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English Abstract:

Background: We conducted a community-based participatory environmental health study
in three towns: two in the heart of Marseille’s industrial zone (Fos-sur-Mer and
Port-Saint-Louis-du-Rhône), and one on the periphery located about 30 kilometers away
(Saint-Martin-de-Crau).
Methods: We first conducted a cross-sectional survey of a random sample of residents in
each of the three towns. We asked study participants to self-report a wide variety of health
issues (Port-Saint-Louis = 272, Fos-sur-Mer = 543, Saint-Martin-de-Crau = 439). We then
conducted focus groups with residents and other stakeholders to share preliminary data in
order to propose areas of reflection and collaboratively produce contextually-situated
knowledge of their health and environment. We directly standardized the prevalences (by
age and gender) to the French metropolitan population to make our results more
comparable.
Results: Study participants who lived closer to the core industrial zone (residents of
Fos-sur-Mer and Port-Saint-Louis-du-Rhone) had higher prevalences of eye irritation,
nose and throat problems, chronic skin problems and headaches than people who lived
further away (residents of Saint-Martin-de-Crau). Residents also offered diverse
qualitative insights about their environment and health experiences.
Discussion: We observed elevated prevalences of diseases that affected residents
across the industrial zone (Fos-sur-Mer and Port-Saint-Louis-du-Rhône) compared to
those living outside (Saint-Martin-de-Crau), and qualitative evidence of how residents
made sense of their health experiences strengthening an understanding of their own
empirical observations which helps to produce knowledge about health in an industrial
context. The results of the workshops show an important benefit from the co-production of
local knowledge.
Conclusion: We encourage future researchers to do in-depth, community-based research
to comprehensively describe the health of residents in other heavily polluted zones,
produce local knowledge and help identify policy solutions, engender trust among the
local people, and identify opportunities for intervention.

Keywords: Community-based participatory research. Environmental health.
Epidemiology. Health disparities. Industrial pollution
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French abstract :

Contexte : Nous avons réalisé une étude participative en santé environnement ancrée
localement (EPSEAL) dans trois villes de la région industrielle de l’étang de Berre, à
proximité de Marseille : deux localisées au cœur de la zone industrielle zone (Fos-sur-Mer
and Port-Saint-Louis-du-Rhône) et une autre plus en périphérie située à environ 30 km
(Saint-Martin-de-Crau).
Méthodes : Dans un premier temps, une étude transversale a été réalisée sur un
échantillon aléatoire de personnes résidentes dans chaque ville. Un questionnaire de
santé déclarée a été passé à l’ensemble des participants (Port-Saint-Louis = 272,
Fos-sur-Mer = 543, Saint-Martin-de-Crau = 439). Puis, des ateliers collaboratifs ont été
menés avec les habitants de la zone industrielle, professionnels de santé, membres
d’associations, syndicats et élus locaux pour partager les résultats afin de proposer des
pistes de réflexion et de produire de la connaissance au sujet leur environnement. Les
prévalences standardisées (sur le sexe et l’âge) ont été calculées par méthode de
standardisation directe en prenant comme référence la France métropolitaine.
Résultats : Les habitants de la zone industrielle (Fos-sur-Mer et
Port-Saint-Louis-du-Rhône) présentaient des prévalences pour les irritations des yeux,
problèmes nez-gorge, problèmes de peau chroniques, et maux de tête plus importantes
que pour ceux résidant à l’écart de la zone (Saint-Martin-de-Crau). Les citoyens ont
également décrit de nombreuses expériences au sujet de leur environnement et de leur
santé.
Discussion : Nos résultats suggèrent un état de santé des habitants de la zone
industrielle (Fos-sur-Mer et Port-Saint-Louis-du-Rhône) plus dégradé que celui des
personnes résidant à l’écart de la zone (Saint-Martin-de-Crau) et témoignent d’une bonne
appropriation des résultats de santé ainsi qu’un renforcement de la compréhension des
déterminants et savoirs environnementaux locaux dans un contexte industriel. Les
résultats issus des ateliers montrent un réel apport bénéfique dans la co-production de
savoir local.
Conclusion : Nous encourageons les futures recherches à approfondir l’approche
participative en santé environnement ancrée localement afin de saisir de manière
compréhensible et pertinente la santé des habitants dans un contexte industriel. Cette
démarche, permet, en articulant aux savoirs scientifiques les savoirs locaux, de produire
de la connaissance et formuler des recommandations à destination des pouvoirs publics
afin de consolider la cohésion entre habitants, d’orienter les décisions politiques et
proposer des opportunités d’intervention.

Mots clés : Recherche participative ancrée localement. Santé environnement.
Epidémiologie. Inégalités de santé. Pollution industrielle
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Introduction

Understanding the health implications of complex environmental exposures is

challenging and requires inductively braiding together insights from diverse disciplines

and study types. Many lab-based studies of both animals and humans have documented

the “cocktail” effects of multiple sources and types of pollution on health (1,2).

Notwithstanding a more and more complex methodology, these studies still often

oversimplify the potential accumulation and diversity of pollution sources. There are also

place-based health studies of locations experiencing high amounts of environmental

pollution, which seek to fully characterize health consequences (3–5). Within this latter

group of studies, few have systematically compared health issues in places near each

other but with different levels of pollution. One study did have a comparison group, but

was focused on exposure assessment rather than health assessment (6).

In the context of our study, there were co-occurring industrial, occupational,

transportation/logistics, and (in the less industrial area) agricultural exposures in the

region. Specifically, the EPSEAL Fos Crau project took place in the industrial area of ​​the

Etang de Berre region in the south of France, which includes about 30 towns and has a

population of approximately 400,000 people. Our research focused on three towns within

this region: two in the center of the industrial zone (Fos-sur-Mer and

Port-Saint-Louis-du-Rhone) and one on the periphery of the industrial zone

(Saint-Martin-de-Crau), nearer to agricultural activity (Figure 1). This region, located about

fifty kilometers from Marseille, is at the center of one of the most important industrial

zones of France and Europe. The industrialization of the territory began over one hundred

years ago and today has more than 430 industrial or agricultural facilities, including oil

refineries, oil and shipping container depots, gas storage, organic chemistry industries,

steel industry, and aeronautics. Over 60% of these facilities are classified SEVESO II

(accidental risk "high threshold"), according to the European directive SEVESO, including

around 50 facilities classified as IED (Industrial Emission Directive), which indicates a
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chronic hazard. The General Council for the Environment and Sustainable Development

concluded that the industrial sector is the major contributor to air pollution in the region,

including heavy metal particulates, carbon monoxide, particulate matter and greenhouse

gases. The road, air and sea transportation sector also contributed a substantial amount

of pollution to the air (7).

Given the: i) presence of numerous industrial sites in the area of ​​the Etang de Berre;

ii) emissions of associated pollutants; iii) existing local health studies on several specific

illnesses (8,9) and; iv) international scientific literature on the links between environmental

pollution and health (10), residents and other stakeholders have had many questions

about health in their region. To respond to these questions, we designed the EPSEAL Fos

Crau study, in which we worked with three towns that were illustrative of the Etang de

Berre experience. In our first phase, we studied just the health of residents in towns close

to (and highly exposed to) industrial facilities and related pollution (11), and found high

levels of health problems among residents. In our second phase, in response to residents’

interest in comparing their health to others’, we surveyed residents in a town further away

from the center of the industrial activity, but still somewhat exposed: Saint-Martin-de-Crau.

We considered Saint-Martin-de-Crau to be not a control or an unexposed town, but rather

a town that was differently exposed to pollution (both industrial and agricultural). The town

of Saint-Martin-de-Crau is located about thirty kilometers from the core industrial area of

​​the Étang de Berre; thus, it had a lower exposure to industrial activity than the other two

towns, but was on the same major roads and had the same Mediterranean climate (e.g.,

temperature, humidity, atmospheric pressure).

Because of the wind patterns, all of the towns are subject to industrial pollutants

dispersed in the air. A recent bioimpregnation study of 138 residents in the area, the

INDEX study (12), documented the presence of industrial pollutants (in fine particulates

and lichen) in Fos-sur-Mer and, to a lesser extent, in Saint-Martin-de-Crau. The latter has

a small industrial area (approximately 4 hectares) that includes construction,
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transportation, facility maintenance, product manufacturing, and chemical industry1.

Agricultural lands represent 97% of Saint-Martin-de-Crau’s surface, and are mostly used

for conventional farming. Additionally, in 2009, the area had a pipeline spill of >4,000 m3

of hydrocarbons that contaminated 46,000 tons of land and made the region’s

groundwater temporarily non-potable.

The populations of Fos-sur-Mer, Port-Saint-Louis and Saint-Martin-de-Crau share

some similarities regarding environmental exposure. Some of the people who work in the

industries in Fos-sur-Mer and Port-Saint-Louis live in Saint-Martin-de-Crau. Also, the

towns of Fos-sur-Mer and Saint-Martin-de-Crau are exposed to traffic pollution as they are

both located on national highways that are heavily used by industrial freight. In fact,

Saint-Martin-de-Crau is a major axis of industrial freight, since it has a 4-hectare logistics

platform nearby that employs about 2000 people.

Study objectives

This article reports on quantitative and qualitative findings from a

community-based participatory environmental health study we conducted in all three

towns, to understand health issues in this environmentally polluted region and to build

upon previous studies of the region (8,9,11,13–15) that were focused on specific illnesses

at the center of the industrial zone. The goal of our multi-method approach was to

triangulate quantitative and qualitative data to present a more comprehensive perspective

of health in the region.

Methods

Research approach

We used a community-based participatory research (CBPR) approach (16) to

conduct a cross-sectional epidemiology survey. We followed the same methodology as

described in previous research (11), including the residents of the three towns and other

1 For a detail of the presence of industries in the industrial area of the Leuze Wood see
https://www.saintmartindecrau.fr/Zone-industrielle.html, accessed le 01/25/18 and its appendix
https://www.saintmartindecrau.fr/IMG/pdf/Entreprises_Bois_de_Leuze.pdf accessed 01/26/18.
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local stakeholders throughout the study process (Figure 2). In fact, the three towns

included in the study were chosen based on conversations with residents and other local

stakeholders. Specifically, there were opportunities for any residents, local practitioners,

environmental and/or health associations and experts or other stakeholders to participate

and interact with each other in different stages of the research, from framing and

expanding on research questions, to suggesting topics for inclusion in the survey, to

offering hypotheses and perspectives on the analysis through collaborative workshops, to

reflecting on dissemination goals and possible recommendations (Figure 3). All of these

stages facilitated the exchange of information. More details about our participatory

approach are outlined elsewhere (17).

Briefly (see (11) for more details), two surveyors systematically randomly sampled

households by knocking on the door of every fifth residential unit (i.e., freestanding house

or flat within a multi-unit building) covering every street of the town, on different days and

times in order to maximize our chances of reaching participants while they were home.

We held public meetings in advance of collecting data and also circulated flyers and

messages through associations and municipal bulletins and regional media outlets to

increase knowledge among residents that our survey was occurring and that surveyors

may knock on their doors. The surveyors were in Fos-sur-Mer (FSM) and

Port-Saint-Louis-du-Rhone (PSL) from June to December 2015 and in

Saint-Martin-de-Crau (SMC) from September to mid-December 2018. Whoever answered

the door (over 18 years of age) was invited to participate by completing the survey

in-person at that time, or to schedule a time to complete the survey by phone at a later

date, or to complete the survey online at their leisure. It took participants 15-90 min to

complete the survey. All data (qualitative and quantitative) were entered through the

Qualtrics survey platform using digital tablets.

We also conducted collaborative workshops and public meetings (see (18) for

more details): 28 workshops in FSM and PSL between June and December 2016, and 19

workshops in all three towns between February and April 2019. Anyone who had provided
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contact information (some survey participants, other interested people, key informants,

members of local associations) was invited by email to participate in the workshops, which

were also advertised to anyone in the area on our project’s website. Workshops and

public meetings took place in different locations in all three towns, in locations made

available free of charge by the municipal governments and/or local associations.

Research ethics

The Virginia Tech University's Institutional Review Board (IRB) approved the

survey. The survey was strictly anonymous—no identifying personal data were collected;

thus the study was not covered by Chapter 1, Article 4 of the EU General Data Protection

Regulation (19). Additionally, the IRB stated that no consent forms were needed. Instead,

consent was given by agreeing to a statement read to the prospective participant about

the study and the informant’s right to participate or not, and their right to end the survey at

any point. A copy of the statement was given to all participants. The survey only asks that

the respondent be at least 18 years of age; no names, birthdates, addresses, medical

records, or other personal identifying information was collected.

Data collection tools

We constructed the survey using several sources including both local and expert

knowledge. We drew heavily on a survey conducted in Richmond, California, that

described the population’s health status in a similar industrial context (3,20) but we also

considered the specifics of the French context (17). The questionnaire covered a broad

thematic spectrum, including residential history and household information, demographic

features, health outcomes, health care access, residential and occupational exposure,

pollution concerns and civic involvements. The data reported here concerned health

conditions (e.g., chronic diseases and symptoms), demographics (e.g., sex, age), and

socioeconomic (e.g., education) characteristics.

We used a semi-structured focus group protocol to conduct the collaborative

workshops (18). Briefly, the protocol began with a presentation of our quantitative findings
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(either a general overview of all of the findings, or a more extensive subset of the findings,

depending on the workshop group) and then led to a discussion. At each workshop

(sessions typically lasted 1–2 h), there were two research team members present: one

was the lead facilitator and the other the lead notetaker in charge of collecting transcribed

verbatims, provided elsewhere (21). A thorough explanation of the collaborative workshop

process, participant demographics, and outcomes have been reported elsewhere (18).

Analytic approach

Survey data were downloaded from the Qualtrics platform and prepared for

descriptive and analytic statistics using R software (22). We chose to directly standardize

the prevalences by age and gender to make our results comparable to France as a whole;

the population of metropolitan France (which only includes continental/mainland France,

and not its small islands elsewhere) was used as the reference population (Insee,

RP2015 exploitation principale, géographie au 01/01/2017).

We analyzed the qualitative data from the focus groups using a grounded theory

approach (23), identifying themes and illustrative quotes.

Results

Study sample

We collected a total of 1,254 questionnaires from all the study areas (PSL = 272,

FSM = 543, SMC = 439) with similar participation rates on solicited doors (22-23%).

Among people who were home when we knocked on their door, the response rate was

approximately 45-46%. In the industrial zone, reasons for non-participation included

health reasons (e.g., being too sick). The average participant age ranged from 51-55

across the three towns (Table 1). Almost fifty people participated in the 19 workshops in

all three towns. Workshop size ranged from 1 to 13 participants; workshop participants

included survey participants, invited experts (medical specialists, physicians, air pollution

measurement engineers), as well as people from local unions, civic associations and local
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activists. Most participants came once (66%); others came two or three times (24%), and

a few even more frequently (10%).

There were some differences between our survey participants and the

demographics of the towns. Women and people aged 65-79 were over-represented (Table

1). People without any diploma were underrepresented and people with a high school

degree were over-represented. However, these imbalances were consistent across the

three towns, such that it did not affect our comparisons across the towns, and we took into

account gender and age imbalances when we conducted direct age- and

gender-standardized prevalences. Additionally, the number of persons per household and

the time spent at the current address were very close to those of the town census (24).

Exposures to environmental pollution

Quantitative findings. The proportion of current smokers in the three towns

(SMC: 25.5%; PSL: 27.2%; FSM: 31.5%) was slightly lower than the French national

average (34.1%) (25). We also documented workplace exposures. In our SMC sample,

26.7% of workers reported working or having worked in the industrial area of Fos/Etang

de Berre. In addition, 32.3% of SMC workers reported working or having worked in the

agricultural sector. Of these, about half (46.9%) reported being exposed to pesticides and

16.8% did not know if they had been.

Residents had expressed concern about exposure to pollution through consuming

local fish. PSL residents were the largest consumers of local fish (58.5%), compared to

the inhabitants of FSM (44.3%) and SMC (17.5%). Among those who consumed local

fish, most of the fish consumed (by residents from all three towns) came from the Golf de

Fos (more than 78%). It should also be noted that the Port-Saint-Louisiens also consume

fish from the Rhône (17.2%).

Qualitative findings. In general, during the collaborative workshops, the

participants identified different sources of pollution that could affect health in the three

towns.
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First, there was air pollution. The participants recalled that, while the towns of PSL

and FSM are directly exposed to industrial pollution in the air, the town of SMC is also

exposed to a lesser extent, due to the dispersion of volatile pollutants in the industrial area

of ​​the Étang de Berre. Some participants discussed how the wind pattern is fairly

balanced between the northern winds (Mistral), the east, south and southeast winds and

the windless days. This information was corroborated by a study on wind dispersal in the

Bouches-du-Rhône in 2005 (26). The cumulative east and south winds would account for

one-third of the winds, the northern winds another third, and it would seem that the other

days are days without wind. Precisely, the days reached by the winds of the south,

southeast and east, are days where the pollution related to the industrial activity are

widespread in SMC2. In addition to the air pollution from stationary sources like industrial

facilities, there was also concern about air pollution from mobile sources. Focus group

participants noted that SMC has substantial road traffic, directly related to the industrial

activity and the important logistics platform near the town. Road traffic is observed in

proportions comparable to those of PSL and FSM.

Participants reported concern regarding their exposure to polychlorinated

biphenyls (PCBs), dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs), through

seafood consumption. Indeed, participants reported the results from a local associative

research center, the Institut Écocitoyen pour la Connaissance des Pollutions, which

recently showed that the frequent consumption of seafood (e.g., fish, shellfish) of a local

origin (Gulf of Fos - Berre Lagoon) increased the impregnation of pollutants (12). These

results were corroborated by another local study which reported important levels in

congers’ muscle tissues (27).

Collaborative workshop participants also noted that some residents of SMC had

occupational and/or prior residential exposure to FSM and PSL. Some of the inhabitants

of SMC reported working or having worked in the industrial area of the Etang de Berre

2 We requested data from Météo-France in May 2019 to understand wind patterns in recent years (days of
wind / year, direction, intensity) in this area to assess this hypothesis more systematically, but have not yet
received a response.
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(26.6% of participants). Additionally, some of the inhabitants of SMC also reported having

lived in the industrial zone.

Health issues in the region

Quantitative findings. We surveyed participants about many health issues. We

asked participants about a variety of chronic health issues, including asthma, respiratory

diseases other than asthma, respiratory allergies other than hay fever, chronic skin

problems, diabetes, endocrine disorders, autoimmune disorders, and cancers (Table 2).

The prevalence of having any chronic disease was not different between FSM and

PSL (63.5%; 95%CI: 60.1, 66.9) and SMC (56.5%; 95%CI: 51.6, 63.3). There was not a

statistically significant difference in the prevalence of cancer in the two areas: 10.6%

(95%CI: 8.6, 12.7) of survey participants in FSM and PSL and 9.6% (95% CI: 7.0, 12.2) of

participants in SMC report having been diagnosed with at least one cancer during their

lifetime (French national cancer prevalence = 6% in 2008 (28)). The prevalence of

diabetes in FSM and PSL (11.9%; 95%CI: 9.7, 14.0) was higher than the prevalence of

diabetes in SMC (7.9%; 95%CI: 5.6, 10.2).

We also asked about acute symptoms that occurred multiple times and/or over an

extended period of time. For some symptoms (eye irritation, nose and throat problems,

skin problems, and frequent headaches), the prevalence was statistically significantly

higher in FSM and PSL than in SMC (Table 2).

Qualitative findings. The quantitative results for chronic diseases in FSM and

PSL did not surprise collaborative workshop participants. They found it logical that, in a

territory highly exposed to industrial pollution, the population could be suffering from

chronic health issues, and that this would also be true for SMC on the periphery of the

industrial zone and not just FSM and PSL. The available national indicator that suggests a

significant gap between the three towns studied and the French population further

supports participants’ hypotheses of elevated chronic diseases in industrial territories.

Focus group participants identified stress as another important explanatory factor

for chronic diseases in the industrial zone. They described stress as frequently present,
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especially for people who work in industry. They recall that physical and psychological

stress can weaken the immune system potentially leading to chronic diseases.

In the focus groups, participants noted that air pollution is more concentrated and

pollution peaks are more frequent on the industrial front, which could explain the higher

prevalence of these symptoms in FSM and PSL, compared to SMC, if these symptoms

reflect people’s immediate physical responses to pollution episodes. For the participants,

the elevated chronic symptoms seem to corroborate the hypothesis of greater air

pollution in the towns of FSM and PSL than in SMC. According to them, the symptoms

illustrate the almost immediate reaction of the human body exposed to pollution. In one

focus group in SMC, someone who had lived in FSM and Martigues (another town in the

region) (and works in Martigues) and then settled for a year in SMC explains their

comparative observations about living in the two towns: "Children no longer have eye

irritation, coughs and runny noses all the time since we moved to St. Martin."

Discussion

In general, study participants who lived closer to the core industrial zone (residents of

FSM and PSL) had higher prevalences of health issues than people who lived further

away (residents of SMC). Nevertheless, our results suggest that the SMC population also

experiences health problems that are elevated in comparison to French health statistics

(which were calculated using different, but comparable enough, methods) (11). By

triangulating across our quantitative and qualitative data, and reaching similar conclusions

from the findings, we increased understanding of and trust in our findings as accurately

reflecting the health of this region.

We found several statistically significant differences, where FSM and PSL had a

higher prevalence of illnesses than SMC, including chronic symptoms (e.g., nose and

throat irritation, eye irritation, chronic skin problems, headaches, and extended fatigue).

Based on the demographic data available, we assume that the towns of the industrial core
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and Saint-Martin-de-Crau are demographically and socioeconomically similar enough to

be compared, especially for the direct standardized prevalences. There are also elevated

health issues (e.g., cancer) in both communities in comparison to the general French

population (11). These health issues are complex and multifactorial, and likely involve

interactions between genes and environmental and social determinants over the long

term. In the collaborative workshops, participants shared qualitative data illustrating links

between their exposure to environmental pollution and the health issues that they and

other residents experienced. Given our study’s documentation of elevated health issues

across this region (some of which are particularly pronounced closer to the center of the

industrial zone), and given the extensive body of research documenting the health

hazards of industrial pollution, it is likely that industrial pollution has affected the health

status of people in this region.

Our study had several strengths. Collecting both quantitative and qualitative data

in three different towns, with different types of exposures to pollution, was novel. Our

study was also relatively large for a community-based participatory health study, which

allowed us to have the statistical power to detect statistically significant differences in

many instances (although some analyses remained underpowered). Our

community-based participatory research approach, useful for working with heterogenous

data, helped increase the scientific rigor, public relevance, and policy reach of our study

(3,29,30). Our random sample of residents increased the generalizability of our findings.

Getting both quantitative and qualitative insights about residents’ health experiences

through a strongly participatory process (Figures 2 and 3) increased the richness of our

understanding of the past history, environment and health issues in the Étang de Berre.

Specifically, when epidemiologic participatory health studies are produced with the

community, asking their questions and including their analyses, the findings can be

reported in conversation with local observations. This empirical alignment between what

residents have observed and the health report can lead to both trust in science and

hermeneutical clarity on the part of citizens (37). This robustness of civically enhanced
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science produces what has been termed “knowledge justice knowledge about health from

the perspective of the people for whom the science matters and can have impacts” (30).

This scientific knowledge both relevant to, and firmly grasped by, the local population was

utilized to vociferously advocate for policy change in the press and to policy makers (31).

We found extensive media coverage of our study, in comparison to little media coverage

of previous, non-participatory studies in the region (32). While it is still too early to fully

gauge the political significance of this approach, we plan to investigate this in the future.

We relied on self-reported data about health issues, rather than medical records or

administrative health data. However, some scholars have shown that self-reported health

data is equally complete or more complete than administrative health data (33,34).

Self-reported data can be useful for documenting symptoms, as an early warning signal

(35), that may not have otherwise led to medical attention, but can also be less

comprehensive than medical record data for specific diagnoses (36). But, our survey

questions were worded specifically asking as to whether participants had health issues

that had been diagnosed by a doctor or other health professional. We do not assume that

our self-reported data has the same level of precision as medical records, but we were

also more likely to capture a broader view of population health in the region as well as

ascertain other health experiences (like chronic skin irritation or headaches) that people

may have not necessarily contacted a health professional to discuss. Therefore, we argue

that this survey provides useful insights about the population’s health that can be

complementary to those documented in medical records as we have argued elsewhere

(14). Finally, we contributed to the body of literature of self-reported health data in

industrial zones in France (37,38).

People chose to participate in collaborative workshops for many reasons. We did

not record collaborative workshop attendance for phase 1 in FSM and PSL, but we

observed at phase 2 in SMC that most collaborative workshop attendees came once

(>60%) but some came up to 5 times. Most participants had at least some interest in

environmental health in the region, but others came for social reasons. We noted that, like
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FSM and PSL collaborative workshop participants, many attendees in SMC had a strong

personal connection with the industrial port zone, including working there and/or knowing

someone who worked there, and/or having a health issue that they link with the

surrounding occupational and/or residential environment. The experts, local union

members and association members came to the workshops for professional (and

sometimes also personal) reasons. Among the survey participants who also participated

in collaborative workshops, many chose to increase their engagement in our study out of

interest in environmental and/or occupational exposures and/or interest in the health of

future generations. Finally, the attendees were generally older; fewer young people

participated. In the future, it could be worth identifying strategies to more deeply engage

with young people to make sure their perspectives are heard. Further details about the

collaborative workshop process and participants are published elsewhere (16).

We offer several recommendations for future research, drawing from our research

findings and collaborative workshop participants’ specific ideas on this topic. First, there

needs to be more regional health data available to researchers. The existing cancer

observatory, REVELA13, which opened in 2011, follows three types of cancers (kidney

tumors, bladder tumors, and acute leukaemia) (39); it is an important first step, but is

insufficient. The workshop participants recommended creating new secondary datasets

that include medical records and can track all cases and types of cancers and other

environment-related diseases, such as Type I diabetes and other autoimmune and

neurological diseases; we agree that this would be useful for more comprehensively

understanding the health of this region. This would be particularly useful for capturing

quick-onset and rapidly deadly diseases, which are less likely to be detected in a

prevalence study like ours. Second, we identify areas for further research, including the

health impacts of noise. Noise seems to be a daily problem for the inhabitants of the three

towns in our study (e.g., hail guns used in agriculture, air and road traffic), and has also

been documented as an emerging, underacknowledged issue elsewhere (20). We did not

collect any data on auditory health issues, or decibel levels in the environment, and
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encourage future researchers to do so. Additionally, fertility issues were mentioned by

numerous residents, and merits further, more detailed exploration by future researchers.

Finally, the insights of residents and other community stakeholders enriched our

study in many ways, from the data collection through the data interpretation phases, and

even including recommendations for “next steps” to address the problems. This increased

the relevance of the study to the local population, and we encourage future researchers to

do similarly participatory research (40) or develop civic expertise in environmental health

(41).

Again triangulating between our findings and specific ideas from workshop

participants, we also have recommendations for future policy and practice. First, in order

to more immediately address the health issues, we recommend providing additional

health services to residents of this and other industrial zones, which may also require

modifying clinical guidelines to account for this higher-risk population (for example,

beginning cancer screenings at an earlier age). Second, residents recommended

environmental policy changes to help reduce the health consequences of the pollution

burden that residents experience. Such changes could include regulations that reduce

both stationary (e.g., traditional industrial facilities) and mobile sources of pollution. This

could include reducing road traffic and/or improving/modifying vehicle exhaust systems,

increasing train freight as a transportation approach (over truck transport), and pursuing

electrification of cargo ships (which currently emit nitrogen oxides, sulphur oxides and

particulate matter) alongside the quays. Policies could also be enacted to require and

share more and more comprehensive pollution data. For example, pollution regulations

could be revised to better account for the cocktail of myriad pollution sources in the

region. And, while the burden should not be placed entirely on individuals, residents could

benefit from having access to information about daily emissions levels so that they could

plan activities accordingly to best protect their family’s health.

This study shows the need to pay particular attention to the state of health of the

inhabitants of an industrial zone, including those living on the periphery of the zone. The
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quantitative results, which have been reinforced and made contextually relevant with the

collaborative workshop findings, highlighted the desire of many community members to be

included in the full scientific enterprise. Combining both quantitative and qualitative

approaches produced a final public report that included the perspectives of the local

population within the study’s bounds (21). It is also an opportunity to demonstrate the

importance and the richness of participatory science for better understanding health

outcomes and potential solutions from the perspective and knowledge of those who live in

distressed environments (5,42). This locally-anchored approach, which is currently rarely

used in France, would be particularly interesting to deploy in other regions of France, as

well as around the world. This approach is also a way to engender trust among local

citizens in the particular French context. In closing, we find that conducting

epidemiological studies closely with local people, who live and experience environmental

pollution on a daily basis, is a robust and rigorous approach to producing new, useful, and

relevant public and environmental health knowledge (43).

Conclusion

We encourage future researchers to do in-depth, community-based epidemiology

research to comprehensively describe the health of residents in other heavily polluted

zones, product local knowledge and to help identify policy solutions, suggest opportunities

for intervention and engender trust among the local people.
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