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A preliminary investigation of chlorinated hydrocarbons
and chronic fatigue syndrome

R Hugh Dunstan, Mark Donohoe, Warren Taylor, Timothy K Roberts, Raymond N Murdoch,
Jennifer A Watkins and Neil R McGregor

hronic fatigue syndrome (CFS) is
a disorder characterised by
chronic fatigue and somatic
symptoms. As there are no objective
diagnostic tests available, the definition
contains many exclusionary criteria.!
One is exposure to toxic chemicals.
Documented case histories of toxic
chemical exposures and multiple chem-
ical sensitivity indicate that these disor-
ders can produce symptoms similar to
those observed in patients with chronic
fatigue syndrome.>* The causes, diag-
nosis and treatment of all of these con-
ditions remain controversial,* and there
are no objective laboratory-based meth-
ods for differentiating between them.
The exclusion criteria for exposure to
toxic chemicals depend on self-reported
information from patients; those who
may have unknowingly been exposed to
toxic agents are not excluded. As sol-
vents and organophosphate pesticides
are rapidly excreted by the body, serum
levels can only be validly estimated
immediately after exposure.? On the
other hand, persistent organochlorine
molecules, such as hexachlorobenzene
(HCB) and dichlorodiphenyltri-
chloroethane (DDT, or its metabolic
product 1,1-dichloro-2,2-bis (p-
chlorophenyl) ethene, DDE), can be
measured in serum or biopsy samples.
DDT and HCB are chlorinated hydro-
carbon pesticides, which are an
extremely stable group of lipophilic
compounds that have been used exten-

Abstract

Objective: To determine whether serum levels of chlorinated
hydrocarbons are elevated in patients with chronic fatigue syndrome.
Methods: Chlorinated hydrocarbon levels were measured in 22 patients
with chronic fatigue syndrome (CFS) (as defined by the Centers for
Disease Control [CDC]); in 17 patients with CFS symptoms whose
history of exposure to toxic chemicals excluded them from the research
definition of CFS; and in 34 non-CFS control subjects matched for age

and sex,

Resulis: DDE (1,1-dichloro-2,2-bis (p-chlorophenyl) ethene) was detected
in alf serum samples at levels over 0.4 ppb. The incidence of
hexachliorobenzene (HCB) conramination (> 2.0 ppb) was 45% in the CFS
group, compared with 21% in the non-CFS control group (P<0.05). The
CFS group had a significantly higher total organochlorine level (15.9ppb;
SEM, 4.4 ) than the control group (6.3 ppb; SEM, 1.1; P<0.05). The toxic
exposure group also had a higher mean organochlorine level (13.6 ppb;
SEM, 6.2) than the control group, but the difference was not statistically
significant. DDE and HCB comprised more than 90% of the total
organochlorines measured in each of the groups.

Conclusion: The results suggest that recalcitrant organochlorines may
have an aetiological role in CFS. There were no significant differences in
serum organochlorine concentrations between CFS patients and chronic
fatigue patients with a history of toxic chemical exposure. Therefore,
exclusion of patients from the CDC research definition of CFS on the
basis of a reported history of known exposure to toxic chemicals is not
valid. The role of low-level organochlorine bicaccumulation in the
development of CFS symptoms requires further investigation.

sively around the world for pest control
since the early 1940s.2 They do not
readily degrade in the environment and
are bioaccumulated through the food
chain. Chiorinated hydrocarbons can be
absorbed into the body via a number of
routes, including ingestion, dermal
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absorption and inhalation.® Being
lipophilic they accumulate in cell mem-
branes, where they can alter membrane
integrity and inhibit functional mem-
brane-bound proteins.5” They alse accu-
mulate in high levels in adipose tissues®®
and can cross the blood-brain barrier
and affect neurological activity.?

We report a study of organochlorine
levels in serum from patients with
chronic fatigue syndrome (as defined by
the 1988 Centers for Disease Control
[CDC] criteria),' patients with chronic
fatigue with a reported history of expo-
sure to toxic chemicals, and healthy con-
trol subjects. We aimed to determine
whether recalcitrant organochlorine
levels were clevared in patients with CFS
compared with healthy controls, and
whether a reported history of roxic
chemical exposure is a valid assessment
of bioaccumulation of pesticides.
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Methods
Subjacts

The patients, whose ages ranged from
10 to 67 years, were examined and
diagnosed by two clinicians from August
1992 10 February 1994. CFS patients
(CFS group) met CDC research criteria
for CFS.! Non-CFS subjects (control
group) were recruited from relatives of
the CFS patients and from unrelated
subjects. Patients who met the CDC cri-
teria except for having known exposure
to toxic chemicals were studied as a
toxic chemical exposure group (toxic
exposure). The age and sex characteris-
tics of the study groups are summarised
in Table 1. There were no significant dif-
ferences (>0.05) in age or sex ratios
between the groups. All subjects gave
their informed consent and the project
was approved by the Human Research
Ethics Committee, The University of
Newcastle.

Serum extraction

18 September 1995

Table 1: Age and sex characteristics

of subjects
Mean age
Group (years, SD) Women
Control (n = 34) 367, 89 56%
Chronic tatigue
syndrome {n = 22} 40.7, 8.8 73%
Toxic exposure {(n=17) 43.6, 161 47%

percentage recoveries could be estimated
for each pesticide analysis (summarised
in Table 2). Serum spiking took place
just before the analysis/fextraction and
the minimum detection limits were
determined as described by Wolff et al.!!

Analyses

Pesticide samples were analysed with a
Hewlett-Packard 5890 Series II gas
chromatograph (Hewlett-Packard, Palo
Alto, Calif.,, USA) firred with a ®Ni
electron caprure detector, a 25.0m,
0.20mm internal diameter HP1 fused

Table 2: Minimum detection limits and median
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silica capillary column (film 0.33um)
and a splivsplitless injector. Dara were
stored and processed on a Hewlett-
Packard Series II Integrator. The gas
chromatograph was run with the fol-
lowing conditions: injection tempera-
rure, 250°C; detector temperature,
300°C; temperature program,
150°C-300°"C at 8°C per min, with a 2-
minute hold at 150°C and a 15-minute
hoid at 300°C; column flow rate
¢(helium), 0.47mL/minure; and total
flow rate with ECD auxiliary make-up
(nitrogen), 34.7 mL/minute. The sample
injection volume was 1 uL.

All samples were analysed for pesti-
cide contamination without knowledge
of the clinical history of the patients.
The clinical classifications were applied
to the pesticide data at the end of the
two-vear period (Microsoft Access data-
base software).!? Data analysis software
(Microsoft Excel and Statsoft Statis-
tica)'*!14 was used to analyse the data,
and analysis of variance (ANOVA),

Tukey HSD {(honest significant
difference) test and x? tests were

¥

Whole biood (8-10mL) was col-
lected from fasted patients and

tage ies for organ ine p
extracted from serum sampias

performed as indicared in the text.

controls (12 hours) by venepunc- Minimum  Number of Median Chemicals
ture inro a red-top glass vacutainer detection recovery  percentage

Becton Dickinson, Sydney) at Pesticide fimit (ppb}  evaluations  recovery  All solvents used were checked for
( , Sydney) ere
cither the Environmental Medical o7 - P Toe ;ﬂy chromatogx:aphlcl: Snte_ffmﬂ:;-s
Centre or The University of New-  g.HCH 1.4 28 104 Y concentrating umes the
castle. The samples were chilled to  Methoxychlor 1.4 37 100 amount “S‘CI_l in the me'thod to
4°C, transported to the laboratory  yHCH 1.4 24 a7 1 mL and injecting 1uL into the
and the serum sample was pre- B-HQH 1.4 29 97 gas chromatograph.!* The pesticide
pared by centrifugation at Aldrin 0.7 30 96 standards (Table 2) were obtained
2000 rpm for 25 minutes within 24 |15 28 10 8 from Supelco Inc. (Sigma-Aldrich,

eptachior ’

hours. The serum (2mlL) WaS ooide 04 38 % Castle Hill, NSW).
immediately transferred to an acid-  gnqrin 1 14 a7 90
washed 12mL glass XUraction  Dielckin 07 28 89 Results
tube and the erganochlorines were  DDE 0.4 30 88
extracted from the serum samples Endosulfan 2 0.7 20 88 DDE was detected in serum at
by an adaptation of the methods Endosulfan 1 0.4 28 86 levels greater than 0.4 ppb in all the
and recommendations of Burse e ENdrin 2 0.4 24 67 study subjects. In addition HCB
al.! Each extracted sample was E:gg:j:::hyda 78 % 65 and/or dieldrin and/or heptachlor
allowed_ to equilibrate for Sne suifate 07 21 55 epoxide were detected in the serurn
hour within a water-bath (28°C)  gngrin ketone 07 30 46 samples. None of 1:.he other
before analysis in a gas chromate-  Heptachlor 0.7 37 41 organochlorines listed in Table 2
graph with electron capture detec-  a-Chiordane 0.8 4 63 was detected. At least eight addi-
tion. For each batch of samples yChlordane 0.5 4 66 tional peaks were observed in the
(<10 samples per batch) an addi-  Polychiorinated . chromatograms which could not be
tional serum sample was spiked Dt;%hanyls (PCBs) 13 . 22 gg identified by comparison with ref-

with a measured amount (75 ng) of

erence standards. These may rep-

pesticide standard mix. At the
same time, an equivalent standard
(75ng) was also prepared in a
12mL glass extraction tube, so that

*+This is the value for the total PCB evaluation. It is estimated that the
individual PCB congeners were detected at levels between 2 and Sppb.
ODT = dichlerediphenyitrichlorcethane: DDE = 1.1-dichioro-2,2-bis
(p-chlorophenyl) ethens; DDO = tetrachlorodiphenylethane:
HCH = hexachiorocyclohexane; HCB = hexachlorobenzene.

resent other halogenated serum
contaminants or their detoxifica-
tion metabolites which co-extracted
with the organochlorines.
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Seven of the 34 control subjects
(21%) had detectable levels of HCB
(i.e., at concentrations greater than
2.0ppb), whereas 10 of the 22 CFS
patients (45%; x? test, P<0.05) and
eight of the 17 subjecrs in the toxic
exposure group (47%, not significant)
had detectable levels of HCB.

The Figure shows that the mean total
level of organochlorines in the CFS
group was significantly higher than that
in the control group (P<0.05), and
although the value for the toxic exposure
group was high compared with the con-
trol group the difference was not statis-
tically significant. The mean levels of
specific organochlorine pesticides in
each clinical group are summarised in
Table 3. The CFS group had a signifi-
cantly higher level of DDE compared
with the control group (P<0.05). There
were no significant differences in levels
of HCB or DDE between men and
women in any of the groups.

Age was significantly correlaied with
serurn concentrations of DDE measured
in the control group (r2=0.16;
P=0.021) and the toxic exposure group
(¥=0.34; P=0.013), but not in the CFS
group. Conversely, age was significantly
correlated with serum concentradons of
HCB in the CFS group (#=0.54;
P<0.001), but not in either the control
or toxic exposure groups. Heptachlor
and dieldrin levels were not correlated
with age in any of the groups.

Discussion

DDE, which is an end product of
metabolism of DDT, ' was present in all
serum samples measured in this study,
including samples from individuals who
had no known history of toxic chemical
exposure. While HCB, dieldrin and
heptachlor epoxide were also detected in
serum from subjects in groups other
than the toxic exposure group, DDE
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Total organochioring levels ( SEM) measured
in the three groups. *Significant difference in
levels between chronic fatigue syrdrome group
and control group (P < 0.05, Tukey HSD [Tukey
honest significant differsnce test}).

and HCB were the most frequently
detected and the most abundant
organochlorine constituents in serum
from both chronic fatigue and control
subjects.

Our study clearly demonstrates thar
substantial levels of otganochlorine pes-
ticides occur via bioaccumulation in
people with no knowledge of their toxic
exposure. Thus, exclusion of patients on
the basis of exposure to toxic chemicals
for a research definition of CFS should
include a serum or adipose tissue analy-
sis of organochlorines, and exclusion
criteria should make reference to
organochlorine concentrations as well as
exposure history. In view of these find-
ings, the CDC case definition for
chronic fatigue syndrome needs to be re-
evaluated.

The significantly higher incidence of
HCB contamination .and the signifi-
cantly higher concentration of DDE in
CFS patients than in the control group
suggest links between the development
of chronic fatigue symptoms and an
age-dependent bicaccumulation of
organochlorine hydrocarbons. The pos-

itive correlation of age with DDE and
HCB concentrations in serum is con-
sistent with bioaccumulation of recalci-
trant chemicals from the environment
and/or the focd chain. There was a very
strong correlation of age with HCB con-
centration in the CFS group which was
not observed in either the conuol or
toxic exposure groups. This, together
with the higher incidence of HCB in
CFS subjects, suggests a specific link
berween HCB and chronic fatigue. It
was also interesting to note that three
CFS patients had organochlorine levels
over 30 ppb and reported hyperailergic
responses and hypersensitivity to chem-
icals (data not shown).

The sources of these contaminants are
unknown, but could reflect occupational
or environmental contamination. The
detection of DDE in all subjecrs exam-
ined is consistent with the widespread
use of DDT in Australia and the per-
sistent narure of it and its derivatives in
the environment.2 HCB has also been
used extensively in Australia as a fungi-
cide for the protection of grain in stor-
age.'” Its occurrence as a contaminant in
the production of other chlorinated sol-
vents (e.g., carbon tetrachloride) and in
the production of nitroso-rubber for
tyres has been noted.!” HCB and DDT
are sequestered and persist in animal
fats, and these animal farry tissues
comprise the major dietary source of
organochlorines in Australia.'8

Symptoms developed from prolonged
low-level exposure to organochlorine
pesticides may be gradual in onset and
may not necessarily be associated with
chemical insults. However, insecticide
workers have been reported to have an
elevated relative risk of mental disorders,
including neurotic, depressive and sleep
disorders, and an acute reaction to
stress.!? Other effects of organochlorine
exposures reported in the literature
(including animal and in-vitro studies)

Table 3: Organochiorine residuss maasured in parts per biiilon (SEM) in sérum sampies

HCB Heptachior DDE (1.1-dichloro-2,2-bis Total
Group {hexachlorobenzene) epoxide {p-chlorophenyl) ethena) Dieldrin arganochiorines
Control (C) (n=34) 1.4{0.6) 0.24 (0.21) 427(0.7 0.43 (0.22) 8.3 (1.1)
Chroric fatigue syndreme (F) (n = 22) 51(2.0) 0.28 (0.17) 10.4 (3.0) 0.09 {0.07) 15.9 (4.4)
Toxic exposure (T) (r=17) 6.8 (4.9 0.20 (0.22) 6.09 (2.4) 0.49 (0.37) 13.6 (6.2)
ANOVA ns ns P <0.05 ns P<0.05
Tukey HSD C=F=T C=F=T C<FC=TF=T C=F=T C<FC=TF=T

ANOVA = Analysis of variance. Tukey HSD = Tukey honest significant difference test. ns — not significant.
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are an elevated relative risk of breast
cancer;? impairment of immune fanc-
tion;* development of endomerriosis;#
significant increases in chromosome
aberrations;?* decreases in male ferrlity
and in the frequency of live births; and
increases in stillbirths, neonatal deaths,
and congenital defects in the offspring of
pesticide-exposed males,

Conclusions

The results of this preliminary investi-
gation — that levels of recalcitrant
organochlorines are higher in CFS
patients compared with conrtrols, and
that serum organochlorine concentra-
tions in CFS patients with and without
a history of roxic chemical exposure are
not significantly different — suggest that
these chemicals may have an aetiological
role in chronic fatigue syndrome, and
that exclusion of patients from the
CDC research definition on the basis of
a reported history of exposure to toxic
chemicals may not be valid. Furure work
should investigate the incidence and
severity of chronic farigue symptoms in
relarion to organochlorine content in
both rural and city communities.
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organochiorine pesticidas and retatad compounds in
biood serum. Bull Environ Contam Toxicol 1981; 47

8 Mucrosoﬂ Access [computer program]. Version 2.0

wgshnglon Microsoft, 1994,
Excel [«

in collection of bicod samples.
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