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ABSTRACT

ARTICLE HISTORY

This paper examines the physical and mental health of children
following the Deepwater Horizon oil spill (DHOS). A multi-stage
sampling design was used to select households for inclusion in
the study. Data were obtained from parental interviews (n = 720)
in the harder-hit areas of Louisiana in the US Gulf Coast. Three out
of ﬁve parents reported that their child had experienced physical
health symptoms and nearly one third reported that their child
had mental health issues since the oil spill. Both direct physical
exposure and indirect economic exposure were found to be
predictors of physical and mental health issues among the
children. Our ﬁndings contribute to bridge the research gap on
the impacts of the direct and indirect exposures of the DHOS on
the health of children. The study underscores the importance of
understanding the health and recovery trajectories of children
and youth exposed to disasters. Knowledge gained from this
study together with the emerging literature on the eﬀect of the
oil spill disaster on children can contribute towards more
evidence-based public health policies and enhance the recovery
of children and their families in the aftermath of disasters.
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1. Introduction
The U.S. Gulf Coast was still recovering from the impacts of major hurricanes when the
Deepwater Horizon oil rig exploded on April 20, 2010. The resulting spill was one of the
largest marine oil spills in history and was unparalleled in its duration, mode of oil
release and complexity (Goldstein et al., 2011; Palinkas, 2012). The spill had and continues
to have profound social, economic, health and environmental impacts on the Gulf Coast.
This region is particularly vulnerable to disasters triggered by natural hazards and to technological disasters due to its geographical location and concentration of oil and gas industry and infrastructure. The region’s vulnerability is further compounded by poor health
metrics such as high obesity and diabetes rates, and by socio-economic factors such as
chronic poverty and a struggling economy (Arosemena et al., 2013; Goldstein et al.,
2011). While disasters do not discriminate who they aﬀect, they disproportionately
impact the most vulnerable groups in society (Petkova et al., 2017). Children are particularly
vulnerable during disasters due to their physical characteristics, their widely varying stages
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of development and their reliance on adults for their safety and well-being (Chrisman &
Dougherty, 2014). A growing body of evidence demonstrates that exposure to disasters
is associated with severe and long lasting health impacts among children and adolescents
(Chrisman & Dougherty, 2014; Kousky, 2016; Masten & Narayan, 2012). To date there are few
reports on the impact of the Deepwater Horizon oil spill on children’s health (Murray, 2011;
Osofsky et al., 2016). This paper aims to shed some light on this important, and yet relatively
understudied area. We conducted a household survey in regions that were impacted by the
Deepwater Horizon oil spill (DHOS) to collect previously unavailable data on exposure, child
health, and household recovery. The paper describes the study design and presents the
analysis and study ﬁndings on the relationship between exposure and children’s health
outcomes. We conclude with a discussion of the ﬁndings, implications for practice and
future research to address children’s health issues for long term recovery.

1.1. Deepwater Horizon oil spill
Following the explosion of the Deepwater Horizon rig oﬀ the coast of Louisiana, the
Macondo well released an estimated 4.9 million barrels of crude oil prior to capping
(DOI, 2010). The explosion caused the death of 11 workers and injured 17. Furthermore,
the oil spill has had devastating impacts on the health and well-being of local communities, the environment, and the economy. One notable dimension of technological disasters such as the DHOS is that their consequences emerge slowly and persist over long
periods of time in contrast to rapid-onset technological disasters having a sudden onset
or a short duration such as a bridge collapse (Cline et al., 2010; Freudenburg, 1997). The
longer exposure duration to the oil spill is more likely to result in a prolonged period of
acute stress (Palinkas, 2012). To understand its impacts, the DHOS has been compared
with the 1989 Exxon Valdez oil spill (EVOS) in Alaska, the second largest in US waters
after the DHOS (Gill et al., 2012; Ritchie et al., 2011). Similar to the communities aﬀected
by the EVOS, a great proportion of the communities living in the Gulf of Mexico area
depend on natural resources for their social, cultural, and economic existence (Ritchie
et al., 2011). According to studies in the aftermath of the EVOS, individuals highly impacted
by the EVOS reported negative health outcomes such as anxiety, stress and depression
(Palinkas et al., 1992, 1993). Adults reported adverse eﬀects associated with household
exposure to the EVOS on children’s behaviour, including a deterioration in relations
with other children in the community, decline in grades in school, and diﬃculties
getting along with parents and siblings (Mclees-Palinkas, 1994). These ﬁndings are
helpful in informing studies examining DHOS to prevent and mitigate such events. It is
necessary to understand this speciﬁc DHOS disaster and its impacts on the aﬀected communities in the Gulf Coast. Yet, there are very few studies that have examined the impact
of oil spills on children (Murray, 2011; Osofsky et al., 2016).

1.2. Exposure to the oil spill and children’s health
Disasters can exert profound and enduring eﬀects on children and youth. Physical and
mental health distress can be caused by a series of cascading stressors set into motion
by the disaster. Primary stressors associated with disasters can result from direct
exposure to the forces of harm e.g. explosions, strong winds, ﬂooding, chemicals, or
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toxic substances (Chrisman & Dougherty, 2014; Lock et al., 2012; Shultz et al., 2007).
During an oil spill disaster, direct or primary exposure can be through dermal contact,
inhalation or ingestion of oil, tar or dispersant (Goldstein et al., 2011; Institute of
Medicine, 2010). Secondary or indirect exposure can happen when an individual
e.g. the child or youth, is not directly exposed to the event but is exposed to an impacted
entity (e.g. individual, family) or an ecosystem (e.g. community, environment). Secondary
exposures are longer term, such as disruption of daily routines and activities, having
family and loved ones experience anxiety, distress or income loss, or having to relocate
(Lock et al., 2012; Shaw et al., 2012). The associated secondary stressors can cause mental
distress and can further exacerbate the eﬀects of the primary stressors (Lock et al., 2012).
In the aftermath of an oil spill, secondary exposure and associated secondary stressors
can arise, for example, from a family member’s health being directly aﬀected by toxic
material, family members losing a job or income, the household not having access to
health services and social support.
While entire communities are impacted when exposed to man-made or natural disasters, children are particularly aﬀected (Balbus & Malina, 2009; Peek, 2008; Shaw et al., 2012).
Children and youth are vulnerable to a disaster’s eﬀects, often because of their limited
ability to be independent compared to adults, and their limited ability to access resources
such as medical, social, and educational on their own, and their coping and cognitive
capacities are still in development (Chrisman & Dougherty, 2014). Previous research has
identiﬁed several major factors that aﬀect children’s well-being during and in the aftermath of disasters such as economic exposure e.g. loss in household income, preexisting
risks or cumulative stressors, e.g. those who have been through multiple traumatic
events and, parental distress (Murray, 2011; Osofsky et al., 2016).
Gulf Coast communities and their children were likely physically aﬀected by the oil
spill and clean-up operations through direct physical contact with the oil, tar balls or dispersants, through consumption of contaminated food and water, or through the inhalation of the volatile chemicals in their environment (Goldstein et al., 2011; Murray, 2011).
However, the children and their families along the Gulf Coast did not only experience
physical and environmental exposure to the oil spill but were also exposed to the economic eﬀects of the spill (Abramson et al., 2013; Grattan et al., 2011). Children’s health also
likely suﬀered when their family lost their jobs or incomes as the DHOS had adversely
impacted the Gulf Coast industries, such as ﬁshing, seafood and tourism, that support
the livelihoods of the communities. Children and youth were also exposed to the oil
spill while engaging in activities related to their recreation environment e.g. playing
on the beach, hunting, ﬁshing or swimming or participating in oil cleanup activities
(Abramson et al., 2013).
Understanding the association between children’s physical and mental health symptoms and exposure to the DHOS is critical to public health assessments, and recovery planning. Concurrent life events, and predisposing factors such as personal characteristics
which may be positive (protective factors) or negative (risk factors), can contribute to
the eﬀects of health problems or disorders that are produced by the primary or secondary
stressors (Figure 1). Additionally, the absence or presence of moderating factors, such as
parental education, educational achievement, socio-economic status, access to supportive
resources and environment within which the children live, can inﬂuence the recovery trajectories of children aﬀected by a disaster (Pfeﬀerbaum et al., 2015).
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Figure 1. Conceptual pathway: Oil spill disaster, direct and indirect exposures and child’s health outcomes (Source: Jaishree Beedasy).

1.3. Study objective
The main objective of this paper is to characterise the association of physical and mental
health symptoms of children and their exposure to the DHOS along the harder-hit areas of
the Gulf Coast, speciﬁcally in coastal Louisiana. The study focuses on the relationships
between a number of speciﬁc exposure measures and the child´s mental and physical
health outcomes. In this study exposure is deﬁned and measured as (i) the direct/
primary exposure i.e. direct physical contact with oil, tar and oil spill clean-up agents, smelling of oil and (ii) indirect/secondary exposure i.e. economically impacted through household income and job losses.

2. Methodology
2.1. Prior work
The study described in this paper is informed by a previous cross-sectional study conducted in 2012 by researchers at the National Center for Disaster Preparedness, Columbia
University. A household survey had been completed in highly impacted areas of Louisiana,
Mississippi, Alabama, and Florida and 18% of the parents had reported that their children
had direct contact with the oil (Abramson et al., 2013). More than 40% had said that their
children had experienced some type of mental or physical health symptoms since the oil
spill (Abramson et al., 2013).
In 2014, the interviewers returned to the hard-hit areas in Louisiana, one of the four Gulf
Coast states where they had previously conducted the 2012 household survey, to collect
data. These data were used to get a deeper understanding of the persisting children’s
health issues and their associations with oil exposure.
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2.2. Study population, sampling and data collection
The recruitment of respondents into the 2014 study was based on the 2012 survey sampling
frame. A multi-stage sampling design had been used to select zip codes, census blocks and
households with children. Zip codes were used as proxies for neighbourhoods or geographic communities. To identify communities which were highly impacted, a proxy
measure of oil impact was created. The development of the oil impact index was based
on (1) individual claims data obtained from the Gulf Coast Claims Facility (GCCF), (2) business
claims data from GCCF, and (3) the oiling data from geographic points along the Gulf Coast
from the National Oceanic and Atmospheric Administration’s (NOAA’s) Shoreline Cleanup
and Assessment Technique (SCAT) dataset. Statistical z-scores, standardised dimensionless
values, were calculated for each community (zip code), for each of the three pieces of secondary data, individual claims (zic), business claims (zbc), and the NOAA aggregated oiling
scores(zos). The three z-scores were summed to create an overall oil impact index for
each community, Zidx= zic + zbc + zos. Figure 2 shows the overall oil impact index along
the coast of Louisiana. The coastal zip codes were rank ordered using the overall oil
impact scores and the top-ranking zip codes were chosen. Within these highly impacted
communities, a two-stage cluster design was used to select a random sample of census
blocks and within each census block, households with children.

Figure 2. Overall oil impact index along coastal Louisiana.
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For each community, 10–20 census blocks were selected proportional to the size of
the community, with size being determined by the number of blocks having households
with children. Census blocks were selected for inclusion only if they had at least 5
households with children and at least 70% occupancy, according to 2010 US Census
data.
A two-armed protocol was used in the random sampling of households. If a selected
census block had less than or equal to 40 households according to 2010 US Census
data, then every household was approached to determine eligibility. For a block with
more than 40 occupied households, every household from a list of household addresses
with children purchased from InfoUSA® was approached. To mitigate the potential bias
in the purchased list, (1) the adjacent households to the left and right of the household
were also approached, and (2) a 1:1 matching household was selected within the
census block based on random points, i.e. points generated by a GIS software, and the
random point address and adjacent households on either side were also approached.
From April through August 2014 ﬁeld interviewers surveyed households in coastal
Louisiana. They interviewed parents living in Lafourche, Jeﬀerson, Orleans, Plaquemines,
St. Tammany, Terrebonne, and Vermillion parishes where the highly impacted communities had been identiﬁed using the overall oil impact index. The survey data was collected
using a tablet-based computer-assisted personal interview (CAPI) system. Once an adult
household member was identiﬁed, screening questions were asked in order to determine
eligibility. The inclusion criteria were (1) the consenting adult (parent, guardian, or caregiver of the child) was 18 years of age or older, (2) there was a child residing in the household between the ages of 4 and 18, (3) both the adult and the child had lived in the zip
code of the current address at the time of the oil spill. In households with more than
one child, a last birthday subject sampling strategy (Binson et al., 2000; O’Rourke & Blair,
1983) was adopted to choose the child whose health and well-being the parent would
report on. The interview duration was between 15 to 20 minutes. A total of 720 interviews
were completed. The data collection and study procedures were approved by Columbia
University’s Institutional Review Board.

2.3. Analysis
The survey instrument covered several thematic areas including direct and indirect
exposure to the oil spill, physical and mental health status, sense of community, income
and job losses, perceived recovery, and background demographic characteristics such
as race, age, education level, and gender were also collected.
Of the 720 respondents, 56.9% were white, 27.2% were black, 4.2% were Asian and 3.1%
were Native American/Alaskan and the rest were either mixed or another race. 79.7% of
the respondents had less than a college degree and 54.7% of the participants’ household
annual income was below or equal to $70,000, although more than a quarter (26.7%) of
the respondents said they did not know or refused to report their incomes.
The outcome variables for the study were formulated from a series of questions from
the survey regarding the child’s health status. A child was considered to have physical
health issues that could potentially be related to the oil spill if a parent reported that at
any time since the oil spill, the child had at least one of the ﬁve surveyed physical
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health problems – respiratory symptoms, vision problems, skin problems, headaches, and
unusual bleeding. Similarly, a child was considered to have experienced mental health
issues that could potentially be related to the oil spill if at least one of the four mental
health questions, being depressed or very sad, feeling nervous or afraid, having sleeping
problems, or having problems getting along with other children, was answered with a yes.
The four mental health questions and the respiratory vision, skin, headaches questions
were adapted from the Community Assessment for Public Health Emergency Response
(CASPER) in Alabama and Mississippi following the oil spill (Buttke et al., 2012). The
CASPER surveys had been developed by the Centers for Disease Control and Prevention
(CDC) in coordination with the local health departments (Buttke et al., 2010).
Two types of exposure were deﬁned based on the parent’s report. Direct exposure variables were deﬁned as the child having come into direct physical contact with the oil, tar
and oil spill clean-up agents, the adult being exposed to oil smells and the adult coming
into physical contact with the oil or tar. Indirect exposure variables were deﬁned as the
household having experienced an income loss and the household having suﬀered a job
loss as a result of the oil spill.
As described earlier, the health outcomes were binary, and a series of logistic
regressions was carried out to analyse the relationship between the children’s physical
and mental health outcomes and the diﬀerent exposure variables.

3. Results
3.1. Overview of health outcome and exposure variables
60.4% of the parents reported that their child had experienced physical health symptoms
since the oil spill. 30.1% said their child had mental health issues post oil spill. 11.9% of the
children and 20.8% of the adults had experienced direct physical contact with oil, tar or
dispersant, 36.3% had been exposed to the smell of oil spill, 33.8% of the households
had suﬀered income losses and 12.8% had experienced job loss.

3.2. Children’s physical health outcomes
The odds ratios (ORs) resulting from the logistic regressions on the children’s physical
health outcome variable are displayed in Table 1. The ORs for all the diﬀerent exposures
are signiﬁcantly larger than one. This implies that when a parent reports that exposure to
the oil spill occurred, they are signiﬁcantly more likely to also report a physical health issue
for their child.
Children who were reported to be directly exposed to oil, had odds of physical health
problems that were more than four times higher than those who were not exposed (OR =
4.14, 95% CI 2.29–7.51). Children whose parents that had been physically exposed, had
nearly three times higher odds (OR=2.94, 95% CI 1.93–4.48) of reported physical health
problems. Parental exposure to oil smell was linked to more than four and a half times
the odds (OR = 4.59, 95% CI 3.21–6.56) of the child experiencing a physical health issue.
Children living in households that had indicated income losses were nearly three times
(OR = 2.88, 95% CI 2.04–4.07) as likely to have experienced physical health impacts
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Table 1. The unadjusted odds ratios from logistic regressions on children’s physical health outcomes
following the DHOS as reported by parents. Each row represents a separate logistic regression.
Variable
Exposure variables
Direct Physical Exposure (child) – Yes vs No
Direct Physical Exposure (parent) – Yes vs No
Exposure by smell – Yes vs No
Income loss – Yes vs No
Job loss – Yes vs No
Other variables
Education – College degree vs no college degree
Race – White vs non-white
Income >$70,000 vs <=$70,000
Child Gender Female vs Male
Child under 6 years vs older
Notes: Each row represents a separate logistic regression. OR
dence interval.
*p < .05
**p < .01
***p < .001

OR

S.E.

4.14***
2.94***
4.59***
2.88***
2.81***

1.26
0.63
0.84
0.51
0.76

[95% CI]
2.29
1.93
3.21
2.04
1.66

7.51
4.48
6.56
4.07
4.77

0.55**
0.10
0.38
0.79
0.59**
0.09
0.44
0.81
0.64*
0.12
0.44
0.93
0.96
0.15
0.71
1.29
0.80
0.19
0.50
1.29
= odds ratio, p = p-value, S.E. = standard error, CI = conﬁ-

compared to households with no reported income loss. Reported job loss was associated
to nearly 3 times higher odds of children’s physical health problems (OR = 2.81, 95% CI
1.66–4.77).
Besides the exposure factors, the education, race, and income variables in Table 1 may
be mitigating or aggravating factors for children’s physical health issues. Race was analysed by comparing adults who reported being white and those who reported not
being white. Education level was analysed by considering whether the adult had at
least a college degree or not. Income was divided into households with an annual
income greater than $70,000 and those with an income equal to or less than $70,000.
Parents that had at least a college degree (OR = 0.55, 95% CI 0.38–0.79), or that self-identiﬁed as white (OR = 0.59, 95% CI 0.44–0.81), or when the annual household income was
greater than $70,000 (OR = 0.64, 95% CI 0.44–0.93), were signiﬁcantly less likely to
report physical health issues for their children. The child’s gender does not seem to be
associated with a signiﬁcant diﬀerence in the reported physical health outcome. Additionally, the results did not indicate statistically signiﬁcant diﬀerences between children less
than 6 years when compared to those 6 years or older.
Table 2 provides results of logistic regression analyses where additionally to the
exposure variable, the education and race variables are included as controls. Since more
than a quarter of the respondents did not answer the income question, income was not
used as a control variable. Using the income variable would strongly reduce the
number of observations and is therefore not considered to be reliable. It is known that
income data are both diﬃcult to collect and subject to non-reporting. Education is one
of the most commonly measured indicators of socioeconomic position given that it is
subject to little misclassiﬁcation, and credentials are often the means to advancement
(National Research Council, 2004). Education is correlated with income and can, therefore,
be considered as a proxy for income levels. This adjusted model shows very similar ORs as
in Table 1. The results are therefore robust to adjusting for race and education level. This
adjusted model shows that both direct and indirect exposure are related to signiﬁcantly
greater odds of a child experiencing adverse physical health symptoms.
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Table 2. The odds ratios from logistic regressions on children’s physical health outcomes following the
DHOS as reported by parents. Each row represents a separate logistic regression that is adjusted for
parent’s education level and race.
Variable
Direct Physical Exposure (child) – Yes vs No
Direct Physical Exposure (parent) – Yes vs No
Exposure by smell – Yes vs No
Income loss – Yes vs No
Job loss – Yes vs No

OR

S.E.

4.56***
3.11***
4.44***
2.74***
2.65***

1.40
0.68
0.82
0.49
0.73

[95% CI]
2.49
2.03
3.10
1.93
1.55

8.34
4.79
6.37
3.90
4.54

Notes: Each row represents a separate logistic regression that is adjusted for parent’s education level and race. OR = odds
ratio, p = p-value, S.E. = standard error, CI = conﬁdence interval.
*p < .05
**p < .01
***p < .001

3.3. Children’s mental health outcomes
Similar to the physical health outcomes, both direct and indirect exposures were linked to
higher odds of developing adverse mental health outcomes. Table 3 provides the ORs of the
regression analysis for the children’s mental health outcomes. Again, all the diﬀerent
exposure variables have ORs that are signiﬁcantly larger than one. The direct physical
exposure of the child to the oil shows the highest odds of having mental health issues
(OR = 4.64, 95% CI 2.90–7.42). A parent that reported direct physical exposure to the oil
spill was nearly two and a half times more likely (OR = 2.58, 95% CI 0.49–1.77) to report a
mental health issue for their child compared to a parent who did not. The odds of reported
mental health outcomes through exposure by smell (OR = 3.31, 95% CI 2.35–4.67) was 3
times more compared to those who were not exposed. Household income loss (OR =
3.22, 95% CI 2.31–4.67) and family job loss (OR = 3.28, 95% CI 2.10–5.13) were all associated
with more than 3 times the likelihood of children having adverse mental health eﬀects. The
income and job loss related exposure variables have higher ORs than those for the physical
health outcomes. This suggests that the indirect economic exposure may have an even
larger adverse eﬀect on the mental health than on the physical health of the children.
Table 3. The odds ratios from logistic regressions on children’s mental health outcomes following the
DHOS as reported by parents. Each row represents a separate logistic regression.
Variable
Exposure variables
Direct Physical Exposure (child) – Yes vs No
Direct Physical Exposure (parent) – Yes vs No
Exposure by smell – Yes vs No
Income loss – Yes vs No
Job loss – Yes vs No
Other variables
Education – College degree vs no college degree
Race – White vs non-white
Income >$70,000 vs <=$70,000
Child Gender Female vs Male
Child under 6 years vs older
Notes: Each row represents a separate logistic regression. OR
dence interval.
*p < .05
**p < .01
***p < .001

OR

S.E.

4.64***
2.58***
3.31***
3.22***
3.28***

1.11
0.49
0.58
0.55
0.75

[95% CI]
2.9
1.77
2.35
2.31
2.10

7.42
3.75
4.67
4.50
5.13

0.53**
0.12
0.34
0.83
0.84
0.14
0.61
1.16
0.75
0.16
0.49
1.15
0.94
0.16
0.68
1.30
0.60
0.17
0.34
1.06
= odds ratio, p = p-value, S.E. = standard error, CI = conﬁ-

10

J. BEEDASY ET AL.

The education variable has an odds ratio under one (OR = 0.53, 95% CI 0.34–0.83), i.e. the
likelihood of parents who had a college degree reporting adverse mental health eﬀects for
their children were signiﬁcantly less than those who did not have a college degree. On the
other hand, while the OR is less than one for the race variable, it is not signiﬁcant. There can
be several reasons for this, including that ﬁrstly, our measures of mental and physical wellbeing are parental reports, and reporting mental health issues for their children might be
less of a stigma among white people compared to other communities. Mental health issues
among children of non-white respondent could have been underreported in the data. Or, it
could be that white children might be more susceptible to mental health issues. However,
such racial/ethnic diﬀerences for mental health outcomes are very diﬃcult to measure.
There have been inconsistent ﬁndings linking race/ethnicity with mental illness, with some
studies indicating poorer mental health among racial and ethnic minorities relative to
whites, while others reporting no diﬀerences or better psychological health among minorities
(Adams & Boscarino, 2005). While the odds ratio is less than 1 for annual household income
greater than $70,000, this ﬁnding, unlike the results for the physical health outcome, is not statistically signiﬁcant. However, as discussed earlier, more than 25% of the respondents did not
answer the income question income, and hence the income variable may not be reliable.
The child’s gender (female vs male) or, the child’s age (<6 years vs ≥6 years), were not associated with a signiﬁcant diﬀerence in the reported mental health outcome.
Finally, we also considered the adjusted model for the mental health outcomes in
Table 4. The results are again robust to adjusting for race and education of the parent.
They reveal that both direct and indirect exposures to the oil spill are associated with
greater likelihoods of the child experiencing negative mental health challenges.

Table 4. The odds ratios from logistic regressions on children’s mental health outcomes following the
DHOS as reported by parents. Each row represents a separate logistic regression that is adjusted for
parent’s education level and race.
Variable
Direct Physical Exposure (child) – Yes vs No
Direct Physical Exposure (parent) – Yes vs No
Exposure by smell – Yes vs No
Income loss – Yes vs No
Job loss – Yes vs No

OR

S.E.

4.79***
2.58***
3.24***
3.05***
3.07***

1.17
0.50
0.57
0.53
0.71

[95% CI]
2.97
1.76
2.29
2.17
1.96

7.74
3.77
4.58
4.28
4.82

Notes: Each row represents a separate logistic regression that is adjusted for parent’s education level and race. OR = odds
ratio, p = p-value, S.E. = standard error, CI = conﬁdence interval.
*p < .05
**p < .01
***p < .001

4. Discussion
Our ﬁndings suggest that Gulf Coast children who were reportedly exposed to the oil spill by
direct physical contact or through economic loss had signiﬁcantly greater likelihood of
experiencing physical and mental health symptoms than those who were not exposed.
While indirect exposure, i.e. household income or job loss, may not be as concrete or palpable as the primary stressors, such as coming into direct contact with the oil, tar or dispersants, our results show that these secondary stressors are also strongly associated with the
physical health of the children and to a slightly higher degree with their mental health
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outcomes. Acute toxic eﬀects are linked with direct exposure to oil and oil dispersants and
oil burned in situ and, depending on the duration and intensity levels, exposure to oil has
the potential to cause a large set of health symptoms including ocular problems such as
soreness, itching of the eyes, respiratory symptoms such as shortness of breath, wheezing,
and neurological symptoms such as headache and dizziness (Institute of Medicine, 2010).
Dermal contact with the oil or tar causes toxic health eﬀects such as symptoms of
the skin and mucous membranes including irritation, rash and blisters (Institute of Medicine,
2010). When oil is burned in situ or evaporates, a small, though signiﬁcant, portion is converted into very small aerosol particles and exposure to ﬁne particulate air pollution has
adverse eﬀects on cardiopulmonary health (Middlebrook et al., 2012; Pope & Dockery, 2006).
In this study, direct exposure to the DHOS was found to be associated with physical and
mental health issues in children and, is consistent with our prior initial observations in children in highly oil spill-impacted regions in the Gulf Coast (Abramson et al., 2013). Other
DHOS studies have reported similar impacts of direct exposure in women (Peres et al.,
2016) and in oil spill clean-up workers (D’andrea & Reddy, 2013). Similarly, higher negative
physical health outcomes have been reported in those directly exposed during the EVOS
(Palinkas, 2012, 1993). Our ﬁndings also indicate that indirect exposures such as household
income and job loss were associated with increased negative physical and mental health
outcomes in children and adolescents. This may be a consequence of stress caused by the
economic burden on the family though the causal mechanism is not always well known
(Nichols et al., 2013). Furthermore, associations between psychological stress and
depression, viral infections, upper respiratory tract infections, and asthma have been documented in the literature (Cohen et al., 2007; Irwin, 2008). Based on the analysis of data from
Medical Expenditure Panel Survey (MEPS), maintained by the Agency for Healthcare
Research and Quality, Schaller and Zerpa (2019) observe that there is a deterioration in
children’s health and mental health when there is parental job loss especially in families
with low socio-economic status. Parental job loss can also cause a reduction in children’s
well-being based partly on factors like reduced food, health and other expenditure, and
deterioration of parents’ physical and mental health, and tensions among family
members and parent–child relationships (Kalil, 2005). Although less is known about the
economic impact of the oil spill on children, it has been reported that adults who
suﬀered DHOS related income losses reported higher mental health issues than those
who did not (Grattan et al., 2011). Studies on the EVOS have shown association
between economic loss and mental health symptoms (Arata et al., 2000) and that there
are higher rates of depression and other mental health issues in those exposed and
that there is long term prevalence of psychological, economic and social consequences
on children, and families (Gill et al., 2012; Palinkas et al., 1993). One of the very few
studies (Osofsky et al., 2016) evaluating the mental health of children before and after
the DHOS, reports that the exposure of children and their families to the oil spill’s economic and ecological consequences can extend to the mental health problems of children
and youth. Our ﬁndings serve to substantiate studies on the physical and mental health
impact of oil spill disasters and augment the limited literature on the eﬀects of the
DHOS, particularly on children and youth. Our ﬁndings additionally highlight the role of
parental educational attainment, an important indicator of socio-economic status, as a
predictor of both physical and mental health of children. The importance of race, families’
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income, and the education level of parents on children’s health outcomes has been
reported in the literature (Chen et al., 2006; Williams et al., 2016).
The study has several limitations that need to be considered when interpreting the presented ﬁndings. Given that the survey was conducted with parents or caregivers of children
four years after the oil spill, information loss and recall bias cannot be excluded. The
exposure data and child health symptoms are based on parental reports. Previous research
has demonstrated that parent-reported data are subject to both under and over-reporting
(Achenbach, 2011; Kim et al., 2016). In addition, it is possible that those who were exposed to
oil from the spill may have had a better recollection than those who were not exposed, and
mental health outcomes may have been underreported because of fear of stigma. To minimise some of these biases interviewers were trained to be objective recorders of each
respondent’s experiences to avoid interviewer bias, i.e. not inﬂuencing the survey responses
in any way. The interviewers were also trained to facilitate recall by adopting time structuring techniques to help respondents recollect when an event occurred to retrieve the
required information. Given that the study was conducted a few years after the DHOS,
some families might very likely have moved during that period for various reasons – economic, health or psychological reasons, or to get a fresh start. The latter were therefore not
interviewed causing an underrepresentation of oil spill aﬀected children from this group.
Findings from this study can only suggest that there are associations between children’s
health problems and the oil spill. Direct causality of the health eﬀects cannot be attributed
to the oil spill because of lack of pre-oil spill data, our cross-sectional approach, and also
given that children’s health and well-being are determined by the interaction of a multitude
of inﬂuences including their developmental level, availability of health and socio-economic
resources, previous trauma exposure such as assault or abuse, pre-existing child and family
issues, and family and community characteristics. The study design does not allow the investigation of the detailed pathways and mechanisms of how all the diﬀerent secondary stressors
can aﬀect the child´s outcomes. For example, parental post-disaster psychopathology, which
was not assessed, can be a possible contributor to children’s post-disaster behavioural and
emotional problems, and may also bias parental report of child’s health and behaviour
(Boer et al., 2009; Gewirtz et al., 2008; Kiliç et al., 2003; North et al., 2018). Furthermore, the
study did not collect how much income or what proportion of the total household income
was lost. This limited the authors from examining the impact that the loss may have caused
depending on the income level of the household.
By adopting a longitudinal approach, the impact of some confounding can be reduced.
The cohort of respondents from this study is currently being followed up with two
additional waves of interviews. Despite the aforementioned limitations, the study makes
an important contribution to the scarce literature on the health eﬀects of the DHOS on
the children and youth living along the Gulf Coast.

4.1. Conclusion and Implication
The study has shown that children are vulnerable to not only direct physical exposure, but
to secondary stressors resulting from economic losses in the family. More attention should
be focused on the diﬀerent types of exposures and associated stressors that impact both
mental and physical well-being of aﬀected communities, in particular, children and youth.
This is particularly important as the secondary stressors tend to persist for longer periods
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of time. Technological disasters, such as the DHOS, are slow and accompanied by uncertainty, and extended periods of uncertainty are detrimental to the health and well-being of
children. Our ﬁndings contribute to bridge the research gap on the impacts of direct and
indirect exposures of the DHOS on the health of children. Knowledge gained from this
study together with the emerging literature on the eﬀect of the DHOS disaster on children
can contribute towards more evidence-based public health policies to similar disasters.
The Gulf Coast is a uniquely vulnerable place, where liveability is aﬀected by the increasing
frequency and severity of natural disasters, technological accidents, and the socioeconomic vulnerability of the local communities. Hence the importance of promoting and
providing preparedness resources, and culturally competent interventions cannot be neglected. In the future, it will be beneﬁcial to adopt a community engaged research approach
and promote the active participation of key stakeholders to enhance the disaster resilience
of children and their families.
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