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Abstract
Objectives—To investigate a broad range
of occupational, hobby, and lifestyle expo-
sures, suggested as risk factors for Phila-
delphia chromosome positive (Ph+)
chronic myeloid leukaemia (CML).
Methods—A case-control study, compris-
ing 255 Ph+CML patients from southern
Sweden and matched controls, was con-
ducted. Individual data on work tasks,
hobbies, and lifestyle exposures were
obtained by telephone interviews. Occu-
pational hygienists assessed occupational
and hobby exposures for each subject
individually. Also, occupational titles were
obtained from national registries, and
group level exposure—that is, the expo-
sure proportion for each occupational
title—was assessed with a job exposure
matrix. The eVects of 11 exposures using
individual data and two exposures using
group data (organic solvents and animal
dust) were estimated.
Results—For the individual data on or-
ganic solvents, an eVect was found for
moderate or high intensity of exposure
(odds ratio (OR) 3.4, 95% confidence
interval (95% CI) 1.1 to 11) and for long
duration (15–20 years) of exposure (OR
2.1, 95% CI 1.1 to 4.0). By contrast, the
group data showed no association (OR
0.69, 95% CI 0.27 to 1.8; moderate or high
intensity versus no exposure). For ex-
tremely low frequency electromagnetic
fields (EMFs), only individual data were
available. An association with long occu-
pational exposure to EMFs was found (OR
2.3, 95% CI 1.2 to 4.5). However, no eVect
of EMF intensity was indicated. No sig-
nificant eVects of benzene, gasoline or
diesel, or tobacco smoking were found.
OR estimates below unity were suggested
for personal use of hair dye and for
agricultural exposures.
Conclusions—Associations between expo-
sure to organic solvents and EMFs, and
Ph+CML were indicated but were not
entirely consistent.
(Occup Environ Med 2001;58:722–727)
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Chronic myeloid leukaemia (CML) is morpho-
logically and cytogenetically homogenous, with

almost all of the cases being Philadelphia chro-
mosome positive (Ph+)—that is, having the
translocation t(9;22)(q34;q11) that results in
the BCR/ABL fusion gene.1 The aetiology is
poorly known. Studies of Japanese atom bomb
survivors exposed to ionising radiation have
shown an excess risk of CML.2 Other expo-
sures that have been suggested as risk factors
include treatment with DNA topoisomerase II
inhibitors, tobacco smoking, personal use of
hair dye, benzene and other organic solvents,
extremely low frequency electromagnetic fields
(EMFs), viruses, and pesticides.3–11

The aim of the present case-control study
was to investigate a broad range of occupa-
tional, hobby, and lifestyle exposures, sug-
gested as risk factors for CML, from both indi-
vidual exposure data assessed by occupational
hygienists and group level exposure data
assessed by a job exposure matrix.

Materials and methods
CASES

The study is based on a series of 255 adult
patients with Ph+CML from southern Swe-
den, cytogenetically analyzed 1976–93 at the
Department of Clinical Genetics, Lund, Swe-
den.12 The Department performs cytogenetic
investigations on suspect CML from the catch-
ment areas of Lund University Hospital, as well
as on patients from other parts of southern
Sweden. All referrals for cytogenetic investiga-
tions are made within the public health care
system. In the catchment areas of Lund
University Hospital, referrals for cytogenetic
investigations were routinely used in the
diagnostic evaluation of haematological malig-
nancies throughout the study period, implying
a high coverage of incident cases. The coverage

Main messages
x Some limited evidence of an association

between long time exposure to organic
solvents and extremely low frequency
electromagnetic fields, respectively, and
the risk of Philadelphia chromosome
positive chronic myeloid leukaemia in
adults were found.

x No harmful eVects of gasoline or diesel,
tobacco smoking, personal use of hair dye,
and agricultural exposures with respect to
Philadelphia chromosome-positive chro-
nic myeloid leukaemia in adults were
found.
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for other parts of southern Sweden is less com-
plete, but has improved during the study
period. The number of referrals of Philadelphia
chromosome-negative CML to Lund was too
few (seven patients during 1976–93) to be
studied.

CONTROLS

The Swedish national bureau of statistics (Sta-
tistics Sweden) selected three controls for each
case, matched with respect to sex, age, and
county of living from the study population of
southern Sweden at the calendar year each case
was diagnosed. The study aimed at collecting
registry data for all controls, whereas inter-
views were restricted to one randomly selected
control in each matched set. However, when
interview information for a control could not
be obtained, another control from the matched
set was selected.

STRUCTURED TELEPHONE INTERVIEWS

All eligible cases together with the selected
controls were retrospectively contacted 1995–7
with a letter describing the purpose and the
main questions to be asked during the
structured telephone interview. If the subject
was dead or too ill to participate, a next of kin
was selected in the following order: spouse,
parent, sibling, and child. The participation
rate among contacted cases and controls were
89% and 72%, respectively, resulting in 226
interviewed cases and 251 controls. Infor-
mation had to be obtained from next of kin
much more often for cases than controls (table
1). Among next of kin, spouses, and children
were most often interviewed (49% and 33%,
respectively).

The structured telephone interviews were
conducted by one of three occupational health
nurses, who for ethical reasons were aware of
the case-control status. A lifelong occupational
history was obtained, focusing on all jobs held
for at least 1 year, including work task, depart-
ment, and name of the company. No specific
exposures were asked for in the interview, but
follow up questions were triggered about
application of pesticides by working as a
gardener or horticulturist, lumberjack, railway
worker (track maintenance), farmer, or farm-
hand; type of cargo by working as a driver or on
a merchant ship; handling of cytostatics by
working as a nurse; and working at a meat

counter by work as a shopkeeper or shop
assistant. Information on extra jobs held for at
least 1 year was collected in the same way as for
the main job. The following hobby activities
were explicitly asked for: motor repair, painting
with oil, furniture renovation, construction of
models, riding, animal breeding, hunting, and
gardening. For each hobby, information on the
duration and the average hours a week spent on
the activity was collected. Furthermore, ques-
tions were asked about regular personal use of
hair dye and smoking habits (smoking type,
duration, and average consumption). The
questions on medical history before the time of
the case diagnosis focused on chemotherapy
and radiotherapy as well as on treatment with
isotopes.

INDIVIDUAL EXPOSURE ASSESSMENTS

For a broad range of occupational and hobby
exposures (table 2), individual exposure assess-
ments were performed by one of three occupa-
tional hygienists, on the basis of the structured
telephone interviews made by the occupational
health nurses. The occupational hygienists
were unaware of the case-control status. The
assessments for both cases and controls were
restricted to exposure periods of at least 1 year
during the 20 years before the diagnosis of the
case. One of the hygienists (HW) supervised
the assessments.

Quantitative definitions of the diVerent
exposure intensity categories (low, moderate,
and high) were used for organic solvents, ben-
zene, and EMFs. For organic solvents, these
categories corresponded to 1–5%, >5–15%,
and >15%, respectively, of the recent Swedish
occupational exposure limit values. For ben-
zene, the corresponding categories were 0.05–
0.2 mg/m3, >0.2–0.5 mg/m3, and >0.5 mg/m3.
Exposure to EMFs was classified according to
8 hour arithmetic means reported for diVerent
occupations,13 with the following categories:
0.23–0.30 µT, >0.30–0.50 µT, and >0.50 µT.
For all other occupational exposures, the expo-
sure intensity categories were demarcated by
examples of occupations and tasks. Exposures
to cattle or poultry—that is, animal dust—and
fresh meat were considered as proxy variables
for exposure to animal borne viruses. The main
occupation associated with such exposures was
farming. The confidence in classification of the
occupational exposure was assessed (low or
high confidence) based on the quality of the
information on work tasks and exposures from
the interviews, as well as on the likelihood of
exposure for diVerent work tasks. Hobby expo-
sure was assessed for all occupational agents,
except EMFs, ionising radiation, and cytostat-
ics. For regular personal use of hair dye and
smoking habits, the classification was directly
based on the specific questions in the interview.
Subjects were classified as smokers if they had
smoked at least one cigarette a day (or an
equivalent amount for other smoking types14)
for at least 1 year during the 20 years before the
diagnosis of the case.

Table 1 Descriptive statistics for Ph+ CML cases and controls

Cases Controls

Eligible (n) 255 765*
Contacted for interview (n) 255 349†
Interviewed (n) 226 251

Next of kin interview (n (%)) 182 (81) 35 (14)
Men (n (%)) 125 (55) 140 (56)
Year of birth (median (10%–90%))‡ 1935 (1913–54) 1934 (1913–55)
Age (median (10%–90%))‡§ 51 (31–71) 52 (31–72)
Year of diagnosis (median (10%–90%))‡ 1986 (1978–92)

*Three controls were selected for each case, matched for sex, age, and county of living, and were
obtained from the study population of southern Sweden for the calendar year in which each case
was diagnosed.
†When interview information for a control could not be obtained, another control from the
matched set was contacted.
‡Median (10th–90th percentiles).
§Age at the year of diagnosis for cases. Age at the year of selection from the study population for
controls.
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REGISTRY DATA

Occupational titles were obtained for 99% of
the eligible cases and controls from the
National Swedish censuses for every 5th year
during the period 1960–90 except 1965 and
were recoded to the 1980 classification scheme
as suggested by Statistics Sweden.

GROUP LEVEL EXPOSURE ASSESSMENT

We used a Finnish job exposure matrix
(FINJEM)15 to assess the proportion of work-
ers exposed above a minimum level of intensity
for each occupational title (occupational
group). Such a proportion may also be
interpreted as the estimated exposure probabil-
ity for a randomly selected group member.
FINJEM presents exposure probabilities and
average intensity levels for the calendar periods
1945–59, 1960–84, and 1985–94 for Finnish
occupational groups, which were translated to
the Swedish 1980 classification scheme by the
occupational hygienists. For each subject, the
probability of no exposure was calculated as
the product of one minus the exposure
probability of the subject’s occupational group
for every 5th year available during the 20 year
time window before the year of diagnosis. The
exposure probability was then defined as one
minus the probability of no exposure.

Two occupational exposures, organic sol-
vents and animal dust, for which the corre-
sponding odds ratio (OR) estimates in the
analysis of individual exposure data diVered
markedly from unity (table 2), were assessed on
the group level. Exposure data for EMFs in
FINJEM are incomplete before 1985 and
could therefore not be used. In FINJEM, the
intensity level for organic solvents is a weighted
average of four classes of solvents. To facilitate
comparisons with moderate or high intensity of
occupational exposure to organic solvents in
the individual assessment, 5% of the Swedish
occupational exposure limit value for toluene
(50 ppm) was used as minimum intensity.
Thus, only exposure probabilities for occupa-
tional groups in FINJEM with an average
intensity above 2.5 ppm were used in the
calculations.

The definition of exposure to animal dust in
FINJEM is broader than cattle or poultry of

the individual exposure assessment. The mini-
mum intensities (0.1 mg/m3 in FINJEM) are,
however, roughly comparable. Except for
animal dust, exposures with OR estimates
below or close to unity in the individual level
analysis were not considered for group level
analysis.

STATISTICAL ANALYSIS

Individual and group exposure data were ana-
lyzed separately. In the individual analysis,
conditional logistic regression was used to
obtain eVect estimates.16 Matched sets with
identical values for all matching factors were
combined for eYciency reasons.17 To reduce
exposure misclassification for occupational
exposures, only exposure assessments with
high confidence were used in the analyses.
Subjects were classified as unexposed for a
particular occupational agent only if they were
unexposed with high confidence during the
entire assessment period. Subjects were classi-
fied as exposed if they were exposed with high
confidence for at least 1 year during the assess-
ment period; those who could not be classified
as exposed or unexposed with high confidence
were excluded from the analyses. Hobby expo-
sure was regarded as equivalent to low intensity
occupational exposure.

In the group analysis, conditional binary
regression was used to obtain eVect estimates
under the linear odds ratio (OR) model18:

OR(x)=1+âx

where â is the regression parameter and x the
exposure probability. The OR estimate was
obtained as:

where â̂ is the maximum likelihood estimate
of â. Notice that this eVect estimator, derived
from group data, is comparable with the OR
estimator used for individual data. For the log
transformed OR, the 95% confidence interval
(95% CI) was calculated as19:

Table 2 EVects of occupational, hobby, and lifestyle exposures, assessed for each subject individually, 20 years or less before diagnosis on the risk for Ph+
CML

Exposure/intensity

Cases (n) Controls (n)

OR 95% CIExposed Unexposed Uncertain Exposed Unexposed Uncertain

Organic solvents 55 146 25 51 175 25 1.4 0.85 to 2.3
Hobby/low 43 44 1.2 0.70 to 2.1
Moderate/high 12 7 3.4 1.1 to 11

Gasoline or diesel fuel 35 185 6 41 206 4 1.0 0.59 to 1.7
Gasoline or diesel exhaust gases 39 181 6 43 193 15 1.1 0.64 to 1.9
Benzene 24 190 12 23 215 13 1.2 0.66 to 2.3
Pesticides 22 197 7 31 204 16 0.75 0.42 to 1.3
Cattle or poultry 21 204 1 38 212 1 0.63 0.35 to 1.1
Fresh meat 23 198 5 44 204 3 0.55 0.31 to 1.0
Fresh wood 11 210 5 20 227 4 0.68 0.32 to 1.5
Extremely low frequency electromagnetic fields* 55 151 20 49 182 20 1.7 1.0 to 2.8

Low 25 22 2.0 1.0 to 4.1
Moderate 22 16 1.6 0.77 to 3.4
High 8 11 1.2 0.44 to 3.1

Tobacco smoking 81 131 14 101 144 6 0.81 0.53 to 1.2
Regular personal use of hair dye 25 195 6 51 193 7 0.35 0.18 to 0.68

*Only occupational exposure was assessed.
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where

In the group analysis of organic solvents, 14
cases and 25 controls with non-zero exposure
probabilities in FINJEM at an mean intensity
consistently below our minimum for the mod-
erate intensity category (2.5 ppm) were ex-
cluded.

Results
INDIVIDUAL ANALYSIS

The relative risk (OR) estimates for Ph+CML
were significantly above unity for moderate or
high intensity of exposure to organic solvents
and for any exposure to EMFs (table 2). For
EMFs, no consistent relation between the
intensity of exposure and the risk for Ph+CML
was indicated. Excluding subjects with a
history of chemotherapy or radiotherapy al-
tered these estimates only marginally (data not
shown). Moreover, restricting the analyses to in
person interviews (40 matched sets) reduced
the precision substantially—for example, the
OR estimate for moderate or high intensity of
exposure to organic solvents was 8.6 (95% CI
1.0 to 76). The OR estimate for moderate or
high intensity of exposure to organic solvents
remained significantly increased when adjust-
ing for exposure to EMFs and vice versa (data
not shown). Small numbers made it impossible
to investigate reliably eVect modification be-
tween the two exposures; it is, however, worth
noting that five subjects were exposed to both
EMFs of any intensity and to organic solvents
at moderate or high intensity, all of them cases.
The OR estimates for benzene and gasoline or
diesel (fuel and exhaust gases) were close to
unity for all categories of intensity (overall esti-
mates presented in table 2). The risk estimates
were below unity for pesticides, fresh meat,
cattle or poultry, fresh wood, regular personal
use of hair dye, and tobacco smoking. Further-
more, no relation between cumulative smoking
dose (pack-years), and risk of disease was
found (data not shown). The numbers of sub-
jects occupationally exposed to ionising radia-
tion (two cases, no controls) or cytostatics (one
control, no cases) were too low to permit
analyses. In the analyses of duration of

exposure to organic solvents and EMFs, eVects
of exposure were found in the long duration
category (15–20 years of exposure, table 3) for
both agents.

GROUP ANALYSIS

In the group analysis of the same subjects as in
the individual analysis—that is, participants of
the interviews—the OR for Ph+CML for mod-
erate or high intensity of exposure versus no
occupational exposure was 0.97 (95% CI 0.30
to 3.1) for organic solvents. Adding group
exposure data for non-participants had no
bearing on the risk estimate, whereas adding
the two extra controls for each case improved
precision (OR 0.69, 95% CI 0.27 to 1.8). For
animal dust, the OR for Ph+CML for any ver-
sus no occupational exposure was below unity,
irrespective of control group used (OR 0.39
(95% CI 0.18 to 0.87), using all available
group data).

Discussion
To the best of our knowledge, the present study
is the largest and most detailed epidemiological
investigation of Ph+CML to date. The salient
finding of the individual analysis was the indi-
cation that exposure to organic solvents at
moderate or high intensity or at long durations
may be a risk factor for Ph+CML. Similar
associations have recently been reported in a
French study of CML11 and in a study of acute
myeloid leukaemia (AML) in southern Swe-
den, using an identical structured telephone
interview.20 By contrast, a previous report on
CML, which did not stratify by intensity or
duration of exposure, failed to show such an
association.7 Assessing the combined eVect of
intensity and duration of exposure to organic
solvents was impossible due to the few subjects
in the moderate or high intensity category.
However, there was no correlation between
intensity and duration among subjects occupa-
tionally exposed to organic solvents (Spear-
man’s rank correlation 0.04).

No eVect of exposure to benzene or gasoline
or diesel on the risk for Ph+CML was found.
This agrees well with a combined cohort study
of petroleum workers who were exposed to
petrochemicals—such as benzene at low con-
centrations and gasoline.6 At higher exposures,
non-significant eVects of occupational expo-
sure to benzene on leukaemias other than
AML have, however, been reported.5

Exposure to EMFs is prevalent and has
therefore potentially a high aetiological ex-
planatory value, but in the present study no
clear cut pattern between exposure to EMFs
and risk of Ph+CML emerged. A recent meta-
analysis also failed to show a clear association
between EMFs and CML.8 In the present
study, the overall risk estimate and the risk
estimate for long durations of exposure were
both increased, whereas no trend with expo-
sure intensity was indicated. The classification
of EMF intensity was largely based on the
average intensities for various occupational
groups reported by Floderus et al.13 The
number of personal measurements in each
occupational group was limited and showed

Table 3 Categorical analysis of the eVect of duration of exposure, irrespective of intensity,
to organic solvents and extremely low frequency magnetic fields, assessed for each subject
individually, on the risk for Ph+CML

Exposure and duration Cases (n) Controls (n) OR 95% CI

Organic solvents (y):*
Zero 146 175 1.0
1–7 9 13 0.88 0.34 to 2.3
8–14 11 13 1.0 0.41 to 2.3
15–20 35 25 2.1 1.1 to 4.0
Uncertain 25 25 1.2 0.65 to 2.1

Electromagnetic fields (y):†
Zero 151 182 1.0
1–7 10 13 1.1 0.44 to 2.6
8–14 10 14 0.83 0.33 to 2.1
15–20 35 22 2.3 1.2 to 4.5
Uncertain 20 20 1.4 0.71 to 2.7

*Subjects with both hobby and occupational exposure were classified according to the exposure of
longest duration.
†Only occupational exposure was assessed.
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large variations in intensity, which implies that
misclassification of the intensity of EMFs can-
not be ruled out. Non-diVerential misclassifi-
cation of a polychotomous exposure variable
may attenuate, change the shape, or even
reverse the direction of a trend.21 Unfortu-
nately, incomplete EMFs data in FINJEM
made comparisons with a group analysis
impossible. Only occupational exposure to
EMF, was assessed. The presented ORs
associated with EMFs are relative a back-
ground level below 0.23 µT. Few people in
Sweden have residential exposure above this
level. In a recent pooled analysis of residential
exposure to EMFs and childhood leukaemia,
92% of the Swedish children were living in
homes with exposures below 0.20µT.22 Thus,
misclassification of EMF intensity due to
unmeasured residential exposure was unlikely.

Contrary to previous case-control studies of
myelodysplastic syndromes and AML in south-
ern Sweden,23 24 we saw no eVect of cumulative
smoking dose on risk of CML. Similar findings
have been reported by others.4 11 Thus, the
suggestion that tobacco smoking is a risk factor
for myeloid leukaemia in general25–28 may not be
applicable for Ph+CML, stressing the need for
including detailed morphological and genetic
features in epidemiological investigations of
leukaemias. An OR estimate significantly
below unity was found for regular personal use
of hair dye. We have no explanation for this
except that it is a random finding. No apparent
association between use of hair dye and risk of
CML was found in another report.4

The association between farming and leu-
kaemia in general, which has been studied in
numerous epidemiological settings, is likely to
be weak, if present at all.29 If anything, our data
indicated decreased risks of CML associated
with agricultural life, manifested by OR
estimates below unity for typical agricultural
exposures—such as cattle or poultry, fresh
wood, and pesticides in the individual analysis.

The results of the individual and group
analyses were consistent for cattle or poultry
(animal dust) but not for organic solvents. The
precision of the group estimates was generally
poor compared with the corresponding indi-
vidual estimates but can be improved by
adding extra controls, usually at low cost.19 30

The group estimate for moderate or high
intensity of exposure to organic solvents confi-
dently ruled out a relative risk above 2 when all
available controls were used. No bias results
from low specificity of a probabilistic JEM if
the linear OR model is used.18 Bias instead
occurs when the estimated exposure probabili-
ties diVer from the true exposure prevalences—
for example, if exposed subjects exist in
occupational groups with zero probability of
exposure.19 In the present study, among
subjects classified as exposed to organic
solvents with moderate or high intensity in the
individual exposure assessments (table 2), five
of the 12 cases (but none of the controls) had
zero probability of exposure according to the
JEM. Such discrepancies of the exposure
assessments were the main explanation for the
diVerence between the OR estimates of the

individual and the group analyses. Other possi-
ble sources of errors in the group assessments
include the general limitation of registry data to
every 5th year and the translation of FINJEM
to Swedish conditions. It may be argued that
the group analyses, based on registry data and
exposure probabilities, were too crude for less
prevalent exposures. On the other hand, such a
partially ecological case-control approach19 is
free from diVerential biases and thus provides a
means of cross validating the findings of the
individual analysis.

Sweden has a public health care system and
the selection of cases does not depend on
socioeconomic status. The interview participa-
tion rate among the controls was low (72%).
However, the OR estimates for organic solvents
and animal dust of the group analysis remained
stable when subjects with missing individual
exposure data were included, indicating no
major selection bias for these exposures. The
extensive use of next of kin interviews for cases
may have hampered the validity of the
individual analyses. The number of jobs
reported for cases and controls in the inter-
views were of similar magnitude (mean
number of jobs held 3.0 for cases v 3.2 for con-
trols) and the proportion of uncertain exposure
classifications did not diVer systematically
between cases and controls (table 2). Further-
more, a reassessment of the exposure for a
sample of study subjects from the present
study, as well as from studies of other
haematological malignancies in southern Swe-
den, showed no marked diVerence between
cases and controls for the concordance of the
individual exposure classifications.31 Thus,
there were no general signs of diVerential qual-
ity of information.

The inconsistency of the results of the
individual and group analyses implies that no
firm conclusion can be drawn about the associ-
ation between exposure to organic solvents and
Ph+CML. If causal, however, long durations of
exposure to organic solvents may contribute to
an important proportion of the cases of CML
in southern Sweden (∼9% assuming that the
true OR is 2.1 for 15–20 years of exposure;
table 3). Nevertheless, for almost all cases of
Ph+CML, other explanations must be sought
for.
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Open reviewing
Many journals, including the BMJ, have moved to a system of open reviewing, whereby authors
know the names of reviewers of their papers. Research has shown that named reviews, although
not of better quality than anonymous reviews, are not of worse quality either. Therefore in the
interests of transparency, it seems fair to let authors know who has reviewed their paper. At
Occupational and Environmental Medicine we have considered the issue carefully. There are some
concerns that reviewers, especially those who are more junior, might feel intimidated and not
wish to make negative comments about papers submitted by senior people in the field. On the
other hand, some reviewers might hide behind the cloak of anonymity to make unfair criticisms
so as to reduce the chances of publication by rivals. We have decided to introduce initially a sys-
tem of open reviewing if the reviewers agree explicitly. So when a reviewer is sent a paper, he or
she is asked to indicate whether we can disclose their name or not when sending the authors
their comments. We will be monitoring this to see how many of our reviewers are happy to be
named. If it is most of them, we will move to a system of open reviewing as the norm, with a
possible “opt out” clause for reviewers.
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