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Abstract
Background  A United States ethanol company used pesticide-coated seed corn for fuel ethanol production, 
resulting in highly contaminated byproducts. Improper storage and disposal of the waste led to widespread 
environmental contamination. Detectable levels of neonicotinoids have been found in soil, water, and air samples, 
raising questions about the potential impacts to the environment and human health. The study objective was to 
evaluate the community’s perceived physical and mental health impacts and needs resulting from the contamination 
linked to bioenergy production by a single company.

Methods  A 54-question survey was administered to households located within a 10-mile radius of the facility. 
Respondents could complete the paper survey and return it by mail or electronically. The general topics were 
household members’ awareness, concerns, and perceptions of environmental and health impacts. Quantitative data 
were presented as frequencies and percentages, while qualitative data were grouped into themes based on keywords 
and summarized as counts.

Results  A total of 459 respondents completed the survey, a 38% response rate. The average household size was 
2.7 (SD = 1.4). Responding households were primarily single-family homes (89%) that were owned (85%), and 
were long-time residents (mean = 18.4 years, SD = 15.5). A total of 36% of households included children aged 18 or 
younger. Respondents were concerned about contaminants affecting water (82%), soil (79%), and air (72%) quality. 
Most respondents (74%) felt some or a lot of stress related to potentially compromised health; however, 51% did not 
believe they had health symptoms resulting from the contamination. The most common self-reported symptoms 
among primary respondents were sinus (n = 17), respiratory (n = 22), cognitive/neurological symptoms (n = 15), and 
allergies (n = 17). Depression and anxiety were the primary mental health symptoms reported with 31 mentions. 
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Background
Rural economies in the central United States (U.S.) largely 
depend on agriculture [1]. Corn and biofuel production is 
concentrated in the Midwest, with three states (IA, NE, 
IL) contributing half of all domestically produced corn 
and fuel ethanol [2]. Seed companies introduced seeds 
that were pre-treated with insecticides and fungicides in 
the mid-2000s, and now coated seeds account for 90% 
of all seed corn sold in the U.S [3, 4]. Neonicotinoids are 
a popular class of pesticide used in the U.S. and com-
monly used as seed coatings. While the pesticide-treated 
seeds are an unregulated product, there are regulatory 
and nonregulatory standards for individual neonicoti-
noid (neonic) concentrations in the environment set by 
the U.S. Environmental Protection Agency (EPA) [5–7]. 
Thus, the potential human and environmental health 
impacts directly tied to the wide-spread use of treated 
seeds in the agricultural industry is unknown [3, 8]. In 
2021, Nebraska banned [9] using treated seed for ethanol 
production, following the forced closure of an ethanol 
plant that used excess treated seed obtained from seed 
companies for ethanol production instead of the industry 
standard, field corn.

AltEn, LLC, an ethanol production facility located in 
rural Nebraska about 20 miles west of Omaha produced 
an estimated 24 million gallons of ethanol per year [10]. 
In 2015, the company switched to using leftover seed 
corn coated with fungicides and pesticides (such as neo-
nicotinoids) for fuel ethanol production. Processing the 
pesticide-treated seeds during production resulted in 
heavily contaminated byproducts (solid and liquid waste 
and distillers grain, also known as, wet cake) which even-
tually led to environmental contamination because of 
improper disposal and waste management practices [8, 
11]. Due to legal compliance issues and community con-
cerns, AltEn was forced to close in February 2021 after 
operating for seven years.

Environmental sampling found detectable levels of 
neonics in water, air, and soil samples from the worksite 
and near and inside homes [8, 11]. Therefore, potential 
human and animal exposure routes include inhalation, 
ingestion, and dermal routes. Detectable levels of neon-
ics or a transformed product were found in urine samples 
from residents living nearby which suggested exposures 

were still occurring because the water soluble compounds 
are quickly eliminated [12]. The sources of environmental 
contamination stemmed from the plant and surround-
ing farmland that had been treated with contaminated 
wastewater. Further, AltEn had 150,000,000 gallons of 
wastewater stored in lagoons and 84,000 tons of solid 
waste or wet cake onsite [11, 13]. The lagoons were lined 
to protect the pesticide-contaminated wastewater from 
reaching ground water. However, tears in the lagoon lin-
ing, stormwater runoff, and two large spills, occurring in 
February and September 2021, threatened water quality 
[10]. The levels of neonics in the wastewater and wet cake 
were found to far exceed EPA standards, as early as 2019 
[8]. Lastly, there was potential for particulate matter from 
the treated agricultural soil or piles of wet cake to impact 
air quality. Testing is ongoing to evaluate how much of 
the contamination can be linked to AltEn activities since 
the presence of neonics in the environment is expected 
because of the agricultural activity in the area.

Neonicotinoids are insecticides commonly used in 
agricultural production, landscaping, and flea and tick 
prevention for domestic pets [3]. Human populations 
can be exposed to neonics through a variety of sources 
including occupational or domestic use, water, diet, and 
previously treated soil or dust [14–18]. A recent study 
using 2015–2016 National Health and Nutrition Exami-
nation Survey (NHANES) data, considered to be repre-
sentative of the U.S. general population, found 49% of 
respondents had been recently exposed to neonics based 
on having detectable levels of at least one of six urinary 
biomarkers (i.e., parent compound or metabolite) [14]. 
While this study provides some basis for understanding 
exposures in the general population, there is potential 
for agricultural communities to have greater exposure to 
neonics and other agricultural chemicals involved in food 
and animal production [15]. It is not known if these com-
munities experience a disproportionate health burden 
specifically related to neonics.

Epidemiologic studies of the human health effects of 
neonic exposure are scarce [3, 19–22]. Most of the avail-
able evidence relates to imidacloprid exposures or gen-
eral exposure to pesticides including neonics [19]. Acute 
exposures from neonic poisonings (unintentional and 
intentional) have been associated with a range of mild to 

The top community need was wanting the environment cleaned-up, including proper removal of waste and land 
restoration.

Conclusions  This study evaluated community-level perceived impacts of environmental contamination 
directly related to an ethanol plant’s improper handling of production waste containing pesticides. Findings can 
support immediate actions by state officials and community leaders and serve as a baseline for future health and 
environmental monitoring.
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moderate symptoms including nausea, vomiting, head-
ache, and dizziness [23, 24]. A recent scoping review was 
conducted by the National Toxicology Program to sum-
marize scientific evidence on chronic low-level exposures 
to neonics and human health outcomes [19]. Of the 25 
publications meeting the study inclusion criteria, only six 
were epidemiologic studies (e.g., case-control (n = 5) or 
cross-sectional (n = 1)), with the rest being case reports, 
and none were conducted in the Midwestern United 
States where agricultural production is prevalent [19]. 
The scoping review included animal and human studies 
and found overall, congenital/development or neuro-
logical outcomes were the most frequently studied [19]. 
However, the resulting conclusions were hindered by the 
heterogeneity across studies [19]. For example, different 
health outcomes and neonic compounds were evalu-
ated, misclassification of exposure was likely based on 
the study methodology, and there was inadequate control 
for confounding in analyses. Furthermore, there is very 
little evidence on relationships between agricultural and 
occupational neonic exposures and health outcomes. In a 
small (n = 19) case-crossover occupational study, Swedish 
conifer farmers were exposed to seeds treated with imi-
dacloprid, and symptoms were reported during a control 
window (a week handling untreated seeds) and 1-week 
following planting of the neonic-treated seeds [25]. Of 
the six planters that experienced symptoms in the week 
following planting with neonic-coated seeds but not dur-
ing the control week, irritated or blocked nose were the 
symptoms most frequently reported [25].

Given the limited research on the human health effects 
of neonic exposures in the United States and the unique 
contamination and exposure scenario resulting from 
AltEn practices, it was important to gain community 
insight into the perceived impacts on the environment 
and to local residents’ physical and mental health. There-
fore, this study addressed the following research ques-
tions: (1) what are the community’s perceived physical 
and mental health effects related to AltEn ethanol plant 
activities, and (2) what are the community’s environmen-
tal concerns and needs following the closure of AltEn? 
The results from our study characterize a community’s 
perspective following a contamination event and support 
further investigation into neonic and health relationships.

Methods
Study population
In this cross-sectional study, the target population 
included all residential addresses located within a 
10-mile radius from the AltEn plant (n = 977). In addi-
tion, six former AltEn employees, and the general public 
were invited to complete the survey. Out of 977 house-
hold addresses sampled, 2.1% (n = 21) were ineligible (no 
such address; vacant) and 0.8% (n = 8) were undeliverable 

addresses with unknown eligibility. Seven addressees 
(0.7%) refused to participate in the survey as indicated 
by a blank survey returned, letter, phone call, email, or 
refused mail. Two screener questions were used to ensure 
that an adult completed the survey (Appendix A).

Survey development and administration
The 54-item survey evaluated primary household respon-
dent and household members’ awareness, concerns and 
perceptions of environmental and health impacts result-
ing from AltEn ethanol plant operations. The University 
of Nebraska Lincoln Bureau of Sociological Research 
(BOSR) consulted on survey questions and administered 
the household survey. Respondents had the opportu-
nity to complete the survey by mail and via the Internet. 
Data collection was initiated on February 16, 2022, and 
closed on May 26, 2022. Initially, residents were sent a 
packet including a cover letter, web link to online sur-
vey, information about AltEn situation, and a notepad 
incentive. Additionally, we used a separate referral card 
(online survey) to determine if respondents would like to 
be contacted in the future for participation in biological 
(human blood, urine), animal (livestock or pet samples), 
or environmental (soil, water, air) sampling, or to be con-
tacted by an occupational health specialist. A total of 
three reminders were mailed to survey non-respondents 
at one, three and four weeks post-initial mailing. The 
first and second reminders included the cover letter and 
electronic survey link, and the final reminder included 
a paper survey with two postage-paid return envelopes 
and a paper referral card. The six previous AltEn employ-
ees were emailed the initial survey invitation on Febru-
ary 28, 2022. We emailed the initial survey invitation to 
the six previous AltEn employees on February 28, 2022. 
BOSR sent a single reminder email on March 9, 2022, to 
all prior employees that had not completed the survey. 
At the end of March 2022, the public survey was made 
available on the UNMC AltEn information webpage and 
passively collected responses for two months. The public 
survey was anonymous but included questions to ensure 
duplicate responses from the study sample could be iden-
tified and removed. The study was approved by the Uni-
versity of Nebraska Medical Center Institutional Review 
Board (IRB).

Data management and analysis
Paper survey responses were entered into a database 
using SurVADE software by trained and experienced 
data entry staff at BOSR. Each survey was entered twice 
by independent data entry staff. Discrepancies between 
entries were reviewed and resolved with the help of a 
supervisor. Web surveys utilized Qualtrics for data col-
lection. Responses across survey mode were combined 
using SPSS and duplicate entries (e.g. a household 



Page 4 of 11Gribben et al. Environmental Health           (2025) 24:17 

responded to both the mail survey and web survey) were 
removed. Next, the responses from the public survey 
and AltEn employee survey were merged into a single 
database. The data were checked for quality using sim-
ple descriptive statistics and open-ended/qualitative 
responses were reviewed for completeness.

Household survey responses were summarized using 
frequencies and percentages. The open-ended, qualita-
tive responses were coded into general themes and fre-
quencies were presented. Two researchers independently 
reviewed the text responses and grouped them into 
themes. Then, the study team met to review the find-
ings and resolve any differences. For health symptom 
responses, the keyword was counted and assigned to a 
group to describe frequency of mentions. For example, 
a single respondent might have listed several symptoms 
such as allergies, headaches, and sore throat resulting in 
three symptoms counted and categorized. Supplemental 
Table 1 shows the keywords included in each symptom 

category. Quantitative analyses were conducted using 
SAS v9.4 (Cary, NC).

Results
Sample characteristics
The analysis included responses from 459 survey respon-
dents from community residents (n = 372), the general 
public (n = 84), and former AltEn employees (n = 3); 
response rate 37.8%. A small proportion of addresses 
were ineligible (n = 29, 3%) and seven refusals were 
received (0.7%). From Table  1, most respondents lived 
in a single-family home (89%), were homeowners (85%), 
and were long-time residents, over 18 years on average. 
The average household size was 2.7. Households included 
members from all age groups, ranging from infants to 
elderly adults over the age of 65. Specifically, the per-
centage of households that had at least one member in 
the following age groups are: 0–2 years (4%), 2–11 years 
(16%), 12–18 years (16%), 19–34 (19%), 35–65 (61%), and 
over the age of 65 (28%).

Public information
Three survey questions assessed community members’ 
awareness and sources of public information (Table  2). 
The majority of respondents (n = 370, 81%) had heard 
about the AltEn situation prior to receiving the study 
survey. Respondents first learned about the AltEn situa-
tion primarily through living nearby and word of mouth 
either through neighbors, AltEn employees, or their local 
employer (n = 72, 16%). Other common sources were 
social media (n = 70, 15%) or TV (n = 66, 14%). To stay 
informed, respondents indicated that they received infor-
mation about the AltEn situation from TV (n = 95, 21%), 
newspaper (n = 65, 14%), or social media (n = 56, n = 12%). 
Other less frequently mentioned information sources 
were radio, internet source other than social media, and 
word of mouth.

The survey included several questions about environ-
mental concerns related to AltEn activities and potential 
environmental exposures based on living and working 
conditions and habits. Most survey respondents (n = 343, 
75%) indicated their household was concerned about the 
AltEn situation (Table  2). Among the households that 
were concerned, 50% reported being very concerned, and 
nearly 50% were somewhat concerned. Respondents were 
also asked to rate their level of stress (no stress, some 
stress, a lot of stress) for the following categories: com-
promised health, feeling overlooked by decision makers, 
financial worry, and feeling the crisis will never be fixed. 
Most households felt at least some stress across all cat-
egories. Feeling the crisis would never be fixed (50%) and 
having been overlooked by decision makers (41%) were 
the most frequent causes of ‘a lot of stress’ among wor-
ried households. Compromised health led to a reported 

Table 1  Household characteristics of survey respondents 
(N = 459)

N %
Housing
  Single family 408 88.9
  Mobile home 6 1.3
  Multiple unit 7 1.5
  Other* 3 0.7
  Missing 35 7.6
Housing Ownership
  Own 392 85.4
  Rent 25 5.5
  Other† 5 1.1
  Unknown 2 0.4
  Missing 35 7.6
Household Members’ Age, years
  <2 20 4.4
  2–11 72 15.7
  12–18 74 16.1
  19–34 89 19.4
  35–65 281 61.2
  >65 128 27.9
  Missing 53 11.5
Do children visit frequently?
  Yes 216 47.1
  No 194 42.3
  Missing 49 10.7
Years in current residence, Mean (SD) 18.4 (15.5) -
  Missing n = 37
Household size, Mean (SD) 2.7 (1.4) -
  Missing n = 56
*Other included work (n = 2) or office (n = 1)
†Other included lived with relatives (n = 1), business not owner (n = 2), and not 
specified (n = 2)
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22% of respondents feeling ‘a lot of stress’ and another 
52% ‘some stress’. Respondents self-reported a range of 
other drivers of stress including environmental impacts, 
human and animal health, property values, and plans for 
the clean-up.

Animal health and environmental concerns
The survey asked about animal ownership and health 
(Table 3). The majority (73%) of households had a pet(s) 
with 38% living indoors only, 14% outdoors only or went 
between indoors and outdoors 47.5%. Furthermore, 
19% of households owned livestock. Some respondents 
accessed veterinary care for pets (85%) or livestock (36%). 
Animal symptoms were provided by 9 households and 
included the keywords cancer, neurological, extreme 

itching, vomiting, constant cough and cold symptoms, 
hair loss, loss of function in rear legs.

The survey also included questions related to environ-
mental impact concerns including air quality, smell, sur-
face water contamination, well water quality, wet cake 
application, and soil contamination. Most households 
were concerned about all stated environmental factors, 
with more than 80% concerned about well water quality 
and surface water contamination (Table 4).

The primary sources of drinking water were private 
well water (55%) and bottled water (45%). Several house-
holds relied on filtered municipal tap water for drink-
ing water (n = 107, 23%). The most common filters were 
refrigerator (n = 48), kitchen sink (n = 32), pitcher (n = 26) 
and water valve/whole house filter (n = 21). Among all 
respondents, 74 indicated their main source of drinking 
water had changed since 2015. Some of the most com-
mon reasons included concerns about AltEn activities or 
water contamination in general (e.g., switching to bottled 
water), discolored or cloudy water and poor taste and/
or smell, or moved away. Lastly, most respondents (74%) 
had direct contact with soil or dust through work, hob-
bies or other activities indicating some level of exposure 
to these outdoor sources.

Household physical and mental health symptoms
We evaluated physical health symptoms of primary 
respondents using the following question, “Since 2015, 
have you experienced any health issues that you felt were 

Table 2  Public awareness, concern, and information sources 
(N = 459)

N %
Awareness of AltEn situation prior to survey
  Yes 370 80.6
  No 42 9.2
  Missing 47 10.2
How did household first learn about AltEn situation?
  Phone call 4 0.9
  Text message 0 0.0
  Face-to-face conversation 67 14.6
  Social media (e.g., Facebook, Twitter) 70 15.3
  Radio 2 0.4
  TV 66 14.4
  Newspaper 52 11.3
  Internet source (other than social media) 20 4.4
  Other 72 15.7
  Unknown 12 2.6
  Missing 94 20.5
Household source for AltEn information
  Word of mouth 39 8.5
  Social media 56 12.2
  Radio 1 0.2
  TV 95 20.7
  Newspaper 65 14.2
  Three Rivers Public Health Department website 4 0.9
  Internet source 36 7.8
  Other 26 5.7
  Unknown 18 3.9
  Missing 119 25.9
Is your household worried about the AltEn situation?
  Yes 343 74.7
  No 69 15.0
  Missing 47 10.2
How worried is your household about the AltEn plant?
  Not at all worried 2 0.6
  Somewhat worried 166 48.4
  Very worried 172 50.2
  Missing 3 0.9

Table 3  Animal ownership and health (N = 459)
N %

Pet living in household
  Yes 335 73.0
  No 78 17.0
  Missing 46 10.0
Pet living environment*

  Indoors 127 37.9
  Outdoors 46 13.7
  Both indoor and outdoor 159 47.5
  Missing 3 0.9
Veterinary care for pet(s)*

  Yes 284 84.8
  No 49 14.6
  Missing 2 0.6
Livestock owned by member of household
  Yes 86 18.7
  No 328 71.5
  Missing 45 9.8
Veterinary care for livestock†

  Yes 31 36.1
  No 46 53.5
  Missing 9 10.5
*Only asked of pet owners (n=335)
†Only asked of livestock owners (n=86)
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related to the activities at the AltEn plant?”. Half of the 
primary respondents (n = 234, 51%) answered ‘no’, while 
39% (n = 178) responded ‘yes’ (n = 52, 11.3%) or ‘unknown’ 
(126, 27.5%) to the question (no response n = 47, 
10.2%). Figure  1 displays the number and percentage of 
self-reported symptoms within each health category. 

Symptoms related to respiratory (n = 22, e.g., asthma, 
cough), allergies (n = 17, e.g., allergies, sneezing), sinuses 
(n = 17, e.g., bloody nose, sinus pain or infection, runny 
nose), and cognitive/neurological (n = 15, e.g., headaches, 
migraines) systems were the most frequently mentioned. 
Supplementary Table 1. Displays the keywords captured 

Table 4  Household concerns and exposure information (N = 459)
Environmental Factors Yes N (%) No N (%) Missing N (%)
Potential Concerns
  Air quality 332 (72.3) 74 (16.1) 53 (11.5)
  Smell 334 (72.8) 72 (15.7) 53 (11.5)
  Surface water contamination 375 (81.7) 32 (7.0) 52 (11.3)
  Well water quality 372 (81.0) 37 (8.1) 50 (10.9)
  Wet cake application 290 (63.2) 87 (19.0) 82 (17.9)
  Soil contamination 364 (79.3) 38 (8.3) 57 (12.4)
Water source
  Filtered municipal (tap) water 107 (23.3) 246 (53.6) 106 (23.1)
  Unfiltered municipal (tap) water 97 (21.1) 248 (54.0) 114 (24.8)
  Bottled water 207 (45.1) 165 (36.0) 87 (19.0)
  Private well water 254 (55.3) 133 (29.0) 72 (15.7)
  Water from home distributors 41 (8.9) 291 (63.4) 127 (27.7)
Main source of drinking water changed since 2015?* 74 (16.1) 318 (69.3) 42 (9.2)
Direct contact with soil or dust 339 (73.9) 72 (15.7) 48 (10.5)
*n = 25 (5.5%) unsure if water source changed

Fig. 1  Self-reported physical symptoms among primary survey respondents. Self-reported physical health symptoms from open-ended question (Q33) 
among primary survey respondents that answered, ‘Yes’ to Q32 “Since 2015, have you experienced any health issues that you felt were related to the activi-
ties at the AltEn plant?” n = 52. Figure displays the number of symptoms classified into a health category (bars) and the percent (lines). Multiple symptoms 
could be described by a single respondent
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from the open-ended responses and grouped into health 
categories.

Physical health symptoms were also evaluated for the 
household members using the following question, “Since 
2015, has anyone in your household experienced any 
health issues they felt were related to the activities at the 
AltEn plant?”. More than half (n = 250, 54%) answered 
‘no’, while 8% answered ‘yes’ (n = 38) or 25.7% ‘unknown’ 
(n = 118) to the question (no response n = 53, 11.6%). 
Figure  2 displays the household members’ self-reported 
symptoms. Regarding mental health, some respondents 
indicated a member of their household had experienced 
adverse mental health symptoms related to AltEn activi-
ties, responding ‘yes’ (n = 43, 9.4%) or ‘unknown’ (n = 20, 
4.4%) to the question, “Starting in 2015, have you or any-
one in your household experienced any mental health 
issues?”. Anxiety and/or depression were the most fre-
quently self-reported mental health symptoms (n = 31, 
Fig. 2).

Most primary respondents self-reported a symptom 
onset between 2015 and 2017 (N = 19, 36.5%) or 2018–
2020 (N = 22, 42.3%). Lastly, 66 (14%) of households 
responded yes to any of the substances listed in response 

to the question, “Since 2015 have you or a member of 
your household increased the use of tobacco products, 
alcohol, marijuana, other illicit drugs, or prescription or 
over the counter drugs not used at directed?”. Specifi-
cally, 5% reported increased use of tobacco products, 10% 
alcohol consumption, 2% marijuana use, 0% other illicit 
drugs, and 2.6% prescription or over the counter drugs 
not used as directed.

Access to care
Most respondents had no difficulty accessing health care 
since 2015, with 11 (2.4%) reporting difficulty accessing 
medical care and 385 (83.9%) having no difficulty (no 
response: n = 63, 13.7%). Similarly, 8 (1.7%) of respon-
dents had difficulty accessing mental health care with the 
majority (n = 378, 82.4%) experiencing no difficulty (no 
response n = 73, 15.9%). Barriers to care included lack of 
insurance, wait times, or lost employment.

Lastly, the survey included two questions regarding 
pregnancy outcomes. The first question asked, “Since 
2015, how many pregnancies, including miscarriages, 
have occurred in your household?” Most responded 
zero (n = 143, 31.15%) or not applicable-no women of 

Fig. 2  Self-reported physical and mental health symptoms– All household members. Self-reported physical and mental health symptoms for each 
household member (Q37), among primary survey respondents responding ‘Yes’ to the question Q35 “Since 2015, has anyone in your household experi-
enced any health issues they felt were related to the activities at the AltEn plant?” n = 38. Symptoms could be reported for each member of the household 
separately. Figure displays the number of symptoms classified into a health category (bars) and percentage (line). Household symptoms sample sizes: 
Member 1 (n = 36), Member 2 (n = 22), Member 3 (n = 9), Member 4 (n = 2), Member 5 (n = 0). Mental health household symptoms “Starting in 2015, have 
you or anyone in your household experienced any mental heath issues?” (Q43) Yes (n = 43). 40/43 (93%) provided the self-reported mental health system 
in Q44. Multiple symptoms could be described by a single respondent
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childbearing age/not trying to have children (n = 268, 
58.4%), while 48 (10.5%) had at least one pregnancy. The 
second question asked, “Since 2015, were any pregnan-
cies miscarried?” to which 13 (2.8%) responded ‘Yes’.

Chronic disease diagnoses
Information on self-reported chronic condition diagno-
ses was collected by the following question, “Since 2015, 
have you or a member of your household ever been told 
by a healthcare professional that you or a member of 
your household have a chronic (long-term) condition?” 
The majority answered ‘no’ (n = 293, 64%). Among those 
answering ‘yes’ (n = 79) or ‘unknown’ (n = 27), 80 respon-
dents self-reported a diagnosis of a chronic disease by a 
health professional after 2015. The most common were 
respiratory diseases, including asthma, chronic obstruc-
tive pulmonary disease (COPD), chronic cough (com-
bined n = 22), and heart disease (n = 13).

Among respondents that indicated they or a member 
of their household had been diagnosed by a healthcare 
professional with a chronic condition, 18 indicated it 
was a form of cancer. Self-reported cancer sites included 
breast, prostate, brain, blood, skin, kidney, lung, bladder, 
head and neck, musculoskeletal and ovarian. All cancer 
types had a sample size of less than five.

Community needs
Community needs related to AltEn were collected 
through an open-ended question. Figure 3 describes the 
number of responses within each theme (306/459, 67% 
of respondents). The top three community needs were 

as follows. (1) Fix it/Clean-up: cleaning the waste and 
contaminants safely, properly, and quickly (n = 78). Resi-
dents were concerned about further contamination of the 
water, soil, and air, and wondered if their residential envi-
ronment was safe (i.e., a need for testing and monitor-
ing), (2) Awareness/Information, transparent and clear 
communication regarding information on current envi-
ronmental contamination and potential health hazards, 
and (3) Access to clean and safe water.

Respondents were most concerned about the reme-
diation and clean-up of the AltEn site. For example, one 
respondent commented on removing the wet cake and 
toxic chemicals: “Needs to be done NOW and not a 
year from now. There should have been a plan in place 
before any of this happen[ed].” A second respondent dis-
cussed that they had noticed “a lot more sick people in 
the area” and that “the State and Federal [government] 
needs to get on board.” A third respondent commented 
on the inadequacy of previous efforts to cover the waste 
and smell: “Remove the solid waste from AltEn: covering 
it (occurred last month) does not help reduce the odor 
or the runoff/leaching concerns. We are getting very 
upset with the rate at which this waste product is being 
removed.”

The second most frequently recognized need was for 
better communication to increase awareness and sharing 
of information related to the clean-up and environmental 
and human health risks. One respondent expressed the 
need for timely updates to keep community members 
well informed stating, “frequent ongoing information 
about what is taking place there regarding health hazards 

Fig. 3  Community needs. Community needs identified and coded based on themes. Household respondents were asked to identify their greatest 
household needs related to AltEn (N = 306)
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for our community in the future.” Respondents wanted 
a complete picture on the extent of the contamination, 
what the associated health risks are and how risks will be 
mitigated by cleanup efforts. Information was requested 
from one respondent on “where wet cake was distrib-
uted; more information on what the state is doing and 
what potential impacts are” while another respondent 
was concerned about contamination around their home 
writing, “testing of soil, water, and air to confirm whether 
contamination reached ou[r] property.” Another respon-
dent focused on potential current and future health 
impacts stating, “seeing how our land and water/animals 
and health has been affected now and in the future.” The 
third greatest community need was ensuring access to 
clean and safe water. Recognizing the ongoing need to 
monitor water quality in the community a respondent 
wrote, “I would like to be assured that our drinking water 
is safe and that future contamination to the surround-
ing environmental will not result from the clean-up of 
the facility, while another expressed concern specifically 
about well water quality writing, “make sure our well 
water is safe.”

The remaining community need themes were focused 
on seeking justice (accountability/repercussions), evalu-
ation and environmental testing to understand the 
extent of the contamination and potential human health 
impacts, and actions including: addressing the strong 
smell originating from the byproducts and removing 
contaminants.

Discussion
The purpose of this study was to assess community envi-
ronmental and health concerns and needs following the 
forced closure of the AltEn ethanol plant. Early environ-
mental sampling indicated detectable levels of neonics 
in outdoor air, water, soil, and residences [8, 11]. Urine 
samples provided by nearby residents had detectable lev-
els of neonics (or transformed product), suggesting ongo-
ing exposures [12]. The survey was administered one year 
after the ethanol plant closed and clean-up efforts were 
ongoing. To our knowledge, this is the first environmen-
tal contamination event to occur from an ethanol plant 
that had used treated seeds for bioenergy production. 
While the general population likely experiences chronic 
low-level exposures to neonics [14], this disaster may 
have resulted in higher acute exposures for nearby resi-
dents because of the concentrated levels of neonics in 
byproducts stored onsite and previously distributed on 
farmland.

Our study addressed community-level environmental 
concerns about potential routes of exposure. Respon-
dents reported a high level of concern about environ-
mental contamination, specifically surface and well water. 
Private wells were the primary source of drinking water 

for over half of respondents, with only a small percentage 
changing their drinking water source since AltEn began 
production with pesticide-coated seeds in 2015. Nearly 
half of households were using bottled water as their main 
source of drinking water, further demonstrating commu-
nity concerns about safe drinking water. Most households 
were also concerned about soil and air contamination. 
Half of respondents reported feeling a lot of stress that 
the crisis would never be fixed. This was also a top com-
munity need identified from the survey.

While the ethanol plant was operational, some com-
munity members reported concerns about their health 
or the health of their animals [10]. State testing as early 
as 2019 indicated high levels of neonics in the byprod-
ucts stored on the worksite, and additional evidence of 
environmental contamination emerged after the closure. 
Therefore, it was important to capture perceived health 
symptoms from residents in nearby communities that 
may have been exposed to neonics and other chemicals 
from AltEn to inform future monitoring and clean-up 
efforts. Results indicated most respondents were stressed 
about the potential for compromised health, though 
just over one-third reported their health may have been 
impacted by AltEn activities. The most frequently attrib-
uted symptoms were allergies, sinus issues, respiratory 
(e.g., cough, shortness of breath) and cognitive or neu-
rological symptoms, primarily headaches or migraines. 
Symptoms relating to gastrointestinal or cardiovascular 
system, and cancer were less frequently mentioned. The 
evidence of possible human health effects from neonic 
exposures is severely limited [3, 19, 20]. Also, the neonic 
exposure scenario resulting from environmental contam-
ination from AltEn activities is unique and will require 
future monitoring to understand potential health impli-
cations. According to data from national surveys, 26% of 
adults have seasonal allergies [26] and 12% are affected 
by chronic sinusitis [27]. Respiratory symptoms can be 
influenced by many factors (e.g. infections, chronic respi-
ratory disease, allergy, environmental exposures, and 
weather, etc.).

The prevalence of severe headaches and migraines 
among adults is 15.3% [28]. Lastly, according to the 
National Health Interview Survey, the prevalence of 
mental health symptoms among adults was 18% for anxi-
ety and 21% for depression [29].

This study had some limitations. The survey was con-
ducted a year after the closure of the plant which had 
been in operation for seven years. Therefore, residents 
and nearby community members most affected by the 
plant’s activities and resulting contamination may have 
moved prior to survey administration, potentially result-
ing in a failure to capture individuals with severe health 
symptoms. However, most respondents reportedly 
lived in their homes for more than 15 years, on average, 
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suggesting many have stayed, and this delay should have 
resulted in less immediacy bias from the local news cov-
erage surrounding the event around the AltEn plant 
closure. The study purpose was to collect data on the 
community’s perceived impacts to their health and local 
environment, therefore, health symptoms and diagnoses 
were self-reported in open-ended question format and 
have not been verified by a health practitioner. A strength 
of this approach is any health symptom could be men-
tioned without influence by a predetermined list of pos-
sible symptoms. The limitation is it is difficult to compare 
symptom rates with other survey data due to differences 
in methodology. The response rate was modest (38%), 
with less than half of the target population responding to 
the survey. While this raises some concerns about selec-
tion bias and representativeness of findings, our response 
rate was comparable to other population-based surveys 
[30] and only 2.9% of addresses were ineligible (n = 29). 
Seven respondents (0.7%) refused to participate but rea-
sons for refusal/non-response to the survey were not col-
lected. Bias can be introduced if non-respondents are 
different from survey respondents, but this is difficult to 
evaluate given the limited information on non-respon-
dents (i.e. mailing address). We compared survey respon-
dents to non-respondents using residential zip code and 
the proportion of non-response was similar across zip 
codes. The survey was self-administered and included 
skip patterns, which likely contributed to item non-
response ranging from 1 to 28%. This study also had sev-
eral strengths including a sampling design where surveys 
were sent to all residential addresses located in a 10-mile 
radius around AltEn and public survey to capture most 
people impacted by AltEn, a range of questions to under-
stand the community’s perspective following an environ-
mental disaster, and timely collection of community data 
alongside environmental sampling efforts following the 
plant closure.

Conclusion
This survey established a baseline for the community’s 
perceived environmental and health impacts follow-
ing environmental contamination resulting from AltEn. 
Stress related to compromised health resulting from 
the situation was common among respondents. While 
a wide range of physical symptoms were reported, the 
majority were related to respiratory, allergy, or neuro-
logical (mostly headaches or migraines). Respondents 
were concerned about environmental contamination, 
primarily water, indicating access to safe and clean water 
as a top community need. The community also empha-
sized the need for proper and timely clean-up, in addition 
to frequent clear communication about environmen-
tal contamination and health concerns. These data can 
inform priorities and serve as a baseline for future health 

monitoring efforts. In addition, there is potential to lon-
gitudinally evaluate how community needs and percep-
tions of the environment change over time.
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