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The mental health of clean-up workers 18 years
after the Chernobyl accident
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Background. The psychological aftermath of the Chernobyl accident is regarded as the largest public health problem
unleashed by the accident to date. Yet the mental health of the clean-up workers, who faced the greatest radiation
exposure and threat to life, has not been systematically evaluated. This study describes the long-term psychological
effects of Chernobyl in a sample of clean-up workers in Ukraine.

Method. The cohorts were 295 male clean-up workers sent to Chernobyl between 1986 and 1990 interviewed 18 years
after the accident (71 % participation rate) and 397 geographically matched controls interviewed as part of the Ukraine
World Mental Health (WMS) Survey 16 years after the accident. The World Health Organization (WHO) Composite
International Diagnostic Interview (CIDI) was administered. We examined group differences in common psychiatric
disorders, suicide ideation and severe headaches, differential effects of disorder on days lost from work, and in the
clean-up workers, the relationship of exposure severity to disorder and current trauma and somatic symptoms.
Analyses were adjusted for age in 1986 and mental health prior to the accident.

Results. Relatively more clean-up workers than controls experienced depression (18.0% v. 13.1%) and suicide ideation
(9.2% v. 4.1 %) after the accident. In the year preceding interview, the rates of depression (14.9 % v. 7.1 %), post-traumatic
stress disorder (PTSD) (4.1% v. 1.0 %) and headaches (69.2% v. 12.4 %) were elevated. Affected workers lost more work
days than affected controls. Exposure level was associated with current somatic and PTSD symptom severity.

Conclusions. Long-term mental health consequences of Chernobyl were observed in clean-up workers.
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Introduction conditions without adequate protective gear have

The Chernobyl nuclear power plant accident in April not been studied systematically.

Th ies in Ukrai 1 £
1986 was one of the world’s most devastating and ree studies in Ukraine reported elevated rates o

psychiatric and neurocognitive problems in samples
of former clean-up workers compared to controls,
but each of these studies was compromised by design
limitations, such as convenience sampling and non-
blind assessments (Loganovsky & Loganovskaja,
2000; Polyukhov et al. 2000; Gamache et al. 2005).
Other evidence that clean-up workers might indeed
constitute a high-risk group comes from a clinical
cohort of Latvian clean-up workers (Viel et al. 1997)
and a mortality study of Estonian clean-up workers

complex disasters. About 600000 people, locally re-
ferred to as ‘liquidators’, were sent in as emergency
or clean-up personnel (The Chernobyl Forum, 2006).
In the immediate aftermath, 134 emergency workers
were treated for radiation sickness (Hatch ef al. 2005),
and 31 died; by 2005, there were 19 additional deaths
(The Chernobyl Forum, 2006). Although the incidence
of cancers is being monitored in this population
(Hatch et al. 2005), the psychological effects of the

stress unleashed by working under high exposure
y & & P that found a significant excess mortality from suicide

17 years after the explosion (Rahu et al. 2006). Thus,
the current study provides the first direct, compre-
hensive evaluation of the mental health of clean-up
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workers. Specifically, having conducted a national
survey of mental health in Ukraine in 2002 (Bromet
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et al. 2005), we administered the same diagnostic tool
to assess psychiatric and alcohol disorders, suicide
ideation, and headaches in Ukrainian clean-up work-
ers. We then compared their mental health to that
of geographically matched controls from the national
survey who did not participate in the clean-up effort,
adjusting for mental health prior to 1986 (e.g. the
healthy worker effect). We further examined whether
clean-up workers with psychiatric conditions reported
more days out of work than affected controls. Among
clean-up workers, we also considered the relationship
of severity of exposure to psychiatric disorders and
current stress-related symptomatology.

Method

The sample of clean-up workers was selected from
the State Registry of Ukraine. Eligibility criteria were
being male, working at Chernobyl between 1986 and
1990, residing in or near Dnipropetrovsk, Donetsk,
Kyiv or Kharkiv at the time (nearly half of Ukrainian
clean-up workers were from these areas), and not
being treated for acute radiation syndrome at the
Research Center for Radiation Medicine (RCRM) in
Kyiv. The goal was to interview 150 workers sent to
Chernobyl in 1986-1987, when exposure levels were
greatest, and 150 first sent there in 1988-1990. To ob-
tain this goal, a multi-step process was used. First, an
initial sample of 1000 clean-up workers was selected
with probability proportional to the number from each
region working at Chernobyl in the two time periods.
Letters were mailed to all 1000 individuals in the
sample pool with brief information about the study.
Interviewers were then given randomized lists of
names and addresses. Starting at the beginning of their
randomized lists, interviewers attempted to contact
and recruit clean-up workers to participate in the
study. After attempting to contact 759 workers, the
target sample (295 workers) had been recruited.
At that point, the field work ceased. Of the 759
workers for whom contact was attempted, valid
addresses were available for only 503 (66.3 %) workers,
85 (16.9%) of whom were deceased. Of the 418
surviving workers, 295 (70.6 %) agreed to participate
(63.6% from the 198687 group and 83.3% from the
1988-90 group).

The controls were drawn from the Ukraine World
Mental Health (WMH) Survey, a nationwide survey
conducted as part of the WMH Survey Consortium
(Bromet et al. 2005; WHO, 2004). The selection criteria
were: being male, residing in the same geographic
region as the clean-up workers, not recruited as a
clean-up worker, and in the age range of the clean-up
workers in 1986. The selection was based on current
residence as we were unable to match on residence
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in 1986. The control group was thus composed of 397
men.

The assessments were conducted by specially
trained interviewers from the Kiev International
Institute of Sociology (KIIS). The clean-up workers
were interviewed between December 2003 and June
2004, approximately 18 years after the accident. The
controls were interviewed from March to December
2002, 16 years after the accident. Recruitment and
consent procedures were approved by RCRM, KIIS
and Stony Brook University. Written informed consent
was obtained prior to interview.

Measures
Mental health

We translated the paper—pencil version of the
Composite International Diagnostic Interview (CIDI)
version 3.0 (Kessler & Ustiin, 2004), developed by the
WMH Survey Consortium, into Russian and Ukrain-
ian following standard World Health Organization
(WHO) guidelines. The Ukraine CIDI incorporated
minor refinements to the alcohol, trauma and demo-
graphic modules (Bromet et al. 2005). The following
DSM-IV categories were analyzed: depressive dis-
orders (major depression and dysthymia); anxiety
disorders (social phobia, agoraphobia, generalized
anxiety disorder, panic disorder); post-traumatic
stress disorder (PTSD); alcohol abuse with or with-
out dependence; and intermittent explosive disorder
(IED). We also examined suicide ideation (‘you
seriously thought about committing suicide’) and
endorsement of severe or frequent headaches in the
past 12 months.

The clean-up workers also completed self-report
scales assessing PTSD and somatic symptoms. PTSD
symptom severity was measured using the 22-item
version of the Impact of Events Scale (IES; Weiss &
Marmar, 1997), which rated intrusion, avoidance
and hyperarousal symptoms in the past month as
a result of Chernobyl [1=not at all, 5=very much;
Cronbach’s a ranged from 0.86 (intrusion) to 0.95
(overall score)]. The somatization subscale of the
Symptom Checklist-90 (SCL-90; Deragotis, 1983) con-
tains 12 distress-related physical symptoms rated on
a five-point severity scale (0 =not at all, 4 =extremely)
for the past 2 weeks (a=0.91). Mean severity scores
were computed for these measures.

Days lost from work

The WHO Disability Assessment Scale (WHO-DAS;
Buist-Bouwman et al. 2006) was used to determine
days lost from work, defined as the number of days
in the past 30 days that respondents were fully unable
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to work because of problems with physical or mental
health or use of alcohol or drugs (weighted 1.0) plus
the number of (other) days they had to cut back on
what they typically would get done (weighted 0.5)
plus the number of (other) days they had to cut back
on the quality of their work or needed extreme effort
to perform normal levels of activity because of the
aforementioned problems (weighted 0.25).

Exposure

A three-level exposure variable was created. High
exposure was defined as working on the roof or in the
industrial site between April and October 1986 when
radiation exposure was greatest (1=45). The remain-
ing clean-up workers in the 1986-87 cohort worked
in less contaminated areas and were classified as
having moderate exposure (n=100). The 1988-90
group (n=150) had lower radiation exposure (Hatch
et al. 2005; The Chernobyl Forum, 2006).

Analyses

The clean-up workers were administered all parts of
the CIDI included in this report. The controls (1 =397)
were administered the depression, anxiety, alcohol
and suicide modules of the CIDI (Part I). Controls
having a Part I diagnosis and a random subsample
of respondents with no disorder were administered
Part II of the CIDI, which included modules assessing
PTSD, severe/frequent headaches in the past year,
and work-loss days (1=163 of controls). When ana-
lyzing variables from Part II, weights were used to
account for the non-random selection of controls into
the subsample. All analyses were conducted using
subaaN version 8.0.2 (Research Triangle Institute,
Research Triangle Park, NC, USA), which uses the
Taylor series linearization method to adjust standard
errors for the stratified sampling design and the
sample weights.

The occurrence (incidence or recurrence) of each
disorder except headaches was examined for the
periods before and after the accident and in the 12
months prior to interview. Given the potential healthy
worker effect (tendency for workers to have better
health than the general population), we used logistic
regression to compute odds ratios comparing post-
Chernobyl mental health in workers and controls
adjusting for onset before 1986. We also adjusted for
age in 1986. Incidence since 1986 was examined using
logistic regression to compare onsets among in-
dividuals who were healthy in 1986 while adjusting
for age in 1986. We examined whether workers with
12-month disorders had a greater than expected
amount of work loss using two (worker versus
control) x 2 (disorder versus no disorder) analysis of
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Table 1. Descriptive characteristics of Chernobyl clean-up
workers and controls

Clean-up
workers Controls
(n=295) (n=397)
Age in 1986 (years), mean (s.D.) 32.7 (7.5) 38.2 (12.1)
Region, n (%)
Kyiv city 43 (14.6) 46 (11.6)
Kyiv region (excluding 28 (9.5) 46 (11.6)
Kyiv city)
Dnipropetrovsk 69 (23.4) 98 (24.7)
Donetsk 85(28.8) 139 (35.0)
Kharkiv 70 (23.7) 68 (17.1)
Education, n (%)
Secondary school or less 178 (60.5) 227 (57.3)
More than secondary school 116 (39.5) 169 (42.7)
Current employment status, 1 (%)
Employed 174 (59.0) 183 (46.2)
Unemployed 24 (8.1) 36 (9.1)
Retired 75(25.4) 167 (42.2)
Disabled 22 (7.5) 10 (2.5)
Current financial status, n (%)
Adequate 74 (25.3) 66 (16.9)
Inadequate 150 (51.2) 217 (55.5)
Very inadequate 69 (23.5) 108 (27.6)
Currently married, n (%)
Yes 241 (81.7) 312 (78.6)
No 54 (18.3) 85 (21.4)
Mental health prior to Chernobyl
accident, n (%)
Mood disorder 11 (3.7) 27 (6.8)
Anxiety disorder (except PTSD) 5(1.7) 23 (5.8)
PTSD? 4(1.4) 1(0.8)
Alcohol use disorder 25 (8.6) 62 (15.6)
Intermittent explosive disorder 11 (3.8) 14 (3.5)
Suicide ideation 5(1.7) 8 (2.0)

PTSD, Post-traumatic stress disorder; s.p., standard
deviation.

2 Determined for all clean-up workers and estimated from
a subsample of controls.

variance for disorders on which the two groups
differed significantly (p <0.05). Among workers, we
examined differences by level of exposure using y?
for categorical variables, analysis of variance for
the scale scores, and the Wald F statistic to test for
trend.

Results

As shown in Table 1, in 1986 the clean-up workers
were on average 5 years younger than the controls
(F=53.3, df=1, 691, p<0.001). Slightly more than
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Table 2. Post-Chernobyl prevalence of mental health problems in Chernobyl clean-up
workers and controls

Clean-up workers Controls

(n=295) (n=397)
n (%) n (%) aOR? (95% CI)

Depressive disorder

Since 1986 53 (18.0) 52(13.1) 1.7 (1.0-2.7)*

Past 12 months 44 (14.9) 28(7.1) 3.2 (1.7-5.9)***
Anxiety disorder (except PTSD)

Since 1986 17 (5.8) 22 (5.6) 4.0 (1.3-12.5)*

Past 12 months 15 (5.1) 12 (3.0) 8.7 (2.0-38.5)**
PTSDP

Since 1986 11 (3.7) 2 (1.3) 2.5(0.9-7.1)

Past 12 months 12 (4.1) 2 (1.0 3.5 (1.0-12.1)*
Alcohol use disorder

Since 1986 71 (24.3) 87 (22.2) 1.2 (0.8-1.8)

Past 12 months 25 (8.5) 40 (10.1) 0.8 (0.4-1.3)
Intermittent explosive disorder

Since 1986 18 (6.1) 17 (4.3) 1.5 (0.5-4.9)

Past 12 months 13 (4.4) 9(2.3) 2.1(0.6-7.8)
Suicide ideation

Since 1986 27 (9.2) 16 (4.1) 2.1 (1.1-4.1)*

Past 12 months 8(2.7) 9 (2.3) 1.2 (0.4-3.2)
Severe headaches past 12 months® 204 (69.2) 21(12.4) 16.6 (9.4-29.5)***

aOR, Adjusted odds ratio; CI, confidence interval.

2 Adjusted for age in 1986 and onset of disorder prior to Chernobyl; odds ratio

for headaches adjusted for age in 1986 only.

> Determined for all clean-up workers and estimated from a subsample of controls.

*p<0.05, ** p<0.01, ** p<0.001.

half of each group received education beyond high
school. Most were currently married, and most re-
ported that their financial situation was inadequate.
After controlling for age in 1986, only current em-
ployment status was significantly different between
workers and controls (p =0.024).

Consistent with the healthy worker effect, Table 1
also shows that, before 1986, the clean-up workers
had lower rates of some disorders. However, after
adjusting for age in 1986, only anxiety disorders [ad-
justed odds ratio (aOR) 0.3, 95% confidence interval
(CI) 0.1-0.9, p=0.03] and alcohol use disorders (aOR
0.6, 95% CI 0.3-0.9, p=0.02) were significantly differ-
ent between the workers and controls before the
accident.

Post-Chernobyl mental health

Table 2 shows that in the period since the accident,
the clean-up workers had significantly higher rates of
depressive disorder, anxiety disorder (without PTSD),
and suicide ideation than the controls after adjusting
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for age in 1986 and onset of disorder prior to 1986.
These rates are, in part, explained by the significantly
increased incidence rates (percentage of new-onset
cases in men who were healthy prior to Chernobyl)
for anxiety disorder (4.1% v. 1.1%, aOR 3.6, 95% CI
1.1-11.2, p=0.03) and suicide ideation (8.6% v. 3.9%,
aOR 2.0, 95% CI1.0-3.9, p =0.04), for clean-up workers
and controls respectively. Incidence rates for mood
disorder were 14.8% ©v. 9.2%, a borderline significant
difference (aOR 1.6, 95% CI 1.0-2.6, p =0.08).

Table 2 also shows that the 12-month prevalence
rates of depressive disorder, anxiety disorder, PTSD
and headache were significantly higher in clean-up
workers compared to controls after adjusting for
age in 1986 and illness onset prior to Chernobyl.
The difference in headache was particularly striking
(69.2% of clean-up workers versus 12.4% of controls).
To address the potential confounding effect of ex-
posure to Chernobyl among the controls, the results
in Table 2 were reanalyzed eliminating 34 controls
and 28 clean-up workers who stated during the
interview that they had once lived in a region
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Table 3. Relationship of exposure to somatization® and PTSD symptoms®

Somatization Avoidance Hyperarousal Intrusion Overall PTSD
Exposure® n (%) Mean S.D. Mean sDp. Mean S.D. Mean s.p. Mean S.D.
High 45(153) 1.4 0.7 1.0 07 09 0.8 11 09 10 0.7
Moderate 100 (33.9) 12 0.8 0.6 07 06 0.8 0.7 08 0.6 0.7
Low 150 (50.9) 1.2 0.7 0.6 06 05 0.7 0.7 07 06 0.6
p values
Overall 0.06 0.001 0.02 0.01 0.002
Trend 0.08 0.003 0.01 0.007 0.003
High v. moderate/low 0.02 <0.001 0.007 0.003 <0.001

PTSD, Post-traumatic stress disorder; s.p., standard deviation.

2 Symptom Checklist-90 somatization subscale.
® Impact of Events Scale.

¢High exposed included workers on the roof or in the industrial site during April-October 1986 ; moderate included other
workers in the 1986-87 cohort; low included workers first sent to Chernobyl between 1988 and 1990.

part, the rates were in the expected direction (e.g. 6.7 %

28 of the high, 4.0% of the moderate, and 3.3% of the
20 - low exposure groups had 12-month PTSD). However,
only severe headache, reported by 82.2% of the most
15 4 exposed, 62.0% of the moderately exposed, and 70.0 %
of the least exposed, was statistically significant (high
10 - versus moderate versus low exposure group: x*=6.9,
df=2, p<0.05; most exposed versus moderate/low

5 exposed group: x*=3.39, df=1, p<0.05 ).
_. 1 By contrast, the most highly exposed clean-up
0 - T workers were significantly more symptomatic on the

Mood disorder PTSD

Fig. 1. Days lost from work among clean-up workers and
controls with (+) and without (—) mood disorders and post-
traumatic stress disorder (PTSD) in the past 12 months. W,
Clean-up worker (+); [J, clean-up worker (—); O control (+);
[, control (—).

contaminated by radiation from the Chernobyl acci-
dent; the results were comparable.

We next examined whether clean-up workers with
12-month disorders had significantly more work-
loss days than controls. As illustrated in Fig. 1, for
depressive disorder and PTSD the interaction effects
of group x disorder in the analysis of variance tests
were highly significant (p<0.001), indicating that
clean-up workers with these two disorders had sig-
nificantly greater work loss than either affected con-
trols or non-affected individuals.

Exposure and mental health among clean-up workers

We first examined whether the post-Chernobyl and
12-month prevalence rates of diagnosable disorders
and headache differed by exposure level. For the most
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somatization and PTSD symptom scales. As shown
in Table 3, the workers with the greatest exposure
reported more impairment than the two less-exposed
groups, especially on the PTSD measures. The result-
ing effect size for somatization was modest (Cohen’s
d=0.38), whereas the effect sizes for the PTSD scales
were in the ‘medium’ range (d=0.66 for avoidance,
0.48 for hyperarousal, 0.54 for intrusion, and 0.62
for the overall IES score).

Discussion

This study is the first systematic investigation into
the mental health of clean-up workers who partici-
pated in salvage activities after the Chernobyl disaster
of 1986. After adjusting for differences in age and
onset of disorder prior to 1986, we found that signifi-
cantly more clean-up workers developed mood and
anxiety disorders, but not alcoholism or IED. They
also had higher rates of suicide ideation and severe
headaches. Clean-up workers with recent episodes of
mood disorders and PTSD lost more days from work
than affected controls and unaffected respondents.
Among the clean-up workers, level of exposure to


https://doi.org/10.1017/S0033291707002371

486 K. Loganovsky et al.

radiation (or radiation-associated stressors) was as-
sociated with severe headache, current somatic com-
plaints, and especially PTSD symptoms as measured
by the IES. This seems to suggest an increased vul-
nerability among the workers and greater concerns
about health among the most exposed workers. Our
investigation therefore confirms the earlier suggestion
of an impact on mental health in this group and also
provides evidence on suicide ideation that is consist-
ent with the mortality findings of Rahu et al. (2006).

Studies of clean-up workers of other types of large-
scale events often find high rates of psychological
impairment (e.g. CDC, 2004; Benedek et al. 2007). In
the case of the Chernobyl clean-up workers, five
previous mental health studies suggested that their
experience had an adverse effect on their mental
health (Viel et al. 1997; Loganovsky & Loganovskaja,
2000; Polyukhov et al. 2000; Gamache et al. 2005;
Rahu et al. 2006). However, except for Rahu et al.
(2006), each study had serious methodological limi-
tations that precluded firm conclusions, including
sampling bias, non-judicious choice of the control
groups, non-blind assessment procedures, lack of in-
dependent verification of the diagnoses, and analyses
that failed to control for confounding factors. A study
of workers following the Three Mile Island accident
did not find higher rates of disorder compared to
controls at another nuclear power plant or at a coal-
fired plant, but the exposure and risk perceptions were
much smaller (Parkinson & Bromet, 1983). The present
results using a more rigorous methodology confirm
previous suggestions of a significant mental health
impact of Chernobyl and extend previous work by
demonstrating an association of disorder with work-
loss days.

Of note, our study focused on psychiatric con-
ditions. Several physical health outcomes have also
been suggested (The Chernobyl Forum, 2006), includ-
ing cataracts (Worgul et al. 2007) and cardiovascular
disorders (Trivedi & Hannan, 2004 ; Ivanov ef al. 2006).
However, mortality has not increased significantly
(The Chernobyl Forum, 2006). If physical health
problems are more prevalent in the clean-up workers,
they might account for the elevated rates of dis-
ability in this group overall. The unanswered question
is whether the clean-up workers with psychiatric
disorder had more health problems than clean-up
workers without psychiatric disorder or controls,
given their elevated average number of work-loss
days. Another potential issue to be examined in future
studies of clean-up workers is the presence of co-
morbid somatoform disorders. Research on Gulf War
veterans who were at risk for stress and/or exposure
to toxic substances has shown that non-specific soma-
toform complaints, particularly pain, are elevated
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(Wessely, 2002; Stimpson et al. 2006). Our findings on
the somatization symptom scale provide marginal
support for this hypothesis, but the very high rate of
headaches among the clean-up workers seems to
support it.

It is important to be clear about the limitations of
the current study. First, the sample of clean-up
workers was drawn from the official state register of
the population directly affected by Chernobyl, which
is incomplete. Moreover, it was difficult to locate
the sample, and the final response rate was lower
than we had expected. The main factors contributing
to sample loss were moves within Ukraine and emi-
gration outside Ukraine following the collapse of the
Soviet Union. We were also unable to obtain objective
information about activities at the reactor site other
than by retrospective reports. The Chernobyl Forum
(2006, p. 25) recommends that the exposure data
from the official state registries be treated with
caution. Second, the sample of clean-up workers ex-
cluded the most severely exposed group, that is the
men who were hospitalized with symptoms of acute
radiation sickness. It is likely that this group, which
had to work under extremely hazardous circum-
stances, also experienced the most severe psychologi-
cal stress. Our estimates of the impact are therefore
likely to be conservative. Third, the control group was
recruited from a general population sample, whereas
the men who were summoned to perform clean-up
activities in the aftermath of the disaster were a selec-
tion of relatively young and healthy personnel from
military and civil services. We have been partly able
to control for the healthy worker effect resulting
from such selection bias by controlling for onset of
disorder before 1986. However, we were unable to
control for other relevant variables, such as occu-
pational status or education at the time of the event.
Moreover, some of the controls may not have been
living in the same geographic area in 1986-90 when
the clean-up workers were recruited, and others may
have moved away in the interim. Fourth, the inter-
views with the clean-up workers were conducted
1.5-2 years after the interviews with the control group.
Thus, although we controlled for age, the clean-up
workers had a longer risk period for developing a
disorder. However, the age of onset of the disorders
we considered was late twenties to late thirties, and
thus the interviews took place well after the period of
risk for first onsets (Bromet ef al. 2005). Nevertheless,
this difference could have influenced the period pre-
valences. Fifth, the interviewers in our study were
not blind to exposure status. In a similar vein, the
clean-up workers were aware of the fact that the study
aim was to assess the impact of their experience in
the aftermath of the disaster. This may have led to
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response bias and observational bias in the exposed
sample. Sixth, our study examined common disorders
using a structured interview given by lay interviewers,
and some conditions, such as suicide ideation, were
based on a single item. Thus we did not assess the
presence of other potentially relevant forms of
psychopathology. Three studies conducted in Ukraine
reported increased rates of schizophrenia (Loganovsky
& Loganovskaja, 2000) and cognitive impairment
(Polyukhov et al. 2000; Gamache ef al. 2005). Our
investigation can neither confirm nor refute these
findings.

In conclusion, the study presented in this paper
fills a gap in the existing literature about the mental
health effects of the Chernobyl disaster on the men
recruited as clean-up workers after the accident.
Consistent with the findings of The Chernobyl Forum
(2006) and with findings from other disasters involv-
ing radiation (e.g. Yamada & Izumi, 2002), the results
show that the accident had a deleterious effect on
mental health. Considering the size of the psycho-
logical impact of the event and the ongoing debate
about physical health effects among these clean-up
workers, further study of this group is needed. Such
studies should endeavor to collect objective measures
of exposure and physical health, consider cognitive
impairment and psychotic symptoms, and use mental
health professionals to conduct more rigorous psychi-
atric evaluations.
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