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PREFACE 

Persistent organic pollutants (POPs) are a group of chemicals that have toxic properties, 

resist degradation in the environment, bioaccumulate through food chains and are 

transported long distances through moving air masses, water currents and migratory 

species, within and across international boundaries. POPs belong to three main groups, 

however some of the chemicals fit into more than one of these three general categories: 

 pesticides used in agricultural applications
1

 

 industrial chemicals used in various applications
2

 

 chemicals generated unintentionally as a result of incomplete combustion and/or 

chemical reactions
3

. 

Twelve POPs were initially listed in the Stockholm Convention (shown in bold font in 

footnotes 1-3). In general, these ‘legacy’ POPs were first produced and/or used several 

decades ago, their persistence, bioaccumulative properties and potential for long-range 

transport are well studied, and they have been globally banned or restricted since 2004. 

Eighteen additional chemicals have been listed in the Annexes of the Convention since, 

bringing the total number of POPs to thirty chemicals and/or groups of chemicals, as of 

January 2020 (the meetings of the Conference of the Parties at which the listing of the 

chemicals took place are indicated in parenthesis in footnotes 1-3). 

Article 16 of the Stockholm Convention requires the Conference of the Parties to 

evaluate periodically whether the Convention is an effective tool in achieving the 

objective of protecting human health and the environment from persistent organic 

pollutants. This evaluation is based on comparable and consistent monitoring data on the 

presence of POPs in the environment and in humans, as well as information from the 

national reports under Article 15 and non-compliance information under Article 17. The 

global monitoring plan for POPs, which has been put in place under the Convention, is a 

key component of the effectiveness evaluation and provides a harmonized framework to 

                                                 

 
1 
  aldrin, chlordane, chlordecone (COP-4, 2009), dichlorodiphenyltrichloroethane (DDT) (COP-

4, 2009), dieldrin, endosulfan (COP-5, 2011), endrin, heptachlor, hexachlorobenzene (HCB), gamma-

hexachlorocyclohexane (γ-HCH, lindane) and by-products of lindane [alpha-hexachlorocyclohexane (α -

HCH) and beta-hexachlorocyclohexane (β -HCH)] (COP-4, 2009), pentachlorophenol, its salts and esters 

(COP-7, 2015) mirex, toxaphene, dicofol (COP-9, 2019). 
2
  tetra- and pentabromodiphenyl ethers (PBDEs) (COP-4, 2009), hexa- and heptabromodiphenyl 

ethers (PBDEs) (COP-4, 2009), decabromodiphneyl ether (COP-8, 2017), hexabromocyclododecane 

(HBCD) (COP-6, 2013), hexabromobiphenyl (COP-4, 2009), hexachlorobutadiene (COP-7, 2015), 

perfluorooctane sulfonic acid (PFOS), its salts and perfluorooctane sulfonyl fluoride (PFOS-F) (COP-4, 

2009), perfluorooctanoic acid (PFOA), its salts and PFOA-related compounds (COP-9, 2019), 

pentachlorobenzene (PeCB) (COP-4, 2009), polychlorinated biphenyls (PCBs), polychlorinated 

naphthalenes (PCN) (COP-7, 2015), short-chain chlorinated paraffins (SCCPs) (COP-8, 2017). 
3  hexachlorobenzene (HCB), hexachlorobutadiene (COP-8, 2017), pentachlorobenzene (PeCB) 

(COP-4, 2009), polychlorinated naphthalenes (PCN) (COP-7, 2015), polychlorinated biphenyls (PCBs) 

and polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs). 



 

  

identify changes in concentrations of POPs over time, as well as information on their 

regional and global environmental transport.  

While monitoring activities are ongoing in the frame of the GMP, every sixth year the 

information generated is collected, compiled and analyzed in monitoring reports (regional 

and global). The first two phases of the GMP have been implemented during the period 

2004-2017, with two sets of regional monitoring reports and global reports developed to 

date in the frame of the GMP and have informed the effectiveness evaluation under 

Article 16 of the Convention. The GMP Data Warehouse has been made operational 

during the second GMP phase and continued to support the regional organization groups 

in the work for the collection, processing, storing and presentation of monitoring data 

during the third phase of implementation of the GMP. 

The present (third) monitoring report is synthesizing information from the first, the 

second and the third phase of the global monitoring plan and presents the most up-to-date 

findings on POPs concentrations in the Western Europe and Others Group (WEOG) 

Region. While the first and the second monitoring reports, presented at the fourth and 

seventh meeting of the Conference of the Parties respectively, provided information as to 

the changes in concentrations of the chemicals initially listed in the Convention, as well 

as baseline information on some of the newly listed POPs, this third report builds on the 

increasing information base of POPs monitoring data and provides a further in-depth 

assessment of the changes measured over time in POPs concentrations, including time 

trends where available, as well as recent baseline information on the more recently listed 

POPs.  
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GLOSSARY OF TERMS 
 

Activity Any programme or other activity or project that generates data or 

information on the levels of POPs in the environment or in humans that 

can contribute to the effectiveness evaluation under Article 16 of the 

Stockholm Convention Core matrices. These are the matrices identified by 

the Conference of the Parties to the Stockholm Convention at its second 

meeting as core for the first evaluation: A = ambient air; M = (human) 

mother’s milk and/or B = human blood 

CTD The characteristic travel distance– defined as the “half-distance” for a 

substance present in a mobile phase 

Hot spots An area of high contamination 

I L-1 Instrumentation level 1 capable to analyze PCDD/PCDF and dioxin-like 

PCB at ultra-trace concentrations: must be a high-resolution mass 

spectrometer in combination with a capillary column 

I L-2 Instrumentation level capable to analyze all POPs: (capillary column and a 

mass-selective detector) 

I L-3 Instrumentation level capable to analyze all POPs without PCDD/PCDF 

and dioxin like PCB (capillary column and an electron capture detector) 

I L-4 Instrumentation level not capable to do congener-specific PCB analysis 

(no capillary column, no electron capture detector or mass selective 

detector) 

Intercomparisons  Participation in national and international intercalibration activities 

such as ring-tests, laboratory performance testing schemes, etc  

LOD  Limit of detection. Definition: The lowest concentration at which a 

compound can be detected; it is defined as that corresponding to a signal 

three times the noise. 

<LOD  Result below the limit of detection 

LOQ Limit of quantification. Definition: The lowest concentration that can 

quantitatively be determined is three times higher than LOD. 

<LOQ Result below limit of quantification. Compounds found at levels between 

LOD and LOQ can be reported as present, or possibly as being present at 

an estimated concentration, but in the latter case the result has to be clearly 

marked as being below LOQ. 

MDL Method detection limit. The MDL considers the whole method including 

sampling, sample treatment and instrumental analysis. It is determined by 

the background amounts on field blanks. 

Phase I Activities to support the Article 16 effectiveness evaluation that will be 

conducted by the Conference of the Parties at its fourth meeting, 

information collected between 2000 and 2008. 



 

  

Phase II Activities to support the Article 16 effectiveness evaluation that will be 

conducted by the Conference of the Parties at its seventh meeting, 

information collected between 2009 and 2014. 

Phase III Activities to support the Article 16 effectiveness evaluation that will be 

conducted by the Conference of the Parties at its tenth meeting, 

information collected between 2015 and 2018. 

 



 

  

EXECUTIVE SUMMARY 

 

This third monitoring report presents the current findings on concentrations of persistent 

organic pollutants in the Western Europe and Others Group (WEOG) Region, and 

synthesizes information from the first (2000 to 2008), the second (2009 to 2014), and the 

third (2015-2020) phase of the global monitoring plan (GMP). 

Because of the number of new POPs listed since the second phase and hence incorporated 

in to monitoring programmes, the scope of the GMP has increased for this report. In 

addition to trends, the work in the third phase was also directed at further enhancing 

comparability within and across monitoring programmes through new intercalibration 

studies, harmonising data handling, and continuing to ensure support to the collection, 

processing, storing and presentation of monitoring data in regions through the global 

monitoring plan data warehouse. A focus on data analysis and process modelling in 

ecosystems enables us to better interpret trends in POPs.   

 

0.1 Contributing programmes  

 

The data in this report and from the previous two GMP reports come from a relatively 

small number of long-term national and international programmes. Some new 

programmes have been implemented in the past several years, which add to the 

information on POPs available in the WEOG region. 

 

0.2 Key messages from the data on baseline concentrations and temporal trends 

 

Key message: It is critical that the small number of international and national monitoring 

programmes continue in order to determine trends and therefore effectiveness of actions. 

Key messages: There are sufficient data to determine trends for many of the listed chemicals but not 

others. In general, concentrations are declining and are starting to level off where regulatory 

action was taken decades ago. It is noted however, that in some cases such as HCB there are slight 

increases, likely due to release from secondary sources and the effects of climate change.  

 

The patterns for chemicals listed from 2009 onwards are complex and variable across chemicals, 

media and area. For example, certain chemicals showed mostly declining or no change in trends, 

while others showed increasing trends followed by decreasing trends, or consistent decreasing 

trends depending on location. There are insufficient data to detect trends for many of the most 

recently listed chemicals, inter alia, dicofol and SCCPs. 

  

It is important that data and samples be maintained in a coordinated and sustainable way, such as 

through environmental specimen banks, and that programmes operate efficiently and 

collaboratively to address challenges. 



 

  

Adequacy of information:  Existing and new programmes in the WEOG region provide 

adequate monitoring data for POPs in core and other media, which includes baseline 

information on many of the new POPs. For many of the new POPs, however, temporal 

trends are not yet established.   

 

Measurements in air: Most older and previously banned POPs are now showing slower 

rates of decline (e.g. DDTs, the drins, PCBs and chlordanes) or slight increases in some 

isolated cases (e.g. HCB), as secondary sources and effects of climate change and 

warming become increasingly important.  Time trends for many of the new POPs are 

starting to become established.  Endosulfan showed accelerated decline after listing, 

listed PBDEs show mostly declining or no change in trends, and PFOS and PFOA 

showed increasing followed by decreasing trends, or consistent decreasing trends 

depending on location.  There are insufficient data to detect trends for HBCDD, SCCPs, 

PCP/PCA, HCBD, PeCB, toxaphene, HBB, chlordecone, dicofol, and PCNs. 

 

Measurements in human media:  The levels of several of the initial POPs, such as PCBs, 

DDTs and dioxins, seem to decrease over time in human milk and/or blood, depending on 

area.  This shows that regulations and banning of production and use of these chemicals 

combined with regulations on food to test for and restrict dioxin content, and changes in 

diet, have led to declining levels in humans.  Some of the newer POPs (e.g. PBDEs, 

HBCD, PFOS and PFOA) show an increase over time followed by a decrease, depending 

on area. This further confirms that adequate risk management measures lead to declining 

levels in humans.  The rising and then decreasing trend is likely because the risk 

management measures for these newer POPs were taken later than for the initial POPs.  

No clear trend over time could be seen for some of the POPs, such as HCHs, and the 

reason for this needs to be investigated further.  For some of the POPs, e.g. SCCPs, there 

are not enough data to determine a trend. 

 

Measurements in water: Water is a tier 2 core medium for reporting of PFOS, PFOA and 

PFHxS [if listed].  Over 11,200 individual measurements of PFOS, PFHxS and PFOA 

from approximately 3000 locations within the WEOG region, were found, including 2035 

analyses for surface water samples collected from 2015-2019.  The information available 

provides knowledge of spatial trends for PFOS, PFHxS and PFOA across western 

Europe, Canada/USA and southern/eastern Australia, the North Sea, the Baltic, the Great 

Lakes, and in the North Atlantic, Arctic Ocean, the Northeast Pacific, and Antarctica.  No 

specific studies of temporal trends of each substance in water were found, therefore 

median concentrations for combined data from specific regions with the periods 2000–

2009, 2010-2014 and 2015–2019 were compared.  A challenge with these comparisons is 

that variation could be introduced due to differences in sampling locations and effects of 

seasonality such as river flow, snow melt, and thermal stratification (in lakes).  

Comparison of medians over the three time periods indicated that concentrations of PFOS 

and PFOA had declined from 2000-09 to 2015-19 for Western European rivers (including 

the Rhine), the North Sea, and the Baltic Sea.  Higher median concentrations of PFOS 

were seen for 2015-19 vs 2000-09 for the Mediterranean, the North and Central Atlantic, 



 

  

North Pacific and the Great Lakes.  PFHxS increased in all oceans, while declining in 

European rivers and in the Great Lakes. 

 

Measurements in Other Media: There is a wealth of information on POPs levels and 

temporal trends in other media across the WEOG region, reported under a variety of 

international programs, inter alia, AMAP, HELCOM, OSPAR, Great Lakes of NA, and 

MEDPOL. A few regions and species are well studied for most POPs.  For other regions 

and newly listed POPs the information is sparse.  Older POPs are present in the 

environment at low concentrations compared to the pre-2000 period.  However, their 

concentrations have been rather stable, decreasing by only very low percentages since the 

last GMP report in 2015.  Levels of some of these older POPs are still high and at levels 

of concern in some species and regions (e.g. PCBs in polar bears and whales).  Due to the 

low and relatively unchanging concentrations, some of these older POPs, like DDT and 

Mirex, are not or will not continue to be monitored further under some of the monitoring 

programmes named above.  In some regions, older POPs show increasing trends, such as 

HCB in the Great Lakes and the Baltic.  POPs listed later in the Stockholm Convention 

are of more concern, as some show increasing concentrations over time, or stable high 

concentrations, or there is yet no good method for including them in the monitoring.    

 

Meeting future challenges of additional new POPs: In response to the growing future 

demand for information on POPs it is important that data and samples be maintained in a 

coordinated and sustainable way, such as through environmental specimen banks, and 

that programmes operate efficiently and collaboratively. 

 

0.3 Long range transport 

Integrated assessment of POPs involves using models as a platform to quantitatively link 

emissions of POPs to the levels and trends observed in the environment.  It is the most 

effective way to quantify the extent of long range transport of POPs and forecast the 

effectiveness of emission reductions. A variety of modeling tools are available to support 

integrated assessment of emissions, transport in the environment, and levels and trends of 

POPs observed at monitoring stations.  When applied at local, regional and global scales, 

integrated assessments can be used to reduce uncertainties in emissions and transport 

profiles of POPs.  

Some integrated assessment studies have used models to isolate the impacts of climate 

change on concentrations of POPs in the environment from other factors.  The direct 

influence of climate change on levels and trends of POPs in the global environment on 

the time-scale of decades is likely to be much smaller than the influence of reductions in 

primary emissions that can be achieved through policy action.   For example, for PCBs 

emission reductions that are forecast to occur from 2010 to 2100 are forecasted to drive 

declines in concentrations in Arctic air and seawater by several orders of magnitude, 

compared to changes in concentration of less than a factor of 4 due to climate change.  

However, indirect effects of climate change on chemical cycling, including changes in 



 

  

food web structure, are not yet fully understood and are not described in these model 

scenarios.   

Case studies of modeling emissions and fate of POPs presented in this report highlight: 1) 

linking emissions to human body burdens of PCBs at the global scale, 2) conducting 

integrated assessment of POP candidates, 3) estimating emissions of POPs and POP 

candidates from monitoring data, and 4) modeling global emissions, fate and transport of 

PFOS in the ocean.  Experience with modeling existing POPs has beneficial synergies 

with identification and risk profiling of candidate POPs.  Priorities for improving POP 

modeling capabilities include better descriptions of air/condensed phase partitioning, and 

reducing uncertainties in emissions and degradation rates of POPs in air, water and soil 

with targeted laboratory and field studies.     

 

0.4 Description of data gaps and capacity building needs 

Although baseline information for most POPs is adequate, temporal trends are not yet 

established for some of the newer POPs in the core media.   

Recommendation: It is important that monitoring programmes are maintained and 

continue to establish analytical methods and time series for the newer POPs.  Strategic 

partnerships with other expert labs/programmes may help to ameliorate the increased 

demands due to the growing number of listed POPs and candidate substances, the 

complexities of sample analysis for the newer POPs (e.g. SCCPs), and potential detection 

limit issues (e.g. air monitoring at background sites). 

 

0.5 Future evaluations 

As time series for newer POPs are developed within existing programmes, future 

evaluations will provide temporal trend information to inform the evaluation of the 

effectiveness of the Convention.   

Recommendation: Monitoring programmes should continue to identify and target priority 

POP-like chemicals as this information is useful to the evaluation and assessment of 

candidate POPs and would support the work of the POP Review Committee.  Efforts 

should continue to be made to integrate monitoring programmes and activities across 

regions for future reporting of comparable data under the GMP.  Areas for cooperation 

include inter alia, continued monitoring across the Arctic region (e.g. AMAP), WHO 

human milk surveys, measurement of listed PFASs and their precursors in global oceans, 

and regional and global-scale passive air monitoring (e.g. GAPS, MONET). 

 

Recommendation: Cooperative work, perhaps under the auspices of the effectiveness 

evaluation, to integrate GMP data with numerical models to estimate spatial and temporal 

trends in POP emissions, and link to human and environmental burdens, would greatly 

enhance understanding of the effectiveness of actions to protect human health and the 

environment.  

 



 

  

0.6 Conclusions and recommendations 

 

0.6.1 Media specific conclusions and recommendations 

Air:  

Passive air samplers should continue to be implemented as a cost-effective approach for 

improving spatial information for POPs in air and their performance for measuring 

particle-associated POPs should be further assessed. 

Several long-term air monitoring programmes, including EMEP, GLB and IADN, also 

conduct POP measurements in precipitation at some locations.  It is recommended that 

future GMP reports include information on precipitation trends, which provides further 

insights on atmospheric loadings as an entry pathway to foodwebs affecting human 

health.  Trend information for PFOS, PFOA, PFHxS and other PFASs is limited for air 

because these chemicals tend to partition to water.  This data gap could be addressed in 

the future with available long-term precipitation data and historical records found in ice 

cores which solely reflects atmospheric deposition over time. 

Recommendations beyond the current scope of the GMP, but relevant to future work on 

effectiveness of the Convention towards the protection of human health and the 

environment from POPs, include the development of strategies for linking concentration 

information for air with toxicity. In vitro methods such as transcriptomics and bioassays 

to assess various toxicity end-points are now available with the required sensitivity to be 

applied to air sample extracts.   

 

Human media:   

By gathering data from both national and regional monitoring as well as scientific 

literature it was possible to get an overview of the situation in the WEOG region. 

Differences and similarities between countries and continents could be identified, as well 

as changes over time. It is of great importance that these regional and national 

programmes evaluating time trends of both POPs and other environmental pollutants in 

blood and/or milk continues since human exposure data is important for following up the 

Cross-cutting conclusions across all media are that: 

•  The levels of many POPs, even those that have been regulated and managed, remain of concern. 

•  existing programmes need to continue, as well as certain ad hoc programmes such as those for 

water, in order to determine trends.  

•  large scale repeated programmes and the ability to share metadata would enable comparison and 

enhance the ability to determine long range transport.   

•  coordinating with other programmes such as ad hoc surveillance work on indoor air and urban and 

industrial emissions would enable more comprehensive understanding of exposure and effectiveness 

of actions to protect human health and the environment.  



 

  

effectiveness of the Stockholm Convention and to see that regulations and other actions 

taken in order to reduce the exposure to POPs are working.  

Very little data could be found for several of the POPs listed after 2009 (e.g. SCCPs). In 

order to be able to follow up on these substances over time, it is important to start 

monitoring these substances now. In addition to measuring the POPs listed before 2009 

that are already regulated, it is important to also monitor possible substitution substances 

that have POPs-like characteristics. 

In order to be able to use monitoring data to evaluate and compare levels and trends 

between countries, regions and continents it is crucial to be able to retrieve as much meta 

data and background information as possible. To store monitoring data in searchable and 

open databases are preferable. Biobanking samples for later analysis is also very useful 

since it makes it possible to go back and produce time trends for new pollutants in the 

future.  

 

Water:   

Seawater monitoring sites for PFAS have not been established so far, but if they are, then 

they should be located within a region where spatial variability is relatively small.   

Continued monitoring of rivers offers the best opportunity to assess temporal trends. 

However, there is always the need for consideration of waste water and tributary inputs 

and thus multiple sampling points preferably at sites that are well characterized in terms 

of flow and proximity to sources are needed.  

Lower detection limits would help with future assessments of temporal trends in all 

locations but especially in open oceans, coastal seas and in the Great Lakes. Detection 

limits in the range of 1-5 pg/L for PFOS, PFHxS and PFOA have been demonstrated by 

several monitoring programmes and should be universally adopted. 

Efforts should be made for more widespread measurement of precursors of PFOS, 

PFHxS and PFOA in waters. This can be through targeting specific known precursor 

compounds or using “total” methods such as total extractable organic fluorine or total 

oxidizable precursor (TOP) assay. 

 

Other Media:   

The monitoring work in other media across the WEOG region has been steadily growing 

since the second phase.  Vast collections of high quality of data are available, however 

the diversity of monitoring efforts makes it difficult to compile those scattered data for 

statistical analyses, modelling and large-scale comparison.  In consequence, regular, 

consistent and rigorous large-scale data compilations would greatly facilitate and enhance 

the ability to determine trends, LRT and enable ecosystem modeling.  To achieve this 

goal, the archiving of data and samples, QA/QC and data flow between data providers 

and users should be considered a priority. 

Current results seem to indicate that POPs regulated in source regions decades ago have 

significantly decreased but are still present at low levels that have not changed since the 



 

  

previous GMP report in 2015, and some are still of concern in some regions.  PCBs 

continue to be present in some regions and species, with levels exceeding thresholds for 

effects, which is of concern.  Some substances listed later in the Stockholm Convention 

with extensive exemptions for continued use show increasing levels (e.g. HBCD, HCBD, 

PFOS and PCN in some areas).  

Climate variability and climate change effects on the environment and ecosystems 

structure and function are more likely to affect food web accumulation and toxicity to a 

larger degree than long range transport of POPs.  It is therefore important to increase the 

efforts in understanding how climate change induced changes in the ecosystems affect the 

time trends of POPs in other media including biota, e.g. through changes in diet, in order 

to separate ecosystem changes effects from changes due to global regulation and bans 

through the Stockholm Convention. 

Efforts should be made to make use of the vast body of information that is available for 

POPs in other media (including wet deposition, water and soils), in collaboration with 

modelers, to develop a better understanding of the fate of POPs in the multi-media 

environment under different conditions. 



 

  

0.6.2 Generic conclusions and recommendations 

 

Key recommendations: 

Challenges with POPs listed after 2009:  Certain high molecular weight POPs including 

polar / ionizable chemicals (e.g. PFOS) exist in air primarily on the particle-phase.  To 

improve understanding of regional and global transport of particle-associated POPs, 

improve the performance of fate models and help to interpret temporal trend information 

from monitoring programmes, better information is needed on gas-particle partitioning 

properties of POPs, as well as studies of particle-associated transport and fate.  

 

Chemical Mixtures: Human health and the environment are impacted by exposure to 

chemical mixtures which includes a multitude of known and unknown POP-like 

chemicals, including their transformation products.  Research in this area is advancing 

rapidly due to increased accessibility of high resolution analytical equipment (e.g. gas- or 

liquid chromatography - high resolution mass spectroscopy).  Future reporting under the 

GMP would benefit from including information, where available, regarding levels of all 

listed POPs and potentially candidate POPs in the same samples, as this can enhance 

understanding about co-occurrences and thus about co-exposure and environmental loads.  

Similarly, reporting of the concentrations of precursors for listed PFASs, such as through 

total methods, also enhances understanding about environmental loads.  

 

Efficiencies for Monitoring Programmes: In order to deal with analysis pressures for new 

POPs, monitoring programmes may need to adjust their protocols and resources to better 

align with new priorities.  Possible strategies include reduced analysis frequency for 

legacy POPs (e.g. PCBs, organochlorine pesticides), optimized analytical methods, and 

partnerships among laboratories to address specialized analytical needs.  It is not 

necessary for every laboratory to be an expert for every class of POP.  In addition, many 

programmes are incorporating the latest advances in the field of science such as high 

resolution and non-targeted analysis (and associated data archiving for future reference). 

Future reporting may be able to draw on data generated through these advances. 

Key message: Sixteen years after the Stockholm Convention coming into force, the Global Monitoring 

Plan has shown that primary sources of POPs listed before 2009 have been substantially reduced and 

current low levels can be attributed to effectiveness of policies and regulations. Baseline 

concentrations of many but not all POPs listed after 2009 are becoming available through some of 

the monitoring programmes for core and other media. Additional data in the future will enable the 

evaluation of trends to inform effectiveness of management actions.  

 

The Convention and its Global Monitoring Plan have raised awareness, triggered action and 

provided a framework for collaboration and integration at the national, regional and global scales 



 

  

 

Sample Archiving / Sample Banks: Investing resources to ensure the integrity and 

sustainability of sample banks will provide a highly cost effective tool for understanding 

the effectiveness of regulatory and policy intervention, as they enable retrospective 

analysis on current and future POPs, as well as for screening studies on candidate POPs. 

 

Data archiving and accessibility: Databases and compilations such as the GMP reports 

play an important role in identifying, documenting and making accessible reliable and 

comparable data sets on POPs.  These data are needed for assessing environmental levels 

and trends for POPs and for combining with emission estimates and models in integrated 

assessments of sources, fate and transport of POPs.   

Recommended areas of future work include: 

1. further efforts to make databases easily searchable, openly accessible (e.g. data 

downloadable) and to integrate / link databases.  

2. further development of simple visualization tools such as those implemented 

under the GMP database would be useful.  

3. Enhancing the ability to archive large data files due to the advancement of high 

resolution and non-target analysis methods. These approaches generate large data 

files that require sufficient and secure storage and provide an opportunity for 

retrospective analysis of these data files for targeting new POPs and related 

chemicals (e.g. precursors and transformation products). 

 

Recommendations beyond the scope of the GMP:  

Suggested future work on the effectiveness of the Convention towards the protection of 

human health and the environment from POPs, includes:  

 

 Linking the GMP work with data from monitoring and research programmes 

aiming to understand current exposure levels and emissions to the broader 

environment including urban areas and waste sectors - given that newer POPs can 

be in domestic, household and commercial products.  In addition, declines in 

environmental background concentrations are likely to be slower where listed 

chemicals have exemptions for continued use or presence in recycled materials.  

 Accordingly, co-operative work to integrate GMP data and other data with 

numerical models to estimate spatial and temporal trends in POP emissions, and 

link to human and environmental burdens, would greatly enhance understanding 

of the effectiveness of actions to protect human health and the environment.  

 Enhancing cooperation with other monitoring efforts in the frame of the Basel, 

Rotterdam and Stockholm Conventions, the Minamata Convention, the United 

Nations Framework Convention on Climate Change and the Convention on 

Biological Diversity. 



 

  

 

The ROG wishes to emphasise that the information reviewed to provide baselines and to 

determine current trends in the WEOG region is predominantly drawn from a relatively 

small number of existing international programmes - which can in turn depend on 

contributing national programmes - as well as ad hoc programmes.  The ability to 

compare POPs levels over time makes the long-term viability of international and 

ongoing national programmes of utmost importance. 



 

  

1 INTRODUCTION 

The first phase of the GMP has been implemented during the period 2004-2009 and the 

second phase during 2010-2017, providing information on changes in concentrations of 

the 12 POPs initially listed in the Stockholm Convention and information on baseline 

concentrations of the 11 substances newly listed in the annexes to the Convention in 

2009, 2011 and 2013. Two sets of regional monitoring reports and global reports have 

been developed to date in the frame of the GMP and have informed the effectiveness 

evaluation under Article 16 of the Convention. 

 

The present (third) monitoring report synthesizes information from the first, the second, 

and the third phase of the global monitoring plan and presents the current findings on 

POPs concentrations in the Western Europe and Others Group (WEOG) Region. While 

the first and second monitoring reports, presented at the fourth and seventh meeting of 

the Conference of the Parties, respectively, provided information as to the changes in 

concentrations of the chemicals initially listed in the Convention, as well as baseline 

information on some of the newly listed POPs, this third report builds on the increasing 

information base of POPs monitoring data and provides a further in-depth assessment of 

the changes measured over time in POPs concentrations, including time trends where 

available, as well as recent baseline information on the more recently listed POPs.  

 

At its sixth meeting in May 2013, the Conference of the Parties, by decision SC-6/23 on 

the global monitoring plan for effectiveness evaluation, adopted the amended global 

monitoring plan for persistent organic pollutants (UNEP/POPS/COP.6/INF/31/Add.1) 

and the amended implementation plan for the global monitoring plan 

(UNEP/POPS/COP.6/INF/31/Add.2). 

 

At its seventh meeting held in May 2015, the Conference of the Parties, by decision SC-

7/25, welcomed the second regional monitoring reports, and, at its eighth meeting held in 

May 2017, by decision SC-8/19, it welcomed the second global monitoring report which 

marked the end of the second phase of implementation of the GMP. COP-8 requested the 

Secretariat to continue to support the work on the GMP to provide relevant input to the 

process of effectiveness evaluation under Article 16 of the Stockholm Convention and 

ensure sustainability of POPs monitoring toward the third GMP phase. 

 

Monitoring activities have been ongoing in the five UN regions to support POPs 

monitoring data generation for the third GMP phase. The global coordination group met 

four times over the period 2015-2018 in order to oversee and guide implementation of the 

third phase of the global monitoring plan, with particular emphasis on addressing the 

sampling and analysis of the newly listed POPs, harmonizing data collection, storage and 

handling, addressing the needs for ensuring sustainability of ongoing monitoring 

activities and for further capacity strengthening to fill the existing data gaps, as well as 

improving data comparability within and across monitoring programmes. 

 

Long term viability of existing monitoring programmes (air and human bio-monitoring) 

is essential to ensure that changes in concentrations over time can be investigated. 

National air monitoring activities having contributed data to the first and second 



 

  

monitoring reports continued during the third phase, and new programmes have been 

identified to support the development of the third reports. Likewise, the continued 

operation of global and regional air monitoring programmes was a major pillar in the 

third phase. For the new monitoring activities, collaboration with strategic partners has 

ensured cost-effective generation of data and use of harmonized protocols for POPs 

monitoring. The implementation of the UNEP/WHO human milk survey is another 

important pillar of the global monitoring plan, providing useful long-term results showing 

how human exposure to POPs changed over time as measures are implemented to enforce 

the Convention. 

 

Enhanced comparability within and across monitoring programmes to evaluate changes 

in levels over time and the regional and global transport of POPs was an equally 

important milestone. QA/QC practices have been and continue to be essential for 

ensuring comparability, along with inter-laboratory exercises and intercalibration studies. 

Efforts continue to be directed at ensuring comparability within and across programmes, 

providing for evaluation of changes in concentrations of POPs over time and enabling 

regional comparisons. 

 

The GMP Data Warehouse has been made operational during the second GMP phase, 

supporting the regional organization groups in the work for the collection, processing, 

storing and presentation of monitoring data. The global monitoring plan data warehouse 

also constitutes a publicly available repository of valuable information that can serve as a 

useful resource for policy makers and researchers worldwide. The data warehouse was 

further enhanced and kept up-to-date to provide on-line access to the GMP monitoring 

data and enable data collection and processing during the third GMP phase and support 

the development of the third monitoring reports. 

 

The process for updating the GMP guidance document has continued; information 

relevant to the POPs listed more recently in annexes to the Convention and on the 

chemicals recommended for listing or those in the process of review by the POPs Review 

Committee has been included in the guidance. The Guidance on the Global Monitoring 

Plan for Persistent Organic Pollutants has been streamlined and updated in 2019 

(UNEP/POPS/COP.9/INF/36) and provided a useful basis as the reference document for 

POPs monitoring in the third phase of the GMP, as well as for harmonized data 

collection, storage and handling. 

 

2 DESCRIPTION OF THE REGION 

2.1 Background 

The Western European and Others Group (WEOG) is composed of twenty-eight nations 

in Western Europe, North America, and Australasia.  

 

A comprehensive summary of the characteristics of the region can be found in the reports 

of the 2002 UNEP/GEF: Regionally Based Assessment of Persistent Toxic Substances 

(PTS).  This study used a different division of regions as was adopted by the Conference 



 

  

of the Parties to the Stockholm Convention (COP) for the purposes of effectiveness 

evaluation.  Therefore, the WEOG countries can be found in six different volumes of the 

PTS study.  These are volumes on: the Arctic; North America; Europe; the 

Mediterranean; South East Asia and South Pacific; and the Antarctic. These reports are 

recommended for providing a synthesis of geographical, physical, and biological 

characterization of these areas, as it relates to the sources and fates of POPs released to 

the environment.  They provided the basis for the following brief political, geographical, 

and social and economic overview.  

 

2.2 Political 

Specific membership is as follows:  Australasia - Australia and New Zealand.  

North America - Canada and United States. Western Europe – Andorra, Austria, 

Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Italy, Liechtenstein, 

Luxembourg, Malta, Monaco, Netherlands, Norway, Portugal, Republic of Ireland, San 

Marino, Spain, Sweden, Switzerland, Turkey and United Kingdom.  

 

2.3 Geographical 

The region is not a coherent geographical unit.  Its membership is divided across three 

continents, and two hemispheres.  However, Canada and the United States collectively 

occupy similar latitudinal zones as those occupied by Western Europe while Australia 

and New Zealand occupy generally the similar corresponding latitudes in the southern 

hemisphere.   

 

The climate in Australia is mainly arid or semi arid.  It is temperate in the south and 

tropical in the north. New Zealand is temperate with some regional contrasts. 

 

In North America, climatic variation is large extending from the Arctic in the north to a 

sub-tropical climate in the south.  Within this pattern there is much variation.  For 

example, within the Arctic, there is considerable moderating maritime influence on the 

coastal strip of Alaska but intense cold in the central and high eastern Canadian sectors.  

 

Western Europe includes four climatic zones – A sector of the circumpolar Arctic in the 

north, alpine climate in the main mountain ranges such as the Alps and Pyrenees, a 

temperate zone in the central area and the Mediterranean zone to the south.  The latter is 

generally characterised by mild wet winters and hot dry summers with more than 90% of 

annual precipitation falling in winter.  Superimposed on this pattern is the moderating and 

wet influence of the Atlantic to the west, with drier and more extreme temperature ranges 

to the east.  

 



 

  

2.4 Social and economic considerations 

Australasia:  Australia and New Zealand are developed countries with mixed economies 

and substantial agricultural sectors.  Available information suggests that environmental 

levels and human exposure to POPs in both countries has always been low in relation to 

most regions elsewhere.  Regulations are well established concerning the environmental 

release of the original twelve POPs.   

 

North America: The USA and Canada are developed, industrialised countries.  Of 

particular interest in terms of historical and potential source characterization is the Great 

Lakes Basin.  It covers an area of approximately 774,000 square kilometers including 

much of Ontario, and the eight Great Lakes States: Illinois, Indiana, Michigan, 

Minnesota, New York, Ohio, Pennsylvania and Wisconsin.  The Great Lakes basin is 

home to a total of about 33 million people, more than one-tenth of the population of the 

United States and one-quarter of the population of Canada.  It is also a focus of both the 

U.S. and Canadian industrial capacity, while agriculture in Ontario and Quebec accounts 

for the largest single use of Canadian land in the basin, contributing about 40 percent of 

the value of agricultural output in the Canadian economy.  Nearly 7 percent of the 

American agricultural production is located in the basin.   The emissions and 

environmental fate of POPs in the Great Lakes and St Lawrence basins have been 

extensively studied and have provided much of the information for North America in the 

present report. Comprehensive regulations are well established concerning the 

environmental release of POPs. 

 

Western Europe: In Western Europe the chemical industry, metal production and 

processing and agriculture are all significant parts of the economy.  There is a range from 

highly industrialised economies to other countries with greater reliance on agriculture 

and/or a more developing economic structure.   

 

Generally in Western Europe there is considerable information relating to industrial point 

source emissions to the atmosphere. Sources to air of well studied compounds such as 

PCBs and PCDDs/Fs are generally well characterised and inventories have been 

calculated and updated regularly via EMEP.  A number of European countries such as the 

UK and Germany also have a long industrial history, involving combustion activity in the 

form of wood and coal burning. The smelting of metals, cement kilns, and the production 

of iron and steel also have a long history in Europe, activities known to produce 

significant PCDDs/Fs emissions.  

 

Most of the Western Europe region is today part of the European Union and 

comprehensive regulations concerning the environmental release of POPs are well 

established with progressive development of harmonized regulation.    

 



 

  

The Arctic:  North America and Western Europe collectively include a large segment of 

the Arctic.  This area is of particular interest in terms of the fate of POPs in the 

environment because it is lightly populated and with a generally low intensity of 

industrialization.  However historical uses of POPs have occurred in the Arctic and waste 

disposal is continuing.  The eight Arctic countries that are members of the Arctic Council 

contribute monitoring information on POPs to the Arctic Monitoring and Assessment 

Programme (AMAP) which produces extensive periodic assessment reports. 

 

The Antarctic:  The Antarctic is not defined by national boundaries.  Because a number 

of WEOG region countries are parties to the Antarctic Treaty and are maintaining 

research activities in the area, the Antarctic has been given brief attention in this report 

(see section 4).  The Antarctic is completely surrounded by ocean and is largely snow and 

ice covered.  It is therefore remote from any significant primary source of the POPs listed 

in the Convention.  

2.5 Considerations in relation to sampling strategies 

The WEOG ROG report is based mainly upon existing programmes.  Although it is 

difficult to provide a good categorization, the following illustrates the range of objectives 

observed from the programmes contributing to the WEOG report: 

 Studies aimed to investigate levels and/or processes in areas close to historical 

local sources of POPs (e.g. HELCOM and studies in the Great Lakes region of 

North America such as IADN and GLB) and national initiatives such as in 

Australia and Spain. 

 Studies aimed to investigate levels and/or processes in areas distant from local 

sources of POPs where long-range transport and other processes are believed to 

be important in determining environmental levels and/or human exposure (e.g. 

AMAP, ARCRISK, MONARPOP and NCP) 

 Studies aimed at understanding regional and/or global transport (e.g., ARCRISK, 

EMEP and GAPS) 

 Studies aimed at providing a wide survey of levels (e.g., WHO coordinated 

human milk surveys; NHANES) 

 

It is important to be aware of the historical objectives of the different programmes that 

have been the source of information used by the ROG.  This information is contained in 

the programme summaries that are provided in Annex 1 and 2 of this report.  

 



 

  

3 ORGANIZATION OF REGIONAL IMPLEMENTATION 

The WEOG regional Organizational Group (ROG) for this third evaluation was 

composed of six experts from each of the following countries: Australia, Spain, Canada, 

Sweden, Norway and one representing the European Commission.   

 

3.1 Organization of activities 

The ROG met exclusively by teleconference calls supplemented by internet 

communication.  A record of each meeting was kept which documented key decisions 

and work responsibilities until the next meeting when progress would be reviewed.  

Sixteen such teleconferences were held before the draft report was sent to the WEOG 

focal points for their review.  The chair rotated with each meeting.  Early decisions were 

taken upon general responsibilities for coordination and drafting of the regional report 

(see acknowledgements section).  A critical path was developed of work to be performed 

in sequence leading up to the finalization of the report and which included the elements 

detailed below.  In general, this plan was followed throughout the data gathering and 

drafting process. 

 

3.2 Strategy to locate and collect information from existing programmes 

At its initial meetings, the ROG reviewed information from programmes that contributed 

to the first WEOG region report.  These programs were initially identified based upon 

survey responses obtained by the Secretariat. The basis of the selection was the 

application of the criteria contained in the “Implementation Plan for the First Evaluation 

Reports”.  For this third WEOG regional report, new programs were included if they also 

met these criteria.  

 

For obtaining POPs data for Air and Human Tissue samples, programmes were contacted 

and invited to provide “programme summaries” according to a template developed by the 

ROG.  In a few cases, the programme summaries were provided by ROG members, or by 

arrangements established by ROG members.  This usually occurred when a single 

organization is host to the data bases for several programmes as is the case of the 

Norwegian Institute of Air Research (NILU) with the air information of both EMEP and 

AMAP.  In cases where updated programmes information was available in reports or on-

line, chapter leads summarized the most relevant information in their chapters. 

 



 

  

Water was included for the second time in the WEOG report as a second tier core 

medium for PFOS, PFOA and PFHxS.  Information was compiled by a WEOG expert 

based on a literature review of published papers and reports. The Other Media chapter 

was compiled from available reports from the programmes.     

 

The drafting of the WEOG region report benefitted from ongoing and recent efforts under 

AMAP to assess temporal trends for POPs in Arctic datasets (AMAP Summary is 

included in Annex 1).   

 

3.3 Identified data gaps and strategies to fill them, including strategies and 

activities to generate monitoring data 

Following the compilation of the first WEOG region report, the ROG concluded that 

information from existing programmes in the WEOG region provides an adequate 

overview of the status of POPs in the core media for the first evaluation and therefore 

decided not to attempt to initiate any new monitoring activities.  However, some new 

activities were implemented by some countries to further enhance data coverage across 

the WEOG region and data from these programmes are included in this report. In 

addition, the current report relies more heavily on data from the scientific literature, 

compared to the previous WEOG reports.   

 

Although most of the data included in the regional report originates from existing long-

term programmes, data from smaller scale programmes and even “snapshot” data were 

included in some cases to improve geographic resolution and completeness of reporting 

for POPs.   The ROG decided on the strategy to include such data if it otherwise was 

consistent with the criteria specified in the implementation plan for the first evaluation.   

Information on PFOS, PFHxS and PFOA in water originates primarily from these types 

of data sets. 

  

3.4 Capacity strengthening needs 

The sustainability of the contributing programs and their capacity to expand the analytical 

list and assess mixtures in support of chemical assessment and management have been 

identified as ongoing and future challenges.  Also there is a need to increase the capacity 

to monitor at known sources, e.g. urban/industrial environments for commercial 

chemicals. 

 



 

  

4 METHODS FOR SAMPLING, ANALYSIS AND HANDLING OF DATA 

4.1 Background 

This 3rd report for the WEOG region builds upon activities and arrangements that 

contributed baseline and trends information from the WEOG region for the 1st and 2nd 

GMP reports.  At that time and when initiating its activities to obtain monitoring 

information, the ROG took careful note of two concepts outlined in Article 16 of the 

Convention.  First, it is stated that Parties shall make arrangements to obtain comparable 

monitoring data.  The operational procedure to achieve comparability is the application of 

the criteria for programme selection outlined in the Implementation Plan for the first 

evaluation and the measures listed in the “Guidance Document”.  Second, Article 16 

further states that the arrangements to gather data should be implemented using existing 

programmes and mechanisms to the extent possible.   

 

As noted in section 3 of this report, the ROG decided that for the first effectiveness 

evaluation, it would base its review of POPs levels in the region using information 

derived entirely from existing programmes and activities.  These same programs have 

again contributed to this 3rd report and have been supplemented by newly initiated 

programmes and information on water for the purpose of reporting for PFOS, PFOA and 

PFHxS (see Ch. 5.2 and Ch. 5.3). The ROG has not initiated any sampling, analytical, or 

data handling activities and therefore has nothing to report on such matters.  However, 

the practices to conduct these elements were carefully considered when the ROG 

reviewed information on existing programmes based upon survey responses obtained by 

the Secretariat, and selected candidate programmes to provide the basis for the first and 

second evaluation reports.  The selection was performed by application of the above 

noted criteria which resulted in the identification of more than 16 established 

international and national programmes to be the main “comparable” information sources 

for the first evaluation.  At least one member of the ROG and/or a designated WEOG 

expert (according to the expertise of that individual) then carefully examined the 

sampling, analytical, data quality, and data storage arrangements of each of the 

programmes.  This enabled the ROG to satisfy itself that such arrangements are being 

maintained and will enable comparable data from the identified programmes to be used 

by the COP now and in the future to look for changes in POPs levels over time within 

those programmes.   

 

4.1.1 Key Message regarding “comparable data” from existing programmes and 

activities 

Although the ROG believed that it is practical and realistic to expect intra-programme 

(internal) comparability, it noted that each of the established programmes has its own 

procedures for conducting its work, usually including constraints on the use of different 

analytical laboratories within each programme.  It is important to note that very few 

programmes share the same analytical laboratory with other programmes.  Since the use 

of different analytical laboratories is a major source of variance, the ROG concluded that 

it would be very difficult to achieve levels of comparability between programmes 



 

  

necessary for effectiveness evaluation. Therefore in preparing this report, the ROG 

focused on using information from programmes where measures and procedures are 

expected to provide intra-programme comparability over time for present and future 

effectiveness evaluations.  While this conclusion generally means that there will be very 

limited direct comparability between programmes and regions, significant exceptions are 

evident, such as when a programme operating in several regions has maintained a 

centralized analytical facility servicing all regions, such as with the WHO coordinated 

human milk programme. The extensive use of such measures as utilization of common 

analytical laboratories and data centres has demonstrated the possibility of achieving 

adequate comparability between well established programmes in the WEOG region. An 

example is the collaborative practices of AMAP, EMEP, OSPAR, and HELCOM. 

 

4.1.2 Availability of information to allow data to be independently evaluated 

This report provides the COP with the information requested in a concise fashion but in 

an easily accessible form.  The information is provided in four tiers:   

1 The short “Executive Summary” and “Chapter 6 Summary” elements of this 

report which inform the COP of the essential features of the levels and 

temporal trends of POPs in the region;  

2 The concise synthesis of information derived from the contributing existing 

monitoring programmes (Chapter 5 of this report);   

3 More detailed information on the nature of operation and data used from each 

of the contributing programmes.  These are termed “programme summaries” 

and are provided in Annex 1 and 2 of the WEOG report.  The Water and 

Other Media chapters include detailed information in Annexes 3 and 4. They 

were chiefly prepared by experts working in the existing contributing 

programmes; and,  

4 Ensuring that full details on any aspect of an existing programme can be 

accessed, usually through direct contact with the management or secretariats 

of each contributing programme. 

 

Therefore if an individual would like to obtain more information for example on the 

analytical methodologies, quality assurance and control, data handling, and data 

availability practices of a contributing programme, that individual has a choice of the 

degree of detail that can be accessed.  

 

4.2 Description of national and international programmes and activities that have 

contributed information for the regional report 

The following tables (Table 4.2a and Table 4.2b) briefly summarize the nature of each of 

the main sources of information on environmental levels of the core media (air and 

human milk / blood) used by the ROG for this report.  More details can be found in the 

programme summaries provided in Annex 1 and 2 including in many cases maps to 



 

  

indicate geographical coverage, while a collective synthesis of the programme results is 

provided in chapter 5.  The ROG found it difficult to develop a summary map of the 

geographic coverage due in part to the evolving nature of programmes.
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4.2.1 Programmes/activities related to air monitoring  

Table 4.2a Monitoring programmes which contributed to the assessment of POP temporal trends and levels (23 priority substances) in 

the WEOG region.  

Monitoring programme Abbrev. Region of 
interest 

Current # of 
monitoring 
sites in WEOG 

Monitoring 
period 

Monitored compounds (Stockholm conv. POPs) 

Arctic Monitoring and 
Assessment Programmea 

AMAP Arctic 8 long-term 
1 satellite 
 

1992 – 
present 
(start dates 
vary among 
stations) 

Chlordanes, PBDEs, HCB, α - and -HCH, DDTs at all stations 
In addition:  
Alert reports: aldrin, dieldrin, endrin, heptachlor, HBCDD, 

-HCH, HCBD, mirex, PeCB, PCA, PCBs, PFOA and precursors, 
PFOS and precursors, α - and β-endosulfan, endosulfan sulfate 
(screening of SCCPs) 

Stórhöfði reports: dieldrin,-HCH, PCBs, toxaphene 

Zeppelin reports: HBCDD, -HCH, PCBs, PFOA and precursors, 
PFOS and precursors, SCCPs 

Andoya reports: HBCDD, -HCH, PCBs, PFOA and precursors, 
PFOS and precursors 
Pallas reports: PCBs, α-endosulfan 

Station Nord reports: aldrin, dieldrin, endrin, heptachlor, -HCH, 
PFAS precursors, α- and β- endosulfan 
Tiksi and Amderma report: aldrin, dieldrin, endrin, heptachlor, 
mirex, PCA, PCBs 
Little Fox Lake (satellite station) reports: aldrin, dieldrin,  endrin, 
α - and β-endosulfan, HBCDD, HCB, HCHs, heptachlor, PBDEs 
(Aug 2011 – Dec 2014) 

Australia’s Casey Station Casey Antarctica 1 2010-2015 PeCB, HCB, dieldrin, aldrin, endrin, heptachlor, chlordanes, 
toxaphene, endosulfan, mirex, HCHs, DDTs, PCBs 

Australia’s National 
Passive Air Sampling and 
Archiving Program 

Australia-
PAS 

Australia 44 2011-
present 

PCBs, PeCB, HCB, HCHs, heptachlor, aldrin, dieldrin, endrin, 
chlordanes, DDTs, mirex (2012 at 15 sites only), α- and β- 
endosulfan, SCCPs (2016 at 15 sites only) 
Samples from other years and sites are archived (not analysed). 

European Monitoring 
and Evaluation 
Programme 

UNECE-
EMEP 

Europe 12 1993 - 
present 

PCBs, DDTs, chlordanes, HCB, HCHs, PBDEs 
Note that AMAP sites Zeppelin, Pallas, Stórhöfði, Station 
Nord/Villum Research station, Amderma are also EMEP sites. 
Please see additional analytical compounds above under AMAP.   
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Table 4.2a continued… 
Monitoring programme Abbrev. Region of 

interest 
Current # of 
monitoring 
sites in WEOG 

Monitoring 
period 

Monitored compounds (Stockholm conv. POPs) 

Global Atmospheric 
Passive Sampling network 

GAPS Global 46 2004 - 
present 

dieldrin, chlordane, heptachlor, DDTs, α - and β -endosulfan, 
endosulfan sulfate, PCB, chlordanes, HBCDD, HCB, PeCB, HCHs, 
PBDEs, PFOS and precursors, PCDD/Fs (2011, 2012 only) 

Great Lakes Basin 
Monitoring and 
Surveillance Program 

GLB Great 
Lakes 
(Canada) 

2 master 
stations; 1 
satellite 
station 

1992 - 
present 

aldrin, endrin, dieldrin, chlordanes, DDTs, heptachlor, HBCDD, 
mirex, PCBs, HCHs, α - and β -endosulfan, endosulfan sulfate, 
PBDEs, SCCPs 

Integrated Atmospheric 
Deposition Network 

IADN Great 
Lakes (US) 

3 master 
stations; 
2 urban 
stations 

1990 - 
present 

aldrin, chlordanes, DDTs, dieldrin, heptachlor, α - and β -
endosulfan, endosulfan sulfate, HCHs, PCBs, chlordanes, HCB, 
PBDEs, HBCDD, endrin, dieldrin 

MOnitoring NETwork 
(Europe) 

MONET (EU) Europe 23 2009-
present 

PCBs, HCHs, DDTs, HCB, PeCB, chlordanes, aldrin, dieldrin, endrin, 
heptachlor. Analysed but not yet reported: PCDDs/Fs and PBDEs 

Monitoring Network in 
the  Alpine Region for 
Persistent and other 
Organic Pollutants 

PureAlps 
(formerly 
MONARPOP, 
POPAlp, 
EMPOP, VAO 
II) 

European 
Alpine 
regions 

2 2005 - 
present 

PCB, chlordanes, HCB, PCDD/F, HCBD, α - and β-endosulfan, aldrin, 
dieldrin, endrin, DDTs, HCHs, PeCB, DBDPE, heptachlor, mirex, 
PBDEs, HBB, HBCDD, endosulfan sulfate 

National Air Pollution 
Surveillance 

NAPS Canada 
(Urban) 

29 urban, 8 
rural and 1 
suburban sites 

1989-2009 PCDD/Fs, co-planar PCBs (2004-2009) 

Northern Contaminants 
Program (Canada)a 

NCP Arctic 1 long-term; 1 
satellite 

1992 - 
present 

Alert reports: aldrin, dieldrin, endrin, heptachlor, HBCDD, HCB,  

-HCH, HCBD, mirex, PeCB, PCA, PCBs, PFOA and precursors, PFOS 
and precursors, α - and β-endosulfan, endosulfan sulfate 
(screening of SCCPs) 
Little Fox Lake (satellite station) reports: aldrin, dieldrin, endrin, α 
- and β-endosulfan, HBCDD, HCB, HCHs, heptachlor, heptachlor, 
chlordanes, DDTs, PBDEs (Aug 2011 – Dec 2014) 

Norwegian Troll Station Troll Antarctica 1 2007-
present 

PCBs, HCB, HCHs, DDTs, chlordanes, PBDEs (periodically), SCCPs 
(periodically) 

Spanish Monitoring 
Program on POPs 

SMP-POPs Spain 23 2008-
present 

PCDD/Fs, PCBs, PBDEs, HCHs, HCB, DDTs, PeCB, α - and β-
endosulfan 
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Table 4.2a continued… 
Monitoring programme Abbrev. Region of 

interest 

Current # of 

monitoring 

sites in WEOG 

Monitoring 

period 

Monitored compounds (Stockholm conv. POPs) 

Swedish National 

Monitoring programme 

for Airb 

 Sweden 3 1996-

present 

PCBs, HCB, HCHs, chlordanes, DDTs, PFOS, PFOA, PFOSA, PBDEs, 

endosulfan, HBCDD, Dioxin and furans, SCCPs (2 sites) 

Aldrin, dieldrin, heptachlor (1 site) 

Toxic Organic Micro 

Pollutants 

TOMPs UK 6 1991 - 

present 

PCDD/F, co-planar PCB, PCBs, 

PBDEs (2010-present) 

UK/Norway SPMD 

Transect 

  UK and 

Norway 

13 1994 - 

present 

PCBs, PBDEs 

aThe Northern Contaminants Program (NCP) is the Canadian National Implementation Plan of the Arctic Monitoring and Assessment Programme (AMAP).  

Data from 9 AMAP stations are presented in the current assessment, within which 1 long-term (Alert, NU Canada) and 1 satellite (Little Fox Lake, YK Canada) 

stations are operated under NCP.   
bThe Swedish Monitoring Programme operates 3 long-term stations, Råö, Aspvreten/Norunda, Pallas, for the monitoring of POPs.  These stations are also part of 

EMEP and Pallas is part of AMAP as well. 

In total 16 atmospheric monitoring programmes contributed results to this assessment.  
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4.2.2 Programmes/activities related to human tissues (milk and blood)  

Table 4.2b Programmes and activities related to human media (human milk and /or blood) that 

have contributed to the regional report. 

Programme Media Geographic 
coverage 

Time period POPs measured 

UNEP/WHO  
milk survey 

Human 
milk 

WEOG 
countries 

1987 – 2014 Aldrin, Chlordanes, DDT-complexes, 
PCDD/PCDF, endosulfan, HBCD, HCB, HCH, 
heptachlor, mirex, HBB, PBDE, PCB, PeCB, 
toxaphene  

Swedish health-
related environmental 
monitoring 

Human 
milk  

Sweden 1972 – 2017 Chlordanes, DDT-complexes, PCDD/PCDF, 
HBCD, HCB, HCH, PAC, PBDE, PCB, PFAS  

Swedish health-
related environmental 
monitoring 

Blood Sweden 1987 – 2017 dioxins/furans, FRs, HBB, HCB, HCH, PBDE, 
PCB, PeCB, PFAS 

Peer reviewed 
literature 

Human 
milk 

WEOG 
countries 

1972 – 2017 Aldrin, Chlordanes, chlordecone, 
Chlorinated Paraffins (CPs),  
DDT-complexes, PCDD/PCDF, endosulfan, 
HBB, HBCD, HCB, HCH, heptachlor, mirex, 
OCP, HBB, PBDE, PCB, PeCB, toxaphene  

Arctic Monitoring and 
Assessment Program 
(AMAP) 

Blood Alaska, 
Canada, 
Denmark, 
Faraoe Island, 
Greenland, 
Iceland, 
Norway, 
Russia, 
Sweden 

1992 – 2013 Chlordane, DDT-complexes, HCB, HCH, 
mirex, PBDE, PCB, Pentachlorophenol, 
PFAS 

Australia HBM Blood Australia 2002 – 2012  Chlordane, DDT-complexes, 
dioxins/furans, HCB, HCH, mirex, PBDE, 
PCB, PFAS 

The Canadian Health 
Measures Survey 
(CHMS) 

Blood Canada 2008 – 2016  Chlordane, DDT-complexes, HCH, mirex, 
PBDE, PCB, PFAS 

National Health and 
Nutrition Examination 
Survey (NHANES) 

Blood USA 2005 – 2015 Chlordane, DDT-complexes, 
dioxins/furans, HCB, HCH, mirex, HBB, 
PBDE, PCB, PFAS 

Biomonitorización de 
Contaminantes en la 
Población Española 
(BIOAMBIENT.ES) 

Blood Spain 2009 – 2010 Aldrin, dieldrin and endrin,  
DDT-complexes, HCB, HCH, Heptachlor, 
PCB, PFAS 

German 
Environmental Survey 
(German ESB) 

Blood Germany 1982 – 2010 HCB, PCB, Pentachlorophenol, PFAS 

 

It is important to note that the results from national programmes could be reported individually 

or through their pre-existing participation in an international programme (such as AMAP).   
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4.2.3 Programmes/activities related to water 

While the majority of the available data for this assessment was from the peer reviewed scientific 

literature (see search criteria in Section 5.2.3.2), additional results were obtained from 

government laboratories that are involved in monitoring and surveillance of contaminants in 

water. PFAS results that were available on the NORMAN EMPODAT database website 

(https://www.norman-network.com/nds/empodat/) were also downloaded. Results for rivers in 

Germany, Italy, The Netherlands and Spain previously uploaded to the database from several  

agencies (Landesamt für Umwelt, Landwirtschaft und Geologie and the Federal Environment 

Agency (UBA-DE) in German,  Association of Rhine Water Works (The Netherlands)),  and the 

European Commission Joint Research Centre, Institute for Environment and Sustainability were 

included. Data for PFASs in water were also available from national programs in Canada, 

Finland, and Australia. Regional monitoring and assessment programs within the WEOG such as 

HELCOM, OSPAR, MEDPOL and AMAP have generally not focused on measurements of 

PFASs in water. However, early measurements in lake and seawaters were made in Scandinavia 

under the Nordic Council of Ministers (Kallenborn et al., 2004). The International Council for 

Results for PFAS from the North Sea and the Baltic from 2005 to 2017 from the Exploration of 

the Sea (ICES) database were included (ICES, 2020). 

 

4.2.4 Programmes/activities related to other media 

Following the same logic that was used in the 2009 and 2015 GMP reports, the information 

relating to data concerning POPs monitored in other media is based on a brief overview of the 

published outcomes from a number of well established long term monitoring programmes 

(AMAP, NCP, Great Lakes, HELCOM, OSPAR and MEDPOL) and published data from 

Antarctica.  The data reported cover legacy POPs: PBDEs, PFOS, endosulfan, HBCD, PCNs, 

SCCPs and PCDD/Fs. 

 

These programmes have well established QA/QC procedures and publish regular updates on the 

results in the regions of interest. The uninterrupted work of these monitoring programmes since 

the early 1990s has yielded an extraordinary corpus of knowledge concerning the presence and 

pathways of POPs in the abiotic and biotic environments. To a large extent the collections of 

consistent monitoring data reported by the programmes and briefly summarized here have been 

deposited in recent years in publicly accessible repositories (www.amap.no, www.helcom.fi, and 

others) opening up and enabling a vast new field of research for environmental scientists in years 

to come. 

 

The continued existence of these long term programmes and data collections is indispensable to 

improve accuracy of assessments and the effectiveness of policies.  AMAP has contributed to 

this GMP report an extensive study on trends in POPs monitored in biota. 

 

http://www.amap.no/
http://www.helcom.fi/
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4.3 Antarctica 

The Norwegian Antarctica Station of Troll continues to report results since its establishment in 

2007 (Chapter 5.1) and measurements are ongoing. Air monitoring information from 2010-2015 

is available at the Australian station of Casey.  Baseline data and time trends of air 

concentrations of POPs in Antarctica reported in recent scientific literature at various locations 

are also included to complement results reported by the Norwegian and Australian programmes. 

 

Because human exposure of POPs is primarily derived from diet and all provisions at Antarctic 

field stations will be imported, human exposure studies would not have value in the context of 

effectiveness evaluation.    

 

There is currently no comprehensive reporting on POPs in other media from the Antarctic 

Region, and information provided in this report is based on a literature review. As the Scientific 

Committee on Antarctic Research programme in Input pathways of Persistent Organic Pollutants 

to Antarctica (SCAR ImPACT) is aiming for establishing an Antarctic Monitoring and 

Assessment Programme (AnMAP), the situation on reporting and data availability is hopefully 

improved by the next GMP report. 

 

The ROG believes that in future evaluations the engagement of the Antarctic Treaty and the 

Scientific Committee of Antarctic Research (SCAR) would be very beneficial. 

 

4.4 Data handling and preparation for the regional monitoring report 

Most of the measurements of POPs that are available across the WEOG region originate from a 

small number of existing programs.  In many cases these programs have been operating for more 

than a decade and exercise well established QA/QC protocols for sample collection and analyses.  

These methods are consistent with the standards outlined in the GMP guidance document.  

Scientists and researchers involved with these programs are at the forefront of the field and 

employ what are deemed to be the most appropriate data analysis methods based on the latest 

scientific expert opinion.    

 

The WEOG ROG has therefore relied on these programme experts for summarizing information 

on temporal trends of POPs in their respective monitoring programs.  Additional details on data 

analysis and interpretation is provided in the Annexes to this report and/or is referenced to 

program reports and publications.  

 

Many of the WEOG region programs continue to deliver data to long term databases (e.g. 

EBAS).  These databases are integral for making the monitoring data available to modelers for 

assessing regional and global transport of POPs, making connections between emissions and 

environmental burdens, and for exploring climate change and climate variability effects on 

POPs. 
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The GMP data warehouse is recognized as a useful tool for archiving GMP data and for 

comparing data and data availability across different regions.  WEOG monitoring programs that 

are not already contributing data to existing databases have been encouraged to submit data to 

the GMP warehouse.  

 

4.5 Preparation of the monitoring reports 

The ROG drafted its own report, with the assistance of several chapter leads: Hayley Hung, 

Linda Linderholm, Derek Muir, Katrine Borgå, Ramon Guardans, Matthew Macleod and Tom 

Harner. The drafting responsibilities were as follows:  Executive Summary (Tom Harner/Sara 

Broomhall and all) , and Chapters 1-4 updates (Tom Harner and all); Chapter 5 – 5.2.1 Air 

(Hayley Hung); 5.2.2 Human tissue (Linda Linderholm); 5.2.3 Water (Derek Muir, supported by 

Luc Miaz); 5.2.4 Other Media (Katrine Borgå/Ramon Guardans, supported by Malin Røyset 

Aarønes); 5.3 Long range transport (Matthew Macleod, Michael McLachlan, Li Li, Jing Li, 

Xianming Zhang, Elsie Sunderland, and John Hader); and Chapter 6  Conclusions and 

Recommendations (Tom Harner and all).  ROG members Sara Broomhall and Peter Korytar 

assisted with the review of the report. The WEOG report also benefitted from the contributions 

of Simon Wilson (AMAP).  
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5 RESULTS 

5.1 The results in context 

This 3rd GMP report for the WEOG region builds on earlier reports completed in 2009 and 2015.  

The 1st GMP report in 2009 established baseline information for the original POPs in the core 

media of air and human milk and/or blood. It was concluded that geographic coverage for the 

WEOG region as presented in the 2009 report was adequate for reporting baselines for most 

POPs.  It was also recognized that some sub-regions would benefit from supplemental 

monitoring efforts.  

 

The 2nd report in 2015 reported temporal trends for listed POPs, where available, as well as 

baseline data for newly listed POPs.  A few new programs that were implemented in the WEOG 

region since 2009 have been helping to improve spatial resolution for POPs reporting across the 

region. 

 

The 2nd report also included a summary of PFOS levels in water. Water had been included as a 

second tier medium for the GMP, for the first time.  

 

For this 3rd GMP report (and for subsequent monitoring reports), the WEOG region continues to 

rely on the long-term programs for deriving temporal trends for the older POPs and for baseline 

measurements for some of the newly listed POPs.  

 

This 3rd report takes further advantage of the wealth of data from existing programs that report 

POPs in non-core media (“Other Media”) for generating additional information on baselines and 

temporal trends in concentrations for older and newly listed POPs and changes in the exposure 

pathways driven by changes in ecosystem structure and function.   

 

5.2 Review of concentrations and their changes over time in the regions 

5.2.1 Ambient air  

5.2.1.1 Background 

This chapter summarizes temporal trends and levels of POPs measured in air in the WEOG 

region.  For the past two decades, multiple air monitoring networks provided air measurement 

data for various POPs.  The results from the networks listed in Table 5.2.1a are presented in this 

chapter.   
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Table 5.2.1a Monitoring programmes which contributed to the assessment of POP temporal trends and levels (23 priority substances) 

in the WEOG region. 

Monitoring programme Abbrev. Region of 
interest 

Current # of 
monitoring 
sites in WEOG 

Monitoring 
period 

Monitored compounds (Stockholm conv. POPs) 

Arctic Monitoring and 
Assessment Programmea 

AMAP Arctic 8 long-term 
1 satellite 
 

1992 – 
present 
(start dates 
vary among 
stations) 

Chlordanes, PBDEs, HCB, α - and -HCH, DDTs at all stations 
In addition:  
Alert reports: aldrin, dieldrin, endrin, heptachlor, HBCDD, 

-HCH, HCBD, mirex, PeCB, PCA, PCBs, PFOA and precursors, 
PFOS and precursors, α - and β-endosulfan, endosulfan sulfate 
(screening of SCCPs) 

Stórhöfði reports: dieldrin,-HCH, PCBs, toxaphene 

Zeppelin reports: HBCDD, -HCH, PCBs, PFOA and precursors, 
PFOS and precursors, SCCPs 

Andoya reports: HBCDD, -HCH, PCBs, PFOA and precursors, 
PFOS and precursors 
Pallas reports: PCBs, α-endosulfan 

Station Nord reports: aldrin, dieldrin, endrin, heptachlor, -HCH, 
PFAS precursors, α- and β- endosulfan 
Tiksi and Amderma report: aldrin, dieldrin, endrin, heptachlor, 
mirex, PCA, PCBs 
Little Fox Lake (satellite station) reports: aldrin, dieldrin,  endrin, 
α - and β-endosulfan, HBCDD, HCB, HCHs, heptachlor, PBDEs 
(Aug 2011 – Dec 2014) 

Australia’s Casey Station Casey Antarctica 1 2010-2015 PeCB, HCB, dieldrin, aldrin, endrin, heptachlor, chlordanes, 
toxaphene, endosulfan, mirex, HCHs, DDTs, PCBs 

Australia’s National 
Passive Air Sampling and 
Archiving Program 

Australia-
PAS 

Australia 44 2011-
present 

PCBs, PeCB, HCB, HCHs, heptachlor, aldrin, dieldrin, endrin, 
chlordanes, DDTs, mirex (2012 at 15 sites only), α- and β- 
endosulfan, SCCPs (2016 at 15 sites only) 
Samples from other years and sites are archived (not analysed). 

European Monitoring 
and Evaluation 
Programme 

UNECE-
EMEP 

Europe 12 1993 - 
present 

PCBs, DDTs, chlordanes, HCB, HCHs, PBDEs 
Note that AMAP sites Zeppelin, Pallas, Stórhöfði, Station 
Nord/Villum Research station, Amderma are also EMEP sites. 
Please see additional analytical compounds above under AMAP.   
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Table 5.2.1b continued… 
Monitoring programme Abbrev. Region of 

interest 
Current # of 
monitoring 
sites in WEOG 

Monitoring 
period 

Monitored compounds (Stockholm conv. POPs) 

Global Atmospheric 
Passive Sampling network 

GAPS Global 46 2004 - 
present 

dieldrin, chlordane, heptachlor, DDTs, α - and β -endosulfan, 
endosulfan sulfate, PCB, chlordanes, HBCDD, HCB, PeCB, HCHs, 
PBDEs, PFOS and precursors, PCDD/Fs (2011, 2012 only) 

Great Lakes Basin 
Monitoring and 
Surveillance Program 

GLB Great 
Lakes 
(Canada) 

2 master 
stations; 1 
satellite 
station 

1992 - 
present 

aldrin, endrin, dieldrin, chlordanes, DDTs, heptachlor, HBCDD, 
mirex, PCBs, HCHs, α - and β -endosulfan, endosulfan sulfate, 
PBDEs, SCCPs 

Integrated Atmospheric 
Deposition Network 

IADN Great 
Lakes (US) 

3 master 
stations; 
2 urban 
stations 

1990 - 
present 

aldrin, chlordanes, DDTs, dieldrin, heptachlor, α - and β -
endosulfan, endosulfan sulfate, HCHs, PCBs, chlordanes, HCB, 
PBDEs, HBCDD, endrin, dieldrin 

MOnitoring NETwork 
(Europe) 

MONET (EU) Europe 23 2009-
present 

PCBs, HCHs, DDTs, HCB, PeCB, chlordanes, aldrin, dieldrin, endrin, 
heptachlor. Analysed but not yet reported: PCDDs/Fs and PBDEs 

Monitoring Network in 
the  Alpine Region for 
Persistent and other 
Organic Pollutants 

PureAlps 
(formerly 
MONARPOP, 
POPAlp, 
EMPOP, VAO 
II) 

European 
Alpine 
regions 

2 2005 - 
present 

PCB, chlordanes, HCB, PCDD/F, HCBD, α - and β-endosulfan, aldrin, 
dieldrin, endrin, DDTs, HCHs, PeCB, DBDPE, heptachlor, mirex, 
PBDEs, HBB, HBCDD, endosulfan sulfate 

National Air Pollution 
Surveillance 

NAPS Canada 
(Urban) 

29 urban, 8 
rural and 1 
suburban sites 

1989-2009 PCDD/Fs, co-planar PCBs (2004-2009) 

Northern Contaminants 
Program (Canada)a 

NCP Arctic 1 long-term; 1 
satellite 

1992 - 
present 

Alert reports: aldrin, dieldrin, endrin, heptachlor, HBCDD, HCB,  

-HCH, HCBD, mirex, PeCB, PCA, PCBs, PFOA and precursors, PFOS 
and precursors, α - and β-endosulfan, endosulfan sulfate 
(screening of SCCPs) 
Little Fox Lake (satellite station) reports: aldrin, dieldrin, endrin, α 
- and β-endosulfan, HBCDD, HCB, HCHs, heptachlor, heptachlor, 
chlordanes, DDTs, PBDEs (Aug 2011 – Dec 2014) 

Norwegian Troll Station Troll Antarctica 1 2007-
present 

PCBs, HCB, HCHs, DDTs, chlordanes, PBDEs (periodically), SCCPs 
(periodically) 

Spanish Monitoring 
Program on POPs 

SMP-POPs Spain 23 2008-
present 

PCDD/Fs, PCBs, PBDEs, HCHs, HCB, DDTs, PeCB, α - and β-
endosulfan 



 

 44 

Table 5.2.1c continued… 
Monitoring programme Abbrev. Region of 

interest 

Current # of 

monitoring 

sites in WEOG 

Monitoring 

period 

Monitored compounds (Stockholm conv. POPs) 

Swedish National 

Monitoring Programme 

for Airb 

 Sweden 3 1996-

present 

PCBs, HCB, HCHs, chlordanes, DDTs, PFOS, PFOA, PFOSA, PBDEs, 

endosulfan, HBCDD, Dioxin and furans, SCCPs (2 sites) 

Aldrin, dieldrin, heptachlor (1 site) 

Toxic Organic Micro- 

Pollutants Air Monitoring 

and Analysis Network  

TOMPs UK 6 1991 - 

present 

PCDD/F, co-planar PCB, PCBs, 

PBDEs (2010-present) 

UK/Norway SPMD 

Transect 

  UK and 

Norway 

13 1994 - 

present 

PCBs, PBDEs 

a The Northern Contaminants Program (NCP) is the Canadian National Implementation Plan of Arctic Monitoring and Assessment Programme (AMAP).  Data 

from 9 AMAP stations are presented in the current assessment, within which 1 long-term (Alert, NU Canada) and 1 satellite (Little Fox Lake, YK Canada) 

stations are operated under NCP.   
bThe Swedish Monitoring Programme operates 3 long-term stations, Råö, Aspvreten/Norunda, Pallas, for the monitoring of POPs.  These stations are also part of 

EMEP and Pallas is part of AMAP as well. 

In total 16 atmospheric monitoring programmes contributed results to this assessment.  
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5.2.1.2  Contributing Air Monitoring Programmes 

This section provides a brief overview of the key programmes that have contributed data and 

information to the air chapter of the present report. Figure 5.2.1 shows the locations of currently-

operating sites where measurements were made under these programmes.  Details on the 

objectives, sampling methods, operation and analytical information and spatial coverage of the 

various monitoring programmes are included in the programme executive summaries given in 

Annex 1. 

 

 

Figure 5.2.1 Site map for air monitoring stations of POPs that reported results for this 

monitoring period in the WEOG region.  WEOG region is shaded in pale green. See Table 5.2.1a 

for definition of programme acronyms. Symbol shapes represent sampling types (passive ■, 

active ●) and symbol colors represent programme/network. 

 

Arctic Monitoring and Assessment Programme (AMAP) and the Northern Contaminants 

Program (NCP) 

The Arctic Monitoring and Assessment Programme (AMAP) is a Working Group of the Arctic 

Council, with a mandate to: 
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 monitor and assess the status of the Arctic region with respect to pollution and climate 

change issues; 

 document levels and trends, pathways and processes, and effects on ecosystems and 

humans, and propose actions to reduce associated threats for consideration by 

governments; 

 produce sound science-based, policy-relevant assessments and public outreach products 

to inform policy and decision-making processes. 

AMAP is based largely on ongoing national monitoring and research activities of eight Arctic 

countries on pollutant issues. AMAP coordinates these activities and works to ensure 

harmonization, to promote quality assurance activities, and to compile results for use in circum-

Arctic assessment activities. 

The NCP is Canada’s National Implementation Plan for AMAP. It features the longest time 

series for atmospheric POPs at the North American Arctic station of Alert (Canada).  

An executive summary of results from AMAP for air, biota and human tissues for this reporting 

period is given in Annex 1. 

Australia’s Casey Station (Antarctica)  

POPs were monitored at the Australian Antarctica station of Casey from December 2009 to 

November 2014.  A flowthrough air sampler developed for sampling of POPs in cold, remote 

environments (Xiao et al., 2007) was used at the abandoned Wilkes Station, 3 km north of 

Australia’s Casey Station (66°16′56″S, 110°31′32″E) (Bengston Nash et al., 2017).  The easterly 

prevailing wind direction ensured that there was minimal influence from the local Casey station.  

A total of 70 POPs were analyzed in 33 sets of samples over 5 years and results contribute to this 

assessment. 

Australia’s National Passive Air Sampling and Archiving Program 

Australia’s National Passive Air Sampling and Archiving Program deploys XAD-based passive 

air samplers (XAD-PASs) once a year since 2011 to collect air samples at 44 sites across 

Australia, including 15 background, 14 agricultural and 15 urban/industrial sites over tropical, 

subtropical, arid/semiarid, and temperate climate zones.  Samples are being archived and were 

analyzed for specific compounds during selected years. Results from measurements of SCCPs in 

ambient air samples collected in 2016 at 15 (5 remote, 6 rural and 4 urban) sites (Annex 1), and 

PCBs and OCPs at 15 (4 remote, 5 agricultural, 1 semi-urban and 4 urban) sites (Wang et al., 

2015) are included in this assessment.  Trend data can become available in the future when 

additional archived samples are analysed to assess changes in concentrations with time.   
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European Monitoring and Evaluation Programme (EMEP)  

EMEP is a scientifically based and policy driven programme under the Convention on Long-

range Transboundary Air Pollution (CLRTAP) for international co-operation to solve 

transboundary air pollution problems. The Chemical Coordinating Centre EMEP (EMEP-CCC) 

was established at NILU (Norwegian Institute for Air Research) in 1977 to harmonize previous 

international monitoring efforts. EMEP monitors POPs but also heavy metals, ozone, particulate 

matter, polycyclic aromatic hydrocarbons (PAHs) (as part of POPs monitoring), volatile organic 

compounds (VOCs) etc. In total, 52 sampling sites have been involved in POPs monitoring in air 

or precipitation samples, for short, or longer periods, as summarized in 

http://www.nilu.no/projects/ccc/emepdata.html. In total, about 120 discrete POP substances 

(excluding the PAHs) are reported to EMEP, although the number differ from site to site. 

 

Global atmospheric passive sampling (GAPS) network for POPs 

The GAPS network conducts global-scale measurements of POPs in air at more than 50 sites 

since 2005. Its objectives are to i) demonstrate the feasibility of passive air samplers (PAS) for 

POPs; ii) determine spatial and temporal trends for POPs in air; and iii) contribute useful data for 

assessing regional and global long-range atmospheric transport of POPs. Results from 46 stations 

under this network in the WEOG region are reported here. 

 

The Great Lakes Basin (GLB) Monitoring and Surveillance Program 

Air and precipitation monitoring of POPs in the Canadian Great Lakes Basin (GLB) was 

established in 1990, in collaboration with United States’ Integrated Atmospheric Deposition 

Network (IADN), and supports the Canada/US Great Lakes Water Quality Agreement.  The core 

objectives of GLB are to: a) acquire quality-assured air and precipitation concentration 

measurements of POPs; b) determine atmospheric loadings of POPs to the Great Lakes System 

and define the temporal and spatial trends of such atmospheric deposition; c) determine the 

sources of continuing inputs of these pollutants.  Measurement results from two regionally-

representative Master Stations, namely Point Petre on Lake Ontario and Burnt Island on Lake 

Huron (discontinued after March 2013); and a rural/suburban station Egbert on Lake Huron are 

included in this assessment. 

 

Integrated Atmospheric Deposition Network (IADN) 

The United States’ Integrated Atmospheric Deposition Network (IADN) collaborates with 

Canada’s GLB Monitoring and Surveillance Program to conduct air and precipitation 

measurements in the Great Lakes region. The long-term data set has allowed the determination 

http://www.nilu.no/projects/ccc/emepdata.html
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of POP loadings; development of reliable spatial and temporal trends; identification of sources 

and/or source regions; and tracking of overall chemical management efforts.  Measurement 

results from 3 US Master Stations (Eagle Harbor on Lake Superior, Sturgeon Point on Lake Erie 

and Sleeping Bear Dunes on Lake Michigan) and 2 urban stations (Chicago and Cleveland) 

obtained between 1990 and 2015 are included in the current assessment.  Additional data are 

available at the IADN Data Visualization Tool (https://iadnviz.iu.edu/). 

 

The MOnitoring NETwork (Europe) (MONET-EU)  

MONET EU was established in 2009 and is a passive air sampling network with a total of 34 

stations in 26 European countries.  Measurement results from 2013 to 2016 are reported here. 

For this reporting period, the WEOG region was represented by up to 18 sampling sites from 13 

countries; of which, 17 stations were co-located at EMEP sites. Concentrations of PCDDs/Fs and 

PBDEs were only measured at 5 sampling sites in 2015 and 4 sites in 2016. 

 

Norwegian Troll Station 

Air monitoring of POPs started at the Norwegian Antarctic station of Troll, located on Dronning 

Maud Land, in 2007.  High volume active air sampling method was used. The sampling site was 

moved in 2014 to minimize potential impacts of human activities.  Also, in 2016/17, the 

sampling duration has been extended to two weeks (previously one week samples were taken).  

Also, the sampling material for the gas phase has been changed from a polyurethane foam (PUF) 

to a PUF/XAD/PUF sandwich at this time to improve detection and reduce breakthrough which 

may affect the concentrations and trends measured for more volatile compounds (e.g. HCB). 

Data were reported from 2007 to 2018 for this reporting period. Trends were reported for two 

periods: (i) 2007-2018 and (ii) 2007-2015 when the sampling duration and gas-phase sampling 

medium were changed. These changes have resulted in higher concentrations detected and 

affected the long-term trends and half-lives. 

 

Monitoring Network in the Alpine Region for Persistent and Other Organic Pollutants 

(PureAlps) 

PureAlps and its predecessor programmes starting in 2005 with MONARPOP aim to provide 

spatial and altitudinal monitoring information of POPs and other organic pollutants to decision 

makers in the European Alpine regions. The objective of the programme is to assess the exposure 

of the alpine environment to globally transported POPs. Key features of the programme are 

ambient air measurements of POPs and bulk deposition measurements that cover the years 2005 

to 2017/2018. The project PureAlps (2016-2020) extended the data coverage on accumulation of 

POPs in the alpine biosphere (mammal herbivores, mammal predators, birds of prey, fish, and 
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insects). Air and bulk deposition monitoring were conducted using active sampling methods at 

the Environmental Research Station Schneefernerhaus at Mt. Zugspitze (“UFS”, 

Bavaria/Germany, 2650 m a.s.l.; coordinates: 10.9850 East, 47.4211 North) and the Sonnblick 

Observatory at the Hoher Sonnblick (“SBO”, Austria, 3106 m a.s.l.; coordinates: 12.9575 East, 

47.0539 North). A third sampling site at Weissfluhjoch/Switzerland contributed samples until 

2015.  Temporal trends from 2005 to 2018 in air for Stockholm Convention-listed POPs 

PCDD/Fs, PCBs, several OCPs, PBDEs (2012-2018) and HBCD (2012-2018) are included in 

this reporting period.  

 

Spanish monitoring Program on POPs (SMP-POPs) 

The Spanish Monitoring Program on POPs (SMP-POPs) was established in 2008 and started 

with air monitoring using the passive sampling method at 12 remote sampling sites co-locating at 

EMEP stations.  After two expansions in 2009 and 2011, the programme collected passive air 

samples at 23 locations (14 remote EMEP sites, 9 urban sites) in Spain between 2008 and 2019.  

Measurements are ongoing.  Quarterly samples are taken and were analysed for 69 analytes. 

 

The Swedish National Monitoring Programme for Air 

The Swedish National Monitoring Programme for Air is operated by the Swedish Environmental 

Protection Agency.  This programme operates 3 rural background long-term stations for POPs, 

Råö, Aspvreten and Pallas (Finland).  These stations are also part of EMEP and Pallas is part of 

AMAP.   

 

UK Toxic Organic Micro Pollutants (TOMPs) programme 

TOMPs (Toxic Organic Micro Pollutants) is a monitoring network which measures the 

atmospheric concentrations of PCBs, co-PCBs, PAHs, PBDEs and PCDD/Fs within the U.K. 

since 1991 using the active sampling method.  PBDEs were added to the target chemical list 

since 2010.  Currently, the monitoring sites include 2 urban (London and Manchester) and 4 

rural stations (Hazelrigg, Auchencorth, Weybourne and High Muffles). Two stations 

(Middlesbrough and Stoke Ferry) have ceased operation. Data are reported quarterly and 

temporal trends were reported for all stations since the early 1990s. 

 

The UK – Norwegian transect programme 

In 1994, a latitudinal ambient air sampling transect from the south of England to the north of 

Norway (UK-Norway transect) was established with eleven sampling sites, mainly in remote 
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locations, using a passive air sampling method.  The network, now consisting of 13 sites, 

provides continuous, long-term ambient air trend data for a range of POPs, including PCBs and 

PBDEs  

 

Other than these major programmes, additional concentration and trend data are obtained from 

peer-reviewed scientific literature or technical reports to compliment results reported. 

 

Please note that several air monitoring programmes, e.g. EMEP, GLB, IADN and Swedish 

National Monitoring Programme for Air, also include POP measurements in precipitation.  The 

Great Lakes programmes, namely GLB and IADN, conduct estimations of atmospheric loadings 

via wet and dry deposition to the lakes periodically (e.g. Guo et al., 2018).  These datasets are 

not included in this report but can be useful in future assessments if air concentration data are not 

available or there is a need to determine changes in atmospheric loadings to certain sensitive 

ecosystems, e.g. the Great Lakes. 

 

5.2.1.3  Levels and Trends of POPs in the WEOG Region 

For evaluation of long-term temporal trends, a decline in air concentrations over time is often 

quantified by an apparent first order half-life or halving-time, t1/2, which refers to the time 

required for the air concentration of a chemical to decline to half its original value.  t1/2 is 

estimated by dividing ln 2 by the negative value of the linear regression slope of the time trend 

between the natural log of air concentrations, C (pg/m3), and time (year). Similarly, for 

increasing time trends, doubling times, t2 (or negative t1/2) can be estimated.  Note that half-life 

in this context assumes that air concentrations decline exponentially as a result of atmospheric 

clearance processes (e.g. photodegradation and deposition) which differs from radioactive decay 

that refers to the unstable decay of radioactive atoms themselves.  Many compounds do not 

necessarily decline/increase linearly or consistently in the first order manner throughout the 

monitoring periods. Half-lives or doubling times are only presented here when the trends are 

declining or increasing more or less linearly and consistently. These values are only used to 

compare the relative rates of decline between stations or regions.  Readers are advised to use the 

absolute values of these half-lives or doubling times with caution.  Table 5.2.1ab –Table 5.2.1e 

summarize t1/2 and t2 (represented as negative t1/2) observed for different chemicals and regions. 

Some programmes only reported whether the trend of a certain chemical is increasing, 

decreasing or not changing without providing a quantitative rate of change, such trends are 

indicated only by color in Tables 5.2.1b-Table 5.2.1e  (green = decreasing; red = increasing; 

blue = not increasing or decreasing).  The focus of the current assessment is on the temporal 

trends of POPs.  Only rarely would actual concentration values be presented here.  Actual 
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measured values reported by various programs can be found in the programme executive 

summaries given in Annex 1.  

 

Aldrin, Endrin and Dieldrin 

Few monitoring programmes report levels of aldrin, endrin and dieldrin in air. Dieldrin was 

declining in air at t1/2 of 10 y at both Great Lakes stations of Point Petre on Lake Ontario (1992-

2017) and Burnt Island on Lake Huron (1992-2012).  A slower decline for dieldrin was observed 

at the satellite station of Egbert on Lake Ontario (1995-2006) (t1/2= 18 y).  Declines were also 

observed for aldrin at all 3 sites with slightly shorter t1/2 of 6.2-7.6 y. The Arctic stations of Alert 

(Canada) and Stórhöfði (Iceland) reported time trends of dieldrin since 1992 and 1995, 

respectively, and have shown declining trends with t1/2 of 17 and 12 y, respectively. At Station 

Nord, its half-life was extremely long (>100 y).  The long half-lives of dieldrin at these stations 

indicate that its level will likely remain consistent for an extended time.  No trend was reported 

for aldrin as it is detected in less than 10 % of the samples at Alert and Station Nord. Air 

concentrations tended to be lower in the colder months and higher in the warmer months for both 

Great Lakes and Arctic sites. Slight decreases in the warmest months were observed for dieldrin 

in all years at Alert which may be related to greater photodegradation during Arctic summer 

under 24 hour sunlight. Dieldrin in air probably results from re-emission from historical sources 

and the use of aldrin, which can be converted to dieldrin in the environment. This indicates that 

dieldrin in air has probably reached some sort of steady state with other environmental media as 

it has been banned under various national and international initiatives worldwide for more than 

30 years.  

 

In Australia (2012), dieldrin showed relatively high concentrations at some sites (ND-160 pg/m3, 

median concentration at 15 sites 12 pg/m3) measured with passive air samplers.  The highest 

concentrations were found at urban sites and, spatially, a clear increasing trend was found from 

background to agricultural and semi-urban to urban sites (Wang et al., 2015). 

 

Chlordanes, Nonachlor, Methoxychlor and Oxychlordane 

Declining or non-changing trends of trans- and cis-chlordane were observed at all Arctic 

stations, with t1/2 ranging from about 7.9-25 y for cis-chlordane and 3.2-13 y for trans-chlordane 

(excluding that of Station Nord, Greenland, which showed non-changing trends). The trans-

chlordane/cis-chlordane ratio at the Arctic sites Alert, Zeppelin, Stórhöfði, and Pallas were lower 

than 1.6, implying that chlordanes measured at theses sites were from aged sources.   

The concentrations of trans-nonachlor exhibited long declining rates at all Arctic stations with 

half-lives ranging from 10 to 36 y.  Similarly, air concentrations of cis-nonachlor were slowly 
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declining with half-lives ranging from 8.5 to 12 y.  Cis-nonachlor in air at Station Nord was 

climbing with a doubling time of 6.7 y.  At Station Nord, it appeared that cis-nonachlor began to 

increase in 2013 with unknown reasons; but concentrations were mostly below detection limits 

in 2017 and 2018, except for a few high concentration episodes.  Measurements need to continue 

at this site to better understand this trend.  The slow declines of trans- and cis-nonachlor are 

likely reflections of their persistence in the Arctic and tendencies towards equilibrium with 

surface media. 

At the 5 Great Lake background sites representing each of the lakes, t1/2 ranged from 9.4-52 y for 

individual isomers on Lakes Ontario and Huron; and half-lives for chlordane (trans- and cis-

chlordane and trans-nonachlor) on Lakes Erie, Michigan and Superior in the vapour phase 

ranged from 8.7 to 11.7 y (Salamova et al. 2015). At the urban Great Lakes sites of Chicago and 

Cleveland, chlordane t1/2 in the vapour phase ranged from 9-11.6 y similar to those found at 

remote sites.  Slow declines for cis- and trans- chlordane have been recorded also in the 

Swedish-operated stations of Råö and Pallas (annual decrease of 3-4 %) (Anttila et al., 2016; 

Fredricsson et al., 2018). Methoxychlor seems to show a declining tendency in air in the Great 

Lakes but few detectable data were available after 1995 to develop a reasonable trend. 

Oxychlordane, as the major metabolite of the chlordanes and nonachlors, showed consistent 

declining trends on Lakes Ontario and Huron with t1/2 ranging from 8.5-71 y. Globally, the 

GAPS network reported no consistent increasing or decreasing tendencies for chlordane or 

heptachlor from 2005 to 2017 and noted that their concentrations were steady and declining less 

rapidly over time at the majority of the sites. Similar to the drins, slow declines in the air with t1/2 

mostly longer than 10 years for all chlordane and nonachlor-related isomers reflects the fact that 

chlordane has been banned in the WEOG region since the 1980s and time trends seems to 

indicate a tendency towards equilibrium with other media.   

 

DDTs 

In Arctic air, DDTs at all sites were dominated by the degradation product, p,p’-DDE, which is 

indicative of old DDT residues.  Concentrations of p,p’-DDE were decreasing or not changing at 

most sites with half-lives of 8.4 to 42 y. o,p’-DDE showed decreasing trends at most sites with 

half-lives ranging from 7.6 to 17 y.  At Station Nord, o,p’-DDE increased between 2009 and 

2012 but then stabilized from 2012-2017.  Air concentration of p,p’-DDT at all Arctic stations, 

except at Station Nord, were declining with half-lives ranging from 3.4 to 20 y.  p,p’-DDT at 

Station Nord was slightly increasing but with a very long doubling time of 20 y.  o,p’-DDT was 

declining with half-lives of 7.0 to >100 y. DDT air concentrations at most Arctic sites seem to 

have reached steady state.  
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For the Great Lakes sites, consistent declining trends can be found for almost all isomers from 

1992 to 2017. The half-lives of all DDT isomers on Lake Ontario and Lake Huron ranged from 

7.2-38 y.  On Lakes Michigan, Erie and Superior for both background and urban sites, the half-

lives ranged from 9.1-12.6 y for ƩDDTs in the vapour phase (Salamova et al., 2015). 

 

The global programme of GAPS reported no consistent increasing or decreasing tendency for 

DDTs from 2005 to 2017 and noted that DDTs show different trends depending on sampling 

region with some examples of recent use. 

Under the MONET EU programme (2013-2016), the highest levels of DDTs were detected in the 

Netherlands and Malta and the lowest concentrations were measured in Pallas (Finland) and Le 

Montfranc (France). DDTs were found to be significantly decreasing at most MONET EU 

stations (Kalina et al., 2019). Under the EMEP programme, all sites have experienced a decline 

in concentrations in air over the entire monitoring period, with half-lives ranging from 5.5 to 131 

y. However, from the start of the programme to 2004 (when the Stockholm Convention entered 

into force) and 2004-2017 (after regulation), there were sites experiencing both increasing and 

decreasing concentrations of p,p’-DDT. Notably, while most sites showed declining trends from 

2004 to 2017 with half-lives ranging from 6.1-11 y, Stórhöfði (Iceland) showed a slight 

increasing trend with a doubling time of -21 y. It is possible that there are other contributions of 

DDTs to the site, such as re-emissions of formerly deposited DDTs from melting glaciers, but 

the detection frequency of the DDTs at this site was low since 2015. 

At the Swedish-operated stations of Råö and Pallas, downward trends of p,p’-DDE and p,p’-

DDT were observed in air with a reduction of about 2-5 % per year (1996-2011) (Anttila et al., 

2016).  With more data up to 2017, it was found that DDE concentrations were higher than those 

of DDT and DDD at the Swedish stations, and the trends of p,p’-DDT can no longer be derived 

(Fredricsson et al., 2018). 

At the Antarctic station of Troll, p,p’-DDE showed a consistent declining trend (Kallenborn et 

al., 2013) with a half-life of 8.4 y between 2007 and 2018 and 5.0 y between 2007 and 2015 

(after which the sampling duration has been changed from weekly to biweekly and the gas-phase 

sampling medium changed from a PUF to PUF/XAD/PUF to increase sampling capacity).  

Declining trend of ƩDDTs (half-life of 2.4 years) was also observed at 7 passive sampling sites 

close to Chinese Great Wall Station (Dec 2010 - Jan 2018) in West Antarctica (Hao et al., 2019). 

 

Heptachlor and Heptachlor Epoxide 

Heptachlor and heptachlor epoxide in Arctic air were reported for Alert (Canada) and Station 

Nord (Greenland) and their time trends show that the concentrations of both compounds are 

remaining steady. At Alert, concentrations of these compounds become mostly non-detectable 
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after 2010 and, thus, their measurements were discontinued after 2012. Similarly, between 2009 

and 2017, heptachlor has only been detectable in 2 air samples in 2010 at the Swedish station of 

Råö (Fredricsson et al., 2018). Under the MONET programme, the levels of heptachlor were 

found to be very low for all sampling sites (2013 – 2016) with highest concentrations determined 

in Mace Head (Ireland) (0.20-2.57 pg/m3) and Peyrusse Vieille (France) (0.05-1.82 pg/m3). For 

three Great Lakes sites on Lakes Huron and Ontario, continuous declining trends for both 

compounds were observed, with t1/2 ranging from 4.7 to 12 y.   

 

Hexachlorobenzene (HCB) 

HCB in air was reported at all Arctic stations, however, no significantly increasing or decreasing 

trends were observed, except for Pallas (Finland) where there was a rapid increase between 2008 

and 2010 with no specific reasons.  All other Arctic sites showed extremely long half-lives or 

doubling times (>30 y) indicating that HCB levels remained stable over time. Although it is 

known that HCB has a tendency to breakthrough in air samples collected using polyurethane 

foam plugs (PUFs), using Bidleman and Tysklind’s (2018) method to estimate the collection 

efficiency based on the frontal chromatography theory showed that the mean collection 

efficiency for HCB at Alert (Canada) is 90 % indicating that HCB is mostly captured. HCB was 

not reported for the Canadian Great Lakes stations because of potential breakthrough during 

sampling with a single PUF.  It was also not reported in the US Great Lakes region during this 

reporting period. 

As part of the EMEP programme, HCB has been monitored at 12 stations.  It was noted that 

HCB was often observed at elevated concentrations in the Arctic compared to other southerly 

European sites. Most sites showed an increase in or a steady-state condition of HCB 

concentrations in air in the period after the Stockholm Convention entered into force (i.e. after 

2004). However, prior to 2004, the three EMEP sites with available data (Birkenes, Zeppelin and 

Stórhöfði) experienced decreasing concentrations of HCB (Colette et al., 2016) (Figure 5.2.2 for 

Zeppelin and Stórhöfði). Both sites experienced a decline before the Stockholm Convention 

entered into force, and a minor increase after 2004 when the Stockholm Convention entered into 

force. HCB is an unintentional by-product from combustion, and the contribution from 

secondary emissions into air may also be important due to its high volatility and slow 

degradation in air. 

 

The PureAlps network also found non-changing trends of HCB at their two high elevation sites 

on the European Alps with a relatively high median concentration of 94 pg/Nm³ (normalised air 

volume) at both sites (2005-2017).  No trends can be developed at the 3 Swedish-operated 

monitoring stations of Råö, Aspvreten and Pallas either (Fredricsson et al., 2018).   
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Figure 5.2.2 Temporal trends of HCB at two selected EMEP sites with similar duration of 

monitoring and long-term half-lives since the onset of measurements. 

  

 

Globally, XAD passive air sampler measurements have shown reducing tendencies for HCB in 

air under GAPS from 2005 to 2008 (Shunthirasingham et al., 2010).  A pilot study conducted 

under the GAPS network using sorbent impregnated PUF or SIP as sampling medium showed 

that HCB is fairly uniformly distributed globally with concentrations ranging from 37 to 240 

pg/m3 (Koblizkova et al., 2012). 

The Spanish Monitoring Program on POPs did not find a difference between HCB 

concentrations measured at background versus urban sites, indicating that there is no point 

sources at the national level, and a significantly decreasing trend was observed from 2009 to 

2017. 

MONET reported HCB air concentrations at 13-16 sites in Europe between 2013 and 2016 with 

HCB concentrations showing highest concentrations in Austria, Iceland, Ireland and UK. The 
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high levels of HCB were also measured in Spitsbergen (Zeppelin, Svalbard, Arctic) in 2013 and 

2014. Malta had the lowest levels of HCB and PeCB for all sampling periods in general.  Kalina 

et al. (2019) found that there is a lack of consistency in time trends derived for HCB from 

collocated active and passive air samplers which may be due to ongoing emissions of HCB as a 

combustion by-product and the possibility of breakthrough in active sampling. 

 

At the Australian Antarctic station of Casey (2010-2015), HCB dominated the atmospheric 

profiles with an average concentration of 12.6 pg/m3 with higher concentrations in the austral 

summer, indicative of local, temperature-dependent volatilization.  The concentration is similar 

to those previously measured under other campaigns and the collated dataset from multiple 

studies taken since the 1990s showed that HCB concentrations seemed to have plateaued 

(Bengston Nash et al., 2017).  Hao et al. (2019) also reported HCB as the most dominant 

organochlorine found in air with no changes in trends from December 2010 to January 2018 for 

annual passive air sample measurements taken at 7 sites close to the Chinese Great Wall Station 

in West Antarctica.  Pozo et al. (2017), who collected passive air samples along the Ross Sea in 

Antarctica (Dec 2010-Jan 2011), also noted that the air concentrations of HCB remained 

unchanged when comparing their results with historical measurements. 

 

In contrast, an increasing trend for HCB was observed at the Norwegian Antarctic station of 

Troll, with a doubling time of 19 y (2007-2018) and 22 y (2007-2015) before changing the 

sampling duration to 2 weeks and the sampling medium from 1 PUF to a PUF/XAD/PUF 

sandwich. 

 

 

Mirex and Photomirex 

Air concentrations of mirex and its degradation product photomirex were reported at the Great 

Lakes stations of Burnt Island and Egbert on Lake Huron and Point Petre on Lake Ontario. Both 

compounds showed declining trends with t1/2 ranging from 8 to 28 y for mirex, and 4.6 to 9.4 y 

for photomirex. At the two high elevation sites on the European Alps, the median concentration 

of mirex was found to be 0.08 pg/Nm3 (normalised air volume) with non-changing trends.  At the 

Australian Antarctic station of Casey, mirex was measured for the first time in air in Antarctica 

and the concentrations were not showing any consistent declining or increasing trend (Bengston 

Nash et al., 2017). Air concentrations seem to tend towards equilibrium with the environment at 

all measured locations in WEOG. 
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Polychlorinated Biphenyls (PCBs) 

PCBs in air in the WEOG region tended to be generally declining in trends at all monitoring 

stations since the 1990’s.  The decline seems to have become less rapid in recent years as the 

concentrations became much lower resulting in longer half-lives (see Table 5.2.1b). 

 

At the Arctic site of Stórhöfði (Iceland), individual PCB congeners in air showed a mix of 

increasing (PCB52, 101 and 118) and decreasing trends (PCB28, 138, 153, and 180).  

Nevertheless, their half-lives or doubling times were extremely long (ranged from 17 to >100 y) 

which indicate their levels in air were not changing. In fact, the trend plots showed that PCBs at 

Stórhöfði tended to increase since 2000s, which agrees with the previous report (Hung et al., 

2016).  Such elevated levels after 2000 could be due to the enhanced release of PCBs to the 

atmosphere from the melting ice caps in a warming climate around Iceland.   

   

At the 2 summit sites in the European Alps, significant increases of ambient air concentrations at 

both sites can be observed for the entire spectrum of dioxin-like PCBs. However, these increases 

are only significant (p < 0.1) for PCB 105, PCB 114, PCB 118, and the sum of PCB (in TEQ) at 

Sonnblick (SBO) (Fig. 5.2.3). In addition, the indicator PCB 101 is also increasing significantly 

at SBO. These increases are inexplicable. 

 

Figure 5.2.3 Ambient air concentrations for the sum of dioxin-like PCB in TEQ (WHO 1998) 

 

Along the UK-Norwegian transect, PCB levels at all transect sites, which are mostly remote 

sites, decreased steadily since 1994 (Schuster et al., 2010).  After 2008, no further decrease was 

observed.  The overall concentrations declined from the south of England to the north of Norway 

and the highest concentrations were found at sites closer to population centres or construction 

work. 
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For temperate locations closer to urban centers, the rates of decline for PCBs at different TOMPs 

sites in the UK (TOMPs executive summary in Annex 1) (Graf et al., 2016) and those at the 

different Great Lakes sites in the US (Salamova et al., 2015) were not found to be statistically 

different from each other suggesting similar sources have been, and still are, contributing to the 

measurements. Primary sources from PCBs stocked in urban environments (e.g. in PCB 

transformers, electrical equipment and in landfills) still contribute to measured atmospheric 

levels. In the Great Lakes, declining or non-changing trends were observed at all US and 

Canadian sites with half-lives ranging from 8.3 to 160 y and were congener specific.  The half-

lives tended to be long (>10 y) for most congeners, implying the tendency towards equilibration 

with surrounding environmental surfaces.  Co-planar PCBs were being monitored by Canada’s 

National Air Pollution Surveillance (NAPS) (2004-2009) at 29 urban, 8 rural and 1 suburban 

sites which did not show an apparent decrease or increase in trends (CEC, 2014). 

PCB 153 was monitored since 1993 at 11 sites under EMEP and mostly showed declining trends, 

except at Stórhöfði. Anttila et al. (2016) showed that PCB levels up to 2012 at the Swedish-

operated sites of Pallas and Råö have on average decreased by 2-4 percent per year and are 

tending towards a steady state (Fredricsson et al., 2018).  

Under the Spanish programme of SMP-POPs, among the PCB congeners, non-ortho-PCBs were 

found at the lowest concentrations, about one order of magnitude below mono-ortho and two 

orders of magnitude below indicator PCBs, across all 23 sites.  Similar to the findings of the UK 

programme of TOMPs and the US IADN, spatial comparisons suggest urban populated areas as 

the main sources of PCBs.  Concentrations significantly decreased from 2009 to 2017. Results 

suggest the presence of unknown sources of PCBs since their ban (Muñoz-Arnanz et al., 2018). 

Under the MONET programme, the highest concentrations of the sum of 7 PCBs were observed 

at the EMEP station in The Netherlands (De Zilk) where a slow declining trend can be found in 

the period from 2013 to 2016. Kalina et al. (2019) report declining trends of PCBs at 6 MONET 

sites with collocated active and passive samplers. 

 

Globally, under GAPS, measurements spanning 10 sampling years are available for 20 sites 

(Figure 5.2.4). Concentrations for legacy POPs in air between 2005-2014 showed that PCB 

concentrations in air were decreasing at most sites, though at differing rates. 
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Figure 5.2.4. Global trends for PCB concentrations in air and local results for AF04, WE05 and 

WE17 

At the Troll Antarctic station, PCB 52 showed declining trends with half-lives of 10 year 

between 2007 and 2018 and 7.2 year between 2007 and 2015 (when the sampling duration has 

changed to biweekly-integrated and the gas-phase sampling medium changed from PUF to 

PUF/XAD/PUF sandwich). 

Hao et al. (2019) also reported declining trends of Ʃ18PCBs with a half-life of 2.0 years at 7 sites 

close to the Chinese Great Wall Station in West Antarctica measured using passive samplers 

from December 2011 to January 2018.  A declining trend of PCBs in Antarctic air in the last 2 

decades was also noted by Pozo et al. (2017) who compared their passive air sampling results 

along the Ross Sea (December 2010 – January 2011) with historical data from the same area. 

Several studies (Hao et al., 2019; Baek et al., 2011; Choi et al., 2008) reported high levels of 

PCB 11 (non-Aroclor congener) in Antarctic air which may have originated from local 

contamination from research stations. 

 

Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) 

Dioxin concentrations in air at two UK urban sites, namely London and Manchester, were found 

to be declining (1992-2016) at a t1/2 of about 5 y and broadly correlated with annual atmospheric 

emission trends reported.  Rural air concentrations, which are generally lower than urban 

concentrations, showed a slower decline with a half-life of about 5.8 years. Urban concentrations 
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are now similar to those in rural areas; thus, implying that most major, readily controllable 

sources were reduced and current levels in both rural and urban areas may remain similar unless 

there are major changes in energy requirements and generation options. Data collected during the 

winter periods show that concentrations are generally a factor of 2-3 higher than summer 

concentrations, implicating diffuse combustion sources (e.g., domestic space heating) (Graf et 

al., 2016).  

Under SMP-POPs in Spain, OCDD was the congener found at the greatest concentrations 

followed by the OCDF and hepta- and hexa-substituted congeners. Similar to TOMPs, spatial 

variations indicate that urban areas are the main source of PCDD/Fs and higher concentrations 

were observed during the cold seasons, probably related to increased combustion sources in 

some locations during these times. PCDD/F concentrations showed significant decreases since 

2008. This decline was sharper in urban places resulting in converging levels at urban and 

background sites for these pollutants (Muñoz-Arnanz et al., 2018).  

Consistent with observations at urban sites in the U.K. and Spain, Canada’s National Air 

Pollution Surveillance (NAPS) (1980-2009) also observed declining trends at 29 urban, 8 rural 

and 1 suburban sites after the early 1990s and during the first years in 2000s.  After 2005, a clear 

trend was not evident. This decline was attributed to control measures taken in Canada for 

PCDD/F emission sources (CEC, 2014). 

PCDD/Fs in air at 2 summit sites in the European Alps were also found to be significantly 

decreasing between 2005 and 2017.  At the Swedish-operated monitoring stations of Råö and 

Aspvreten, PCDD/Fs were measured between 2009 and 2017.  No trends were reported but the 

concentrations were generally lower in the summer (Fredricsson et al., 2018), similar to those 

observed in the UK and in Spain. 

 

-, - and -hexachlorocyclohexane (HCH) 

The HCHs were used globally as pesticides which were available in two formulae: (1) Technical 

HCH which is made up of a mixture of isomers, mainly -HCH (10−15%), -HCH (60−70%) 

and -HCH (5−12%); and (2) lindane which contains almost pure -HCH, the active ingredient. 

- and -HCH were most widely measured in air, while the air concentrations of -HCH were 

usually found to be mostly below the detection limits, with no discernible time trends or 

consistent seasonality. 

In the WEOG region, both - and -HCH concentrations were declining at most sites.  

 

At the Spanish air monitoring stations under SMP-POPs, no significant temporal trends were 

detectable from 2009 to 2011, then followed by a constant decreasing trend from 2013 to 2017 in 

both urban and remote locations.  These trends were consistent with those observed for the Great 
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Lakes and the Arctic for -HCH as noted in the last GMP report that the atmospheric decline 

rates have accelerated after its use has been restricted. 

 

In the Great Lakes, α - and γ -HCH tend to maximize over the summer which is consistent with 

enhanced volatilization during warmer periods.  The flows of the HCHs into and out of the lakes 

were about equal, indicating air-water equilibrium for these compounds.  Both - and -HCH 

showed half-lives of about 4 years in the Great Lakes region.  

α- and γ-HCH declined in Arctic air at all stations, except -HCH at Station Nord.  The half-lives 

of α-HCH ranged from 4.6 to 8.9 y, which were similar to the half-lives of γ-HCH at most Arctic 

stations (4.4 to 10 y).  γ-HCH at Station Nord showed an exceptionally long doubling time of 28 

y that implied its concentration was not changing over time.  The reductions in atmospheric 

concentrations of α- and γ-HCH in air at all Arctic stations were likely due to the declining 

global emissions of technical HCHs and lindane. 

Trend analysis of data from the Swedish-operated sites of Råö and Pallas between 1994 (1995) 

and 2011 show average decreases of α-HCH of 6 % and γ-HCH of 6-7 % per year for both 

stations (Anttila et al., 2016). Since 2005, the α-HCH air concentrations were similar at all three 

Swedish-operated stations, so there is no geographical variation between south and north. In 

contrast, the γ-HCH concentration was higher in the south (Råö and Aspvreten) compared with 

northern Finland (Pallas) (Fredricsson et al., 2018), probably because the southerly sites are 

closer to previous sources of lindane.  

Globally, the GAPS network reported declining tendencies for - and -HCH from 2005 to 2017 

and no consistent trends for -HCH. 

Under the MONET programme, HCH isomers were reported between 2013 and 2016 at 13-16 

sites.  The highest mean concentration of -HCH was measured at the Arctic site of Stórhöfði 

(Iceland) during the entire reporting period (median: 9.12 – 18.24 pg/m3).  As part of the EMEP 

programme, -HCH was measured at 12 stations and showed elevated concentrations in the 

Arctic compared to other southerly European sites as well (Colette et al. 2016). A likely 

contributing factor for the high concentrations observed in the Arctic is secondary emissions due 

to re-volatilization as a result of warming.  Kalina et al. (2019) reported statistically significant 

declining trends of- and -HCH at 6 MONET/EMEP stations. 

 

At the Antarctic Station of Casey, the air concentrations of α- and γ-HCH ranged from 0.024 to 

1.2 pg/m3 and 0.010 to 0.530 pg/m3, respectively. Levels are consistent with those detected in the 

Antarctic atmosphere over the past decade and have decreased dramatically over the past 30 

years (Bengston Nash et al.,.2017). 
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At the Norwegian Antarctic station of Troll, the air concentration of -HCH showed a 

decreasing trend with a half-life of 12 y between 2007 and 2018 and 7.2 y between 2007 and 

2015 before an implementation of biweekly-integrated sampling and inclusion of XAD in gas-

phase sampling media which affected the trend.  These findings are consistent with the 

decreasing trend of ƩHCHs (half-life of 2 years) observed at 7 sites close to Chinese Great Wall 

Station (Dec 2010- Jan 2018) in West Antarctica (Hao et al., 2019). 

  

Perfluorooctane sulfonic acid (PFOS), its salts and PFOS-F and perfluorooctane sulfonyl 

and Perfluorooctanoic acid (PFOA), its salts and PFOA-related compounds 

Per- and polyfluoroalkyl substances (PFASs) include a large number of substances, in which 

perfluoroalkyl acids (PFAAs), such as the perfluoroalkyl carboxylic acids (PFCAs) and 

perfluoroalkyl sulfonic acids (PFSAs), were found to have widespread presence in the 

environment, humans and wildlife, and tend to bioaccumulate through the food webs. PFAAs 

can be emitted directly into the environment but can also result from biotic and abiotic 

degradation of neutral precursors (Schenker et al., 2008).  The focus of this review is on PFOS 

and PFOA, as well as their precursors which can transform or degrade to PFOS and PFOA in the 

environment.   

In the Arctic, PFASs were analysed in air samples collected at Alert (Canada) (gas and particle 

phases) and at the Norwegian-operated sites of Zeppelin (Svalbard) and Andøya (Norway) 

(particle phase only).  Telomer alcohols (PFOA precursors) were analysed at Alert (Canada) and 

Station Nord (Greenland).  At Alert, air concentrations of PFOA increased from 2006 to 2013.  

After 2013, its concentration has steadily declined (Figure 5.2.5).  At its peak, i.e. 2013 to 2017, 

the half-life of PFOA at Alert was 4.8 y.   At Zeppelin and Andøya, PFOA showed gradually 

decreasing trends over the entire monitoring period.  The half-lives of PFOA at Zeppelin and 

Andøya were 3.5 and 2.1 y, respectively. 

At Alert, PFOS showed a similar trend as PFOA with a peak at 2013 (Figure 5.2.5).  Its half-life 

from 2013 to 2017 was 2.8 y. Air concentrations of PFOS were slowly declining at Zeppelin and 

Andøya with half-lives of 10 and 13 y, respectively. At Zeppelin, both PFOA and PFOS showed 

an accelerated rate of decline up to 2017 as compared to those reported previously from 2006 to 

2014 by Wong et al. (2018), probably as a result of the continuing global effort in the phase-out 

of PFOS and PFOA and related substances since the 2000s. 

Atmospheric levels of the PFAS precursor compounds declined steadily in general.  At Alert, air 

concentrations of 8:2 FTOH and 10:2 FTOH were increasing from 2006 until 2011, followed by 

a decreasing trend. Half-lives for the declining period (2011- 2017) were 4.0 y for 8:2-FTOH and 

3.0 y for 10:2 FTOH.  At Station Nord, 8:2 FTOH and 10:2 FTOH showed decreasing trends for 

the entire monitoring period (2008-2017). The half-life for 8:2 FTOH was 10 y and 10:2 FTOH 
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was 5.3 y.  However, 6:2 FTOH remained stable at both Alert and Station Nord.   These results 

were in line with findings of Rauert et al. (2018a) that stable concentrations of FTOHs were 

observed in sorbent impregnated passive air samplers (SIP-PAS) from GAPS sites deployed in 

the WEOG region from 2009-2015 (Figure 5.2.6).  In global air, Gawor et al. (2014) reported 

that 8:2 and 10:2 FTOH showed decreasing trends in XAD-based passive air sampler (XAD-

PAS) samples collected from GAPS from 2006 to 2011. Under GAPS, elevated concentrations 

of all the neutral PFAS were detected at the urban sites as compared to the polar/background 

sites. PFSAs saw significant increases (p < 0.001) in concentrations from 2009 to 2015. PFCAs 

had elevated concentrations in 2015, however, the difference was not statistically significant (p > 

0.05). Concentrations of the PFSAs and the PFCAs were similar at all location types, showing 

the global reach of these persistent compounds. 

 

 

(a) PFOA (b) PFOS

×Seasonal cycle Trend Measured
 

 

Figure 5.2.5 Time trends of PFOA and PFOS at the Arctic Stations of Alert, Zeppelin and 

Andøya from 2006-2017.  
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Figure 5.2.6 Box and whisker plots of concentrations (pg/m3) of 6:2 FTOH, 8:2 FTOH, 10:2 FTOH and 

EtFOSA detected at background and polar sites in 2009, 2013 and 2015 under GAPS. The boxes show 

median concentrations and the 25th and 75th percentiles, minimum and maximum concentrations are 

indicated by the whiskers. Mean concentrations are indicated by the diamond. Where an analyte was below 

detection limits, the sample was not included, and detection frequencies are listed below the plots. 

Concentrations (pg/m3) determined at the three urban sites are indicated separately by the triangle, square 

and circle icons. Note only Paris (France) saw detection of 10:2 FTOH above detection limits in 2009 and 

only Toronto (Canada) and Sydney (USA) saw detection of EtFOSA above detection limits in 2009.   

  

The measurements of PFAS in air started in 2009 at the Swedish station of Råö (Fredricsson et 

al., 2018), and in 2006 at the Norwegian station of Birkenes (NILU, 2019). No trend was 

reported for PFAS in air at both sites.  Similar to the observations at the Canadian Arctic site of 

Alert, the highest concentrations of PFOS were measured at Råö in 2011 and 2013, while PFOA 

peaked in 2015 and 2016. 

 

Technical Endosulfan and its Related Isomers  

Endosulfans and endosulfan sulphate concentrations in air measured in the WEOG region were 

generally declining during this reporting period. α-endosulfan air concentrations were usually 

found at higher concentrations than -endosulfan at all monitoring sites. 

Air concentrations of α-endosulfan at the Arctic stations of Alert, Pallas and Station Nord (1992-

2017) were declining with half-lives of 10, 1.6 and 2.4 y respectively.  At Alert, α-endosulfan 

was decreasing at a faster rate than previously reported for 1992-2012, which had a half-life of 

19 y (Hung et al., 2016).  This accelerated decline is probably related to the regulation of 
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endosulfan in the U.S. and Canada in 2010.  The declining rates at Pallas and Station Nord are 

fast relative to other chemicals. β-endosulfan at all Arctic stations were mostly below detection 

limit and time trends were not derived.   

 

An accelerated rate of decline of -endosulfan was also apparent at the Lake Ontario station of 

Point Petre (Figure 5.2.7) after Canada and the US started the phase out of endosulfan.  

Salamova et al. (2015) also estimated the atmospheric degradation half-life for endosulfan to be 

approximately 4 y which is significantly less than other legacy OCPs, e.g. DDTs.  

 

Significant reductions of the sum of - and -endosulfan and endosulfan sulphate were reported 

for the alpine stations of Zugspitze and Sonnblick (Kirchner et al., 2016). 

 

At the Swedish-operated stations of Råö and Pallas, α- and β-endosulfan and endosulfan sulphate 

were measured in air for 2009-2017.  α-endosulfan was measured at the highest levels compared 

to the others and ranged between <0.012-6.4 pg/m3 at Råö and 0.096-23 pg/m3 at Pallas, 

respectively. Decreasing trends of α-endosulfan were observed at both stations. 

 

At the Australian Antarctic Station of Casey (2010-2015), endosulfan was found to be the 

second-most dominant POP (after HCB) with air concentrations ranging from 0.018-3.8 pg/m3 

and an average of 0.55 pg/m3.  Endosulfan had only been reported in Antarctic air on King 

George Island (2005-2009) (Baek et al., 2011) with concentrations up to one order of magnitude 

higher than that found at Casey.  One possible reason is that King George Island lies much closer 

to the South American continent where usages occurred.  No interannual trend was discernable 

for endosulfan measured at Casey.  On the other hand, Hao et al. (2019) observed decreasing 

concentrations of endosulfans at 7 sites close to Chinese Great Wall Station (Dec 2010- Jan 

2018) in West Antarctica with a rapid half-life of 1.2 years. 

 

The Spanish programme of SMP-POPs did not find any spatial differences in the total 

endosulfan concentrations measured in air. 

 

The GAPS network reported declining tendencies for endosulfans and their metabolites globally.  
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(a) Point Petre α-endosulfan (b) (c)(b) Point Petre α-HCH (c) Point Petre γ-HCH

(d) Burnt Island α-endosulfan (e) Burnt Island α-HCH (f) Burnt Island γ-HCH

(g) Egbert α-endosulfan (h) Egbert α-HCH (i) Egbert γ-HCH

 

Figure 5.2.7 Temporal trend of -endosulfan measured in air at Point Petre, Lake Ontario (Canada) 

 

Polybrominated Diphenyl Ethers (PBDEs) 

Air concentrations of individual PBDE congeners (BDE 47, 99, 100, 138) were declining in the 

Arctic stations. Exceptions were BDE 99 and BDE 100 at Stórhöfði that were slowly rising but 

PBDEs were mostly non-detectable at this site.  In the previous report, PBDEs at Alert from 

2002 to 2012 were stable (Hung et al., 2016).  With 5 more years of data, decreasing trends of 

PBDEs were observable at Alert from 2002 to 2017, reflecting the effectiveness of the regulation 

of the penta- and octa-BDE mixtures in North America which started in 2005. 

 

BDE 209 was added to the Stockholm Convention in 2017.  At Alert, BDE 209 was slowly 

decreasing with a half-life of 4.8 y.  This could be due to voluntary measures to reduce emissions 

initiated in mid-2000 in Europe in combination with the phase-out effort of BDE209 in Canada 

and U.S. in 2013 (de Wit, 2010; Commission Regulation (EU) 2017; USEPA, 2009 and 2013; 

EC, 2013).   

 

At Zeppelin and Andøya, BDE 209 showed increasing trends with doubling times of 14 and 25 

y, respectively (Figure 5.2.8).  It is worth mentioning that at Zeppelin, the fraction of BDE 209 

ranged from 19 to 88 %, from 2006 to 2016, and increased to 97 % in 2017.  BDE 209 at 

Zeppelin became the dominant congener instead of the commonly detected BDE 47 or BDE 99.  

An increasing proportion of BDE 209 to ∑PBDEs was also observed at Andøya (Norway) in 

2017. The elevated concentrations of BDE209 could be due to the phase-out of the commercial 

penta-PBDE. 
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BDE209

×Seasonal cycle Trend Measured

 

Figure 5.2.8 Time trends of BDE209 at Alert, Zeppelin and Andøya 

 

PBDE levels have clearly decreased along the UK/Norway passive sampling transect from the 

first two-year integrated samples (2000-2002 and 2002-2004). Concentrations were elevated at 

sites where there was construction work or waste burning at the time. 

 

PBDEs were measured in air in the UK from 2010 to 2018.  Trend data for Σ9PBDE (sum of 

congeners BDE47, BDE49, BDE99, BDE100, BDE119, BDE154, BDE153, BDE138, BDE183) 

for the urban sites at London and Manchester showed evidence of a decline with an approximate 

half-life of 8.3 years. In contrast, the decline in Σ9PBDE atmospheric concentrations at the four 

rural/semi-rural sites was considerably slower with an estimated half-life of 22 years.  At all UK 

sites, air concentrations of individual congener showed BDE-47> BDE-99, and both dominated 

all calculated profiles. Given that these two congeners are the main components of the penta-

BDE (PeBDE) technical mixture, with BDE-47 accounting for 38-42 % and BDE-99 accounting 

for 45-49 % of the ΣPBDEs, these results likely reflect the extensive use of that specific 

technical mixture. 

 

Similar to the UK sites, the dominant congeners in Great Lakes air were also BDE 47 and 99, 

reflecting influence from the penta-technical mixture. At the US Great Lakes sites, the 
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concentrations of PBDEs were decreasing at the urban sites, Chicago and Cleveland, but were 

generally unchanging at the remote sites, Sleeping Bear Dunes and Eagle Harbor (2005-2013) 

(Liu et al. 2016).  On the other hand, declining trends for BDE 47 and 99 were observed at the 2 

Canadian Great Lakes sites, which are considered remote sites, with faster decline at Point Petre 

(t1/2 of 8.5 y and 6.2 y, respectively) which is closer to urban development, probably reflecting 

the replacement of these substances in cities.  However, the sum of 13 BDEs (excluding 

BDE209) showed no increasing or declining trend with t2 of -44 y. 

In Spain (2009-2017), BDE 209 was the prevalent congener found in air followed by BDE 47 

and 99 in most cases regardless of the sampling year or location type (Roscales et al., 2018).  

Highly populated areas were the main sources of PBDEs in Spain with higher concentrations in 

the summer than the winter.  No significant temporal trends were detected for total PBDE 

concentrations, neither at urban nor at remote sites. This observation may have reflected the 

difference in trends for BDE 209 (stable or increasing concentrations) and penta- or octa-

technical mixtures (stable or significant decreasing concentrations) in 2009 to 2017 due to the 

timing differences in regulation introduction regarding the different technical mixtures. 

Under PureAlps, BDE 28 and 154 showed declining trends at the alpine site of Zugspitze 

(Bavaria/Germany). No trends were found for the other congeners at this site or any PBDE 

congeners measured in air at the Sonnblick station (Austria). Under MONET EU, extremely high 

levels of PBDE100, PBDE153, PBDE154, PBDE47 and PBDE99 were found in Sonnblick 

compared to the other sampling sites in 2013 and 2014 in particular (see MONET Executive 

Summary in Annex 1). Unfortunately, the concentration of PBDEs was not measured in 

Sonnblick in the following years. 

At the Swedish-operated air monitoring stations of Råö (Sweden), Aspvreten (Sweden) and 

Pallas (Finland), with the exception of Pallas in 2014, the levels of BDE 47, 99 and 100 in air 

have decreased since the start of measurements at all three stations. No trends could be discerned 

for BDE-209. 

 

PBDEs were measured globally under GAPS; however, so far temporal trends cannot be 

elucidated due to high blank issues.  For PBDEs detected in the 2014 GAPS samples, 

concentrations were similar to those previously reported from samples collected in 2005 at 

GAPS sites, suggesting global background atmospheric concentrations of PBDEs have not 

declined since regulatory measures were implemented (Rauert et al., 2018a). 

 

Under MONET, passive air sampling at 6 EMEP stations showed generally insignificant and 

decreasing trends for the PBDE congeners, except for BDE 209 which is consistent with its 

known differences in use and emissions compared to the other PBDEs (Kalina et al., 2019). 
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Hexabromocyclododecane (HBCDD) 

Zeppelin and Alert were the only Arctic stations that had HBCDD measurements.  At Zeppelin, 

the three isomers of HBCDD (α-, β- and γ-) were only detected in 3.0 to 14 % in samples taken 

from 2006 to 2017. At Alert, HBCDD was reported as the sum of the three isomers, and the 

detection frequency is 29 % from 2002 to 2017.  The concentrations of HBCDD at both sites 

were low, in which the median of α-HBCDD at Zeppelin is 0.11 pg/m3 and at Alert was 0.22 

pg/m3.  Given the low detectability of HBCDD in Arctic air, temporal trends cannot be derived. 

 

In the Great Lakes region, HBCDD was found to be mostly non-detectable in air samples from 

2009 and 2017 at the two Canadian master stations on Lakes Ontario and Huron.  On the other 

hand, Olukunle et al. (2018) reported the concentrations of -, -, and - HBCDD in air-borne 

particles for 4 US IADN sites from January to December 2014. The median ƩHBCDD 

concentrations for the four sites were 2.0 pg/m3, 2.1 pg/m3, 1.7 pg/m3 and 5.2 pg/m3 for Chicago, 

Cleveland, Sturgeon Point and Sleeping Bear Dunes, respectively. Higher levels of ƩHBCDD 

were observed at the remote site of Sleeping Bear Dunes with comparable levels at the remaining 

three sites.  ƩHBCDD were significantly lower than or similar in concentrations to those of 

PBDEs and other halogenated flame retardants at all sites, except for Sleeping Bear Dunes, and 

there were no significant correlations between ƩHBCDD and the other flame retardants, 

indicating different sources. 

HBCDD in air at the Swedish-operated station of Råö (Sweden) (0.02-4.4 pg/m3) and Pallas 

(Finland) (0.05-0.092 pg/m3) (2009-2017) occurred only sporadically in detectable 

concentrations. No trends can be discerned for HBCDD at these sites. 

HBCDD in air is usually found to be associated with particles. The first global scale distribution 

for HBCDD has been determined based on re-analysis of GAPS Network samples from 2005-

2006 (Lee et al., 2010) which varied widely across different sites and different sampling periods. 

HBCDD diastereomers were only detected at 20 % of the GAPS sites in 2014. In the WEOG 

region, the highest concentrations of the sum of the three diastereomers were seen at Paris 

(France) with concentrations of 16− 58 pg/m3 (Rauert et al., 2018a). Future analysis of archived 

GAPS samples will help to resolve temporal tendencies for HBCDD in the global atmosphere. 

 

Pentachlorobenzene (PeCB) 

No time trend data are available for pentachlorobenzene because it has a tendency to 

breakthrough PUFs used in active air sampling programmes.   

MONET reported air concentrations of PeCB measured with passive air samplers at 13-16 

sampling sites measured from 2013 to 2016, with highest concentrations detected in Sonnblick 



 

 70 

(Austria) (median: 14.04 – 48.83 pg/m3) and lowest concentrations found in Malta (3.55-8.50 

pg/m3). 

In the European Alps, PeCB showed a significant decrease but nonetheless high concentrations 

in ambient air (medians: 36-37 pg/Nm³, normalised air volume) (Kirchner et al., 2016).  

In Spain, no significant spatial differences were detected for PeCB between urban and remote 

stations and concentrations showed lower variabilities among sites than those for other POPs. 

During 2015-2017, median concentrations remained highly stable in both remote and urban 

locations. 

The GAPS network reported seasonal results for PeCB in a pilot study using SIP as sampling 

medium showing that PeCB has fairly uniform global distribution (Koblizkova et al., 2012). 

 

Short-Chain Chlorinated Paraffins (SCCPs) 

At the Canadian Arctic air monitoring station of Alert, some air samples collected from January 

to August 2011 were screened for SCCPs and the mean and median concentrations were 913 and 

685 pg/m3, respectively, with a range of 206-2876 pg/m3.  The same analytical method was used 

to measure SCCPs in September and December 1992 showing a mean SCCP concentration of 20 

pg/m3 (range <1.7-67 pg/m3); and 4 air samples from January 1994 to January 1995 showing 

concentrations of 1.07-7.25 pg/m3.  These data suggest that there was a significant increase in air 

concentrations of SCCPs from the 1990s to 2011 (Vorkamp et al., 2019). 

 

SCCPs (C10-13) have been monitored at the Norwegian-operated stations of Zeppelin (Svalbard, 

Arctic) since 2013, and at Birkenes (Norway) since 2017.  The annual mean concentrations of 

SCCPs measured at Zeppelin in 2018 was 290 pg/m3 which is close to the lower end of the 

measured concentrations seen at Alert in 2011. The concentrations of SCCPs measured in air at 

Zeppelin showed no significant difference between the years (2013-2018) (NILU, 2019). SCCPs 

in Arctic air generally showed the predominance of the most volatile congener of C10.  Archived 

extracts from 2009 collected under the GAPS programme were analysed for SCCPs and those 

reported at 4 Arctic stations showed a concentration range of 81-1000 pg/m3 for SCCPs.  These 

results confirmed that SCCP concentrations exceeded those of PCBs in Arctic air (Vorkamp et 

al., 2019).  It was noted that SCCP measurements at these sites are semi-quantitative as the 

contributions of possible contamination during sampling and analysis have not been validated.   

 

The SCCP concentrations (2009-2017) varied between 7-220 pg/m3 at the Swedish stations of 

Råö and 6 - 2100 pg/m3 at Aspvreten (Fredricsson et al., 2018). 
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In Australia, XAD-passive air samples collected in 2016 at five remote, six rural and four urban 

sites were analyzed for SCCPs. SCCP concentrations were observed to be decreasing spatially 

from more densely to less densely populated areas (p<0.01). 

 

 

PCP/PCA 

PCA was measured in air at 2 sites on the European Alps from 2013 to 2018, with median 

concentrations of 6.35 pg/m3 for Zugspitze (Bavaria/Germany) and 6.79 pg/m3 for Sonnblick 

(Austria).  While no trend was deduced from Zugspitze, the concentrations were declining in 

Sonnblick. 

PCA is also reported in air at the Arctic station of Alert, Canada, but no trend can be derived. 

 

Hexachlorobutadiene (HCBD) 

 

HCBD was monitored at the Canadian Arctic site of Alert since 2002 but high breakthrough was 

observed.  Reported data were considered semi-quantitative and the concentrations were 

probably underestimated.  Overall, the median concentration of HCBD at Alert from 2002-2017 

was 1.8 pg/m3.  The yearly average of HCBD from (2002-2017) ranged from 1.2 to 13 pg/m3. 

HCBD at Alert showed non-changing trend with a long half-life of 20 y.  

 

Despite a decreasing trend in the European Alps, hexachlorobutadiene exhibits very high 

concentrations in air, which are a factor of 100 higher than for comparable compounds (1,178 

pg/Nm³ (normalised air volume) at Zugspitze (Bavaria/Germany) and 804 pg/Nm³ (normalised 

air volume) Sonnblick (Austria) (2014-2017). 

 

Hexabromobiphenyl (HBB or BB-153) 

No air measurement data were reported for HBB. 

 

Toxaphene 

No trend data were available for toxaphene. 

Toxaphene was detectable in air samples collected at the Australian Antarctic station of Casey 

between 2010 to 2015 but temporal trends were not reported (Bengtson Nash et al., 2017). 

Chlordecone 

No air measurement data were reported for chlordecone. 

Dicofol 
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No air measurement data were reported for dicofol. An analytical method for assessing dicofol in 

air samples exists under the GAPS Network (Eng et al., 2016) and has been applied to air 

samples from India and the GRULAC region (Rauert et al., 2018c).  This method measures o,p'-

dichlorobenzophenone (DCBP) which is a degradation product of dicofol that forms during 

instrumental analysis.  In the future, this method will be applied to WEOG region samples from 

GAPS for future GMP reporting. 

 

PCNs 

No air measurement data were reported for PCNs.  There are plans under GAPS to include 

results for PCNs in the future. 

 

5.2.1.4  Summarised Compound Specific Trends 

Tables 5.2.1b to d below summarize the general trends and half-lives/ doubling times reported 

by the different air monitoring programmes for all individual compounds or compound groups in 

air in the WEOG region. The color of each cell reflects the reported trend: green indicates 

decreasing trend, red indicates increasing trend and blue indicates a trend that is not increasing or 

decreasing (arbitrarily assigned when a reported half-life or doubling time is greater than ±50 

years). When a chemical is being measured in air, but no trend was reported or can be developed, 

the trend is labelled as “NA”. Please note that not all programmes reported half-lives/doubling 

times for all chemicals.  The reported half-lives are given as positive values and doubling times 

are shown as negative values in years.  Generally, the half-lives/doubling times were calculated 

over the entire period of monitoring for each compound/compound group and for different 

programs, the data time series span over different time frames, with some of them starting as 

early as 1990. Some programs have reported half-lives/doubling times over selected periods of 

time, e.g. EMEP reported time trends over the entire sampling period, before 2004 (when the 

Stockholm Convention came into force) and after 2004; and AMAP reported PFAS time trends 

for Alert (Canada) before and after a peak occurred. 
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Table 5.2.1b Apparent first order half-lives (t½, year) of organochlorine pesticides and ΣPCB 

Station Period ΣPCB Aldrin endrin dieldrin chlordanes t-nonachlor c-nonachlor oxychlordane ΣDDTs 

Antarctica           

Troll 2007-2015 7.2* - - - - - - - 5** 

Troll 2007-2018 10* - - - - - - - 8.4** 

Caseya 2010-2015 NA NA NA NA NA NA NA NA NA 

Chinese Great Wallb Dec 2010-Jan 2018 2 NA NA NA NA NA NA NA 2.4 

King Sejongc 2005-2007, 2008-2009 NA NA - NA NA NA NA - NA 

Station Period heptachlor heptachlor epoxide HCB -HCH -HCH -HCH Σendosulfans 
endosulfan 

sulfate 
mirex 

Troll 2007-2015 - - -22 7.2 - - - - - 

Troll 2007-2018 - - -19 12 - - - - - 

Caseya 2010-2015 NA NA NA NA NA NA NA NA NA 

Chinese Great Wallb Dec 2010-Jan 2018 NA NA  2 - - 1.2 - NA 

King Sejongc 2005-2007, 2008-2009 NA - - NA NA NA *** NA - 
a Bengtson Nash et al. (2017); b Hao et al. (2019); c Baek et al. (2011); *PCB-52 only; ** p, p’-DDE only; *** endosulfan I only; NA = Compound analyzed, but half-lives not available. 

 
Station Period PCB-153 chlordane p,p’-DDT HCB -HCH -HCH 

Europe (EMEP)  Entire Period* Before 2004* After 2004*  Entire Period* Before 2004* After 2004* Entire Period* Before 2004* After 2004*   

 Birkenes 1998-2017 
7.6  

(2004-2017) 
- - 

NA (2010-2017) - (2010-2017) 36 6.8 28 NA NA 

 Zeppelin 1993-2017 
8.5 4.1 9.5  

(2004-2017) 

NA 5.6 
(1994-2017) 

3.9 
(1994-2004) 

7.5  -440 10 -30 NA NA 

 Station Nord 2009-2017 - - - NA 18 - - 1100 - - NA NA 

 Stórhöfði 1995-2017 30 57 -32 NA 11 (1996-2017) 2.9 (1996-2004) -21 (2004-2017) 43 9.3 -20 NA NA 

 Pallas 1996-2017 
13 6.0 13 NA 11 13 7.7 -11 

(2009-2017) 

- - NA NA 

 Aspvreten 1996-2017 
13 12 17 NA 5.5 

(2008-2017) 

- - -14 

(2009-2017) 

- - NA NA 

 Råö/Rörvik 1994-2017 
20 9.1 20 NA 18 

(1995-2017) 
-4.4 

(1995-2004) 
11 

(2004-2017) 
-26 

(2009-2017, 

Råö only) 

- - NA NA 

 Westerland 2007-2017 
7.9 - - NA 131 

(2009-2017) 

- - 8.0 

(2007-2016) 

- - NA NA 

 Waldhof 2012-2017 - - - NA 11 - - - - - NA NA 

 Zingst 2007-2017 
4.3 - - NA 5.6 

(2009-2017) 
- - 5.8 

(2007-2016) 
- - 

NA NA 

 Kosetice 1999-2017 
3.5 8.2 4.2 NA 7.2 -6.4 6.1 -22 

(2006-2017) 
- - 

NA NA 

 Andøya 2009-2017 
140  

(2010-2017) 
- - 

NA 
- - - -30 - - 

NA NA 

 Schauinsland 2007-2015 9.5 - - NA - - - - - - NA NA 

*For PCBs, DDTs, and HCB, half-lives are given based on the following timescales: • Entire Period: The whole monitoring period (either starting earlier than 2004 or later than 2004),  

• Before 2004: From the starting year of the monitoring period until the Stockholm Convention entered into force for the selected compounds (2004) 

• After 2004: From the Stockholm Convention entered into force for the selected POPs (2004) until the end of 2017. 
The empty white cells mean that the available time-series are incomplete for this time period (i.e. did not start before 2004 or started later than 2004). 

Years in () denote the period if it is different from the period in column 2 and other notes. NA = Compound analyzed, but half-lives not available. 
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Table 5.2.1b Continued 
 

Station Period ΣPCB dieldrin t-chlordane c-chlordane t-nonachlor heptachlor heptachlor epoxide -HCH -HCH endosulfan I endosulfan II 

GAPS             

Alert, Nunavut 2004-2017            

Barrow, Alaska 2004-2017          NS  

St. Lawrence Island, Alaska 2005-2017            

Snare Rapids, Northwest Territories 2005 NA NA NA NA NA NA NA NA NA NA NA 

Bratt's Lake, Saskatchewan 2004-2017            

Whistler, British Columbia 2004-2017        NS NS   

Vancouver, British Columbia 2005 NA NA NA NA NA NA NA NA NA NA NA 

Dorset, Ontario 2004-2005 NA NA NA NA NA NA NA NA NA NA NA 

Downsview, Ontario 2004-2017  NS NS NS    NS NS  NS 

Simi Valley, California 2004-2005 NA NA NA NA NA NA NA NA NA NA NA 

Athens, Georgia 2004-2006 NA NA NA NA NA NA NA NA NA NA NA 

Tudor Hill 2004-2017   NS         

Ny-Ålesund 2004-2017  NS  NS   NS NS NS   

Stórhöfði 2004-2017    NS   NS  NS   

Hollola 2004-2006 NA NA NA NA NA NA NA NA NA NA NA 

Malin Head 2004-2017  NS      NS NS   

Paris 2005-2017  NS NS    NS     

Barcelona 2004-2006 NA NA NA NA NA NA NA NA NA NA NA 

Izmir 2004-2007 NA NA NA NA NA NA NA NA NA NA NA 

Isola Marettimo 2004-2006 NA NA NA NA NA NA NA NA NA NA NA 

Telde, Las Palmas 2005-2010  NS     NS NS   NS 

Darwin 2004-2017  NS NS    NS     

Cape Grim 2004-2017            

Mario Zucchelli Station 2004-2005 NA NA NA NA NA NA NA NA NA NA NA 

Little Fox Lake, Yukon 2006-2017 NS       NS  NS NS 

Dyea, Alaska 2006-2017 NS       NS    

Cortes Island, British Columbia 2006-2007 NA NA NA NA NA NA NA NA NA NA NA 

Lasqueti Island, BC 2006-2012 NS   NS        

Saturna Island, British Columbia 2006-2007 NA NA NA NA NA NA NA NA NA NA NA 

Pallas (Matorova station) 2005-2017  NS       NS   

North Island 2006 NA NA NA NA NA NA NA NA NA NA NA 

Fraserdale, Ontario 2007-2017 NS NS     NS NS NS   

Ucluelet, British Columbia 2007-2017            

Sable Island, Nova Scotia 2007-2017        NS NS   

Point Reyes, California 2007-2017            

Sydney, Florida 2007-2017   NS      NS   

Mauna Loa Obs, Hilo, Hawaii 2007-2017 NS   NS    NS NS   

Tula, American Samoa (Cape Matatula) 2007-2017            

Temple Basin, Arthur's Pass 2009-2017            

Groton, Connecticut 2009-2017 NA NA NA NA NA NA NA NA NA NA NA 

Doñana National Park 2009-2017         NS NS NS 

Coral Harbour, Nunavut 2009-2017  NS     NS NS NS   

Mount Revelstoke, British Columbia 2009-2017 NA NA NA NA NA NA NA NA NA NA NA 

Izana 2013-2017 NA NA NA NA NA NA NA NA NA NA NA 

Longwoods 2013-2017 NA NA NA NA NA NA NA NA NA NA NA 

Warsaw Caves 2013-2017 NA NA NA NA NA NA NA NA NA NA NA 

Egbert / CARE Station 2013-2017 NA NA NA NA NA NA NA NA NA NA NA 

NS = Not statistically significant following first-order kinetics 
NA = Compound analyzed, but trend not available. 
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Table 5.2.1b Continued 
 

Station Period ΣPCB aldrin endrin dieldrin chlordane ΣDDTs heptachlor HCB -HCH -HCH -HCH endosulfans mirex 

GAPS 2005-2017  NA NA          NA 
NA = Compound analyzed, but trend not available. 

 

Station Period ΣPCB aldrin dieldrin t-chlordane c-chlordane t-nonachlor methoxychlor oxychlordane 

GLB          

Point Petre (Lake Ontario) 1992-2017 17 6.2 10 9.4 9.8 13 NA 8.5 

Burnt Island (Lake Huron) 1992-2012 65 7.6 10 12 11 13 NA 12 

Egbert (Lake Huron) 1995-2006 74 7.1 18 31 34 52 NA 71 

Station Period p, p’-DDT p, p’-DDE p, p’-DDD o, p’-DDT o, p’-DDE heptachlor heptachlor epoxide HCB 

Point Petre (Lake Ontario) 1992-2017 9.1 12 7.5 9 11 6.5 4.7 NA 

Burnt Island (Lake Huron) 1992-2012 7.4 9.6 9.5 9.3 7.2 8.6 5.8 NA 

Egbert (Lake Huron) 1995-2006 12 38 12 28 14 8.3 12 NA 

Station Period -HCH -HCH endosulfan I endosulfan II endosulfan sulfate mirex photomirex 

Point Petre (Lake Ontario) 1992-2017 4.8 4.3 4.8 5.2 8.1 13 9.4 

Burnt Island (Lake Huron) 1992-2012 4.9 4.7 13 11 10 28 6.1 

Egbert (Lake Huron) 1995-2006 4.2 4.7 38 28 4.5 8 4.6 
NA = Compound analyzed, but half-lives not available. 

 

Station Period ΣPCB chlordane ΣDDTs -HCH -HCH endosulfan 

IADNd        

Chicago 1991-2017 11.9 11.6 11.9 3.9 4.3 8 

Cleveland 1991-2017 18.6 9.0 9.1 4.1 4.2 7.6 

Sturgeon Pt 1991-2017 15.3 8.7 10.4 3.5 3.6 8 

Sleeping Bear Dunes 1991-2017 12.9 9.5 9.3 3.9 3.7 8.1 

Eagle Harbor 1991-2017 13.2 10.2 10.5 4.3 4.5 8.9 

Point Petre 2013-2017 16.3 11.7 12.6 4.4 3.9 7.1 
d Salamova et al. (2015) 

 

Station Period ΣPCB aldrin endrin dieldrin chlordane methoxychlor oxychlordane ΣDDTs heptachlor 

PureAlps           

Zugspitze 2005-2017          

Sonnblick 2005-2017          

Station Period 
heptachlor 

epoxide 
HCB -HCH -HCH -HCH endosulfan endosulfan sulfate mirex 

Zugspitze 2005-2017    NA     

Sonnblick 2005-2017    NA NA    
NA = Compound analyzed, but half-lives not available. 
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Table 5.2.1b Continued 
 

Station Period HCB -HCH -HCH p, p’-DDE 

MONETe      

Košetice (active) 1996-2016 21 6 6 16 

Košetice (passive) 1996-2016 5 3 3 7 

Pallas (active) 1996-2016 -97 7 5 41 

Pallas (passive) 1996-2016 7 3 2 5 

Råö (active) 2002-2016 -55 7 6 36 

Råö (passive) 2002-2016 9 3 3 8 

Zeppelin (active) 1993-2016 -108 6 5 8 

Zeppelin (passive) 1993-2016 8 20 4 -15 

Birkenes (active) 2003-2016 83 8 7 -64 

Birkenes (passive) 2003-2016 5 5 5 -27 

Stórhöfði (active) 1995-2016 118 6 8 Infinity 

Stórhöfði (passive) 1995-2016 6 3 2 4 
e Kalina et al. (2019) 

 

Station Period ΣPCB DDTs HCB -HCH -HCH -HCH endosulfan 

SMP-POPs 2008-2017       NA 
NA = Compound analyzed, but half-lives not available. 

 

Station Period ΣPCB 

TOMPs   

London Jan 1991-2017 ~7.9 

Manchester Jan 1991-2017 ~7.9 

Auchencorth Dec 2008-2017 ~8.3 

Middlesbrough Apr 1993- July 2008 ~8.3 

Hazelrigg Sept 1992-2017 ~8.3 

High Muffles Jan 1997-2017 ~8.3 

Weybourne Dec 2008-2017 ~8.3 

Stoke Ferry Feb 1997-Dec 2007 ~8.3 

~ = values are approximate 



 

 77 

Table 5.2.1b Continued 
 

Station Period ΣPCB endrin dieldrin Chlordane t-chlordane c-chlordane t-nonachlor c-nonachlor 

AMAP          

Alert 1992-2001  - - - - - - - 

Alert 2003-2017  - - - - - - - 

Alert 1992-2017  11 17 - 10 13 12 12 

Zeppelin 1993-2017 (1998-2017) - - - 10 13 17 10 

Stórhöfði 1995-2017  - 12 - 12 14 22 - 

Pallas 1996-2017 (1997-2017) - - - 13 12 18 - 

Andøya 2010-2012 (2010-2017) - - - 3.2  7.9  10 8.5 

Station Nord 2008-2017 - NA 420 - -410 25 36 -6.7 

Little Fox Lake 2003, 2008, 2013 - - -  - - - - 

  oxychlordane p, p’-DDT p, p’-DDE p, p’-DDD o, p’-DDT o, p’-DDE o, p’-DDD heptachlor 

Alert 1992-2017 19 (1992-2012) 20 29 -13 13 16 -57 28(1992-2012) 

Zeppelin 1994-2017 - 5.4 8.4 9.3 7 7.6 9.5 - 

Stórhöfði 1995-2017 - 10 21 11 4200 (1996-2017) - - - 
Pallas 1997-2017 - 11 42 -35 - - - - 

Andøya 2010-2016 - 3.4 28 -133 9.7 17 9.3  

Station Nord 2008-2017 - -20 -29 -5.6 -13 -1.9 - -23 

  heptachlor epoxide HCB -HCH -HCH endosulfan I 

Alert 1992-2017 23 (1992-2012) 35 4.6 4.4 10 

Zeppelin 1993-2017 - -2740 5.3 4.4 - 

Stórhöfði 1995-2017 - 54 6 7.3 - 

Pallas 1996-2017 - -4.4 (2008-2017) 7.4 5.4 1.6 (2009-2016) 

Andøya 2010-2017 - -33 8.3 10 - 

Station Nord 2008-2017 23 44 8.9 -28 2.4 

Little Fox Lake 2003, 2008, 2013 -     
Years in () denote the period if it is different from the period in column 2. 

NA = Compound analyzed, but half-lives not available. 

 

Station Period ΣPCB chlordane ΣDDTs HCB -HCH -HCH 

NILU        

Birkenes 1991-2018 (2004-2017) (2010-2016) NA (2010-2017) (1993-2017)   

Zeppelin 1993-2018 (2001-2017, older data may be contaminated)  NA (1994-2017)    

Andøya 2009-2018 (2009-2016) - NA (2010-2016)  (2010-2016) (2010-2016) 
Years in () denote the period if it is different from the period in column 2. 

NA = Compound analyzed, but half-lives not available. 
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Table 5.2.1b Continued 
 

Station Period ΣPCB 

UK-Norway Transect   

North Wyke 1994-2008  

Aberystwyth 1994-2008  

Hazelrigg 1994-2008  

Colonsay 1994-2008  

Ullapool 1994-2008  

Birkenes 2010-2016  

Ualand 1994-2008  

Osen 1994-2008  

Fureneset 1994-2008  

Namsvatnet 1994-2008  

Bodø 1994-2008  

Tromsø 2010-2016  

Lakselv 1994-2008  

 
 

Station Period ΣPCB 

NAPS 2004-2009 Co-planar PCBs only 

 
 

Station Period ΣPCB aldrin dieldrin chlordane ΣDDTs heptachlor HCB -HCH -HCH -HCH endosulfan 
endosulfan 

sulfate 

Swedenf              

Råö 1996-2017 No decrease in recent years NA NA   NA NA  NA   NA 

Pallas 1996-2017 No decrease in recent years NA NA   NA NA  NA   NA 

Aspvreten 1996-2017 No decrease in recent years NA NA NA (2009-2017) NA (2009-2017) NA NA  NA NA - - 
f Fredricsson et al. (2018) 
NA = Compound analyzed, but half-lives not available. 
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Table 5.2.1c Apparent first order half-lives (t½, year) of PBDEs and HBCDD 

 
Station Period ΣPBDEs HBCDD 

GAPS 2005-2017  NA 
NA = Compound analyzed, but half-lives not available. 

 
Station Period ΣPBDEs HBCDD 

GLB    

Point Petre (Lake Ontario) 1992-2017 -44 (2002-2017) NA 

Burnt Island (Lake Huron) 1992-2012 -4.2 (2005-2013) NA 

Egbert (Lake Huron) 1995-2006 NA - 
NA = Compound analyzed, but half-lives not available. 

 
Station Period ΣPBDEs 

IADNd   

Chicago 1991-2017 11 

Cleveland 1991-2017 5.6 

Sturgeon Pt 1991-2017  

Sleeping Bear Dunes 1991-2017  

Eagle Harbor 1991-2017  

Point Petre 2013-2017  
d Salamova et al. (2015) 
 

Station Period ΣPBDEs HBCDD 

PureAlps    

Zugspitze 2005-2017 Declining BDE 28 and 154  

Sonnblick 2005-2017 - NA 

NA = Compound analyzed, but half-lives not available. 

 
Station Period ΣPBDEs 

SMP-POPs 2008-2017  

 
Station Period ΣPBDEs 

TOMPs   

London Jan 1991-2017 ~8.3 

Manchester Jan 1991-2017 ~8.3 

Auchencorth Dec 2008-2017 ~22 

Middlesbrough Apr 1993- July 2008 ~22 

Hazelrigg Sept 1992-2017 ~22 

High Muffles Jan 1997-2017 ~22 

Weybourne Dec 2008-2017 ~22 

Stoke Ferry Feb 1997-Dec 2007 ~22 

~ = values are approximate 
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Table 5.2.1c Continued… 
 

Station Period ΣPBDEs HBCDD 

AMAP    

Alert 1992-2017 (2002-2017) NA 

Zeppelin 1993-2017 (2006-2017)  NA 

Stórhöfði 2008-2017 * - 

Pallas 2003-2017  - 

Andøya 2010-2016  - 

Station Nord 2014-2017 ** - 

Little Fox Lake 2012-2014  - 

Years in () denote the period if it is different from the period in column 2. 
NA = Compound analyzed, but half-lives not available. 

*BDE 47 decreasing; BDE 99 and 100 increasing but mostly non-detectable. 

** BDE 47 increasing with t2 of 20 y and BDE 99 decreasing with t1/2 of 4.2 y 

 
Station Period ΣPBDEs HBCDD 

NILU    

Birkenes 2006-2018 (2008-2017) NA 

Zeppelin 1993-2018  NA (2006-2018) 

Andøya 2009-2016  - 
NA = Compound analyzed, but half-lives not available. 

 
Station Period ΣPBDEs 

UK-Norway Transect   

North Wyke 2000-2016  

Aberystwyth 2000-2016  

Hazelrigg 2000-2016 NA 

Colonsay 2000-2016  

Ullapool 2000-2016  

Birkenes 2010-2016  

Ualand 2000-2016  

Osen 2000-2016  

Fureneset 2000-2016  

Namsvatnet 2000-2016  

Bodø 2000-2016  

Tromsø 2000-2016  

Lakselv 2000-2016  
NA = Compound analyzed, but half-lives not available. 

 
Station Period ΣPBDEs HBCDD 

Swedenf    

Råö 1996-2017 (47, 99, 100 only) NA 

Pallas 1996-2017 (47, 99, 100 only) NA 

Aspvreten 1996-2017 (47, 99, 100 only) NA 
f Fredricsson et al. (2018) 
NA = Compound analyzed, but half-lives not available. 



 

 81 

Table 5.2.1d Apparent first order half-lives (t½, year) of PFOS, PFOA, and fluorinated compounds 

Station Period PFOS PFOA 6:2 FTOH 8:2 FTOH 10:2 FTOH MeFOSE EtFOSE MeFOSA EtFOSA 

AMAP           

Alert 
Before 

peak year 
-5.5 

(2006-2013) 
-6.6 

ND 
(2006-2011) 

-2.6 
(2006-2011) 

-3.3 
(2006-2011) 

- - - - 

Alert 
After peak 

year 
2.8 

(2013-2017) 
4.8 

ND 
(2011-2017) 

4.0 
(2011-2017) 

3.0 
(2011-2017) 

- - - - 

Alert 
Entire 
period 

NA 
(2006-2017) 

NA 
(2006-2017) 

13 
(2010-2017) 

NA 
(2010-2017) 

NA 
(2010-2017) 

NA 
(2006-2017) 

NA 
(2006-2017) 

NA 
(2006-2017) 

NA 
(2006-2017) 

Zeppelin 2006-2017 10 3.5 - - - - - - - 

Andøya 2010-2017 13 2.3 - - - - - - - 

Station Nord 2008-2017 - - -14 10 5.3 
NA 

(2008-2017) 
NA 

(2008-2017) 
NA 

(2008-2017) 
NA 

(2008-2017) 
NA = Compound analyzed, but half-lives not available. 

 
Station Period PFOS and related chemicals PFOA and related chemicals 

Swedenf    

Råö 2009-2017 No clear trend No clear trend 

Pallas 1996-2017 P P 
f Fredricsson et al. (2018) 
P = Planned for future analysis 
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Table 5.2.1d  Apparent first order half-lives (t½, year) of PCDD/Fs, HCBD, SCCPs, PCP/PCA 

Station Period SCCPs 

Australia 2016 NA 

EMEP 1993-2017 P 
P = Planned for future analysis 

 

Station Period SCCPs 

GLB   

Point Petre (Lake Ontario) 1992-2017 P 

Burnt Island (Lake Huron) 1992-2012 - 

Egbert (Lake Huron) 1995-2006 - 
NA = Compound analyzed, but half-lives not available. 

P = Planned for future analysis 

 

Station Period PCDD/Fs HCBD PCP/PCA 

PureAlps     

Zugspitze 2005-2017    

Sonnblick 2005-2017    

 

Station Period PCDD/Fs 

SMP-POPs 2008-2017  
NA = Compound analyzed, but half-lives not available. 

 
Station Period PCDD/Fs 

TOMPs   

London Jan 1991-2017 ~5 

Manchester Jan 1991-2017 ~5 

Auchencorth Dec 2008-2017 ~5.8 

Middlesbrough Apr 1993- July 2008 ~5.8 

Hazelrigg Sept 1992-2017 ~5.8 

High Muffles Jan 1997-2017 ~5.8 

Weybourne Dec 2008-2017 ~5.8 

Stoke Ferry Feb 1997-Dec 2007 ~5.8 
~ = values are approximate 

 

Station Period HCBD SCCPs 

AMAP    

Alert 1992-2017 20 (1992, 1994-1995, 2011) 

Zeppelin 2013-2017 -  

 

Station Period SCCPs 

NILU   

Birkenes 2017-2018  

Zeppelin 2013-2018  
 

 

Station Period PCDD/Fs 

NAPS 1989-2009  
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5.2.1.5  Summary and Conclusions 

 Most POPs that have been regulated for extended periods of time (>30 years) in the 

WEOG region, e.g. DDTs, the drins, PCBs and chlordanes, are now either showing 

slower rates of decline with longer half-lives or no further decreases are observable in 

recent years, indicating that they are approaching steady state with other environmental 

media. 

 Measurements at locations closer to urban centers indicate that primary sources of PCBs 

stocked in cities (e.g. old transformers and electrical equipment and in waste streams) 

still continue to contribute to measured air concentrations resulting in relatively slow 

decreases with long half-lives (>10 years). Non-Aroclor related PCBs are found at some 

locations, reflecting unintentional release (e.g. PCBs in paints, combustion-related 

PCBs). 

 HCB showed slightly increasing trends at some Arctic, European and Antarctic stations 

which may be related to secondary emissions due to warming and emissions as 

unintentional by-products from combustion; reflecting its high volatility and slow 

degradation in air. 

 In the last reporting period, PBDEs related to the penta- and octa-BDE mixtures were not 

declining in North American air as was observed in Europe. With additional data in this 

reporting period, decreasing trends of these PBDEs are now observed reflecting the 

effectiveness of the regulation of these technical mixtures.  On the other hand, decaBDE 

(BDE 209) was found to be increasing or not changing in concentrations over time which 

is probably because it was not yet regulated during this reporting period and its use as a 

replacement for the penta- and octa-BDE mixtures which were regulated earlier. 

 Accelerated decline of endosulfan was observed in air as its usage was phased out 

domestically and globally under the Stockholm Convention. 

 PFOS, PFOA and their precursor compounds are either showing accelerated declining 

trends or their concentrations have peaked (after earlier increasing trends) as a result of 

the global regulation of these chemicals. 

 Time trends of some POPs (HBCDD, SCCPs, PCP/PCA, HCBD, PeCB, and toxaphene) 

and air concentration data of HBB, chlordecone, dicofol, and PCNs, are lacking; probably 

due to difficulties in chemical analysis, low or non-detectable concentrations in air, or 

sampling artefacts (e.g. breakthrough in active air sampling or high blank levels). 

 Air monitoring programmes have started or are planning to measure the newer POPs (e.g. 

SCCPs, HBCDD, PFOA and related chemicals) to determine baseline concentrations.  

Additional data in the next reporting period will enable the assessment of temporal 

trends. 
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5.2.1.6  Recommendations, Challenges and Future Outlook 

 

Many new POPs and emerging chemicals of concern have been in use for many years before 

their discovery.  Air monitoring programmes should maintain sample or extract archives to be 

retrospectively analysed for assessing how levels of emerging contaminants have changed over 

time.  The inclusion of suspected chemicals of concern in long-term monitoring programmes also 

helps to establish trends to inform policies and to monitor the effectiveness of regulations. 

 

New POPs, such as HCBD, PBDEs, PFOS, PFOA and related chemicals, differ from legacy 

POPs in many aspects, including their physical-chemical properties, transport and transformation 

mechanisms and form of emission. Sampling strategies may need to change in order to capture 

these substances, e.g. include sorbents that can minimize breakthrough in active sampling and 

increase sampling capacity in passive sampling.  Also, employ clean field and laboratory 

practices to contsrain blank levels. 

 

Some POPs (e.g. HBCDD, precursors of PFOS and PFOA) generally have very low 

concentrations in air, making the development of atmospheric trends difficult.  Assessments of 

their historical atmospheric deposition through analysis in precipitation over time, as well as in 

dated ice/snow/sediment cores, can complement air measurements in the evaluation of regulatory 

effectiveness. 

 

While the occurrence of a chemical in air at a remote location provides evidence for its long-

range transport potential, the air concentrations of some POPs are very low and mostly non-

detectable at some remote or background sites, e.g. consumer-product-related chemicals PBDEs, 

HBCDD, PFOS, PFOA and related compounds.  Monitoring programmes should consider 

increasing monitoring at locations closer to known sources, e.g. in urban and/or industrial areas, 

to assess emission changes over time in response to regulation. 

 

The increasing number of POPs continue to add pressure on monitoring programmes and 

analytical laboratories in terms of funding, resources and need for development of new sampling 

and analytical methodologies. Monitoring strategies need to be reviewed periodically to ensure 

the sustainability of the programmes.  It is notable that some programmes have reduced the 

number of sampling sites and/or sampling frequencies since the last reporting period.  Some 

programmes have taken samples but have only analysed a few selected POPs in selected years, 

without any reportable temporal trends.  It is recommendable to develop a monitoring strategy 

such that the long-term temporal trends of POPs can still be assessed with a reduced sampling or 

analytical schedule.  For instance, the GAPS program compared concentrations of PFOS, PFOA 

and related compounds measured in 2013 and 2015 with those reported from 2009, to assess 

trends over 7 years of monitoring (Rauert et al., 2018b).  Archived air samples or extracts can 

also be used to retrospectively analyse for POPs to rebuild time trends when funding and 

resources become available in the future. 

 

While the concentrations of most POPs are declining in air, the number of chemicals that have 

been identified as POPs and their related chemicals (precursors, transformation products), as well 

as chemicals used as their substitutes after regulation, form complex mixtures in the environment 

that may result in various toxicity end points.  Some monitoring programmes have developed 
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strategies to screen air samples for new chemicals of concern and to assess the potential hazard 

of chemical mixtures.  Such techniques include database screening of global commercial 

chemical inventories for substances with POP-like properties, a combination of non-target and 

targeted analysis to verify the presence of suspect chemicals and their transformation products, 

and sensitive in vitro techniques to assess different toxicity endpoints, such as transcriptomic 

studies for toxicity profiling.  There is increasing need for better connections between air 

monitoring and long-term effects of human and environmental exposure to mixtures of 

chemicals. 

 

Observed changes in temporal trends of many POPs indicate influence of climate and 

social/economic changes.  Environmental fate and transport modelling is useful in linking 

chemical emissions to observed changes of POPs in air and other media and can help to better 

understand and interpret observed trends.  On the other hand, inverse modelling using observed 

measurements in the environment can help constrain changes in chemical emissions; further 

informing the Convention on the effectiveness in chemical management strategies. 
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5.2.2 Human tissues (milk and/or blood) 

5.2.2.1  Background  
The analysis of trends of POPs in human tissues is based on data that have been collected with 

the aim to evaluate international, and when possible national, trends of pollutants in breast milk 

and human blood. Data have been collected from several sources and cover several years (Table 

4.2b). Datasets from national and international coordinated biomonitoring programmes constitute 

a majority of the observations in the dataset. These datasets are complemented with data on 

breast milk retrieved from peer reviewed scientific papers.  

Variation in concentrations of POPs in human tissues is the result of several underlying factors 

that contribute to the overall variation. Non-time dependent variations (such as regional 

differences and sampled population) thus influence the robustness of trends presented in this 

chapter. The data sources used cover a broad range of monitoring and survey strategies focusing 

on targeted populations (such as students in the German ESB and socio-cultural cohorts in 

AMAP and peer reviewed papers) or using a multistage, probability sampling design that obtain 

nationally representative concentrations (NHANES). It is important to note that differences in 

data collection strategies between the data sources decrease the potential for evaluation of 

general trends and patterns across the WEOG region when data are jointly evaluated.    

To facilitate the analysis of trends and its interpretation, metadata are included for each source of 

data used in this chapter. Age of the mother and the proportion of primapara (woman who has 

had one pregnancy) are two such factors that are commonly used for POPs data on breast milk 

that are important for interpretation of concentration of POPs. Variation in POP concentration 

levels in blood is affected by age, gender, life history and socio-cultural factors as well.  

 

5.2.2.2 Quality assurance and quality control and data treatment 

During the work to assemble data on POPs in human tissue, a data treatment procedure has been 

conducted to harmonize data. This was achieved by setting up a process of quality assurance and 

quality control (QA/QC) practices. The overall aim of these processes was to get a common 

standard for the data to ensure comparability within and between data sources. All data collected 

were assembled in a primary dataset that contained all raw data from each data source. Separate 

primary datasets were created for breast milk and human blood data using variables presented in 

Table 5.2.2 (human milk) and Table 5.2.3 (human blood). After a series of data treatment steps 

and selection of data to improve comparability of data, final datasets for breastmilk and human 

blood were produced. These final datasets were then used for analysis of trends and patterns of 

POPs in human tissue. A more extensive description of the QA/QC and data treatment can be 

found in Annex 8.2. 
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Table 5.2.2 Variables included in the primary dataset for trend analysis in POPs in human milk. 

Variable name Description 

Substance Compound name 

Substance group under 

Stockholm Convention  

Substances as defined by the Stockholm Convention 

Concentration Value of POP concentration in breast milk 

Unit Unit of concentration, DL and QL 

Year Year of sampled data 

Country WEOG country origin of sample  

Continent Continental group of WEOG country   

Matrix Sampling matrix (breast milk) 

Age Age of mother at sampling 

Primapara Percentage of primapara a in sample 

Detection Proportion of data below DL or QL 

LD Limit of detection  

LQ Limit of quantification 

TEQ  WHO toxic equivalent scheme used for data on dioxins, furans and dl-PCBs: 

TEQ 1990, TEQ 1998 (LB and UB), TEQ 2005 (LB and UB) 

Data info Type of data: single measurement or aggregated data  

(mean, median, min, max, percentiles) 

Sample info Information if data is based on pooled sample or individual samples 

Reference Reference for collected data 
a a woman who has had one pregnancy. 

 

Table 5.2.3 Variables included in the dataset for trend analysis in POPs in human blood. 

Variable name Description 

Substance Compound name 

Substance group under 

Stockholm convention  

Substances as defined by the Stockholm Convention 

Concentration Value of POP concentration in human blood 

Unit Unit of concentration, DL and QL 

Year Year of sampled data 

Country WEOG country origin of sample  

Region Region within country that have been sampled 

Continent Continental group of WEOG country   

Matrix Sampling matrix (serum, plasma, blood) 

Age Age of sampled cohort 

Gender Information on gender in sampled cohort 

Detection Proportion of data below DL or QL  

Quantity Number of samples used in summary statistics 

Number BDL Number of samples below DL or QL 

LD Limit of detection  

LQ Limit of quantification 

Statistical measure Type of data: single measurement or aggregated data  

(mean, median, min, max, percentiles) 

Cohort information Metadata about sampling cohort based on stratification of sampled population 

(gender, age group, lifestyle) 

Source Sampling or monitoring programme 
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5.2.2.3 Human milk 

 

Primary dataset 

All collected data for human milk were compiled into the primary human milk data set. It 

contains 18 593 observations covering a period ranging between 1972 and 2017 (Figure 5.2.9). 

To address factors that can be considered important for interpreting trends in POPs in breast 

milk, metadata were added for comparison between data sources. Such factors are the type of 

data that have been retrieved that may represent primary non-aggregated (raw data) or 

aggregated (mean, median, min, max, percentile) data as well as primapara and age. Data sources 

that contributed to the primary dataset and summaries of data retrieved from each data source are 

specified below. 

 

 

Figure 5.2.9. Distribution of observations per country in the WEOG region in primary human 

milk dataset used for trend analysis of POPs. 

 

WHO/UNEP milk survey 

Human milk data from WEOG countries from the Global Monitoring Plan Data Warehouse 

(GMP DWH) were used to include a comparable and harmonized data set on POP concentrations 

in breast milk across several countries (Figure 5.2.10). Data from the latest sampling, in 2019, 

was not included in this report since the data was not accessible at the time when the data was 
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collected for this report. The GMP DWH encompasses all relevant documentation on data 

collection, analysis as well as data storage and data that are provided through their web portal. 

This documentation can be found in Hulek et al. (online: www.pops-gmp.org/visualization-2014) 

and background documentation. Breast milk data were downloaded for breast milk matrix for 

WEOG countries.  

Criteria for selecting donors for the WHO/UNEP milk survey population are specified in 

Guidelines for developing a national protocol in the Fourth WHO-Coordinated Survey of Human 

Milk for Persistent Organic Pollutants in Cooperation with UNEP (2007). This document gives a 

general starting point for selection of donors for this survey that they should be primapara and 

should be under 30 years of age. The primary dataset from WHO milk survey contains 4 369 

observations over a period from 1987 to 2014 (Table 5.2.4). 

 

Figure 5.2.10. Distribution of observations per country in the WEOG region in data retrieved 

from the WHO/UNEP milk survey. 

http://www.pops-gmp.org/visualization-2014
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Table 5.2.4. Summary of data retrieved from the UNEP/WHO milk survey. 

Stockholm 

Convention 

substances 

N Range year N statistical measure Proportion  

below  

DL / QL (%) 

   non-

aggregated 

mean median min/ 

max 

percentiles  

Aldrin, dieldrin 

and endrin 

65 2001 – 2012 36 2 5 22 0 0 / 60 

Chlordane 78 2001 – 2012 39 3 6 30 0 0 / 67 

Chlordecone 0         

Chlorinated 

Paraffins  

0        

DDT complex 208 2001 – 2012 104 8 16 80 0 0 / 45 

dioxins/furans 2105 1987 – 2014 889 64 256 896 0 0.14 / 2.14 

Endosulfan 78 2001 – 2012 39 3 6 30 0 0 / 100 

Flame retardants 0        

HBB 0        

HBCD 15 2006 – 2012 9 0 0 6 0 0 / 67 

HCB 26 2001 – 2012 13 1 2 10 0  

HCH 78 2001 – 2012 39 3 6 30 0 0 / 47 

Heptachlor 69 2001 – 2012 45 1 5 18 0 0 / 48 

Mirex 13 2006 – 2012 10 0 1 2 0 0 / 100 

OCP 0        

PAC 0        

PBB 6 2009 – 2012 6 0 0 0 0 0 / 83 

PBDE 182 2001 – 2014 91 7 14 70 0 0.6 / 7.7 

PCB 1 362 1987 – 2014 457 48 185 672 0 0.5 / 3.2 

Pentachlorophenol 0        

PeCB 6 2009 – 2012 6 0 0 0 0 0 / 100 

PFAS 0        

Toxaphene 78 2001 – 2012 39 3 6 30 0 0 / 64 

         

Summary 4 369 1987 - 2014 1 822 143 508 1 896 0 0.25 / 12 

 

Swedish national monitoring program 

The Swedish Environmental Protection Agency has the overall responsibility for coordinating 

national health related environmental monitoring in Sweden. This monitoring involves long-term 

monitoring of environmental pollutants that can affect human health. Data used in this report are 

non-aggregated data meaning that data represent individual measured concentrations from 

persons that have been sampled in different regional campaigns across Sweden.  
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Table 5.2.5. Summary of data retrieved from national monitoring in Sweden. 

Stockholm 

Convention 

substances 

N Range year N statistical measure a Proportion  

below  

DL / QL (%) 

   non-

aggregated 

mean median min/ 

max 

percentiles  

Aldrin, dieldrin 

and endrin 

0        

Chlordane 334 2002 – 2016 334 0 0 0 0  

Chlordecone 0        

Chlorinated 

Paraffins  

0        

DDT complex 719 2002 – 2016 719 0 0 0 0 0 / 50 

dioxins/furans 1 989 1972 – 2016 1989 0 0 0 0 0 / 9 

Endosulfan 0        

Flame retardants 0        

HBB 0        

HBCD 213 2002 – 2016 213 0 0 0 0 0 / 26 

HCB 184 2002 – 2016 184 0 0 0 0  

HCH 218 2002 – 2016 218 0 0 0 0 0 / 16 

Heptachlor 0        

Mirex 0        

OCP 0        

PAC 36 2012 – 2017 36 0 0 0 0 0 / 33 

PBB 0        

PBDE 1 930 2002 – 2016 1 930 0 0 0 0 0 / 57 

PCB 3 665 1972 – 2016 3 665 0 0 0 0 0 / 19 

Pentachlorophenol 0        

PeCB 0        

PFAS 650 1972 – 2015 650 0 0 0 0 0 / 19 

Toxaphene 0        

         

Summary 9 938 1972 – 2017 9 990 0 0 0 0 0 / 26 
a number of observations being a = non-aggregated data, b = mean, c = median, d = min/max, e = percentiles. 

 

Peer reviewed literature 

Data from peer-reviewed literature represent a compilation based on scientific publications 

between 1972 and 2017 (Figure 5.2.11). The data are based on results that previously have been 

published by Fång et al. (2015) (n= 1723) that covered a period between 1995 and 2011. To 

cover data that represent more recent years this dataset was complemented with data in literature 

published after 2012 (n = 2511).  

 

The population of mothers in the peer review literature had a mean age of 30 years (min/max: 

24.5 / 35) and were 53 ± 45 % (mean ± SD) primapara. The primary dataset originating from 

literature contains 4 294 observations over a period from 1972 to 2017 (Table 5.2.6). 
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Figure 5.2.11. Distribution of observations per country in the WEOG region in data on POPs in 

human milk retrieved from peer review literature. 

 

 

Table 5.2.6. Summary of data on POPs in human milk retrieved from peer review literature.   
Stockholm 

Convention 

substances 

N Range year N statistical measure Proportion below 

DL / QL (%) 

   non-

aggreg. 

mean median min/ 

max 

percentiles  

Aldrin, dieldrin 

and endrin 

53 1988 – 2013 1 22 30 0 0 0 / 1 

Chlordane 101 1992 – 2013 0 46 45 0 10 0 / 0 

Chlordecone 1 2006 – 2006 0 1 0 0 0  

Chlorinated 

Paraffins (CPs) 

60 1996 - 2016 0 60 0 0 0 5 / 0 

DDT complex 432 1972 – 2015 3 266 146 0 17 0 / 0.23 

Dioxins /furans 811 1972 – 2017 319 349 141 0 2 0 / 0.74 

Endosulfan 19 1999 – 2009 0 12 7 0 0 0 / 0 

Flame retardants 0        

HBB 3 2005 – 2013 0 2 1 0 0 0 / 0 

HBCD 140 1980 – 2014 48 55 29 0 8 8 / 14 

HCB 160 1972 – 2013 0 96 56 0 8 0 / 0 

HCH 299 1990 – 2014 1 194 95 0 9 0 / 2 

Heptachlor 80 1988 – 2013 0 57 22 0 1 0 / 1.25 

Mirex 46 1988 – 2013 0 14 32 0 0  

OCP 9 2006 – 2013 0 3 3 0 3  

PAC 0        

PBB 16 1999 – 2008 0 4 3 0 9 12.5 / 37.5 

PBDE 766 1972 – 2015 110 274 242 0 140 7.4 / 6.8 

PCB 1 159 1972 – 2015 116 552 341 0 107 0 / 0 

Pentachlorophenol 0        

PeCB 28 1992 – 2009 0 6 22 0 0  

PFAS 108 1972 – 2014 0 72 21 0 15 0 / 1.85 

Toxaphene 3 1996 - 1998 0 2 1 0 0 0 / 1 

Summary 4 294 1972 – 2017 598 2 027 1 237 0 329 2 / 2.2 
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Final dataset human milk 

Final dataset was created by treatment of data from primary dataset. In the primary dataset, both 

aggregated data, presented as central tendencies (mean and median) and other summary statistics 

(percentiles, and min/max), as well as non-aggregated individual data were present. The 

combination of both aggregated data and non-aggregated data in the primary dataset lead to a 

potential reporting bias since observations of individual data will become more influential in the 

analysis compared to aggregated data. Aggregated data also represent populations from spatial or 

age stratification or other grouping factors that have been used in a study. To derive a final 

dataset with concentration data that are comparable across different sources of data, the primary 

dataset was harmonized before trend analysis. Harmonization of data was done by first excluding 

data presented as min/max or percentiles. The harmonization process was further done by 

calculating medians from individual concentrations from the primary dataset by groups defined 

by 1) year, 2) country, 3) region, 4) reference, and when applicable 5) TEQ. For studies that 

presented several measures of central tendencies, median values were used preferentially to 

mean values. In cases where only mean values were presented, the mean value was used as a 

measure for central tendency. LD and LQ were also calculated as a mean for the reported LD and 

LQ for each aggregate. 

The final breast milk dataset contained 7 295 observations (Table 5.2.7). The highest number of 

observations in the final dataset originated from Scandinavia (N: Sweden = 606, Norway = 470), 

Canada (N = 592) and Australia (N = 410) followed by USA (N = 330), Ireland (N = 285), 

Turkey (N = 242), Italy (N = 217) and Greece (N = 207) (Figure 5.2.12).  

Some substance groups were reported both as sums as well as concentration of individual 

substances, (i.e. PBDEs, dioxins/furans and PCBs). It is important to note that there may be cases 

in the summary statistics where concentrations of individual substances were higher compared to 

summed concentrations for comparable substance groups in a region. This is due to an effect that 

several different data sources have contributed with data for a specific region and sampled 

populations differed between these data sources as well as due to the differences in the substance 

groups that have been targeted in their respective analysis. 
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Table 5.2.7. Summary of data in final human milk dataset for POPs. 

Stockholm 

Convention 

substances 

N N  

per data source 

Range year N  

statistical  

measure 

Proportion 

below DL / QL 

(%) 

  WHO/UNEP 

milk survey 

National 

monitoring 

programs 

Peer 

review 

data 

 mean median  

Aldrin, dieldrin 

and endrin 

75 36 0 39 1988 – 2013 9 66 0 / 30.7 

Chlordane 175 39 72 64 1992 – 2016 20 155 0 / 15.4 

Chlordecone 1 0 0 1 2006 – 2006 1 0 0 / 0 

Chlorinated 

Paraffins (CPs) 

60 0 0 60 1996 - 2016 60 0 5 / 0 

DDT complex 558 104 171 283 1972 – 2016 139 419 0.2 / 23 

Dioxins /furans 2 217 889 711 617 1972 – 2017 235 1 982 0 / 6 

Endosulfan 54 39 0 15 1999 – 2012 8 46 0 / 72 

Flame retardants 0        

HBB 2 0 0 2 2005 – 2013 1 1 0 / 0 

HBCD 158 9 45 104 1980 – 2016 30 128 7 / 22 

HCB 162 13 45 104 1972 – 2016 50 112 0 / 0 

HCH 293 39 63 191 1990 – 2016 98 195 0 / 16 

Heptachlor 105 45 0 60 1988 – 2013 39 66 0 / 38 

Mirex 45 10 0 35 1988 – 2013 10 35 0 / 22 

OCP 4 0 0 4 2006 – 2013 1 3 0 / 0 

PAC 36 0 36 0 2012 – 2017 0 36 0 / 33 

PBB 13 6 0 7 1999 – 2012 4 9 8 / 54 

PBDE 925 91 385 449 1972 – 2016 106 819 3 / 24 

PCB 2 128 457 1 021 650 1972 – 2016 267 1 861 0 / 11 

Pentachlorophenol 0        

PeCB 22 6 0 16 1992 – 2012 3 19 0 / 27 

PFAS 251 0 171 80 1972 – 2015 59 192 1 / 17 

Toxaphene 41 39 0 2 1996 - 2012 1 40 0 / 51 

         

Summary 7 295 1 822 2 720 2 783 1972 – 2017 1 141 6 184 1 / 14 
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Figure 5.2.12. Distribution of observations per country in the WEOG region in final dataset used 

for trend analysis of POPs in human milk. 

 

5.2.2.4 Human blood 

Primary dataset 

All collected data for human blood were compiled into the primary human blood data set. It 

contains 24 563 observations covering a period ranging between 1982 and 2017 (Table 5.2.8). 

Majority of data in the primary dataset are aggregated (geometric/arithmetic means and medians) 

with the exception of Spanish data (BIOAMBIENT.ES) for which individual data are available. 

Data sources that contributed to the primary dataset and summaries of data retrieved from each 

data source are specified below. 
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Table 5.2.8. Summary of observations from data sources in primary blood dataset. 

Stockholm 

Convention 

substances 

N 

 Total AMAP Australia Canada Germany USA Spain Sweden 

Aldrin, dieldrin and 

endrin 

2 817   24   2 793  

Chlordane 687 138  364 120  36  29 

Chlordecone 0        

Chlorinated Paraffins  0        

DDT complexes 2 501 177 546 48  54 1 640 36 

Dioxins /furans 1 017  864   153   

Endosulfan 0        

Flame retardants 8       8 

HBB 2       2 

HBCD 0        

HCB 1 226 79 182  214 18 709 24 

HCH 3 323 58 364 48  36 2 793 24 

Heptachlor 931      931  

Mirex 258 34 182 24  18   

OCP 0        

PAC 0        

PBB 36   24  12   

PBDE 2 077 121 1 404 216  204  132 

PCB 14 228 328 432 600 558  693 11 203 414 

PeBEB 2       2 

Pentachlorophenol 217 4   213    

PeCB 0        

PFAS 6 900 136 633 288 615 192 4 494 542 

Toxaphene 68 20  48     

         

Summary 36 368 1 095 4 971 1 440 1 600 1 416 24 563 1 283 

 

Arctic Monitoring and Assessment Program (AMAP) 

Data on POPs in blood were retrieved from results presented in the AMAP Assessment report on 

human health in the Arctic. These data originated from biomonitoring activities across eight 

Arctic countries (USA (Alaska), Canada, Denmark (Greenland), Faraoe Islands, Iceland, 

Norway, Russia, and Sweden) and were presented as aggregated data (geometric and arithmetic 

means). The AMAP Human Health Assessment Group established a QA/QC programme (the 

AMAP Ring Test) for ensuring quality of data produced by laboratories that have delivered data 

of POPs in human tissue to the AMAP report. Data from AMAP used in the primary dataset 

covered a period between 1986 and 2013 and contained 1 095 observations of aggregated data 

(arithmetic mean) (Table 5.2.8).  

Several of the monitoring data in the AMAP Assessment Report were accompanied by 

information on human population cohorts. This information has been used by AMAP to track 

effects from contaminant exposure that were related to socio-cultural conditions and diet. Cohort 

information were not used in the evaluation of trends and patterns in POPs blood data in this 

report but were noted in case this influenced the observed trends. 
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Australia 

The National Research Centre for Environmental Toxicology and the University of Queensland 

in Australia have coordinated biomonitoring activities of the Australian population for POPs. 

The data collection in the Australian human biomonitoring has used a pooling strategy where 

individual specimen has been pooled based on gender, age strata and regions across Australia. 

4 971 observations were used in the primary blood dataset and covered a period between 2002 

and 2016 (Table 5.2.8). 

The Canadian Health Measures Survey (CHMS) 

The CHMS collect information that help the evaluation and the extent of health problems among 

Canadians that, among other objectives, relates to environmental exposures, such as POPs. The 

biomonitoring of CHMS is an ongoing national survey with data collected in two-year cycles and 

POPs are measured pre individual. Aggregated data were downloaded from the CHMS Human 

Biomonitoring Data for Environmental Chemicals dataset. Biomonitoring data from CHMS were 

presented as aggregated data (median) for each substance summarized by biological matrix 

(blood), biomonitoring cycle with information of gender and age strata. The primary CHMS 

dataset contained 1 440 observations and covers a period between 2008 and 2016 (Table 5.2.8). 

USA, National Health and Nutrition Examination Survey (NHANES)  

The National Health and Nutrition Examination Survey (NHANES) is a program of studies 

designed to assess the health and nutritional status of adults and children in the United States. 

NHANES collects and releases data on POPs in blood in two-year cycles using a complex multi-

stage sampling design. In order to obtain nationally representative data sample weights are 

assigned to each sampled person. The sample weights are a measure of the number of people in 

the population represented by that sample person in NHANES.  

Data on concentrations of POPs and weights in blood were downloaded from the NHANES 

dataset and covered the period 2005 – 2015. Sample weights were applied to NHANES POPs 

blood concentrations according to a standard procedure as advised by the NHANES tutorial for 

environmental chemical data. The primary blood dataset contained 1 416 aggregated data 

(geometric means) from NHANES (Table 5.2.8). 

Biomonitorización de Contaminantes en la Población Española (BIOAMBIENT.ES) 

Data for a primary dataset from Spain (BIOAMBIENT.ES) were delivered by the Instituto de 

Salud Carlos III (ISCIII) and Spanish Ministry of Environment (MITECO). The human 

biomonitoring programme BIOAMBIENT.ES was a Spanish survey designed to collect samples 

and analyse POPs blood data from the years 2009 – 2010. The study had a stratified cluster 

sampling design that covered all geographical areas, sex and ages. The aim of the monitoring 

programme was to obtain a representative sample of the Spanish workforce. The primary dataset 

for blood from BIOAMBIENT.ES contained 24 563 non-aggregated data (Table 5.2.8). 
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German Environmental Specimen Bank (German ESB) 

The German Environmental Specimen Bank (German ESB) serves to investigate, document and 

archive environmental and human exposure to pollutants in Germany at a specific point in time. 

Data from German ESB are owned by the German Environment Agency (UBA). Data from the 

German ESB cover a period between 1982 and 2010 with 1 600 observations of aggregated data 

(geometric means) (Table 5.2.8). Samples for the German ESB blood monitoring represent 

populations of students (even number of female and male, aged 20-29 years) from different 

regions in Germany (Münster, Greifswald, Halle/Saale and Ulm). 

Swedish National Monitoring 

The blood data contained by the Swedish Health-Related Monitoring covers a period 1987 – 

2017 with a total number of 1 275 observations (Table 5.2.8). Observations in the dataset were 

aggregated (arithmetic means) and contained information on gender, age strata and population 

cohorts (i.e. fish consumers, pregnancy, cord blood). 

Final dataset blood 

Final dataset was created by treatment and harmonisation of data from primary dataset. The 

primary blood dataset contained blood data from all ages, including cord blood and data for 

children (<18 yrs). During the data harmonisation only data from adults (>18 yrs) were used in 

the final dataset. The data harmonisation was also done by selecting a subset of substances from 

the primary blood dataset based on their abundance and to what extent they complemented 

substances used in the final breast milk dataset.  

Data from Spain (BIOAMBIENT.ES) were introduced in the primary dataset as non-aggregated 

POPs concentration data and were accompanied by information on age and gender. Before being 

included into the final blood dataset, median POP concentrations were calculated from the 

BIOAMBIENT.ES data for groups based on gender and age strata (18 – 25, 26 -30, 31 – 35, 36 – 

40, 41 – 45, 46 – 50, 51 – 55, 56 – 60, 60 – 70 yrs.). 

The final blood dataset contained 4 387 observations (Table 5.2.9) originating from Western 

Europe and others (N: Denmark = 16, Faraoe Islands = 24, Germany = 729, Greenland = 268, 

Iceland = 31, Norway = 12, Russia = 54, Spain = 304, Sweden= 484), North America (Canada = 

391, USA = 316) and Australasia (Australia = 1 758) (Figure 5.2.13). 
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Figure 5.2.13. Distribution of observations per country in the WEOG region in dataset used for 

trend analysis of POPs in human blood. 

Table 5.2.9. Summary of final dataset for POPs in human blood.  

Stockholm 

Convention 

substances 

N N per data source Year 

  AMAP Australia Canada Germany USA Spain Sweden min max 

Aldrin, dieldrin and 

endrin 

32 0 0 0 0 0 32 0 2009 2010 

Chlordane 174 61 54 24 0 12 0 23 1992 2015 

Chlordecone 0          

Chlorinated Paraffins 0          

DDT complexes 372 129 163 24 0 24 32 0 1992 2015 

Dioxins /furans 681 0 522 0 0 102 0 57 1987 2012 

Endosulfan 0          

Flame retardants 8 0 0 0 0 0 0 8 2011 2017 

HBB 2 0 0 0 0 0 0 2 2016 2017 

HBCD 0          

HCB 431 68 82 0 213 12 32 24 1985 2015 

HCH 206 49 80 24 0 12 32 9 1992 2015 

Heptachlor 32 0 0 0 0 0 32 0 2009 2010 

Mirex 69 29 16 12 0 12 0 0 1992 2015 

OCP 0          

PAC 0          

PBB 12 0 0 0 0 12 0 0 2005 2015 

PBDE 815 103 557 24 0 54 0 77 2002 2017 

PCB 553 131 80 48 186 24 36 48 1991 2015 

PeBEB 2 0 0 0 0 0 0 2 2016 2017 

Pentachlorophenol 215 2 0 0 213 0 0 0 1985 2012 

PeCB 0          

PFAS 783 76 204 107 117 14 108 157 1982 2017 

Toxaphene 0          

Summary 4 387 648 1 758 263 729 278 304 407 1982 2017 
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5.2.2.5 Time trends 

Aldrin, dieldrin and endrin 

Human milk 

The three compounds aldrin, dieldrin and endrin have been measured in breast milk on one or 

more occasions in 21 countries within the WEOG region during the period 1990 - 2013. Most of 

the reported mean and median values for aldrin and endrin were below the quantification limit 

except for one aldrin mean value from Turkey and one from Australia. Both the quantifiable 

concentrations were however lower than the set quantification limit for the other studies which 

results in an average concentration that is lower than the limit of quantification in these regions. 

One data point from a study in Turkey was eliminated from the data analysis as the samples were 

collected from women with expected high exposure (seasonal agriculture workers). One data 

point from the Netherlands, collected in 1988, was eliminated due to high detection limits at the 

time of analysis. Out of the three substances, dieldrin was the most reported (46 mean and 

median values) with highest average of mean and median value in Australasia region (24 ng/g 

lw, n=6) followed by North America (8.6 ng/g lw, n=11) and Europe (4.2 ng/g lw, n=29), see 

Table 5.2.10. 

A relative time trend for dieldrin within the WEOG during period 1990 to 2013 can be seen in 

Figure 5.2.14. Dieldrin has a decreasing trend in the Australasia region during the two decades 

while only small variations of the average median level of dieldrin has been observed in Europe 

(<6 ng/g lw). As has been reported in the previous global monitoring report for the WEOG 

region as well as in literature (9), the aldrin and endrin levels are below detection or 

quantification limits in the majority of the reported median values. The decreasing trend for 

dieldrin that was observed in the previous report is maintained but has been stabilizing since 

2010. Due to the long time ban of these substances, the concentrations are expected to be low. As 

aldrin degrades into dieldrin, a higher detection frequency for dieldrin compared to aldrin is 

expected. 

A decrease in the detection limits for dieldrin has occurred during the measuring period, where 

detection limits of 5 ng/g lw were reported in the studies from the early 1990s. In the most recent 

reported median value, the detection limit for dieldrin was 0.034 ng/g lw.  
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Table 5.2.10. Summary statistics of concentrations in human milk concentrations for aldrin, 

dieldrin and endrin in WEOG region (Number (N) and average, median, standard deviation 

(SD), range, number of reported values below LOD/LOQ (N<DL/QL) 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Aldrin Europe ng/g lw 9 0.22 0.253 0.083 0.002 - 0.25 8 1, 20, 33 

  Australasia ng/g lw 3 0.18 0.253 0.12 0.05 - 0.25 2 1, 9 

  WEOG ng/g lw 12 0.21 0.253 0.088 0.002 - 0.25 10  

Dieldrin Europe ng/g lw 29 4.2 2.8 3.5 0.018 - 14 0 1, 9, 14, 20, 

29, 30, 49, 59 

 North 

America 

ng/g lw 11 8.6 6.3 7.5 1.09 - 30 0 9 

  Australasia ng/g lw 6 24 0 13 9.3625 - 40 0 1, 9 

  WEOG ng/g lw 46 7.8 4.9 9.1 0.018 - 40 0  

Endrin Europe ng/g lw 12 0.23 0.251 0.058 0.048 - 0.251 11 1, 20 

  Australasia ng/g lw 2 0.251 0.251 0 0.251 - 0.251 2 1 

  WEOG ng/g lw 14 0.24 0.253 0.054 0.048 - 0.253 13  

1 Data below LOD or LOQ 

 

 

Figure 5.2.14. Time trend (1990 – 2013) for reported human milk concentrations for dieldrin in 

North America, Europe and Australasia. 

 

Human blood 

Aldrin, dieldrin and endrin have only been analyzed in human serum from Spain (in year 2009 

and 2010) within the WEOG region (Table 5.2.11). The concentrations of Aldrin and Endrin 

were below the limit of quantification whereas for Dieldrin the ratio of measured data above 

LOQ ranged from 0-62%. 
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Table 5.2.11. Summary statistics of human blood (serum) concentrations on wet weight basis for 

Dieldrin in WEOG region (Spain) (Number (N) and average, median, standard deviation (SD), 

range, number of reported values below LOD/LOQ (N<DL/QL) 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Dieldrin Europe  

(Spain) 

ng/g ww serum 32 0.031 0.020 0.022 0.015 -0.082 32 65 

 

 

Polychlorinated biphenyls (PCBs) 

Human milk 

Different congeners of PCBs in breast milk were measured in 23 countries within WEOG 

regions since 1972. Among 209 PCB congeners, only 130 could be found in commercial 

mixtures that could be divided into 2 subgroups, dioxin-like PCBs (dl-PCBs) and non-dioxin-like 

PCBs. The members in dl-PCBs group including CB 77, 81, 126, 169, 105, 118, 156, 157, 167, 

114, 123, and 189 have co-planar structures and consequently similar structures and effects as 

the dioxins.  

CB118 and CB153 were the two most common congeners and thus these two PCBs were usually 

used as indicator for the occurrence of PCBs. Both CB118 and CB153 indicated similar pattern 

of average values in breast milk with highest value in Europe 11 ng/g lw (N=34) and 64 ng/g lw 

(N=64), respectively (Table 5.2.12). As for sum PCBs, North America showed highest value for 

average of median values (114 ng/g lw, N=25), followed by Europe (75.5 ng/g lw, N=163) and 

Australasia (4.5 ng/g lw, N=18).  

There was a clear decreasing trend of PCBs for indicators including CB153 (period 1987-2015) 

(Figure 5.2.15), CB118 (period 1992-2015) (Figure 5.2.16), and sum (6) PCB (period 1987-

2014) (Figure 5.2.17) as well as sum PCBs (period 1987-2014) (Figure 5.2.18) in WEOG 

regions. Sweden started to monitor PCBs in breast milk in 1972. Since then a decreasing trend 

could be observed clearly until the last collected data point in this report. This decreasing trend 

showed agreement with expectation after the ban of producing and using PCBs in commercial 

products.  
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Table 5.2.12. Summary statistics of human milk concentrations for ∑PCBs, ∑indicator PCBs (6), 

CB118 and CB153 in WEOG region (Number (N) and average, median, standard deviation 

(SD), range, number of reported values below LOD/LOQ (N<DL/QL) 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Ʃ PCBs Europe ng/g lw 357 110 110 220 0.0010 - 2200 0 9, 20, 27, 

33, 38, 46, 

59 

 North America ng/g lw 36 130 140 120 0.0013 - 620 0 8, 9, 12, 27, 

55 

 Australasia ng/g lw 20 48 0.0022 120 0.0013 - 480 0 1, 9, 27 

 WEOG ng/g lw 413 110 110 210 0.001 - 2200 0  

Ʃ Indicator 

PCBs (6)  

Europe ng/g lw 72 160 110 160 0.049 – 770 0 1, 9, 14, 30, 

31, 45 

 North America ng/g lw 5 120 140 79 34 – 200 0 1, 55  

 Australasia ng/g lw 2 14 14 3.1 12 – 16 0 1 

 WEOG ng/g lw 79 160 110 160 0.049 - 770 0  

CB118 Europe ng/g lw 111 9.5 6.2 11 0.00069 - 64 0 1, 2, 14, 20, 

26, 29, 30, 

31, 33, 38, 

48, 61 

 North America ng/g lw 4 7.1 4.1 6.8 2.9 - 17 0 1, 12, 22, 60 

 Australasia ng/g lw 2 1.9 1.9 0.63 1.4 - 2.3 0 1 

 WEOG ng/g lw 117 9.3 5.9 11 0.00069 – 64 0  

CB153 Europe ng/g lw 155 65 46 54 3.4 - 330 0 1, 2, 9, 14, 

20, 26, 29, 

30, 31, 33, 

38, 42, 48, 

59, 61 

 North America ng/g lw 16 31 22 28 1.1 - 85 0 1, 8, 9, 12, 

13, 22, 60 

 Australasia ng/g lw 2 6.1 6.1 1.6 5.0 - 7.2 0 1 

 WEOG ng/g lw 173 61 43 53 1.1 - 330 0  
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Figure 5.2.15. Time trend (1972 – 2016) for breast milk concentrations of CB153 in the WEOG 

region. 

 

 

Figure 5.2.16. Time trend (1972 – 2016) for breast milk concentrations of CB118 in the WEOG 

region. 
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Figure 5.2.17. Time trend (1972 – 2014) for breast milk concentrations for ∑(6) indicator PCBs 

in the WEOG region. 

 

 

Figure 5.2.18. Time trend (1972 – 2014) for human milk concentrations for ∑PCBs in the 

WEOG region. The time trend is based on 410 reported PCB sums (containing 2 or more 

congeners), out of which 66 values originate from the Swedish national monitoring program, 

253 values from scientific articles and 90 values from GMP UNEP. 

 

Human blood 

PCBs were measured in blood or serum samples in 11 countries for PCB 118 and in 12 countries 

for CB153 within WEOG regions since 1994 and 1991, respectively. To not exclude any 
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monitoring programmes, the PCB data are shown both on a lipid weight (Table 5.2.13) and wet 

weight (Table 5.2.14) basis of the samples separately.  

CB118 in blood on a lipid weight basis is on a long-time (1994-2015) downwards trend (Figure 

5.2.19). The years 2007, 2009 and 2013 within the European dataset seem outlying, but these 

years included solely the AMAP programme, with partly highly exposed groups such as Inuit 

and people from Greenland with mostly fish and or whale based diets, whereas some of the other 

years solely include Swedish monitoring data. 

 

Table 5.2.13. Summary statistics of human blood (plasma or serum) concentrations on lipid 

weight basis for CB118 and CB153 in WEOG region (Number (N) and average, median, 

standard deviation (SD), range, number of reported values below LOD/LOQ (N<DL/QL). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

CB118 Europe ng/g lw plasma 

or serum 

45 31.7 22 33.7 3.9 -160 0 2, 62 

  North 

America 

ng/g lw plasma 

or serum 

24 6.0 5.5 2.7 2.3 -13 0 62, 66, 67 

  Australasia ng/g lw serum 80 5.0 3.5 3.7 0.80 -15 0 68 

  WEOG ng/g lw plasma 

or serum 

149 13.2 6.1 22.2 0.80 -160 0   

CB153 Europe ng/g lw plasma 

or serum 

86 162.9 99 180.0 12 -1000 0 2, 62 

  North 

America 

ng/g lw plasma 

or serum 

36 45.6 27 39.1 8.2 -170 0 62, 66, 67 

  WEOG ng/g lw plasma 

or serum 

122 128.3 72 161.5 8.2 -1000 0   

 

Table 5.2.14. Summary statistics of human blood (plasma or serum) concentrations on wet 

weight basis for CB118 and CB153 in the WEOG region (Number (N) and average, median, 

standard deviation (SD), range, number of reported values below LOD/LOQ (N<DL/QL) 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

CB118 Europe ng/g ww plasma 

or serum 

11 0.064 0.054 0.1 0.017 -0.18 0 2 

  North 

America 

ng/g ww plasma 

or serum 

18 0.036 0.035 0.0 0.0098 -0.068 0 66, 67 

  WEOG ng/g ww plasma 

or serum 

29 0.37 0.038 0.0 0.0098 -0.18 0   

CB153 Europe ng/g ww plasma 

or serum 

235 0.15 0.33 0.2 0.11 -1.3 5 2, 65, 69 

  North 

America 

ng/g ww plasma 

or serum 

18 0.36 0.14 0.1 0.049 -0.28 0 66, 67 

  WEOG ng/g ww plasma 

or serum 

253 0.33 0.32 0.2 0.049 -1.3 5   
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Figure 5.2.19. Time trend (1994 - 2015) of human blood (serum or plasma) concentrations on 

lipid weight basis for CB118 in the WEOG region during the sampling period 1994-2015.  

 

CB153 related to the lipid weight in serum or plasma shows a declining trend since 1991 (Figure 

5.2.20). The apparently outlying years (especially 2002 and 2007) in the dataset include several 

highly exposed groups, within AMAP and Sweden, such as inuits and fishermen, or heavy fish-

eaters. 

 

 

Figure 5.2.20. Time trend (1991 – 2015) of human blood (serum or plasma) CB153 

concentrations on lipid weight basis in the WEOG region. 
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CB153 concentrations in serum or plasma based on wet-weight basis show a downwards trend 

(Figure 5.2.21). The higher concentrations in 2008-2011 are most likely influenced by the 

inclusion of partly exposed groups in Sweden in 2008 and 2011. Another reason might be the 

generally higher levels measured in the Spanish population (2009, 2010) including all ages, 

compared to the German monitoring programme investigating only students, which have a lower 

historical exposure due to the age difference. 

 

Figure 5.2.21. Time trend (1995 - 2015) of human blood (serum or plasma) CB153 

concentrations on a wet weight basis in the WEOG region. 

 

Chlordane 

Human milk 

Chlordane, including cis and trans configurations, have been measured in breast milk on at least 

one occasion in 20 countries within the WEOG region during the period 1999-2012 (Table 

5.2.7). Approximately 79% of the reported median values for cis and trans chlordane were below 

the quantification limit and the highest reported value was 0.3 ng/g lw. The reason for the high 

number of non-detected values is due to the quick metabolism of these compounds inside human 

body which resulted in oxychlordane as metabolite. Moreover, cis- and trans-chlordane could 

also degrade to cis- and trans nonachlor. Therefore, oxychlordane, cis- and trans-nonachlor were 

used as indicators for the contamination of chlordane in breast milk. Out of the three indicators, 

oxychlordane was the most reported (N=47 median values) and it also had the highest average 

median value (8.9 ng/g lw) as compared to trans nonachlor (N=4 median values, 2.6 ng/g lw) and 

cis nonachlor (N=2 median values, 0.35 ng/g lw) (Table 5.2.15). It could also be seen that North 

America had the highest average median value (8.9 ng/g lw, N=12) followed by Australasia (4.1 

ng/g lw, N=2) and Europe region (3.8 ng/g lw, N=33).  

In general, there were decreasing trends of oxychlordane, cis- and trans nonachlor in breast milk 

in Europe region as well as in North America (Figure 5.2.22).  
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Table 5.2.15. Summary statistics of human milk concentrations for chlordane in WEOG region 

(Number (N) and average, median, standard deviation (SD), range, number of reported values 

below LOD/LOQ (N<DL/QL)   

Substance Continent Unit N Average Median SD Range  

(min-max) 

N 

<DL/QL 

References 

Cis  

Chlordane 

North America ng/g lw 2.0 0.76 0.76 0.72 0.25 - 1.3 0 9 

 Australasia ng/g lw 2.0 0.25 1 0.25 1 0 0.25 1- 0.25 

1 

2.0 1 

 Europe ng/g lw 13 0.23 0.25 0.072 0.001 - 0.3 11 1, 9, 20 

 WEOG ng/g lw 17 0.30 0.25 0.26 0.001 - 1.3 13  

Trans 

Chlordane 

North America ng/g lw 3.0 8.8 1.1 14 0.16 - 25 0 9 

 Australasia ng/g lw 2.0 0.25 1 0.25 1 0 0.25 1- 0.25 

1 

2.0 1 

 Europe ng/g lw 17 0.17 0.25 0.11 0.0020 - 

0.25 

11 1, 9, 20 

 WEOG ng/g lw 22 1.4 0.25 5.3 0.002 - 25 13  

Sum 

Chlordane 

Europe ng/g lw 2.0 6.5 6.5 0.49 6.1 - 6.8 0 38 

 WEOG ng/g lw 2.0 6.5 6.5 0.49 6.1 - 6.8 0  

Oxychlordane North America ng/g lw 11 12 8.5 11 3.8 - 43 0 9 

 Australasia ng/g lw 2.0 4.1 4.1 5.0 0.56 - 7.6 0 1 

 Europe ng/g lw 77 3.7 3.3 1.8 1.0 - 11 1.0 1, 2, 9, 20, 

26, 29, 31, 

38, 48, 59, 61 

 WEOG ng/g lw 90 4.7 3.7 4.9 0.56 - 43 1.0  

Methoxychlor Europe ng/g lw 1 0.063 0.063  0.063 - 

0.063 

0 20 

 WEOG ng/g lw 1 0.063 0.063  0.063 - 

0.063 

0  

Cis 

Nonachlor 

Europe ng/g lw 2.0 0.35 0.35 0.049 0.31 - 0.38 0 38 

 WEOG ng/g lw 2.0 0.35 0.35 0.049 0.31 - 0.38 0  

Trans 

Nonachlor 

Europe ng/g lw 40 5.4 4.4 2.7 1.4 - 13 0 2, 29, 31, 38 

 WEOG ng/g lw 40 5.4 4.4 2.7 1.4 - 13 0  

Sum 

Chlordanes 

Europe ng/g lw 1 3.6 3.6  3.6 - 3.6 0 1 

 WEOG ng/g lw 1 3.6 3.6  3.6 - 3.6 0  
1 Data below LOD or LOQ. 
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Figure 5.2.22. Time trend (1992 – 2016) of human milk oxychlordane concentrations in the 

WEOG region. The time trend is based on the average of 90 reported concentration values out of 

which 36 values originate from the Swedish monitoring program, 41 from scientific literature 

and 13 from WHO/UNEP. 

 

Human blood 

Oxychlordane has been measured in human serum and plasma on at least one occasion in 9 

countries within the WEOG region (N=168). Lipid weight normalized concentrations of 

oxychlordane range between 0.20-488 ng/g lw serum or plasma within WEOG (N=141, Table 

5.2.16). The highest average concentration (43 ng/g lw serum or plasma, N=51) was found in 

Europe. Oxychlordane shows a decreasing trend during the period 1992-2015 in the WEOG 

region (Figure 5.2.23). The high average value for Europe in 2007 includes mainly samples from 

Greenland.  

 

Table 5.2.16. Summary statistics of human blood (serum or plasma) concentrations on lipid 

weight basis for Oxychlordane in WEOG region (Number (N) and average, median, standard 

deviation (SD), range, number of reported values below LOD/LOQ (N<DL/QL). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<LOQ 

References 

Oxychlordane Europe  ng/g lw  

serum or plasma 

51 43 18 93 0.20 -488 0 2, 62 

 North America ng/g lw  

serum or plasma 

36 18 11 17 2.3 -77 0 62, 66, 67 

 Australasia ng/g lw  

serum or plasma 

54 7.0 5.8 4.8 1.1 -19 0 68 

  WEOG ng/g lw serum or 

plasma 

141 23 8.5 59 0.20 -488 0   
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Figure 5.2.23. Time trend (1992 – 2015) of human blood oxychlordane concentrations in the 

WEOG region during the sampling period 1992-2015. This time trend is based on the average of 

141 reported concentration values. 

 

Wet weight normalized human blood concentration of Oxychlordane range between 0.0013–0.12 

ng/ww serum or plasma within WEOG (N= 27, Table 5.2.17). This data is only based on data 

from two countries (Sweden and Canada) and no significant decreasing trend was observed for 

the period 2002-2011. 

 

Table 5.2.17. Summary statistics of human blood (serum or plasma) concentrations on wet 

weight basis for Oxychlordane in WEOG region (Number (N) and average, median, standard 

deviation (SD), range, number of reported values below LOD/LOQ (N<DL/QL). 

Substance Continent Unit N2 Average Median SD Range  

(min-max) 

N  

<LOQ 

References 

Oxychlordane Europe 

(Sweden) 

ng/g ww  

serum or plasma 

15 0.023 0.0076 0.036 0.0013 -0.12 0 2 

 North America 

(Canada) 

ng/g ww  

serum or plasma 

12 0.032 0.029 0.018 0.0098 -0.059 0 66 

  WEOG ng/g ww  

serum or plasma 

27 0.027 0.013 0.029 0.0013 -0.12 0   
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Chlordecone 

Chlordecone was included in the Stockholm convention in 2009. Just as in the previous global 

monitoring report (UNEP, 2015), no biomonitoring data of Chlordecone in human milk were 

found in the literature search or from the national biomonitoring programs. 

 

Short-chained chlorinated paraffins (SCCPs) 

Human milk 

SCCPs were included in the Stockholm convention in 2017. Recent studies have examined 

concentrations and trends of short-, medium-, and long-chained chlorinated paraffins (SCCPs, 

MCCPs, and LCCPs, respectively) in breast milk in Asia and Europe and a temporal trend study 

in Sweden (Table 5.2.18). A consistent pattern in Asia and Europe was found with the highest 

concentrations found of SCCPs followed by MCCPs and LCCPs. In the Swedish study, no trend 

was found in concentrations of SCCPs or MCCPs between 1996 and 2009.  

 

Table 5.2.18. Summary statistics of human milk concentrations for short-, medium-, and long-

chained chlorinated paraffins (SCCPs, MCCPs, and LCCPs, respectively) in Europe and Asia 

(Number (N) and average, median, standard deviation (SD), range, number of reported values 

below LOD/LOQ (N<DL/QL). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

Reference 

SCCPs Europe ng/g lw 5 81 68 83 10 – 180  63 

MCCPs Europe ng/g lw 4 31 29 11 21 – 43  63 

LCCPs Europe ng/g lw 3 4 4 1 3 - 4  63 

          

SCCPs Asia ng/g lw 12 201 35 280 1 – 733 3 63 

MCCPs Asia ng/g lw 7 66 63 27 36 – 121  63 

LCCPs Asia ng/g lw 3 10 11 5 5 - 15  63 

          

SCCPs Europe (Sweden) ng/g lw 13 107 112 31 45 – 157  64 

MCCPs Europe (Sweden) ng/g lw 13 13 15 10 1 - 30  64 
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Human blood 

No biomonitoring data of SCCPs in human blood were found in the literature search or in the 

national biomonitoring programs. 

 

Dichloro-diphenyl-trichloroethane (DDT) 

Human milk 

DDTs, including ortho-para and para-para configurations of DDD, DDE and DDT, has been 

monitored in breast milk since 1972 within WEOG (Table 5.2.7). The p,p’-DDT is the major 

compound in the commercial product and p,p’-DDE, the main metabolite of DDT, have been 

measured intensively with an average of median levels at 5.7 ng/g lw (N=156) and 107 ng/g lw 

(N=170), respectively (Table 5.2.19). The highest median level of p,p´-DDE in breast milk was 

found in Australasia (280 ng/g lw, N=13), followed by North America (145 ng/g lw, N=23) and 

Europe (82 ng/g lw, N=134). 

In general, there were clear trends of decreasing p,p’-DDE (Figure 5.2.24) and p,p’-DDT (Figure 

5.2.25) in breast milk during period 1972-2014 for Europe region, except for a few unexpected 

occasions where sum p,p’-DDE level reached up to 2500 ng/g lw. Similar trends could be 

observed for p,p’-DDT and p,p’-DDE for combination of median values for all regions. 

However, no clear trend could be observed for DDT complex in North America as the average 

median levels for p,p’-DDE and p,p’-DDT varied during the almost two decades when it was 

measured (1988-2007) (Figure 5.2.24 and Figure 5.2.25). 
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Table 5.2.19. Summary statistics of human milk concentrations for DDTs in WEOG region 

(Number (N) and average, median, standard deviation (SD), range, number of reported values 

below LOD/LOQ (N<DL/QL). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

p,p'-DDE North America ng/g lw 23 200 150 190 32 - 960 0 9, 22 

 Australasia ng/g lw 13 400 280 280 52 - 1000 0 1, 9, 23 

 Europe  ng/g lw 130 270 82 470 3.6 - 2500 0 1, 2, 9, 14, 20, 26, 29, 

30, 31, 33, 38, 42, 48, 

49, 59, 61 

 WEOG ng/g lw 170 270 120 430 3.6 - 2500 0  

p,p'-DDT North America ng/g lw 16 15 110 16 0.60 - 68 1 9, 22 

 Australasia ng/g lw 13 29 15 62 4.3 - 230 0 1, 9, 23 

 Europe  ng/g lw 130 37 7.7 98 1 - 690 1 1, 2, 9, 14, 20, 26, 29, 

30, 31, 33, 38, 48, 49, 

59, 61 

 WEOG ng/g lw 160 34 5.0 91 0.6 - 690 2  

Sum DDT North America ng/g lw 4.0 88 52 40 41 - 140 0 9 

 Australasia ng/g lw 2.0 500 52 74 450 - 550 0 1 

 Europe  ng/g lw 39 480 140 750 0.92 - 

2700 

0 1, 9, 20, 30, 33, 38, 

50, 59 

 WEOG ng/g lw 45 450 500 710 0.92 - 

2700 

0  

 

 

Figure 5.2.24. Time trend (1972 – 2016) for human milk concentrations of p,p'-DDE [ng/g lw] in 

the WEOG region. Time trend is based on 170 reported mean/median values, out of which 45 

values originate from the Swedish monitoring program, 112 values from scientific articles and 

13 from UNEP/WHO. 
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Figure 5.2.25. Time trend (1972 – 2016) for human milk concentrations of p,p'-DDT [ng/g lw] in 

the WEOG region. Time trend is based on 155 reported mean/median values, where 45 values 

are from Swedish monitoring program, 97 values from scientific articles and 13 values from 

UNEP/WHO. 

 

Human blood 

p,p’-DDT has been measured in human serum and plasma on at least one occasion in nine 

countries within the WEOG region (N=157). Lipid weight normalized concentrations of p,p’-

DDT range between 0.059-40 ng/g lw serum or plasma within WEOG (N=125, Table 5.2.20). 

The highest average concentration was found in Europe (13 ng/g lw serum or plasma, N=23), 

followed by North America (8.6 ng/g lw serum or plasma, N=23) and Australasia (6.2 ng/g lw 

serum or plasma, N=79). The time trend shows a decrease during the period 1992-2015 in the 

WEOG region (Figure 5.2.26). The high average value for Europe in 2007 and 2013 includes 

mainly samples from Greenland and Russia, respectively. 
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Table 5.2.20. Summary statistics of human blood (serum or plasma) concentrations on lipid 

weight basis for p,p’-DDT in WEOG region (Number (N) and average, median, standard 

deviation (SD), range, number of reported values below LOD/LOQ (N<DL/QL). 

Substance Continent Unit N Average Median SD Range 

(min-max) 

N  

<DL/QL 

References 

p,p'-DDT Europe ng/g lw  

serum or plasma 

23 13 7.7 13 0.059 -40 0 62 

 North America ng/g lw  

serum or plasma 

23 8.6 6.7 5.5 2.5 -26 0 62, 67 

 Australasia ng/g lw  

serum or plasma 

79 6.2 4.5 4.6 2.4 -26 0 68 

  WEOG ng/g lw  

serum or plasma 

125 7.9 5.1 7.4 0.059 -40 0   

 

 

 

Figure 5.2.26. Time trend (1992 – 2015) of human blood (serum or plasma) p,p’-DDT 

concentrations in the WEOG region. This time trend is based on the average of 125 reported 

mean/median values. 

 

Wet weight normalized concentrations of p,p’-DDT were only available from Spain (sampled in 

year 2009 and 2010) where the average concentration was 0.24 ng/g ww serum (N=32). 

However, the ratio of measured data above LOQ in this data set ranged from 0-50%. 

 

p,p’-DDE has been measured in human serum and plasma on at least one occasion in ten 

countries within the WEOG region (N=203). Lipid weight normalized concentrations of p,p’-

DDE range between 0.78-1847 ng/g lw serum or plasma within WEOG (N=191, Table 5.2.21). 
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The highest average concentration was found in Australasia (420 ng/g lw serum or plasma, 

N=84), followed by Europe (329 ng/g lw serum or plasma, N=71) and North America (224 ng/g 

lw serum or plasma, N=36). The time trend shows a decrease of p,p’-DDE during the period 

1992-2015 in the WEOG region (Figure 5.2.27).  

 

Table 5.2.21. Summary statistics of human blood (serum or plasma) concentrations on lipid 

weight basis for p,p’-DDE in WEOG region (Number (N) and average, median, standard 

deviation (SD), range, number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

p,p'-DDE Europe ng/g lw  

serum or plasma 

71 329 201 369 0.78 -1847 0 62 

 North America ng/g lw  

serum or plasma 

36 224 200 137 56 -640 0 62, 66, 67 

 Australasia ng/g lw  

serum or plasma 

84 420 250 394 65 -1820 0 68 

  WEOG ng/g lw  

serum or plasma 

191 349 230 356 0.78 -1847 0   

 

 

 

Figure 5.2.27. Time trend (1992 – 2015) of human blood (serum or plasma) p,p’-DDE 

concentrations in the WEOG region. This time trend is based on the average of 191 reported 

mean/median values. 

 

Wet weight normalized concentrations of p,p’-DDE were only available from Canada (sampled 

in year 2008) where the average concentration was 0.90 ng/g ww plasma (N=12, Table 5.2.22). 
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Table 5.2.22. Summary statistics of human blood (plasma) concentrations on wet weight basis 

for p,p’-DDE in WEOG region (Number (N) and average, median, standard deviation (SD), 

range, number of reported values below LOD/LOQ (N<DL/QL)) 

Substance Continent Unit N Average Median SD Range 

(min-max) 

N 

<DL/QL 

References 

p,p'-DDE North America 

(Canada) 

ng/g ww plasma 12 0.90 0.79 0.46 0.41 -1.8 0 66 

 

Endosulfan 

Human milk 

Endosulfan and endosulfan sulphate were measured in 14 countries within the WEOG region. 

Beta endosulfan was the major compound that could be found in breast milk with 71 ng/g lw 

(N=16) as compared to 5 ng/g lw (N=16) for alpha endosulfan (Table 5.2.23). Most of the 

measurements were from Europe with 20 median values for alpha endosulfan and 14 median 

values for beta endosulfan while the two median values in Australasia region were below 

LOD/LOQ. For endosulfan sulphate, 13 out of 14 median values were below LOD/LOQ. No 

trend could be observed for both isomers of endosulfan or endosulfan sulphate during period 

1999-2012 within the WEOG region. 

 

Table 5.2.23. Summary statistics of breast milk concentrations for endosulfan in WEOG region 

(Number (N) and average, median, standard deviation (SD), range, number of reported values 

below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Alpha 

Endosulfan 

Europe ng/g lw 20 5.5 0.25 12 0.028 - 50 11 1, 9, 18, 20 

 Australasia ng/g lw 2 0.25 0.25 0.00 0.25 - 0.25 2 1 

 WEOG ng/g lw 22 5.0 0.25 11 0.028 - 50 13  

Beta 

Endosulfan 

Europe ng/g lw 14 81 0.25 260 0.17 - 950 11 1, 9, 20 

 Australasia ng/g lw 2 0.25 0.25 0.00 0.25 - 0.25 2 1 

 WEOG ng/g lw 16 71 0.25 240 0.17 - 950 13  

Endosulfan 

sulphate 

Europe ng/g lw 12 11 0.25 36 0.25 - 125 11 1, 9 

 Australasia ng/g lw 2 0.25 0.25 0.00 0.25 - 0.25 2 1 

 WEOG ng/g lw 14 9.2 0.25 33 0.25 - 125 13  

 

Human blood 

No biomonitoring data on endosulfan in blood were collected for this report. 
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Hexabromocyclododecane (HBCD) 

Human milk 

The commercial mixture of HBCD has been used since the 1980s and it has three major 

diastereomers; alpha-, beta-, and gamma- HBCD. In 2013, HBCD was listed in Stockholm 

convention annex A and thereafter the production of HBCD has decreased. The highest average 

of median values of sum HBCD is found in Australasia (11 ng/g lw, N=9) while Europe has the 

lowest values (0.37 ng/g lw, N=59) (Table 5.2.24). Only one study was found measuring HBCD 

in breast milk in North America and that was from 2004.  

A trend of increasing HBCD concentrations in breast milk could be observed for the period 

1980-2014 in 13 countries, where the highest average of median value of HBCD in milk was in 

year 2007 (Figure 5.2.28). After 2011 a decreasing trend can be observed (Figure 5.2.28).  

 

Table 5.2.24. Summary statistics of human milk concentrations for hexabromocyclododecane 

(HBCD) in WEOG region (Number (N) and average, median, standard deviation (SD), range, 

number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Alpha 

HBCD 

Europe ng/g lw 8 1.8 1.0 1.8 0.31 - 4.4 0 1, 9, 10, 19, 29 

 North America ng/g lw 1 0.50 0.50  0.5 - 0.5 0 7, 54 

 Australasia ng/g lw 13 3.0 2.8 2.7 0.17 - 7.8 4 1, 39 

 WEOG ng/g lw 22 2.4 1.2 2.4 0.17 - 7.8 4  

Beta 

HBCD 

Europe ng/g lw 4 0.24 0.25 0.15 0.045 - 0.4 2 1, 9, 10, 19 

 North America ng/g lw 1 0.50 0.080  0.50 - 0.5 0 7, 54 

 Australasia ng/g lw 13 1.1 0.50 0.96 0.050 - 3.6 12 1, 39 

 WEOG ng/g lw 18 0.91 0.50 0.90 0.045 - 3.6 14  

Gamma 

HBCD 

Europe ng/g lw 5 4.9 0.50 10 0.19 - 23 1 1, 9, 10, 19 

 North America ng/g lw 1 0.50 0.20  0.5 - 0.5 0 7, 54 

 Australasia ng/g lw 13 2.5 2.2 2.6 0.11 - 6.8 4 1, 39 

 WEOG ng/g lw 19 3.1 0.50 5.3 0.11 - 23 5  

Sum 

HBCD 

Europe ng/g lw 59 0.99 0.37 3.5 0.024 - 27 12 2, 9, 10, 17, 42 

 North America ng/g lw 1 0.70 0.86  0.7 - 0.7 0 7, 54 

 Australasia ng/g lw 9 10 11 5.2 2.5 - 19 0 39 

 WEOG ng/g lw 69 2.2 0.39 4.9 0.024 - 27 12  
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Figure 5.2.28. Time trend (1980 - 2016) for human milk ∑HBCD concentrations in the WEOG 

region. Time trend is based on 69 reported mean/median values, out of which 45 values 

originate from Swedish monitoring program and 24 values from scientific articles. 

 

Human blood 

HBCD was reported in human blood only in Sweden in three years; 2011 (men and women), 

2016 and 2017 (first-time mothers) (Table 5.2.25).  

 

Table 5.2.25. Summary statistics of human blood (plasma or serum) concentrations on lipid 

weight basis for HBCD in Europe region (Sweden) (Number (N) and average, median, standard 

deviation (SD), range, number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

HBCD Europe 

(Sweden) 

2011 

ng/g lw 
plasma or 

serum 

6 0.7 0.49 0.6 0.33 -1.9 6 2 

          

HBCD Europe 

(Sweden) 

2016, 2017 

ng/g ww  
plasma or 

serum 

2 0.00082 0.00082 0.00016 0.00071 -0.00093 2 2 
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Hexachlorobenzene (HCB) 

Human milk 

Since the introduction of HCB as a pesticide in 1945, it was used widely in agriculture. HCB has 

been measured in breast milk in 21 countries within the WEOG during the period 1972-2013. 

The average median level of HCB was highest in Australasia (98 ng/g lw, N=15), followed by 

Europe (33 ng/g lw, N=123) and North America (15 ng/g lw, N=22) (Table 5.2.26). All levels of 

HCB in measured breast milk samples were above the quantification limit (QL). There were 

three studies in Australia, Germany and Spain that showed exceptionally high levels of HCB in 

breast milk. This was because these samples were collected nearby either heavy industrial or 

agricultural areas. There is a decreasing trend of average of median value for HCB in Europe as 

well as in WEOG countries together during period 1972-2013 (Figure 5.2.29).  

 

Table 5.2.26. Summary statistics of human milk concentrations for hexachlorobenzene (HCB) in 

WEOG region (Number (N) and average, median, standard deviation (SD), range, number of 

reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

HCB Europe ng/g lw 123 33 11 100 2.8 - 910 0 1, 2, 9, 14, 20, 26, 29, 

31, 33, 38, 42, 48, 49, 

52, 59, 61 

 North 

America 

ng/g lw 22 15 9.6 22 1.6 – 110 0 9 

 Australasia ng/g lw 15 98 19 160 5.1 - 460 0 1, 9 

 WEOG ng/g lw 160 37 11 100 1.6 - 910 0  
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Figure 5.2.29. Time trend (1972-2016) for human milk ∑HCB concentrations in the WEOG 

region. Time trend is based on 366 reported mean/median values, where 184 values originate 

from the Swedish monitoring program, 156 values from scientific literature and 26 values from 

UNEP/WHO. 

 

Human blood 

HCB has been measured in human serum and plasma on at least one occasion in 12 countries 

within the WEOG region (N=425). Lipid weight normalized concentrations of HCB range 

between 1.7-391 ng/g lw serum or plasma within WEOG (N=169, Table 5.2.27). The highest 

average concentration (60 ng/g lw serum or plasma, N=63) was found in Europe. A decreasing 

trend was observed for HCB for the period 1991-2015 in the WEOG region (Figure 5.2.30). The 

high average values for Europe in 2007 and 2009 represent mainly samples from Greenland and 

Russia, respectively. 

 

Table 5.2.27. Summary statistics of human blood (serum or plasma) concentrations on lipid 

weight basis for HCB in WEOG region (Number (N) and average, median, standard deviation 

(SD), range, number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

HCB Europe ng/g lw  

serum or plasma 

63 60 36.7 72 1.7 -391 0 2, 62 

 North America ng/g lw  

serum or plasma 

24 26 21.0 19 8.7 -95 0 62, 67 

 Australasia ng/g lw  

serum or plasma 

82 26 8.6 39 2.9 -252 0 68 

  WEOG ng/g lw  

serum or plasma 

169 39 18.9 55 1.7 -391 0   

 



 

123 

 

Figure 5.2.30. Time trend (1991 – 2015) of human blood (serum or plasma) HCB concentrations 

on lipid weight basis in the WEOG region. This time trend is based on the average of 169 

reported mean/median values. 

 

Human blood (serum or plasma) concentrations of HCB on wet weight basis range between 

0.033-3.4 ng/ww within Europe (N= 256) Table 5.2.28). This data is only based on three 

countries (Germany, Spain and Sweden) but shows a decreasing trend for HCB during the period 

1985-2009 (Figure 5.2.31).  

 

Table 5.2.28. Summary statistics of human blood (serum or plasma) concentrations on wet 

weight basis for HCB in WEOG region (Number (N) and average, median, standard deviation 

(SD), range, number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

HCB Europe ng/g ww  

serum or plasma 

256 0.30 0.16 0.46 0.033 -3.4 27 2, 65, 69 
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Figure 5.2.31. Time trend (1985 – 2009) of human blood (serum or plasma) HCB concentrations 

on wet weight basis in the WEOG region. This time trend is based on the average of 256 

reported mean/median values. 

 

Hexachlorobutadiene (HCBD) 

HCBD was included in the Stockholm convention in 2015. No biomonitoring data of HCBD in 

breast milk or human blood was found in the literature search or in the national biomonitoring 

programs. 

 

Hexachlorocyclohexanes (HCH) 

Human milk 

The technical mixture of HCH includes three main isomers; alpha, beta and gamma 

hexachlorocyclohexane, which were listed in Stockholm convention in 2009. These three 

isomers have been measured in breast milk in 21 countries within the WEOG during the period 

2001-2016. Beta HCH is more persistent in the environment than alpha and gamma isomers. 

Beta has therefore a higher potential to bioaccumulate and biomagnify in food chain and transfer 

into breast milk over time. As a result, beta HCH has the highest average of median values in 

breast milk with 9.4 ng/g lw (N=137), followed by gamma HCH (0.54, N=65) and alpha HCH 

(0.25, N=58) in WEOG (Table 5.2.29). Within WEOG, Australasia has the highest average of 

median values for all three isomers with 15 ng/g lw for alpha HCH, 134 ng/g lw for beta HCH, 

and 26 ng/g lw for gamma HCH. North America has the lowest average of median values for 
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alpha, beta and gamma HCH with 1.1 ng/g lw (N=3), 13 ng/g lw (N=13), and 2.3 (N=13), 

respectively.  

 

Table 5.2.29. Summary statistics of human milk concentrations for hexachlorocyclohexane 

(HCH) in WEOG region (Number (N) and average, median, standard deviation (SD), range, 

number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Alpha HCH Europe ng/g lw 41 6.1 0.26 16 0.12 - 67 23 1, 2, 9, 20, 33, 

38, 59 

 North America ng/g lw 3 1.1 1.4 0.6

8 

0.31 - 1.6 0 9 

 Australasia ng/g lw 14 15 0.14 30 0.030 - 85 2 1, 9 

 WEOG ng/g lw 58 8.1 0.25 20 0.030 - 85 25  

Beta HCH Europe ng/g lw 107 28 8.0 71 1.7 – 420 1 1, 2, 9, 20, 26, 

29, 30, 31, 33, 

38, 48, 49, 52, 

59, 61 

 North America ng/g lw 13 13 14 4.5 4.4 - 21 0 9 

 Australasia ng/g lw 17 130 21 200 5.0 - 660 1 1, 9, 23 

 WEOG ng/g lw 137 40 9.4 101 1.7 - 660 2  

Gamma HCH Europe ng/g lw 48 3.6 0.61 6.0 0.12 – 23 18 1, 2, 9, 14, 20, 

33, 38, 49, 59 

 North America ng/g lw 3 2.3 1.0 2.5 0.66 - 5.1 0 9 

 Australasia ng/g lw 14 26 0.27 52 0.09 – 130 2 1, 9 

 WEOG ng/g lw 65 8.5 0.54 26 0.09 – 130 20  

Sum HCH Europe ng/g lw 14 270 170 250 32 - 750 0 9, 20, 33, 38 

 North America ng/g lw 1 13 13  13 – 13 0 9 

 WEOG ng/g lw 15 260 160 250 13 - 750 0  

 

Since beta HCH has the highest potential to be transferred into breast milk, the temporal trend of 

beta HCH in breast milk can be used as an indicator for the exposure of HCH. There is a 

decreasing trend of beta HCH in breast milk during the period 2001-2016 (Figure 5.2.32). The 

decrease started before HCH was listed in Stockholm convention in 2009. 

 



 

126 

 

Figure 5.2.32. Time trend (1991 - 2016) for human milk beta HCH concentrations in the WEOG 

region. Time trend is based on 136 reported mean/median values, where 45 samples are from the 

Swedish monitoring programme, 78 values from scientific literature and 13 values from 

UNEP/WHO. 

 

Human blood 

Beta-HCH has been measured in human serum and plasma on at least one occasion in ten 

countries within the WEOG region (N=200). Lipid weight normalized concentrations of beta-

HCH range between 1.1-71 ng/g lw serum or plasma within WEOG (N= 150, Table 5.2.30). The 

highest average concentration (15 ng/g lw serum or plasma, N=35) was found in Australasia, 

followed by Europe (13 ng/g lw serum or plasma) and North America (7.0 ng/g lw serum or 

plasma). No time trend was observed for beta-HCH during the period 1992-2015 in the WEOG 

region (Figure 5.2.33).  
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Table 5.2.30. Summary statistics of human blood (serum or plasma) concentrations on lipid 

weight basis for beta-HCH in WEOG region (Number (N) and average, median, standard 

deviation (SD), range, number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Beta-HCH Europe ng/g lw  

serum or plasma 

35 13 5.9 16 1.2 -56 0 62 

 North America ng/g lw  

serum or plasma 

35 7.0 5.5 4.4 1.6 -19 0 62, 66, 67 

 Australasia ng/g lw  

serum or plasma 

80 15 8.7 16 1.1 -71 0 68 

 WEOG ng/g lw  

serum or plasma 

150 13 6.9 14 1.1 -71 0   

1Mean value of concentrations in final dataset. 
2Number of reported mean/median values in dataset 

 

 

Figure 5.2.33. Time trend (1992 – 2015) of human blood (serum or plasma) beta-HCH 

concentrations in the WEOG region. This time trend is based on the average of 150 reported 

mean/median values. 

 

For wet weight normalized data the concentration of beta-HCH ranged between 0.0096-0.43 

ng/ww serum or plasma within WEOG (N= 50, Table 5.2.31). This data is only based on three 

countries (Canada, Spain and Sweden) and no time trend was observed for the period 2008-2011.  
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Table 5.2.31. Summary statistics of human blood (serum or plasma) concentrations on wet 

weight basis for beta-HCH in WEOG region (Number (N) and average, median, standard 

deviation (SD), range, number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Beta-HCH Europe ng/g ww  

serum or plasma 

38 0.15 0.13 0.082 0.0096 -0.43 32 2, 65 

 North America ng/g ww  

serum or plasma 

12 0.037 0.034 0.016 0.020 -0.068 0 66 

  WEOG ng/g ww  

serum or plasma 

50 0.12 0.12 0.086 0.0096 -0.43 32   

 

 

Heptachlor 

Human milk 

Heptachlor and its degradation product heptachlor epoxide were measured in 19 countries within 

the WEOG during the period 1988-2013 (Table 5.2.7). In Australasia the average level of 

Heptachlor is 6.7 ng/g lw (N=17) as compared to 3.3 ng/g lw (N=14) in Europe (Table 5.2.32). 

For heptachlor epoxide, the highest average of median values can also be seen in Australasia 

with 15 ng/g lw (N=15), followed by Europe with 8.8 ng/g lw (N=19) and North America with 

2.1 ng/g lw (N=10). There was no clear trend of reported mean and median values for heptachlor 

during period 1988-2013.  

 

Table 5.2.32. Summary statistics of human milk concentrations for heptachlor concentrations in 

WEOG region (Number (N) and average, median, standard deviation (SD), range, number of 

reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Cis  

Heptachlor epoxide 

Europe  ng/g lw 16 2.9 2.4 1.9 0.6 - 7.3 0 1, 9, 20, 29 

 Australasia ng/g lw 2 2.1 2.1 2.6 0.25 - 3.9667 1 1 

 WEOG ng/g lw 18 2.8 2.4 1.9 0.25 - 7.3 1  

Heptachlor Europe ng/g lw 14 3.3 0.25 7.7 0.001 - 22 10 1, 9, 20 

 Australasia ng/g lw 17 6.7 3.0 7.6 0.25 - 24 17 1, 9 

 WEOG ng/g lw 31 5.1 0.9 7.7 0.001 - 24 27  

Heptachlor epoxide Europe ng/g lw 19 8.8 2.7 16 0.11 - 61 1 1, 9, 59 

 North America ng/g lw 10 2.1 2.0 0.79 0.75 - 3.25 0 9 

 Australasia ng/g lw 15 15 7.3 21 0.25 - 78 1 1, 9 

 WEOG ng/g lw 44 9.5 3.0 17 0.11 – 78 2  

Trans  

Heptachlor epoxide 

Europe ng/g lw 9 0.22 0.25 0.082 0.0050 - 0.25 8 1, 20 

 Australasia ng/g lw 2 0.25 0.25 0.00 0.25 - 0.25 2 1 

 WEOG ng/g lw 11 0.23 0.25 0.074 0.005 - 0.25 10  
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Human Blood 

Heptachlor was reported in human blood in 2 years (2009 and 2010) in Spain with all measured 

data below LOQ (65). 

 

Mirex 

Human milk 

The insecticide Mirex is one of the initial 12 POPs included in the Stockholm Convention when 

it came into force in 2004. In the previous report, Mirex was reported to be below the limit of 

detection in all reporting countries (UNEP, 2015). In this survey, 44 reported mean or median 

values were found out of which 10 values were below the limit of detection or quantification. 

Mirex has been analysed in 16 countries with samples from 1988 to 2013. Most samples are 

from North America and Europe, where North American values are from the 1980’s and 1990’s. 

The highest average of median values was found in North America (2.5 ng/g lw, N=21), 

followed by Europe with 0.5 ng/g lw (N=19) and Australasia with 0.22 ng/g lw (N=4) (Table 

5.2.33). There was no clear trend of reported mean and median values for Mirex during the 

period 1988 to 2013. 

 

Table 5.2.33. Summary statistics of human milk concentrations for Mirex in WEOG region 

(Number (N) and average, median, standard deviation (SD), range, number of reported values 

below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Mirex Europe ng/g lw 19 0.50 0.25 0.61 0.073 - 2.3 8 1, 9, 14, 20, 49 

 North America ng/g lw 21 2.5 1.8 2.9 0.75 - 14 0 9 

 Australasia ng/g lw 4 0.22 0.23 0.034 0.18 - 0.25 2 1, 9 

 WEOG ng/g lw 44 1.4 0.8 2.2 0.073 - 14 10  

 

 

Human blood 

Mirex has been measured in human serum and plasma on at least one occasion in 6 countries 

within the WEOG region (N=63). Lipid weight normalized concentrations of Mirex range 

between 0.078-91 ng/g lw serum or plasma within WEOG (N=57, Table 5.2.34). The highest 

average concentration (18 ng/g lw serum or plasma, N=15) was found in Europe, followed by 

North America (5.6 ng/g lw serum or plasma, N=26) and Australasia (1.1 ng/g lw serum or 

plasma, N=16). Mirex shows decreasing trend for the period 1992-2015 in the WEOG region 
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(Figure 5.2.34). The high average value for Europe in 2007 includes mainly samples from 

Greenland. 

 

Table 5.2.34. Summary statistics of human blood (serum or plasma) concentrations on lipid 

weight basis for Mirex in WEOG region (Number (N) and average, median, standard deviation 

(SD), range, number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Mirex Europe ng/g lw  

serum or plasma 

15 18 5.8 27 0.078 -91 0 62 

 North America ng/g lw  

serum or plasma 

26 5.6 3.3 4.9 2.0 -24 0 62, 67 

 Australasia ng/g lw  

serum or plasma 

16 1.1 1.1 0.094 0.95 -1,3 0 68 

  WEOG ng/g lw  

serum or plasma 

57 7.5 3.0 15 0.078 -91 0   

 

 

 

Figure 5.2.34. Time trend (1992 - 2015) of human blood (serum or plasma) Mirex 

concentrations in the WEOG region. This time trend is based on the average of 57 reported 

mean/median values. 

 

Wet weight normalized concentrations of Mirex were only available from Canada (sampled in 

year 2008) where the average concentration was 0.015 ng/g ww plasma (N=6, Table 5.2.35). 
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Table 5.2.35. Summary statistics of breast milk wet weight concentrations for Mirex in WEOG 

region (Number (N) and average, median, standard deviation (SD), range, number of reported 

values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Mirex North America 

(Canada) 

ng/g ww 

plasma 

6 0.015 0.015 0.0053 0.0098 -0.020 0 66 

 

 

Polychlorinated naphthalenes PCNs 

Human milk 

No biomonitoring data of PCNs in human milk were found in the literature search or in the 

national biomonitoring programs.  

 

Human blood 

PCNs was included in the Stockholm convention in 2015. Measurements of PCNs in human 

blood has only been found from Sweden during the period 2012-2017 (Table 5.2.9). In total, 5 

compounds of PCNs including penta-, hexa-, hepta-, octa-, and tetra- chlorinated naphthalenes 

were measured with the highest average of median values for pentachloronaphthalene with 14 

ng/g lw (N=6) and tetrachloronaphthalene with 12 ng/g lw (N=12) (Table 5.2.36). No trend of 

PCNs could be observed during this observed period. 

 

Table 5.2.36. Summary statistics of human blood concentrations for PCNs in Europe (Sweden) 

(Number (N) and average, median, standard deviation (SD), range, number of reported values 

below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

Tetrachloro- 

naphthalene 

Europe 

(Sweden) 

ng/g lw 12 12 9.0 8.2 3.5 - 27 0 2 

Pentachloro- 

naphthalene 

Europe 

(Sweden) 

ng/g lw 6 14 14 2.1 11 – 17 0 2 

Hexachloro- 

naphthalene 

Europe 

(Sweden) 

ng/g lw 6 6.1 6.0 1.0 4.6 - 7.7 0 2 

Heptachloro- 

naphthalene 

Europe 

(Sweden) 

ng/g lw 6 0.823 0.843 0.091 0.7 - 0.94 6 2 

Octachloro- 

naphthalene 

Europe 

(Sweden) 

ng/g lw 6 0.233 0.233 0.029 0.21 - 0.28 6 2 
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Pentachlorophenol (PCP) 

Human milk 

PCP was included in the Stockholm convention in 2015. No biomonitoring data of PCP in breast 

milk was found in the literature search or in the biomonitoring programs.  

 

Human blood 

Data for PCP in human plasma was only found from two countries, Germany (N=213) and 

Canada (N= 2) (Table 5.2.37). PCP show decreasing trend for the period 1985-2012 (Figure 

5.2.35). 

  

Table 5.2.37. Summary statistics of human blood (plasma) concentrations on wet weight basis 

for PCP in Europe (Number (N) and average, median, standard deviation (SD), range, number 

of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N 

<DL/QL 

References 

PCP Europe 

(Germany) 

ng/g ww 

plasma 

213 2.8 1.5 4.1 0.33 -26 0 69 

 North America 

(Canada) 

ng/g ww 

plasma 

2 0.39 0.39 0.14 0.29 -0.49 0 62 

  WEOG ng/g ww 

plasma 

215 2.8 1.5 4.1 0.29 -26 0   
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Figure 5.2.35. Time trend (1985 – 2012) of human blood (plasma) PCP concentrations in the 

WEOG region (Germany and Canada). This time trend is based on the average of 215 reported 

mean/median values. 

 

Hexabromobiphenyl ethers (HBB) 

Human milk 

Polybromobiphenyls (PBBs) have been measured in ten countries within the WEOG but most of 

the measured data, 8 out of 11 median values, were below LOD (Table 5.2.38). Moreover, the 

number of measurements in the investigated period 1999-2012 was low. Consequently, no trend 

could be identified for PBB in breast milk within the WEOG region.  

 

Table 5.2.38. Summary statistics of human milk concentrations for PBB in WEOG region 

(Number (N) and average, median, standard deviation (SD), range, number of reported values 

below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

BB153 Europe ng/g lw 4 0.25 0.25 0.00 0.25 - 0.25 4 1 

 North America ng/g lw 5 0.67 0.62 0.48 0.14 - 1.3 3 56, 57 

 Australasia ng/g lw 2 0.88 0.88 0.88 0.25 - 1.5 1 1 

 WEOG ng/g lw 11 0.56 0.25 0.48 0.14 - 1.5 8  

Sum PBB Europe ng/g lw 2 0.22 0.22 0.064 0.17 - 0.26 0 9 

 WEOG ng/g lw 2 0.22 0.22 0.064 0.17 - 0.26 0  
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Human blood 

In serum, polybromodiphenyl ethers (i.e. BB153) was measured within the NHANES program in 

the USA every second year between 2005 and 2015. Except for 2013, there seems to be a 

downwards trend in the data (Figure 5.2.36), though data of the latest years or future years are 

needed to confirm this statistically.   

 

 

Figure 5.2.36: Time trend (2005 – 2015) for reported geometric mean values for BB153 in North 

America (USA, NHANES). 

 

Pentachlorobenzene (PeCB) 

Human milk 

PeCB was measured in ten countries within WEOG with the highest average of median values in 

North America (1.1 ng/g lw, N=10) followed by Europe (0.28 ng/g lw, N=10) (Table 5.2.39). No 

trend could be observed for PeCB within WEOG region during the period 1992-2012. 
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Table 5.2.39. Summary statistics of human milk concentrations for PeCB in WEOG region 

(Number (N) and average, median, standard deviation (SD), range, number of reported values 

below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

PeCB Europe ng/g lw 10 0.28 0.26 0.038 0.25 - 0.36 4 1, 9, 20 

 North America ng/g lw 10 1.1 1.1 0.29 0.5 - 1.5 0 9 

 Australasia ng/g lw 2 0.25 0.25 0.00 0.25 - 0.25 2 1 

 WEOG ng/g lw 22 0.63 0.34 0.45 0.25 - 1.5 6  

 

 

Human blood 

No biomonitoring data of PeCB in human blood was found in the literature search or in the 

national biomonitoring programs. 

 

 

Perfluorooctane sulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) 

Human milk 

Per- and polyfluoroalkyl substances (PFAS) has been used intensively as dirt and water repellant 

as well as in fire-fighting foams since the 1950s but recently got attention due to their unique 

physical and chemical properties. In 2009, PFOS, its salts and perfluorooctane sulfonyl fluoride 

(PFOSF) were included in Stockholm convention and in 2019 PFOA, its salts and PFOA-related 

compounds were listed. These chemicals have been measured in breast milk in eight countries 

within the WEOG during the period 1972-2011 with average of median values of 0.32 ng/g lw 

(N=33) for sum linear and branched PFOA and 0.15 ng/g lw (N=52) for sum of linear and 

branched PFOS (Table 5.2.40).  

Sweden has measurements of PFOA and PFOS in biobanked breast milk from 1972. Since linear 

PFOA and PFOS are the major components as compared to their branched isomers, observation 

for these linear isomers could be used as indicator for changing in trends of PFOS and PFOA in 

breast milk. Since 1972, there is an increasing trend of PFOS and PFOA in breast milk in 

Sweden until the beginning of 2000s (Figure 5.2.37, Figure 5.2.38, Figure 5.2.39, Figure 5.2.40) 

when PFAS as a group received more attention due to reports on their persistence, toxicity and 

presence in humans and the environment. Since then, the trend of linear PFOA and PFOS has 

decreased as a result of the ban/restriction from use in commercial as well as industrial products 

and fire-fighting foams. Measurements of Extractable organic fluorine (EOF) shows that target 
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PFASs explains 11-75% of the total PFAS in Swedish breast milk and that the proportion of 

unknown PFASs increases over time.  

 

Table 5.2.40. Summary statistics of human milk concentrations for target PFASs in WEOG 

region (Number (N) and average, median, standard deviation (SD), range, number of reported 

values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

PFOA Europe ng/ml 29 0.084 0.10 0.033 0.025 - 0.16 15 2, 3, 25, 28, 

31, 42, 44, 48, 

51, 59, 61 

PFOA br Europe ng/ml 23 0.0010 0.0010 0 0.0010 - 0.0010 23 2 

PFOA L Europe ng/ml 23 0.068 0.067 0.025 0.029 - 0.13 0 2 

PFOS Europe ng/ml 50 0.14 0.20 0.071 0.023 - 0.26 4 2, 3, 9, 25, 28, 

31, 42, 48, 51, 

59, 61 

 North America ng/ml 1 0.11 0.11  0.11 - 0.11 0 9 

  WEOG ng/ml 51 0.14 0.20 0.070 0.023 - 0.26 4  

PFOS br Europe  ng/ml 23 0.0070 0.0047 0.0061 0.00025 - 0.024 1 2 

PFOS L Europe  ng/ml 27 0.064 0.053 0.041 0.0073 - 0.17 0 2 

 

 

 

Figure 5.2.37. Time trend (1996 – 2014) for human milk PFOA concentrations in European 

countries. Time trend is based on 33 reported mean/median values, where 21 samples are from 

the Swedish national monitoring program and 13 from scientific literature. 
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Figure 5.2.38. Time trend (1972 – 2012) for reported human milk PFOS concentrations in the 

WEOG region. Time trend is based on 52 reported mean/median values, where 4 samples are 

from the Swedish monitoring program and 48 from scientific literature. 

 

 

Figure 5.2.39. Time trend (1972 – 2015) for reported concentrations of PFOA-L in Swedish 

breast milk. The time trend is based on 67 single samples originating from the Swedish 

monitoring program. 
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Figure 5.2.40. Time trend (1972-2015) for breast milk PFOS-L concentrations in Sweden. The 

time trend is based on 86 single samples and 31 pooled samples originating from the Swedish 

national monitoring program. 

 

Human Blood 

During the period 1982-2017, PFOA and PFOS in blood have been reported in ten countries 

within the WEOG. Summary statistics of PFOA and PFOS in human blood can be found in 

Table 5.2.41 with data reported from Europe, North America and Australasia regions. The 

highest average concentration for PFOA and PFOS is in Australasia region with 6.6 ng/mL 

(N=68) and 19 ng/mL (N=68), respectively. The lowest average concentration could be observed 

in North America with 2.2 ng/mL (N=43) for PFOA and 5.7 ng/mL (N=43) for PFOS.  

 

Table 5.2.41. Summary statistics of human blood (plasma or serum) concentrations for PFOA 

and PFOS in WEOG region (Number (N) and average, median, standard deviation (SD), range, 

number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range 

(min-max) 

N 

<DL/QL 

References 

PFOA Europe ng/mL 142 3.0 2.6 1.5 0.079 - 7.8 115 2, 62, 65, 69 

PFOA North America ng/mL 43 2.2 2.3 1.0 0.30 - 4.9  62, 66, 67 

PFOA Australasia ng/mL 68 6.6 5.9 2.4 2.8 – 12  68 

PFOA Total WEOG ng/mL 253 3.8 3.0 2.4 0.079 – 12 115  

PFOS Europe  ng/mL 162 13 9.9 9.6 1.4 - 61 135 2, 62, 65, 69 

PFOS North America ng/mL 43 5.7 6.0 4.5 0.10 – 22  62, 66, 67 

PFOS Australasia ng/mL 68 19 18 7.3 7.1 – 36  68 

PFOS Total WEOG ng/mL 273 13 10.7 9.3 0.10 - 61 135  
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Since 2009, the trend of PFOA and PFOS in human blood has decreased as a result of the 

ban/restriction of these compounds in commercial use as well as industrial products. Levels of 

PFOA and PFOS in human blood since 1982 until 2009 did not show any significant trend but 

rather kept stable (Figure 5.2.41 and Figure 5.2.42).  

 

 

Figure 5.2.41. Time trend (1982 – 2017) for human blood PFOA concentrations in North 

America, Australasia and Europe. 

 

 

Figure 5.2.42. Time trend (1982 – 2017) for human blood PFOS concentrations in North 

America, Australasia and Europe. 

 



 

140 

Interestingly, a slightly increasing trend of Perfluorohexane sulfonic acid (PFHxS) could be 

observed in human blood (Figure 5.2.43). This might be due to the increasing use of PFHxS as a 

replacement for PFOA and PFOS since the usage of these compounds started to be phased out in 

the 2000s. PFHxS has been nominated for listing to the Convention and it will be considered by 

the COP at COP10.  

 

 

Figure 5.2.43. Time trend (1982 – 2017) for human blood PFHxS concentrations in North 

America, Australasia and Europe. 

 

 

Toxaphene 

Human milk 

The three indicator congeners (Parlar 26, 50 and 62) of the insecticide Toxaphene have been 

measured in breast milk within the WEOG region. The congeners have been measured in 13 

different countries in Australasia and Europe (Table 5.2.42). One reported value of “Toxaphene” 

could be found in Canada, sampled in 1999. The three congeners are regarded as indicator 

congeners as they generally comprise a major part of the toxaphene residues found in biota. 

Out of the three congeners, Parlar 62 appears in lower concentrations, where all reported data 

were below the quantification limit. Both Parlar 26 and 50 are decreasing over time, as can be 

seen in Figure 5.2.44, where the two last sampling years (2011 in New Zealand and 2012 in 

Israel) yielded values below the quantification limit. 
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Table 5.2.42. Summary statistics of human milk concentrations for toxaphene in WEOG region 

(Number (N) and average, median, standard deviation (SD), range, number of reported values 

below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

Reference 

Parlar 26 Europe ng/g lw 11 0.83 0.50 0.91 0.25 - 3.3 4 1 

 Australasia ng/g lw 2 0.32 0.32 0.09

9 

0.25 - 0.39 1 1 

 WEOG ng/g lw 13 0.75 0.45 0.85 0.25 - 3.3 5  

Parlar 50  Europe ng/g lw 11 2.0 1.8 1.7 0.25 - 6.7 2 1 

 Australasia ng/g lw 2 0.70 0.70 0.64 0.25 - 1.2 1 1 

 WEOG ng/g lw 13 1.8 1.5 1.7 0.251 - 6.7 3  

Parlar 62  Europe ng/g lw 11 0.251 0.251 0 0.251- 0.251 11 1 

 Australasia ng/g lw 2 0.251 0.251 0 0.251 - 0.251 2 1 

 WEOG ng/g lw 13 0.251 0.251 0 0.251 - 0.251 13  

Toxaphene  North America 

(Canada) 

ng/g lw 1 56 56 - 56 - 56 0  

1 All values below LOD/LOQ. 

 

 

Figure 5.2.44. Time trend (2001 – 2012) for breast milk concentrations of Parlar 26 and Parlar 

50 in the WEOG region (values reported from Europe and Australasia).  

 

Human blood 

No biomonitoring data of Toxaphene in human blood were found in the biomonitoring programs. 
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Polychlorinated dibenzo-p-dioxins (dioxins) and Polychlorinated dibenzofurans (furans) 

Human milk 

The polychlorinated dibenzo-p-dioxin/polychlorinated dibenzofuran (PCDD/PCDF) 

concentrations are reported as toxic equivalents (TEQs) based on WHO TEF values from 1998 

(Van den Berg et al. 1998) and 2005 (Van den Berg et al. 2006). Within the region, mean and 

median values for ∑PCDD/F have been reported in 23 countries during the period 1972-2017. 

The reported breast milk concentrations vary between 0.0033-0.049 ng/g lw (WHO TEQ 1998) 

and 0.0019-0.036 ng/g lw (WHO TEQ 2005) (Table 5.2.43). A decreasing trend can be observed 

for ∑PCDD/F during the sampling period, as can be seen in Figure 5.2.45 (WHO TEQ1998) and 

Figure 5.2.46 (WHO TEQ2005).  

In total, 58 and 35 reported mean/median values for Total TEQ were reported in WHO TEQ 

1998 and WHO TEQ 2005 respectively. The median/mean values ranged from 0.0065 - 0.10 

ng/g lw (WHO TEQ 1998) and 0.0063 - 0.072 ng/g lw (WHO TEQ 2005) (Table 5.2.43). When 

examining regional differences in concentrations, Europe exhibits slightly higher concentrations 

than North America and Australasia during the sampling period. A decreasing trend can be 

observed for total TEQ, during the sampling period 1972-2010 (Figure 5.2.47).  
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Table 5.2.43. Summary statistics of human milk concentrations for dioxins and furans in WEOG 

region (Number (N) and average, median, standard deviation (SD), range, number of reported 

values below LOD/LOQ (N<DL/QL)). 

Substance TEQ Continent N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

∑PCDD/F WHO TEQ 

1998 

Europe 63 0.012 0.0089 0.0087 0.0045 - 0.049 0 4, 9, 11, 

21, 24, 45 

[ng/g lw]  North 

America 

5 0.0070 0.0049 0.0045 0.0033 - 0.015 0 9, 55 

   WEOG  68 0.012 0.0087 0.0086 0.0033 - 0.049 0  

 WHO TEQ 

1998 LB/(UB) 

Europe 60 0.0093 0.0061 0.0073 0.0020 - 0.033 0 1 

  North 

America 

5 0.014 0.015 0.0050 0.0054 - 0.018 0 1 

  Australasia 7 0.0032 0.0035 0.0017 0.0011 - 0.0058 0 1 

   WEOG  72 0.0090 0.0059 0.0071 0.0011 - 0.033 0  

 WHO TEQ 

2005 

Europe 48 0.010 0.0091 0.0068 0.0023 - 0.036 0 4, 9, 24, 

27, 29, 46, 

47 

  North 

America 

9 0.0045 0.0047 0.0021 0.0019 - 0.0083 0 9, 12, 26, 

54 

  Australasia 3 0.0046 0.0049 0.00096 0.0035 - 0.0054 0 5, 26 

   WEOG  60 0.0092 0.0077 0.0066 0.0019 - 0.036 0  

 WHO TEQ 

2005 LB/(UB) 

Europe 60 0.0084 0.0056 0.0071 0.0014 - 0.033 0 1 

  North 

America 

5 0.013 0.015 0.0054 0.0038 - 0.017 0 1 

  Australasia 7 0.0030 0.0032 0.0018 0.00075 - 

0.0058 

0 1 

   WEOG  72 0.0082 0.0053 0.0070 0.00075 - 0.033 0  

Total 

TEQ  

WHO TEQ 

1998 

Europe 55 0.023 0.016 0.018 0.0068 - 0.10 0 9, 16, 21, 

45 

[ng/g lw]  North 

America 

3 0.012 0.012 0.0059 0.0065 - 0.018 0 9, 55 

   WEOG  58 0.023 0.015 0.018 0.0065 - 0.10 0  

 WHO TEQ 

2005 

Europe 30 0.023 0.019 0.015 0.0072 - 0.072 0 9, 11, 27 

  North 

America 

3 0.0080 0.0088 0.0015 0.0063 - 0.0090 0 12, 27, 55 

  Australasia 2 0.0070 0.0070 0.00013 0.0069 - 0.0071 0 27 

    WEOG  35 0.021 0.014 0.015 0.0063 - 0.072 0  
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Figure 5.2.45. Time trend (1987 - 2014) for human milk concentrations of sum PCDD/-F WHO 

TEQ1998 in North America, Europe and Australasia. 

 

 

Figure 5.2.46. Time trend (1987 - 2014) for human milk concentrations of sum PCDD/-F WHO 

TEQ2005. 
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Figure 5.2.47. Time trend (1972 – 2010) for reported human milk concentrations of total TEQ in 

North America, Europe and Australasia. 

 

Human blood  

TEQ-values for PCDDs or PCDFs in blood, serum or plasma were hardly available, except for 

within the Australian dataset for 2010 and 2012, as well as for the Swedish national monitoring 

(for highly exposed fish-consumers in 2002).   

The dataset from Australasia was chosen to indicate the different PCDD and PCDF levels 

compared to each other, as this dataset included the most current year (2012). For this, an 

average per year and over all pooled sample groups was taken (Figure 5.2.48). Highest average 

levels in 2012 are detected for OctaCDD (the concentration refers to right axis), followed by 

1,2,3,4,6,7,8-HpCDD and 1,2,3,6,7,8-HxCDD (Figure 5.2.48). It cannot be ruled out, that this 

congener pattern might be continent specific though. 
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Figure 5.2.48. Levels of different PCDDs and PCDFs in serum; data from Australia, average 

values calculated of the 2012 data. Note that the OctaCDD bar relates to values of the right axis. 

 

Several of the dioxins and furans showed a decreasing trend between 1987 and 2012 as 

illustrated in Figures 5.2.49 – 5.2.54 and Tables 5.2.44 – 5.2.46 for 2,3,7,8-TeCDD, 1,2,3,7,8-

PeCDD, 1,2,3,4,7,8-HxCDD, 1,2,3,4,7,8-HxCDF, 1,2,3,4,6,7,8-HpCDD and OctaCDD.  

Generally, the dioxin and furan levels of this dataset are higher in Europeans than in North 

Americans and Australians, and often Australian data are lowest. However, one should be 

cautious in concluding that this observation represents the real differences among the continents. 

The observed differences may originate to large extent from the variation in timing and scope of 

the monitoring programs that provided data for this dataset. The European data are the oldest 

one, followed by data from North America while the Australian data are for the latest period. 

This means that the decrease in concentrations achieved as a result of the Stockholm Convention 

provisions are most visible in the Australian data, while the European data shows concentrations 

from the earlier period, even before the Stockholm Convention. In addition, European data 

shows results for highly or higher exposed people, because the underlying monitoring program 

focused on people such as fish-consumers, or men over 45, as well as people from known 

contaminated areas.  

OctaCDD is the only compound among all the PCDD/Fs, for which data of different continents 

are overlapping in time (Figure 5.2.54). The 2008 data from Europe (Sweden) are within the time 

span of the NHANES campaign. Considering that the European data are for humans living in a 

locally contaminated area (therefore the average is probably higher than the average of the timely 

closest NHANES data) and the levels were related to the lipid weight in plasma (instead of lw in 

serum), the difference between European and North American data is not big (Figure 5.2.54). 
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Figures 5.2.49-5.2.54. Time trend of human blood serum concentrations (on lipid weight basis) 

of 2,3,7,8-TeCDD (Figure 5.2.49), 1,2,3,7,8-PeCDD (Figure 5.2.50), 1,2,3,4,7,8-HxCDD 

(Figure 5.2.51), 1,2,3,4,7,8-HxCDF (Figure 5.2.52), 1,2,3,4,6,7,8-HpCDD (Figure 5.2.53) and 

OctaCDD (Figure 5.2.54) in the WEOG region for the period 1987 – 2012.  
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Table 5.2.44. Summary statistics of human blood (serum) concentrations on lipid weight basis 

for the TCDD/Fs and PeCDD/Fs in the WEOG region (Number (N) and average, median, 

standard deviation (SD), range, number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

2,3,7,8 - 

TeCDD 

Europe ng/g lw  

serum 

3 0.0042 0.0037 0.0011 0.0033 -0.0054 0 2 

  North America ng/g lw  

serum 

3 0.0011 0.0012 0.00015 0.00094 -0.0012 0 67 

  Australasia ng/g lw  

serum 

27 0.00066 0.00036 0.00047 0.00022 -0.0016 0 68 

  WEOG ng/g lw  

serum 

33 0.0010 0.00070 0.0011 0.000215 -0.0054 0   

2,3,7,8 - 

TeCDF 

Europe ng/g lw  

serum 

3 0.0020 0.0017 0.00043 0.0017 -0.0025 0 2 

  North America ng/g lw  

serum 

3 0.00026 0.00023 0.00012 0.00015-0.00038 0 67 

  Australasia ng/g lw  

serum 

27 0.00032 0.00019 0.00030 0.00013 -0.0013 0 68 

  WEOG ng/g lw  

serum 

33 0.00047 0.00020 0.00057 0.00013 -0.0025 0   

1,2,3,7,8-

PeCDD 

Europe ng/g lw  

serum 

3 0.011 0.012 0.0013 0.0097 -0.012 0 2 

  North America ng/g lw  

serum 

3 0.0039 0.0040 0.00029 0.0035 -0.0041 0 67 

  Australasia ng/g lw  

serum 

27 0.0021 0.0015 0.0013 0.00036 -0.0048 0 68 

  WEOG ng/g lw  

serum 

33 0.0031 0.0025 0.0029 0.00036 -0.012 0   

1,2,3,7,8-

PeCDF 

Europe ng/g lw  

serum 

3 0.00085 0.0010 0.00038 0.00043 -0.0012 0 2 

  North America ng/g lw  

serum 

3 0.00035 0.0004 0.000049 0.00029 -0.00038 0 67 

  Australasia ng/g lw  

serum 

29 0.00032 0.0003 0.00012 0.00023 -0.00076 0 68 

  WEOG ng/g lw  

serum 

35 0.00037 0.00032 0.00021 0.00023 -0.0012 0   

2,3,4,7,8-

PeCDF 

Europe ng/g lw  

serum 

3 0.040 0.042 0.0042 0.036 -0.044 0 2 

  North America ng/g lw  

serum 

3 0.0045 0.0045 0.000046 0.0044 -0.0045 0 67 

  Australasia ng/g lw  

serum 

29 0.0027 0.0026 0.0012 0.0010 -0.0055 0 68 

  WEOG ng/g lw  

serum 

35 0.0061 0.0028 0.011 0.0010-0.044 0   
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Table 5.2.45. Summary statistics of human blood (serum) concentrations on fresh weight basis 

for the HxCDD/Fs in the WEOG region (Number (N) and average, median, standard deviation 

(SD), range, number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

1,2,3,4,7,8-

HxCDD 

Europe ng/g lw  

serum 

3 0.0035 0.003 0.00052 0.0030 -0.0041 0 2 

  North America ng/g lw  

serum 

3 0.0027 0.003 0.00038 0.0024 -0.0031 0 67 

  Australasia ng/g lw  

serum 

30 0.0012 0.001 0.00082 0.00008 -0.0028 0 68 

  WEOG ng/g lw  

serum 

36 0.0015 0.001 0.0011 0.00008 -0.0041 0   

1,2,3,4,7,8-

HxCDF 

Europe ng/g lw  

serum 

3 0.0080 0.007 0.0018 0.0070 -0.010 0 2 

  North America ng/g lw  

serum 

3 0.0032 0.0033 0.00027 0.0029 -0.0034 0 67 

  Australasia ng/g lw  

serum 

29 0.0011 0.0010 0.00039 0.00017 -0.0020 0 68 

  WEOG ng/g lw  

serum 

35 0.0019 0.0012 0.0021 0.00017 -0.010 0   

1,2,3,6,7,8-

HxCDD 

Europe ng/g lw  

serum 

3 0.042 0.042 0.0078 0.034 -0.050 0 2 

  North America ng/g lw  

serum 

3 0.021 0.021 0.0023 0.019 -0.024 0 67 

  Australasia ng/g lw  

serum 

30 0.0091 0.0078 0.0060 0.0022 -0.022 0 68 

  WEOG ng/g lw  

serum 

36 0.013 0.010 0.011 0.0022 -0.050 0   

1,2,3,6,7,8-

HxCDF 

Europe ng/g lw  

serum 

3 0.0081 0.0077 0.0018 0.0066 -0.010 0 2 

  North America ng/g lw  

serum 

3 0.0033 0.0033 0.00017 0.0032 -0.0035 0 67 

  Australasia ng/g lw  

serum 

30 0.0014 0.0013 0.00061 0.000065 -0.0027 0 68 

  WEOG ng/g lw  

serum 

36 0.0021 0.0015 0.0020 0.000065 -0.010 0   

1,2,3,7,8,9-

HxCDD 

Europe ng/g lw  

serum 

3 0.0058 0.0059 0.0018 0.0039 -0.0075 0 2 

  North America ng/g lw  

serum 

3 0.0031 0.0031 0.00019 0.0030 -0.0033 0 67 

  Australasia ng/g lw  

serum 

30 0.0022 0.0018 0.00104 0.0010 -0.0049 0 68 

  WEOG ng/g lw  

serum 

36 0.0026 0.0022 0.0015 0.0010 -0.0075 0   

1,2,3,7,8,9-

HxCDF 

Europe ng/g lw  

serum 

3 0.0010 0.00050 0.00085 0.0005 -0.0020 0 2 

  North America ng/g lw  

serum 

3 0.000088 0.000089 0.0000069 0.000081 -0.000094 0 67 

  Australasia ng/g lw  

serum 

30 0.00014 0.00012 0.000082 0.000095 -0.00056 0 68 

  WEOG ng/g lw  

serum 

36 0.00021 0.00012 0.00032 0.000081 -0.0020 0   
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Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

2,3,4,6,7,8-

HxCDF 

Europe ng/g lw  

serum 

3 0.0032 0.0023 0.0018 0.0021 -0.0053 0 2 

  North America ng/g lw  

serum 

3 0.00086 0.00095 0.00018 0.00065 -0.00097 0 67 

  Australasia ng/g lw  

serum 

30 0.00034 0.00037 0.00025 0.000055 -0.00076 0 68 

  WEOG ng/g lw  

serum 

36 0.00062 0.00042 0.00094 0.000055 -0.0053 0   

 

Table 5.2.46. Summary statistics of human blood (serum) concentrations on lipid weight basis 

for the HpCDD/Fs and OctaCDD/Fs in the WEOG region (Number (N) and average, median, 

standard deviation (SD), range, number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

1,2,3,4,6,7,8-

HpCDD 

Europe ng/g lw  

serum 

3 0.064 0.067 0.0 0.033 -0.093 0 2 

  North America ng/g lw  

serum 

3 0.025 0.023 0.0 0.021 -0.030 0 67 

  Australasia ng/g lw  

serum 

31 0.013 0.012 0.0 0.0055 -0.027 0 68 

  WEOG ng/g lw  

serum 

37 0.018 0.013 0.0 0.0055 -0.093 0   

1,2,3,4,6,7,8-

HpCDF 

Europe ng/g lw  

serum 

3 0.015 0.017 0.0 0.012 -0.017 0 2 

  North America ng/g lw  

serum 

3 0.0075 0.0078 0.0 0.0065 -0.0081 0 67 

  Australasia ng/g lw  

serum 

31 0.0024 0.0024 0.0 0.00075 -0.00394 0 68 

  WEOG ng/g lw  

serum 

37 0.0038 0.0027 0.0 0.00075 -0.017 0   

1,2,3,4,7,8,9-

HpCDF 

Europe ng/g lw  

serum 

3 0.00085 0.00050 0.00060 0.0005 -0.0015 0 2 

  North America ng/g lw  

serum 

3 0.00012 0.00010 0.000047 0.000080 -0.00017 0 67 

  Australasia ng/g lw  

serum 

19 0.00019 0.00011 0.00014 0.00009 -0.000484 0 68 

  WEOG ng/g lw  

serum 

25 0.00026 0.00011 0.00031 0.000080 -0.0015 0   

OctaCDD Europe ng/g lw  

serum  

5 0.3971 0.3996 0.1053 0.26 -0.52 0 2 

  North America ng/g lw  

serum 

3 0.2252 0.2093 0.03256 0.20 -0.26 0 67 

  Australasia ng/g lw  

serum 

31 0.17466 0.15990 0.06335 0.090 -0.33 0 68 

  WEOG ng/g lw  

serum 

39 0.2071 0.18190 0.1001 0.090 -0.52 0   

OctaCDF Europe ng/g lw  

serum 

3 0.0033 0.0013 0.00380 0.001 -0.0077 0 2 

  North America ng/g lw  

serum 

3 0.00163 0.00189 0.00092 0.00060 -0.0024 0 67 

  Australasia ng/g lw  

serum 

31 0.00085 0.00080 0.00015 0.00065 -0.0012 0 68 

  WEOG ng/g lw  

serum 

37 0.00112 0.00085 0.00117 0.00060 -0.0077 0   
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Polybrominated diphenyl ethers (PBDEs) 

Human milk 

Among 209 possible congeners, only BDE 28, 47, 99, 100, 153,154, 183, and 209 are relevant 

when looking at the dietary exposure of PBDEs. BDE47 and BDE209 are usually used as 

indicators for exposure of humans to PBDEs. During the period 1972-2016, PBDEs in breast 

milk have been measured in 19 countries within the WEOG. The highest average of breast milk 

median values for either BDE47 (Figure 5.2.55), BDE209 (Figure 5.2.56) or sum PBDEs (Figure 

5.2.57) are found in North America with 23 ng/g lw (N=14), 39 ng/g lw (N=6) and 31 ng/g lw 

(N=14), respectively (Table 5.2.47). A lower concentration in the sum PBDEs compared to 

concentrations of separate PBDE congeners (BDE47 and BDE209) was an effect from 

differences in populations used in the data sources from North America for the different 

congeners. Europe has the lowest average of median values with 1.4 ng/g lw (N=130) for 

BDE47, 0.75 ng/g lw (N=31) for BDE209, and 2.8 ng/g lw (N=81) for sum PBDEs (Table 

5.2.47).  

Tetra-, penta-, hexa-, and heptabromodiphenyl ether were included in the Stockholm Convention 

in 2009 and decabomodiphenyl ether were included in 2017. Before 2009, BDE47 showed a 

significant increasing trend during the period 1976-2009 while an opposite trend was observed 

during the period 2010-2016 where BDE47 showed decreasing tendency in breast milk. More 

data are required in order to show more conclusive trends for PBDEs in breast milk. 



 

152 

 

Table 5.2.47. Summary statistics of breast milk concentrations for BDE 209, BDE 47 and 

∑PBDE in WEOG region (Number (N) and average, median, standard deviation (SD), range, 

number of reported values below LOD/LOQ (N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

Reference 

BDE 209  Europe ng/g lw 31 0.75 0.59 1.0 0.08 - 5.8 12 2, 6, 9, 15, 17, 

19, 29, 31, 36, 

37 

 North America ng/g lw 6 39 7.2 81 0.10 - 200 1 9, 58 

  WEOG ng/g lw 37 7.0 0.65 33 0.08 - 200 13  

BDE 47 Europe ng/g lw 130 1.4 1.2 0.99 0.0041 - 6.8 4 1, 2, 6, 9, 15, 

19, 26, 29, 30, 

31, 35, 37, 38, 

42, 43, 48, 61 

 North America ng/g lw 14 23 21 17 0.012 - 73 0 9, 22, 34, 54, 

56, 58, 60 

 Australasia ng/g lw 14 5.7 6.0 2.9 1.4 - 12 0 1, 38 

  WEOG ng/g lw 160 3.6 1.4 7.9 0.0041 - 73 4  

∑ PBDE3 Europe ng/g lw 81 2.8 2.2 4.8 0.0097 - 43 0 9, 29, 16, 17, 

30, 36, 37, 38, 

43, 46, 61 

 North America ng/g lw 14 31 32 17 0.02 - 54 0 9, 54, 56, 58, 60 

  Australasia ng/g lw 12 7.4 8.0 4.1 2.5-16 0 38 

 WEOG ng/g lw 107 7.0 2.7 12 0.0097 - 54 0  

 

 

 

Figure 5.2.55. Time trend for mean and median values of BDE47 in human milk on a lipid 

weight basis in North America, Europe and Australasia during the sampling period 1972 to 

2016. 
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Figure 5.2.56. Time trend for mean and median values for BDE209 in human milk on a lipid 

weight basis in North America and Europe during the sampling period 2001-2016. 

 

 

Figure 5.2.57. Time trend for mean and median values for the sum of PBDEs in human milk on a 

lipid weight basis in North America, Europe and Australasia during the sampling period 1972-

2014. 
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Human Blood 

During the period 2002-2017, concentrations of BDE47 and BDE209 in blood have been 

reported in seven countries within the WEOG (Table 5.2.9). Table 5.2.48 shows data reported on 

lipid-weight basis, while Table 5.2.49 shows data reported on wet-weight basis. Data on lipid-

weight basis are available for years 2002-2015 (excluding the AMAP dataset in year 2010) and 

on wet-weight basis for years 2002-2017.  

The highest average of lipid weight normalized concentration for either BDE47 or BDE209 is 

found in North America with 11 ng/g lw (N=20), 9.6 ng/g lw (N=4), respectively. Europe has the 

lowest average of lipid weight normalized concentration with 1.9 ng/g lw (N=27) for BDE47 and 

2.1 ng/g lw (N=7) for BDE209 (Table 5.2.48).   

The highest average of wet-weight normalized concentration for either BDE47 or BDE209 are 

found in North America with 0.094 ng/g ww (N=18), 0.019 ng/g ww (N=6), respectively. Europe 

has lower values with 0.010 ng/g ww (N=14) for BDE47 and 0.004 ng/g ww (N=3) for BDE209 

(Table 5.2.49). 

 

Table 5.2.48. Summary statistics of human blood (plasma or serum) concentrations on lipid 

weight basis concentrations for BDE209 and BDE47 from WEOG region (Number (N) and 

average, median, standard deviation (SD), range, number of reported values below LOD/LOQ 

(N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

BDE47 Europe ng/g lw  

plasma or serum 

27 1.9 1.7 1.1 0.63-6.6 14 2, 62 

 North America ng/g lw  

plasma or serum 

20 11.0 9.7 4.8 6.6-26 0 62, 66, 67 

 Australasia ng/g lw  

plasma or serum 

139 4.4 4 2.2 1.8-21 0 68 

 WEOG ng/g lw  

plasma or serum 

186 4.7 4.0 3.4 0.63-26 14  

BDE209 Europe ng/g lw  

plasma or serum 

7 2.1 1.2 1.6 0.46-4.0 7 2 

 North America ng/g lw  

plasma or serum 

4 9.6 10 6.4 1.9-16 0 62 

 WEOG ng/g lw  

plasma or serum 

11 4.8 3.0 5.3 0.46-16 7  
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Table 5.2.49. Summary statistics of human blood (plasma or serum) concentrations on wet 

weight basis concentrations for BDE209 and BDE47 from the WEOG region (Number (N) and 

average, median, standard deviation (SD), range, number of reported values below LOD/LOQ 

(N<DL/QL)). 

Substance Continent Unit N Average Median SD Range  

(min-max) 

N  

<DL/QL 

References 

BDE47 Europe ng/g ww  

plasma or serum 

14 0.010 0.010 0.0 0.0027-0.020 14 2 

 North America ng/g ww  

plasma or serum 

18 0.094 0.059 0.1 0.049-0.29 0 66, 67 

 WEOG ng/g ww  

plasma or serum 

32 0.057 0.054 0.1 0.0027-0.29 14  

BDE209 Europe ng/g ww 

plasma or serum 

3 0.004 0.0029 0.0 0.0018-0.0059 3 2 

 North America ng/g ww  

plasma or serum 

6 0.019 0.020 0.0 0.013-0.024 0 67 

 WEOG ng/g ww  

plasma or serum 

9 0.014 0.014 0.0 0.0018-0.024 3  

 

No clear trend could be observed for BDE47 and BDE209 in human blood for either lipid basis 

during period 2002-2015 within WEOG region. Only a slightly decreasing trend could be seen 

for wet-weight basis for BDE47 (Figure 5.2.58) and BDE 209 (Figure 5.2.59) in the North 

America region, however there was no significant statistical value to confirm this seemingly 

decreasing trend. 

 

 

Figure 5.2.58. Time trend (2002 – 2017) for human blood (serum or plasma) BDE47 

concentrations on wet weight basis in North America and Europe. 
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Figure 5.2.59. Time trend (2005 – 2017) for human blood (serum or plasma) BDE209 

concentrations on wet weight basis in North America and Europe. 
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Conclusions 

Comparing data from different studies is very challenging and should be performed carefully and 

any interpretations and analysis of such results should be done with caution. However, by 

gathering data from both national and regional monitoring as well as scientific literature it was 

possible to get an overview of the situation in Western Europe, North America and Australasia 

(the WEOG region). Differences and similarities between countries and continents could be 

identified, as well as changes over time. 

 The levels of several of the initial Stockholm Convention POPs such as PCBs, DDTs, 

PCDDs/PCDFs, HCB, Toxaphene, Chlordanes and Dieldrin are decreasing over time in 

human milk and/or blood. PCP seem to decrease as well even though data are quite scarce. 

This shows that regulations and banning of production and use of these chemicals combined 

with regulations on food and recommendations and changes in diet have led to declining 

levels in humans. 

 Some of the newer POPs show an increase over time followed by a decrease. This is the case 

of brominated flame retardants PBDEs and HBCD. Data for PFOS and PFOA also indicate 

an increasing trend accompanied by a decrease. This further confirms that adequate risk 

management measures lead to declining levels in humans. The rising and then decreasing 

trend is likely because the risk management measures for these newer POPs were taken later 

than for the initial POPs.  

 No clear trend over time could be seen for HCHs, Heptachlor, PeCB and Mirex. And, due to 

lack of enough data, no clear trend could be determined for PBBs (including HBB), PCNs 

and Endosulfan. It is not clear why no clear trend can be observed for HCHs, Heptachlor and 

Mirex, one reason could be the variability among data sources, but this needs to be 

investigated further. 

 Much more monitoring data is needed for the short-chained chlorinated paraffins, since the 

produce and use of these compounds are known to be large and information on human 

exposure in the WEOG region is substantially missing. No monitoring data could be found 

for Chlordecone and HCBD in human milk or blood.  

 

Recommendations 

It is of great importance that the regional and national programmes evaluating time trends of 

both POPs and other environmental pollutants in blood and/or milk continues. This data is 

inevitable to be able to follow up the effectiveness of the Stockholm Convention and to see that 

regulations and other actions taken in order to reduce the exposure to POPs are purposive and 

efficient. The timing of the WHO/UNEP milk survey could be better synchronized with the cycle 

of the effectiveness evaluation of the Stockholm Convention to allow that the Global Monitoring 
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Plan work can use the latest available data. Also, participation from more countries in this survey 

would increase its representativeness.  

In order to be able to use monitoring data to evaluate and compare levels and trends between 

countries, regions and continents it is crucial to be able to retrieve as much meta data and 

background information as possible (e.g. sampling strategies, information on cohorts and 

participants, analytical methods and statistical parameters) and to have proper identification of 

substances. To store monitoring data in searchable and open databases are preferable. 

Biobanking samples for later analysis is also very useful since it makes it possible to go back and 

produce time trends for new pollutants also in the future.  

Very little data could be found for several of the newer POPs. In order to be able to follow up on 

these substances over time, it is important to start monitoring these substances now. And, in 

addition to measuring the classic POPs, that are already regulated, it is important to also monitor 

possible substitution substances. Strategies to detect and identify exposure to new emerging 

pollutants i.e. “early warning systems” are also needed and this could preferably be done on both 

a national, regional and global level. 
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5.2.3 Water 

Introduction 

The objective of this chapter is to summarize the current state of knowledge of the three poly/-

perfluoroalkyl substances (PFAS) currently listed or proposed for listing on the Stockholm 

Convention in water within the WEOG countries. These substances are perfluorooctane sulfonic 

acid (PFOS), perfluorooctanoic acid (PFOA) and perfluorohexane sulfonic acid (PFHxS). 

PFHxS is proposed for listing (Stockholm Convention, 2020).  

With the addition of PFOS to the Stockholm Convention, the need to have data for water became 

important because of the hydrophilic properties of this chemical. The inclusion of PFOA and 

PFHxS adds additional incentive to consider water as an important environmental compartment. 

Water is an important medium for regional and global transport of PFOS, PFOA and other 

perfluoro-alkyl acids due to their high water solubility and persistence (Yamashita et al., 2012). 

This is unlike the case for neutral chlorinated or brominated POPs which are hydrophobic and 

generally present at picogram per liter (parts per quadrillion) concentrations in background 

surface waters (Muir and Lohmann, 2013). Direct emissions to water from wastewater treatment 

plants are thought to be the main sources of PFOA, PFHxS and PFOS to surface waters globally 

as a result of past or continuing industrial production and ongoing use and disposal of products 

containing their precursors and residuals (Earnshaw et al., 2014; Wang et al., 2017; Wang et al., 

2014). The emissions of these PFAS to surface waters can be directly linked to exposure of fish, 

fish eating birds and mammals via food-chain bioaccumulation and biomagnification. Hence 

knowing dissolved concentrations in the water enables prediction and validates modelling of fate 

and bioaccumulation of PFASs in aquatic environments. 

In addition to biomagnification in wildlife, which can lead to human dietary exposure, human 

exposure via drinking water contamination with PFASs is a major concern in some regions 

(Domingo and Nadal, 2019; Post et al., 2017; US EPA, 2016). Surface waters serve as major 

sources for drinking water in WEOG countries and globally. Thus, while this assessment does 

not deal directly with drinking water, a review of available data for surface waters is timely, and 

provides information on potential human exposure. 

This chapter reviews the results available, focusing on PFOS, PFOA and PFHxS in rivers, lakes, 

estuaries and oceans within the WEOG area (Western Europe, North America, Australia/New 

Zealand and Antarctica). Similar to the previous assessment of PFOS in water in this region 

(Chapter 5.2 in (UNEP, 2015b)) and in the global report (Chapter 6.3 in (UNEP, 2015a)), the 

focus in this report is mainly on background (non-urban) sites. Two major questions for this 2nd 

assessment of PFAS in water were addressed:  

(1) Are concentrations of PFOS, PFOA and PFHxS declining as a result of national and 

international chemical management controls?  
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(2) What are prevailing concentrations of PFOS, PFOA and PFHxS in rivers, lakes, estuaries of 

WEOG countries as well as in neighboring seas (Baltic, North) and oceans (North Atlantic, 

Arctic Ocean, Southern Ocean)?  

Sources of information and methodology 

All the available peer reviewed literature which included data on PFAS in water were reviewed 

to June 2020.  We selected results for PFOS, PFOA and PFHxS. Selection of articles was based 

on the inclusion of the literature previously reviewed to early 2015 (UNEP, 2015a, b) and from 

an extensive literature search on EBSCO and Google Scholar using combinations of milieu terms 

e.g. water, river, ocean, sea and target terms e.g. PFAS, perfluoroalkyls, fluor*, PFOS. Only the 

literature that included determination of PFAS in surface water samples were reviewed. As the 

focus was on background contamination levels, the articles that focused on contamination events 

or specifically on waste water treatment plants (WWTPs) were not retained. Nevertheless, the 

dataset does include sites that may be directly contaminated by industries, or close to a large 

urban population pool, and thus plausibly to urban WWTP effluents. A list of the articles in 

given in Appendix 1 

 

While the majority of the available data for this assessment was from the peer reviewed scientific 

literature, additional results were obtained from government laboratories that are involved in 

monitoring and surveillance of contaminants in water. PFAS results that were available on the 

NORMAN EMPODAT database website (https://www.norman-network.com/nds/empodat/) 

were also downloaded. Results for rivers in Germany, Italy. The Netherlands, and Spain 

previously uploaded to the database from several  agencies (Landesamt für Umwelt, 

Landwirtschaft und Geologie and the Federal Environment Agency (UBA-DE) in German,  

Association of Rhine Water Works (The Netherlands)),  and the European Commission Joint 

Research Centre, Institute for Environment and Sustainability were included. Criteria for 

selection were that the studies had >60% results above reported MDLs for individual river 

basins. Data for PFASs in water were also available from national programs in Canada, Finland, 

and Australia. Regional monitoring and assessment programs within the WEOG such as 

HELCOM, OSPAR, MEDPOL, AMAP have generally not focused on measurements on PFASs 

in water. However, early measurements in lake and seawaters were made in Scandinavia under 

the Nordic Council of Ministers (Kallenborn et al., 2004). The International Council for Results 

for PFAS from the North Sea and the Baltic from 2005 to 2017 from the Exploration of the Sea 

(ICES) database were included (ICES, 2020).  

 

The contaminated character of the sites was loosely assessed individually during inclusion of the 

reviewed articles based on the site description and on a conservative concentration threshold at 

2000 ng/L for any PFASs at the site (122 sites excluded on post hoc). The remaining sites were 

labelled as urban/non-urban by computing the density of population in a 100 km radius (using 

https://www.norman-network.com/nds/empodat/
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minimum geodesic distance from Postgis type geography) to the sites location and classifying 

with threshold 500 capita/km2. The population size was taken from Natural Earth 

(naturalearthdata.com) and represented point-wise for each large city. 

 

We also included information on analytical methodology and quality assurance in the database 

including method detection limits (MDLs) and brief descriptions of analytical methodology 

(instruments, columns, calibration, use of mass labelled standards). An important methodological 

aspect was the requirement that all studies would have used mass labelled internal standards of 

PFASs along with high performance liquid chromatography-tandem mass spectrometry (LC-

MS/MS) instrumentation or high resolution MS. This had become standard methodology by the 

mid-2000s (Taniyasu et al., 2005; Yamashita et al., 2004) and is also described in an 

International Standards Organization method for PFOS and PFOA in water (ISO, 2009). Thus 

some early studies for surface waters were not included although it has to be acknowledged that 

they were important for identifying the issue of water contamination in the first place (eg 

(Hansen et al., 2002; Moody et al., 2002).  

Data from the selected literature were inserted in a Postgis database following closely the 

structure of the Global Monitoring Plan Data Warehouse of the Stockholm Convention on POPs 

(pops-gmp.org). Details on the database structure are given in the supplementary information. 

In total, there were 11270 individual PFAS measurements (6688 over method detection limits 

(MDL)) available from 3002 sites based on results from 110 peer reviewed papers and reports. 

These represented 3812 measurements (2598 detections over MDL) for PFOS, 2711 (1250) for 

PFHxS and 4747 (2840) for PFOA (Table 5.2.50). The period 2015-2019 saw 2035 results for 

PFOS, PFHxS and PFOA reported from urban and non-urban sites (Table 5.2.50) thus enabling a 

substantial update of results for PFAS in water relative to the previous report which was based 

on results to 2014 (UNEP, 2015b). Appendix 2 provides the list of individual samples, locations, 

DOIs for the articles, and concentrations of PFOS, PFHxS and PFOA. 

 

 

Table 5.2.50. Summary of data available for PFAS in water within the WEOG region (to June 

2020) including samples collected during 2015-2019 

 Urban and non-urban sites (3002) Non-urban sites (2435) 

 All 2000-

2019 

>MDL 2015-19 All 

measurements 

>MDL 2015-19 

PFOA 4747 2840 645 3485 2211 535 

PFOS 3812 2598 808 2979 2040 697 

PFHxS 2711 1250 582 2171 1087 472 

Total 11270 6688 2035 8635 5338 1704 
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Medians and median absolute deviations (MAD) from the medians, were calculated for PFOS, 

PFHxS or PFOA for inland waters, the Great Lakes, coastal waters  and open ocean waters. 

Median concentrations were used to compare spatial and temporal trends for samples collected 

during the periods 2000–2009, 2010-2014 and 2015–2019. It must be emphasized that the 

calculation of % declines or increases using medians provides only qualitative assessment of 

trends. 

Concentrations reported as <MDL were substituted with MDL*√2/2 as recommended by 

Antweiler (2015) rather than being omitted from the dataset. Due to the wide range of detection 

limits for PFOS, PFHxS and PFOA reported among the studies and the potential statistical biases 

of multiple MDLs, we decided to use single MDLs for each analyte taking into account the 

distribution of reported concentrations. The selected MDLs (PFOS and PFHxS = 0.002 ng/L; 

PFOA = 0.005 ng/L) were taken from studies on lake waters (De Silva et al., 2011) and seawater 

(Benskin et al., 2012; Yamashita et al., 2008) that reported MDLs in the low pg/L range. These 

MDLs are readily achievable using 1 L samples with LC-MS/MS analysis. The substituted 

values for MDL*√2/2 are provided in Appendix 2.  

 

The analytes of interest  

The main focus is on PFOS, PFOA and PFHxS which are present as ionized species at prevailing 

pH of most natural waters. However there are many PFOS precursors (see air chapter) which are 

known to degrade to perfluoroalkyl acids in water, especially during wastewater treatment 

(Martin et al., 2010; Schultz et al., 2006). Several studies of PFASs in water have included 

perfluorooctane-sulfonamide (FOSA). A series of  perfluoro-sulfonamides and -

sulfamidoethanols have also been included in measurements of seawater (Xie et al., 2013). Thus 

this review also includes brief discussion of these precursors. PFOS isomers are also of interest 

as indicators of partitioning and transformation of precursors and are discussed briefly.  

Results for rivers, lakes, estuaries and oceans 

Inland waters (rivers and lakes)  

Median concentrations, statistical dispersion (MAD divided by median) and sample numbers for 

PFOS, PFHxS and PFOA on rivers and lakes within Western Europe, Canada/USA and Australia 

are provided in Table 5.2.51. Ranges are shown with arithmetic means and medians in Figure 

5.2.60. Maps showing all sampling sites and range of concentrations within major river 

watersheds are provided in Appendix 3. There are 1992 measurements for PFOS, 3277 for 

PFOA, and 1384 for PFHxS. In general median concentrations of PFOA, PFHxS and PFOS at 

combined urban and non-urban influenced sites were higher than at non-urban sites (Table 

5.2.51A). MAD/median values (a measure of relative data dispersion around the median) were 

similar in both combined urban and non-urban results (medians of 0.45 and 0.47, respectively) 

indicating factors other than proximity to high population density were affecting the variation in 
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concentrations. Given the differences in concentrations the groupings of sites are discussed 

separately. 

Considering all inland water sites, median concentrations of PFOS were 2.0-fold higher in 

Europe than Canada/USA for the period 2000-09 but for more recent measurements (2015-19) 

North American medians were 4.0 fold higher (Table 5.2.51A; Fig. 5.2.60). The same 

differences for PFOS were observed for non-urban sites with 3.3 fold higher concentrations for 

the period 2015-19 in Canada/USA vs Europe (Table 5.2.51B). Similarly median concentrations 

for PFOA were 2.9 fold higher in Western Europe waters than in Canada/USA for the 2000-09 

period but 3-fold lower for 2015-19.  PFHxS concentrations were distinctly different for all time 

periods with  higher medians in Western Europe than North America in 2000-09 and in 2015-

2019.   

Median PFOS concentrations in non-urban Western Europe sites declined 70% between samples 

collected in 2000-09 and in 2015-19 but were 227% higher in Canada/USA waters over the same 

period. MAD/median values at non-urban sites for PFOS in 2000-09 and 2015-19 were similar 

for Western Europe (0.88-1.0) and for Canada/USA (0.87-1.0) indicating similar dispersion of < 

2 fold for individual data for these time periods. Median PFOA in 2015-19 was 70% lower than 

in 2000-09 in Europe and but much higher (352%) in Canada/USA samples.  Median PFHxS 

concentrations at non-urban sites in Europe increased 72% between 2000-09 and 2015-19 and 

had a huge increase in North American waters over those time periods (Table 5.2.51B).  The 

increased PFOA, PFHxS and PFOS reflected reports from locations were not the same as those 

sampled in earlier time periods. For example they include surveys of relatively small water 

bodies in rural surface waters in New Jersey (Procopio et al., 2017), Rhode Island and New York 

(Zhang et al., 2016b), and in Washington State (Mathieu and McCall, 2017).  The results from 

these rural US sites suggest continued significant PFAS emissions to the aquatic environments in 

both rural and urban regions. 

Table 5.2.51. Summary of available data for PFOA, PFHxS and PFOS in inland waters of 

Western Europe, Canada/USA and Australia (ng/L). A. All sites and B. Non-urban (background) 

sites. Comparison of medians, data dispersion (MAD/median) and number of measurements [#] 

by region, pre 2010, 2010 to 2014, and 2015-2019, where available.  

   PFOA     PFHxS     PFOS     

 period median MAD/ 
Median 

# median MAD/ 
Med 

# median MAD/ 
Med 

# 

A. All sites within a region          

W. Europe 2000 - 2009 2.67 0.99 1053 0.07 0.98 378 1.82 1.00 888 

 2010 - 2014 3.00 1.00 1537 0.001 0.00 451 0.90 1.00 534 

  2015 - 2019 0.63 0.84 339 0.20 0.99 282 0.50 0.86 381 

% change (2000-
09 vs 2015-19) 

 -76%   184%   -72%   

Canada/USA 2000 - 2009 0.91 1.00 429 0.007 0.80 357 0.90 1.00 425 
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 2010 - 2014 0.95 1.00 263 0.001 0.00 199 0.03 0.94 263 

  2015 - 2019 2.09 1.00 117 0.68 1.00 117 1.71 1.00 117 

% change (2000-
09 vs 2015-19) 

 130%   9577%   90%   

Australia 2010 - 2014 1.20 0.83 13 2.50 0.90 13 3.10 0.74 14 

 2015 - 2019 0.50 0.00 14 0.50 0.00 14 0.001 0.00 134 

% change (2010-
14 vs 2015-19) 

 -58%   -80%   -100%   

B. Non-urban sites only          

W. Europe 2000 - 2009 2.00 0.98 685 0.12 0.99 312 1.17 0.97 624 

 2010 - 2014 2.58 1.00 964 0.001 0.00 270 0.72 1.00 287 

  2015 - 2019 0.60 0.83 334 0.20 0.99 277 0.48 0.88 376 

% change (2000-
09 vs 2015-19) 

 -70%   72%   -60%   

Canada/USA 2000 - 2009 0.51 0.99 340 0.008 0.83 293 0.52 1.00 336 

 2010 - 2014 0.34 0.99 180 0.005 0.72 119 0.03 0.95 180 

  2015 - 2019 2.29 0.89 66 0.93 0.76 66 1.70 0.87 66 

% change (2000-
09 vs 2015-19) 

 352%   11556%   227%   

C. Australia – all sites  ---  --- ---  --- ---  

Australia 2010 - 2014 0.45 0.58 9 0.49 1.00 9 1.10 0.92 10 

 2015 - 2019 0.50 0.00 14 0.50 0.00 14 0.001 0.00 134 

% change (2010-
14 vs 2015-19) 

 11%   2%   -100%   

 

Medians concentrations for surface waters in Australia for the period 2010-14 and 2015-20 are 

compared in Table 5.2.51C. Results for 2010-14 are based on three published studies which 

included urban rivers and creeks (Allinson et al., 2019; Gallen et al., 2014; Thompson et al., 

2011b). Allinson et al. (2019) determined PFAS in water samples collected in 2012 from rivers 

and creeks in and around the city of Melbourne (Victoria). PFOS, PFHxS and PFOA were the 

most prominent PFAS. Gallen et al. (2014) studied the trends of PFAS in the Brisbane River 

system (Queensland) during a severe flooding event in 2011. PFOA was the most prominent 

PFAS at two remote sites upstream of the urban area (0.31-0.45 ng/L). However, PFOS and 

PFHxS were present at higher concentrations in flood water (medians, 4.8 and 2.8 ng/L, 

respectively) than PFOA (1.9 ng/L) within the urban area and also in the Moreland Bay estuary. 

Earlier studies by Thompson et al. (2011b) showed that PFOS, PFHxS and PFOA were the top 3 

PFASs in waters of the upper Parramatta River, the main tributary of Sydney Harbour. Lower 

concentrations of PFOS, PFHxS and PFOA were reported in 2015-20 in a survey of surface 

waters near Melbourne by the Australian Department of Defence (Australia Defence, 2018). A 

study of legacy pollutants in water in the State of Victoria (Sardiña et al., 2019) found PFOS, 

PFOA and PFHxS at <MDL concentrations at background and agricultural sites (<1 ng/L). An 

extensive survey of surface waters of urban and rural sites in Queensland (Baddiley et al., 2020). 

PFOS was detected (<0.1 to 0.6 ng/L) in 18 of 29 rivers and near shore marine water sites that 
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were sampled every two months over a 12 month period (2019-20). Maps showing all sampling 

sites and range of concentrations within major river watersheds in Australia are shown in 

Appendix 3.  Drinking water (potable water) was extensively surveyed by Thompson et al 

(2011a) at 34 locations across Australia, including capital cities and regional centers, indicating 

the presence of low ng/L concentrations of PFOS, PFHxS and PFOA, similar to other WEOG 

countries (Domingo and Nadal, 2019).  

Information is much more limited for New Zealand. Recent studies of PFAS contamination near 

military bases in New Zealand have included limited background surface water sampling 

indicating contamination resulting from use of fire-fighting foams showing the presence of 

PFOS, PFHxS and PFOA at low ng/L concentrations (NZDF 2019a,b). Surface waters collected 

in two creeks flowing near the Woodburne base (near Blenheim NZ) had median concentrations 

for samples above the 1 ng/L reporting limit of 11, 19 and 2.6 ng/L for PFOS, PFHxS and 

PFOA, respectively (NZDF 2019b). Results from surface waters on the Ohakea base (Bulls NZ) 

had medians of 205, 103 and 69 ng/L for PFOS, PFHxS and PFOA, respectively, reflecting 

contribution from a plume of contaminated groundwater to originating on the base. Due to 

limited information on sampling locations these results from New Zealand have not been 

included in the current database for this report. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.60. PFOA, PFHxS and PFOS in non-urban river and lake waters in Australia, 

Western Europe, North America (Canada/USA) and Great Lakes (ng/L) for 2000-09 and 2010-

19. Vertical lines represent the range of concentrations. Red colored central bars and circles 

represent median and arithmetic means, respectively. The boxes comprise the interquartile range 

Australia Western Europe North America Great Lakes
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(IQR); whiskers show 1.5 IQR. 

 

The North American Great Lakes are a region with a large number of measurements of PFASs in 

water and one of the few regions with enough data to evaluate temporal trends. Thus they are 

discussed separately from other inland waters in Canada/USA. PFASs in approximately 256 

surface water samples have been reported since 2002 with the majority from offshore locations. 

Median concentrations and MAD/median values for PFOA, PFHxS and PFOS for all sites in the 

Great Lakes, and also for non-urban sites, are provided in Table 5.2.52, while arithmetic means 

and medians are shown in Figure 5.2.60. With urban sites included, median concentrations of 

PFOA and PFOS in 2015-19 were 37% and 159% higher, respectively than in the period 2000-

09, while PFHXS was 95% lower due to non-detect levels in 2015-19 (Table 5.2.52A). For non-

urban sites median PFOA and PFHxS were lower in 2015-19 while PFOS was higher (Table 

5.2.52A and Figure 5.2.60). However, comparison of only non-urban sites was problematic 

because of a high percentage of results that were less than MDLs (2000-09 =76%, 2010-2014 = 

60% and 2015-2019 =51%), especially in Lakes Superior, Huron and Michigan. These < MDL 

results were substituted by MDL*√2/2.   

Table 5.2.52. Summary of available data for PFOA, PFHxS and PFOS from (A) all sites (open 

and coastal waters) and (B). Open water/non-urban sites within the Great Lakes. Comparison of 

medians, data dispersion (MAD/median), and number of measurements [#] by region, pre 2010, 

2010 to 2014, and 2015-2019, where available. 

   PFOA     PFHxS     PFOS     

 period median MAD/ 
Median 

# median MAD/ 
Median 

# median MAD/ 
Median 

# 

A. All sites within the region          

Great Lakes 2000 - 2009 1.19 0.77 167 0.028 0.95 164 1.00 1.00 165 

 2010 - 2014 1.54 0.34 55 0.001 0.00 54 0.001 0.00 55 

  2015 - 2019 1.63 0.54 36 0.001 0.00 36 2.58 0.66 36 

% change (2000-
09 vs 2015-19) 

 37%   -95%   159%   

B. Open lake/non-urban sites          

Great Lakes 2000 - 2009 0.696 0.73 130 0.028 0.95 127 0.34 1.00 127 

 2010 - 2014 1.34 0.46 33 0.001 0.00 32 0.001 0.00 33 

  2015 - 2019 0.004 0.00 21 0.001 0.00 21 2.06 1.00 21 

% change (2000-
09 vs 2015-19) 

 -99%   -95%   504%   

 

Values for MAD/median for PFOS, PFHxS and PFOA had overall smaller values (median 0.5) 

in Great Lakes waters of the data compared to river waters in Canada/USA (median 1.0) 

indicating a narrower range of dispersion (Table 5.2.52). Zero values for MAD (and 
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MAD/median) occurred due to high numbers of the same replacement values used for the 

<MDLs.  

Lakes Superior, Huron and Michigan had the lowest concentrations of PFOA, PFHxS and PFOS 

of the five Great Lakes while Lakes Ontario and Erie had the highest (Figure 5.2.61). Trends are 

clearer in Lakes Erie and Ontario where the frequency of MDLs was <10% for PFOA and PFOS. 

Despite the overall decline over the 13 to 15 year period the downward trend is not smooth. For 

example, all three PFAS showed higher concentrations in Lake Erie in 2008 while declining to 

lower levels by 2012. PFOS concentrations were relatively uniform in surface waters within each 

lake within a given season (De Silva et al., 2011; Myers et al., 2012; Scott et al., 2010). Depth 

profiles in Lake Superior showed similar concentrations in bottom waters and at the surface 

(Scott et al., 2010). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.61. PFOS, PFHxS and PFOA concentrations (ng/L) from all locations sampled in the 

North American Great Lakes for 2002 to 2017. Symbols are annual median concentrations in 

surface waters (~1-4 m depth).  The results are based on studies by Furdui et al. (2008), DeSilva 

et al. (2011), Sinclair et al. (2006), Scott et al.(2010)  Myers et al. (2012) and Gewurtz et 

al.(2019). 

The largest PFAS datasets for Western European rivers are for the Ebro, the Elbe, and the Rhine, 

and their tributaries. Detailed studies were conducted in the period 2005 to 2016 on all three 

including estimates of loadings in the Rhine and Elbe (Ahrens et al., 2009c; Paul et al., 2012; 

Zhao et al., 2015). The Elbe and Rhine rivers have had multiple detailed geospatial studies of 

PFOS and other PFASs (Ahrens et al., 2009b; Ahrens et al., 2009c) (Loos et al., 2008a; Möller et 
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al., 2010; Quinete et al., 2009; Skutlarek et al., 2006; Zhao et al., 2015) as well by monitoring 

agencies in Germany and the Netherlands (see methods section). Studies on the Ebro have 

included samples from 2007 to 2011 (Ericson et al., 2007; Llorca et al., 2012; Lorenzo et al., 

2016). The medians and range of concentrations of PFOA and PFHxS were similar in all 3 rivers 

while PFOS median in the Rhine was about 3 fold higher than the Elbe (Figure 5.2.62A). The 

time interval of sampling for the non-urban sites ranged from 3 years on the Rhine to 10 years on 

the Elbe which is rather short for assessing temporal trends. PFOS concentrations declined in the 

Elbe as of about 2006, coinciding with phase out of most uses of PFOS-related products in 

Europe. A larger number of sampling years are available for the combined urban and non-urban 

sites on the Ebro, Elbe and Rhine (Figure 5.2.62B). A 4-fold decline of median concentrations 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2.62. A. Box and whisker plots for PFOA, PFHxS and PFOS in the Ebro, Elbe and 

Rhine Rivers. Vertical lines represent the range of reported concentrations (ng/L). Central bars 

represent the median of the concentrations, the boxes comprise the interquartile range (IQR) 

while the whiskers show 1.5 IQR. B. Median concentrations at non-urban sites shown over time 

(years).  

 

of PFOA and 7-fold decline of PFHxS from 2006 to 2016 occurred in the Rhine. Much lower 

concentrations of PFOA, PFHxS and PFOS were found in the Elbe in 2014/15 compared with 

2007-08. However in the Ebro, higher median concentrations were found in 2011 compared to 

2007-2009. No previous studies on temporal trends of PFASs in European river waters were 

found. However, Earnshaw et al. (2014) found no change in PFOS concentrations in the Aire and 

Calder Rivers in northeast England between 2010 and 2013, based on similar profiles in 

concentrations with distance downstream. 
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Reports from contamination of surface waters as a result of accidental or deliberate release of 

PFOS containing fire-fighting foams (Ahrens et al., 2015; Dauchy et al., 2017; De Solla et al., 

2012; Moody et al., 2002; Rumsby et al., 2009) were not included in this assessment. However, 

understanding the fate of PFOS released in these events is important because these 

contamination incidents could influence prevailing concentrations in rivers and confound 

interpretation of loadings and of temporal trends. 

Coastal waters  

Detailed measurements have been made for PFAS in the Baltic Sea (Ahrens et al., 2010a; 

Kallenborn et al., 2004; Kirchgeorg et al., 2010), the North Sea (Ahrens et al., 2010a; ICES, 

2020; Theobald et al., 2011) and the Mediterranean Sea (Brumovský et al., 2016; Schmidt et al., 

2019; Yamazaki et al., 2019) as well as for coastal waters (<200 m depth) on both sides of the 

North Atlantic (Figure 5.2.63. In general median concentrations of PFOA, PFHxS and PFOS at 

combined urban and non-urban influenced sites and non-urban only sites were similar. Data 

dispersion was low (medians of MAD/median values for all sites vs non-urban sites of 0.37 and 

0.32, respectively, compared with rivers in Western Europe and North America (Table 5.2.53A, 

B). Lower median concentrations of PFOA were found in non-urban samples from 2015-19 

compared to 2010-14 in the Mediterranean (-95%) while PFHxS was at detection limits and  

PFOS was 110x higher due to non-detect levels being reported in earlier studies (Table 5.2.53B). 

Due to relatively high sample numbers for all 3 time periods comparisons of 2000-09 with 2015-

19 were possible for the Baltic and the North Sea. PFOA and PFOS concentrations were 31% 

and 81% lower in 2015-19 than 2000-09 in the Baltic, however in the North Sea higher median 

PFOA was found (44%) while PFOS declined (-78%). PFHxS medians were higher in 2015-19 

in the Baltic and the North Sea. Including urban influenced sea waters (Table 5.2.53A) showed 

similar differences for PFOA PFHxS and PFOS between earlier sampling and medians from 

2015-19. In coastal Atlantic waters, for which comparisons were between 2000-09 and 2010-14 

due to lack of results for 2015-19, all 3 PFAS showed modest declines (14-33%) (Table 

5.2.53A). Also, as mentioned previously, most of the variation in medians can be explained by 

new geographic locations being sampled.  

 

Less spatially comprehensive results are available from a large number of other studies of 

estuaries and included coastal waters. Lowest concentrations of PFOS were found in coastal 

waters of King Georg Is (Antarctica) and in several Arctic locations including Mackenzie Bay  

 (Southern Beaufort Sea), northwestern Spitzbergen, and coastal East Greenland. Highest 

concentrations were found in urban influenced estuary and coastal waters e.g. in the Scheldt 

(Rhine River delta), near the Elbe, in the northern Adriatic, Puget Sound, and San Francisco Bay. 
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Table 5.2.53. Summary of available data for PFOA, PFHxS and PFOS in coastal seas of Europe 

(ng/L). A. All sites and B. Non-urban (background) sites. Comparison of medians, data 

dispersion (MAD/median), and number of measurements [#] by region, , pre 2010, 2010 to 2014, 

and 2015-2019, where available. 

   PFOA     PFHxS     PFOS     

region Period median MAD/ 
Median 

# median MAD/ 
Median 

# median MAD/ 
Median 

# 

A. All sites           

 Mediterr’n Sea 2010 - 2014 0.07 0.95 31 0.001 0.00 31 0.02 0.92 31 

 2015 - 2019 0.004 0.00 12 0.001 0.00 12 0.16 0.23 12 

% change (2000-
09 vs 2015-19) 

 -95%   0%   756%   

Baltic Sea 2000 - 2009 0.39 0.15 89 0.09 0.56 89 0.20 0.30 89 

 2010 - 2014 0.52 0.26 18 0.42 0.40 18 0.73 0.29 18 

  2015 - 2019 0.27 0.15 45 0.21 0.33 45 0.04 0.21 45 

% change (2000-
09 vs 2015-19) 

 -31%   133%   -81%   

North Sea 2000 - 2009 0.31 0.82 19 0.06 0.97 19 0.19 0.75 19 

 2010 - 2014 1.30 0.53 125 0.32 0.50 125 0.42 0.69 125 

 2015 - 2019 0.45 0.33 35 0.14 0.21 35 0.04 0.42 35 

% change (2000-
09 vs 2015-19) 

 47%   155%   -80%   

North Atlantic 
coastal 

2000-2009 0.11 0.64 104 0.03 0.67 64 0.07 0.43 115 

 2010-2019 0.08 0.13 24 0.02 0.50 24 0.06 0.17 24 

% change (2000-
09 vs 2010-19) 

 -27%   -33%   -14%   

B. Non-urban sites          

Mediterr’n Sea 2010 - 2014 0.07 0.95 19 0.001 0.00 19 0.001 0.00 19 

  2015 - 2019 0.00 0.00 12 0.001 0.00 12 0.16 0.23 12 

% change (2000-
09 vs 2015-19) 

 -95%   0%   10971%   

Baltic Sea 2000 - 2009 0.39 0.15 89 0.09 0.56 89 0.20 0.30 89 

 2010 - 2014 0.52 0.26 18 0.42 0.40 18 0.73 0.29 18 

  2015 - 2019 0.27 0.15 45 0.21 0.33 45 0.04 0.21 45 

% change (2000-
09 vs 2015-19) 

 -31%   133%   -81%   

North Sea 2000 - 2009 0.31 0.78 18 0.05 0.97 18 0.17 0.68 18 

 2010 - 2014 1.30 0.53 125 0.32 0.50 125 0.42 0.69 125 

  2015 - 2019 0.45 0.33 35 0.14 0.21 35 0.04 0.42 35 

% change (2000-
09 vs 2015-19) 

 44%   180%   -78%   
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Figure 5.2.63. PFOA, PFHxS and PFOS in European coastal waters and seas (ng/L). Vertical 

lines represent the range of reported concentrations for 2000-09 and 2010-19. Vertical lines 

represent the range of reported concentrations. Green colored central bars and red circles 

represent median and arithmetic means, respectively. The boxes comprise the interquartile range 

(IQR) while the whiskers show 1.5 IQR. 

Ocean waters adjacent to WEOG region 

Detailed datasets for PFOA, PFHxS and PFOS are available for the North and Central Atlantic, 

the Eastern/ North Pacific Ocean, and the Arctic Ocean, while limited measurements have been 

made in Antarctic coastal waters. Compared to freshwaters and estuaries, PFAS concentrations 

are very low.  Lowest mean concentrations (<10-20 pg/L) are reported for the Greenland Sea and 

the Labrador Sea, as well as in the Southern Ocean near Antarctica (Table 5.2.54). Most 

sampling in the North Atlantic and Arctic Ocean has been done prior to 2015 limiting the 

comparisons for the most recent time period for global monitoring. Thus the comparisons in 

Table 5.2.54 are limited to two time periods, 2000-09 and 2010-19. Median concentrations of 

PFOA in ocean waters showed little change (+5%) in the Arctic Ocean for the period 2010-19 

compared to 2000-09 but had much large values in the North Pacific (1000%), Central Atlantic 

(42%) and Antarctica Ocean (16x) (Table 5.2.54). Median PFOS concentrations were lower in 

the Arctic Ocean and North Atlantic (35-57%, respectively) but higher in the Central Atlantic 

and North Pacific (164% and 25%, respectively) while lower values were reported in Antarctica 

for 2010-19.  PFHxS concentrations in 2010-19 were higher in the Central Atlantic and North 

Coastal North 
Atlantic

Mediterranean 
Sea North Sea Baltic Sea

2010-14     2015-19
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Pacific but lower in the Arctic Ocean (-35%) and North Atlantic (-57%). Timing and locations of 

ocean cruises in polar waters is particularly critical as melting snow and riverine inputs have 

been shown to influence observed concentrations (Benskin et al., 2012; Li et al., 2018).  

Table 5.2.54. Summary of median concentrations (ng/L) and available data for PFOA, PFHxS 

and PFOS in ocean sampling sites of the Arctic Ocean, North Atlantic, North Pacific, Central 

Atlantic, and Antarctic waters. Comparison of medians, data dispersion (MAD/median), and 

number of measurements [#] by region, pre 2010 and 2010 to 2019. 

   PFOA     PFHxS     PFOS     

Region period median MAD/ 
median 

# median MAD/ 
median 

# median MAD/ 
median 

# 

Arctic Ocean 2000 - 2009 0.05 0.40 51 0.005 0.71 49 0.010 0.50 51 

 2010 - 2019 0.05 0.35 60 0.003 0.56 44 0.021 0.52 70 

% change (2000-09 
vs 2010-19) 

 5%   -35%   110%   

North Atlantic 2000 - 2009 0.10 0.66 105 0.028 0.86 65 0.027 0.95 116 

 2010 - 2019 0.08 0.17 24 0.012 0.82 24 0.062 0.21 24 

% change (2000-09 
vs 2010-19) 

 -23%   -57%   130%   

Central Atlantic 2000 - 2009 0.023 0.84 76 0.004 0.36 44 0.021 0.93 84 

 2010 - 2019 0.032 0.89 39 0.007 0.81 39 0.054 0.95 40 

% change (2000-09 
vs 2010-19) 

 42%   87%   164%   

North Pacific 2000 - 2009 0.051 0.39 27 0.003 0.33 27 0.016 0.19 27 

 2010 - 2019 0.56 0.78 49 0.007 0.80 50 0.020 0.55 121 

% change (2000-09 
vs 2010-19) 

 1000%   133%   25%   

Antarctic seas 2000 - 2009 0.004 0.00 2 0.001 0.00 2 0.009 0.17 2 

 2010 - 2019 0.061 0.94 12 0.001 0.00 5 0.001 0.00 8 

% change (2000-09 
vs 2010-19) 

 1631%   0%   -85%   

 

The transect from Western Europe (north western France) to West Africa (Figure 5.2.64) is the 

most thoroughly sampled (Ahrens et al., 2009a; Ahrens et al., 2010b; Benskin et al., 2012; Zhao 

et al., 2012). These waters are influenced by the south-flowing Canary Current which carries 

PFAS from continental Europe. The results from 2010-14 from this region could serve a baseline 

for future temporal trend monitoring along the same cruise transect. 
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Figure 5.2.64. PFOA, PFOS and PFHxS in open ocean waters of the North Atlantic and Arctic 

Ocean as well as open waters of the North Sea and the Baltic (ng/L). Range of concentration for 

river basins of tributaries to the North Atlantic are also shown.  Small circles represent sampling 

stations. Color shaded areas give the range of concentrations for surface waters in the oceans. 

seas and major watersheds. Median concentrations and MAD/median are given in Table 5.2.54. 

 

Discussion of study design and analytes 

PFOS, PFHxS and PFOA precursors 

The majority of water measurements have been for total PFOS (usually analysed along with 

other perfluoroalkane sulfonates) and PFOA, usually with other perfluorocarboxylic acids 

(PFCAs). However a growing number of studies have included precursors ie substances that 

eventually break down to PFOS, PFHxS and PFOA in waste water treatment or in the natural 

environment. The perfluorooctanesulfonamide ethanols (FOSEs) and perfluoro-

octanesulfonamide (FOSA), the amide derivative of PFOS, have been shown to degrade 

abiotically (D'Eon and Mabury, 2007; Martin et al., 2006) to PFOS and PFOA.  

Median concentrations of FOSA in seawater for the period 2005-2014 were about 60% of those 

for PFOS (15 pg/L vs 20 pg/L, respectively) and there is also a much more variation in FOSA 

concentrations among studies along the same cruise transects. In freshwater and estuarine 

environments, FOSA appears to represent a smaller proportion of PFOS-related substances, with 

median values that are about 5 (rivers) to 12% (estuary) of PFOS medians. Of more than 1840 

measurements of FOSA in Western European river waters in the NORMAN EMPODAT 

database only two were above reporting limits (0.2-7 ng/L) 

Other potential PFOS and PFHxS precursors include the N-methyl and N-ethyl-perfluoroalkane 

sulfonamides (MeFOSA & EtFOSA), and N-methyl and N-ethyl perfluoroalkane 

PFOA 2000-2009

PFOA 2010-2019

PFHxS 2000-2009

PFHxS 2010-2019

PFOS 2000-2009

PFOS 2010-2019

Concentration (ng/L)
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sufonamidoethanols (MeFOSE & EtFOSE)  as well as N-methyl perfluorooctane-

sulfonamidoacetic acid (N-MeFOSAA), and N-ethyl perfluorooctanesulfonamidoacetic acid (N-

EtFOSAA). Xie et al (2013) detected four PFOS precursors, MeFOSA, EtFOSA, MeFOSE, and  

EtFOSE in the North Sea at concentrations of <0.1-2.6, <0.1-5.1, <0.1-35 and <0.2-17 pg/L, 

respectively.  The highest concentrations were in the estuary of the Weser and Elbe rivers and a 

decreasing concentration profile was found towards the central part of the North Sea. Total 

concentrations were, however, about 10-100 times lower than concentrations reported for FOSA 

and PFOS in the eastern North Sea near the Elbe. Möller et al. (2010) also determined MeFOSA, 

EtFOSA, MeFOSE, and  EtFOSE in the Rhine River however concentrations were < 1 ng/L and 

not reported. Cai et al. (2012) also detected EtFOSA, MeFOSE, and  EtFOSE in seawater in the 

Bering Sea at average concentrations ranging from 21-28 pg/L which were similar to PFOS 

concentrations although lower than FOSA but these compounds were < MDL of ~12 pg/L in the 

Beaufort Sea and Chukchi Sea in 2010. Zhang et al. (2016a) detected N-MeFOSAA and N-

EtFOSAA in urban and rural waters of Rhode Island and the New York metropolitan area at 

concentrations generally <5% of PFOS and PFHxS.  Overall, concentrations of these PFOS 

precursors in WEOG surface waters are not very significant from a mass balance perspective. 

This may explain the lack of measurements of the FOSAs and FOSEs for samples collected 

during the period 2015-19. 

Many possible precursors of PFOA have been in commercial use such as the widely used 

polyfluoroalkyl phosphoric acid diesters (diPAPs), however, measurements in water are limited. 

Gebbink et al. (2016) detected the 6:2 diPAP in Baltic Sea water but not the 8:2-diPAP. 

Similarly Zheng et al. (2017) found that 6:2 diPAP was the predominant diPAP in water from the 

Yangtze River Delta in China while 8:2-diPAP was present at 100-fold lower levels than PFOA.  

Analyses using the total oxidizable precursor (TOP) method (Houtz and Sedlak, 2012), total 

organic fluorine (Miyake et al., 2007) as well as 19F-NMR (Moody et al., 2001) suggest that 

there are other perfluorinated substances in surface waters and waste waters. Houtz and Sedlak 

(2012) showed that oxidative treatment of urban stormwater runoff samples produced 

considerable amounts of PFCAs including PFOA due to the presence of precursors including 8:2 

diPAP and 8:2 fluorotelomer sulfonate.  In a survey of Canadian surface waters D’Agostino and 

Mabury (2017) detected precursors of PFHxS (perfluorohexane sulfonamide and C6 

perfluoroalkane sulfonamido amphoterics) and PFOA (fluorotelomer alkylbetaines, fluorotelomer 

betaines with 8 or 9 fluorocarbon chains). Using total organic fluorine analysis, D’Agostino and 

Mabury also noted that 36−99.7% of the total organofluorine in surface water samples was not 

measured in the targeted analysis. Some locations were influenced by past use of Aqueous Film 

Forming Foams (AFFFs) while others, mainly suburban and rural sites, had no known sources. 

The limited number of studies using total organic fluorine or TOP assays suggest that there are 

additional PFAS sources in surface waters and other aquatic media such as waste water effluents 
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and sediments which need to be characterized in order to get a full understanding of prevailing 

levels and trends of PFOS, PFHxS and PFOA. 

 

PFOS isomer specific analysis 

The production of PFOS by electrochemical fluorination (ECF) results in both linear and 

branched C8F17-containing sulfonic acid isomers (Benskin et al., 2010). Isomer profiling is 

particularly useful for PFCAs because production of PFOA and related compounds has been 

both from ECF and telomerization processes. However for PFOS, only ECF has been used so 

isomer ratios are of less interest for source profiling, but do provide information on the 

environmental fate of PFOS. Historically commercial PFOS reportedly had a consistent isomer 

composition of 70 ±1.1% linear (L-PFOS) and 30 ± 0.8% branched (Reagen et al., 2007) and 

more recent studies of PFAS products in China have found the same proportions (Jiang et al., 

2015). Schultz et al. (2020) have recently reviewed the literature on isomer compositions of 

PFOS, PFHxS and PFOA in environmental media including surface waters. They noted that 

branched PFOS and PFHxS can make up a significant portion of the total PFAS load in the 

environment, generally greater than what is reported in the technical products. However PFHxS 

has much less enrichment of branched isomers than PFOS. This enrichment is generally not 

observed or easily discerned for PFOA due to the ECF and fluorotelomer sources. Almost all 

monitoring and surveillance studies of PFOS in water have focused on total PFOS and total 

PFHxS, i.e. combined measurement of the linear and branched isomers, and in this review we 

have chosen to discuss geospatial and temporal trends of the total isomers. The enrichment in 

branched isomers in lakes may be indicative of greater sorption of L-PFOS, which is more 

hydrophobic than branched isomers, to sediments and sinking particles. Also biotransformation 

of PFOS precursor products proceeds more rapidly for branched isomers (Benskin et al., 2009), 

which could also lead to enrichment of branched PFOS content particularly near WWTPs. 

Branched and linear isomers may also transport differently in the oceans due to greater sorption 

of the linear isomers to the surface microlayer (Johansson et al., 2019). However Johansson et al. 

did not find differences between branched and linear isomers when comparing lab generated 

surface sea spray and bulk water. 

River loading estimates and temporal trend modelling for PFOS and PFOA  

Several studies have estimated mass flows of PFOS and PFOA in rivers in the WEOG region as 

well as discharge to estuaries and seas (Ahrens et al., 2009b; Earnshaw et al., 2014; Filipovic et 

al., 2013; Huset et al., 2008; Loos et al., 2008b; McLachlan et al., 2007; Möller et al., 2010; 

Scott et al., 2009). Mass flows (kg/time (day, year)) are of interest for understanding the fate of 

PFOS and for assessing the influence of  seasonal trends due to variations in river flow, or to 

discontinuous emissions by WWTPs. Combined with population density they can be used to 

infer per capita emissions. However, most studies performed sampling only once, annual river 



 

176 

discharge can only be roughly estimated unless flows are constant. Pistocchi and Loos (2009) 

estimated emissions of PFOS and PFOA from Western Europe based on measured river water 

concentrations and climatologically averaged flows. They found that PFOS and PFOA loadings 

(t/yr) correlated well with river basin population, however, there was a greater scatter of PFOA 

loadings possibly due to multiple sources, ie manufacturing as well as waste water emissions 

from consumer use. 

Temporal and spatial trends of PFOS in the North Atlantic Ocean and transport to the Arctic 

were studied by Zhang et al. (2017) using a 3D ocean general circulation model for the North 

Atlantic. The model results are presented as a case study in Chapter xx (MacLeod et al 2020) and 

are briefly described here in order to compare with observed levels in the North Atlantic. Inputs 

of PFOS to the North Atlantic were assumed to be from rivers only because the contribution 

from atmospheric deposition was thought to be small based on earlier modelling by Armitage et 

al. (2009b). Zhang et al utilized the per capita estimates for PFOS emissions developed by 

Pistocchi and Loos (2009). Zhang et al. (2017) predicted PFOS concentrations of 39 ± 14 pg/L in 

the North Atlantic in 2010, declining slowly to 35 pg/L by 2020, assuming negligible inputs after 

2010 (see Figure 5.3.11 in Chapter 5.3). Median concentrations in the North Atlantic were 49 

pg/L for 2000-09 (Table 5.2.54) thus very similar to modelled results, however, including coastal 

areas, median PFOS was much higher at 110 pg/L (Table 5.2.53). This spatial variability is in 

agreement with the model which predicted concentrations ranging from 100-500 pg/L in the 

coastal North Atlantic (Gulf of St Lawrence, North Sea). However, the assumption of negligible 

emissions after 2010 appears to have been overly conservative, as measurements suggest 

increasing PFOS in the Central Atlantic in 2010-14 compared to 2000-09 (Table 5.2.54). 

Stemmler and Lammel (2010) predicted seawater concentrations of PFOA using a global 

coupled atmosphere-ocean circulation model. Similar to Zhang et al. they noted that knowledge 

of ocean circulation and its variations was crucial to understanding PFOA’s large-scale 

distribution and fate. Stemmler and Lammel (2010) predicted surface water concentrations of 50 

pg/L in the western North Atlantic (Labrador Sea) in agreement with measurements by 

Yamashita et al. (2005). However their emissions scenario was based on fluoropolymer 

manufacturing sources (to air and water) in the USA, Japan, Belgium, and Italy, only rather than 

on riverine inputs, and thus not reflecting extensive measurements of PFOA for rivers in Europe, 

North America, as well as in East Asia. 

Armitage et al.(2009b) modelled PFOS concentrations in the global oceans using the 

CliMoChem model which divided the global environment into a series of latitudinal bands 

spanning 18° of latitude. Model inputs included estimates of emissions of volatile precursors 

(FOSEs) as well as of PFOS from manufacturing and use. Predicted PFOS concentrations for the 

central North Atlantic in 2010 were about 60 pg/L declining to 45 pg/L by 2020. This range of 

concentrations is similar to observed medians for the Central Atlantic (Table 5.2.54). Temporal 

trends of PFOA were modelled with BETR Global, a multimedia environmental fate model that 
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describes the global environment as 288 regions based on a 15° × 15° grid, and thus higher 

spatial resolution than the CliMoChem model (Armitage et al., 2009a). Estimated PFOA for 

2005 ranged from about 60 to 250 pg/L in the central North Atlantic and higher concentrations 

(250-500 pg/L) near the US East Coast, the North Sea and the Mediterranean Sea. These 

estimates were 2-fold higher than median concentrations of PFOA in the coastal North Atlantic 

but in good agreement with the median for the Mediterranean for the period 2000-09 (Table 

5.2.53). Wania (2007) modelled the time course of PFOA in the Arctic Ocean using the Globo-

POP model which, like CliMoChem, includes five latitudinal bands, consisting of four 

atmospheric layers, terrestrial surfaces, and the surface ocean as a single, unstratified layer of 

200 m depth. Assuming a scenario of direct emission of PFOA into the oceans beginning in the 

1970s, using data from Prevedouros et al. (2006) as the main entry pathway, the Globo-POP 

model predicted maximum northward fluxes in 2007 followed by a 50% decline by mid-century. 

Predicted concentrations of PFOA increased from 50 to 70 pg/L between 2000 and 2005 for 

north flowing waters which is within the range observed in the North Atlantic for 2000-09 (Table 

5.2.54). 

Study design considerations  

Guidance for water sampling for PFOS and other perfluoroalkyl acids has been published by the 

Stockholm Convention (UNEP, 2015c; Weiss et al., 2015) and recently updated to include 

PFHxS and PFOA (Vrana et al., 2019). These documents note that rivers offer perhaps the best 

opportunity to assess temporal trends due to reductions in emissions provided that sources e.g. 

WWTPs, tributaries, accidental spills etc, are well documented. However, actual sampling 

designs for rivers are not discussed in the guidance documents. Sampling procedure (depth 

integrated, flow normalized, bridges vs boats) may affect measured concentrations. Two 

sampling programs in the Rhine during 2007 and 2008 used different procedures and got 

somewhat different results. Samples analysed by Loos et al.(2008a) were from the river bank or 

bridges, while Möller et al. (2010) sampled the mainly by boat, taking a greater number of 

samples. Loos et al. (2008a) reported PFOS concentrations ranging between 15 and 32 ng/L, 

while Möller et al. (2010) report lower values ranging from 1.7 and 13 ng/L. Paul et al. (2012) 

used both datasets to validate a transport model for PFOS in the Rhine and they concluded that 

the greater variation shown in the Möller et al. dataset could be due to localized sources and 

dilution, highlighted by the greater number of sampling points. Huset et al (2008) used time-

proportional composites at two collection sites on the Glatt River in Switzerland a 24 h, flow-

normalized composite sample at a point just before the Glatt River joins the Rhine River, to 

estimate discharge and assess the mass balance compared with inputs from WWTP effluents. 

This approach provided a better estimate of average PFOS concentrations and discharge. 

Particles vs dissolved concentrations 
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Most studies of PFOS in surface waters have using unfiltered samples and the ISO method for 

analysis of PFOS and PFOA in natural waters which is based on unfiltered samples (ISO, 2009). 

Ahrens et al (2009b; 2009c) filtered their Elbe River and estuary samples in a ship clean room. 

They found that PFOS was entirely in the dissolved phase in the North Sea and 70-85% 

dissolved in the Elbe River. However, EtFOSE was exclusively found in the particulate phase. 

Using a fate and transport model, Paul et al. (2012) estimated that <20% of the total PFOS 

entering the Rhine was bound to sediments or suspended particles.  Ahrens (2011) has noted that 

during filtration, PFASs can be adsorbed to the filtration equipment, while the dissolved phase 

can also adsorb to the filter material and equipment and to the walls of the receiving flask. The 

filter and equipment may also be a source for blank contamination. Nevertheless filtration of 

river water samples (typically with 0.7 µm glass fiber filters) has become quite commonly used 

over the past 10 years, with only the filtered sample being analysed for anionic PFAS. 

Summary and Conclusions  

This assessment addressed the questions of temporal trends of PFOS, PFOA and PFHxS in water 

and the broad spatio-geographic trends within WEOG countries as well as in neighboring seas 

(Baltic, North, Mediterranean) and oceans (North Atlantic, Arctic Ocean, Northeast Pacific).  

Unlike air measurements of PFAS, surface water sampling has not been consistently or 

repeatedly sampled at the same locations. As well the dynamic nature of rivers, lakes, seas and 

oceans, along with seasonal differences in river flow, lake thermal stratification, and ice cover 

adds to variability of concentrations. As such, data dispersion measured by MAD/median, is 

relatively high, especially in rivers. Nevertheless with results from over 3000 locations and over 

11,270 individual measurements within the WEOG region, including 2035 analyses for samples 

collected from 2015-2020 it is possible to qualitatively examine temporal and spatial trends 

using medians and estimates of data dispersion of the concentrations. 

 

 The information available provides knowledge of spatial trends for PFOS, PFHxS and PFOA 

across western Europe, Canada/USA and southern/eastern Australia, the North Sea, the 

Baltic, the Great Lakes, and in the North Atlantic, Arctic Ocean and Northeast Pacific 

 No specific studies of temporal trends of PFAS in water were found, therefore medians for 

combined data from specific regions with the periods 2000–2009, 2010-2014 and 2015–2019 

were compared. A challenge with these comparisons is that all data are included but 

sampling sites varied for each study.  

 The three PFAS compounds showed distinct differences in median concentrations between 

inland surface waters in Western Europe and Canada/USA. Median PFOS concentrations for 

Canada/USA were 3.3 fold higher at non-urban (mainly riverine) sites in 2015-2019 

compared to Western Europe. Median PFOA were 3.0-fold while PFHxS had higher medians 

in Western Europe compared with Canada/US. 
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 Different temporal trends for PFOS, PFHxS and PFOA in non-urban waters were observed between 

Western Europe and Canada/USA based on comparison of median concentrations over 5 to 10 year 

time intervals.  While median PFOS and PFOA concentrations in Western Europe declined 70% and 

60%, respectively, between 2000-09 and in 2015-19, they were much higher in Canada/USA in the 

2015-19 period (353% for PFOA and 227% for PFOS). Median PFHxS was also much higher in 

2015-19 in Canada/US waters than in 2000-09 in the combined urban and non-urban dataset. The 

results suggest continued significant emissions of the 3 PFAS to the aquatic environments in North 

America relative to Western Europe.  

 Data for PFOS, PFHxS and PFOA in Australian and New Zealand rivers and streams were available 

but too limited temporally to effectively evaluate temporal trends. Recent (2015-19) measurements 

show very low background concentrations of PFOS in Australian river waters compared to earlier 

measurements which were mainly from urban influenced areas. 

 Lower median concentrations of PFOA were found in samples from 2015-19 compared to 

2000-09 or 2010-14 in the non-urban sites in the Mediterranean, the Baltic, and the North 

Sea. PFOA was also lower in coastal North Atlantic Ocean sites 2010-19 compared to earlier 

years. PFOS was also lower in the Baltic and North seas in 2015-19 but had increased in the 

Mediterranean and was unchanged in the coastal North Atlantic. PFHxS concentrations were 

higher in the Baltic and the North Sea in 2010-2014 and 2015-19 compared to 2000-09. The 

lower medians in the North Sea for PFOA and PFOS in 2010-19 vs 2000-09, and higher 

PFHxS, were similar to trends for its inflowing rivers. 

 Major declines in concentrations of PFOS, PFOA and PFHxS have occurred in the Rhine 

River from 2006 to 2016 based on a comparison of median values. These declines reflect 

phase out of these substances and their precursors in western Europe that began in the mid-

2000s. 

 In the North American Great Lakes median concentrations of PFOA and PFOS in 2015-19 

were 37 % and 159% higher, respectively than in the period 2000-09, when considering all 

sampling sites. However for open (non-urban influenced) lake sites median PFOA was lower. 

PFHxS was lower in 2015-19 than earlier years for both urban and non-urban influenced 

sites. However, comparisons were complicated by detection limit issues with 51-76% of 

samples having <MDL values. MDLs varied widely in studies on the Great Lakes ranging 

from 0.8 ng/L to 0.001 ng/L despite use of essentially the same analytical methodology.  

 Although overall median concentrations of PFOA and PFOS in the Great Lakes increased, 

comparisons over time showed considerable year to year variation with declining 

concentrations of the three PFAS in Lake Erie and Lake Ontario and little change in 

Michigan, Huron and Superior. 

 In the oceans adjacent to the WEOG region PFOA median concentrations were generally 

higher for 2010-19 compared to 2000-09,  except in the North Atlantic where slightly lower 

concentrations were observed (-23%). PFOS was higher in 2015-19 in all ocean water 



 

180 

measurements except in Antarctica where only very limited samples (N=20 were available 

from 2000-09 for comparison. PFHxS was at detection limits in Antarctica but was present a 

higher concentrations (87-133%) in the Central Atlantic and in the North Pacific from the 

2000-09 period to 2010-19. A decline in PFOS concentrations in the North Atlantic as of 

2010 has been predicted by 3D-modelling based on waste water emissions from Europe and 

Canada/USA (Zhang et al., 2017). However the modelling assumed negligible emissions 

after 2010. This assumption appears to be too conservative. 

 A major knowledge gap is measurement of PFOS, PFHxS and PFOA precursors, both 

neutrals (MeFOSA, EtFOSA, MeFOSE, EtFOSE, fluorotelomer alcohols) as well as anionic 

and amphoteric chemicals. Recent studies have suggested they are widespread in surface 

waters (D'Agostino and Mabury, 2017; McGuire et al., 2014; Zhang et al., 2019). 

 Studies using total organic fluorine or TOP assays suggest that there are additional PFAS 

sources in surface waters and other aquatic media such as waste water effluents and 

sediments which need to be characterized in order to get a full understanding of prevailing 

levels and trends of PFOS, PFHxS and PFOA 

 Results of modelling of PFOS and PFOA in ocean waters have generally been quite 

successful in predicting the observed geospatial variation in concentrations in surface and 

deep waters of the North Atlantic (Armitage et al., 2009a; Stemmler and Lammel, 2010; 

Zhang et al., 2017) or in latitudinal zones equivalent to the Central North Atlantic (Armitage 

et al., 2009b; Wania, 2007). However, modelling results for temporal trends appear to 

overestimate declining trends, which have yet to be observed in the North Atlantic. 

 

Recommendations 

 As noted in Chapter 5.3 (MacLeod et al) seawater monitoring sites for PFAS have not been 

established so far, but if they are they should be located within a region where spatial 

variability is relatively small.   

 Continued monitoring of rivers offers the best opportunity to assess temporal trends. 

However, there is always the need for consideration of waste water and tributary inputs and 

thus  multiple sampling points preferably at sites that are well characterized in terms of flow 

and proximity to sources are needed.  

 Lower detection limits would help with future assessments of temporal trends in all locations 

but especially in open oceans, coastal seas and in the Great Lakes. Detection limits in the 

range of 1-5 pg/L for PFOS, PFHxS and PFOA have been demonstrated by several 

monitoring programs and should be universally adopted. 

 Efforts should be made for more widespread measurement of precursors of PFOS, PFHxS 
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and PFOA in waters with “total” methods (eg total oxidizable precursor (TOP) or total 

extractable organic fluorine) or targeting specific known precursor compounds.  
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5.2.4 Other media / non-core GMP media 

 

5.2.4.1 Introduction 

When the GMP was established under article 16 on effectiveness evaluation at COP3 (Decision 

SC-3/19; UNEP, 2007) it was tasked to compile the best information on long term measurements 

of POPs in air and human media (milk and serum). Measurements in these media with good 

QA/QC are readily comparable on a global basis, air has the fastest response to changes in 

emissions and decreasing levels in humans is the core objective of the convention. The GMP for 

its second report in 2015 included water as a medium to monitor PFOS and PFAS. The reasoning 

behind this choice still stands. The importance of other than core media to understand and assess 

changes over space and time of the risk posed by POPs to humans and the environment is 

indisputable. The choice of core media is based on strategic long-term priorities in the context of 

a global exercise with very limited resources.  However, good quality measurements of long-

term changes over time in other media are central and indispensable to gauge the importance of 

biogeochemical and commercial pathways of POPs mixtures in the environment and the 

consequent exposure routes to humans and ecosystems. 

 

The work delivered since the 2015 report by a number of long-term international POPs 

monitoring programmes in strategic partnership with the GMP will be briefly described. These 

programmes are measuring a number of POPs in aerosols, snow, ice, sea water, freshwater, 

sediments, soils, terrestrial and marine biota in the WEOG region and have been at work over the 

last few decades. We will focus in particular on information about long term trends in water, 

sediment, terrestrial and marine biota made available since the previous 2015 GMP report was 

released.  Future assessments should include more details on precipitation and sediments, 

especially for chemicals of emerging consern. 
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Table 5.2.55 All listed POPs and all monitoring programs that contribute to the GMP. Grey cells indicate substance, media and region 1 

for which long term trends are reported.  The data on the Mediterranean relate to published literature, and the EU on objectives of the 2 

WFD and MFD but no coherent EU wide POPs reporting is available at this point. 3 
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It has become apparent in recent years that a good understanding of ecosystem process and 

structure is central to interpret long term changes in POPs concentrations in organisms operating 

at different trophic levels (see e.g. Hebert et al., 2000; Braune et al.,2014; AMAP, 2021 (in 

prep.)).  The fast changes in the last few decades of macroscopic covariables such as ice cover 

surface, air and sea water temperature, salinity and the resulting changes in species ranges and 

abundances has an impact on POPs’ pathways, partitioning in the environment, degradation 

rates, transfer in the food web, and in particular in POP levels in top predators.  

 

In this context, the interpretation of POPs monitoring data benefits from ecosystem modelling of 

changing POPs’ pathways and shows the need and benefits of coherent long term and integrated 

monitoring strategies in abiotic media, marine, freshwater and terrestrial macroscopic and 

microbial ecosystems (Thompson et al., 2017). Research and interpretation of monitoring data on 

POPs must be interpreted in light of climate changes on ecosystems structure and function in the 

Arctic. (AMAP, 2021 (in prep.)). 

 

Finally, we emphasize the interest and value of Environmental Specimen Banks (ESB) and dated 

sediments, to build the contour of the POPs landscape in ecosystems over the past century. 

In this section we will first briefly review the main conclusions reported by monitoring programs 

on selected POPs, in different regions, then we will summarize by substances and propose 

conclusions and recommendations. Relevant text and results from reports from the main 

contributing programmes published in the last five years and which has been used for this 

chapter is copied in the Annex. The Annex therefore gives details on data and time series with 

references. 

 

5.2.4.2 Monitoring results 

Below we cite the most recent available reports of each programme and briefly describe some 

highlights. First, we describe what each program reports, then we consider what is reported by 

the programs for each group of substances.   

 

The work of ROG WEOG on the media has been based on a number of long-term motoring 

programs and strategic partners to the GMP. For non-core media the GMP ROG can only rely on 

published data compilations by the programs, consequently in this section we consider two 

groups:   

 

1.) Regions with monitoring programmes reporting data systematically available for GMP 

Arctic - Arctic Monitoring and Assessment Programme AMAP 

 North Atlantic - Oslo-Paris Convention for the Protection of the Marine Environment of the 

North-East Atlantic OSPAR 

 North America Great Lakes - Canada - United States Great Lakes Water Quality Agreement 

GLWQA 
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Baltic - Baltic Marine Environment Protection Commission HELCOM  

 

2.) Regions with monitoring results, but no systematic report available for the GMP 

 USA (NOAA, EPA)   

 Mediterranean (MAP - Mediterranean Assessment Programme) 

 European Union (EU - WFD/MSFD - Water Framework Directive/Marine Strategy Framework 

Directive) 

 Antarctica 

 

 

1.) Regions with monitoring programmes reporting data systematically available for GMP 

Arctic (Arctic Monitoring and Assessment Programme - AMAP) 

AMAP has monitored and reported the most extensive list of POPs, which include data for 16 of 

31 POPs listed under the Stockholm Convention. An executive summary of AMAP can be found 

in the Air-annex along with description of the other air programmes. The assessment report 

“Temporal trends in persistent organic pollutants in the Arctic” (AMAP, 2016) released in 2016 

contains data on concentration trends of POPs until 2014, which were further summarized in the 

2018 assessment “Biological effects of contaminants on Arctic wildlife and fish” (AMAP, 2018). 

Many of the time-series from AMAPs previous POPs temporal trend assessment (AMAP, 2010) 

were extended from 2006/7 to 2011/12, included at least six years of data, and had an average 

length of 12 years. The data have been divided into two groups, before year 2000 (pre-2000) and 

after year 2000 only (2000-2014), to aid visualize the impact of the Stockholm Convention. Only 

marine and freshwater species are included, and the POP time series were available from seven 

countries, which include locations in the following areas; Alaskan marine areas, Arctic Canada, 

East Greenland (Ittoqqortoomiit area), West Greenland (Disko Island area and Isortoq), marine 

areas around Iceland, the Faroe Islands, northern Norway, and lakes in Sweden. Time series from 

the Arctic areas of Russia and Finland has not been made available.  

 

Of the included time series, only 12% are of adequate length to detect a 5% annual change with a 

statistical power of 80% (see Box 1 for AMAP time trend vocabulary). For the POPs where time 

trends were reported, the general trend is a decreasing trend. However, the decrease is stronger 

for the pre-2000 time-trends compared to the post-2000 time-trends, suggesting that the decrease 

has leveled out. This pattern is consistent with the voluntary bans and outphasing of several of 

the legacy POPs.  Several time trends have a significant non-linear trend, where the common 

pattern is an initial increase and then a decrease in concentrations. Overall, the greatest annual 

decline is observed for “legacy” organochlorine pesticides, while newer POPs still exhibit 

increasing trends in some cases. Chlordane and DDT have some time-trends showing increasing 

concentrations due to influence by a local source (whale processing site). 
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Updated time trends from Greenland including data until 2018 were kindly made available by 

AMAP for selected substances to illustrate substances with decreasing trend with non-linear 

trend components (HCB in black guillemot eggs, Fig. 5.2.65), with decreasing trends (Sum 

PBDE in adult ringed seals, Fig. 5.2.66), with increasing trends (HBCD in young ringed seals, 

Fig. 5.2.67), and PFAS with opposing trends (PFNA increasing and PFOA decreasing in juvenile 

ringed seals, Fig. 5.2.68) (AMAP/Frank Riget, Aarhus University – personal communication, 

June 2020). These are shown under the respective compounds. 

 

Box 1. AMAP Time trend vocabulary 

 

Significant: significance of 5%. 

Increasing trend: A statistically significant increasing log-linear trend. 

Increasing trend with non-linear trend component: both the increasing log-linear and non-

linear trend components are statistically significant. 

Decreasing trend: A statistically significant decreasing log-linear trend. 

Decreasing trend with non-linear trend component: Both the decreasing log-linear and non-

linear trend components are statistically significant. 

Non-linear trend component: A statistically significant non-linear (fluctuating) trend with no 

clear increasing or decreasing tendency. 

No trend: The time-series did not exhibit a statistically significant trend. 

Not evaluated: The time-series was unsuitable for trend analysis (for example it contained too 

many “less-than-detection-limit” values). 

 

(Source/copied from - AMAP (2015) Table 3.3) 

 

Time series were not systematically reported since the 2015 GMP report for Aldrin, 

Chlordecone, endosulfan, endrin, g-HCH, HBB, PBDE-153, -154, -175, -183, -209, PCDD, 

PCDF, hexachlorobutadiene, pentachlorophenol, PCN, SCCP, dicofol, PFOA, its salts and 

PFOA-related compounds, and PFHxS, its salts and PFHxS-related compounds. For the other 

compounds with reported time trends, a brief description follows: 

 

Dieldrin: 22 dieldrin time-series starting before 2000: 19 (freshwater fish, seabird eggs, and 

marine mammals) from Arctic Canada, and 3 (marine mammals) from eastern Greenland. 10 

showed significant decreasing trends or decreasing trends with non-linear trend components. The 

mean annual decrease for the pre-2000 time series was 3%. For the 13 time-series available post-

2000, only one showed decreasing levels, where the mean annual decrease was close to zero, 

indicating little if any decrease in levels since 2000. 

 



 

187 

Chlordanes and nonachlor: close to half of the pre-2000 time-series for ΣCHL (sum of cis-

chlordane, trans-chlordane, cis-nonachlor, trans-nonachlor, and oxychlordane (31)), trans-

nonachlor (35), oxychlordane (20), cis-chlordane, and trans-chlordane showed decreasing trends 

with a linear or non-linear trend component. The trends for chlordane compounds from all Arctic 

sites ranged between annual decreases of 3.6% for trans-nonachlor and 9.7% for trans-chlordane. 

Only one site of local contamination due to whale processing in Hvalstod in Hvalfjörður 

southwestern Iceland, showed an increasing trend. The proportion of post-2000 time-series 

showing a decreasing trend is lower, and the proportion of no-trend series is higher. The mean 

annual concentration decreases post-2000 ranged from 0.6% for trans-nonachlor to 6.8% for 

trans-chlordane. The increasing ratio between oxychlordane, primary metabolite of chlordane, 

and ΣCHL in some species over time reflects that the levels of the metabolite are increasing 

compared to its precursors. 

 

DDTs: The DDT time-series consists of ΣDDT (sum of p,p’-DDE, p,p’-DDD, and p,p’-DDT) 

and of individual o,p’ and p,p’ isomers. Of the pre-2000 time-series, 46% of ΣDDT series and 

32% of p,p-DDE series showed a significant decreasing trend. The mean annual decrease was 

4.2% for ΣDDT, 4.1% for p,p’-DDE, and 9.1% for p,p’-DDT. The increasing ratio between p,p’-

DDE to Σp,p’-DDTs over the years indicate increasing levels of the metabolite compared to its 

precursor, indicate no new “fresh” DDT in the Arctic, however, long-range transport from 

current use and storages can happen. Lower proportions of the post-2000 time-series show a 

significant decreasing trend. For the post-2000 time-series the mean annual decreasing trends 

were 2.4% for ΣDDT and 3.6% for p,p’-DDE. There was one significantly increasing DDT trend 

time-series (pre-2000) due to whale handling sites (Hvalstod in Hvalfjörður southwestern 

Iceland).  

 

Heptachlor and heptachlor epoxide: three time-series were available for heptachlor, however, 

with most values below detection limits in all years. There were 12 heptachlor epoxide pre-2000 

time series, 2 with decreasing linear or non-linear trends, the rest with no statistically significant 

trend across the time series. None of the 6 post-2000 time-series showed a significant time trend, 

except one with a significant non-linear trend. 

 

Hexachlorobenzene (HCB): 35% of pre-2000 time-series showed a significant decreasing trend 

or a significant decreasing trend with non-linear trend components. One HCB time-series 

showed an increasing trend and another time-series increasing trend with a non-linear trend 

component. The mean annual decrease for the pre-2000 time-series was 2.6%. Six post-2000 

time-series showed decreasing trends, three showed increasing trends, and the remaining showed 

no trend or significant non-linear trend component. The mean annual change for post-2000 time 

series was 0.0%.  

 

Updated time trends from Ittoqqortoormiit, Greenland including data until 2018 show decreasing 

HCB concentrations with non-linear trend components (HCB in black guillemot eggs, Fig. 

5.2.65).   
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Figure 5.2.65. HCB in black guillemot egg (ng/g lipid weight) - updated time trends Greenland 

until 2018. Individual data points (open black), and mean (red) are shown. AMAP/Frank Riget, 

Aarhus University – personal communication, June 2020 

 

 

Hexachlorocyclohexanes (HCHs): Most of the α-HCH time-series showed a decreasing linear or 

non-linear trend, 80% of the pre-2000 and 53% of post-2000 time series. Mean annual α-HCH 

decrease was 9% in the pre-2000 time-series, and 10% for the post-2000 time-series. 64% of the 

β-HCH pre-2000 time-series showed no significant trend or significant non-linear trend. Both 

decreasing and increasing trends were found, however, the mean annual decrease was only 1.5% 

for pre-2000 time-series. 83% of post-2000 time-series showed no trend or significant non-linear 

trend component. 68% of pre-2000 time time-series for γ-HCH showed a decreasing trend or 

decreasing trend with non-linear components. 50% of the post-2000 time-series showed the 

same. Mean annual γ-HCH decrease was 7.6% for pre-2000 time-series and 6.2% for post-2000 

time-series.  

 

Mirex: There were 16 Mirex pre-2000 time-series, where 4 showed significant decreasing trends 

(one with non-linear trend component), the rest showed either non-linear trend or no trend. 10 

post-2000 time-series, where one showed a significant decreasing trend, the rest showed either a 

non-linear trend or no trend. Mean annual decrease was 6.7% for pre-2000 time-series and 1.9% 

for post-2000 time-series.  
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Pentachlorobenzene (PeBz): Of the 12 pre-2000 time-series, 2 showed a decreasing trend or 

decreasing trend with non-linear components, and the rest showed a significant non-linear trend 

or no trend. Only one of the 6 post-2000 time-series showed a significant trend. Concentration in 

seabird eggs from Canada showed a significant non-linear trend with an initial increase followed 

by a decrease in recent years. The mean annual decrease for the pre-2000 time-series was 4.7%.  

 

Polychlorinated biphenyls (PCBs): A total of 358 time-series of individual congeners starting 

before and after 2000 were analysed. The AMAP report focuses on the 214 time-series available 

for ΣPCB10 (CB28, CB31, CB52, CB101, CB105, CB118, CB138, CB153, CB156, CB180) and 

CB154. 38% of pre-2000 time-series for ΣPCB10 showed a decreasing trend, and 13% showed a 

decreasing trend with a non-linear trend component. For CB154, 34% of pre-2000 time-series 

had a decreasing trend, and 15% showed a decreasing trend with non-linear trend component. 

One pre-2000 time-series in blue mussels showed a significant increasing trend with non-linear 

trend components for both ΣPCB10 and CB154. Mean annual decrease was 3.7% for ΣPCB10 

and 3.8% for CB154. For pre-2000 time-series, no significant difference in annual trend was 

found between eight PCB-congeners (CB28, CB52, CB101, CB105, CB118, CB138, CB153, 

CB180). 19% of post-2000 time-series for ΣPCB10 showed decrease and 18% for CB154 

showed decrease. Mean annual decrease was 1.5% for ΣPCB10 and 2.5% for CB154. Two post-

2000 time-series showed increasing trends for ΣPCB10, while one of them showed increased 

trend for CB154 and the other showed increased trend with non-linear trend component for 

CB154.  

 

Toxaphene: 17 pre-2000 time-series (parlars 26 and 50). 5 parlar 26 and 4 parlar 50 time-series 

showed significant decreasing trends (two with significant non-linear trend component), whereas 

3 (two parlar 26 and one parlar 50) time-series showed non-linear trends. The rest showed no 

trends. Annual decrease was 6% for parlar 23 and 0.8% for parlar 50. 20 post-2000 time-series 

available for parlar 26, where nine showed significant decreasing trends or decreasing trends 

with significant non-linear trend components. 22 post-2000 time-series available for parlar 50, 

where 8 showed a decreasing trend. The others showed either non-linear trends or no trend. 

Mean annual decrease of parlar 26 was 5.9% and for parlar 50 it was 0.8% increase.  

 

Polybrominated diphenyl ethers (PBDEs): Several pre-2000 time-series available, however most 

included only BDE-47 and BDE-99. Of these, 9 BDE-47 and 2 BDE-99 pre-2000 time-series 

showed a significant increasing trend or a significant increasing trend with a non-linear trend 

component. The non-linear trend component significant in eight BDE-47 time-series showed an 

initial increase followed by a decrease in recent years. Post-2000 PBDE time-series showed no 

increasing trends for BDE-47, and only one increasing trend for BDE-99, however, 4 BDE47 

and 3 BDE-99 post-2000 time-series showed a decreasing trend.  

 

Updated time trends from Ittoqqortoormiit, Greenland including data until 2018 show decreasing 

trends for Sum PBDE in adult ringed seals (Fig. 5.2.66). 
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Figure 5.2.66. Sum PBDE (ng/g lipid weight) in adult Ringed Seal - updated time trends 

Greenland until 2018. Individual data points (open black), and mean (red) are shown. 

AMAP/Frank Riget, Aarhus University – personal communication, June 2020 

 

Hexabromocyclododecane (HBCD): 7 pre-2000 time-series available for α-HBCDD, where 5 

showed significant increasing trends. 2 time-series showed a significant non-linear trend or no 

trend. Mean annual increase of the 7 time-series was 7.6%. Post-2000 time-series showed a 

decreasing trend (one significant decreasing trend and two no-trend), with a mean annual 

decrease of 3.6%. 

 

Updated time trends from Ittoqqortoormiit, Greenland including data until 2018 show increasing 

HBCD trends in young ringed seals (Fig. 5.2.67). 
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Figure 5.2.67. HBCD (ng/g lipid weight) in young Ringed Seal - updated time trends Greenland 

until 2018. Individual data points (open black), and mean (red) are shown. AMAP/Frank Riget, 

Aarhus University – personal communication, June 2020 

 

Perfluorooctane sulfonic acids, its salts and perfluorooctane sulfonyl fluoride (PFOS): 8 of 16 

pre-2000 time-series for PFOS showed a significant non-linear trend and 1 showed a significant 

increasing trend with a significant non-linear trend component. The others showed no trend. A 

common pattern was increasing concentrations until the mid-2000s, followed by decrease, which 

was described by the non-linear trend component. 11 post-2000 time-series for PFOS showed 

significant non-linear trend components or no trend.  

 

Updated time trends from Ittoqqortoormiit, Greenland including data until 2018 show that PFAS 

time trends are compound specific, with PFNA increasing and PFOA decreasing in juvenile 

ringed seals (Fig. 5.2.68). These data are not included in the tables of the present chapter. 
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a.) PFNA       b) PFOA 

  

Figure 5.2.68. PFAS (ng/g wet weight) in juvenile Ringed Seal - updated time trends Greenland 

until 2018. Individual data points (open black), mean (red) and data below detection limit (pink) 

are shown. AMAP/Frank Riget, Aarhus University – personal communication, June 2020 

 

 

North Atlantic (Oslo-Paris Convention for the Protection of the Marine Environment of the 

North-East Atlantic - OSPAR) 

The Coordinated Environmental Monitoring Programme (CEMP) of the Oslo-Paris Convention 

for the Protection of the Marine Environment of the North-East Atlantic (the “OSPAR 

Convention”) releases annual assessment reports on the temporal trends of certain contaminants 

in sediments and biota (OSPAR, 2017e; 2018; 2019), some of which are part of the Stockholm 

Convention. There is, however, limited information describing the trends, such as the criteria for 

including or excluding a time series. The data are divided over five regions of the North-East 

Atlantic (https://www.ospar.org/convention/the-north-east-atlantic) (Fig. 5.2.69). Here we 

summarize the trends across the regions, as far as possible. 
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Figure 5.2.69. The five regions of the North Atlantic included in the OSPAR convention; I Arctic 

water, II Greater North Sea, III Celtic Seas, IV Bay of Biscay and Iberian Coast, V Wider 

Atlantic. Map copied from https://www.ospar.org/convention/the-north-east-atlantic 

 

 

POPs assessed in biota were PCBs, PBDEs, HBCD, HCB, -HCH, -HCH, and PFOS. POPs 

assessed in sediments included PCBs and PBDEs. Less than 50% of the time-series showed a 

significant trend, but for the ones that did, nearly all showed a decreasing trend. However, more 

than 20 time trends across all years showed increasing levels of PCBs in both biota and 

sediments. Time series not listed as either increasing or decreasing are assumed to show no 

trend. 

https://www.ospar.org/convention/the-north-east-atlantic
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Table 5.2.56. Summary of information given in tables in OSPAR Assessment reports 2016-2018 

(OSPAR, 2017e; 2018; 2019). White areas indicate time trends assessed in biota, grey areas 

indicate trends assessed in sediments. 

Contaminant Assessment 

report year 

Medium Total time 

series 

Decreasing 

time series 

Increasing 

time series 

PCBs 2016 Sediments 634 144 29 

PBDEs 2016 Sediments 31 6 0 

PCBs 2016 Biota 1851 911 21 

PBDEs 2016 Biota 339 130 11 

HCB 2016 Biota 97 26 3 

Alpha-HCH 2016 Biota 78 32 1 

Gamma-HCH 2016 Biota 131 88 0 

PFOS 2016 Biota 10 8 1 

PCBs 2017 Sediments 669 160 25 

PBDEs 2017 Sediments 35 7 0 

PCBs 2017 Biota 1536 858 24 

PBDEs 2017 Biota 341 133 11 

HCB 2017 Biota 105 27 3 

Alpha-HCH 2017 Biota 80 34 1 

Gamma-HCH 2017 Biota 115 62 0 

PFOS 2017 Biota 5 4 0 

PCBs 2018 Sediments 651 134 29 

PBDEs 2018 Sediments 44 9 0 

PCBs 2018 Biota 1756 739 31 

PBDEs 2018 Biota 369 172 8 

HBCD 2018 Biota 6 2 0 

HCB 2018 Biota 81 21 1 

Alpha-HCH 2018 Biota 45 24 0 

Gamma-HCH 2018 Biota 85 41 1 

PFOS 2018 Biota 8 8 0 
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In 2017, OSPAR released an intermediate status and trend assessment of PCBs and PBDEs in 

sediments (OSPAR 2017a,b), fish and shellfish (OSPAR 2017c,d). In biota, concentrations of 

PCBs were measured in fish liver and shellfish, while concentrations of PBDEs were measured 

in fish, mussels, and oysters. Which species used were not mentioned in the assessment, but it 

was noted that there is no homogenous choice of monitoring species across monitoring sites for 

PBDEs and that this may have affected the results as areas using fish show higher concentrations 

than areas using mussels.  

 

PCBs: The assessment showed decreasing concentrations for PCBs in biota (1995-2014) in all 

areas except for in the Celtic Sea, where there is no statistically significant change. Estimated 

regional trends averaged over PCB congeners (CB28, CB52, CB101, CB118, CB138, and 

CB153) show yearly decreases ranging from -3.22% to -10.22%. All congeners have decreased 

to concentrations in biota to acceptable biological concentrations, the only exception being 

CB118, which is detected at levels which can cause unacceptable risk to the environment in 8 out 

of 11 areas assessed. PCB concentrations in sediments show a decreasing trend in three out of 

five areas (Northern North Sea, Southern North Sea, and Gulf of Cadiz), the two remaining areas 

show no statistically significant change (the Irish and Scottish West Coast and the Irish Sea). 

PCBs are found in all marine sediments, but all congeners except CB118 are below the EAC in 

all assessment areas. CB118 are close to or above EAC in three out of five assessment areas. 

Estimated regional trends averaged over PCB congeners (CB28, CB52, CB101, CB118, CB138, 

and CB153) show yearly decreases ranging from -2.38% to -9.21%. Time series show no 

statistically significant change in the Celtic Sea. Arctic Water, some parts of the Celtic Sea, 

Iberian Coast, and Bay of Biscay are some of the areas that lack monitoring data for PCBs.  

 

PBDEs: For PBDEs, concentrations in biota have been decreasing in all assessment areas except 

Skagerrak and Kattegat (one area), where there was no statistically significant trend. Although 

11 out of 339 monitoring sites show increasing mean concentrations, overall concentrations have 

decreased in biota after PBDE was regulated. Estimated regional trends in biota averaged over 

PBDEs (BDE-28, BDE-47, BDE-99, BDE-100, BDE-153, and BDE-154) show a yearly change 

varying from +0.01% to -13.91%. Some time series measuring PBDE concentrations in 

sediments were not included due to concentrations being too low to measure accurately or the 

series being too short for analysis. Also, areas were only assessed if at least three monitoring 

stations had enough data, both in temporal (at least five years) and spatial spread. Therefore, only 

two areas had enough data to be included in the assessment, the Northern North Sea and the Irish 

Sea, from which only the latter show a statistically significant decreasing trend while the former 

showed no trend. BDE-209, the most common flame-retardant congener, occurs at the highest 

concentrations measured, while some congeners lack data as many measurements are below the 

limit of detection. Estimated regional trends averaged by PBDEs (BDE-28, BDE-47, BDE-99, 

BDE-100, BDE-153, and BDE-154) show a yearly decrease varying from -6.49% to -12.80%.  

 

Great Lakes of North America (Canada-United States Great Lakes Water Quality 

Agreement - GLWQA) 
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In the 1970s a vast cooperative effort between Canada and the USA to deal with environmental 

pollution and public health in the The Great Lakes of North America watersheds was established. 

Originally signed in 1972, the Canada-United States Great Lakes Water Quality Agreement 

(GLWQA) was recently amended in 2012 (https://binational.net/glwqa-aqegl/). Under GLWQA 

there are two different efforts related to monitoring fish: One, led by the USA monitors edible 

portions of fish in a context of public health using these fish, and the other, lead by Canada 

monitors whole fish with a wider ecosystem perspective. The most recent report of this 

endeavour summarizes the vast body of factual knowledge that has been compiled in the long-

term cooperative effort (Environment and Climate Change Canada and the U.S. Environmental 

Protection Agency, 2019). Here we summarize both, but also emphasize the importance of 

internal consistency in measured matrices and inclusion of lipid content to allow estimation 

chemical activity by normalising for lipid differences between species and tissues (see e.g. Borgå 

& Ruus, 2019).  

 

GLWQA monitors four sub-indicators (toxic chemicals in herring gull eggs, water, sediments, 

and whole fish) in the Great Lakes of North America. The lakes monitored include Lake 

Superior, Lake Michigan, Lake Huron (including St. Marys River), and Lake Erie (including 

Niagara River and International section of the St. Lawrence River). The programme focuses on 

Chemicals of Mutual Concern (CMCs), which is a list of chemicals agreed upon by both parties 

(Canada and USA) in the GLWQA in May 2016. The list includes Hexabromocyclododecane 

(HBCDD/HBCD), Long-Chain Perfluorinated carboxylic acids (LC-PFCAs), mercury (Hg), 

Perfluorooctanic acid (PFOA), Perfluorooctane sulfonate (PFOS), Polybrominated Diphenyl 

Ethers (PBDEs), Polychlorinated Biphenyls (PCBs), and Short-Chained Chlorinated Paraffins 

(SCCPs), where PFOA, PFOS, PBDEs, PCBs, and SCCPs are of interest to the GMP. GLWQA 

also monitors other chemicals of interest that may be included in the list of Chemicals of Mutual 

Concern or that can prove to be a problem in the future, but most of these chemicals are not 

monitored consistently across the sub-indicators.  

 

The programme divides the time trends into two timelines: 10-year trends and long-term trends, 

assigning status of Fair, Good, Improving or Unchanging (Box 2). The 10-year trends started 

approximately at the time when the Stockholm Convention went into force, while the long-term 

trends started sometime in the mid-1970s. The years included in the time trends are different for 

different sub-indicators as some do not have updated monitoring results since 2014. 
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Box 2. GLWQA Time trend status vocabulary 

 

Fair: The metrics show that the toxic chemical concentrations are not meeting the ecosystem 

objectives/guidelines, but they are exhibiting minimally acceptable conditions. 

Good: The metrics show that the toxic chemical concentrations are meeting the ecosystem 

objectives/guidelines or they are otherwise in an acceptable condition. 

Improving: Decrease in contaminant levels and other parameters of concern 

Unchanging: No change in the level of contaminants and/or other parameters of concern 

 

(Source/copied from - Environment and Climate Change Canada and the U.S. Environmental 

Protection Agency, 2019) 

 

 

Overall, the status of the Great Lakes is Fair, with the exception of herring gull eggs which have 

the status of Good. The rationale behind the overall status is that the trends show declining 

concentrations, but the Chemicals of Mutual Concern are still found at concentrations exceeding 

ecosystem objectives. As seen in many other geographical areas, for example the Arctic, the 

long-term trends are Improving, while the 10-year trend often is Unchanging. Additional years 

of monitoring is needed for nearly all chemicals measured (both Chemicals of Mutual Concern 

and other chemicals of interest) to be able to provide status and trend information. There was a 

great decline of contaminant concentration found in herring gull eggs from the 1970s to 2013, 

but accounting for the gulls’ change in diet (to consuming from lower trophic levels) happening 

in the same time period, the rates of decline were reduced. 

PCBs: PCBs show declining long-term trends in all sub-indicators except for in water, where a 

temporal trend has not been observed since 2004. Concentrations have fallen dramatically since 

the voluntary stop in production in the 70s and the decline is the driving force for the overall 

assessment in many of the sub-indicators. However, the decline in concentrations measured in 

the environment has decreased in the last decade and the trends are not as strong. For example, 

the sum of 33 PCB congeners measured in herring gull colonies in 2002 showed a range between 

0.96 and 11.27 μg/g, while in 2017, the same colonies showed a range between 0.9 and 7.81 

μg/g. Also, despite PCB levels having decreased by 90% in fish fillet of some fish species, PCBs 

are still found at concentrations exceeding the ecosystem quality objectives in whole fish. The 

declining trend of PCBs is confounded by differences in analytical methodology between 1987 

and 2009-2011. 

 PBDEs: PBDEs saw an increase in concentrations from 1982 to 2000, when production stopped, 

then no increase in the years 2000-2006, and finally declined by 2012 and also stabilised some 

places since 2012. Both long-term and 10-year trends show different directions in the different 

sub-indicators. The long-term trends in herring gull eggs are non-linear, following the pattern 

just explained, while the overall long-term trends are declining in sediments and whole fish 
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except for BDE-209 in sediments in all lakes and Hexa-BDE and Tetra-BDE in whole fish from 

Lake Erie, which are increasing in concentrations. The 10-year trends show no change in herring 

gull eggs, undetermined in water, are mixed in whole fish (TetraBDE decrease in all lakes, 

PeBDE increase in Lake Ontario, Huron, and Michigan, and decrease in Lake Erie and Superior, 

and HexaBDE increase in Lake Huron and Michigan, and decrease in Lake Ontario, Erie, and 

Superior) and are likely levelling off in sediments. 

SCCPs: There is currently no new data available for short-chained chlorinated paraffins. 

Previous studies show that the contaminant is found at levels far below the ecosystem quality 

objectives in whole fish. 

PFOA and PFOS: Both PFOA and PFOS have been increasing in concentration in herring gull 

eggs in Lake Superior and Lake Huron in the long-term trends. Long-term trends also show that 

PFOS has been increasing in whole fish in Lake Huron and Lake Ontario, but decreasing in 

concentration in whole fish in Lake Superior and Lake Erie, and decreased in sediments in Lake 

Ontario. 10-year trends in whole fish show a decline in concentration in Lake Erie and Lake 

Ontario, but an increase in Lake Superior and Lake Huron. The spatial variation found between 

the lakes is likely due to variations in analytical technique as the methodology is still under 

development. Concentrations are above the ecosystem quality objective lakewide. PFOA is no 

longer reported in whole fish as it is uncommon to find the contaminant in fish in the Great 

Lakes. 

DDTs: DDTs show declining long-term trends in herring gull eggs (as DDE) and in sediments. 

The contaminant is no longer reported on as it has shown low and unchanging concentrations for 

a while. 

HBCD: The flame retardant shows the same long-term and 10-year trends in whole fish, with 

decreasing concentrations found in Lake Superior and Lake Ontario, and increasing 

concentrations found in Lake Michigan, Lake Erie, and Lake Huron. However, concentrations 

measured are still well below ecosystem quality objectives. 

PCN: PCNs have in long-term trends declined in herring gull eggs in Lake Ontario and Lake 

Erie, and declined in whole fish in Lake Ontario. While 10-year trends show that they have 

declined in herring gull eggs in Lake Superior and continue to decline in whole fish in Lake 

Ontario. Historical PCB contamination is likely an important source of PCNs in whole fish in the 

Great Lakes. Lake Erie saw an increase in concentration of PCNs in herring gulls and whole fish 

between 1996 and 2005, after a decline from 1980 to 1995. There is also a spatial trend of higher 

concentrations found in lakes upstream and then decreasing concentrations as we move to lakes 

further downstream. 

Organochlorine pesticides: Pesticides are not monitored regularly in the Great Lakes, but the 

programme report declining 10-year trends for α-HCH, γ-HCH/lindane, toxaphene, and dieldrin 

in water, and long-term trend of decline of toxaphene in sediments of Lake Superior. Toxaphene 

has also been found to have a declining long-term trend in whole fish with higher concentrations 

found in Lake Superior. 

Dioxins and furans: PCDD/Fs and TCDD show declining long-term trends in herring gull eggs in 

all lakes and TCDD in whole fish in Lake Ontario. Concentrations of PCDD/Fs in herring gull 

eggs have fallen dramatically since the 1970s. 
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 Other industrial byproducts: Increasing trends are found for HCB and HCBD in most lakes in 

water although the only significant trends are found for HCB in Lake Huron and Lake Erie and 

for HCBD in Lake Ontario. HCB are found to decline in concentration in sediments in long-term 

trends for Lake Erie and Lake Ontario.  

 

The Baltic Sea (Baltic Marine Environment Protection Commission - Helsinki Commission  

HELCOM) 

 

The Baltic Sea covers 420000 km2 and has a drainage area about four times that surface and 

some 85 million people live in it. For a holistic management of the region, HELCOM releases 

assessments also including other topics than hazardous substances, such as eutrophication, 

biodiversity and maritime issues (https://helcom.fi/). 

 

Since the previous GMP report, HELCOM has released an assessment in three parts of varying 

degree of details. State of the Baltic Sea – Second HELCOM holistic assessment 2011-2016 

(HELCOM, 2018a) is the main publication, Thematic assessment of hazardous substances 2011-

2016 (HELCOM, 2018b) is a supplementary report to the main publication, and finally, each of 

the indicators (HBCDD (HELCOM, 2018c), PBDEs (HELCOM, 2018d), PCBs (HELCOM, 

2018e), and PFOS (HELCOM, 2018f)) are detailed in four HELCOM core indicator reports. 

New indicator specific reports were released in 2020 for PBDE (HELCOM, 2020a), PCB and 

Dioxin (HELCOM, 2020b) and PFOS and other PFASs (HELCOM, 2020c), too late for a 

detailed inclusion, however, the results up to 2018 are in line with the ones up to 2016, 

summarized below and in the Annex.  

 

Here, 559 time series were assessed, where 311 showed no trend, 236 showed decreasing trends, 

and only 12 showed increasing trends. However, these numbers of time series include all 

hazardous substances monitored, not only POPs. For POPs only, most datasets showed no trend. 

The overall contamination status has not changed markedly since the previous holistic 

assessment (HELCOM 2010), though, it may be difficult to compare with the previous 

assessment because of differences in methodologies, for example, differences in substances or 

substance groups sampled and changes in threshold values. However, some comparisons can be 

made. PCBs were identified as one of the substance groups having the highest contamination 

ratios (concentration to threshold value) in the previous report, but do not seem to be a major 

contributor of contamination in the present report. Also, a number of substances previously 

assessed, such as γ-HCH and DDT and its metabolites, are no longer considered as of significant 

concern and are therefore not included in the present assessment. However, increasing HCB 

concentrations are reported in Swedish sediments (Apler & Josefsson, 2016).  

 

Hexabromocyclododecane (HBCD): time series of levels in biota showed increasing 

concentrations from the 1970s and 1980s to the 2000s. Since the end of the 1990s, decreasing 

levels are seen at the Swedish west coast station Fladen, Utlängen in the southern Baltic Proper, 

and in two stations in the Bothnian Sea. Concentrations were measured in herring, cod, flounder, 

https://helcom.fi/
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dab, eelpout, and perch, where the concentrations were below the threshold value in all areas 

(EQS: 167 µg/kg WW with 5% lipid normalization). Concentrations were also below the 

threshold in sediments (QS from EQS dossier – 170 µg/kg DW with 5% organic carbon 

concentration (CORG) normalization). Monitoring in biota in general shows no detectable 

HBCD trends, with some exceptions showing decreasing trends. It should be noted that most of 

the Baltic monitoring stations are reference sites, and are not selected to reflect and assess the 

status of local primary and secondary sources.  

 

Polybrominated diphenyl ethers (PBDEs): there is limited availability of long time series in biota 

in the Baltic Sea, and those available are concentrated to the western coast of the region. PBDEs 

were measured in herring, cod, flounder, dab, eelpout, and perch. Concentrations of single PBDE 

congeners (BDE28, BDE47, BDE99, BDE100, BDE153, BDE154) are declining but fail the 

threshold (EQS: 0.0085 µg/kg ww with 5% lipid normalization) as sumPBDEs in all areas 

monitored. However, the threshold is considered very precautionary and is due for review by the 

EU Chemicals Working Group. The PBDE concentrations in herring muscle in the Baltic are 

higher compared to the Swedish west coast in the North Sea, and there seems to be declining 

concentrations in the open sea, but the variation both between and within sites is larger in coastal 

areas. The threshold was achieved in sediments (QS from EQS dossier: 310 µg/kg dw with 5% 

organic carbon normalization), although the threshold was much higher in sediments compared 

to biota.  

 

Polychlorinated biphenyls (PCBs): good status was achieved in biota in majority of coastal and 

open sea areas, but concentrations exceeded the threshold (EC: 75 µg/kg WW with 5% lipid 

normalization) along the coast of the Bothnian Bay, the Arkona Basin, Gulf of Finland, Kattegat, 

and in the Quark. PCBs (sum of CB28, CB52, CB101, CB138, CB153, CB180) were measured 

in flounder, common dab, herring, cod, European perch, European sprat, and eelpout, and 

showed either decreasing or no significant trend.  

 

Perfluorooncate sulphonate (PFOS): Data is available from Denmark, Finland, Poland, and 

Sweden, but absent from some areas, for example, Gulf of Riga and the Estonian coast of the 

Gulf of Finland. A great deal of the data from monitoring stations are based on one or a few 

years. Levels of PFOS in biota show increasing concentrations since the 1970s and 1980s in the 

Baltic Proper and the Bothnian Sea, however, these levels have been decreasing in the most 

recent ten-year period. Concentrations of PFOS were measured in the muscle of herring, cod, 

perch, eelpout, and European flounder, and were below the threshold level (EQS: 9.1 µg/kg WW 

with conversion from liver to muscle) in all monitoring stations except one. However, 

monitoring stations are located at reference areas with no specific local pollution load, and there 

is reason to believe that PFOS may pose more severe contamination risks to the Baltic Sea than 

the current indicator evaluation would suggest.  

There is limited data for PFOS in sediments, but most measurements show low concentrations. 

 

2.) Regions with monitoring results but no systematic report available for the GMP 
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The United States of America (National Oceanic and Atmospheric Administration/ 

Environmental Protection Agency - NOAA/EPA) 

 

The United States of America is, regretfully, not a party to the SC. It is well known that much 

relevant and high quality monitoring of POPs is ongoing in the USA under major federal efforts 

(NOAA, EPA) and regional coastal and land based work and is published in the scientific 

literature. Some of this is described below. However given the limitations of this work we are not 

in a position to review primary literature and in the absence of consolidated POPs trends 

reporting for the USA we do not include it in the overall summary and table. 

 

The Center for Coastal Monitoring and Assessment (CCMA) addresses pollution through the 

National Status and Trends Program (NS&T), through which long-term monitoring of toxic 

chemicals and environmental conditions is conducted at more than 350 sites along U.S. coasts. 

The programme also documents the nature and severity of the biological effects associated with 

toxic chemicals in 25 coastal ecosystems. The programme started in 1984 and is the only 

nationwide source of long-term data on toxic contaminants in U.S. coastal waters and estuaries. 

Outcomes include a status of contaminant concentrations around the U.S. including Alaska, 

Hawaii, the Great Lakes, and Puerto Rico. The programme’s data information products are 

available to the public via publications and the Internet.  

 

The National Status and Trends Program consists of two programmes, Mussel Watch and 

Bioeffects. Parameters monitored in the Mussel Watch Program include sediment and bivalve 

tissue chemistry for over 100 organic and inorganic contaminants; bivalve histology; and 

Clostridium perfringens (pathogen) concentrations. The Mussel Watch programme regularly 

quantifies PAHs, PCBs, DDTs and its metabolites, TBT and its metabolites, chlorinated 

pesticides and toxic trace elements. Bioeffects Assessment Program identifies and assesses 

biological effects associated with contaminant exposure. Over forty intensive regional studies 

have been conducted since 1986 using the Sediment Quality Triad approach which utilizes a 

stratified random sampling method to determine the areal extent of contaminated sediments. The 

data include: sediment chemistry, toxicity, and species diversity and quantity for the same suite 

of organic contaminants and trace metals as the Mussel Watch Program (Law et al., 2010). 

 

Kimbrough et al. (2008) presents an assessment of two decades of contaminant (Chlordanes, 

DDTs, Dieldrins, PCBs) monitoring in the US coastal zone. Sericano et al. (2014) describes in 

detail the temporal trends and spatial distribution of DDT in bivalves from the coastal marine 

environments of the continental United States, 1986–2009. Hartwell et al. (2018) assess the 

magnitude of effects of contaminants in coastal waters. See also the Southern California Coastal 

Water Research Project SCCWRP’s 2018 Annual Report (www.sccwrp.org).  

 

Mediterranean (Mediterranean Assessment Programme - MAP) 

Unfortunately, there are no long term POPs monitoring and reporting strategy on a 

Mediterranean wide scale, despite many decades of effective cooperation on other issues under 

http://www.sccwrp.org/
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Mediterranean Assessment Plan (MAP).  The main reference for the Mediterranean Action Plan 

under the 1976 Barcelona Convention is the Integrated Monitoring and Assessment Programme 

of the Mediterranean Sea and Coast and Related Assessment Criteria (UNEP/MAP, 2016): 

 

“Over 40 years ago, the Mediterranean Action Plan (MAP) was established as a framework of 

cooperation in addressing common challenges of marine environmental degradation, and in 

1976 the Barcelona Convention was adopted by the Mediterranean countries. With an initial 

focus on pollution, which then expanded to further address biodiversity, coastal management 

and sustainable development, in 1995 the Convention was amended and renamed as the 

Convention for the Protection of the Marine Environment and the Coastal Region of the 

Mediterranean. In addition to the Barcelona Convention and seven protocols addressing specific 

aspects of Mediterranean environmental protection and conservation, since 2008 the Ecosystem 

Approach has been the guiding principle with the ultimate objective of achieving the Good 

Environmental Status (GES) of the Mediterranean Sea and Coast. An Integrated Monitoring and 

Assessment Programme (IMAP) was adopted by the 19th Meeting of Contracting Parties (COP 

19) in 2016. The 2017 Quality Status Report is the first report based on the Ecological 

Objectives and Common Indicators of IMAP, with a view to assess the status of the 

Mediterranean in achieving GES.“ 

 

Further, the Indicator Assessment Factsheet (Code EO9CI17) (UNEP/MAP, 2017) states on the 

Ecological Objective 9 (EO9): Chemical pollution. Common Indicator 17. Concentration of key 

harmful contaminants measured in the relevant matrix: 

 

“At present, there are still old threats and new pressures, although the trends and levels of the 

so-called legacy pollutants (e.g. heavy metals, persistent organic pollutants and pesticides), have 

decreased significantly in the most impacted areas in the Mediterranean Sea after the 

implementation of environmental measures (e.g. leaded-fuels ban, mercury regulations, anti-

fouling paints ban), as observed in the Western Mediterranean Sea 

(UNEP/MAP/MEDPOL, 2011a).  

 

Despite the implementation of the MED POL monitoring for chlorinated compounds during 

almost two decades, the availability of new data with sufficient spatial geographical coverage 

and quality assured impedes to further assess their occurrence in the Mediterranean Sea region, 

beyond known sources and hotspots in coastal areas. On the other hand, most of the recent 

datasets show non-detectable levels, mainly in biota matrices, which is in accordance with the 

earlier decreasing levels and trends observed in previous MAP reports (UNEP/MAP/MED POL 

2011a, 2011b, 2012). However, there are still point and diffuse pollution sources releasing both 

priority and emerging chemical contaminants (e.g. pharmaceuticals, personal care products, 

flame retardants) in the Mediterranean Sea.  

 

The scarcity of recent POPs quality assured datasets in the MED POL Database and the fact 

that most of these show non-detectable levels, mainly in biota matrices, is in accordance with the 
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earlier lowering levels and trends observed in previous reports (UNEP/MAP/MED POL 2011a, 

2011b, 2012) and no further updates could be performed at present. “ 

 

This does not mean POPs are not an issue in Mediterranean ecosystems and populations, and 

there is a vast literature of very good QA/QC standards on presence of all POPs in all media, but 

unfortunately there is no coherent data flow that would enable official joint reporting.  

 

Several recent publications indicate that levels of PCDD/F, dioxin-like PCBs and PBDEs in 

Mediterranean mammals are of concern, i.e. the levels of dioxin-like PCBs in the local 

population of sperm whales is ranked at the top of the reported values for this species worldwide  

(Bartalini et al., 2019). In a recent review of PCBs, DDTs, HCHs, HCB, PBDEs and 

PFOS/PFOA in common species of cetaceans in the Mediterranean Sea, including striped 

dolphin, common bottlenose dolphin, short beaked common dolphin, sperm whale and fin whale, 

the POPs exposure in Mediterranean cetaceans surpasses the estimated toxicity threshold value 

for several species/compounds (Marsili et al., 2018). For some legacy POPs, levels seem to 

decrease due to their ban and regulation,  but emerging and/or not yet regulated compounds, for 

which levels are high, are showing increasing trends. 

  

Also in avian biota, in gulls, local exposure through feeding near dump sites by yellow-legged 

gulls revealed the importance of dump sites as a source of POPs in Mediterranean seabirds 

(Roscales et al., 2016). In contrast, feeding from the marine food webs studies by gulls such as 

the Audouin’s gull, leads to exposure and accumulation of low-chlorinated dioxins and furans, 

non-ortho substituted PCBs, which show the highest toxic equivalency factors (TEFs), led to a 

significantly greater toxicological concern in Audouin's gull as compared to yellow-legged gulls 

(Roscales et al., 2016). As the Audouin's gull feed predominantly pelagic, their exposure to high 

TEF POPs highlighting the need for further research given that this is the same source the 

fisheries target for human consumption. 

 

In abiotic media, levels of POPs are of concern also in water (Berrojalbiz et al., 2011) and 

sediments (Gómez-Gutiérrez et al., 2007; Merhaby et al., 2019), and indicate that a coherent 

monitoring and reporting POPS in the Mediterranean would possible and beneficial as also 

pointed out by Merhaby et al. (2019): the need  to “Enhance collaboration and exchange 

information, experiences and best practices between all Mediterranean countries by creating a 

large cooperation between institutions, and social actors to coordinate the implementation of 

Barcelona provisions including MAP and MED POL Program which should continue to play a 

key role in capacity building and developing quality criteria standards throughout the region for 

the benefit of all.” 
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European Union  - Water Framework Directive/Marine Strategy Framework Directive 

The European Union became a party to the Stockholm Convention in 2004 and adopted a 

regulatory instrument to transpose the Stockholm Convention and the resulting obligations 

concerning POPs into EU legislation. This regulation was updated in 2019 (EU, 2019). For 

several decades, EU has developed normative frameworks to deal coherently with environmental 

protection, air, water quality and health. In the context of the present chapter on POPs 

monitoring in Stockholm Convention non-core, we focus on two major initiatives; the EU Water 

Framework Directive (WFD) and the Marine Strategy Framework Directive (MSFD).   

 

On 23 October 2000, the "Directive 2000/60/EC of the European Parliament and of the Council 

establishing a framework for the Community action in the field of water policy" or, for short, the 

EU Water Framework Directive (WFD) was adopted (EC, 2000).  

 

For a comprehensive and integrated approach to the protection of all European coasts and marine 

waters, EU has adopted two instruments, the 2002 Recommendation on Integrated Coastal Zone 

Management and the 2008 Marine Strategy Framework Directive. The regulation provides the 

legal framework to implement the Stockholm Convention and its engagements on production, 

trade and monitoring of POPs by its member states (EU, 2019).  

 

Through these vast and comprehensive efforts, EU has established shared monitoring and 

assessment efforts compiling the monitoring results including a number of POPs  in multiple 

media in terrestrial watersheds and coastal and marine environments from all  the Member 

States. It would certainly be helpful for the GMP and the Stockholm Convention work under 

article 16 on Effectiveness Evaluation to have access to the actual monitoring data compiled by 

the EU under the WFD and MSFD, that are nominally available but dispersed and not 

systematically reported. 

 

In 2008 the EU established a set of environmental quality standards (EQS) in the field of water 

policy, which also includes a list of priority substances (EC, 2008). EQS were established for the 

following POPs listed in the Stockholm Convention: aldrin, dieldrin, endrin, DDT, 

hexachlorocyclohexane (not divided into alpha, beta, gamma, so assumed that all are included), 

endosulfan, hexachlorobenzene (EQS only established for congener 28, 47, 99, 100, 153, 154), 

pentachlorobenzene, hexachlorobutadiene, and pentachlorophenol, where all are listed as priority 

hazardous substances except for pentachlorophenol, aldrin, dieldrin, endrin, and DDT. EQS has 

not been established for chlordane, chlordecone, heptachlor, hexabromocyclodecane, mirex, 

PFOS, PCBs, polychlorinated dibenzo-para-dioxins, polychlorinated dibenzofurans, toxaphene, 

polychlorinated naphthalanes, short-chain chlorinated paraffins, dicofol, PFOA, and PFHxS.  

 

The MSFD provides a framework in which Member States must take the necessary measures to 

achieve or maintain “good environmental status” (GES) in all of the EU’s marine waters by 

2020. Achieving this objective means that the EU’s seas are clean, healthy, and productive, and 

the use of the marine environment is sustainable. The MSFD includes eleven qualitative 
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descriptors describing what the environment should look like when good environmental status 

has been achieved. Commission Decision 2010/477/EU on criteria and methodological standards 

on good environmental status of marine water guides Member States on how this objective can 

be achieved (EC, 2010). In terms of monitoring contaminants, indicator 8 and 9 (contaminants 

are at a level not giving rise to pollution effects, and contaminants in fish and other seafood for 

human consumption do not exceed levels established by community legislation or other relevant 

standards) are of interest. However, not all Member States had monitoring programmes 

implemented by 2014, but stated that monitoring programmes will be in place by 2020, and so 

MSFD monitoring is expected to be fully implemented by that time (EC, 2017). The lack of 

monitoring programmes caused several gaps of knowledge in the 2018 assessment report, 

including lack of consistency and comparability between Member States. The States are aware of 

the gaps in their monitoring and what needs more work. There has been no update whether good 

environmental status has been achieved in 2020.   

 

 

Antarctica  

There are no monitoring programmes of other media in the Antarctic region, but several studies 

have analysed various POPs across species, regions matrices. Unfortunately, inconsistent 

reporting of wet, dry and lipid weight, several different tissues and matrices, and often without 

lipid content, makes the conversion between units impossible, and thus also a temporal trend 

analysis. Contrary to the Arctic where long-term monitoring data allow us to investigate the 

temporal trends, the POP temporal trend in the Antarctic is thus less clear.  

Climate change is rapidly altering the global environment, with changes being most prominent in 

the Polar Regions. These climate changes affect both transport of contaminants, deposition and 

distribution in the abiotic environment, ecological and ecosystem changes, and uptake and 

accumulation in the food webs. Thus, temporal trends based on monitored contaminant 

concentrations should account for these changes, if the aim of the temporal trend analyses is to 

measure the effectiveness of the Stockholm convention and thus use and emission of POPs. 

Details on how the temporal contaminant trends relate to climate change are discussed in detail 

in the AMAP climate change and persistent organic pollutants report (AMAP, 2020 (in prep.)).  

In general, declining POP concentrations during the last two decades have been observed in 

some Antarctic fish, although the trends appear weak and fluctuating. PCBs, DDTs, and PBDEs 

showed a concentration peak in 2001 and 2005 (Corsolini et al., 2006; Borghesi et al., 2008), that 

presumably was related to POP release after the iceberg B15 calved from the Ross Ice Shelf 

(NOAA, 2014), reported to be the possible source of POPs released into the seawater (Cincinelli 

et al., 2016).  

 

There has been an increasing number of publication reporting data on the POP contamination in 

seabirds during recent years and most of them concern penguins, which are endemic to 

Antarctica. However, as most studies were carried out along the Ross Sea coasts and the 

Antarctic Peninsula and islands it is not possible to generalise across the vast Antarctic continent. 

POP time trend until 2011 in Antarctic seabirds reported that PCBs, HCB, and DDTs increased 

during the 1970s–1980s; and that they started to decreased in biota at the beginning of the 1990s, 
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followed by some POPs increasing again at the end of the 1990s, as some of them are still in use 

(http://chm.pops.int/Default.aspx), or are stored in legal or illegal depository, or can be released 

from their final sinks (e.g. deep sediments and waters) (Corsolini, 2009; 2012).  

 

The temporal trends seem to differ between habitats; whereas no changes or slightly increasing 

POP levels are found in benthic organisms and fish (Corsolini, 2009; van den Brink et al., 2011), 

stable or decreasing concentrations are found in the more pelagic feeding fish and seabirds 

(Focardi et al., 1992; Corsolini et al., 2003; Weber and Goerke, 2003; Goerke et al., 2004; 

Corsolini, 2009; van den Brink et al., 2011; Corsolini, 2012). The contrasting trend between 

pelagic and benthic feeding organisms may ascribed to the transport of organic contaminants 

from the pelagic system to the benthic environments that is especially efficient in the Antarctic 

region because of its close relation to sea-ice dynamics (van den Brink et al., 2011; Cincinelli et 

al., 2016). The organic matter transport from the water-ice interface and pack ice may be affected 

by climate change: More ice will melt, contributing to the release of the entrapped organic matter 

to the water column from where it falls down to the benthic environment and community. 

 

In most seabirds, the levels are decreasing, but it is not equally clear for DDTs, which increased 

in the same seabirds in the 2000s (Corsolini et al., 2011), and in Adélie penguin eggs from the 

Palmer Archipelago, the ΣDDT concentrations did not decrease from the 1970s to the 2000s 

(Geisz et al., 2008). The DDT increase in seabirds, along with the lack of decrease in the 

penguins despite low and decreasing global DDT emissions and deposition, may be caused by 

increased release of DDT to the marine environment due to melting glaciers and measurable 

DDT levels in meltwater (Chiuchiolo et al., 2004; Geisz et al., 2008). 

 

In some species, like icefish collected around the Antarctic Peninsula, some POPs like PCBs and 

DDT have an increasing trend since the 1990s, while other POPs, e.g. HCB, showed a stable or 

slightly decreasing trend (Strobel et al., 2016).  

 

POP concentrations are available in penguins from Antarctica since 1966, with samples collected 

from 1964 to 2011.  A very first sample of emperor penguin fat was collected in 1911 and 

preserved in an igloo in the Ross Island was analyzed for DDT concentrations, but no residues 

were found in this sample (Sladen et al., 1966). This result assumes an historical meaning 

because the sample was collected more than 30 years before the beginning of the massive 

worldwide DDT use. Since the mid-1960s, the DDTs in Adèlie penguins ranged from 0.128 ng/g 

lipid weight (eggs collected from the Ross Sea in 1967, Risebrough et al., 1967) to 132 ng/g lipid 

weight in 2008-09 (muscle sample collected from King George Island, Kim et al., 2015). The 

highest p,p’-DDE concentration, 820 ng/g lipid wt, was quantified in fat samples of Emperor 

penguin collected in 1981 in the Weddell Sea (Schneider et al., 1985).  

 

5.2.4.3 Summary by substances 

An overall summary of the general time trends for the individual substances across the different 

programmes is found in Table 5.2.57. Although Mediterranean and Antarctica do not report 

http://chm.pops.int/Default.aspx
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monitoring results systematically to the GMP, some info can nevertheless be extracted from their 

reports concerning other themes/problems in their representative regions. 

 

Across the regions, α- β- and γ-HCH, DDT, PCBs, tetra- to hepta-PBDEs show decreasing 

trends, and/or decreasing/no change. No substances show increasing trends across all regions, 

however in Great Lakes, HCB, HCBD, PCN, Deca-BDE in general show increasing trends, as 

well as DDT in Antarctica, and HCB in the Baltic region. Dieldrin and Toxaphene were reported 

in both AMAP and GLWQA, showing decreasing levels or nonlinear trends. PFOS was reported 

across several regions, with contrasting trends; increasing in the Arctic and the Great Lakes, and 

decreasing in the Baltic region and the North Atlantic. 

 

Some compounds were only reported from one region, thus no general assessment across the 

regions can be made, such as for those only reported from the Arctic: Chlordane (decreasing), 

heptachlor (no linear trend), Mirex (decreasing/non linear trend), PeCBz (decreasing/non linear 

trend); and for those only reported from the Great lakes: PCDD (decreasing), PCDF 

(decreasing), HCBD (increasing), PCN (increasing) and PFOA (no linear trend). 

 

For several substances, there is no new trend data reported since the last GMP report. New 

substances are probably not reported as they are not yet regularly measured and reported (PCP, 

Dicofol, SCCP, HBB, PFHxS), likely due to challenging analytical chemistry and lack of 

comparable methods. Some older substances are no longer being measured and reported due to 

low levels and no change over time (Aldrin, Chlordcone, Endosulfan, Mirex, Endrin). 
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Table 5.2.57 Presentation of the direction of changes in concentrations over time included in the 

different programmes. Although Mediterranean and Antarctica do not report monitoring results 

systematically to the GMP, some info can be extracted from their reports concerning other 

themes/problems in their representative regions. The colours represent the direction of the 

changes in concentration over time according to the respective programmes; green: decreasing 

concentrations, yellow: non-linear changes in concentrations that are neither increasing nor 

decreasing, grey: no change, blue: no changes in concentrations/trend (statistically decided), red: 

increasing concentrations. Circles represent substances regulated earlier with low levels and no 

change in the last years and triangles represent newly listed substances of concern. 

AMAP (1975-

2000)

AMAP (2000-

2014)

OSPAR (1995-

2014)

HELCOM 

(1978-2018)

Great Lakes 

(1970-2017)

Antarctica 

(NA)

Aldrin ○ ○ ○ ○ ○ ○

α-HCH

β-HCH

Chlordane 1

Chlordecone ○ ○ ○ ○ ○ ○

DDT 1

Dieldrin

Endosulfan ○ ○ ○ ○ ○ ○

Endrin ○ ○ ○ ○ ○ ○

γ-HCH

Heptachlor

HBB ∆ ∆ ∆ ∆ ∆ ∆

HBCD 3

Hexa-, hepta-, 

PBDE 2 2 3

HCB

Mirex ○ ○ ○ ○

PeCBz

PFOS 3

PCB

PCDD

PCDF

Tetra-, penta-, 

PBDE 4

Toxaphene 5

HCBD

PCP ∆ ∆ ∆ ∆ ∆ ∆

PCNs

DecaBDE

SCCPs ∆ ∆ ∆ ∆ ∆ ∆

Dicofol ∆ ∆ ∆ ∆ ∆ ∆

PFOA, salts, 

related 

compounds

PFHxS, salts, 

related 

compounds ∆ ∆ ∆ ∆ ∆ ∆  
1. One local source (whale processing site) causes an increasing trend in some species. 
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2. BDE-153 and BDE-154 only. 

3. Increasing in some lakes, decreasing in other lakes. 

4. Overall decreasing, increasing in whole fish in Lake Erie and in sediments in Lake Superior. 

5. Parlar 26 decreases annually with 5.9%, parlar 50 increases annually with 0.8%. 

Below is a summary of the substances with reported data, complementary to Table 5.2.57, with 

some selected examples, please refer to the specific regional programmes for details on specific 

matrices, time periods and substances.  

 

HCHs are in general decreasing in all reported media and regions, however, still the levels are of 

concern in some species such as in cetaceans from the Mediterranean region.  

 

DDTs are in general decreasing in all reported media and regions, however, the levels are 

increasing in Antarctic biota. Also the pattern of DDTs is changing, with an increasing ratio of 

the metabolite ppDDE compared to its precursor DDT, which indicates no new “fresh” DDT.  In 

some areas like the Great Lakes, the average levels are well below the target threshold of 1.0 

μg/g ww across the basin. 

 

Dieldrin is in general decreasing or levelling off in all reported media and regions, however, it is 

still one of the most abundant organochlorines in waters of the Great lakes, second to α-HCH.  

 

HCB is in general decreasing or no trends in most reported media and regions, however, still the 

levels are of concern in some species such as in cetaceans from the Mediterranean region. Some 

HCB time trends are increasing, such as in Great Lakes water and a few OSPAR trends for the 

North Atlantic. 

 

Mirex levels are generally decreasing or showing low levels with no change. Mirex will no 

longer be reported for some of the programmes, such as the Great Lakes. 

 

PCBs are in general decreasing or no annual trend is reported across media and regions. Most 

congeners have low and acceptable levels, whereas PCB-118 is close to or exceeds the EAC in 

three out of five assessment areas in the North-Atlantic (OSPAR), PCB concentrations exceeded 

the threshold in some areas of the Baltic Sea (EC: 75 µg/kg WW with 5% lipid normalization), 

and Sum PCBs is still above the target of 0.1 μg/g ww in whole fish in some fish species in some 

of the Great Lakes. Dioxin-like PCB levels in Mediterranean sperm-whales are the highest for 

this species worldwide, and PCB in Arctic top predators are still high and associated with 

negative effects.  

 

PBDEs are in general decreasing or show a non-linear trend across regions for the tetra to hepta 

homologues. Deca-BDE, which is sparsely reported and only available as a separate congener for 

two regions, where Great Lakes show increasing trends, and Antarctica decreasing trends. In 

Great Lakes sediments, total PBDEs, and in particular the deca-substituted BDE 209 are 
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increasing across all five Great Lakes, with doubling times ranging from 4 years to 74 years. 

Although levels are declining in the Baltic region, SumPBDEs in all areas monitored in fish fail 

the threshold (EQS: 0.0085 µg/kg WW with 5% lipid normalization). The PBDe levels are still 

of concern in some species such as in cetaceans from the Mediterranean region, in particular 

prevalent high levels of PBDE 209. 

 

Toxaphene is only reported in the Arctic and in the Great Lakes. In both the Arctic and the 

Great lakes, the levels are decreasing with a linear or non-linear trend, or no significant time 

trend. In the Great Lakes, current levels of toxaphene in fish for consumption is less of a concern 

for public health than other dominant compounds such as PCB and mercury, and thus will no 

longer be reported. 

 

Hexabromocyclododecane (HBCD) trends post-2000 are decreasing across the regions that 

report data. In the Arctic and in the Baltic the levels were increasing pre-2000. HBCD 

concentrations in Baltic fish were below the threshold value in all areas (EQS: 167 µg/kg WW 

with 5% lipid normalization). 

 

Hexachlorobutadiene (HCBD) is only reported from the Great Lakes, where there is an 

increasing trend in the water in most lakes. 

 

PFOS and other PFAS. PFOS is generally decreasing or showing a non-linear trend across 

regions. In Great lakes whole fish, the declining trends observed at most locations are 

statistically significant only in Lakes Ontario (since 2002), Huron, and Michigan. Although the 

trends are decreasing, the levels are still high in the North Atlantic, and in edible portions of 

some Great lake fish. Average concentrations of PFOS in whole fish are generally above the 

FEQ guideline of 4.6 ng/g ww in all 5 Great Lakes. However, concentrations of PFOS in 

common fish species do not result in advisories that would be more restrictive than the 

consumption guidelines already set for PCB. There is a gradient toward increasing PFAS 

contamination from the upper Great Lakes (Superior and Huron) to the lower Great Lakes (Erie 

and Ontario) for both tributary and open-lake sediments. There are significant PFAS levels in 

cetaceans in the Mediterranean. 

 

PCN is only reported from the Great Lakes, where there is an increasing trend in the water in 

most lakes. 

 

PCDD and PCDF are surprisingly only reported from the Great Lakes, where there is a 

decreasing trend. 

 

5.2.4.4 Data Interpretation and ecosystem modelling 

Interpreting temporal changes from data and observations 
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As the monitoring programmes progress, the data richness increases. The thorough statistical 

analyses of temporal trends i.e. in regions with dense monitoring collections such as the Arctic, 

the Great Lakes, North Atlantic and Baltic Sea, combined with power analysis on how to best 

design the study in terms on numbers of samples needed to detect a given change, has greatly 

improved our understanding. This understanding is given a retrospective statistical model, 

analyzing the temporal trend in measured data. 

 

In a recent analysis of Arctic data more than 1000 temporal contaminants data in Arctic biota, 

including all regions and biota from marine and freshwater ecosystems, the resulting conclusion 

was that legacy POPs with long range transport generally decline in the Arctic, whereas no 

significant change or even increase is found for contaminants in the Arctic or in local regions 

with additional local sources or remobilization due to altered habitat use and climate change 

(Rigét et al., 2019). This was a robust analysis of the measured contaminant levels over time, still 

only 12% of the long-time trend series in the Arctic compilation were of sufficient quality given 

the statistical requirements. The remaining data-series would require additional years of 

monitoring to adequately detect a temporal trend, some as long as 20 years.    

 

The analyses did not include other factors that might affect the temporal trend, other than 

changes in emission, which is the target of the present report. As an example, changes in 

ecological interactions such as predator-prey relationships affecting diet and the resulting trophic 

level (Hebert & Weseloh, 2006; Braune et al., 2014; Hebert & Popp, 2018), affect the temporal 

trends in some areas to confound the emission-related temporal trends. Similarly, in areas with 

long time trends, climate parameters such as large scale or local climate indices (i.e. Arctic 

Oscillation and North Atlantic Oscillation), sea ice extent and distribution significantly explains 

temporal changes in POP levels in ringed seals (Pusa hispida) (Houde et al., 2019), and help 

understand the complexity of ecosystem responses, and exposure routes, that confound the 

observed declining trends linked to reduction in global emissions.  

 

The above illustrates the important function of the Environmental Specimen Banks, in order to 

ensure sampling and storing of tissues under established QA/QC to enable retrospective 

monitoring and analysis of temporal trends in current and future POPs in the Stockholm 

Convention. It also illustrates the need to include supporting data in the temporal trends such as 

measures of dietary changes, to allocate the explained variance in the temporal trends to the 

correct explanatory variable, i.e. reduction in emissions vs food web changes. Although several 

regions have long term monitoring programmes for various media, changes in the study design 

during the run of the programme might hamper the information gained from the data. I.e. by 

changing location, matrix, reducing the frequency of sampling, halting the monitoring, the data 

become information poor resulting in weak statistical analyses. However, a strength of the 

monitoring data, despite single series being of low power, is that the understanding across the 

series, with data on different chemicals and media were taken together and run in parallel adds a 

huge value to the collection and use. The overall collection of the single time series is of high 

power and new machine learning tools will show this, as already illustrated in the Arctic when 

jointly evaluating the existing time trends (Rigét et al., 2019).  
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For some media, the temporal archive is present in the media it-self such as in sediment cores 

(e.g. Liber et al., 2019; Ontiveros-Caudras et al., 2019) and glacier cores (Hermanson et al., 

2010), that can be dated and analysed for recent and part history of contamination to identify 

trends and sources. Also in biota, specific tissues may allow for a retrospective analysis to 

provide the temporal history of contaminants the individual has been exposed to, as well as 

identifying specific life stages of high exposure. An example of this is the opportunistic sampling 

of ear plugs from stranded and diseased migrating baleen whales, such as blue whale 

(Balaenoptera musculus) where the diet differs sufficient between seasons to use the lipid 

structure to determine the seasons and thus diet (Trumble et al., 2013). In the blue whale 

example, which was sampled after being accidentally hit by a passing boat, the ear plug 

functioned as a natural archive which preserved the accumulated contaminants. This approach 

will provide a longitudinal time trend, see below. 

How can models help us understand temporal trends? 

When addressing temporal contaminant levels in biota, not only changes in emissions come to 

play, but also changes in sources and exposure during different life stages, as well as species- 

and individual differences in elimination. By combining contaminant observations with 

mechanistic understanding of the processes involved in the contaminant distribution and 

enrichment of various media, mechanistic models can help us quantify and compare the different 

processes that are involved. In these models, the processes involved are chosen and defined by 

mathematical solutions, and the chemical-, environment-, and ecosystem is described by scaling 

the parameters defined in the processes such as octanol-water partitioning coefficients, 

temperature, species characteristics, dietary relations etc. When properly explaining observed 

data, the models can be used to identify which are the most sensitive parameters to affect the 

contaminant levels, and also to model prospective temporal trends given defined settings, i.e. 

effect of reduced emission. 

 

Examples of mechanistic models used to understand contaminant behavior is the combination of 

a global multimedia model (BETR Global, MacLeod et al., 2001), with a human exposure model 

(ACC-HUMAN, Czub & McLachlan 2004) to predict spatial PCB-153 concentration in human 

milk (McLachlan et al., 2018). This resulted in high correlation between modelled and measured 

concentrations, with identification of global regions with over or under-predictions where 

understanding is needed.  

 

Similar approaches are used to understand the human exposure to contaminants in the Arctic, 

including contributors and drivers of the observed temporal trends, as reviewed by Wania et al. 

(2017). Here, the development of mechanistic models to understand Arctic environmental 

distribution, food web accumulation and human exposure and accumulation is summarized 

(Wania et al., 2017). In particular they identified how changes in diet from tradition to market 

affect and reduce the temporal trends, thereby confounding the observed temporal trends by 

reduced emissions (Quinn et al., 2012). Also, the human exposure models have been used to 

understand that PCB levels increase with age observed in cross-sectional monitoring studies, as a 

“ghost of the past” rather than increased levels with age per se, as the individual has experienced 

https://sites.google.com/site/betrglobal/
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past high exposure that remains in the body (Quinn and Wania, 2012). In fact, time since peak 

exposure best explains the relationship between body burden and age, and interpretation of body 

burden vs age relationships will differ between monitoring studies of repeated measures of an 

individual (longitudinal – concentration trends in individuals) and sampling a cross-section of the 

population over time (Ritter et al., 2009; Quinn and Wania, 2012; Nøst et al., 2016).  

 

It is worth pointing out that the human temporal trend monitoring data in the GMP are cross-

sectional data sampled multiple years, which are thus describing the contaminant level in 

different individuals of the population at one point of time- rather than following the temporal 

development within specific individuals. In wildlife it is therefore a mismatch between the model 

predictions of lifetime exposure and accumulation (longitudinal – e.g. PCBs in beluga whales 

(Delphinapterus leucas) (Hickie et al., 1999), and ringed seal (Hickie et al., 2005) and bowhead 

whales (Balaena mysticetus) (Binnington and Wania, 2014) and the observational data, which 

are mostly cross-sectional (i.e. summarized in Rigét et al. (2019)).   

Global and ecosystem distribution of contaminants under climate change 

Several studies summarize and report how contaminant global distribution and local ecosystem 

distribution occur, and how this is directly and indirectly affected by other factors such as 

climate change. This might lead to increased or decreased POP levels in the environment and 

biota, depending on which factor is considered, and often serves to show the complexity of the 

matter (i.e. Wang et al., 2016; AMAP, 2021 (in prep.)). An example is how increased 

temperature on the one hand leads to increased respiration and uptake of contaminants, increased 

water solubility, and increased primary production which decreased the bioavailable fraction of 

contaminants in water (Borgå et al., 2010). The investigation of the changing pathways to 

exposure of old and new POPs contributes valuable insights for a more accurate understanding of 

changes in ecosystem structure and function. The abundance of current and past monitoring data 

of POPs in abiotic and biotic matrices, including specimen banking, molecular, genetic and 

microbial probing coupled with the mighty new analytical tools and machine learning arts 

presents a landscape where much good and useful work can be done in science serving regulators 

and local communities. 

 

5.2.4.5 Conclusions and recommendations 

Conclusion. Long term stable monitoring of biotic and abiotic media, sharing environmental 

sample collections, analytical methods and curated data are central to evaluate the effect of 

actions undertaken and to enhance understanding of the changing structure of ecosystems and 

POPs pathways leading to exposure. Despite the relative abundance of monitoring data the 

statistical power to identify significant trends over time is limited, and efforts should be made in 

monitoring design and advanced data analysis to enhance accuracy of estimated time trends  

Recommendation.  Facilitate cooperation and capacity to maintain long term monitoring 

plans/programmes and environmental sample banks integrating multiple media, robust QA/QC 

and reporting in a coherent transparent service to enhance accuracy of estimates of changes 

over time.   
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Conclusion. Current results seem to indicate that POPs regulated in source regions decades ago 

have significantly decreased, but are still present at low levels that have not changed since the 

previous GMP report in 2015 and are still of concern in some regions. Substances listed later in 

the Stockholm Convention; PBDE, HBCD, HCBD, PFOS/PFOA, SCCP with ample exemptions 

for use, show increasing levels of concern. 

Recommendation.  Report evidence of the success of past regulations in decreasing exposure to 

POPs to consolidate the need of further work with chronic low levels of old POPs (PCBs, 

PBDEs, α-HCH, HCB) and the growing threat of partially regulated POPs (PFOS/PFOA, 

BDCD, HCBD, SCCP) and new substances with POPs features sometimes used as alternative. 

 

Conclusion. The complex ecotoxicology of mixtures and the rapidly increasing quantities 

released to the environment of new substances with POPs features are a challenge and an 

opportunity to transform monitoring strategies. Integrated assessments should not bury primary 

data under indicators but develop tools to look at primary QA/QC controlled empirical data 

provided in public repositories by a diversity of fields, from meteorology to molecular biology. 

Machine learning, statistical and process modelling tools can enhance process understanding and 

operational capacity. 

Recommendation. Make best efforts to integrate POPs monitoring work and resulting data of 

abiotic media and macroscopic organisms with climate data and molecular biology and 

toxicology in curated and accessible repositories. 

 

Conclusion: Local, indigenous knowledge about ecosystem process and structure has been of 

great value for scientists in developing understanding of POPs pathways and exposure routes, 

and science should provide local agents with meaningful and operational tools to deal with 

contaminants and POPs. 

 Recommendation:  Make best efforts to establish and maintain conditions that facilitate 

common understandings and cooperation between local agents and scientists to develop effective 

strategies in public health and environmental policy on POPs  
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5.3  Long-Range Transport Modeling 

 

5.3.1  Background 

Measurements of POPs at locations far from sources provide direct empirical evidence of long-

range transport at regional, continental, hemispheric, and global scales.  However a complete 

assessment of long-range transport of POPs can only be achieved by integrating information and 

understanding about 1) the location, rate and time trend of emissions, 2) measured levels at 

different locations, and 3) rates of transport through the environment in the atmosphere, oceans, 

rivers, and migratory species.  Mass balance chemical fate models provide a platform for 

synthesizing information about emissions, transport processes, and measured concentrations by 

quantitatively describing processes that control the fate of chemicals in the environment 

(MacLeod et al. 2010, Hung et al. 2013). 

 

 

Figure 5.3.1.  Conceptual structure of a global scale chemical fate and transport model that 

links the location, level and trend of POP emissions to measured concentrations.  The BETR 

Global model (MacLeod et al. 2011) describes the global environment on a grid with variable 

spatial resolution.  Within each grid cell chemical emissions and fate processes that distribute 

POPs between air, water, soil, sediment and vegetation are modelled, and grid cells are 

connected by flowing air and water.   

 

Models link the concentrations of POPs in the environment to emissions that have occurred at 

specific locations and times and provide a conceptual basis for understanding the levels and 

trends that are observed at monitoring stations.  Thus models provide a basis to assess how 

reductions in the emissions of POPs are reflected in reductions in levels in the environment.  

Environmental fate models linked to bioaccumulation models can extend the assessment to link 

emissions to POP levels and trends in wildlife and in the bodies of humans (Cowan-Ellsberry et 

al. 2009, McLachlan, 2018). 

 

Models can also be applied to isolate the effect of emission reductions from other factors that 

may affect levels and trends of POPs observed at monitoring stations, such as variability in local 

conditions and long-term changes in climate (UNEP/AMAP, 2011, Carlsson et al. 2018). 
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Models are particularly useful when they support the formation of testable hypotheses that guide 

research (MacLeod et al. 2020). In recent years international working groups have reviewed POP 

modelling activities and made recommendations for research priorities, including the 2010 

Assessment Report of the Task Force on Hemispheric Transport of Air Pollutants (UNECE 

2010, Gusev et al. 2012), which was formed under the Convention on Long-range 

Transboundary Air Pollution in 2010, the Saltsjöbaden V workshop (Grennfelt et al. 2013), the 

workshop on Next Generation Air Quality Monitoring (Hung et al. 2013), and the outcomes of 

the ArcRisk EU FP7 Collaborative Project (Carlsson et al. 2018).  These working groups have 

generally agreed that degradation rates of POPs are a driving source of uncertainty in model 

scenarios, and that improving emission inventories is among the most important research 

priorities for applying models to understand the long-range transport, levels, and trends of POPs 

in the environment and in human milk and blood. 

 

The first two WEOG region and global effectiveness evaluation reports under the Stockholm 

Convention described POPs modeling studies that mostly focused on relatively well-studied 

POPs including PCBs and HCHs, and illustrated capabilities to link emission inventories to 

levels and trends.  A role for models in identifying and composing risk profiles of new POPs and 

to screen for the most relevant transport pathways was illustrated in the second report.   

 

5.3.2  Structure and Objectives of Section 5.3 

This section of the third WEOG effectiveness evaluation report summarizes four recent case 

studies of applying the integrated approach of emission estimation, process-based modelling, and 

model evaluation against measurement data.  These case studies have been selected to illustrate 

recent advances in integrated assessment modeling, specifically: 1) linking emissions to human 

body burdens of POPs at the global scale, 2) conducting integrated assessment of POP 

candidates, 3) estimating emissions of POPs and POP candidates from monitoring data, and 4) 

modeling global emissions, fate and transport of PFOS in the ocean.   

 

Considered together, these four case studies demonstrate that cross-disciplinary collaboration 

with an integrated approach that brings together information from models, emission estimates 

and environmental monitoring provides a quantitative, global-scale accounting of POPs or POP 

candidates.  Applying and iteratively improving POP assessments using the integrated approach 

has the potential to play a much more prominent role in implementation and effectiveness 

evaluation of the Stockholm Convention, and in the design and execution of the Global 

Monitoring Plan, for example by supporting development and critical evaluation of emission 

inventories, and by identifying priority research areas that target critical uncertainties within the 

{emissions -  fate and transport - environmental concentration} chain.     

 

5.3.3  Case Studies of the Integrated Approach to Understanding Long-range Transport of 

POPs  

 

5.3.3.1.  Predicting global scale exposure of humans to PCB153 from historical emissions 
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Most integrated approach studies of POPs have focused on understanding emission-to-

concentration relationships for POPs in air, which is a core medium for monitoring, and in some 

cases also water, which is a core medium only for PFOS. The other core media for monitoring 

POPs for effectiveness evaluation of the Stockholm Convention are human milk and blood.  The 

database of measured levels of POPs in human milk maintained under the Stockholm 

Convention UNEP/WHO Global Monitoring Plan is a valuable resource in this regard.  This 

database was employed together with the global POP fate and transport model BETR Global 

(MacLeod et al., 2011) and the human exposure model ACC-HUMAN (Czub and McLachlan, 

2004) to assess current capabilities for emission-to-human exposure modeling of a prototypical 

traditional POP, PCB-153.  The concentration of PCB-153 in human milk for 56 countries 

around the world was modelled based on a global historical emissions scenario and compared 

with observations in the database. 

 

Historical primary emissions of PCB-153 beginning in 1930 were obtained from Breivik et al. 

(2007 & 2016). This emission inventory considers emissions occurring throughout the entire 

lifecycle of PCB-containing products (including production), as well as emissions from the 

export and import of e-waste (see Breivik et al., 2016 for further details).  The BETR Global 

model at a grid cell size of 3.75o X 3.75o (lat/long) was used to simulate the global fate and 

transport of PCB-153, with transport process of chemical associated with particles from soil 

compartments to freshwater compartments removed because the parameterizations within the 

model were found to not apply to arid environments. 

 

ACC-HUMAN (Czub and McLachlan, 2004) predicts the concentration of chemicals in 

foodstuffs (namely fish, beef, and dairy products) from concentrations in environmental media 

(namely air, water, and soil).  Human exposure to the chemicals is further modelled using 

ingestion scenarios, ultimately leading to estimates of chemical concentrations in human tissue 

and milk.  A range of uptake and elimination processes by organisms throughout the food web, 

such as ingestion of food and soil, inhalation, gill or root uptake, fecal egestion, childbirth, and 

nursing are considered.  The lifetime exposure of representative individual humans was modeled 

based on variable concentrations in food and environmental media arising from the spatial and 

temporal trends in emissions. 

 

Country-specific environmental concentrations of PCB-153 were derived by taking population-

weighted averages of the overlying 3.75o grid cells of BETR Global. Concentrations of PCB-153 

in human milk for first-time mothers were then modelled, using a model woman who was “born” 

20-30 years before the year that breast milk measurements were made (the year of “birth” was 

selected based on the average age of primiparae mothers in the country of interest).  Country-

specific dietary patterns and animal lipid ingestion rates were employed using WHO Global 

Environment Modelling System cluster diets (UN, 2017) and food balance sheets from the UN’s 

Food and Agriculture Organization (FAO, 2017).  All meat, dairy, and freshwater fish consumed 

in a country were assumed to be produced in that country, except marine fish which were 

assumed to be internationally-sourced and thus had chemical concentrations that were driven by 

modeled PCB-153 concentrations in BETR Global grid cells corresponding to regions with the 

highest global fish harvesting (UBC, 2014). 
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Modelled human milk concentrations were compared to measurements from the WHO/UNEP 

global monitoring plan for POPs (van den Berg et al., 2017; Hulek et al, 2014). This monitoring 

program under the Stockholm Convention measures country-specific PCB-153 human milk 

concentrations from first time mothers employing pooled milk samples from either 10 donors 

(until the year 2003) or 50 donors (after the year 2003) per country. The data employed covered 

the years 2000 to 2014 from 56 countries. 

 

Measured and modelled concentrations of PCB-153 in human milk were strongly correlated 

when considering both log-transformed absolute values and rank orders of concentrations in 

different countries (Figure 5.3.2, r = 0.76 for Pearson illustrated in the left panel, rs = 0.74 for 

Spearman illustrated in the right panel, p < 0.0001).  The root mean square difference between 

the measured and modelled values was 0.65 log units (i.e., a factor of 4.5).  Despite this overall 

good agreement, two particular clusters of bias were identified in the modelling results that 

showed a clear geographic pattern.  The seven countries of West Africa (blue squares in Figure 

5.3.2) were characterized by strong underprediction of PCB-153 concentrations in human milk, 

while concentrations in Hungary and Bulgaria (red triangles in Figure 5.3.2) were strongly 

overpredicted (see also Figure 5.3.3). 

 

 

 

 

Figure 5.3.2.  Comparison of measured and modelled concentrations of PCB-153 in human 

milk for 78 milk samples from 56 countries collected under the UNEP/WHO Global 

Monitoring Plan (modelling data as described in McLachlan et al., 2018).  Left panel:  

Comparison between measured and modelled lipid-normalized values of the logarithm of PCB-

153 concentrations.  Right panel:  Comparison between the measured and modelled rank order 

of the concentrations in the 78 samples. The blue squares represent samples from 7 countries 

in West Africa, and the red triangles represent data from Hungary (2001 and 2006) and 
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Bulgaria (2014).  Figures 3 and 4 of McLachlan et al., 2018.  

 

 

 

 

Figure 5.3.3.  Quotient of the modelled/measured lipid normalized concentrations of PCB-153 

in human milk in different countries.  Measurement data collected under the UNEP/WHO 

Global Monitoring Plan; modelling data as described in McLachlan et al., 2018. Figure 5 of 

McLachlan et al., 2018. 

 

The overprediction in Hungary and Bulgaria is an indication that the model may be predicting 

stronger gradients in concentrations across Europe than are measured (see also Figure 5.3.3).  

One possible explanation for this is the large amount of intra-European trade in agricultural 

goods that is not reflected in the modelling assumption that meat, dairy, and freshwater fish are 

sourced and consumed in the same country.  A sensitivity analysis using European-wide 

averages did not improve the predictions for these outlying countries.  Given the historically high 

emissions of PCB-153 in central Europe, strong gradients in PCB-153 would be expected, and 

this analysis highlights the need to use detailed and highly resolved data on food sourcing for 

regions with this characteristic.  

  

In contrast to the overpredition of PCB-153 concentrations in human milk in European countries, 

underprediction of concentrations was seen for the seven West African countries (see Figure 

5.3.3).  One possible explanation is the under-estimation of recent emissions of PCB-153 in this 

region due to e-waste burning.  A sensitivity analysis using a ‘worst-case’ scenario of the amount 

of e-waste that is burned in e-waste importing countries of 20% (compared to the default 

scenario of 5%) from the Breivik et al. (2016) emission inventory was conducted, and still 

resulted in underpredictions by a factor of roughly 10 or more of PCB-153 concentrations in 

milk.  This indicates that other factors may be influencing the modelling framework’s ability to 
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capture the high levels of PCB contamination, such as contamination in imported food, processes 

occurring at a spatial scale finer than 3.75o X 3.75o or unrepresentativeness of the sampled 

population in regions with large spatial gradients in PCB concentrations. 

 

In order to directly link POP emissions to toxic effects, one must understand the transfer from 

emissions to concentrations in vulnerable organisms, and in the case of human health outcomes 

to concentrations in particular people or groups of people.  Modelling national averages and 

evaluating against the UNEP/WHO human milk database does not capture instances where 

specialized local or regional diets strongly influence the exposure potential to PCBs.  Undeman 

et al. (2018) investigated the interplay of proximity to emission sources, sourcing of food, and 

food web structure on human exposure to PCB-153 employing a modelling framework similar to 

that used in the global case study by McLachlan et al. described above.  They found that a diet 

composed of aquatic mammalian carnivores, particularly in Canadian Inuit communities, far 

outweighed the remoteness from PCB sources in determining exposure.  PCB-153 concentrations 

for these Inuit communities were 6-8 times higher than a reference population in northeastern 

Europe that did not eat aquatic mammalian carnivores, despite having air and seawater 

concentrations that were 60 and 20 times lower, respectively.  Such specialized diets are not 

explicitly considered in the approach taken by McLachlan et al. (2018) which (for the most part) 

considered exposure to PCBs for a representative population of each country. 

 

This case study highlights the need for collecting detailed food sourcing data for regions with 

large gradients in environmental POP concentrations, as well as for better understanding of the 

environmental levels and exposure routes of POPs in Sub-Saharan African countries. Recent 

publications by Huang et al. (2020) and Moeckel et al. (2020) indicate that work on investigating 

exposure pathways for POPs in Sub-Saharan Africa is an area of active research.  

 

5.3.3.2.  Global Emission Inventory, Long-range Transport, and Environmental 

Distribution of the POP Dicofol 

Dicofol is an organochlorine acaricide (USEPA, 1998; POPRC, 2013) that was a popular 

substitute for DDT due to the two chemicals’ functional and structural similarity.  Findings 

regarding dicofol’s potential to harm wildlife and humans (Clark et al, 1990; Wiemeyer et al., 

2001; Kojima et al., 2004; Reynolds et al., 2005; Hoekstra et al., 2006; Lesenger et al., 1991) led 

to the imposition of national and multinational restrictions (e.g., Weem, 2010; OSPAR, 2002), 

and to international regulation under Annex A of the Stockholm Convention in 2019 (POPRC, 

2013, Decision SC-9/11). To support scientific assessment of dicofol’s long-range transport, Li 

et al. (see Figure 5.3.4; see Li et al. 2015 for additional details) developed an inventory of global 

dicofol usage between 2000 and 2012 and used these estimates to conduct an investigation of the 

ability of dicofol to be transported from release regions in the lower and mid-latitudes to the 

Arctic and the subsequent fate characteristics of the chemical in the Arctic.  

  

Depending on data availability, geographically-resolved estimates of dicofol usage were 

compiled using national reporting statistics, data on cultivated areas and dicofol application rates, 

and other regional or continental usage data, coupled with geographic constraints based on 
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dicofol-treated crops and agricultural intensities. Global usage data was generated for the years 

2000-2012 and allocated to a 1o X 1o latitude/longitude grid (Figure 5.3.4 and Li et al. 2015 for 

additional details).  A total of 28.2 kilotonnes (kt) of dicofol active ingredient were estimated to 

have been used globally between 2000 and 2012, with 77% of this in Asia and mainland China 

specifically contributing 69% of the total.  Likely due to voluntary restriction and phase-outs at 

national and regional levels, as well as a decrease in its market share, annual global dicofol usage 

declined by a factor of 4.6 from 3.4 kt in 2000 to 0.73 kt in 2012.  Areas of high dicofol 

emissions were identified in the low and mid-latitudes of the Northern Hemisphere and include 

central and eastern parts of China, India, countries on the Mediterranean coast, and California 

and Florida in the U.S. 

 

 

Figure 5.3.4.  Estimated cumulative dicofol usage from 2000 to 2012 based on the emissions 

inventory compiled by Li et al., 2015. Grid spacing is 1o X 1o latitude/longitude. From Figure 2 

of Li et al., 2015.   

 

The gridded dicofol emission estimates were used to drive the BETR Global model at a 15o X 

15o latitude/longitude grid spacing (MacLeod et al., 2011) to evaluate the spatio-temporal 

dynamics of the global transport and environmental distribution of dicofol between 2000 and 

2012.  The simulations indicated that dicofol can be transported northward, driven by 

atmospheric and oceanic advection, from its low- and mid-latitude source regions (see Figure 

5.3.5).  While the bulk of dicofol present in the atmosphere was distributed in low and mid-

latitudes (panel B) — mirroring the geographic distribution of global emissions — seawater 

concentrations of dicofol were highest in Northern Hemisphere oceans north of 45° latitude 

(panel C). In some regions of the Arctic such as Alaska, Siberia, and northern Canada, modelled 

dicofol concentrations in soil were even comparable to those in tropical regions treated with 

dicofol (panel D). The excess contamination in northern oceans and soils relative to that in the 

atmosphere predicted by the BETR Global simulations suggests that dicofol has the potential to 

be enriched in the surface media of the Arctic. 
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Figure 5.3.5.  BETR Global modelling results of dicofol environmental distribution at the end of 

2012 showing (a) total environmental burden, (b) lower atmosphere concentrations, (c) seawater 

concentrations, and (d) soil concentrations. Grid spacing is 15o X 15o latitude/longitude. Figure 

3 of Li et al., 2015. 

 

To assess the extent of the enrichment of dicofol in the Arctic surface media relative to legacy 

and candidate POPs, the authors further modelled the global fate and transport of dicofol using 

version 1.1 of the Globo-POP model (courtesy of F. Wania from the University of Toronto at 

Scarborough; see Wania and Mackay, 1995 & 2000).  Globo-POP describes the global 

environment as 10 latitudinal climate regions.  Results from this modelling indicated that with 

constant, continuous emissions of dicofol for a decade, 0.06% of the cumulative global dicofol 

emissions would be found in the Arctic surface media at the end of the tenth year (referred to as 

the absolute Arctic Contamination Potential (eACP)), and that 3.70% of the dicofol inventory in 

the global environment would be present in Arctic surface media at this time (referred to as the 

relative Arctic Contamination Potential (mACP)).  Compared with 10 selected legacy and 

candidate POPs, dicofol has a moderate efficiency for long-range environmental transport given 

that it has an eACP value higher than three legacy POPs (heptachlor, aldrin, and 

hexabromocyclododecane) and has the strongest efficiency for accumulation in Arctic surfaces 

with an mACP value higher than all compared chemicals (see Li et al., 2015 for details). 

 

Source region concentrations of dicofol were found to decrease more rapidly with concomitant 

decreases in emissions compared to environmental concentrations of dicofol in remote regions. 

For instance, despite a decline by a factor 4.6 in global dicofol emissions from 2000 to 2012, soil 
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and sediment concentrations in the Arctic only declined by factors of 3.9 and 3.5, respectively. 

This slower decline in surface media concentrations implies that once deposited on Arctic 

surfaces, dicofol has the potential to pose a long-lasting effect on the health of the ecosystem.  

The results of this modelling study also indicate that under the Global Monitoring Plan (GMP), 

monitoring atmospheric concentrations of dicofol in source regions would closely reflect the 

effectiveness of the Stockholm Convention in reducing or curbing the emissions of POPs. 

However, monitoring concentrations in surface media and biota in remote areas would provide a 

potentially different, but more complete, picture of the effectiveness of the Convention’s 

implementation. 

 

5.3.3.3.  Global Gridded Emissions and Long-range Transport of Tris-(1-chloro-2-propyl) 

Phosphate (TCPP)   

An expert working group recently noted that progress towards elimination of POPs is reflected in 

time trends in air, human milk and blood, but that it would be best assessed by tracking trends in 

emissions directly https://www.sciencedirect.com/science/article/pii/S1352231013004408).  

Emission inventories for POPs are often compiled using a ‘bottom-up’ approach of collecting 

chemical production, usage, and emission factor data which is then extrapolated over space and 

time (e.g., see Section 5.3.3.2).  An alternative is for modelers to tackle the problem of uncertain 

or lacking emission inventories more directly within the integrated approach by considering the 

problem “in reverse”, i.e., by using monitoring data and models as a basis to propose scenarios 

that fill gaps in knowledge about the location, rate, and trend of emissions in a ‘top-down’ 

approach.  The ‘top-down’ approach recognizes emissions as the most poorly constrained part of 

the integrated approach and makes predicting emissions, rather than environmental levels, the 

focus of modelling efforts.  Emission scenarios that provide good agreement with monitoring 

data and available ‘bottom-up’ emission information provide a basis for formulating testable 

hypotheses that can be evaluated in further research work, which may include more focused 

work on ‘bottom-up’ estimates.   

 

Tris-(1-chloro-2-propyl) phosphate (TCPP, CAS number 13674-84-5) is an organophosphate 

flame retardant (OPE) widely used in industrial products (van der Veen and de Boer, 2012). 

TCPP is not a Stockholm Convention POP, however it has been suggested as a POP candidate 

(https://tema.miljodirektoratet.no/old/klif/publikasjoner/2871/ta2871.pdf) and has been measured 

in remote regions globally (Sühring et al., 2016; Li et al., 2017; Castro-Jimenez et al., 2016; 

Salamova et al., 2014). TCPP is used as a replacement for flame retardants that have been more 

heavily regulated, including polybrominated diphenyl ethers (PBDEs) that have been banned 

under the Stockholm Convention (Marklund et al., 2005; Möller et al., 2012; Green et al., 2008).  

Estimates of the usage and emissions of TCPP to the environment are few and are poorly 

constrained (REF possibly their citations 15 and 19 as the only known emissions estimates). In 

addition, there are high uncertainties regarding physicochemical properties of TCPP, particularly 

degradation rates in air and water 

(https://www.miljodirektoratet.no/globalassets/publikasjoner/klif2/publikasjoner/2871/ta2871.pd

f).  Traditional ‘bottom-up’ emissions inventories of chemicals require knowledge of a 

chemical’s production, usage, and emission factors from various use categories (e.g., Breivik et 

al., 2007), knowledge which is not currently available at the global scale for TCPP.  Inspired by 

https://www.sciencedirect.com/science/article/pii/S1352231013004408
https://www.miljodirektoratet.no/globalassets/publikasjoner/klif2/publikasjoner/2871/ta2871.pdf
https://www.miljodirektoratet.no/globalassets/publikasjoner/klif2/publikasjoner/2871/ta2871.pdf
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previous modeling studies that aimed to estimate emissions at local and regional scales (Rodgers 

et al., 2018; Bogdal et al., 2014 A & B; Gasic et al, 2009; MacLeod et al., 2007; Buser et al., 

2013; Schenker et al., 2009), a modified ‘top-down’ approach was taken by Li et al. (in press) to 

estimate global emissions of TCPP to air and water. 

 

Measurements of TCPP in air (219 measurements from between 2006 and 2016) along with 

measurements in seawater (111 measurements from between 2010 and 2017) were compiled 

from literature sources (see Li et al., in press, for details). Measurement data from rural and 

remote areas, rather than urban areas, was selected as appropriate for comparison to the modeled 

concentrations.  Measurements collected from the literature were averaged within BETR Global 

model grid cells, resulting in measurements in air for 130 grid cells and in water for 23 grid cells 

that could be used in the integrated assessment.   

 

To simulate the fate of TCPP in the environment, the BETR Global model was employed with 

monthly time step and 3.75o X 3.75o (lat/long) grid spacing (MacLeod et al., 2011; McLachlan et 

al., 2018). Scenarios using three potential gas phase atmospheric half-lives of TCPP were 

employed (12, 60, and 300 hours) to investigate the plausibility of the range of half-lives 

proposed by Li et al. (2017), and an analogous range of potential half-lives in water was also 

investigated (1440, 7200, and 36000 hours), with the value of 1440 hours being based on an 

estimate from EPI Suite 4.0 (see USEPA, 2017 for latest version).  As a first step, unit emissions 

of TCPP to air were distributed globally to land-based emission grid cells proportional to 

artificial nighttime light intensities using the 2010 Defense Meteorological Satellite 

Program/Operational Linescan System (DMSP/OLS) dimensionless nighttime light index 

(NGDC, 20XX), as a proxy for intensity of industrialization (MacLeod et al., 2011; von Waldow 

et al., 2010; Huang et al., 2015; Jiang et al., 2017; Göktas et al., 2016).  A range of scenarios for 

emissions to water were explored, including zero emissions to water and emissions to water 

equal to one-half and one times emissions to air.  In total, 27 modelling scenarios were 

investigated employing all unique combinations of emission parameters and the degradation 

rates in air and water.  The model was run assuming constant emissions to a state in which 

concentrations of TCPP during consecutive simulated years were repeated.  Thus the assessment 

provides an estimate of the average emission rate of TCPP during the period when measurements 

were made, ie, 2006 to 2016. 

 

The results of the unit emissions modelling simulations across the 27 scenarios were compared 

with the measurement data to derive scenario-specific global emissions scaling factors that 

provide the best agreement between measured and modelled concentrations in each scenario.  

The single scenario that was judged to provide the best agreement between model predictions 

and measurements was that with half-life in air, half-life in water, and emissions to water being 

60h, 7,200h, and Ew=0.5EA (respectively), with total global emissions being 39.5 kt yr-1.  It was 

not possible to improve model performance by adjusting the relative emission rates of TCPP 

independently in seven (sub) continents indicated in Figure 5.3.7, meaning that the initial spatial 

allocation of TCPP emissions according to intensity of nighttime light intensities could not be 

refined.  Figure 5.3.6 displays the regression between log10 values of observed and modelled 
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concentrations of TCPP in air and water using the preferred modelling parameters, while Figure 

5.3.7 shows the globally-gridded emissions to air under this preferred scenario. 

 

 

Figure 5.3.6.  Comparison of the base-10 logarithm of modelled and observed concentrations 

of TCPP in global air (left panel) and seawater (right panel) based on the measurements and 

modelling described in Li et al. (in press). Modelling is based on the scenario with global 

TCPP emissions to air of 26.3 kt yr-1, global emissions to water of 13.2 kt yr-1, and half-lives 

for degradation of TCPP of 60 hours in air and 7200 hours in water.  Black line indicates the 

1:1 comparison line; blue line indicates the regression line.  Figure 1 of Li et al. (in press).     

 

 

Figure 5.3.7. Global gridded inventory of TCPP emissions to air inferred from the integrated 

‘top-down’ modelling approach described in Li et al. (in press) under the preferred scenario 

for TCPP emissions to air (i.e., 26.5 kt yr-1) and environmental degradation half-lives (i.e., 60 
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hours in air and 7200 hours in water).  Annual emission rates for different (sub) continents 

(blue rectangles) are indicated. Grid spacing is 1o X 1o latitude/longitude. Figure 2 of Li et al. 

(in press). 

 

Globally, the root mean square error (RMSE) of modeled atmospheric concentrations was 0.81 

log units.  Isolated occurrences of relatively large differences between modelled and measured 

values are found in several locations such as Barbados (0.03), the Great Lakes region (>20), 

Czechia (62), and Indonesia/Australia (200-400) (Figure 5.3.8, top panel).  In seawater the 

RMSE was slightly lower than in air (0.71 log units), but TCPP measurements in seawater do not 

provide good global coverage, which results in higher uncertainties in the entire assessment than 

for atmospheric measurements (Figure 5.3.8, lower panel). 

  

 

 

Figure 5.3.8.  Modelled (color gradient in the background) and observed (colored symbols) 

concentrations of TCPP in air (pg m-3; top panel) and seawater (ng L-1; bottom panel) under 

the preferred scenario for TCPP emissions to air and water (i.e., 26.5 kt yr-1 and 13.3 kt yr-1, 

respectively) and environmental degradation half-lives (i.e., 60 hours in air and 7200 hours in 

water). Modelled values are annual mean concentrations. Modelling data grid spacing is 3.75o 

X 3.75o latitude/longitude. From Figures 3 and 4 of Li et al. (in press). 

 

Limitations and sources of potential bias within the integrated assessment conducted by Li et al. 

(in press) include the lack of interannual variability in TCPP emissions, uncertainty in the 
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measurement data accuracy (both in terms of the absolute value as well as the geographic area 

covered by these measurements), and assumptions about physico-chemical properties of TCPP 

that were not reflected in the scenario analysis.  While this investigation of TCPP should be 

considered preliminary, it provides valuable insights about the link between emissions and 

concentrations in the global environment. Plausible environmental fate parameters have been 

established for TCPP in air and the ‘top-down’ emission inventory provided by this assessment 

serves as a reference point for future studies that could establish temporal and spatial trends.  

 

5.3.3.4.  Modelling Long-Range Transport of PFOS in the Ocean 

Perfluorooctanesulfonate (PFOS) and other perfluoroalkyl acids (PFAAs) are part of a class of 

industrial chemicals, the perfluoroalkyl substances (PFASs), with large historical production 

volumes (Armitage et al., 2009b; Wang et al., 2014).  PFAAs are extremely persistent in the 

environment and can adversely affect human and ecological health (Sunderland et al., 2019).  

PFOS (Annex B) and perfluorooctanoic acid (PFOA, Annex A) are regulated under the 

Stockholm Convention, and perfluorohexane sulfonate (PFHxS) is proposed for listing 

(Stockholm Convention, 2020).  The ocean is recognized as the terminal sink for PFAAs 

released to the environment, and measurements of PFOS, PFOA and PFHxS in water are 

reviewed in Chapter 5.2 of this report.  Zhang et al. (2017) conducted an emissions inventory and 

modelling case study of PFOS in the North Atlantic Ocean that illustrates application of the 

integrated approach to a PFAA with diffuse emission sources that provides valuable insights into 

current emission rates and fills gaps in available measurement data. 

Spatially and temporally resolved oceanic discharges of PFOS were estimated from wastewater 

monitoring data at the river-catchment level in North America for the year 2010 (Figure 5.3.9, A) 

and from river monitoring in Europe for 2006-2007 (Figure 5.3.9, B). The estimated discharges 

from these discrete time periods were extrapolated to a range of initial estimates of total time-

dependent PFOS inputs to the North Atlantic between 1958 and 2010 (Figure 5.3.9, C) based on 

global historical use and emission inventories (Armitage et al., 2009b; Wang et al., 2014). This 

initial emissions inventory was mapped onto a 1° x 1° latitude/longitude grid to drive an oceanic 

fate and transport model.  
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Figure 5.3.9. PFOS discharges (kg yr-1) in 2010 from rivers in North America to the ocean 

(panel A) and from major rivers in Europe for 2006-2007 (panel B). North American discharges 

are based on the approach developed by Zhang et al. (2017), and the European discharges are 

based on the catchment population regression developed by Pistocchi and Loos (2009). Panel C 

displays extrapolated continental discharges of PFOS (t yr-1)to the North Atlantic Ocean (20oN-

60oN) from European and North American (i.e., U.S. and Canada) wastewater and rivers from 

1958 to 2010. Solid lines indicate median discharge estimates while the shaded grey region 

indicates the 95% confidence interval for North American discharges. Panel C is Figure 1 of 

Zhang et al., 2017. 
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The Massachusetts Institute of Technology general circulation model (MITgcm; 

http://mitgcm.org) , a 3-D ocean circulation model, was used to simulate PFOS transport in the 

ocean through lateral and vertical oceanic circulation, mixing and particle settling.  The model 

has a horizontal grid size of 1°x1° latitude/longitude and includes 23 vertical levels (see Zhang et 

al., 2017 for additional details on the model setup). For the years 1958 to 2010, the model was 

forced with 1° X 1° gridded inputs to the North Atlantic Ocean between 20°N and 60°N from 

rivers and wastewater treatment plants in North America and Europe using the inventory 

developed here.  Between 2010-2038 inputs are assumed to be zero to simulate elimination of 

PFOS production, use and emissions. 

Modeled seawater concentrations are highly correlated with measurements (R
2
 = 0.90, p = 0.01) 

but the model based on the median of the initial release estimation had a mean bias of 75% 

relative to observations for all regions. Adjusting the emissions produced mean modeled surface 

water (10 m) concentrations of 39±14 pg L
-1

 in 2010 compared to an observed value across all 

offshore sampling locations of 43±21 pg L
-1

 between 2009 and 2011.  The adjusted releases 

represent a refined hypothesis about historical emissions that incorporates both ‘top-down’ and 

‘bottom-up’ information from the integrated approach.  According to these refined estimates, 

cumulative PFOS inputs to the North Atlantic Ocean were 2.4×10
3
 Mg.  North American coastal 

releases accounted for 59% of total releases and the remaining 41% was from Europe (Figure 

5.3.9).  

The major surface currents (modeled at 10 m depth) in the Atlantic Ocean result in 

predominantly eastward and northward transport of coastal PFOS pollution toward the Subarctic 

(Figure 5.3.10). PFOS enriched seawater plumes from the St. Lawrence River, Florida Current, 

and North Sea are clear features of the modeled concentrations in 1980 and 2000, with 

concentrations more than an order of magnitude higher than the open North Atlantic.  By 2020 

these plumes have largely dissipated due to reductions in emissions (Figure 5.3.10). 
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Figure 5.3.10. Modelled temporal evolution of surface water (10 m) PFOS concentrations (pg L-

1) in the North Atlantic Ocean from 1980 to 2020, as described in Zhang et al., 2017. Major 

surface currents are indicated by white arrows in Panel (A).  Panel (C) shows modelled surface 

concentrations for 2010 compared to observations from 2009-2011 obtained from: Ahrens et al. 

(2009a; 2009b; 2010b); Benskin et al. (2012); Gonzalez-Gaya et al. (2014); Zhao et al. (2012). 

Current labels:  NAC = North Atlantic Current, LC = Labrador Current, NS = North Sea. 

Longhurst Biogeographical Provinces (Longhurst, 2007) abbreviations: NADR = North Atlantic 

Drift Province, GFST = Gulf Stream Province, NASW = North Atlantic Subtropical Province - 

West, NASE = North Atlantic Subtropical Province - East, NATR = North Atlantic Tropical 

Gyral Province. From Figures 2 and 4 of Zhang et al., 2017. 

The mass distribution of PFOS shifts from the surface ocean to the deeper ocean over time 

(Figure 5.3.11).  Variability in the 95th percentile confidence interval of surface water PFOS 

concentrations (panel A) is quite large for the first two-thirds of the simulation, indicating large 
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spatial variability across the modelled domain, though this decreases over time (which is also 

evident in Figure 5.3.10).  PFOS concentrations peak in 2001 in the surface layer (shortly after 

peak emissions around 2000), while the peak in subsurface concentrations lags by 2-3 years 

(roughly 2005, panel B). Peak PFOS concentrations lag even longer after peak emissions for 

seawater near the permanent thermocline (panel C), with concentrations not expected to plateau 

until approximately 2040.   

 

Figure 5.3.11. Modelled PFOS concentrations in North Atlantic seawater (20°N - 60°N; pg L-1) 

at the surface mixed layer (A), the subsurface (B), near the permanent thermocline (C), and for 

the surface mixed layer within different 5o X 5o latitude/longitude geospatial regions (D-F) based 

on the updated PFOS release scenario shown in Figure 5.3.9. Solid lines indicate the basin- or 

region-wide median concentration, darker shading indicates the 25th and 75th percentile 

concentrations, and lighter shading indicates the 5th and 95th percentile concentrations. Panels 

(A-C) are Figure 5 of Zhang et al., 2017. 

Temporal trends in PFOS in the surface mixed layer (0-10 m) are highly location specific, which 

is evident in three 5o X 5o latitude/longitude regions at different locations in the North Atlantic 

Ocean (Figure 5.3.11, panels D, E and F).  For the region closest to sources (panel D), large 

spatial variability exists before PFOS source control in the early 2000s. After source controls are 

implemented, median seawater concentrations and spatial variability decrease rapidly in this 5o X 

5o region.  For the open ocean (panel E), PFOS concentrations only decrease by one third over 

five years following source control.  In the subarctic region (panel F), PFOS concentrations reach 

their maximum 8-9 years after source control due to the time lag for transport to this region.  

After the peak, and after dilution into the whole ocean occurs, concentrations decrease at a slow 

rate with a half time of over 20 years. 

Figure 5.3.12 shows gross depth-specific PFOS flows into and out of the Arctic from the North 

Atlantic from 1958 to 2038. Most of the flux of PFOS into the Arctic occurred from mid-depth 
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inflow (20-1000 m; 1.1×103 Mg) relative to that from surface inflow (0-20 m; 60 Mg). 

Entrainment of PFOS into the Atlantic meridional overturning circulation (AMOC) is estimated 

to have prevented 5.3×102 Mg PFOS from entering the Arctic (see Zhang et al., 2017 for details). 

A weakening of the AMOC due to climate change (Fisher et al., 2010; Rahmstorf et al., 2015; 

Rhein et al., 2015; Yashayaev, 2007) could thus result in an increase in PFOS entering this 

region. 

 

Figure 5.3.12. Modelled PFOS circulation above and below 60°N at various seawater depths 

from the years 1958 to 2038. Blue shading indicates deeper waters while red, orange, and yellow 

shading indicates surface or subsurface waters. Nef flow is indicated by the solid black line, with 

positive numbers representing flow into the Arctic region (i.e., above 60°N) and negative 

numbers indicating flow into the North Atlantic (i.e., below 60°N). 

The modelling conducted by Zhang et al. (2017) illustrates high spatial variability in PFOS 

ocean concentrations and lag times between elimination of emissions and declining trends in 

environmental concentrations that vary strongly as a function of geographic location and ocean 

depth.  Long-term seawater monitoring sites for PFAAs have not been established so far, but if 

they are they should be located within a region where spatial variability is relatively small.  Such 

monitoring sites could be at the ocean margin where PFAA concentrations respond quickly to 

changes in continental source strength and impact on the marine ecosystems occurs.  Monitoring 

sites located where ocean currents deliver PFAAs to remote regions such as the Arctic would 

provide valuable information in integrated assessment of long-range transport.   In addition to 

changes in source strength, the observed temporal trends from long-term monitoring can be 

influenced by other factors such as climate change.  The modeling indicates that the AMOC has 

prevented substantial amounts (~5.3×102 Mg) of PFOS from entering the Arctic, and that the 

flux of other persistent chemicals similar to PFOS into the Arctic may increase with climate 

change-driven weakening of the AMOC. 

 

5.3.4  Discussion and Recommendations 

The four case studies presented in this section illustrate the value of applying models as a 

framework to support the integrated assessment of emissions, fate and transport, and 
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environmental concentrations of POPs.  Using models to formalize the link between emissions 

and concentrations of POPs and POP candidates in air, water, soil, wildlife and humans has a 

wide range of benefits for supporting the development of the Global Monitoring Plan and for 

effectiveness evaluation of the Stockholm Convention.  These include:    

 

Spurring the development and refinement of emission inventories for POPs and POP candidates.  

By linking monitoring data back to emissions, the integrated approach focuses attention on 

evaluating the effectiveness of the Convention on encouraging emission reductions, and provides 

a more direct metric of effectiveness, ie, the rate of emission reduction.  Parties to the 

Convention currently provide estimates of chemical production and/or consumption that can be 

compared to ‘bottom-up’ emission estimates based on usage and emission factors, and to ‘top-

down’ emission estimates that lead to good model performance relative to monitoring data.  

Comparing these different types of emission estimates can help to close gaps in knowledge about 

fate and transport processes, and to identify unknown sources of POPs and improve the 

effectiveness of measures undertaken nationally and internationally to control releases. 

 

Aiding in the design of monitoring programs and quality assurance of monitoring data.  

Effectiveness evaluation of the Stockholm Convention under the Global Monitoring Plan uses 

measured trends in levels of POPs in the environment and in human milk and blood as indicators 

of reductions in emissions to the environment.  As more POPs, and POPs with more diverse 

properties and environmental fate profiles, are added to the Convention the costs for monitoring 

will increase and there will be increasing incentive to optimize monitoring strategies.  Models 

provide information about locations and environmental media where monitoring will provide the 

highest leverage information for reducing uncertainty about levels and trends of POPs and POP 

candidates.  Additionally, models provide a basis for evaluating monitoring data obtained from 

new locations or new analytical techniques for consistency and accuracy compared to the weight 

of evidence represented by the entire integrated assessment.   

 

Understanding trends in POP levels in a changing climate.  Climate change has the potential to 

affect POPs in a myriad of ways, some of which might affect temporal trends that are used for 

evaluating effectiveness of the convention.  By providing mechanistic insights into the behavior 

of POPs in the environment and the emissions-to-concentration relationships, models can help to 

make an accurate assessment of the effectiveness of the convention in a changing global climate. 

 

In order to fully realize these benefits the following research and monitoring priorities are 

recommended: 

 

1)  Support the development of global scale modeled ‘integrated assessments’ of emissions, 

fate and transport processes and environmental levels and trends for all POPs and POP 

candidates.  Currently, global-scale case studies are only available for a select few POPs 

and POP candidates.  In order to realize the benefits of these assessments it is 

recommended to compose a complete case study for each POP and POP candidate that 
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can be updated regularly and refined as new information is produced relevant to 

emissions, fate and transport properties and environmental levels and trends. 

 

2)  Apply the principles of integrated assessment at local, regional and global levels to 

improve emission estimates.  High uncertainties and missing information in emission 

inventories is often the dominant source of uncertainty in integrated assessments of 

POPs.  As reviewed in the 2nd Regional Monitoring Report of the WEOG Region, the 

integrated approach can be applied at local and regional scales and near suspected source 

areas to infer emission rates of POPs that can then be scaled using emission factors to 

compare with national estimates and to drive global scale models. 

 

3) Support the development and improvement of POP modeling capabilities and laboratory 

and field research to understand POP properties.  Important research needs to improve 

POP models include improving modeling of gas/particle partitioning in the atmosphere 

and of air/surface exchange in general.  Uncertainties in assessment of individual POPs 

are often driven by uncertainties in physico-chemical properties and degradation rates in 

air, water and soil which could be reduced using targeted laboratory and field studies.  

Models can be evaluated and iteratively improved by identifying locations where 

observations would most effectively constrain model uncertainties and targeting field 

monitoring at those locations. Capabilities to model source-to-human body burden 

relationships for POPs would benefit from better resolving food sourcing patterns 

especially in poorly understood/high exposure areas.   
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6 CONCLUSIONS AND RECOMMENDATIONS  

6.1 Findings and Conclusions 

This section provides a brief synopsis of the major findings of the WEOG report and key 

messages for the Conference of the Parties.  

 

6.1.1 Summary of the baseline concentrations 

The concept of availability of ‘baseline information’ on POPs in this report has less to do with a 

specific measurement at a point in time and more to do with the state of knowledge for a 

particular substance.  In this context, the geographic coverage of this information, across the 

WEOG region, is also an important requirement for an ‘adequate’ baseline.  Many of the original 

POPs listed under the Stockholm Convention were already regulated or banned by countries long 

before 2004.  Consequently the ‘baseline’ period for the GMP, may represent concentrations that 

have already decreased substantially from their peak levels or concentrations that are now 

levelling off.  In some cases secondary sources have begun to dominate emissions (e.g. 

emissions from POP reservoirs such as oceans, soils and ice; see section 5.3).  Therefore, for the 

ultimate purpose of attributing reductions in environmental levels of POPs to the ‘effectiveness’ 

of the Convention, it is more appropriate to consider baseline data and trends associated with the 

newer POPs.  Table 6.1a summarizes the availability of ‘baseline’ information on POPs across 

the WEOG region. 

 

It is important to note that with respect to POPs in human tissues (i.e. milk and blood) much of 

the WEOG region data comes from national programmes such as, inter alia, NHANES and ESB 

(or the Australian Pilot Monitoring Programme).  Such programmes are important for assessing 

country-scale time trends however the levels are often not directly comparable to other 

countries/regions due to different study designs and populations.  Similarly, individual research 

studies that are not a part of any programme can indicate whether the levels of pollutants are of 

concern in a certain area but cannot directly be used to evaluate differences between regions or 

over time. It is therefore challenging to set a “general” baseline concentration for the WEOG 

region for POPs in human blood and/or milk. 
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Table 6.1a Summary of available baseline information on POPs in core media in the WEOG 

region. 

Chemical Air Human Tissues* 

aldrin  ND 

chlordane   

chlordecone   

Dicofol  Not included 

DDT   

dieldrin   

endosulfan   

endrin  ND 

HBB   

HCBD   

HBCD   

HCB   

α HCH   

β HCH   

γ HCH   

Heptachlor   

mirex   

PBDEs   

PBDE-209 (Deca)   

Pentachlorophenol   

PCNs  Only Swedish data 
Σ PCBs   

PCDD/Fs   

PFOS   

PFOA   

PFHxS   

PeCB   

SCCPs   

toxaphene   
 

 Adequate information on baselines 
 Limited information on baselines 
 No information on baselines 

 

* these should be taken as general indicators since information varies between countries and subregions within WEOG. 

ND – non detect (low levels often below detection limit) 

 

Likewise for air, while air monitoring programmes provide the opportunity to derive time trends 

and region-specific spatial comparisons (e.g. the Arctic, the Great Lakes, the Alps and the UK), 
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concentrations reported by different air monitoring programmes are not directly comparable 

because of the differences in sampling methods (e.g. active versus passive sampling methods), 

analytical procedures, sampling frequencies, target compounds and programme QA/QC 

protocols.  So it is also not possible to provide baseline concentrations of POPs in air that would 

apply to the entire WEOG region. Air monitoring programmes have started or are planning to 

measure the newer POPs (e.g. SCCPs, HBCDD, PFOA and related chemicals) to determine 

baseline concentrations, which will be available for the next reporting period of the GMP.   

 

New air monitoring networks have been established to provide better spatial coverage of POPs, 

notably the Spanish Air Monitoring Program (SMP) (after 2008), the Australian National Passive 

Air Sampling and Archiving Program, and stations in Antarctica.  There is also increased 

coverage in air measurements in the Arctic under AMAP with the Villum Research Station Nord 

(Greenland) initiated in 2008 and two Russian stations in 2015. 

 

This assessment addressed the questions of temporal trends of PFOS, PFOA and PFHxS in water 

and the broad spatio-geographic trends within WEOG countries as well as in neighboring seas 

(Baltic, North, Mediterranean) and oceans (North Atlantic, Arctic Ocean, Northeast Pacific).  

Unlike air measurements of PFAS, surface water sampling has not been consistently or 

repeatedly sampled at the same locations. Additionally, the dynamic nature of rivers, lakes, seas 

and oceans, along with seasonal differences in river flow, lake thermal stratification, and ice 

cover adds to variability of concentrations. Nevertheless with results from over 3000 locations 

and over 10,000 individual measurements within the WEOG region, including 1300 analyses for 

samples collected from 2015-2019, it is possible to qualitatively examine temporal and spatial 

trends using medians and estimates of data dispersion (around the median) of the concentrations.  

The three PFAS compounds showed distinct differences in median concentrations between 

inland surface waters in Western Europe and Canada/USA. Median PFOS concentrations for 

Canada/USA were 2.5 fold higher at non-urban (mainly riverine) sites in 2015-2019 compared to 

Western Europe. Median PFOA and PFHxS were 3.0-fold and 1.9 fold higher, respectively, in 

Canada/USA in 2015-2019, compared with Western Europe.  Early baseline trend indications for 

water in the WEOG region are summarized in Table 6.1d.  

 

Current levels in non-core media of legacy POPs such as Dieldrin , Mirex , DDT, PCB , HCB 

and HCH are substantially below the levels in the 1970s, are now in the low ng/g range, and have 

not significantly decreased since 2000.  Even when there are no new sources, the existing pool of 

pollutant can be of concern in some areas for decades. Levels of Endosulfan, PFOS, PBDE, and 

HBCD have increased over the past decades and are similar to the current levels of legacy 

pollutants.  Although the levels in most biota are below the expected levels of effect (with the 
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exception of ‘hot spots’), the increasing load and increasing number of substances (including 

some newly listed POPs, POP candidates, and POP-like chemicals that have not yet been 

assessed) present reasons for concern and sustained attention. 

 

6.1.2 Summary of evidence of temporal trends 

In the first GMP report of the WEOG region, temporal trends were already available for many of 

the original POPs listed under the Convention.  These trends established a baseline trend against 

which future trends could be compared.  Many of the existing WEOG monitoring programmes 

and some of the new programmes have already included newly listed POPs in their target lists.  

In some cases, temporal information is already becoming available however, in most cases, the 

time series is not yet sufficient for assessing trends. It is challenging to summarize the 

availability of temporal trend information for POPs in human blood and/or milk since it varies 

between countries and subregions within the WEOG. 
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Table 6.1b summarizes the availability of trend information on POPs in the core media. Water is 

treated separately in Table 6.1d. 

 

The levels of several of the initial Stockholm Convention POPs such as PCBs, DDTs, 

PCDDs/PCDFs, HCB, Toxaphene, Chlordanes and Aldrin, Dieldrin and Endrin are decreasing 

over time in human milk and/or blood. PCP levels seem to decrease as well even though data are 

quite scarce. This shows that banning of production and use of these man-made chemicals has 

lead to declining levels in humans.  Some of the newer POPs show an increase over time 

followed by a decrease. This is the case for brominated flame retardants PBDEs and HBCD. 

Data for PFOS and PFOA also indicate an increasing trend accompanied by a decrease. This 

further confirms that adequate risk management measures lead to declining levels in humans. 

The rising and then decreasing trend is likely due to the fact that the risk management measures 

for these newer POPs were taken later than for the initial POPs.  No clear trend over time could 

be seen for HCHs, Heptachlor, and Mirex. And, due to lack of enough data, no clear trend could 

be determined for PBBs (including HBB), PCNs and Endosulfan. It is not clear why no clear 

trend can be observed for HCHs, Heptachlor and Mirex, but it is likely due to the variability 

among data sources. Monitoring data is lacking for SCCPs in human milk/blood, despite the 

large scale production and use of this chemical. Monitoring data is also lacking for Chlordecone 

and HCBD. 
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Table 6.1b  Summary of available temporal trend information on POPs in core media in the 

WEOG region. 

Chemical Air Human Tissues 

aldrin  ND 

chlordane   

chlordecone   

Dicofol  Not included 

DDT   

dieldrin   

endosulfan   

endrin  ND 

HBB  Only US data 

HCBD   

HBCD   

HCB   

α HCH  Trend not investigated 

β HCH   

γ HCH  Trend not investigated 

Heptachlor   

mirex   

PBDEs   

PBDE-209 (Deca)   

Pentachlorophenol  Only German data 

PCNs   

Σ PCBs   

PCDD/Fs   

PFOS   

PFOA   

PFHxS   

PeCB   

SCCPs   

toxaphene   

 

 Adequate information on temporal trends 
 Limited information on temporal trends 
 No information on temporal trends 

 

* these should be taken as general indicators since information varies between countries and subregions within WEOG. 

ND – non detect (low levels often below detection limit) 
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National and international long-term monitoring programmes continued to provide time trends of 

POPs in air during this review period.  Temporal trends for older POPs that were previously 

regulated continue to decline or have levelled off in air.  There are some exceptions, for instance, 

HCB and PCBs in Arctic air are showing increasing trends at specific locations that may be 

related to warming and their unintentional release.  Warming has led to enhanced revolatilization 

from oceans and other reservoirs of POPs (e.g. due to reduced sea-ice and melting glaciers). 

Some of the recently listed POPs (e.g. PBDEs, PFOS and precursors) have started to show 

declining trends across the WEOG region.  For instance, most PBDEs are showing declining 

trends in air in most parts of the WEOG region. However, decaBDE is still increasing in air or 

not changing over time, likely reflecting the time-lag in regulating decaBDE compared to the 

other PBDEs. PFOS, PFOA and their precursors showed an increase in air concentrations over 

time at some locations, reaching a peak and have now started to decline. Time trends of some 

POPs (HBCDD, SCCPs, PCP/PCA, HCBD, PeCB, and toxaphene) and air concentration data of 

HBB, chlordecone, dicofol, and PCNs, are lacking probably due to difficulties in chemical 

analysis, low or non-detectable concentrations in air, or sampling artefacts (e.g. breakthrough in 

active air sampling or high blank levels). The accelerated decline of endosulfan was observed in 

air.  This is perhaps the best example of “effectiveness” of regulation for a widely used POP 

during the Stockholm Convention period.  

Table 6.1c shows changes over time in POP concentrations measured in more media for the 

WEOG region. It is challenging to summarize the changes of temporal trend information for 

POPs in human blood and/or milk since it might vary between countries and subregions within  

WEOG. 

 

The information available for water provides knowledge of spatial trends for PFOS, PFHxS and 

PFOA across western Europe, Canada/USA and southern/eastern Australia, the North Sea, the 

Baltic, the Great Lakes, and in the North Atlantic, Arctic Ocean and Northeast Pacific.  Since no 

specific studies of temporal trends of PFAS in water were found, medians for combined data 

from specific regions with the periods 2000–2009, 2010-2014 and 2015–2019 were compared 

and are summarized in Table 6.1d. A challenge with these comparisons is that all data are 

included but sampling sites may vary for each study. A major knowledge gap is measurement of 

PFOS, PFHxS and PFOA precursors, both neutrals (MeFOSA, EtFOSA, MeFOSE, EtFOSE, 

fluorotelomer alcohols) as well as anionic and amphoteric chemicals. Recent studies have 

suggested they are widespread in surface waters (D'Agostino and Mabury, 2017; McGuire et al., 

2014; Zhang et al., 2019). 
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Table 6.1c  Summary of changes over time in POP concentrations measured in core media for 

the WEOG region.  

Chemical Air Human Tissues** 

aldrin   

chlordane   

chlordecone No data  

Dicofol No data Not included 

DDT   

dieldrin No change at some sites  

endosulfan   

endrin *  

HBB No data  

HCBD *  

HBCD Few detections; decline 
at one site 

 

HCB Slight increase at some 
polar sites 

 

α HCH  Not investigated 

β HCH  Decrease in milk but not 
in blood 

γ HCH  Not investigated 

Heptachlor Declining at some sites  

mirex   

PBDEs   

PBDE-209 (Deca) Increasing at some sites  

Pentachlorophenol * reported as PCA *only German data  

PCNs No data  

Σ PCBs Increase in the Alps  

PCDD/Fs   

PFOS *  

PFOA *  

PFHxS   

PeCB Decrease in the Alps  

SCCPs *  

toxaphene  * 

   

 Generally decreasing trends 
 Increasing trends 
 No change or cannot establish trend 
 Insufficient trend data 

 

* warning to indicate limited data.  ** these should be taken as general indicators since information varies between countries and 

subregions within WEOG. 
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Table 6.1d  Trends for non-urban sites based on comparison of medians for 2000-09 vs 2015-

2019 (unless otherwise noted). 

Region or water body PFOS PFHxS PFOA 

Western Europe rivers    

North Sea     

Baltic Sea    

Rhine River    

Mediterranean Sea (2010-14 vs 2015-19)    

Central Atlantic (2000-09 vs 2010-19)    

North Atlantic (2000-09 vs 2010-19)    

Coastal North Atlantic (2000-09 vs 2010-19)    

North Pacific (2000-09 vs 2010-19)    

Arctic Ocean (2000-09 vs 2010-19)    

Great Lakes    

Canada/US rivers    

Australia    

New Zealand    

 

Increasing  No trend  

Decreasing  Insufficient data  

 

 

Indication of POP trends in non-core media, through long term monitoring by several 

international programs, has been presented in the chapter on Other Media (5.2.4).  The derived 

trend information for listed POPs is summarized in Table 6.1e.  
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In brief, across the regions, α- β- and γ-HCH, DDT, PCBs, tetra- to hepta-PBDEs show 

decreasing trends, and/or decreasing/no change. No substances show increasing trends across all 

regions, however in Great Lakes, HCB, HCBD, PCN, Deca-BDE in general show increasing 

trends, as well as DDT in Antarctica, and HCB in the Baltic region. Dieldrin and Toxaphene 

were reported in both AMAP and GLWQA, showing decreasing levels or nonlinear trends. 

PFOS was reported across several regions, with contrasting trends; increasing in the Arctic and 

the Great Lakes, and decreasing in the Baltic region and the North Atlantic. 

 

Some compounds were only reported from one region, thus no general assessment across the 

regions can be made, such as for those only reported from the Arctic: Chlordane (decreasing), 

heptachlor (no linear trend), Mirex (decreasing/non linear trend), PeCBz (decreasing/non linear 

trend); and for those only reported from the Great lakes: PCDD (decreasing), PCDF 

(decreasing), HCBD (increasing), PCN (increasing) and PFOA (no linear trend). 

 

For several substances, there is no new trend data reported since the last GMP report. New 

substances are probably not reported as they are not yet regularly measured and reported (PCP, 

Dicofol, SCCP, HBB, PFHxS), likely due to challenging analytical chemistry and lack of 

comparable methods. Some older substances are no longer being measured and reported due to 

low levels and no change over time (Aldrin, Chlordcone, Endosulfan, Mirex, Endrin). 

 

Since climate variability and climate change affects the ecosystem structure and function and 

thus the POP food web accumulation and toxicity, it is important to understanding how climate 

change induced changes in the ecosystems affect the time trends of POPs in other media 

including biota, e.g. through changes in diet, in order to separate ecosystem changes effects of 

POP time trends from changes in POP time trends due to global regulation and bans of the POPs 

through the Stockholm Convention. 
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Table 6.1e   Presentation of the direction of changes in concentrations over time included in the 

different programmes. Although Mediterranean and Antarctica do not report monitoring results 

systematically to the GMP, some info can be extracted from their reports concerning other 

themes/problems in their representative regions. The colours represent the direction of the 

changes in concentrations over time according to the respective programmes; green: decreasing 

concentrations, yellow: non-linear changes in concentrations that are neither increasing nor 

decreasing, grey: no change, blue: no changes in concentrations over time/trend (statistically 

decided), red: increasing changes in concentrations. Circles represent substances regulated 

earlier with low levels and no change in the last years and triangles represent newly listed 

substances of concern. 

AMAP (1975-

2000)

AMAP (2000-

2014)

OSPAR (1995-

2014)

HELCOM 

(1978-2018)

Great Lakes 

(1970-2017)

Antarctica 

(NA)

Aldrin ○ ○ ○ ○ ○ ○

α-HCH

β-HCH

Chlordane 1

Chlordecone ○ ○ ○ ○ ○ ○

DDT 1

Dieldrin

Endosulfan ○ ○ ○ ○ ○ ○

Endrin ○ ○ ○ ○ ○ ○

γ-HCH

Heptachlor

HBB ∆ ∆ ∆ ∆ ∆ ∆

HBCD 3

Hexa-, hepta-, 

PBDE 2 2 3

HCB

Mirex ○ ○ ○ ○

PeCBz

PFOS 3

PCB

PCDD

PCDF

Tetra-, penta-, 

PBDE 4

Toxaphene 5

HCBD

PCP ∆ ∆ ∆ ∆ ∆ ∆

PCNs

DecaBDE

SCCPs ∆ ∆ ∆ ∆ ∆ ∆

Dicofol ∆ ∆ ∆ ∆ ∆ ∆

PFOA, salts, 

related 

compounds

PFHxS, salts, 

related 

compounds ∆ ∆ ∆ ∆ ∆ ∆  
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1. One local source (whale processing site) causes an increasing trend in some species. 

2. BDE-153 and BDE-154 only. 

3. Increasing in some lakes, decreasing in other lakes. 

4. Overall decreasing, increasing in whole fish in Lake Erie and in sediments in Lake Superior. 

5. Parlar 26 decreases annually at 5.9%, parlar 50 increases annually at 0.8%. 

6.1.3 Summary of evidence of long range transport, POPs modelling capabilities and the 

effects of climate change  

The presence of POPs in regions of the world that are remote from sources, such as the Arctic, is 

compelling evidence of their long-range transport.  People living in the Arctic and consuming a 

diet composed of local foods can even have higher exposure to certain POPs than people living 

in temperate regions. 

 

A complete and quantitative picture of the location and strength of sources of POPs, their fate 

and long-range transport in the environment, and the levels that are present in remote regions can 

be assembled using mass balance chemical fate models as a unifying framework in an 

“integrated assessment approach”.  Case studies that integrate emission inventories, chemical 

fate modelling, and monitoring data at the global scale have been carried out for some POPs, 

including PCBs, which have been modelled from source to presence in human milk, HCHs, 

DDT, dicofol and PFOS.  Uncertainties in in emission inventories and in the rates of degradation 

of POPs in air, water, soil and sediments often dominate uncertainties in the description of the 

global fate and long-range transport of POPs in these case studies.  

 

Uncertainties in emission inventories for POPs can be reduced in a targeted way within an 

integrated assessment approach by applying models to estimate ranges of plausible emissions 

that are necessary to account for observed POP levels.  Such “top-down” emission estimations 

can be applied at the global scale or at the regional scale to derive emission factors that can be 

used to constrain estimates of global emissions.  More effective methods to identify and 

characterize emissions of POPs are needed to assess the impact of transport of goods and waste, 

in particular e-waste, all over the world, and “top-down” modeling could help address this data 

gap. The level of cooperation between scientists studying the sources of POPs, those engaged in 

monitoring and campaign-based measurements of POPs in the environment, and the contaminant 

fate and transport modeling community is growing and should be strongly encouraged.     

  

The long-range transport of PFOS presents a new set of challenges relative to other POPs 

because of its distinct properties and potential for formation in the environment from precursor 

substances.  Clear evidence for long-range transport in the atmosphere and deposition of PFOS 

and/or its precursors to remote waters (and ice cores) can be seen from detectable levels in 
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remote, uninhabited lakes in northern Canada and in Antarctica.  Long-range transport in the 

oceans is also evident from detectable levels of PFOS thousands of kilometers from emission 

sources in surface and deep ocean waters that can be explained by ocean circulation modeling.   

 

Improved modeling capabilities within the integrated assessment approach will enable the vast 

corpus of environmental monitoring data that has been established over the past decades to be 

leveraged to achieve a more quantitative and predictive understanding of the levels and trends of 

POPs and POP candidates in the environment.  For example, total HCHs (ΣHCH) have been 

observed to decline in seals, beluga and polar bears due to rapid decline of the major isomer α-

HCH (e.g. 12%/year in bears). However, β-HCH, the more bioaccumulative isomer, increased in 

the same species. The relative trends that are observed for - and -HCH in Arctic mammals are 

consistent with results of global-scale modeling which identify -HCH to be more persistent and 

less rapidly transported to remote regions than -HCH, and which forecast that -HCH will 

eventually become the dominant HCH isomer in the environment (Wöhrnschimmel et al. 2013).   

 

Levels of HCB and PCBs at certain monitoring stations in the Arctic have shown increasing time 

trends in recent years, which may be related to local revolatilization due to a warming 

environment.  Global and regional-scale model scenarios that forecast the impact of climate 

change on levels of POPs generally find that changes of up to a factor of 2 in air and a factor of 4 

in water are possible relative to base-case climate scenarios.  However, in the same modeling 

scenarios, reductions in emission rates of POPs that are expected to occur simultaneously with 

climate change can reduce levels by orders of magnitude.  Therefore, in the long term (i.e., 

decadal time scales) climate change is not expected to obscure or counteract reductions in levels 

of POPs that are possible due to phase-out of production, use and emissions.   

 

Levels and trends of POPs at remote locations can also be affected by sources from materials 

used at the monitoring stations and emissions from local communities (i.e. short-range or 

regional transport).  Many of the new POPs are commercial chemicals that are used in Arctic 

communities. Local emissions are expected to increase under climate change due to increased 

human activities in the North (resource development, shipping, mining, urbanization) and 

relatively poor waste management systems compared to the south.  For example, stations in 

Antarctica have measured PBDEs in local air that are attributable to materials used at the station.  

However model scenarios that include enhanced emissions of chemicals in the Arctic in response 

to climate change demonstrate that when considering the Arctic as a whole, local emissions are a 

minor contributor to Arctic pollution by POPs compared to long-range transport in all scenarios 

(Wöhrnschimmel et al. 2013). 
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There is clear evidence that transport of POPs into remote regions occurs in the atmosphere, 

oceans and rivers, through biovectors, and in the technosphere by transport of materials.  Models 

can be used to integrate information from emission inventories and monitoring programmes to 

quantitatively assess the relative weight of these routes in explaining the concentration for each 

pollutant, location and point in time. Enhancing modelling capabilities, especially by improving 

emission inventories and estimates of POP degradability, and by improving understanding of air-

surface exchange, will help to reduce uncertainties about the extent of long-range transport of 

POPs and POP candidates. This is of great importance to interpret trends and ascertain the 

effectiveness of actions that have been undertaken, and to forecast impacts of current action or 

inaction.   

 

6.1.4 Summary of gaps in data coverage  

Table 6.1a to 6.1d reflect the availability of baseline monitoring and trend information for POPs 

in the WEOG region.  While baseline data are becoming available for newer POPs, time trends 

are yet unavailable for most.  Continued monitoring of these substances in a consistent manner is 

needed to provide temporal assessments in the future.  A new Spanish air monitoring programme 

, one new station in Antarctica and one new station in Greenland have been established since 

2008, 2007 and 2008, respectively, where additional baseline and trend data are now available.   

Temporal trend data are scarce in the southern hemisphere sub-regions of WEOG for this 

reporting period.  Archived samples from Australia’s national monitoring program can be 

analysed to provide additional time trend information for future reporting under the GMP. While 

the urban environment is a major source of new POPs that are associated with consumer 

products and household items, current urban air monitoring of POPs has been spatially limited.  

Better spatial coverage is being achieved through the use of passive air samplers, including 

studies targeting POP-like chemicals and health in major urban cities (e.g. GAPS Megacities 

pilot study) (Saini et al., 2020). 

 

Trend information for PFASs (PFOS, PFHxS, and PFOA) is currently limited for air due to low 

concentrations of PFASs in the gas-phase. This gap in data could be addressed in the future using 

long term precipitation data, since PFASs partition strongly to water.    

 

Temporal and spatial trend evaluations in the current report for POPs in human milk and/or 

blood are based on a small number of on-going international and national programmes, whereas 

results from individual research studies were considered unsuitable for the trend evaluation. 

Available information indicates that the levels of substances included in the Stockholm 
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Convention, where comparable data is available, are generally decreasing in most cases. It is 

noteworthy that although concentrations of some individual POPs are declining in some parts of 

the region (but not others), the number of POP-like chemicals to which humans and the 

environment are exposed are increasing.  

 

Information on PFOS, PFHxS and PFOA in water from over 3000 locations and over 10,000 

individual measurements within the WEOG region are included in this report, including 1300 

analyses for samples collected from 2015-2019.  These data allow trends to be derived for most 

sub-regions.  However, data for PFOS, PFHxS and PFOA in Australian and New Zealand rivers 

and streams were available but too limited temporally and spatially to effectively evaluate 

temporal trends. Long term, systematic monitoring programs measuring PFASs in water in the 

WEOG region (i.e. in the same locations being sampled repeatedly over time by a dedicated 

program) do not exist.    

 

Programs reporting POPs in other media have been updated and supplemented in the current 

report and provide an additional and broad perspective on data sources on POPs and their trends 

over time. The importance of ecosystem processing of POPs and challenges in interpretation of 

biotic data are also highlighted.     

 

6.1.5 Summary of new developments in POPs monitoring 

A review of the work carried out monitoring POPs in other media since 2009 in the WEOG 

region shows that the use of long time monitoring series has had an important role in shaping 

policy in the Arctic, the Great Lakes and the Baltic, North Atlantic and Mediterranean—and that 

the actions undertaken have worked. The environmental concentrations of the POP substances 

that were regulated decades ago and monitored since then have significantly decreased, and the 

majority of primary sources have stopped in these regions. There is a large corpus of high quality 

monitoring information on POPs in air, water, soil and organisms such as plankton, fish, birds 

and mammals in multiple sites regularly sampled over decades.  The available data from these 

efforts should be studied in detail and in an integrated and interdisciplinary framework to 

develop better understanding of the rates of change in the environment and the time delays and 

modulations in concentration changes in different media. Improving the models of POPs 

pathways and fate is central to gauge the potential impact of action or inaction on a given process 

or substance. 

 



 

250 

While marine and freshwater ecosystems are relatively well documented, there is a notable gap 

of compiled information on terrestrial ecosystems, beyond mosses, lichens and a few large 

animals.  

 

The practice of sample archiving is increasingly being adopted by long-term monitoring 

programmes for POPs.  Sample banks allow retrospective analysis of environmental samples for 

determining concentrations of priority chemicals, candidate POPs and newly listed POPs.  

Retrospective analysis can be triggered by the availability of analytical standards, adequate and 

sensitive analytical methods being developed and by the demand for monitoring data for 

conducting risk assessments (e.g. needs of the POPRC or for national risk assessments) and/or 

risk management.  

 

Lastly, a paradigm shift is underway in the field of POPs science and exposure assessment, 

where “real-world” exposures to chemical mixtures is being assessed.  This has been made 

possible by new developments in high resolution screening of environmental samples (e.g. non-

target analysis and suspect screening) and highly sensitive and cost effective toxicogenomic tools 

for assessing health impacts.  In addition, transformation products of POPs and other previously 

unknown POP-like compounds are being investigated in environmental samples and in silico 

methods are being used to derive their physical chemical properties and to estimate toxicity.  

These advances are proceeding quickly and will have implications that will need to be 

considered for reporting under the 4th phase of the GMP. 

 

6.2 Recommendations for the future 

To complement the conclusions presented above, the following recommendations are offered to 

the COP to enhance future effectiveness evaluations. 

 

Human Media: It is of great importance that the regional and national programmes evaluating 

time trends of both POPs and other environmental pollutants in blood and/or milk continues and 

expands. Future monitoring should address missing information for the newer POPs and 

improved spatial coverage for the WEOG regions.  For instance, countries are urged to 

participate in the WHO/UNEP milk survey so that their data can be compared regionally and 

globally. The timing of the WHO/UNEP milk survey could be better synchronized with the cycle 

of the effectiveness evaluation of the Stockholm Convention to allow that the Global Monitoring 

Plan work can use the latest available data. Monitoring data for SCCPs in human milk and blood 

is urgently needed given the significant global production and use of this chemical mixture.   

Data comparability of POPs in human tissues can be facilitated through the use of accessible and 

searchable databases, with sufficient background and metadata on samples and results (e.g., 

sampling strategies, information on cohorts and participants, and documenting analytical 



 

251 

methods and statistical parameters).  Biobanks should also be exploited for retrospective analysis 

and deriving historical trends for POPs.  

 

Air monitoring: As many of the legacy POPs are declining in air, and resources (funding and 

expertise) are becoming limited, programmes should consider strategically adapting their 

monitoring efforts for legacy compounds, as needed (e.g. reducing analytical frequencies and, in 

some cases, target chemical lists).  These efficiencies will help to ensure that resources can be 

available for addressing the monitoring needs of newer POPs and future assessment of chemical 

mixtures.  Passive air samplers should continue to be implemented as a cost-effective approach 

for improving spatial information for POPs in air. 

   

One of the most relevant parameters that can be used to evaluate effectiveness of the Convention 

is the changes in emissions of POPs, regionally and globally. However, assembling emission 

inventories for POPs (i.e., the bottom-up approach; see Ch. 5.3) is challenging due to lack of 

information on use.  Furthermore, many commercial products contain unknown quantities and 

types of POPs and this information is not adequately tracked. One way around this problem is 

through top-down approaches, where emissions are assessed from monitoring information and 

special studies (see Ch. 5.3). 

 

With many of the newer POPs and candidate POPs being associated with commercial products 

and emissions from indoor air, urban areas may become more important as both sources and 

receptors of POPs; i.e. indoor to outdoor fate pathway.  Monitoring programmes should consider 

expanding the spatial coverage of urban environments using passive sampling techniques. It may 

also be advantageous to include urban background sites (e.g. urban parks) and indoor surveys as 

part of air monitoring efforts as these sites are likely to respond relatively quickly to changes in 

the predominant emissions/usage of some ‘newer’ POPs that are used in commercial products 

(e.g. PBDEs, HBCDD and PFOS precursors).  

 

There is growing impetus to make better connections between POPs monitoring and toxicity and 

long term effects of mixtures in air.  Although the burden of individual POPs may be on the 

decline in some regions, the number of POP-like chemicals present in air is increasing. 

Chemicals associated with listed POPs, such as degradation products and precursors, may have 

POP-like qualities themselves, and these may exhibit temporal trends that differ from the listed 

POP.  There is increasing need for better connections between air monitoring and long-term 

effects of human and environmental exposure to mixtures of chemicals. 

 

Water:  As noted in Chapter 5.3, seawater monitoring sites for PFAS have not been established 

so far, but if they are they should be located within a region where spatial variability is relatively 

small. Continued monitoring of rivers offers the best opportunity to assess temporal trends. 

However, there is always the need for consideration of waste water and tributary inputs and thus  

multiple sampling points preferably at sites that are well characterized in terms of flow and 

proximity to sources are needed. Lower detection limits would help with future assessments of 
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temporal trends in all locations but especially in open oceans, coastal seas and in the Great 

Lakes. Detection limits in the range of 1-5 pg/L for PFOS, PFHxS and PFOA have been 

demonstrated by several monitoring programs and should be universally adopted. Efforts should 

be made for more widespread measurement of precursors of PFOS, PFHxS and PFOA in waters 

with “total” methods (eg total oxidizable precursor (TOP) or total extractable organic fluorine) or 

targeting specific known precursor compounds. 

   

Other Media:   

Long term stable monitoring of biotic and abiotic media, sharing environmental sample 

collections, analytical methods and curated data are central to evaluate the effect of actions 

undertaken and to enhance understanding of the changing structure of ecosystems and POPs 

pathways leading to exposure. Despite the relative abundance of monitoring data the statistical 

power to identify significant trends over time is limited, and efforts should be made in 

monitoring design and advanced data analysis to enhance accuracy of estimated time trends.  

This can be facilitated through cooperation and capacity to maintain long term monitoring 

plans/programmes and environmental sample banks integrating multiple media, robust QA/QC 

and reporting in a coherent transparent service to enhance accuracy of estimates of changes over 

time.   

Current results seem to indicate that POPs regulated in source regions decades ago have 

significantly decreased but are still present at low levels that have not changed since the previous 

GMP report in 2015 and are still of concern in some regions. Substances listed later in the 

Stockholm Convention; PBDE, HBCD, HCBD, PFOS/PFOA, SCCP with ample exemptions for 

use, show increasing levels of concern.  Therefore, it is important to report evidence of the 

success of past regulations in decreasing exposure to POPs to consolidate the need of further 

work with chronic low levels of old POPs (PCBs, PBDEs, a-HCH, HCB) and the growing threat 

of partially regulated POPs (PFOS/PFOA, BDCD, HCBD, SCCP) and new substances with 

POPs features sometimes used as alternative. 

 

The complex ecotoxicology of mixtures and the rapidly increasing quantities released to the 

environment of new substances with POPs features are a challenge and an opportunity to 

transform monitoring strategies. Integrated assessments should not bury primary data under 

indicators but develop tools to look at primary QA/QC controlled empirical data provided in 

public repositories by a diversity of fields, from meteorology to molecular biology. Machine 

learning, statistical and process modelling tools can enhance process understanding and 

operational capacity. Best efforts should be made to integrate POPs monitoring work and 

resulting data of abiotic media and macroscopic organisms with climate data and molecular 

biology and toxicology in curated and accessible repositories. 

 

Local, indigenous knowledge about ecosystem process and structure has been of great value for 

scientists in developing understanding of POPs pathways and exposure routes, and science 

should provide local agents with meaningful and operational tools to deal with contaminants and 

POPs. There is a need to establish and maintain conditions that facilitate common understandings 
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and cooperation between local agents and scientists to develop effective strategies in public 

health and environmental policy on POPs.  

 

Long range transport and effects of climate change and climate variability:   

Using models to formalize the link between emissions and concentrations of POPs and POP 

candidates in air, water, soil, wildlife and humans has a wide range of benefits for supporting the 

development of the Global Monitoring Plan and for effectiveness evaluation of the Stockholm 

Convention.  These include: 

i.) Spurring the development and refinement of emission inventories for POPs and POP 

candidates;  

ii.) Aiding in the design of monitoring programs and quality assurance of monitoring data, and 

iii.) Understanding trends in POP levels in a changing climate.   

In order to fully realize these benefits the following research and monitoring priorities are 

recommended: 

1)  Support the development of global scale modeled ‘integrated assessments’ of emissions, fate 

and transport processes and environmental levels and trends for all POPs and POP candidates.  

Currently global scale case studies are only available for a select few POPs and POP candidates.  

In order to realize the benefits of these assessments it is recommended to compose a complete 

case study for each POP and POP candidate that can be updated regularly and refined as new 

information is produced relevant to emissions, fate and transport properties and environmental 

levels and trends. 

2) Apply the principles of integrated assessment at local, regional and global levels to improve 

emission estimates.  High uncertainties and missing information in emission inventories is often 

the dominant source of uncertainty in integrated assessments of POPs.  As reviewed in the 2nd 

Regional Monitoring Report of the WEOG Region, the integrated approach can be applied at 

local and regional scales and near suspected source areas to infer emission rates of POPs that can 

then be scaled using emission factors to compare with national estimates and to drive global 

scale models. 

3) Support the development and improvement of POP modeling capabilities and laboratory and 

field research to understand POP properties.  Important research needs to improve POPs models 

include improving modeling of gas/particle partitioning in the atmosphere and of air/surface 

exchange in general.  Uncertainties in assessment of individual POPs are often driven by 

uncertainties in physico-chemical properties and degradation rates in air, water and soil which 

could be reduced using targeted laboratory and field studies. Models can be evaluated and 

iteratively improved by identifying locations where observations would most effectively 

constrain model uncertainties and targeting field monitoring at those locations. Capabilities to 

model source-to-human body burden relationships for POPs would benefit from better resolving 

food sourcing patterns especially in poorly understood/high exposure areas.   

 

Climate-related effects can impact the emissions and cycling of POPs in the environment, and 

have the potential to obscure or modulate trends of POPs that are observed in air and other 
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media.  The European research project ArcRisk concluded that the influence of climate change 

on levels and trends of POPs in the global environment on the time-scale of decades is likely 

much smaller than the influence of policies that would reduce emissions.  However, shorter-term 

effects of climate change and climate variability that vary by region and subregion and by 

chemical should be taken into consideration when interpreting measurements of POPs in 

environmental media. Climate change influences foodweb structure and POP trends in biota, 

which will subsequently affect exposure to wildlife and humans. Climate variability and climate 

change effects on the environment and ecosystems structure and function more likely affect POP 

food web accumulation and toxicity to a larger degree than how climate change effects on long 

range transport of POPs. It is therefore important understand how climate change induced 

changes in the ecosystems affect the time trends of POPs in other media including biota, e.g. 

through changes in diet, in order to separate ecosystem changes effects of POP time trends from 

changes in POP time trends due to global regulation and bans of the POPs through the 

Stockholm Convention. However, there are still many uncertainties surrounding this complex 

topic which require additional research.  

 

Sample Archiving / Sample Banks: Sample archiving is an important practice for all media and 

provides an opportunity to develop comparable data for spatial and temporal trends analysis.  

Sample banks are also useful for conducting retrospective analysis for screening studies and for 

assessing new POPs as these priorities are identified and/or as analytical methods become 

available.  Long term monitoring programmes should invest resources to ensure the integrity and 

sustainability of sample banks. 

 

Data archiving and accessibility: Databases and effective data flow between providers, 

institutional users and the public play an important role in identifying, documenting and making 

accessible reliable and comparable data sets on POPs. Scientists should be encouraged to share 

information on databases in a timely manner and should be given credit for datasets that have not 

yet been published through the peer review process. These data are needed for assessing 

environmental levels and trends of POPs and for developing and validating transport models.  

Effort should be invested to make databases easily accessible (e.g. open access and data 

downloadable) and integrate databases where appropriate and possible.  Further development of 

simple visualization tools such as those implemented under the GMP database would be useful. 

 

Challenges with new POPs:  The growing number of listed POPs and candidate substances 

presents a resource pressure for existing monitoring programmes. Furthermore, some new POPs 

require modified sampling methods and/or new and sometimes complex analytical methods.  

Some new POPs do not behave in the conventional manner and may involve precursor chemicals 

(e.g. PFOS) or may generate stable degradation products which may also exhibit POP-like 

properties.   

  

Research studies are needed as existing models are often not adequate for assessing new 

compounds (e.g. polar/ionizable POPs) that behave differently in the environment.  For instance, 

studies of partitioning to particles and particle-associated transport and fate are needed for high 
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molecular weight POPs and polar/ionizable chemicals that exist in air primarily on the particle-

phase. It was previously thought that chemicals that tend to attach to particles would deposit 

faster and are not subjected to atmospheric long-range transport. However, more recent studies 

have shown that such chemicals can be transported very far from sources because they tend to 

attach to very fine particles that do not deposit quickly. The chemicals may be protected from 

photodegradation and transformation during particle transport.  It is thus important to better 

understand this transport process. 

 

Emissions of POPs have shifted from mainly industrial / combustion / agricultural sources to a 

wide range of indoor sources associated with commercial products, where human exposure can 

be a significant concern.  Emissions from the waste sector (e.g. waste water treatment plants and 

landfills) to water, air, and soil (e.g. through sludge application) is also relevant for the newer 

POPs, as a result of their commercial uses and waste disposal fate pathways.  Monitoring 

strategies include assessment of these sources and attempts to link emissions of these chemicals 

to human and environmental burdens. Monitoring programmes need to be flexible and adaptable 

to deal with the challenges presented by new POPs.  

 

Efficiencies for Monitoring Programmes: In order to deal with added analysis pressures of new 

POPs, monitoring programmes may need to adjust their protocols and resources to better align 

with new priorities.  Possible strategies include reduced sampling frequency for legacy POPs for 

which long-term data series exhibiting declining trends already exist.  Reducing or focusing 

analyte lists is also an option for complex technical mixtures (e.g. PCBs, Toxaphene and 

PBDEs). In some cases analytical methods can be improved or combined so that numerous target 

analytes can be determined in the same run. 

 

Partnerships among labs and programmes at the regional and even international scale could be 

explored as an option for dealing with analytical challenges for some classes of new and 

candidate POPs. It is not feasible for every lab to be an expert for every class of POPs.  

Improved integration between monitoring programmes and modelers may help to identify gaps 

in information and optimize future study designs and ongoing monitoring efforts.   

Lastly, passive air samplers should continue to be implemented for air as a cost-effective 

approach for improving spatial resolution and for carrying out screening and source 

identification studies on new and candidate POPs.   

 

Chemical Mixtures:  With advances in non-target analysis, toxicogenomics, and greater 

capabilities and awareness of POP transformation products and unknown POP-like chemicals in 

core media, it is becoming possible to measure real-world exposures to chemical mixtures and 

predicted impacts to human health and the environment. Expert advice should be sought on how 

a chemicals mixtures approach can complement the current chemical-by-chemical reporting in 

core media under the GMP, in order to better serve the goals of the Convention. 
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Comparability of data:  Each of the existing programmes that contributed information for the 

WEOG review has their own procedures for maintaining intra-programme comparability of 

information. However, in general, different programmes do not use the same analytical 

laboratories. Although there are procedures to evaluate variance between laboratories (such as 

blind inter-laboratory comparisons), the use of different analytical laboratories remains a 

potential major source of variance between programmes. Due to the large number of existing 

programmes used as information sources for the WEOG report, it was concluded that it would be 

unrealistic to expect comparability between programmes now and in the future. Therefore it is 

recommended that future efforts are focused to promote internal comparability within 

programmes over time.  While this conclusion generally means that there will be very limited 

direct comparability between regions, significant exceptions are evident, such as the WHO 

coordinated human milk programme and the GAPS Network which use a single laboratory. The 

extensive use of such measures as utilization of common analytical laboratories and data centers 

has demonstrated the possibility of achieving adequate comparability between well established 

programmes in the WEOG region. An example is the collaborative practices of AMAP, EMEP, 

OSPAR, and HELCOM. 

 

Mediterranean rim:  The review found a significant improvement in the information on the 

Mediterranean rim since 2009.  It is recommended that steps be explored for enhancing long 

term cooperation in POPs monitoring in the Mediterranean region to improve the information 

base for future effectiveness evaluations of the Convention. 

 

Longevity of monitoring arrangements: Finally, this review has relied on information provided 

by a relatively small number of existing national and international monitoring programmes. The 

ability to compare POPs levels over time within these programmes makes their long term 

viability of utmost importance for future trend analysis to evaluate the effectiveness of the 

Convention. It is also important that such programmes do not alter their procedures in ways that 

compromise the data comparability that is necessary for the examination of temporal trends.  The 

existing programmes should be commended for their outstanding work.   
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8 ANNEX 

The following annexes to the WEOG report contain supplementary information and data. These 

annexes are available as separate documents.  
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