
Multiple chemical sensitivity (MCS) is a mul-
tiple symptom, multi-system and multi-organ
illness triggered by acute large or chronic low
doses of chemicals. It results in subsequent
responses to very small exposures to often
structurally diverse chemicals. MCS affects
some 5-16% of people in western communi-
ties (some studies report up to 33%) and is a
subject of considerable debate, within legal,
medical, chemical, political and patient
domains. A variety of names have been used
that give rise to confusion with proponents
and advocates taking contradictory positions
accompanied with polemical claims. 

MCS is increasingly recognized by legal
and medical systems. It was first officially
recognised in Germany and described using
the World Health Organisation’s (WHO)
International Classification of Diseases as
ICD-10-SGB-V, November 2000, under the
code T 78.4, ‘allergy, otherwise not speci-
fied’. Reports from Australia and Denmark
have recently been published1,2. The
Australian report includes a literature assess-
ment, evidence from 22 witnesses, and 167
written submissions from Australia and over-
seas. It makes a recommendation for classifi-
cation of MCS under its own modification of
the WHO codes as ICD-10-AM. The Danish
report is more limited drawing largely on a
published review3.

In North America MCS is widely recog-
nized. In the US in 1998 it was listed by 25
federal and 28 state authorities and summaries
of medical and legal/compensation papers and
cases provided. Canada has recognized MCS
in 10 state authorities4. 

In contrast, official sources in the UK
have been resistant to any recognition of
chemical sensitivity. The British Society for
Allergy, Environmental and Nutritional
Medicine, BSAENM (now the British Society
for Ecological Medicine, BSEM) has pub-
lished substantial evidence in recognition of
MCS as an organic illness that can be diag-
nosed and treated effectively5,6. Whilst MCS
does not fit comfortably into current views on
allergy the recent Royal College of
Physicians’ report ‘Allergy: the Unmet Need’7

records a huge increase in allergy in the UK.
Currently one person in three suffers some
form of allergy, a total of 18 million people,
and of this number some three million suffer
from severe allergies. The Royal Commission
on Environmental Pollution, 2003, identified
the need for a proper understanding of the
health effects of novel chemicals widely used
and distributed ubiquitously in the environ-

ment8. The Research Advisory Committee on
Gulf War Illnesses from the US summarised
epidemiological studies that indicate that 28-
32% of veterans from the first Gulf War are
now ill with symptoms of MCS9 (Table 1).

Overlapping syndromes
Recently physical effects from electro-mag-
netic sensitivity have sometimes been includ-
ed with MCS10. Some biological agents, virus-
es and some bacteria11,12,13 can provoke the
same underlying disturbances as chemicals,
including components of vaccines (thiomer-
sal, aluminium salts)14,15 (Table 1). Multiple
sclerosis (MS) and AIDS/HIV sufferers also
share many of the symptoms pointing to a
common disturbance of both the immune and
nervous systems. 

The neuroendocrineimmune (NEI) para-
digm provides a basis for understanding these
overlapping syndromes and the mechanisms
underlying their shared constellation of symp-
toms and organic damage to the body’s major
systems and organs. The network of commu-
nications involving transmitter molecules has

been comprehensively described16. 
Some well-defined clinical conditions

have also been identified in excess among
chemically injured Gulf War veterans and
among sheep dippers. These include osteo-
porosis17,18 and motor neurone disease19,20, and
there is anecdotal evidence of increased inci-
dence of Parkinson’s disease, and MS21,22,23.

Recognition of chemical injury
The recognition of MCS as a complex multi-
system and multi-organ illness requires a
comprehensive clinical approach so numerous
biochemical and clinical tests are part of any
assessment. Useful guides to diagnosis,
assessment and treatment are available24,25,26.
Heuser provides a helpful clinical overview27.
Studies on Gulf War veterans have identified
unequivocal damage to major brain areas, the
basal ganglia, brain stem, hippocampus and
thalamus. The major chemical exposure suf-
fered by these veterans is now recognized to
be low dose exposure to the nerve agent sarin
together with chlorpyrifos (an organophos-
phate) and pyridostigmine bromide28 which
act at the same sites. These studies are of great
significance to those suffering such exposures
in agriculture, homes and aeroplanes.

Challenges in toxicology
Current toxicological understandings of dose,
synergism, timing of exposure, delayed
responses, mechanisms of action, and genet-
ics are all being challenged by contemporary
science.

Dose
It can no longer be assumed lower doses will

Health Pesticides News 72 June 2006

9

Toxic times – exposure
to multiple chemicals
Recognition of multiple chemical sensitivity (MCS) as an illness with
a biological basis is still controversial in the UK. Professor Malcolm
Hooper examines the role of pesticides in the development of MCS
and evidence supporting its recognition.

Symptoms OPs GWS/I MCS FMS CFIDS MS HIV/AIDS

Joint pain + + + around + + +
joint area

Fatigue + + + + + + +
Headache + + + + + + +
Memory problems + + + + + + +
Sleep disturbed + + + + + ?? due +

to medicines
Concentration 

problems + + + + + + +
Skin problems + + + + + burning skin +
Depression + + + + + + +
Muscle pain + + + + + + +
Dizziness + + + + + + +
Irritable bowel + + + + + + +
Peripheral paresthesis/

tingling + + + + + + +
Chemical/environmental 

sensitivity + + + + + reported -
Eye problems + + + + + + +
Anxiety + + + + + + +
Tachy and/or 

chest pain + + + + + + +
Breathing problems + + + reported + + +
Light sensitivity +/- + + reported + + -

Table 1. Symptoms of overlapping syndromes 

OP = Organophosphate poisoning; GWS/I = Gulf War Syndrome/Illness; MCS = Multiple Chemical
Sensitivity; FMS = Fibromyalgia Syndrome; CFIDS = Chronic Fatigue Immune Dysregulation
Syndrome, also called ME/CFS = myalgic encephalomyelitis/chronic fatigue syndrome; MS =
Multiple Sclerosis; HIV/AIDS = Human Immunovirus/Acquired Immune Deficiency Syndrome.



elicit smaller responses. Toxic responses have
now been identified at doses orders of magni-
tude below the extrapolated zero risk from
classical studies. Such responses have been
found with radiation29, oestrogen-like com-
pounds30, and drugs used to treat autism spec-
trum disorders31 (Figure 1).

Synergism
Toxic effects of some chemicals can be multi-
plied by orders of magnitude in the presence
of structurally different compounds, for
example, pyrethroids, organophosphates and
DEET (an insect repellent)32,33,34. It has been
established that malathion and permethrin act
synergistically making their use as a com-
bined treatment for head lice in children par-
ticularly unwise. Many pesticide formulations
contain more than one active ingredient.
Furthermore, compounds used as solvents,
dispersants and wetting agents in pesticide
formulations that are generally regarded as
inert may also be toxic in their own right, trig-
ger MCS, and/or act synergistically, for exam-
ple phenols in organophosphate pesticide35

and in some herbicide36 formulations. It is
unusual for pesticides to be applied alone
therefore mixtures of active compounds and
‘inerts’ must be fully tested. 

Timing
It is becoming clear that the timing of any
exposures can be critical in their potential for
damage. The foetus is especially vulnerable
and can suffer extensive injury with perma-
nent loss, for example, of the eyes37,38.
Children and babies can receive a toxic load
of persistent bioaccumulative and other xeno-
biotics through the food chain and breast
milk39-43. Concern about mental disability in
children has been linked to the widespread
use of large numbers of xenobiotics in con-
temporary society44. The impact on fertility in
young people, particularly men, is also a mat-
ter for concern45. The increased prevalence of
chronic degenerative diseases in the elderly
has also been linked with the rapidly escalat-
ing use of untested novel chemicals46. Some
clinicians are drawing attention to 21st centu-
ry environmental illnesses affecting growing
numbers of people47.

Mechanisms
Novel mechanisms that offer meaningful
explanations of MCS and related disorders are
emerging including intraneuronal transport,
triggering and kindling, involving the limbic
system48, opening of the blood-brain barrier49,
neurogenic inflammation50,51, intracellular
messenger disruption52.

Delayed effects
A very worrying aspect of some toxic expo-
sures is the delayed appearance of symptoms
many years after an initial low dose exposure
with no identifiable immediate effects.
Survivors of sarin exposure in Toyko and
Matsumoto were found to have a chronic
delayed neuropathy some three years after an
initial exposure that provoked no overt symp-
toms. In animals this effect has been widely
studied53. Similar effects have been identified
with organophosphates and would be expect-
ed with other acetylcholinesterase inhibitors.
Compounds should be tested for their capaci-
ty to exert such delayed effects.

Genetics
Studies of changes in gene regulation in
carefully selected myalgic
encephalomyelitis / chronic fatigue syn-
drome (ME-CFS) patients showed signifi-
cant up-regulation of genes associated with
the immune response, mitochondrial func-
tion, and nerve function (including NTE
gene associated with pesticide poisoning)54.
Organophosphates that reduce PON1
(paraoxonase 1) activity modify the expres-
sion of multiple genes55,56,57. Genetic aspects
of xenobiotic metabolism have been corre-
lated with susceptibility to various toxins58,59. 

Psychiatric lobbies 
A major divide exists between those who see
MCS and related syndromes deriving from
biological disruption and dysfunction and
advocates of various psychiatric theories of
what they describe as ‘unexplained’ multi-
symptom syndromes. There are a multiplicity
of terms used to describe these psychiatric
theories: somatisation, functional somatic,
psychosomatic, biopsychosocial syndromes/
disorders. However, the use of the term ‘unex-

plained’ is no longer tenable in the light
of newly identified biological processes.
An example is the use of functional
somatic disorder to describe Gulf War
Syndrome (GWS), MCS and related
overlapping syndromes in 199960. The
chief exponent of this term, Professor
Wessely, in a recent lecture at Gresham
College declined to use this term prefer-
ring to label GWS as depression61. 

Chemicals and pesticides
Not  all chemicals are pesticides but the
distinction between these terms is far
from simple in relation to MCS and
other chemically induced illnesses. All
the above comments apply equally to
pesticides. The organochlorine, DDT, is

still used in some developing countries. It is
one of the major persistent bioaccumulative
chemicals commonly stored in fat and can be
detected in most people. It is also oestrogenic
and one of many endocrine disrupters62.
Recent studies have found xenobiotic contam-
ination on a large scale, with up to 57 differ-
ent chemicals identified in a single person63-68.
We currently have no way of knowing what
this means in terms of immediate and delayed
health effects, synergism, dose limits, and
gene regulation. Dioxins are now recognised
as major human toxins with current exposure
limited to parts per trillion. They can give rise
to a wide range of toxic effects, including can-
cers, that occur long after the initial exposure.
Seveso and the Vietnam war69 gave rise to
populations suffering from the consequences
of exposure to herbicides containing only
trace amounts of dioxin. These effects are
now recognised but only after long and
painful political rather than scientific battles.
Organophosphates cause significant changes
in the immune system70,71 as well as to the ner-
vous system. Studies initiated as a result of
research into GWS show how defence against
atherosclerosis and diabetes72,73 has been com-
promised by exposures to these agents along
with nerve agents liberated during bombing of
Iraqi locations74.

Science, medicine and politics
A disturbing feature of many of these issues is
the suppression of information or the deliber-
ate avoidance of major biological effects by
official government committees asked to look
into them. For example, the Department of
Health advisory body, the Committee on
Toxicity (COT) refused to consider the effects
of organophosphates on the immune system
despite being sent evidence75,76. Official stud-
ies have excluded severely ill sufferers from
sheep dip poisoning and GWS77. These atti-
tudes must be exposed for science to be set
free from political control. Official bodies
have given assurances too readily, misleading
the public and workers about possible harm
from pesticides78. All committees established
to advise government and the public must be
truly independent of all vested interest partic-
ularly from corporate concerns. 

A regrettable feature of the debates about
MCS and other overlapping syndromes is the
political intrusion of policy demands, often
coupled with denigration of some scientists
and patients, in attempts to control funding
and direct biological research away from
these complex illnesses. Currently there is an
independent parliamentary inquiry, headed by
Dr Ian Gibson, which is looking at the
research into ME-CFS. One of the great fears
of those with this illness is that current legis-
lation aimed at getting people back to work
will be used to withhold benefits when the
psychiatric explanation of their illness is
being promoted by government depart-
ments79,80. Similar experiences are reported by
those with MCS, GWS, sheep dippers’ flu and
aerotoxic syndrome81,82,83.

A major aspect of all these considerations
is the almost total lack of information about
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Figure 1. Inverted-U dose-response
curve for cell signalling disruptors

On the right the graph shows the expected linear dose
response: the higher the dose the greater the response.
On the left the graph shows that some chemicals can
also elicit a response at much lower doses.
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the impact of modern chemicals including
pesticides, herbicides, fungicides, other
chemicals and radiation, on communities
within the developing world84. In the name of
science, good government and humanity
things must change now.
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