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Abstract
Aim  The aim of this study was to evaluate the range and frequency of health complaints reported by residents potentially 
exposed to complex environmental pollution. Secondly, the aim was to provide individuals who suspected pollution-related 
health effects with the opportunity to have their concerns assessed by specialists in environmental medicine.This article 
describes the characteristics of residents reporting health complaints attributed to the pollution compared with a reference 
group of residents, who did not suspect that the pollution affected their health.
Subjects and methods  An invitation was sent to all 10,460 adult residents in the town and surrounding areas, followed by a 
question on whether they suspected their health problems were related to the pollution. Among the 3,679 (35%) respondents, 
270 individuals reported health problems they attributed to the pollution (cases) and agreed to participate. The final study 
population consisted of 203 cases and 202 age- and sex-matched referents drawn from respondents who did not suspect 
pollution-related health issues. Participants underwent a comprehensive interview regarding health status, concerns, and 
living conditions with emphasis on potential exposures, followed by a clinical examination.
Results  Compared to referents, cases reported significantly lower self-rated health and a higher prevalence of chronic 
diseases, particularly neurological and respiratory conditions. However, no differences were observed between cases and 
referents in duration of residence in the town, residential area, type of housing, or occupational exposure. The registrered 
health status was not correlated to concerns about the subject’s own and family’s health.
Conclusion  Individuals reporting pollution-related health concerns exhibited substantially higher burden of morbidity than 
referents, despite no differences were observed in assessed indicators of present or historical exposure.

Keywords  Community pollution · Generation pollution · Case-referent study · Health complaints · Exposure

Background

In Grindsted, a town in Jutland, Denmark, extensive indus-
trial pollution has been known for many years In order to 
elucidate the potential health impact on local inhabitants, a 
program was established.

As a part of this program, actual or former residents, who 
suspected their symptoms or diseases were related to pollu-
tion, were invited to a consultation with a physician special-
ized in environmental medicine. The purpose was dual, on 
one hand to give the resident a possibility to explain their 
symptoms and cncerns to a qualified person, on the other 

hand to reveal the type of complaints and their possible rela-
tion to the possible personal exposure.

The present publication is based on the results of this 
initiative, termed the “resident survey”, and provides a char-
acterization of individuals reporting pollution-related health 
problems through comparison with a reference group.

Grindsted is a town of approximately 15,000 inhabitants 
located in a largely rural region. The largest industrial fac-
tory, Grindstedværket, was established in 1924 and histori-
cally produced various chemicals including pharmaceuticals 
and vitamins. In the past 30 years, the company has focused 
exclusively on food ingredients. Pollution primarily origi-
nated from waste disposal on-site or in adjacent areas, or 
with wastewater initially discharged into a river flowing 
through the town. Although emissions ceased in the 1970 s, Extended author information available on the last page of the article
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pollutants have leached into the groundwater beneath the 
town, emerging near the river (Frederiksen et al. 2019). In 
2020, the factory ground of Grindstedværket was identified 
by Danish Regions as one of the ten largest soil pollutions 
in Denmark and classified as an intergenerational (legacy) 
pollution.

Detailed analyses have identified 1,200 chemical sub-
stances in the pollution plume, 57% of which pose environ-
mental risks, including degradation products (notably vinyl 
chloride) of chlorinated solvents pharmaceuticals, and heavy 
metals—mercury being a significant concern due to substan-
tial deposition (Region Souther Denmark 2009) While pub-
lic drinking water sources are located outside contaminated 
zones, private wells have been commonly utilized in certain 
areas mainly for irrigation. In some areas these wells were 
found to be contaminated and their use was subsequently 
banned in 2021.

Although known since 1944, the pollution was predomi-
nantly regarded as an environmental issue until 2017–2018, 
when suspicion of adverse health effects, including a pos-
sible cluster of Amyotrophic Lateral Sclerosis (ALS), arose. 
A 2020 register-based study compared the incidence of dis-
eases in Grindsted to 12 similar towns and found no overall 
increased disease incidence. (Wodschow et al. 2020) The 
study further indicated that the population of Grindsted 
exhibited lower overall mortality and higher fertility rates 
compared to the reference towns. Among the various dis-
eases and analyses considered, the incidence rates of prostate 
and thyroid cancer were elevated, whereas the incidence of 
other cancer types was reduced. Regarding ALS, the overall 
incidence during the period 1971–2017 was comparable to 
that of the reference population, with 22 cases observed and 
an incidence rate ratio (IRR) of 1.02 (95% confidence inter-
val: 0.64–1.53). However, public concern was focused on a 
sub-analysis revealing a localized cluster within one area of 
Grindsted where 5 cases were identified, corresponding to 
an IRR of 2.51 (95% CI: 1.04–6.08).

In response to ongoing public concern, the council and 
the Region of Southern Denmark initiated further investiga-
tions, comprising the present resident survey. In parallel, 
an update on the registerbased study was initiated together 
with a human health risk assessment of the consistuents of 
the pollution.

Aims

The aim of this paper is to systematically evaluate the char-
acter and frequency of health complaints reported by resi-
dents living in a town with a complex environmental pollu-
tion. Which are the health problems of persons with these 
complaints and how can the complaints be related to past or 
present exposure?

Materials and methods

The study was conducted using a case-referent design, 
where the study base constituted a personal invitation 
to all adult residents in the town to participate. The case 
group consisted of responders who reported symptoms or 
illnesses they believed to be related to environmental pol-
lution. The referent group comprised randomly selected 
Grindsted residents, who consented to participate in the 
study and did not suspect having symptoms or health con-
ditions relating to the pollution.

Subjects

Invitations were sent to residents aged 18 years or older, 
who according to the the Danisk Health Data Authorities 
were living in Grindsted or within a 5 km from the border 
of the city as per February 1, 2023 using unique personal 
identification numbers (Schmidt et al. 2014). Invitations 
were sent digitally or by mail. Non-responders received a 
reminder after three weeks. Participants completed a short 
online questionnaire indicating whether they suspected 
pollution-related symptoms and willingness to participate. 
Non-respondents who failed to reply despite a reminder 
were excluded from the study. Former Grindsted residents 
who wished to participate were able to enroll in the study 
through an official website.

Cases were defined as individuals who answered "Yes" 
to the question: "Do you suspect that your symptoms are 
due to the pollution in Grindsted?" and subsequently con-
firmed their willingness to participate in a medical consul-
tation. Participants had the opportunity to describe their 
symptoms and diagnoses in an open-text field.

Referents were selected from among respondents who 
answered "No" to the question regarding pollution-related 
symptoms but indicated willingness to participate as part 
of a reference group. For each case, one referent was ran-
domly selected, matched by sex and five-year age group.

Clinical examinations

Both cases and referents underwent standardized clinical 
consultations at the Department of Occupational and Envi-
ronmental Medicine, Grindsted Hospital. Three specialists 
conducted the consultations, each specialist examined both 
cases and referents. Cases were examined from 21 Febru-
ary to 7 July 2023, whereas referents were examined from 
20 August through 7 December 2023.

The medical consultation comprised a structured 
interview supported by a comprehensive electronic 
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questionnaire, followed by a standardized physical exami-
nation with a particular focus on neurological signs.

The interview included detailed questions regarding pre-
sent and previous symptoms, medical conditions, and medi-
cation use. In addition, cases were specifically to reportany 
current symptoms or illnesses they perceived related to pol-
lution exposure. Fertility history was also assessed, includ-
ing information on both the physical and mental health of 
each child.

Potential exposure to environmental contamination was 
evaluated for all participants. This assessment included 
information on past and present housing: residential address, 
duration of residence, type of housing, and the use of water 
from private wells or boreholes. Furthermore, potential 
exposure through contact with polluted rivers and lakes 
in the Grindsted area was considered, as was occupational 
exposures—particularly employment at Grindstedværket.

Participants concerns about the risks associated with liv-
ing in Grindsted were collected as free-text responses.

The clinical examination included an evaluation of gen-
eral and nutritional status, auscultation of the heart and 
lungs, measurement of blood pressure, and a neurological 
assessment covering muscle strength, sensory function, pos-
ture, gait and reflexes.

At the end of the individual consultation, participants 
received personalized feedback on the findings of the 
examination. If a condition required medical attention, the 
paticipant was referred to their general practitioner or to the 
relevant hospital department for further diagnostic evalua-
tion and treatment.

Data analysis

Symptoms and diagnoses reported by participants were inde-
pendently coded by two doctors (SBD and JB) using the 
International Classification of Primary Care, Second Edi-
tion (ICPC-2). The text reports of concerns were categorized 
in four thematic groups: 1. Concerns about disease risk for 
themselves or their family members. 2. Issues related to the 
occupational environment, particularly in connection with 
current or historical pollution. 3. General concerns regard-
ing Grindsted’s future, environmental quality, and public 
reputation. 4. Worries unrelated to residence in Grindsted.

Background variables included: Born in Grindsted (yes/
no), total years of residence in the city, duration of employ-
ment at Grindstedværket; current occupational status, and 
highest level of educational attainment.

Residential addresses – both current and former—were 
categorized into four geographical zones based on the like-
lihood of environmental contamination, consistent with the 
classification used in a previous registry-based study (Wod-
schow et al. 2020). The number of years participants had 

lived in residences using water from private wells or bore-
holes was also recorded and scored.

Differences between cases and referents were analyzed 
using the Chi-squared test for categorical variables and Stu-
dent's t-test for continuous variables. Additionally binary 
variables were tested using unconditional logistic regres-
sion, while subjective health was analyzed using negative 
binomial regression. All statistical tests were two-sided, and 
p-values < 0.05 were considered statistically significant. To 
ensure participant anonymity, data in tables and figures were 
only reported when the number of individuals in a cell was 
three or more. All statistical analyses were performed using 
Stata®, version 18 (StataCorp, College Station, TX, USA).

Results

A total of 10,439 residents were invited to participate, of 
whom 3,679 (35%) responded. In addition, 39 former resi-
dents of Grindsted independently contacted the study team 
to report suspected symptoms or illnesses related to local 
environmental pollution.

In total, 313 individuals (3%) reported that they believed 
their symptoms or diseases were attributable to pollution in 
Grindsted. Of these, 270 (86%) expressed interest in under-
going a medical consultation. Ultimately, 203 individuals 
completed the consultation and were included in the final 
case group, of whom 18 were former residents of Grindsted 
(6 males and 12 females).

In the reference group, 1,653 current residents volun-
teered for participation. From this pool, 202 individuals 
were selected to be sex- and age-matched to the case group 
and subsequently underwent the same medical consultation.

Table 1 presents the background characteristics of the 
203 cases and 202 referents. A higher proportion of cases 
reported lifelong recidence in Grindsted, although the total 
duration of residence in the town did not differ significantly 
between the groups. There was no significant differences in 
alcohol consumption and smoking habits. A smaller propor-
tion of cases were currently employed compared to refer-
ents. However, educational attainment was similar across 
groups, with 48% in both groups having completed skilled 
education. Compared with referents, cases more frequently 
reported previous occupational exposure to smoke and other 
pollutants, and a higher proportion had been employed at 
Grindstedværket.

Diseases and symptoms reported in response 
to the invitation

Among the 203 cases, 191 individuals reported between 
0 and 11 symptoms or diseases at the time of respond-
ing to the invitation (mean: 1.77). Figure 1 depicts the 
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distribution of reported conditions by diagnostic category. 
Neurological and respiratory disorders were the most fre-
quently reported categories. Eight individuals reported 
a diagnosis of parkinsonism and another eight reported 
multiple sclerosis. The most frequent neurological symp-
toms included headache, sensory disturbances, involun-
tary movements, and memory impairment. The reported 

respiratory condition was asthma, with six cases, while 
common respiratory symptoms included dyspnea and 
cough.

Of the 43 cases who reported a cancer diagnosis, breast 
cancer was the most reported (8 cases), followed by colo-
rectal cancer (6 cases) and hematologic or lymphatic malig-
nanacies (5 cases). (see supplementary figure S1).

Table 1   Data for cases and referents. 

Bold text denounces a significant difference between cases and referents (p < 0.05)
a)  Including those moved from Grindsted to the rural districts within the area of investigation.

Cases Referents
n = 203 n = 202

Females 105 (51,7%) 105 (51,9%)
Males 98 (48,3%) 97 (48,1%)

Age Years (range) 59.6 (19–89) 60.0 (20–89)
Residents in Grindsted Lifelong residents 53 (25%) 38 (19%)

Residents for part of their life 115 (57%) 145 (72%)
Moved away from Grindsteda) 25 (12%) 14 (7%)
Unknown 1 (0%) 4 (2%)

Current residential area Rural district (low contamination) 22(12%) 45(22%)
Center and suburban parts (moderate contamination) 105 (57%) 93 (46%)
Eastern part (contamination uncertain) 26 (14%) 31(15%)
Along the stream (highest contamination) 32(17%) 33(16%)

Duration of residence in Grindsted Mean, range (years) 41.1 (2,5–88) 38.2 (1,5–78)
Number of residential addresses in Grindsted Mean, range 3.7 (1–10) 2.9 (1–10)
Duration of residence at each address Mean (range) 26.1 (1–79) 27.2(1–75)
Current or past use of private well (number of residences) No use 443 (58,8%) 378 (64,2%)

Irrigation 32 (4,2%) 49 (8,3%)
Irrigating vegetables 75 (10,0%) 53 (9,0%)
Other use 57 (7,6%) 42 (7,1%)
No information onwater use 147 (19,5%) 67 (11,4%)

Years of residence in a house using a private well 14.2 (0–78) 13.2 (0–75)
Alcohol consumption (drinks per week) Mean (range) 3.8 (0–25) 4.2 (0–21)
Employment status Employed 67 (34%) 99 (49%)

In education 2 (1%) 5 (2%)
On sick leave 8 (4%) 5 (2%)
Temporarily unemployed 5 (2%) 2 (1%)
Permanently out of work 97 (49%) 82 (41%)
Other 17 (9%) 8 (4%)

Reported exposure to gases, vapours, dust or smoke (cur-
rent or former workplace)

Yes 96 (48%) 72 (35%)

Employment at Grindstedværket Yes 45 (22%) 29 (14%)
Number of years employed at Grindstedværket Mean (range) 9.8 (< 1–42) 6.4 (< 1–38)
Highest level of education Primary/elementary school 19 (10%) 20 (10%)

Secondary education 4 (2%) 9 (4%)
Vocational education 96 (48%) 97 (48%)
Bachelor's degree 33 (16%) 29 (14%)
Master's degree 11 (6%) 10 (5%)
Other education 39 (19%) 37 (18%)
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The clinical examination of cases and referents

Compared to the referents, cases reported significantly 
poorer self-perceived health. Specifically, 58% of cases rated 
their health reported as poor or very poor, in contrast to only 
12% of referents. In contrast, only 8% of cases reported their 
health as very good or excellent, compared to 44% of refer-
ents (See supplementary Table S1).

Figure 2 illustrates the number of recorded diseases and 
symptoms across diagnostic categories for both cases and 
referents. Supplemental Table S2 presents the distribution of 
the most frequently reported conditions or symptoms within 
each disease group.

The greatest differences between cases and referents were 
observed for neurological diseases and symptoms. Multi-
ple sclerosis and parkinsonism were reported exclusively 
among cases. Additionnally, migraines and peripheral nerv-
ous system disorders were more frequent in the case group 
whereas headaches occurred with similar frequency in cases 
and referents.

Cases reported a higher prevalence of psychological 
disorders and symptoms, primarily including depression, 
sleep disturbances, memory impairment, and dizziness. 

The category of hyperkinetic disorders among cases encom-
passed diagnoses, such as ADHD and autism spectrum 
disorders.

Cardiovascular diseases were common in both cases and 
referents, with no significant differences overall. Hyperten-
sion was the most prevalent cardiovascular condition, fol-
lowed by arrhythmias. However, cases exhibited a higher 
frequency of stroke and other cardiac diseases compared to 
referents. Cases also demonstrated a higher prevalence of 
chronic obstructive pulmonary disease (COPD) and various 
respiratory symptoms, whereas the occurrence of asthma 
and hay fever was similar between the two groups. Mus-
culoskeletal disorders and symptoms were highly prevalent 
in both cases and referents. Additionally, cases reported an 
increased frequency of urinary and female genital condi-
tions, encompassing a range of diagnoses. In contrast, ref-
erents showed a higher incidence of ocular conditions such 
as cataract and glaucoma.

A current or previous cancer diagnosis was reported by 
57 cases and 33 referents (p < 0.001, for details see Supple-
mentary Table S2). The most commonly reported cancers 
included skin cancer equally distributed between melanoma 
and non-melanoma skin cancers – followed by colorectal, 

Fig. 1   Health complaints reported by the cases by the invitation, catagorized in main grups according to ICPC-2
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breast, and prostate cancers. Reports of hematologic malig-
nancies, including blood cancers and lymphomas, comprised 
different subtypes in both groups.

Both cases and referents indicated that their reported 
symptoms were chronic with a mean duration of 14.1 years. 
Approximately 75% of these symptoms were ongoing at 
the time of the study, and about half of the symptoms, as 
well as nearly all diagnosed diseases, had been evaluated or 
treated within the healthcare system. Cases reported use of 
a higher number of different medications (mean 5.1; range 
0–18) compared to referents (mean 2.8; range 0–13).

Fertility and children

Among the cases, 166 individuals (82%) had a total of 396 
children (mean per case 2.0 children per parent, age range 0 
to 60 years), whereas 191 referents (95%) had 440 children 
(mean 2.2 children per parent). In the case group, 63% of 
pregnancies occurred while residing in Grindsted, compared 
to 70% among referents (see Table 2). Physical health prob-
lems were reported in 40% of children, and mental health 
problems in 20%, ranging from mild conditions to severe, 
lifelong disabilities.

Cases reported a higher prevalence of mental health 
issues in their children compared to referents. However, no 
significant differences were observed in the prevalence of 
physical or psychological problems based on whether the 
pregnancy occurred during residence in Grindsted.

Clinical signs

Pulmonary auscultation revealed a higher frequency of 
abnormal findings among cases, primarily wheezing and 
other signs consistent with COPD or asthma (see supple-
mentary Figure S3). In contrast, cardiac auscultation did not 
show any significant differences between cases and referents. 
Neurological examination indicated a higher prevalence of 
coordination difficulties among cases. However, no signifi-
cant differences were observed between the two groups in 
other neurological assessments, including muscle strength, 
reflexes, sensory function, or gait.

External factors

Table 1 presents the distribution of participants’ current 
residences across the defined contamination zones. A higher 

Fig. 2   Number of diseases and symptoms in cases (red) and referents (blue) split in main ICPC-2 groups. The solid bars show diseases and 
striped bars symptoms
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proportion of cases resided in the central part of Grindsted, 
whereas fewer cases lived in rural areas compared with 
referents.

Despite these differences in geographic distribution, no 
consistent pattern was observed in the prevalence of diseases 
or symptoms across the residential zones. Furthermore, no 
association was found between health outcomes and the 
number of years participants had lived in dwellings supplied 
by private wells or boreholes. Although more cases than 
referents had been employed at Grindstedværket there was 
no correlation between reported diseases and employment.

Diseases and symptoms vs. concerns

Table  3 presents the relationship between participants’ 
expressed health concerns and reported health conditions 
across the different groups.

Cases reported both a higher level of concern and a 
greater number of health problems as well as an impaired 

self -reported health compared with referents. However, 
controlling for  case status no significant correlation was 
observed between concerns about personal or family health 
and the presence of specific symptoms or diseases. No asso-
ciation was observed between concerns about the other items 
(the environment in general, the occupational environment at 
Grindstedværket, or concerns unrelated to the pollution) and 
reported health conditions or symptoms. (See supplementary 
Table S3, a-d).

Discussion

Using a personal invitation to participate we demontrated a 
clear willingness among residents to participate in research 
addressing the potential health effects of a complex environ-
mental pollution,

Approximately 3% of the adult population in Grindsted 
reported current health problems they suspected were linked 
to local pollution. Compared with a reference group, these 
cases were characterized by markedly poorer self-reported 
health and a high prevalence of chronic neuropsychological 
and general health problems.

However, cases did not differ significantly from referents 
when assessing exposure by the use of indirect indicators, 
such as residential area, duration of residence in potentially 
contaminated zones, and use of groundwater from private 
wells.

A major strength of this study is the relatively high 
response rate: more than one-third of the nearly 10,500 
invited adults responded, including a substantial propor-
tion who did not report pollution-related health concerns. 
This suggests broad community engagement and enhances 
the generalizability of the findings. The reference group 
is considered representative of the general adult popula-
tion in Grindsted and the surrounding area, as participants 
were drawn from the same population and under the same 

Table 2   Frequency of children with physical and psychological health problems in cases and referents according to maternal residence in Grind-
sted during pregnancy 

Bold indicates statistically significant differences between groups (p < 0.05)

Cases Referents Cases and referents com-
bined

Cases Referents

Maternal residence in 
Grindsted during preg-
nancy

Yes
(n = 250)

No
(n = 146)

Yes
(n = 307)

No
(n = 133)

Yes
(n = 557)

No
(n = 277)

(n = 396) (n = 440)

Sex of offspring (male/
female/not reported)

Birthyear (mean, earliest/
latest)

128/111/11
1990
1960–2022

70/73/3
1986
1956–2022

162/140/5
1991
1955–2023

61/72/0
1988
1962–2021

290/251/16
1990
1955–2023

131/145/3
1987
1956–2022

198/184/14
1988
1956–2022

223/212/5
1990
1955–2023

Physical problems 105 (42%) 68 (47%) 120 (39%) 44 (33%) 225 (40%) 112 (40%) 173 (44%) 164 (37%)
Psychological problems 44 (18%) 34 (23%) 40 (13%) 27 (20%) 84 (15%) 61 (22%) 78 (20%) 67 (15%)

Table 3   Odds Ratios  and 95% conficnece intervals for the relation-
ship between reported health problems (rows) and concern for per-
sonal or family health as well as case status (across)

Logistic regression analyses included case status, sex, and residential 
area. Bold values indicate statistical significance
a)  Self-rated health was analyzed using negative binomial regression 
and the reported figures are coefficients per unit increase

Concern about personal 
or family health

Case vs. referent

Self-rated healtha) 1.05 (0.92—1.18) 1.31 (1.18—1.18)
Neuropsychological 0.99 (0.54—1.80) 2.76 (1.51—5.02)
Cancer 1.26 (0.70—2.26) 1.53 (0.87—2.69)
Cardiovascular 0.64 (0.40—1.04) 1.70 (1.09—2.64)
Airways 0.68 (0.41—1.14) 1.85 (1.16—2.95)
Musculoskeletal 1.35 (0.84—2.18) 1.35 (0.87—2.11)
Other diseases 1.65 (0.88—3.11) 2.70 (1.55—4.71)
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conditions as the case group, with a similarly high par-
ticipation rate.

A limitation of the study is the non-specific case defini-
tion, which was intentionally broad in order to capture a 
wide range of potentially relevant health concerns—from 
mild symptoms and subjective complaints to serious diag-
nosed conditions. This approach was necessary given the 
complex and long-term environmental contamination in 
Grindsted, involving numerous substances with varying 
toxicological properties. Due to the absence of clear toxi-
cological hypotheses and the uncertainty regarding routes 
and timing of exposure only indirect or proxy indicators 
of exposure could be used.

Another limitation concerns the inclusion of 18 for-
mer residents (9% of cases) who self-referred following 
the public discussion of the issue. These individuals may 
represent a highly selected subgroup, as their participation 
required both awareness of the invitation and willingness 
to travel for the consultation. However, they were retained 
in the analyses as they constituted a small proportion of 
the case group and they did not differ meaningfully from 
current residents in terms of reported health outcomes. A 
sensitivity analysis excluding the former residents con-
firmed that their inclusion did not alter the overall findings.

Perhaps the most striking finding is the substantially 
poorer self-reported health among cases, compared with 
the referents, who rated their health more positively than 
the national average (Health 2023). Individuals reporting 
neurological diseases—and to a lesser extent respiratory 
conditions—were particularly likely to associate their 
health issues with environmental pollution (Clougherty 
and Ocampo 2023). This perception may be influenced 
by longstanding public discourse on local environmental 
hazards, including specific concerns related to ALS, as 
well as broader awareness of the risks associated with pol-
lution, which have been discussed publicly for decades. 
Despite these perceptions, individual reports of disease 
showed only weak correlations with expressed concerns 
about personal or environmental health.

Fertility and health of the offspring—particularly neu-
robehavioral development—are well-established indica-
tors of susceptibility to environmental pollution exposure 
(Payne-Sturges et al. 2023; Rocabois et al. 2024). In our 
study, cases reported having slightly fewer children than 
referents; however, no differences were observed based 
on whether the pregnancy occurred during residence in 
Grindsted. Interestingly, the modest excess of psychologi-
cal problems reported in the children of cases was pri-
marily seen in those not born when their mother lived in 
Grindsted.

Our findings on fertility are consistent with results from 
the  register-based studies, which also found no evidence of 
increased health problems among children conceived and 

born in Grindsted over a period spanning more than 60 years 
(Kjærulff et al. 2024; Wodschow et al. 2020).

The environmental pollution in Grindsted is well-doc-
umented through extensive measurements conducted over 
several decades (Sanderson and Fauser 2024). A defining 
feature of the area is the widespread historical use of near-
surface groundwater from private wells. Several of these 
wells have been found to be contaminated, resulting in recent 
regulatory prohibitions on their use (Sanderson and Fauser 
2024). However, the extent to which this contamination has 
translated into actual human exposure remains uncertain, as 
no model of individual-level exposure is currently available. 
The proxy indicators of exposure—such as area of residen-
tial location within Grindsted, housing type, and historical 
use of private wells—did not demonstrate any evidence of 
dose–response relationships with the reported health out-
comes. Other potential sources of pollution, primarily indus-
trial sites emitting air contaminants, may exist; however, 
no specific active production facility could be identified 
as a probable contributor to current environmental health 
risks. Additionally, the higher proportion of employement 
at Grindstedværket and the lower overall employment rate 
among cases were not associated with an increased reporting 
of health problems.

In parallel to our study the register-based study was 
updated, monitoring the population through 2021 (Kjærulff 
et  al. 2024). There was no evidence of specific excess 
health burden in Grindsted relative to comparable towns. 
The modestly elevated incidence of ALS in a specific area 
was also observed in this update, consistent with the previ-
ous report,(Wodschow et al. 2020) although no additional 
cases were identified. In the clinical examinations we looked 
specifically for discrete signs of neurological diseases, but 
found no no sign of  undiagnosed conditions, even in area 
of concern about ALS.

In discussions of health concerns related to pollution it is 
often challenging to disentangle to which extend a height-
ened awareness leads to health effects by increased reporting 
of symptoms (Ammons et al. 2022; Bergstra et al. 2018; 
Dory et al. 2017; Pasetto et al. 2024). Our cases reported 
both more concern and more health problems than the ref-
erents. However, we did not observe any significant asso-
ciation between the individually expressed concerns and 
the reporting of diseases or symptoms. The wording of the 
inquiry, which primarily targeted paticipants concerned 
about their health problems, may have obscured the poten-
tial mediating effect of individual concerns on disease, but 
the lack of correlation between concern and health status is 
still remarkable.

The present survey design, which included clinical con-
sultations, demanded considerably more resources than 
most other types of investigations. Nevertheless, the objec-
tive of providing residents with the opportunity to present 
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their health concerns directly to a specialist was successfully 
achieved. Although the clinicians were unable to establish a 
definitive link between pollution exposure and the reported 
health problems, participants generally expressed satisfac-
tion with the consultation process. Furthermore, the study’s 
main findings, when presented at a public meeting, were 
generally well received by an audience that included resi-
dents, local politicians, and representatives from both the 
municipal and regional authorities.

Conclusion

This study demonstrated that direct engagement with town-
ship residents achieved a high response rate from both indi-
viduals concerned about pollution-related health problems 
and from the large population without such concerns. Com-
pared with the reference population participants reporting 
suspected health effects exhibited significantly poorer self-
reported health, particularly regarding neurological and res-
piratory conditions,. However, no differences were observed 
between cases and referents in terms of current or past expo-
sure indicators and we found no correlation between the 
reported concerns about health and the reporting of diseases. 
These findings align with results from two register-based 
studies. As a tool for investigating the health burden associ-
ated with widespread environmental pollution, this type of 
study is valuable for identifying both symptoms and commu-
nity concerns. Key prerequisites include the involvement of 
consultation staff with expertise in environmental medicine, 
ensuring community acceptance of the study’s conduct, and 
presenting the results publicly in a transparent manner.
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