disk prior to deployment. R values 

were estimated from the loss of DCs during deployment 2. While DC derived R values reflect the diverse meteorological 

conditions at the different sampling sites, this method introduces additional uncertainty. It was found that the loss of 

depuration compounds should be in a window of 20-60% to minimize the influence of the analytical uncertainty 2, 6. 

Some sites show meteorological conditions (i.e. extreme temperatures and wind speeds) that make it difficult to attain 

accurate R values based on these requirements.  

Herkert et al. developed a model and online tool based on DC-derived sampling rates from the GAPS network and 

meteorological data. Site and compound specific sampling rates are estimated from sampling dates and location 

coordinates 3-5. The resulting model R values are not considerably different between the majority of sites, with 90% of 

values in the range 4 ± 2 m3/day, consistent with previous reporting under the GAPS program (Figure S3). For this paper 

and going forward all GAPS legacy POP concentrations in air are estimated using these model R values. This reduces 

the analytical costs associated with DCs and their additional analysis time. It also reduces uncertainty in derived R-

values between sampling and processing years and allows the analysis of temporal trends within the GAPS data for the 

sampling periods 2005-2014. Another environmental benefit to moving away from DCs, is that it eliminates the 

emission of POPs spiked into the PUF disks to ambient air.  

When using the model, some sites showed unexpectedly low sampling rates due to low model wind speeds. It was 

determined that this is due to the model assuming forest cover, whereas in reality the sites were located in areas 

cleared of trees, and therefore experience usual wind speeds. Further inspection indicated that this was mainly a 

problem with coastal and mountain sites that were adjacent to forests. Low model grid resolution had assigned 

dampened wind speeds more typical for forest-covered areas to these sites.  

Sampling rates for these few sites with extremely low modelled wind speed were adjusted based on local wind speed 

data (NOAA data files 7) and the wind speed [WS] ~ sampling rate [R] relationship from the modelled data:  
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Equation 1. R (m3/day) = 1.6087 * [WS (m/s)]0.6265 

The template based on Shoeib and Harner was used to estimate effective air volumes from the modelled sampling 

rates 8, 9. 

 

R (m3/day) = 1.6087 * [WS (m/s)]0.6265
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Figure S3. Comparison between RDC and Rmodel 

The average sampling rates for 2011 derived from depuration compounds (RDC) 2 and from the Herkert et al. online model (Rmodel) 3-5 are presented at the 

individual GAPS sites. Details are in Text S1. 

Greater discrepancies observed at a few of the polar sites is likely attributed to challenges (e.g. slow off-gassing) with using DCs at colder temperatures. 
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Figure S4. Bee swarm-boxplot-summary of the range of global concentrations of ∑7PCB, α-HCH, γ-HCH, 

Endosulfan I, Endosulfan II and Endosulfan SO4 for GAPS 2005-2006 

The plot depicts the single data points and the boxplots marking the median, 25th and 75th percentile (whiskers marking the 10th and 90th percentile).  

Site types: PO= polar, BA = background, RU = rural, AG = agricultural, UR = urban 

UNEP regional groups: Africa = African Group, Asia = Asia and Pacific Group, CEE = Central and Eastern European Group, GRULAC = Group of Latin America 

and Caribbean countries, WEOG = Western European and Others Group 
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Figure S5. Bee swarm-boxplot-summary of the range of global concentrations of the individual PCB congener PCB 

28/52/101/118/138/153/180 

Figure S5a. Global concentrations resolved by site type for GAPS 2005-2007 and GAPS 2011/2014 

The plot depicts the single data points and the boxplots marking the median, 25th and 75th percentile (whiskers marking the 10th and 90th percentile). 

Site types: PO= polar, BA = background, RU = rural, AG = agricultural, UR = urban 
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Figure S5b. Global concentrations resolved by UNEP regional group for GAPS 2005-2007 and GAPS 2011/2014 

The plot depicts the single data points and the boxplots marking the median, 25th and 75th percentile (whiskers marking the 10th and 90th percentile). 

UNEP regional groups: Africa = African Group, Asia = Asia and Pacific Group, CEE = Central and Eastern European Group, GRULAC = Group of Latin America 

and Caribbean countries, WEOG = Western European and Others Group 
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Figure S6. Bee swarm-boxplot-summary of the range of global concentrations of 

Dieldrin 

Figure S6a. Global concentrations resolved by site type for GAPS 2005-2007 and GAPS 2011/2014 

The plot depicts the single data points and the boxplots marking the median, 25th and 75th percentile (whiskers 

marking the 10th and 90th percentile). 

Site types: PO= polar, BA = background, RU = rural, AG = agricultural, UR = urban 
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Figure S6b. Global concentrations resolved by UNEP regional group for GAPS 2005-2007 and 

GAPS 2011/2014 

The plot depicts the single data points and the boxplots marking the median, 25th and 75th percentile (whiskers 

marking the 10th and 90th percentile).  

UNEP regional groups: Africa = African Group, Asia = Asia and Pacific Group, CEE = Central and Eastern European 

Group, GRULAC = Group of Latin America and Caribbean countries, WEOG = Western European and Others Group 
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Figure S7. Bee swarm-boxplot-summary of the range of global concentrations of cis-Chlordane, trans-Chlordane, 

trans-Nonachlor, Heptachlor and Heptachlor epoxide 

Figure S7a. Global concentrations resolved by site type for GAPS 2005-2007 and GAPS 2011/2014 

The plot depicts the single data points and the boxplots marking the median, 25th and 75th percentile (whiskers marking the 10th and 90th percentile). 

Site types: PO= polar, BA = background, RU = rural, AG = agricultural, UR = urban 

 

 

 



SI - Tracking POPs in Global Air from the fist 10 years of the GAPS Network (2005 to 2014) 

S12 
 

Figure S7b. Global concentrations resolved by UNEP regional group for GAPS 2005-2007 and GAPS 2011/2014 

The plot depicts the single data points and the boxplots marking the median, 25th and 75th percentile (whiskers marking the 10th and 90th percentile). 

UNEP regional groups: Africa = African Group, Asia = Asia and Pacific Group, CEE = Central and Eastern European Group, GRULAC = Group of Latin America 

and Caribbean countries, WEOG = Western European and Others Group 
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Figure S8. Bee swarm-boxplot-summary of the α-HCH fractions 

The fraction of α-HCH was estimated for GAPS 2005-2007 and GAPS 2011/2014 for all samples with both α-HCH and 

γ-HCH above MDL. The plot depicts the single data points and the boxplots marking the median, 25th and 75th 

percentile (whiskers marking the 10th and 90th percentile).  

Site types: PO= polar, BA = background, RU = rural, AG = agricultural, UR = urban 

UNEP regional groups: Africa = African Group, Asia = Asia and Pacific Group, CEE = Central and Eastern European 

Group, GRULAC = Group of Latin America and Caribbean countries, WEOG = Western European and Others Group 
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Figure S9. Bee swarm-boxplot-summary of the Endosulfan I fractions 

The fraction of Endosulfan I was estimated for GAPS 2005-2007 and GAPS 2011/2014 for all samples with both 

Endosulfan I and Endosulfan II above MDL. The plot depicts the single data points and the boxplots marking the 

median, 25th and 75th percentile (whiskers marking the 10th and 90th percentile).  

Site types: PO= polar, BA = background, RU = rural, AG = agricultural, UR = urban 

UNEP regional groups: Africa = African Group, Asia = Asia and Pacific Group, CEE = Central and Eastern European 

Group, GRULAC = Group of Latin America and Caribbean countries, WEOG = Western European and Others Group 
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Figure S10. Bee swarm-boxplot-summary of the temporal trend slopes of the 

individual PCB congeners PCB 28, PCB 52, PCB 101, PCB 118, PCB 153 and PCB 180 

2005-2014 

The temporal trend slopes were estimated with Theil-Sen regression for the 40 GAPS sites with sufficient data. The 

plot depicts the single data points and the boxplots marking the median, 25th and 75th percentile (whiskers marking 

the 10th and 90th percentile). The windows for halving/doubling times estimated from the temporal trend slopes 

following first order kinetics are marked in the graph.  
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Figure S11. Bee swarm-boxplot-summary of the temporal trend slopes of Dieldrin 

2005-2014 

The temporal trend slopes were estimated with Theil-Sen regression for the 40 GAPS sites with sufficient data. The 

plot depicts the single data points and the boxplots marking the median, 25th and 75th percentile (whiskers marking 

the 10th and 90th percentile). The windows for halving/doubling times estimated from the temporal trend slopes 

following first order kinetics are marked in the graph.  
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Figure S12. Bee swarm-boxplot-summary of the temporal trend slopes of cis-

Chlordane, trans-Chlordane, trans-Nonachlor, Heptachlor and Heptachlor epoxide 

2005-2014 

The temporal trend slopes were estimated with Theil-Sen regression for the 40 GAPS sites with sufficient data. The 

plot depicts the single data points and the boxplots marking the median, 25th and 75th percentile (whiskers marking 

the 10th and 90th percentile). The windows for halving/doubling times estimated from the temporal trend slopes 

following first order kinetics are marked in the graph.  
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Table S1. Halving times of POPs in air reported from other studies 

The majority of previous studies report declining trends and halving times for POPs in air. Where doubling times are reported, they are marked with (*). 

Project Region Site type Compound Halving/doubling* time [years] 

Monitoring of POPs with high 
volume air samplers at Alert, Pallas, 
Storhofdi, Zeppelin 1993-2011 
Hung et al., 2016 10 
 

WEOG polar 

PCBs 3.6 – 31* 

α/γ-HCH 4.1-7.7 

cis-Chlordane 12-17 

trans-Chlordane 5.9-11 

trans-Nonachlor 13-19 

Dieldrin 12-28 

Endosulfan I 37 

Monitoring with high volume air 
samplers in the Great Lakes area 
1991-2014, IADN 
Salamova et al., 2015 11 
 

WEOG 

urban 

PCBs 12 - 19 

α/γ -HCH 3.9 - 4.1 

cis/trans-Chlordanes 9.0 - 12 

Endosulfan I/II 6.4 - 8.3 

background 

PCBs 12.9 - 16.3 

α/γ -HCH 3.5 - 4.5 

cis/trans -Chlordanes 8.7 - 11.7 

Endosulfan I/II 7.1 - 8.9 

Monitoring with medium-volume air 
sampler on the Tibetan Plateau 
2008-2014 
Wang et al., 2018 12 

Asia and Pacific background 

α -HCH 6.1 ± 2.5 

γ -HCH 108 ± 63 

PCB 28 increasing 

PCB 52 increasing 
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Project Region Site type Compound Halving/doubling* time [years] 

Monitoring with high volume air 
samplers at two EMEP sites Råö 
and Pallas 1996-2012 
Anttila et al., 2016 13 

WEOG 

rural 

PCBs 15 - 27 

α/γ -HCH 10 - 12 

cis/trans -Chlordanes 15-17 

trans -Nonachlor 19 

background 

PCBs 12 - 43 

α/γ -HCH 10 - 12 

cis/trans -Chlordanes 17-21 

trans -Nonachlor 20 

Monitoring with high volume air 
samplers in the Canadian Great 
Lakes Basin 1992-2012, IADN 
Shunthirasingham et al., 2016 14 

WEOG background 

PCBs 9–39 

α/γ -HCH 4-5 

Endosulfan I 13 

Endosulfan II 9–11 

Endosulfan SO4 8–10 

cis/trans -Chlordanes 10-34 

trans-Nonachlor 12 - 52 

Heptachlor 5.3 - 8.6 

Heptachlor epoxide 5.8 - 12 

Dieldrin 10 - 18 

Passive air sampling of POPs in 
West Antarctica 2011-2017 
Hao et al., 2019 15 

WEOG polar 

PCBs 2.0 

α/γ-HCH 2.0 

Endosulfan I/II 1.2 

High-volume air samplers under the 
TOMPS network UK 1991-2012 
Graf et al., 2016 16 

WEOG 
urban PCBs 3.9 - 6.6 

rural PCBs 5.6 - 7.5 
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Project Region Site type Compound Halving/doubling* time [years] 

Comparison of passive (MONET) 
and high volume air samplers 
(EMEP) 2012 – 2016 
Kalina et al. 2019 17 

Europe background 

PCBs 2 – 118* 

α/γ-HCH 2 – 20 

Passive air sampling in African 
countries (MONET) 2008-2019 
White et al. 2020 18 

Africa 
background- 

urban 

PCBs 3 – 18 

α/γ-HCH 2.3 – 23 

cis/trans -Chlordanes 2.6 – 100* 

Heptachlor 2.1 – 6.5* 

Dieldrin 0.9 – 22* 

Endosulfan I/II 0.9 – 17* 

Endosulfan SO4 1.0 – 3.7 
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Figure S13. Global concentrations and decline trends of ∑7PCB 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 
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Figure S14. Global concentrations and decline trends of α-HCH 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 
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Figure S15. Global concentrations and decline trends of γ-HCH 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 

 

  



SI - Tracking POPs in Global Air from the fist 10 years of the GAPS Network (2005 to 2014) 

S24 
 

Figure S16. Global concentrations and decline trends of Endosulfan I 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 
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Figure S17. Global concentrations and decline trends of Endosulfan II 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 
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Figure S18. Global concentrations and decline trends of Endosulfan SO4 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 
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Figure S19. Global concentrations and decline trends of Dieldrin 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 
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Figure S20. Global concentrations and decline trends of cis-Chlordane 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 

 

  



SI - Tracking POPs in Global Air from the fist 10 years of the GAPS Network (2005 to 2014) 

S29 
 

Figure S21. Global concentrations and decline trends of trans-Chlordane 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 
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Figure S22. Global concentrations and decline trends of trans-Nonachlor 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 
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Figure S23. Global concentrations and decline trends of Heptachlor 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 
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Figure S24. Global concentrations and decline trends of Heptachlor epoxide 2005-2014 

The plot represents the geometric mean concentration for the 20 GAPS sites with long term monitoring. Declining (black) and increasing (red) 

concentrations over time are marked as arrows (scaled to the temporal trend slopes). 
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Table S2. Wilcoxon Rank Sum Test groupings of POPs based on temporal trends 

p-values below 0.05 (white cells) indicate that temporal trends between compared compounds are significantly different.  
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α-HCH x 6.1E-01 1.6E-01 2.8E-05 5.0E-02 7.8E-01 5.0E-01 3.5E-01 5.5E-03 1.2E-02 4.8E-03 1.0E-02 

cis-Chlordane 6.1E-01 x 1.3E-01 6.3E-04 1.7E-01 8.6E-01 2.0E-01 3.5E-01 1.3E-02 2.2E-02 5.0E-02 2.1E-02 

Dieldrin 1.6E-01 1.3E-01 x 9.3E-03 1.9E-01 2.0E-01 4.6E-01 7.5E-01 1.9E-01 3.5E-01 1.6E-04 1.9E-03 

Endosulfan I 2.8E-05 6.3E-04 9.3E-03 x 8.2E-01 8.6E-04 1.5E-04 2.5E-01 2.6E-01 1.0E-01 7.3E-10 2.8E-06 

Endosulfan II 5.0E-02 1.7E-01 1.9E-01 8.2E-01 x 8.4E-02 8.6E-02 5.7E-01 6.4E-01 5.5E-01 2.1E-03 1.8E-02 

Endosulfan SO4 7.8E-01 8.6E-01 2.0E-01 8.6E-04 8.4E-02 x 4.6E-01 4.1E-01 2.0E-02 4.2E-02 4.0E-02 4.2E-02 

γ-HCH 5.0E-01 2.0E-01 4.6E-01 1.5E-04 8.6E-02 4.6E-01 x 5.5E-01 2.3E-02 5.3E-02 1.9E-04 1.6E-03 

Heptachlor 3.5E-01 3.5E-01 7.5E-01 2.5E-01 5.7E-01 4.1E-01 5.5E-01 x 6.4E-01 6.4E-01 1.9E-02 5.0E-02 

Heptachlor epoxide 5.5E-03 1.3E-02 1.9E-01 2.6E-01 6.4E-01 2.0E-02 2.3E-02 6.4E-01 x 7.2E-01 1.6E-06 1.5E-04 

∑7PCB 1.2E-02 2.2E-02 3.5E-01 1.0E-01 5.5E-01 4.2E-02 5.3E-02 6.4E-01 7.2E-01 x 1.6E-06 5.0E-05 

trans-Chlordane 4.8E-03 5.0E-02 1.6E-04 7.3E-10 2.1E-03 4.0E-02 1.9E-04 1.9E-02 1.6E-06 1.6E-06 x 5.5E-01 

trans-Nonachlor 1.0E-02 2.1E-02 1.9E-03 2.8E-06 1.8E-02 4.2E-02 1.6E-03 5.0E-02 1.5E-04 5.0E-05 5.5E-01 x 
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Figure S25. PCA of the temporal trends slopes of all congeners 

Principle component analysis (PCA) was applied to the temporal trend slopes at the individual sites (n=29, sites with 

<50% data were excluded from the PCA)  

Figure S25a. Scores plot  
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Figure S25a. Loadings plot  
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