
GLOBAL MIGRATION OF 
ENVIRONMENTAL 
CONTAMINANTS AND 
HUMAN DISEASE 
David O. Carpenter, MD 
Institute for Health and the Environment 
University at Albany 



The Grasshopper Effect 
• Many chemicals migrate from temperate to polar regions.  

This is called the grasshopper effect. 
• These chemicals may be carried by ocean current or air. 
• A major route of migration from metals and water-soluble 

chemicals is ocean currents. 
• Mercury can volatilize and be transported for long 

distances.  Mercury and other metals can also be bound 
to particulates which are carried in air to remote regions. 

• For volatile and semi-volatile organic compounds the 
major route in air currents. 

• In the cold polar regions these volatile compounds 
precipitate and can then bioaccumulate in food. 



The Grasshopper Effect 
http://www.eoearth.org/view/article/153019 



Figure 8.22 



Figure 2 



Figure 24 
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• Elemental mercury (Hg0) is not very 
toxic, but has some neurotoxicity. 

• Inorganic Hg (Hg2+) is Mercury Species 
toxic: iHg. 

• Microorganisms convert Hg2+ into 
organomercury species that are highly 
toxic: e.g. methylmercury (CH3Hg+-), 
dimethylmercury (CH3)2Hg-). 

Mercury Species 



8 

 Hg2+ binds strongly to sulphydryl (-SH) 
groups of proteins causing a loss of 
biological activity.  Since iHg accumulates 
in the kidney, it is particularly 
nephrotoxic. 
 

 Organomercury species such as 
methylmercury (MeHg), CH3Hg+, and 
dimethylmercury (MeHg), (CH3)2Hg are 
highly lipophilic and bind proteins in lipid-
rich tissues such as neurons.  MeHg is 
neurotoxic. 

Mercury Toxicity 



How does MeHg get into fish? 



Figure 2 Charts 



Table 2 



Structures of Some POPs 

Chlordane 

TCDD 
Hexachlorobenzene 

PFOS 



Polychlorinated Biphenols (PCBs) 
• PCBs were widely used in the US between 1929-1977 as 

hydraulic fluids, electrical insulators in capacitors and 
transformers, in paint, caulking and many other uses. 

• PCBs are lipophilic and persistent, with the half-life in the 
human body being about 10 years.  They persist even 
longer in the environment and bioaccumulate in the food 
supply. 

• PCBs are semi-volatile compounds.  The polar regions of 
the world are highly contaminated due to atmospheric 
transport to the cold regions, where they come out of the 
vapor phase and bioaccumulate in animal fat. 



Air Transport of PCBs 
• The polar regions of the earth have high 
concentrations of PCBs even though there are 
few local sources.  This is because of air currents 
that transport to cold regions, where the PCBs 
come out of the vapor phase and get into fish and 
animals. 

• Recent studies show PCBs in the air near 
contaminated sites, and resultant exposure to 
local residents. 

• PCBs in indoor environments are even more 
serious routes of exposure by breathing the air. 



Table 1. Physical characteristics of PCBs by homologue groups at 25º  



Figure 2. The congener patterns in Aroclor 1260 liquid (top) and the congener pattern seen when 
passing air over the liquid and collecting and analyzing the vapor-phase PCBs 
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Pesticides in Yupiks and NHANES 
Byrne et al., J Toxicol Environ Health A 78: 976: 2015 



Table 2  



PCBs in Ringed Seal Tissues 



Impacts of Climate Change 
•   Climate change is only going to increase exposures in 

the Arctic. 
•   Elevated temperatures will increase the evaporation 

volatile and semi-volatile chemicals from everywhere. 
•   There are many contaminants locked in permafrost, and 

these will be released as the permafrost thaws.   
•   All of these factors will increase exposure of Arctic 

populations.  
•   These are populations that are already excessively 

exposed. 
•   Climate change will have many others adverse effects 

on quality of life in the Arctic. 



Figure 4 Map 



Conclusions 
•   Many dangerous environmental contaminants migrate 

toward polar regions, where they adversely affect the 
health of both humans and wildlife. 

•   Because most traditional cultures in the Arctic must rely 
upon traditional food stuffs, these people are especially 
vulnerable to development of diseases that are 
associated with environmental exposures.   

•   Climate change is only going to make this already bad 
situation worse. 

•   We must take steps to reduce exposures and protect 
people from the diseases that result from them. 


	Global Migration of Environmental Contaminants and Human Disease
	The Grasshopper Effect
	The Grasshopper Effect�http://www.eoearth.org/view/article/153019
	Figure 8.22
	Figure 2
	Figure 24
	Mercury Species
	Mercury Toxicity
	How does MeHg get into fish?
	Figure 2 Charts
	Table 2
	Structures of Some POPs
	Polychlorinated Biphenols (PCBs)
	Air Transport of PCBs
	Table 1
	Figure 2 Aroclor charts
	Figure 2 plot chart
	Pesticides in Yupiks and NHANES�Byrne et al., J Toxicol Environ Health A 78: 976: 2015
	Table 2 
	PCBs in Ringed Seal Tissues
	Impacts of Climate Change
	Figure 4 Map
	Conclusions

