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I. INTRODUCTION 
 
1. The report of the International Cooperative Programme on Assessment and Monitoring of 
Acidification of Rivers and Lakes (ICP Waters) gives an overview of: (a) the relevant 
international agreements on mercury (Hg) pollution; (b) the factors that drive spreading and 
accumulation of Hg in the environment; and (c) current knowledge on the status of long-range 
transported Hg in aquatic ecosystems (e.g. fish, sediments, water) in the United Nations 
Economic Commission for Europe region. It also summarizes recommendations for monitoring 
and measuring levels of Hg from long-range transboundary air pollution in aquatic 
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environments. The results are presented here in accordance with item 3.3 of the 2009 workplan 
for the implementation of the Convention (ECE/EB.AIR/96/Add.2), adopted by the Executive 
Body at its twenty-sixth session in December 2008. 
 
2. Long-range transboundary atmospheric transport of Hg poses an ecological threat due to 
the spreading and accumulation to aquatic ecosystems and biota, as Hg and as its highly toxic 
organic form of methylmercury (MeHg). Elevated Hg concentrations in fish tissue are of global 
concern: they pose a threat to human health, affect wildlife species feeding on fish and adversely 
affect the quality and the economy of fishery as a resource. Today several countries have 
advisories and legislation attributed to Hg with respect to consumption and sales. These issued 
advisories depend on several factors, e.g. fish species, body size (age), capture site and target 
group (pregnant, nursing mothers, and young children). 
 

II. MAJOR FINDINGS 
 

A. Several international agreements concern mercury in the environment 
 
3. The Convention’s 1998 Aarhus Protocol on Heavy Metals was signed in 1998 and 
entered into force in December 2003. The Protocol targets three harmful metals: cadmium (Cd), 
lead (Pb) and Hg. It aims to reduce emissions of these metals to levels below the emissions in 
1990 (or an alternative year between 1985 and 1995). Other important international conventions 
with relevance to the use and emissions of Hg are those explicitly addressing marine 
environments (e.g. the OSPAR Convention for the Protection of the Marine Environment of the 
North-East Atlantic; and the Helsinki Convention on the Protection of the Marine Environment 
of the Baltic Sea Area (HELCOM)) and arctic environments (e.g. the Arctic Council Action Plan 
to Eliminate Pollution of the Arctic (ACAP)).  
 

B. Catchment processes are important factors for transport of mercury to aquatic 
ecosystems 

 
4. Hg is distributed via atmospheric processes and is deposited as dry and wet deposition to 
terrestrial and aquatic ecosystems. Aquatic ecosystems in remote areas receive Hg deposition 
directly from the atmosphere, but transportation from terrestrial watersheds is generally believed 
to be the most significant source of Hg. It is estimated that 5–25 per cent of atmospherically 
deposited Hg in watersheds is transported to lakes depending on the catchment to lake-area ratio. 
This implies that catchment processes play an important role for the distribution and 
accumulation of Hg in the organisms, sediments and water of remote aquatic ecosystems. 
Mobilization and transport of Hg in catchment soils to lakes and rivers is controlled by 
catchment characteristics and processes. The latter ones are in turn affected by climate, by direct 
human perturbation (e.g. forest management and road construction), and by other more or less 
natural events (e.g. forest fires). The amount and type of natural organic matter is a key factor in 
these processes.  
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C. Lake sediments are important sources of methylmercury 

 
5. One of the most importance pathways in the Hg cycle is the transformation of ionic Hg 
into MeHg, the highly toxic Hg species, which accumulates effectively in organisms. Hg can be 
converted to MeHg in a process called methylation, which believed to be mediated by sulphate-
reducing bacteria. This process takes places in anoxic environments, such as lake sediments, 
from which it can be released into the water. The highest levels of Hg in fish in Fennoscandia 
have generally been found in lakes, where the concentrations of Hg in lake sediments are high.  
 

D. Progress is made in chemical analysis of mercury species but challenges remain 
 
6. In recent decades, substantial progress has been made in analytical procedures for 
measuring of Hg and its highly poisonous organic form MeHg in various matrices, with 
significant implications for our understanding of Hg in aquatic environments. Measurements of 
Hg in aqueous and solid samples and biota require special attention to secure reliable analytical 
results, as concentrations are very low and can be close to the detection limit. Measurement of 
different Hg species is essential because of differences in toxicity and mobility. Currently, there 
is no commonly accepted method for detection of Hg and MeHg in environmental samples. 
However, a method developed by the United States Environmental Pollution Agency is widely 
used for aquatic samples. The limit of detection for this method is 0.5 ng L–1.  
 

E. Concentrations of mercury species in surface waters are low 
 
7. Few data exist on aqueous concentrations of Hg and MeHg in surface waters at remote 
areas, because of low concentrations and high demands on analytical methods. Most data are on 
total Hg, while MeHg would be more important for evaluation of the environmental risk of Hg.  
 
8. In lakes and watersheds, which are not directly influenced by anthropogenic sources, 
total Hg concentrations are often in the range of 0.3–8 ng L–1. In pristine lakes, which are high in 
natural organic matter, concentrations can be considerably higher, in the range of 20–40 ng L–1. 
MeHg comprises usually about 0.1–30 per cent of total Hg in surface waters.  
 

F. No time-trends are documented for mercury in water 
 
9. Long-term studies of Hg concentrations in surface waters are few. They usually consist 
of only total Hg instead of the ecologically more interesting MeHg. Existing long-term data on 
MeHg may suffer from analytical obstacles, which were related to high detection limits 
compared to current methods. The longest time series of Hg in water found in remote lakes (i.e. 
for the period 1988–2001 in Sweden) does not show any trends in the Hg concentrations or 
fluxes. 
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G. Lake sediments are archives of mercury deposition 
 
10. Hg deposited from the atmosphere to the lake surface and in the runoff water from the 
catchment is scavenged by particles and deposited to the sediments, where it is retained and 
isolated from the biogeochemical cycle. This allows the use of deep lake sediments as a proxy 
for spatial and temporal trends in Hg emissions and deposition. No extended network of 
monitoring stations for Hg deposition is available. Therefore, lake sediments are frequently used 
as archives for Hg deposition. 
 

H. Lake sediments in remote and pristine headwater lakes are enriched by the long-
range atmospheric transport of mercury 

 
11. The enrichment of Hg from the bottom to the top in sediments cores, sampled from lakes 
in remote and pristine areas in the Northern Hemisphere, is extensively documented. In general, 
the cores reveal an increase in Hg from past to present. There is a particular increase after the 
onset of the industrial revolution, with a peak in the late twentieth century. Hg contents in lake 
sediments have gradually declined during the last 10–15 years, probably due to reduced 
emissions.  
 

I. Mercury accumulation in the aquatic food chain 
 
12. MeHg accumulates to high levels in organisms at the top of the food web. It can cause 
neurological damage to organs. It binds strongly to proteins and peptides and is not easily 
degraded once it is bound to biological tissue. Fish are key species with regard to MeHg 
contamination, because the consumption of fish is the main exposure way for humans and 
wildlife. About 95 per cent or more of Hg in fish is in the form of MeHg, and is obtained almost 
entirely from dietary uptake. At lower trophic levels, such as invertebrates, this fraction is 
usually between 10 per cent and 90 per cent of the total. MeHg can accumulate in the aquatic 
food chain in concentrations, which are from 100,000 to 10,000,000 times higher than those 
found in surface waters. Factors controlling bioaccumulation of Hg in fish are complex and not 
very well understood.  
 
J. Concentrations of mercury in fish in Scandinavia and North America are frequently 

above the limit recommended for human consumption 
 
13. Levels of Hg in fish vary with fish species, size and age of fish, as well as with 
differences in food web structure, dietary strategy, and in Hg exposure, which is controlled by 
poorly understood catchment processes. Surveys of Hg in fish from different regions do not 
follow a standardized procedure. In particular, collection of additional data, which would be 
useful for interpreting the results with respect to diet, trophic level and other controlling factors, 
is not included everywhere. Thus, comparison of absolute levels of Hg in fish from data obtained 
in different surveys and regions is difficult. Hg contents in fish are frequently above the limit 
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recommended for human consumption in many lakes in Scandinavia and North America. There 
are few long-term records of Hg in fish.  
 

K. Methods for monitoring mercury from long-range transboundary air pollution in 
aquatic ecosystems 

 
14. The main aim of ICP Waters is to assess, on a regional basis, the degree and geographical 
extent of the impact of atmospheric pollution on surface waters. A monitoring programme for Hg 
in aquatic (freshwater) environments should be designed with the aim of assessing the effects of 
Hg origination from long-range atmospheric transport. Thus it should avoid sites affected by 
local sources or other disturbances in the catchments, which could alter Hg fluxes to rivers and 
lakes.  
 
15. Results from the monitoring programme should provide documentation and information 
to policymakers and stakeholders, who can consider the societal effects of reducing Hg 
emissions.  
 
16. ICP Waters strongly recommends including water, sediments and fish as receptors for 
monitoring Hg in the aquatic environment. Each receptor has its advantages and drawbacks with 
respect to sampling procedures, and each offers insights into the short- or longer-term processes 
controlling spreading and accumulation of Hg in the aquatic environment in general. The aims 
and ambitions of the monitoring programme, costs and analytical challenges should all be 
considered when choosing one or more receptors for monitoring.  
 
17. In order to secure accurate and precise results, analysis of Hg species should only be 
performed by dedicated laboratories that participate in interlaboratory calibrations where 
certified reference material is frequently analysed.  
 

----- 
 


