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Abstract
Background  Little is known about the mental health consequences of large-scale industrial fires without fatalities 
but with persistent odors for several months. One such fire occurred in 2019 in Rouen, France. This survey aimed to 
assess the impact of the fire on the mental health of the exposed population fifteen months later.

Methods  A random representative stratified sample was selected from the exposed population in Rouen and a non-
exposed population in a nearby city. Three probable mental health disorders were assessed with self-administered 
psychometric scales: PCL-5 for probable post-traumatic stress disorder, GAD-7 for probable generalized anxiety, and 
PHQ-9 for probable depression. Different types of exposure were self-reported: perceived odors, black smoke, visual 
or auditory fire perception, soot deposits, or fibrocement roof debris. The prevalence of probable mental health 
disorders and the associated factors were examined.

Results  A total of 1,968 people participated (overall response rate of 20%). In the exposed area, 6% (5-7%) of people 
presented probable post-traumatic stress disorder attributable to the fire, 15% (13-17%) probable generalized anxiety, 
and 18% (16-20%) probable depression. The prevalence of all three was significantly higher in participants living 
close to the fire. Probable post-traumatic stress disorder and probable generalized anxiety were both associated with 
auditory perception of the fire or explosions. Probable generalized anxiety was also associated with the duration of 
exposure to unpleasant odors. Probable depression was associated with the duration of exposure to odors, and the 
presence of fibrocement roof debris.

Conclusion  Even though there were no fatalities and no injured people, the industrial fire had a mental health 
impact on people living in the exposed area in the medium term. The results of this work were used to implement 
further adequate medico-psychological care for the exposed population.
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Text box 1. Contributions to the literature
• Little is known about the mental health consequences of large-scale 
industrial fires without fatalities but with persistent odors for several 
months. One such fire occurred in 2019 in France.
• One year after the industrial fire, 6% of people in the exposed area 
presented probable PTSD attributed to the fire.
• Probable generalized anxiety and probable depression were more 
common in the exposed area than in the non-exposed area and even 
more in people living close to the fire.
• Auditory perception of the fire was associated with probable PTSD 
and probable generalized anxiety. The duration of exposure to un-
pleasant odors was associated with probable generalized anxiety and 
probable depression.

Background
People exposed to disasters may develop mental health 
disorders such as post-traumatic stress disorder (PTSD), 
anxiety, and depression [1–3]. Among the various types 
of possible disasters, industrial accidents are unique 
because they can have immediate effects (deaths, injuries, 
pollution, etc.) as well as medium- and long-term effects 
due to the consequences of the disaster, the potential 
pollutants that may result, and the trauma experienced 
by those exposed. Thus, the medium-term psychologi-
cal impacts on people exposed to industrial accidents 
are significant, as shown by some studies. For example, 
eighteen months after the AZF chemical factory explo-
sion in 2001 in Toulouse (France), PTSD prevalence in 
closest residents (< 3 km) was 19% and 8% among women 
and men, respectively [4]. Eighteen months after the fire-
work disaster in 2000 in Enschede (Netherlands), 19% of 
exposed residents had symptoms of PTSD. Anxiety and 
depressive symptoms were more prevalent in exposed 
residents than in a non-exposed group [5]. Many factors 
are associated with psychological disorders after disas-
ters, including exposure intensity [6, 7], proximity to the 
event [4], intentionality of the event [8], socio-demo-
graphic characteristics and socioeconomic status [4, 6], 
social support [9], personality traits [10], resilience [9], 
and history of psychological disorders [4].

On the night of September 26, 2019, a large-scale 
industrial fire occurred inside the warehouses of Lubr-
izol and NL Logistique in Rouen, France. Approximately 
9,500 tons of chemicals and other materials were burned 
[11]. These included hydrocarbons, additives for oils, 
and engine fluids. Additionally, more than 2,500 tons of 
various materials stored at the NL Logistique site burned, 
including 2,400 tons of food gums, 116 tons of construc-
tion materials, 7 tons of tires, 6,000 pallets. According to 
the French National Institute for Industrial Environment 
and Risks (Ineris), the combustion by-products that may 
have been dispersed into the environment during and 
after the fire were mainly carbon compounds (carbon 
dioxide and carbon monoxide), aliphatic hydrocarbons, 
mono- and poly-aromatic hydrocarbons, aldehydes, 

nitrogen and sulfur compounds including mercap-
tans, dioxins, and furans [12, 13]. The fire generated 
huge flames and a large plume of black smoke. The lat-
ter spread in a northeasterly direction over hundreds of 
kilometers and left soot deposits. Barrels exploded and 
roof fragments containing fibrocement were dispersed 
over several kilometers. The fire was controlled a few 
hours later but a smoldering fire continued for several 
days. It generated strong and persistent odors for several 
months. More than 300,000 people were exposed to the 
plume. Almost 21,000 people were living in a radius of 
1,500 m around the location of the fire. For several days, 
there was great uncertainty about exposure to pollutants 
and their consequences. No fatalities or injuries were 
reported [14]. Nevertheless, a psychological support unit 
[15] was set up after the fire which assisted a few dozen 
people [14].

To our knowledge, few studies in the literature have 
investigated the mental health impact of non-nuclear 
industrial accidents, and no study has focused on an 
industrial fire that did not result in fatalities or physical 
injuries. However, people exposed to this type of disaster 
are at risk of mental health problems as they may have 
feared for their lives and their loved ones. They may also 
fear the long-term consequences, especially with such a 
big plume, and when odors are persistent and strong for 
several months, as was the case in Rouen.

Therefore, further research is needed to better under-
stand how this type of industrial disaster and its asso-
ciated factors affect the mental health of exposed 
individuals. This knowledge is essential to inform pub-
lic health actions aimed at reducing the mental health 
burden.

The survey presented in this paper aimed to assess the 
mental health impact of exposure to the industrial fire 
in Rouen in 2019 and associated factors. Specifically, 
the prevalence of probable PTSD, probable generalized 
anxiety, and probable depression were described. We also 
aimed to estimate the associations between each prob-
able disorder and different types of exposure, especially 
the influence of odors.

Materials & methods
Data collection
“Post Fire 76 Health, ‘A Study That Listens to Your 
Health’” is a cross-sectional epidemiological survey. It 
was conducted in the general population to assess the 
health impact of the Rouen industrial fire over the short 
and medium terms. Data on participants’ perceived 
exposure, symptoms experienced during the fire, and 
health-related quality of life one year after the fire, are 
described elsewhere [16–18]. The survey was conducted 
between September and December 2020, twelve to fif-
teen months after the fire. It took place in two areas, one 
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exposed and the other non-exposed [19]. The exposed 
area was divided into four exposure strata around the 
burnt warehouses: proximity stratum for people liv-
ing less than 1500  m from the fire, South-West stra-
tum which concerned people not exposed to smoke but 
exposed to odors and close or far North-East stratum for 
people living in the plume of smoke (Fig. 1).

The non-exposed area, comprising Le Havre city and 
its northern periphery, was selected as an industrial city 
that reflected the Rouen area, and which had similar 
socioeconomic characteristics [19]. A stratified single-
stage random sampling design was used to select adults 
from each of the four exposure strata. The sampling was 
performed by the French National Institute of Statistics 
and Economic Studies (Insee) using the 2019 edition of 
the national fiscal database called ‘The Demographic 
Files on Households and Individuals’ (Fidéli) [20]. This 
address-based sampling frame included socioeconomic 
and geolocation data for each household. It allowed 
people to be selected based on the exact location of their 
dwelling. The Proximity stratum (0-1500m) was over-
represented [21]: 58% of people living within 700m of 
the fire were sampled (613 people), while9% of those in 
the 700-1500m range were sampled (1,326 people). In 
contrast, the overall sampling rate for the exposed area 
was 3%. One adult per household was selected. The sur-
vey comprised two parts. The first was completed online 
(self-administered questionnaire) or by phone. It col-
lected data on the different types of exposure reported by 
the participants, their socio-demographic characteristics, 
and their health and lifestyle habits. The second part of 

the survey [22] was dedicated to mental health and was 
completed between November and December 2020. It 
comprised of a self-administered questionnaire, either 
online or on paper. Only participants who completed the 
first part were invited to participate in the second.

Types of exposure to the industrial fire
Various types of exposures were selected after consulta-
tion with representatives of the exposed population and 
local stakeholders in the days following the fire. Some of 
them came from Fideli: the survey area (exposed or non-
exposed area), the geographic dwelling stratum (Fig.  1), 
and the distance from the dwelling to the fire. Other 
exposition variables were self-reported exposures col-
lected in the first part of the survey: unpleasant odors 
and duration, black smoke and duration, visual or audi-
tory perceptions of the fire, soot deposits, and fibro-
cement roof debris containing asbestos in the nearby 
environment.

Mental health outcomes
The second part of the survey measured probable PTSD, 
probable anxiety, and probable depression fifteen months 
after the fire. As we aimed to assess probable PTSD 
attributed to the fire, probable PTSD was only assessed in 
the exposed area.

Probable PTSD was measured using the French ver-
sion of the PTSD Checklist for DSM-5 (PCL-5) [23, 
24]. Participants were asked to complete this check-
list for PTSD symptoms they experienced in the previ-
ous month which were related to the fire. The PCL-5 

Fig. 1  Location of the burnt warehouses, exposed and non-exposed areas, and exposure strata, in France and Seine-Maritime region
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comprises 20 items (each answer coded from 0 = not at 
all” to 4 = “extremely”). Each item with a rating of 2 (i.e., 
“moderately” or higher) was defined as a PTSD symptom. 
PTSD is considered probable for people who have at least 
one symptom of the checklist’s criterion B (intrusion: 
questions 1–5), one symptom of criterion C (avoidance: 
questions 6–7), two symptoms of criterion D (negative 
alterations in cognition and mood: questions 8–14) and 
two symptoms of criterion E (Alterations in arousal and 
reactivity: questions 15–20).

The French version of the Generalized Anxiety Disor-
der-7 (GAD-7) was used to assess respondents’ probable 
anxiety. This scale consists of seven items. Participants 
estimate the frequency of anxiety symptoms in the pre-
vious two weeks. Each item is rated 0 (never), 1 (several 
days), 2 (more than half the time) or 3 (almost every day). 
The GAD-7 score, which is the sum of the ratings, varies 
between 0 and 21 and measures the severity of the disor-
der. People with a score greater than or equal to 10 prob-
ably suffer from moderate to severe generalized anxiety 
[25]. We used this value in our survey.

Probable depression was assessed using the French 
version of the Patient Health questionnaire-9 (PHQ-9). 
This comprises nine items to estimate the frequency of 
depressive symptoms in the previous two weeks. Each 
item is rated 0 (never), 1 (several days), 2 (more than half 
the time) or 3 (almost every day). The PHQ-9 score is the 
sum of the ratings and ranges from 0 to 27. A threshold 
of 10 was used in our survey, as it is considered to reflect 
probable moderate to severe depression [26].

Adjustment factors
Income level and household size came from the sampling 
database [20]. Other socioeconomic and demographic 
elements were collected in the first part of the survey: 
age, gender, education level, socio-professional category, 
financial difficulties, and professional connection with 
the burned warehouses. Information on tobacco and 
alcohol use habits was collected. Additional parameters 
were collected during this part of the survey: probable 
or confirmed SARS-CoV-2 infection, lockdown expe-
rience, and social isolation. The COVID-19 pandemic 
started between the time of the fire and the survey and 
may have had an impact on mental health [27]. Social 
isolation was assessed using the following question: “In 
general, would you say that you feel: very alone, alone, 
supported, very supported?” [28]. Answers were grouped 
into two modalities (very alone or alone vs. supported 
or very supported). Subsequent variables were collected 
in the second part of the survey. History of potentially 
traumatic events was asked and was then grouped as fol-
lows: potentially traumatic sexual event, other potentially 
intentional traumatic event (non-sexual physical assault, 
attack, etc.), potentially traumatic non-intentional event 

(natural disaster, life-threatening illness, etc.). Experienc-
ing at least one significant life event during the previous 
twelve months (divorce, dismissal, robbery, etc.) [29] was 
also collected. Finally, mental healthcare history was col-
lected by two items asking whether the participant had 
been followed by a psychotherapist or had taken a psy-
chotropic drug for at least six months [30].

Statistical analysis
Sample weights were corrected for nonresponse, using 
both socioeconomic and geolocation variables from the 
fiscal sample database, along with data on exposure, 
symptoms, and health-related quality of life reported in 
the first part of the survey. Statistical analyses took into 
account the sampling design of the survey including non-
response adjusted weights, strata, and the finite popula-
tion correction factor [21]. Missing data were handled 
using the chained equation imputation method [31] and 
concerned less than 2% of the data. The socioeconomic 
representativeness of the study participants, compared 
to the initial random sample, was evaluated after cor-
recting for nonresponse. Additionally, the comparability 
of respondents between the exposed and non-exposed 
areas was described. For the exposed area, questionnaire 
variables were compared between the first part and the 
second part sample. The descriptive analyses consisted of 
estimating the weighted percentages and their 95% con-
fidence intervals. Comparisons were made using confi-
dence intervals.

The analysis of probable PTSD attributed to the fire 
included only participants in the exposed area, while 
probable generalized anxiety and probable depression 
were studied in both areas. Co-occurrences of prob-
able mental health disorders in the exposed area were 
described.

The associations between fire exposure and each of 
the three probable mental health disorders were studied 
using robust variance Poisson regression models [32].

Modeling was conducted as follows: socio-demo-
graphic and socioeconomic variables were first selected, 
followed by the selection of other general adjustment 
factors. All mental health-specific adjustment variables 
(social isolation, history of potentially traumatic event 
or significant life event, and history of mental health-
care) were then added without selection. Exposure vari-
ables were selected afterward. A step-by-step descending 
procedure was used at each of the three selection steps. 
Variables were chosen using the following statistical cri-
teria: significance at the 5% threshold, minimization of 
the Akaike information criterion, and absence of collin-
earity (variance inflation factor less than three). In the 
final models, relevant statistical interactions were tested 
(between age and sex, exposure variables and sex, and 
exposure variables and psychological variables). Finally, 
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sensitivity analyses were performed by reintroducing 
exposure variables not retained (duration of exposure to 
odors and exposure strata). The results are presented as 
relative risks (RR) and their 95% confidence intervals.

The analyses were performed using the ‘survey’ package 
of R software version 4.0.4 and the SAS 7.1 surveymeans 
and surveyfreq procedures.

Results
Participants
A total of 1,968 participants (1,627 in the exposed area 
and 341 in the non-exposed area) completed both parts 
of the survey (Fig.  2), representing an overall response 
rate of 20%. The mean age of participants was 49 years 
old, 55% of them were women, 34% had an education 
level below a high school diploma, 19% had a high school 
diploma, and 47% had a higher education level. Charac-
teristics were the same for most of the socioeconomic 

variables between respondents and the overall popu-
lation of the exposed area, except that the former were 
more likely to belong to higher-income households and 
less likely to belong to a household with two members 
(Additional file 1). The socio-demographic characteristics 
of participants from the exposed and non-exposed areas 
were also similar for the majority of variables, except for 
a higher level of education and professional category 
among people in the exposed area.

Furthermore, for the exposed area, the description of 
the questionnaire variables showed that the sample of the 
second part was similar to the first part in terms of socio-
economic, exposure, symptoms, and perceived quality 
of life one year after the fire (Additional file 2). Similar 
characteristics were also observed between those two 
groups in terms of a history of a potentially traumatic 
event, social isolation, mental healthcare history, and sig-
nificant life events over the previous twelve months. The 

Fig. 2  Participation of people drawn at random in each part of the survey
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only difference regarded intentional potentially traumatic 
events, where the exposed group was more likely to have 
a history of them (data not shown).

Prevalence of probable mental health disorders fifteen 
months after the fire
In the exposed area, 6% (95% confidence interval (5-7%)) 
of the population had probable PTSD, 15% (13-17%) 
probable generalized anxiety, and 18% (16-20%) probable 
depression (Fig. 3).

The prevalence of each of these probable disorders was 
higher in the Proximity stratum than in the other three 
exposure strata, specifically, 13% (7-18%) vs. 5% (4-7%) 
for probable PTSD, 24% (17-30%) vs. 14% (12-16%) for 
probable generalized anxiety, and 29% (22-35%) vs. 17% 
(15-19%) for probable depression. These differences per-
sisted after adjustment for variables mentioned in the 
methods.

The population of the non-exposed area had a lower 
prevalence of probable generalized anxiety (9% (6-13%)) 
and probable depression (12% (7-17%)) than the exposed 
population. This difference was only statistically signifi-
cant for the Proximity stratum.

Among inhabitants of the exposed area, 23% (21-25%) 
had at least one of the three probable disorders, and 5% 
(3-6%) had both probable PTSD and probable depression 
(Fig. 4).

Among inhabitants of the exposed area, 78% (75-80%) 
had neither probable generalized anxiety nor probable 
depression vs. 86% (81-90%) of those living in the non-
exposed area.

Associations between exposure to the industrial fire and 
probable mental health disorders after adjustments for the 
confounding factors
Hearing or being awakened by the fire was associated 
with probable PTSD with an RR of 1.8 (95% confidence 
interval (1.2–2.8)). The following variables were statisti-
cally significantly associated with probable PTSD: finan-
cial difficulties, professional links with the warehouses 
burnt in the fire, history of a potentially traumatic sexual 
event, and social isolation (Fig. 5).

Residents who heard or were awakened by the fire were 
1.4 (1.1–1.8) times more likely to have probable general-
ized anxiety. The following variables were significantly 
associated with probable generalized anxiety: being a 
woman, a higher number of adults in the household, 
possible SARS-CoV-2 infection, having had a difficult 
COVID-19-related lockdown experience, social isola-
tion, and a history of a potentially traumatic event of an 
unintentional nature (Fig. 5). The risk of probable gener-
alized anxiety was also significantly higher in those who 
reported long-term exposure to odors: the RR were 1.6 
(1.1–2.3), 1.9 (1.3–2.9), and 1.7 (1.2–2.5) for exposure 

to odors lasting several weeks, several months, and one 
year, respectively, in the sensitivity analysis.

Perceived exposure to unpleasant odors related to the 
fire and the presence of roof debris in the surround-
ing area were significantly associated with probable 
depression, with an RR of 2.0 (1.2–3.3) and 1.6 (1.1–2.4), 
respectively. The following other variables were signifi-
cantly associated with probable depression: a history of 
a potentially traumatic sexual event, social isolation, and 
a history of mental healthcare (Fig. 5). People exposed to 
odors for at least several days were twice as likely to have 
probable depression, with a RR of 1.9 (1.1–3.5), 1.8 (1.1–
3.2), 2.2 (1.3–3.9) and 2.4 (1.4–4.1) for exposure to odors 
lasting several days, several weeks, several months, and 
one year, respectively, in the sensitivity analysis.

Discussion
Fifteen months after the fire, notably higher prevalence 
of probable depression and probable generalized anxi-
ety were found in residents living in the exposed area 
compared to those in the non-exposed area. 15% of the 
exposed population had probable generalized anxiety (vs. 
9% in the non-exposed area) and 18% probable depres-
sion (vs. 12%). Differences were higher for people living 
closest to the fire. In addition, 6% of the exposed popu-
lation had probable PTSD attributable to the fire. These 
results show the strong impact on mental health fifteen 
months after this industrial fire, even though no fatalities 
or injuries occurred. The observed prevalence of prob-
able mental disorders was of the same order of magni-
tude as in other post-accidental studies [5, 6, 33]. In our 
survey, 23% of exposed persons had at least one of the 
three probable mental health disorders studied; 12% had 
at least two of these probable disorders. Co-occurrences 
of disorders have also been found elsewhere [6]. The 
prevalence of probable depression in the non-exposed 
area (12%) in our survey was higher than that found in 
France in 2019 before the COVID-19 pandemic (10.5%) 
but lower than the prevalence during the country’s first 
COVID-19-related lockdown in May 2020 (13.5%) [34].

In line with other studies [4, 33], the prevalence of the 
three probable mental health disorders studied were all 
significantly higher in persons living within 1,500  m of 
the fire than in those living further away or persons in 
the non-exposed area. These differences persisted after 
adjustment for confounding. Further analysis made it 
possible to distinguish the various types of exposure —
such as odors or soot deposits—associated with mental 
health degradation after adjustment. These types of expo-
sure could have occurred beyond the Proximity stratum. 
Hearing or being awakened by the noise of the fire was 
associated with probable PTSD and probable generalized 
anxiety, which reflects findings from another study [6]. 
Similarly, exposure to odors was associated with probable 
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Fig. 3  Weighted prevalence and 95%CI of people suffering from (i) probable PTSD attributed to the Rouen fire (in the exposed area only), (ii) probable 
generalized anxiety (score GAD-7 ≥ 10) (in both the exposed and non-exposed areas), and (iii) probable depression (score PHQ-9 ≥ 10) (in both areas), and 
according to the exposure stratum
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depression and probable generalized anxiety, in particu-
lar when the exposure duration was long. This result is 
novel in a post-disaster context but is consistent with the 
literature in other contexts where associations between 
odors and psychological disorders were found [35–37]. 
The sense of smell is related to the emotional system [35] 
and the perception of odors may be affected by the state 
of anxiety [36]. In addition, debris from the warehouse 
roof falling near the respondent’s dwelling was associated 
with probable depression. A public warning was pub-
lished about touching fibrocement fragments. Awareness 
of one’s exposure to asbestos has been associated with 
mental disorders [38]. In contrast, probable PTSD, prob-
able generalized anxiety, and probable depression did not 
seem to be associated with the presence of soot, seeing 
flames, or the location of the fire.

Other risk factors associated with probable mental 
health disorders that we identified are well-known in the 
literature, such as social isolation [39–41], a history of 
mental healthcare [4, 6], a history of potentially traumatic 
events [41], financial hardship [6], and female gender [42, 
43]. Professional link with the warehouses burnt in the 
fire was also a risk factor. Assessing all these factors is 
useful to identify at-risk populations.

Several studies have shown that mental health dis-
orders can persist for several years after a disaster [1, 
7]. In addition, many people exposed to disasters do 

not seek mental healthcare [44] for different reasons, 
including avoidance behavior which is one symptom of 
PTSD. Given all these points, and to improve medico-
psychological care, a webinar meeting was set up by the 
Regional Health Authority, the Normandy regional psy-
chotraumatology center, and Santé publique France, to 
inform general practitioners and other healthcare provid-
ers in the exposed area about the mental health impact of 
this industrial fire, and how to screen patients for PTSD. 
Patients in need of trauma-related mental healthcare will 
be referred to the Normandy Regional Psychotraumatol-
ogy Center [45]. This kind of approach has proven useful 
in other post-disaster contexts [46].

Strengths and limitations
Despite the attrition observed during both parts of the 
survey nonresponse correction based on objective vari-
ables from the sampling database allowed to minimize 
nonresponse bias and to assume that the potential impact 
of selection bias was limited. Indeed, a literature review 
[47] has shown that nonresponse rate is not the primary 
concern in nonresponse bias but the relevance of the data 
used to correct for nonresponse bias. Our nonresponse 
correction was performed using a fiscal database and 
variable of the first part of the survey. After correcting for 
nonresponse, the respondents sample from the second 
part was similar both to the random sample in terms of 

Fig. 4  Co-occurrence of probable PTSD, probable generalized anxiety, and probable depression: count, weighted prevalence, 95%CI in exposed people
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socio-economic status and to the first part respondents 
in terms of exposures to the fire, symptoms linked to the 
fire, and health-related perceived quality of life. Thus, it 
can be assumed that the weighted respondents’ sample 
was representative of the random sample.

Given the deteriorating mental health of the general 
population in France during the COVID-19 pandemic 
[27], it was crucial to compare the fire-exposed area’s 

results to another geographic area that had not been 
exposed to the fire, but that had - like the exposed area 
- been exposed to this pandemic. Characteristics were 
similar between the respondents from the exposed and 
non-exposed areas, except for education level, socio-pro-
fessional category, and history of a potentially traumatic 
event of an intentional nature. These variables were all 
introduced for adjustment in each model.

Fig. 5  Factors associated with the presence of probable PTSD, probable generalized anxiety, and probable depression, fifteen months after the Rouen fire
* This model was also adjusted on gender, suffering from chronic disease, history of potentially intentional or non-intentional traumatic events, and his-
tory of significant life event during the previous 12 months. None of these factors were statistically significant
** This model was also adjusted on age, suffering from chronic disease, worries about the SARS-Cov-2 epidemic, history of potentially traumatic sexual 
event, history of significant life event during the previous 12 months, and history of psychiatric troubles. None of these factors were statistically significant
*** This model was also adjusted on gender, BMI, suffering from chronic disease, worries about the SARS-Cov-2 epidemic, history of potentially intentional 
or non-intentional traumatic events, history of significant life event during the previous 12 months, and heard or awakened by the fire. None of these 
factors were statistically significant
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Reporting and social desirability biases were limited 
owing to the self-administration of the questionnaire 
[48]. As the survey took place approximately one year 
after the fire, recall bias on self-reported exposures is 
also possible [49]. However, recall bias did not impact the 
mental health assessment in this study, as all questions 
referred to the time of the self-evaluation. Because of the 
cross-sectional design, causal relationships cannot be 
established between mental health outcomes and associ-
ated factors.

We can assume that being personally affected by the 
fire in some form may have had a mental health impact. 
While no one had been injured and to our knowledge, no 
one lost their jobs due to the industrial fire, concerns may 
have been experienced such as farmers who may have 
been worried about their income. However, these aspects 
were not assessed in the survey.

Finally, the survey design was based on self-adminis-
tered scales: PCL-5, GAD-7, and PHQ-9. Although these 
validated scales have good psychometric qualities and are 
widely used in epidemiological studies [23–26] to assess 
prevalence, they do not provide psychiatric diagnoses as 
structural clinical interviews do, therefore we referred to 
“probable disorders”.

Conclusion
The present survey highlighted a medium-term men-
tal health impact of the industrial fire on people living 
in the exposed area with a notably higher prevalence of 
probable depression and probable generalized anxiety in 
residents living in the proximity area compared to those 
in the non-exposed area. Co-occurrence of probable 
disorders was also substantial, with 23% of participants 
presenting at least one probable mental health disorder, 
and 5% suffering from both probable PTSD and probable 
depression. Exposure to persistent odors was associated 
with probable anxiety and probable depression, high-
lighting the importance of attenuating odors to reduce 
the psychological impact of such an accident.

This result suggests that, in addition to short-term 
measures, greater attention needs to be paid to exposed 
people in the medium term. Priority should be given 
to residents close to the site of the event, economically 
disadvantaged and socially isolated individuals, those 
with a history of mental healthcare, and individuals with 
a history of a potentially traumatic event, as the study 
found these groups to be more affected by mental health 
impacts.
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