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ABSTRACT 
 
Background: Chronic fatigue syndrome or myalgic encephalomyelitis (CFS/ME) is 
characterised by persistent or recurrent incapacitating fatigue which can have a 
considerable impact on the function of the patients. A number of chemical 
substances have been reported to be associated with fatigue. However, it remains 
uncertain whether exposure to chemicals at levels usually considered safe is related 
to chronic fatigue. This paper provides an overview of the existing evidence of 
association between chemical exposures, particularly in low levels, and CFS/ME. 
 
Methods: The Pubmed and the Scopus databases were searched using 
combinations of relevant terms, including ‘chronic fatigue’, ‘chronic fatigue 
syndrome’, ‘chemicals’, ‘toxicants’ and the names of specific ‘toxicants’ and classes 
of toxicants. Standard toxicology textbooks were also reviewed. 
 
Results: The existing studies were in small number and had many limitations. Most 
studies were descriptive and only a handful of analytic studies were located, which 
seldom compared cases of CFS/ME with healthy controls. None of them was 
prospective and they were commonly prone to selection and information biases. The 
results are presented under the subheadings: organophosphates and other 
pesticides/insecticides; carbon monoxide (CO); heavy metals; solvents, ciguatera 
and other chemicals; and multiple exposures, including in Gulf War troops. 
 
Conclusions: The existing evidence remains inconclusive as to the association 
between exposure to chemicals and chronic fatigue syndrome, and there is therefore 
a need for further well designed epidemiological studies. 
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Introduction and search methods 
 
    Fatigue is a subjective and common symptom in daily life and may be a prominent 
long-term feature of a number of medical and psychiatric conditions. Chronic fatigue 
syndrome or myalgic encephalomyelitis or encephalopathy (CFS/ME) is 
characterised by persistent or recurrent incapacitating fatigue, which is not lifelong 
and lasts for at least 6 months, leading to substantial reduction in previous levels of 
occupational, educational, social and personal activities (1). Fatigue has a central 
origin, as opposed to peripheral muscle fatigue, is typically sustained following 
physical or mental exertion and is accompanied by a number of symptoms such as 
muscle pain, headaches and cognitive dysfunction. The diagnosis of CFS/ME 
presupposes the exclusion of known medical causes of chronic fatigue (1). 
 
     The public health impact of CFS/ME has probably been largely underestimated, 
each person with CFS/ME costing on average around £15,000 per year to the UK 
economy (2). The prevalence is estimated at around 2-4/1000 population (3). It 
affects both males and females, of all age groups from 5 years olds, and from a wide 
range of ethnic and socio-economic backgrounds, although most of it presents in 
young women.  It often results in moderate to severe disability (4) and poor quality of 
life (5). 
 
    Population exposure to a number of environmental and man-made substances 
with the potential to affect bodily functions is increasing, as is the report of a wide 
range of ‘unexplained’ illnesses. Media and public interest on CFS/ME and chemical 
exposures have been high and helped to fuel controversies on the nature and 
aetiology of the condition. These justify the appropriateness of investigating whether 
chemicals can cause diseases such as CFS/ME, to ascertain the existing scientific 
evidence of such possible association and to guide the need for future studies 
addressing this topic. 
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    A number of chemical substances have been reported to be associated with 
fatigue, particularly following high levels of exposures (6), as evidenced mainly from 
studies in occupational health or following high levels of environmental exposures, 
and animal studies. However, exposures to toxicants are often difficult to establish 
and not recognized, particularly beyond the acute phase of intoxication. Therefore it 
is possible that at least some patients diagnosed with CFS/ME actually have the 
effects of unrecognised chemical toxicity. Nevertheless, whether exposure to 
chemical substances at levels usually considered safe (particularly if prolonged) can 
cause chronic fatigue is uncertain. 
 
    This paper examines the plausibility and the existing evidence of association 
between chemical exposures (particularly in low levels) and disease that presents 
clinically as CFS/ME. It ends with the public health and research implications of the 
current state of knowledge about the subject. The literature was reviewed from 
standard textbooks in toxicology and chronic fatigue syndrome; all editions of the 
Journal of chronic fatigue syndrome; and using ‘Pubmed’ and ‘Scopus’ databases. 
The following key terms were entered: ‘chronic fatigue’, ‘chronic fatigue syndrome’ 
AND ‘toxicants’ ‘chemicals’ and the names of specific ‘toxicants’ or classes of 
toxicants. The search also included references cited by the articles examined.  
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RESULTS 
 
The plausibility of the association between chemical exposures and CFS/ME 
 
  
 
    It is important to distinguish the effects of ‘toxic’ from that of lower levels of 
chemicals. Situations in the former category have been well described and there is 
no doubt some chemicals can cause fatigue, sometimes prolonged, amidst a 
number of other symptoms characterizing the effects of unsafe exposure to 
toxicants. The existing literature on the various chemicals confirms the plausibility of 
such associations provided a ‘source-pathway-receptor’ ‘cycle’ can be established 
for sufficient amounts of chemicals (7).   
 
    The effects of lower doses of chemicals have been much less studied and it is 
much harder to attribute health outcomes to exposures to lower and continuous 
levels. If these take place, then it is also possible that the mechanisms leading to 
health effects would be different from those that occur after higher levels of 
exposure, and they may be under a higher influence from individuals’ susceptibilities 
than by the agents’ primary toxicity. 
 
    A range of chemicals are capable of causing ill-health. The mechanisms involved 
vary according to the specific toxicant, dose, exposure route, absorption, distribution 
and individual susceptibility factors. Those substances may directly or indirectly 
affect cellular function, e.g. through mechanisms such as oxidative stress, lipid 
peroxidation, ischemia, enzyme inhibition, changes in membrane structure and 
permeability, depletion of ATP and other factors (7). Many of these biological 
processes have been shown in CFS/ME, although not consistently (8). 
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The evidence of association between exposure to chemicals and CFS/ME 
 
Organophosphates and other pesticides/insecticides 
 
    Organophosphates (OP) are known neurotoxicants with well described long-term 
neurological effects (9). Pyrethroids, organochlorines, and carbamate pesticides are 
also toxic to the nervous system (7). 
 
    In 1996, Behan described farmers exposed to organophosphate insecticides with 
behavioural and neuro-endocrine abnormalities identical to patients with typical 
CFS/ME (10). Thamaz et al. (11) observed a direct relationship between chronic 
fatigue (CF) scores and levels of exposure to organophosphate pesticides. Kennedy 
et al. (12) also described patients meeting the diagnostic criteria for CFS/ME 
following exposure to OP. However, these patients presented lower levels of chronic 
fatigue, muscle and joint pain and psychiatric morbidity compared to Gulf War (GW) 
veterans exposed to OP insecticide sprays in the same study. Fernández-Solà et al. 
(13) described 26 patients meeting the CDC- CFS/ME criteria following work 
exposure to insecticide products. These patients corresponded to 67% of those 
attending a toxicology clinic following reported exposure to insecticide products. 
Exposures were to OP (n=9), pyrethroids (Pi) (n=8) and OP + Pi (n=9), and occurred 
through fumigation (n=23) or accidental inhalation or skin contact (n=3). Crucially, 
acute intoxication symptoms were not present, indicating the potential for chronic 
effects following exposure to low doses. These patients presented acute upper 
inflammatory symptoms following exposure by fumigation, but no muscarinic or 
nicotinic manisfestations, with later development of CFS/ME. This suggests the 
mechanism involved in CFS/ME symptom development is independent from 
acetylcholinesterase inhibition, but rather may involve choloinergic action on more 
sensitive brain proteins(14). 
 
    Richardson (15) described 4 cases of CFS/ME following pesticide poisoning, who 
in this study presented with acute symptoms. A case control study in the US (16) 
found exposures to herbicides, pesticides, or insecticides more commonly in 
CFS/ME cases (of gradual onset) (n=17) than in controls. Another case-control study 
by Dunstan et al. (17) reported higher levels of serum DDT in CFS/ME patients than 
in controls without CFS/ME. 
 
    Carbon monoxide (CO) poisoning is a recognized cause of fatigue and other 
symptoms often found in CFS/ME, such as headache, dizziness, nausea and flu-like 
symptoms (18, 19), which may occur following chronic, often undetected exposures 
(20). Report and severity of cognitive symptoms have been directly related to levels 
of CO found in home environments (21). 
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Heavy metals 
 
Mercury and lead are well known neurotoxicants, which have been linked to 
CFS/ME. 
 
    Mercury: Mercury toxicity has been described in occupational groups such as 
dentists (22) and also in coastal and riverine populations in areas of high levels of 
fish contamination (23). An association of amalgam filling and mercury has been 
claimed, and severe fatigue identified in 32% of patients with chronic mercury toxicity 
in one study (24). However, the burden of evidence indicates a lack of association 
between amalgam fillings and CFS/ME (25). 
 
    Lead: Lead is another neurotoxicant which has been claimed to be associated 
with CFS/ME (26). Their effects on cognitive function, particularly in children have 
been widely reported and continue to cause public health concerns. 
 
    Nickel: A relationship between heavy metals and CFS/ME is supported by the 
finding of nickel allergy assessed by patch testing in 36% of patients with CFS/ME, 
particularly in women (n=50), which was significantly higher than in controls (19%, 
n=73) (27). Furthermore, a history of contact dermatitis has been obtained from 52% 
of 204 women with chronic fatigue and no signs of immune disorders (28). 
 
Solvents, ciguatera and other chemicals 
 
    Racciatti et al. (29) found more severe immune abnormalities (significantly lower 
CD4/CD8 ratios and reduced NK CD56+ cell counts) in 5 cases of CFS/ME following 
work related exposure to solvents and other chemicals (n=3) or ciguatera poisoning 
(n=2), compared with 5 cases of CFS/ME without history of exposure to toxins. 
However, association between solvents and CFS/ME has not been confirmed in a 
small case control study in the metropolitan area of Atlanta (US) (16). Ciguatera 
poisoning had been previously described to be associated with a chronic condition 
which is indistinguishable from CFS/ME (30). 
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 Multiple exposures, including in Gulf War troops 
 
    Many of the studies investigating the association between CFS/ME and chemicals 
assessed multiple exposures and were not able to depict the effect of individual 
substances. For example, psychiatric patients with CFS/ME (n=33) from a private 
clinic were rated as having significantly higher levels of exposure to toxic substances 
than controls without CFS/ME matched by age, gender and psychiatric diagnosis 
(n=79) (31). Interestingly there were 8 (17%) fine art painters in the CFS/ME group 
and 4 (5%) in the control groups, suggesting a potential role for specific exposures. 
 
    In another study, 46 patients (cases) with neurological symptoms and a history of 
long term exposure to biocides, organic solvents and/or heavy metals were 
compared with 50 patients with neurological diseases but without such exposures 
(controls) (32). The neurological symptoms, including fatigue, difficulty concentration 
and pain were more severe in patients with history of exposure than in those without 
exposure history (n=96) (32). 
 
    Troops deployed to the Gulf War represent a sizable group of individuals with 
multiple exposures to environmental factors, including a number of toxicants. During 
the Gulf War, troops have been exposed to complex chemical mixtures, including 
organophosphate pesticides, anti-nerve agents, carbamates and possibly nerve and 
blister agents (33). This group of previously healthy young adults have experienced 
an excess of ill health (34). Chronic fatigue syndrome, as defined by CDC-criteria 
was identified in nearly 16% members of the Veteran Affairs’ Gulf War Registry (35). 
Ozakinci et al. (36) reported that a large number of US troops deployed to the 
Persian Gulf continued to suffer from ill-health years after deployment, including 
various symptoms that are found in CFS/ME. However, the aetiology of their illness 
has been controversial and no evidence for a single toxic agent causing their 
symptoms has been found. Their exposures to intense physical and particularly 
emotional stress has been claimed to explain at least part of their symptoms 
(34).This illustrates the difficulties in determining causality in situations of multiple 
exposures, where mild traumatic brain injury and emotional stress may act as strong 
confounders or effect modifiers. 
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DISCUSSION 
 
    The recent UK NICE guidance established diagnosis and management guidelines 
for CFS/ME, but acknowledges the scarcity of evidence, particularly in relation to its 
causes and treatment (3). 
The existing literature links ill health to a number of toxicants, and a small number of 
reports have claimed symptoms that are indistinguishable from CFS/ME following 
exposure to chemical substances. However, the existing studies are in small number 
and have many limitations. Most are descriptive and only a handful of analytic 
studies were located, which seldom compared cases of CFS/ME with healthy 
controls. None of them was prospective and they were commonly prone to selection 
and information biases.   
 
    The studies reviewed relied by and large on patients’ reports of exposure, 
sometimes occurring years before the study, rather than on objective 
measurements. This may have led to bias, as recall may be influenced by the 
diagnosis given or perception of association between ill health and exposure. In 
addition subjects have often been exposed to multiple agents, making it difficult to 
isolate the effects of single substances. Control of confounding was usually not 
possible. Most studies were not population based, had small sample sizes or 
achieved very small response rates. In addition, the diagnostic criteria have varied 
across studies, making generalisability and comparability between studies difficult. 
 
    The present evidence provides only weak suggestions of association and is 
insufficient to confirm a causal role for low doses of chemicals on CFS/ME. 
Environmental exposures are often difficult to measure, and further research on the 
ascertainment of these exposures is essential. For many of the chemicals, exposure 
measurements are appropriate in the acute phase, but chemicals such as OP and 
solvents are usually rapidly metabolised and do not appear in the blood after the 
immediate exposure phase. Studies of CFS/ME have also been made difficult due to 
the absence of an objective measurement of fatigue and of a biological marker that 
would avoid diagnosis misclassification. These inherent difficulties in studying 
environmental factors and epidemiology have often been aggravated by weak study 
designs and methodology.   
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     The current level of evidence does not suggest the need for any specific 
environmental public health action. However, safe limits of environmental exposures 
to general population and specific groups, e.g. occupational groups, should continue 
to be reviewed regularly. It is important to recognize vulnerable individuals and 
groups within the populations, who may be at higher risk from the effects of 
environmental toxicants; these may include for example, children, women, people in 
certain occupations and those with genotypes that increase their susceptibilities to 
environmental exposures. 
 
    Observation of safety procedures in occupational settings is paramount, and, 
similarly to general population levels, limits of occupational exposure need to be 
reviewed on a continuous basis. Safety regulations need to be strictly followed. This 
means ensuring good work layouts and ventilation, use of protective equipments as 
appropriate and use of other mechanisms to limit exposure, added to the early 
recognition and management of any symptoms or abnormalities. Of note is that 
cases of CFS/ME have been reported in situations when occupational standards 
have not been followed (13). The importance of minimizing and managing stress at 
work and indeed at population level cannot be underestimated. Life styles and 
societal structures (including work structures) that are compatible with optimum 
population physical and emotional well being should be encouraged, aiming to 
reduce potential causes of stress. 
 
    There is a need for well designed epidemiological studies investigating the 
association of environmental chemicals and chronic fatigue, including the use of 
reliable exposure and outcome measurements, large sample sizes and good data on 
confounding factors. The weakness of the definitions of CFS/ME have been 
recognised (4) and is now urgent the use of better and more specific disease 
definitions that consider sub-group of patients, so as to avoid future heterogeneity in 
cases recruited to studies. In particular, distinctions between psychiatric and other 
medical causes of chronic fatigue are important and studies should restrict 
recruitment to cases of CFS/ME that have been clinically diagnosed using 
internationally accepted criteria, with the application of strict exclusion criteria that 
will avoid ‘contamination’ of the studies with non-cases. 
 
  



Bulletin of the IACFS/ME. 2009;17(1)        13 
 

  
  
Acknowledgements 
We would like to thank Professor Virginia Murray and Dr David Baker for sharing 
their expertise and for their very useful comments on the earlier drafts of this paper. 
 
Conflicts of interest 
The authors declare no conflict of interest. 
 
REFERENCES 
 
1.    Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, Komaroff A. The 
chronic fatigue syndrome: a comprehensive approach to its definition and study. 
International Chronic Fatigue Syndrome Study Group. Ann Intern Med. 1994 Dec 
15;121(12):953-9. 
2.    McCrone P, Darbishire L, Ridsdale L, Seed P. The economic cost of chronic 
fatigue and chronic fatigue syndrome in UK primary care. Psychol Med. 2003 
Feb;33(2):253-61. 
3.    Baker R, Shaw EJ. Diagnosis and management of chronic fatigue syndrome or 
myalgic encephalomyelitis (or encephalopathy): summary of NICE guidance. Bmj. 
2007 Sep 1;335(7617):446-8. 
4.    MRC CFS/ME Research advisory group. CFS/ME Research strategy. London: 
MRC - Medical Research Council; 2003. 
5.    Anderson JS, Ferrans CE. The quality of life of persons with chronic fatigue 
syndrome. J Nerv Ment Dis. 1997 Jun;185(6):359-67. 
6.    Fay B, Billings C. Index of occupational diseases: a guide to their recognition; 
signs and symptoms of industrial diseases: US Department of Health and Human 
Services; 1980. 
7.    Stine K, Brown T. Principles of toxicology. 2nd ed. Boca Raton, US: CRC Press; 
2006. 
8.    Englebienne P, De Merleir K. Chronic fatigue syndrome, a biological approach. 
London: CRC Press; 2002. 
9.    Dassanayake T, Weerasinghe V, Dangahadeniya U, Kularatne K, Dawson A, 
Karalliedde L, et al. Cognitive processing of visual stimuli in patients with 
organophosphate insecticide poisoning. Neurology. 2007 Jun 5;68(23):2027-30. 
10.    Behan P. Chronic fatigue syndrome as a delayed reaction to chronic low-dose 
organophosphate exposure. Journal of Nutritional and Environmental Medicine. 
1996 December 1996 6(4):341-50. 
11.    Thamaz N, Soutar A, Cherrie J. Chronic Fatigue and Organophosphate 
Pesticides in Sheep Farming: A Retrospective Study Amongst People Reporting to a 
UK Pharmacovigilance Scheme Ann Occup Hyg. 2003;47:261-7. 



Bulletin of the IACFS/ME. 2009;17(1)        14 
 

 
  
 
  
 
  
 
12.    Kennedy G, Abbot NC, Spence V, Underwood C, Belch JJ. The specificity of 
the CDC-1994 criteria for chronic fatigue syndrome: comparison of health status in 
three groups of patients who fulfill the criteria. Ann Epidemiol. 2004 Feb;14(2):95-
100. 
13.    Fernandez-Sola J, Lluis Padierna M, Nogue Xarau S, Munne Mas P. [Chronic 
fatigue syndrome and multiple chemical hypersensitivity after insecticide exposure]. 
Med Clin (Barc). 2005 Apr 2;124(12):451-3. 
14.    Ray DE, Richards PG. The potential for toxic effects of chronic, low-dose 
exposure to organophosphates. Toxicol Lett. 2001 Mar 31;120(1-3):343-51. 
15.    Richardson J. Four cases of pesticide poisoning, presenting as “ME,” treated 
with choline and ascorbic acid mixture. Journal of chronic fatigue syndrome. 
2000;6(2):11-21. 
16.    Reyes M, Dobbins J, Mawle A, Steele L, Gary Jr H, Malani H, et al. Risk 
factors for chronic fatigue syndrome: a case-control study. Journal of Chronic 
Fatigue Syndrome. 1996;2(4):17-33. 
17.    Dunstan RH, Donohoe M, Taylor W, Roberts TK, Murdoch RN, Watkins JA, et 
al. A preliminary investigation of chlorinated hydrocarbons and chronic fatigue 
syndrome. Med J Aust. 1995 Sep 18;163(6):294-7. 
18.    Kales SN. Carbon monoxide intoxication. Am Fam Physician. 1993 Nov 
1;48(6):1100-4. 
19.    Knobeloch L, Jackson R. Recognition of chronic carbon monoxide poisoning. 
Wmj. 1999 Sep-Oct;98(6):26-9. 
20.    Manuel J. A healthy home environment? Environ Health Perspect. 1999 
Jul;107(7):A352-7. 
21.    Croxford B, Leonardi GS, Kreis I. Self-reported neurological symptoms in 
relation to CO emissions due to problem gas appliance installations in London: a 
cross-sectional survey. Environ Health. 2008;7:34. 
22.    Eid F, Harakeh S. Ban or regulate? Costs of dental occupational safety from 
mercury. J Health Care Finance. 2003 Winter;30(2):65-83. 
23.    Harper BL, Harris SG. A possible approach for setting a mercury risk-based 
action level based on tribal fish ingestion rates. Environ Res. 2008 May;107(1):60-8. 
24.    Wojcik DP, Godfrey ME, Christie D, Haley BE. Mercury toxicity presenting as 
chronic fatigue, memory impairment and depression: diagnosis, treatment, 
susceptibility, and outcomes in a New Zealand general practice setting (1994-2006). 
Neuro Endocrinol Lett. 2006 Aug;27(4):415-23. 



Bulletin of the IACFS/ME. 2009;17(1)        15 
 

 
  
 
  
  
25.    Bates MN. Mercury amalgam dental fillings: an epidemiologic assessment. Int 
J Hyg Environ Health. 2006 Jul;209(4):309-16. 
26.    Mesch U, Lowenthal RM, Coleman D. Lead poisoning masquerading as 
chronic fatigue syndrome. Lancet. 1996 Apr 27;347(9009):1193. 
27.    Marcusson JA, Lindh G, Evengard B. Chronic fatigue syndrome and nickel 
allergy. Contact Dermatitis. 1999 May;40(5):269-72. 
28.    Regland B, Zachrisson O, Stejskal V, Gouttfries C. Nickel allergy is found in a 
majority of women with chronic fatigue syndrome and muscle pain – and may be 
triggered by cigarette smoking and dietary nickel intake. Journal of Chronic Fatigue 
Syndrome. 2001;8(1):57-65. 
29.    Racciatti D, Vecchiet J, Ceccomancini A, Ricci F, Pizzigallo E. Chronic fatigue 
syndrome following a toxic exposure. Sci Total Environ. 2001 Apr 10;270(1-3):27-31. 
30.    Pearn J, 29-34. Chronic ciguatera: one organic cause of the chronic fatigue 
syndrome. Journal of Chronic Fatigue Syndrome. 1996;2(2/3):29-34. 
31.    Endicott NA. Chronic fatigue fyndrome in psychiatric patients: exposure to 
potentially toxic substances  Journal of Chronic Fatigue Syndrome. 2002 1/1/2002  
10(1):37-53. 
32.    Bauer A, Lohmann K, Schwarz E, Alsen-Hinrichs C. Frequency of unspecific 
symptoms in persons with a history of exposure to neurotoxic xenobiotics. Zeitschrift 
fur Umweltmedizin. 2001;9(2):103-9. 
33.    Nicolson G, Berns P, Nasralla M, Haier J, Nicolson N, Nass M. Gulf war 
illnesses: chemical, biological and radiological exposures resulting in chronic 
fatiguing illnesses can be identified and treated. Journal of Chronic Fatigue 
Syndrome. 2003;11(1):135-54. 
34.    Iversen A, Chalder T, Wessely S. Gulf War Illness: lessons from medically 
unexplained symptoms. Clin Psychol Rev. 2007 Oct;27(7):842-54. 
35.    Kipen HM, Hallman W, Kang H, Fiedler N, Natelson BH. Prevalence of chronic 
fatigue and chemical sensitivities in Gulf Registry Veterans. Arch Environ Health. 
1999 Sep-Oct;54(5):313-8. 
36.    Ozakinci G, Hallman WK, Kipen HM. Persistence of symptoms in veterans of 
the First Gulf War: 5-year follow-up. Environ Health Perspect. 2006 
Oct;114(10):1553-7. 
 
  
 
Bulletin of the IACFS/ME. 2009;17(1):3-15. © 2009 IACFS/ME 
 
 


