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Abstract 

Background: Physical and psychological symptoms are prevalent in populations 

recently affected by industrial accidents. Follow-up studies of human health effects 

are scarce, and as most of them focus on residents, little is known about the long-

term health effects among workers exposed to malodourous emissions following a 

chemical explosion.  

 

Aims:  To assess whether subjective health complaints (SHC) among workers 

declined over a four year period after an oil tank explosion that emitted malodorous 

sulphurous compounds.  

 

Methods: A longitudinal survey from 2008 (18 months after the explosion) to 2012, 

performed using the Subjective Health Complaints Inventory. Questionnaire data 

were analyzed using a linear mixed effects model. 

 

Results: There was a decrease in subjective health complaints among the exposed 

workers, but they still had significantly more subjective neurological symptoms 

(P<0.01) compared to controls, adjusted for gender, age, smoking habits, educational 

level and proximity to the explosion. 

 

Conclusions: Although there was a downward trend in subjective health complaints 

among exposed workers in the follow-up period they reported more subjective 

neurological complaints than controls. Symptoms may be mediated by perceived 

pollution and health risk perception, and adaptation or anxiety may cause a chronic 

effect, manifested by a dysfunctional and persistent neuropsychological response. 



 

Keywords: Subjective health complaints, epidemiological follow-up, oil tank 

explosion, environmental pollution, malodorous pollution, workers. 

 

 



 

Introduction 

Industrial disasters involving environmental pollution or contamination are common in 

the industrialised parts of the world. They are caused by accidents, carelessness or 

incompetence and are responsible for much human suffering [1-4]. Both physical and 

psychological symptoms are prevalent in populations recently affected by industrial 

accidents [1-7], but less is known about the time course of subjective health 

complaints [8] and the long-term effects on subjective health [8] following such 

incidents. 

  

In 2007, a chemical explosion occurred in an industrial harbour in the western part of 

Norway. An oil tank containing low-quality gasoline and sulphurous waste products 

exploded, causing a violent fire with environmental pollution by a mixture of 

malodorous sulphurous compounds and various hydrocarbons [9-12]. Professional 

firefighters extinguished the fire during the afternoon of the blaze. Clean-up work that 

included removing foul-smelling contamination from the area started the following 

day, but took more than two years to complete.  In the meantime, the odour was 

continuously present. Workers in the industrial area, as well as residents in the 

neighbourhood, experienced acute health effects such as sore and irritated eyes, 

sore throat, cough, headache, sleep problems and nausea [13, 14]. Low levels of 

sulphurous compounds were measured both a few weeks after the explosion and at 

the time of the first part of the study [10, 12, 15]. 

 

Previous studies of relevance include those describing long-term human health 

effects in the aftermath of chemical explosions and fires [8, 16, 17], health effects 



related to long-term mercaptan exposure [18], and from exposure to foul odour from 

a petroleum refinery [19] and a biofuel facility [20]. Most of these studies include only 

residents rather than workers. To our knowledge, very few have studied long-term 

effects among workers who have experienced a malodorous chemical explosion at 

their workplace. 

 

This study reports on follow-up of an initial study performed one and a half years after 

the disaster. The first study showed reduced tear film stability [13], more airway 

symptoms and reduced lung function among residents close to the industrial area 

[11]. Workers who were employed in the industrial area or participated in the clean-

up operation also had more subjective health complaints compared to unexposed 

workers [12]. Predominant among these were headache, hot flushes, sleep 

problems, tiredness, dizziness and sadness/depression [12]. These findings indicated 

a host of non-specific physical and mental symptoms attributed to exposure, with 

odour as a potential cause [12].   

 

In this study, we hypothesized that removing malodorous pollution from the area of 

the 2007 explosion would reduce subjective health complaints among exposed 

workers. The aim of the survey was to assess the degree to which subjective health 

complaints among workers were lower five and a half years after the oil tank 

explosion. All the foul-smelling contamination was removed during the study period. 

More information about the long-term health effects among workers who experience 

a malodorous chemical explosion is useful if future accidents occur. 

 



Methods 

The present study is a part of a longitudinal study that was started in 2008, one and a 

half years after the disaster. All employees in the industrial area and all residents 

over the age of two living within six kilometres of the industrial area were invited to 

participate in the main study. A control group, matched by gender and age to the 

employees and the residents, and from the same geographical area, but living 20-30 

kilometres from the site, was also invited. All participants who took part in the first 

survey and could be located were invited to participate in a 2012 survey, five and a 

half years after the incident. We included employees in the industrial area at the time 

of the explosion and those who participated in the clean-up operation; these workers 

were aged 18-67 at the time of the incident. Firefighters were not included, as they 

represent a group selected for repeated occupational exposure to similar events. For 

the control group, working inhabitants living 20-30 kilometres from the industrial area 

and aged 18-67 during the first survey were included. As in the first survey, the 

participants were invited to join the study by a personal letter sent by ordinary mail.  

 

Both surveys used the Subjective Health Complaints Inventory (SHC), a validated 

instrument that measures subjective health complaints experienced by the participant 

in the previous 30 days [21]. This consists of 29 common somatic and psychological 

health complaints, including symptoms with minimal or no clinical findings. The 

respondents were asked to grade the intensity of each item experienced during the 

previous 30 days by using a four-point scale from 0 (no complaints) to 3 (severe 

complaints). The maximum total sum score was 87. Based on previous factor 

analysis the 29 items were grouped into subscales [21]. Musculoskeletal complaints 

consist of eight items (headache, neck pain, upper back pain, low back pain, arm 



pain, shoulder pain, migraine and pain in the feet) giving a maximum subscale score 

of 24. Subjective neurological complaints consist of seven items (extra heartbeats, 

hot flushes, sleep problems, tiredness, dizziness, anxiety and sadness/depression) 

with a maximum subscale score of 21. This subscale was originally termed “pseudo-

neurological” complaints by the developers of the instrument. Gastrointestinal 

complaints comprise seven items (heartburn, stomach discomfort, ulcer/non-ulcer 

dyspepsia, stomach pain, gas discomfort, diarrhoea and constipation), also with a 

maximum subscale score of 21. Allergy consists of five items (asthma, breathing 

difficulties, eczema, allergies and chest pain), (maximum subscale score 15) and flu, 

which comprises two items (cold/flu and coughing), with a maximum subscale score 

of six. 

 

In this study, questionnaire data from both surveys are reported. The questionnaire 

for the present study sought data on gender, age, smoking, number of years of 

education after elementary school, employment (yes/no), employment in the 

industrial area (yes/no), distance from the accident site at the time of the explosion 

(in kilometres) and involvement in the clean-up operation (yes/no). In the 2008 survey 

participants were asked whether they were aware of a specific foul odour from the 

industrial area three months before the start of the survey, while in the 2012 survey 

they were asked if they had noted a specific foul odour from the industrial area during 

the month prior to the survey.  

 

Some participants did not answer all questions in the SHC inventory. If fewer than 

half of the items within a subscale were missing, a missing score for an item was 

imputed by the mean score of the valid items within the respective subscale for that 



individual [22]. Otherwise, the entire subscale was regarded as missing [22]. Mean 

subscale and total SHC scores were calculated and used in further analyses. The 

internal consistency of the five subscales in our study were analysed by using 

Cronbach’s alpha.  

 

To account for repeated responses from individual workers, linear mixed effects 

models were used to analyse possible differences in total SHC score and in subscale 

scores from the first to the second survey for exposed and control groups. In these 

analyses, the individual worker was entered as a random effect and time in question 

(2008 or 2012) was entered as fixed effect. The model included an interaction term 

between the time variable and the group variable. Linear mixed effects models were 

also used to analyse possible differences in mean scores of single items in subscales 

that were significantly different between exposed and control groups in 2012. 

Estimated mean differences in scores were adjusted for possible confounding from 

smoking (non-smoker/daily smoker), education level (0, 1-3 or 4 or more years after 

elementary school), gender, and age (18-36, 37–44, 45–51 or 52–67 years). 

Proximity to the explosion of 1 kilometre or less was used to classify the participants 

as present in the industrial area during the explosion or not. 

Among the exposed workers, possible differences in crude subjective neurological 

subscale scores by gender and smoking habits were analysed by the Student t-test. 

SPSS version 22 was used for the analysis, and the level of significance was set to 

0.05 for all analyses. 

 

Informed consent was obtained from each participant, and the study was completed 

in accordance with the Helsinki Declaration. The Regional Committee for Medical 



Ethics of Western Norway and Norwegian Social Science Data Services approved 

the study. 

 

Results  

In total, 1016 individuals were invited to participate in the first study in 2008. 734 

(72%) gave their consent to participate. A total of 506 people (69% of the 2008 

survey) were enrolled in the second survey. Men accounted for 80% of the exposed 

workers in both surveys. The total number of exposed workers in the 2012 survey 

was 106, or 72% of those participating in 2008. They included 85 men and 21 

women. In the control group, there were 55% and 53% men in the 2008 and the 2012 

survey respectively. In 2012, 97 controls participated (71% of those in 2008), 

numbering 51 men and 46 women (Fig. 1). Exposed workers were slightly younger 

and included more daily smokers compared to the control group (Table 1).  

 

Validity of the survey scales was good to excellent. Cronbach’s alpha values for 

musculoskeletal complaints were 0.80 and 0.78 in the 2008 and 2012 surveys 

respectively. Equivalent values for subjective neurological symptoms were 0.73 and 

0.69, for gastrointestinal complaints 0.66 and 0.69, for flu 0.73 and 0.70 and for the 

allergy subscale 0.47 and 0.54. For the total score of all 29 items, Cronbach’s alpha 

was 0.86 in both surveys. 

 

From 2008 to 2012 there were significant reductions in both the total SHC score 

(p<0.01) and in the subjective neurological (p<0.001) and the gastrointestinal 

subscale scores (p<0.01) among the exposed workers, but no significant changes in 

the controls, adjusted for gender, age, smoking habits, education level and proximity 



to the explosion (Table 2). For the subjective neurological subscale there was a 

significant interaction between exposure group and time, indicating that the changes 

in scores from 2008 to 2012 were different between exposed and controls (p<0.05). 

No significant interaction between exposure group and time were found for the total 

SHC score and the gastro-intestinal subscale score (Table 2). Despite the significant 

reduction in subjective neurological subscale score among the exposed workers from 

2008 to 2012, a significantly higher subscale score was seen in 2012 compared to 

controls (2.54 vs 1.62, p<0.01), adjusted for gender, age, smoking habits, education 

level and proximity to the explosion. For the total SHC score and the other subscale 

scores there were no significant differences between the exposed workers and the 

controls in 2012 (Table 2).  Proximity to the explosion was not associated with the 

symptom scores among the exposed workers. Compared to controls, the exposed 

workers had significantly higher scores for the single items describing sleep problems 

and tiredness within the subjective neurological subscale (p<0.05 and p<0.05, 

respectively) in 2012 (Fig. 2). Among the exposed workers, there were no significant 

differences in the crude subjective neurological subscale scores between men and 

women or between smokers and non-smokers in 2008. This was also seen in 2012 

for gender, but smokers had significantly higher scores than non-smokers in this 

latter survey. Of the exposed workers, 6% reported that they had noticed a foul odour 

from the industrial area in 2012, compared to 56% in 2008. 

 

Discussion 

Our study showed an overall decrease of complaints among the exposed workers 

over the follow-up period, a time period that included removal of the malodorous 

pollution from the area. No significant differences across the two periods were found 



among controls. The exposed workers still reported significantly more subjective 

neurological symptoms than the controls. By use of a longitudinal design, we were 

able to follow the participants from before to after the removal of the malodorous 

pollution. Following the chemical explosion the exposed workers were exposed to 

sulphurous compounds, which produce a bad smell at very low concentrations [23-

26]. Previous studies after an accidental leakage from a mercaptan storage facility 

showed an increased prevalence of both physical and psychological health 

complaints among a population who experienced long-term exposure to this spill [18]. 

These results are similar to the results of our study. Toxic effects of the pollutants 

were unlikely in this study, since such effects arise at significantly higher exposure 

levels [23-26] than the measurements performed in the area indicated [9-12, 15].  In 

the present study, the foul-smelling contamination was not removed from the area 

until two years after the accident. Five and a half years after the incident, 6% of the 

exposed workers still reported a foul odour from the industrial area.  

 

The higher prevalence of subjective neurological complaints among the exposed 

workers is comparable to the results of a longitudinal study performed among 

residents in a community close to a petroleum refinery that implemented an odour-

reduction plan during the study period [19]. The participants continued to report the 

same degree of symptoms caused both by stress-mediated mechanisms related to 

odour annoyance and by irritant mechanisms due to the chemical properties of the 

emissions, despite a substantial reduction of odorous emissions from the refinery 

[19]. The decline of complaints among exposed workers in our study is similar to 

results from population studies that examined prevalence and time course of 

subjective health complaints in survivors after an explosion in a firework depot in a 



residential area in the Netherlands [8]. A gradual decrease of symptoms was found 

among the residents in the firework study [8]. No significant exposure to toxic 

substances was detected in the aftermath of the firework explosion, but even so the 

survivors reported significantly more symptoms than controls, both one and a half 

years and four years after the disaster [8]. 

 

Other strengths of this study include the high response rates, a control group from 

the same geographical area suggesting fewer cultural differences between the 

groups and a validated instrument to assess the subjective health complaints. By 

surveying complaints instead of diagnoses, we included possible health effects 

without clinical findings, which is of importance among participants expected to be 

relatively healthy. Moreover, by asking about symptoms experienced in the last 30 

days, regardless of the accident, we attempted to reduce the possibility of introducing 

both a recall bias and a common-instrument bias. However, such biases could not be 

totally ruled out. 

 

More health complaints among the exposed workers in this study might be related to 

the malodorous pollution or a perceived health risk. Previous epidemiological studies 

of physical health complaints after major disasters involving environmental exposures 

found that affected populations often relate their symptoms to the chemical exposure, 

even if such causal associations are unlikely [27]. A previous study among residents 

exposed to malodorous, non-toxic levels of emissions from a biofuel facility 

suggested that both symptoms and annoyance were mediated by perceived pollution 

and health risk perception; not by the pollution itself [20]. The term bottom-up 

processing of a stimulus is used to describe how the flow of information from the 



environment to the brain is processed [28]. Its counterpart, top-down processing, 

which includes interpretation based on previous knowledge, expectations or beliefs 

[28] is particularly important in connection with odorous exposure [20]. 

 

In our regression models, proximity to the explosion of 1 km or less did not have any 

significant effect on subjective health complaints. Exposure to foul odour was 

apparently of more importance than being close to the accident for the degree of 

complaints in this study. This is comparable to results of studies after a fireworks 

disaster [16, 17]. In these studies disaster-related experiences such as injury or 

losing a home or a loved one were not found to be very strong risk factors for 

physical symptoms among survivors four years after the firework explosion [17]. 

However, among other factors sleeping problems were found to maintain physical 

complaints and mediated the relationship between traumatic stress and these 

complaints [17]. Within the first years after the firework disaster, residents who had 

been exposed to the most extreme disaster exposures, like losing their homes or a 

loved one, had an increased responsiveness to subsequent stressful events, 

compared to participants who reported less extreme disaster exposure [16]. Four 

years after the accident, however, there were no differences in stress responsiveness 

[16].  

 

Five and a half years after an oil tank explosion involving a mixture of malodorous 

sulphurous compounds affected workers reported fewer subjective health complaints 

compared to one and a half years after the incident. As there were no other apparent 

changes than the removal of the foul-smelling contamination in their work 

environment, it is likely that the reduction of symptoms was due to the decreased 



exposure to odorous pollutants or to time passed since the explosion. However, 

exposed workers still had more subjective neurological complaints, particularly 

tiredness and sleep problems, compared with the controls. We do not know why 

exposed workers still reported more such complaints than controls, but previous 

studies involving malodorous exposure at non-toxic exposure levels indicated that 

symptoms were mediated by perceived pollution and risk to health, not by the 

pollution itself [20]. In this study, population adaptation and anxiety might have 

resulted in a chronic effect manifested by a dysfunctional and persistent 

neuropsychological response. This should be considered in future studies. 

 

Key points: 

 Subjective health complaints among workers exposed to a malodorous chemical 

explosion showed a downward trend during follow-up, but exposed workers still 

had more subjective neurological symptoms than controls after five years.   

 The symptoms might be mediated by perceptions of pollution exposure and 

resulting health risk. 

 Health personnel should be aware of the likely development of subjective health 

complaints after malodorous chemical incidents. 

 

 

 

 

 

 

 



Conflicts of interest: None declared.  

 

Funding: This work was supported by the Ministry of Health and Care Services 

(Norway) and Haukeland University Hospital (Bergen, Norway). 

 

Acknowledgements: The authors are grateful to Anne Kari Mjanger, Ågot Irgens, 

Berit Johannessen, Arnt Troland, Nils Magerøy, Svein Gunnar Sivertsen, Eivind A. S. 

Steinsvik, Jens Tore Granslo and Unn Merete Ø. Kalland, the administration and 

local physicians of Gulen and Masfjorden municipalities and the people who 

participated in this study. We are also grateful to Gunilla Wieslander and Dan 

Norbäck for useful methodological discussions. 

 

 



References   
1. Pesatori AC, Consonni D, Bachetti S, Zocchetti C, Bonzini M, Baccarelli A, Bertazzi PA. Short- 

and long-term morbidity and mortality in the population exposed to dioxin after the "Seveso 

accident". Industrial health 2003, 41:127-138. 

2. Dhara VR, Dhara R. The Union Carbide disaster in Bhopal: a review of health effects. Archives 

of environmental health 2002, 57:391-404. 

3. Aguilera F, Mendez J, Pasaro E, Laffon B. Review on the effects of exposure to spilled oils on 

human health. Journal of applied toxicology : JAT 2010, 30:291-301. 

4. Harada M. Minamata disease: methylmercury poisoning in Japan caused by environmental 

pollution. Critical reviews in toxicology 1995, 25:1-24. 

5. Morgan O, Verlander NQ, Kennedy F, Moore M, Birch S, Kearney J, Lewthwaite P, Lewis R, 

O'Brian S, Osman J et al. Exposures and reported symptoms associated with occupational 

deployment to the Buncefield fuel depot fire, England 2005. Occupational and environmental 

medicine 2008, 65:404-411. 

6. Ackermann-Liebrich UA, Braun C, Rapp RC. Epidemiologic analysis of an environmental 

disaster: the Schweizerhalle experience. Environmental research 1992, 58:1-14. 

7. van Kamp I, van der Velden PG, Stellato RK, Roorda J, van Loon J, Kleber RJ, Gersons BB, 

Lebret E. Physical and mental health shortly after a disaster: first results from the Enschede 

firework disaster study. European journal of public health 2006, 16:253-259. 

8. van den Berg B, Grievink L, Stellato RK, Yzermans CJ, Lebret E. Symptoms and related 

functioning in a traumatized community. Archives of internal medicine 2005, 165:2402-2407. 

9. Folkehelseinstituttet. Miljømedisinsk vurdering av kjemikalieulykken ved Vest Tank 24.5.2007 

i Gulen (In Norwegian) 

10. Rasmussen S. Luftprøver for analyse av svovelholdige forbindelser og løsemidler, Vest Tank, 

juni 2007. (In Norwegian) 



11. Granslo JT, Bratveit M, Hollund BE, Irgens A, Svanes C, Mageroy N, Moen BE. Airway 

symptoms and lung function in the local population after the oil tank explosion in Gulen, 

Norway. BMC pulmonary medicine 2012, 12:76. 

12. Tjalvin G, Hollund BE, Lygre SH, Moen BE, Bratveit M. Subjective Health Complaints Among 

Workers in the Aftermath of an Oil Tank Explosion. Arch Environ Occup Health 2014:0. 

13. Moen BE, Norback D, Wieslander G, Bakke JV, Mageroy N, Granslo JT, Irgens A, Bratveit M, 

Hollund BE, Aasen T. Can air pollution affect tear film stability? A cross-sectional study in the 

aftermath of an explosion accident. BMC public health 2011, 11:235. 

14. Tande RM, Norman T, Asheim TK, Midtbø M, Berg AL. Rapport om helseplager i Gulen og 

Masfjorden kommunar etter ulukka i Vest Tank sitt anlegg i Sløvåg 24.05.2007. (In 

Norwegian) 

15. Westby M, Hetland, S. Kartlegging av diffuse utslipp til luft fra tank 61 og 63 ved Aleksela, 

Sløvåg, November 2008. (In Norwegian) 

16. Smid GE, van der Velden PG, Lensvelt-Mulders GJ, Knipscheer JW, Gersons BP, Kleber RJ. 

Stress sensitization following a disaster: a prospective study. Psychological medicine 2012, 

42:1675-1686. 

17. van den Berg B, Grievink L, van der Velden PG, Yzermans CJ, Stellato RK, Lebret E, Brunekreef 

B. Risk factors for physical symptoms after a disaster: a longitudinal study. Psychological 

medicine 2008, 38:499-510. 

18. Behbod B, Parker EM, Jones EA, Bayleyegn T, Guarisco J, Morrison M, McIntyre MG, Knight 

M, Eichold B, Yip F. Community Health Assessment Following Mercaptan Spill: Eight Mile, 

Mobile County, Alabama, September 2012. Journal of public health management and 

practice : JPHMP 2013. 

19. Luginaah IN, Taylor SM, Elliott SJ, Eyles JD. A longitudinal study of the health impacts of a 

petroleum refinery. Social science & medicine (1982) 2000, 50:1155-1166. 



20. Claeson AS, Liden E, Nordin M, Nordin S. The role of perceived pollution and health risk 

perception in annoyance and health symptoms: a population-based study of odorous air 

pollution. International archives of occupational and environmental health 2013, 86:367-374. 

21. Eriksen HR, Ihlebaek C, Ursin H. A scoring system for subjective health complaints (SHC). 

Scandinavian journal of public health 1999, 27:63-72. 

22. Ihlebaek C, Eriksen HR, Ursin H. Prevalence of subjective health complaints (SHC) in Norway. 

Scandinavian journal of public health 2002, 30:20-29. 

23. ACGIH. n-Butyl mercaptan: TLV Chemical Substances, 7 edn. Cincinnati, Ohio; 2001. 

24. ACGIH. Ethyl mercaptan: TLV Chemical Substances, 7 edn. Cincinnati, Ohio; 2004. 

25. ACGIH. Methyl mercaptan: TLV Chemical Substances, 7 edn. Cincinnati, Ohio; 2004. 

26. Guidotti TL. Hydrogen sulfide: advances in understanding human toxicity. International 

journal of toxicology 2010, 29:569-581. 

27. Engel CC, Jr., Adkins JA, Cowan DN. Caring for medically unexplained physical symptoms after 

toxic environmental exposures: effects of contested causation. Environmental health 

perspectives 2002, 110 Suppl 4:641-647. 

28. Smeets MA, Dalton PH. Evaluating the human response to chemicals: odor, irritation and 

non-sensory factors. Environmental toxicology and pharmacology 2005, 19:581-588. 

 



 

Ta
b

le
 1

. D
es

cr
ip

ti
ve

 d
at

a 
am

o
n

g 
w

o
rk

er
s 

st
u

d
ie

d
 o

n
e 

an
d

 a
 h

al
f 

an
d

 f
iv

e 
an

d
 a

 h
al

f 
ye

ar
s 

af
te

r 
a 

m
al

o
d

o
ro

u
s 

ch
em

ic
al

 e
xp

lo
si

o
n

 
  

 
2

00
8

 
 

2
0

1
2

 

   

Ex
p

o
se

d
 w

o
rk

er
sa 

n
 (

=1
4

7
) 

 
C

o
n

tr
o

ls
b
 

n
 (

=1
3

7
) 

 

 
Ex

p
o

se
d

 w
o

rk
er

sa   
n

 (
=1

0
6

) 
 

C
o

n
tr

o
ls

b
  

n
 (

=9
7

) 
 

G
en

d
er

 
 

 
 

 
 

   
  M

al
e 

n
(%

) 
1

17
 (

8
0

) 
7

5
 (

5
5

) 
 

8
5

 (
8

0
) 

5
1

 (
5

3
) 

   
  F

em
al

e
 n

(%
) 

3
0

 (
2

0
) 

6
2

 (
4

5
) 

 
2

1
 (

2
0

) 
4

6
 (

4
7

) 
 M

ea
n

 a
ge

 (
SD

) 
 

4
3

 (
1

1
) 

 
4

6
 (

1
1

) 
 

 
4

8
 (

1
0

) 
 

5
0

 (
1

1
) 

 D
ai

ly
 s

m
o

ke
rs

 n
(%

) 
 

5
9

 (
4

0
) 

 
2

9
 (

2
1

) 
 

 
3

5
 (

3
3

) 
 

1
7

 (
1

8
) 

 
 

 
 

 
 

 Ed
u

ca
ti

o
n

 le
ve

l n
(%

) 
 

 
 

 
 

   
  0

 y
ea

r 
af

te
r 

e
le

m
e

n
ta

ry
 s

ch
o

o
l  

1
5

 (
1

0
) 

9
 (

7
) 

 
1

2
 (

1
1

) 
3

 (
3

) 
   

  1
 t

o
 3

 y
ea

rs
 a

ft
e

r 
e

le
m

en
ta

ry
 s

ch
o

o
l 

8
8

 (
6

0
) 

6
4

 (
4

7
) 

 
6

5
 (

6
2

) 
4

8
 (

5
1

) 
   

  4
 y

ea
rs

 o
r 

m
o

re
 a

ft
er

 e
le

m
en

ta
ry

 s
ch

o
o

l 
4

3
 (

2
9

) 
6

0
 (

4
4

) 
 

2
8

 (
2

7
) 

4
4

 (
4

6
) 

 
 

 
 

 
 

 P
ro

xi
m

it
y 

to
 t

h
e 

ex
p

lo
si

o
n

 n
(%

) 
 

 
 

 
 

   
  1

 k
m

 o
r 

cl
o

se
r 

to
 t

h
e 

ex
p

lo
si

o
n

  
7

3
 (

5
0

) 
1

 (
1

) 
 

6
0

 (
5

7
) 

0
 (

0
) 

   
 M

o
re

 t
h

an
 1

 k
m

 f
ro

m
 t

h
e 

e
xp

lo
si

o
n

 
7

4
 (

5
0

) 
1

36
 (

9
9

) 
 

4
6

 (
4

3
) 

9
7

 (
1

0
0

) 
 

 
 

 
 

 
a Ex

p
o

se
d

 w
o

rk
er

s 
d

ef
in

ed
 a

s 
em

p
lo

ye
es

 in
 t

h
e 

in
d

u
st

ri
al

 a
re

a 
at

 t
h

e 
ti

m
e 

o
f 

th
e 

ex
p

lo
si

o
n

 a
n

d
/o

r 
cl

ea
n

-u
p

 w
o

rk
er

s 
(a

ge
d

 1
8

-6
7

 in
 2

0
0

8
).

 

b
C

o
n

tr
o

ls
 d

e
fi

n
ed

 a
s 

w
o

rk
in

g 
in

h
ab

it
an

ts
 (

ag
ed

 1
8

-6
7

 in
 2

0
0

8
) 

liv
in

g 
2

0
-3

0
 k

m
 a

w
ay

 f
ro

m
 t

h
e 

ex
p

lo
si

o
n

 s
it

e,
 a

n
d

 w
h

o
 w

er
e 

n
ei

th
er

 e
m

p
lo

ye
es

 in
 t

h
e 

in
d

u
st

ri
al

 a
re

a 
n

o
r 

cl
ea

n
-u

p
 w

o
rk

er
s.

 
 



Table 2 Mean scores and adjusted differences in mean scores from the Subjective Health Complaints Inventory in 

exposed workersa and controlsb  

 

 
2008 2012 

Mean 
Difference

:Timec 

95 % CI for 
mean 

difference 
p-value 

p-value for 
Group*Time 
interaction 

       

Total SHC Score       

Exposed workers 14.01 11.89 -2.07 (-3.63, -0.52) <0.01 NS 

Controls 9.88 8.85 -0.61 (-2.23, 1.02) NS  

Mean Difference: 

Group (MDG)d 

-4.07 -2.60     

95% CI (-6.80, -1.34) (-5.50, 0.30)     

p-value <0.01 NS     

Subjective 

neurological 

complaints 

      

Exposed workers 3.60 2.54 -0.80 (-1.25, -0.36) <0.001 <0.05 

Controls 1.76 1.62 -0.13 (-0.59, 0.33) NS  

MDG -1.86 -1.19     

95% CI (-2.69,-1.04) (-2.03, -0.35)     

p-value <0.001 <0.01     

Flu       

Exposed workers 1.53 1.42 -0.16 (-0.50, 0.18) NS NS 

Controls 1.28 1.07 -0.18 (-0.54, 0.18) NS  

MDG -0.06 -0.04     

95% CI (-0.51, 0.40) (-0.54, 0.46)     

p-value NS NS     

Musculo-skeletal 

complaints  

      

Exposed workers 5.05 5.25 0.04 (-0.77, 0.84) NS NS 

Controls 4.01 4.22 0.38 (-0.46, 1.22) NS  

MDG -1.29 -0.94     

95% CI (-2.51, -0.06) (-2.32, 0.44)     

p-value <0.05 NS     

       



Gastro-intestinal 

complaints  

Exposed workers 2.49 1.82 -0.68 (-1.18, -0.18) <0.01 NS 

Controls 1.97 1.85 -0.08 (-0.60, 0.44) NS  

MDG -0.47 0.13     

95% CI (-1.22, 0.28) (-0.72, 0.99)     

p-value NS NS     

Allergy        

Exposed workers 1.36 1.21 -0.09 (-0.38, 0.20) NS NS 

Controls 0.86 0.79 -0.08 (-0.38, 0.22) NS  

MDG -0.50 -0.49     

95% CI (-1.00, 0.007) (-1.03, 0.05)     

p-value NS NS     

aExposed workers defined as employees in the industrial area at the time of the explosion and/or clean-up 

workers (aged 18-67 in 2008). 

bControls defined as working inhabitants (aged 18-67 in 2008) living 20-30 km from the explosion site, and who 

were neither employees in the industrial area nor clean-up workers. 

cMean difference in total SHC score and subscale scores within each exposure group from 2008 to 2012, adjusted 

for gender, age, smoking habits, education level and proximity to the explosion in a mixed effects model. 

dMean difference in total SHC score and subscale scores between exposed workers and controls in 2008 and 

2012, adjusted for gender, age, smoking habits, education level and proximity to the explosion in a mixed effects 

model. 



 

Figure 1: The main study population and participants included in this study (shaded grey). 

Inclusion criteria: Employees in the industrial area at the time of the explosion and/or clean-

up workers (aged 18-67 in 2008), defined as exposed workers. Controls defined as working 

inhabitants (aged 18-67 in 2008) living 20-30 km away from the explosion site and who were 

neither employees in the industrial area nor clean-up workers.
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