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ABSTRACT

According to the Environmental Protection Agency (EPA), fish consumption is the most significant route of mercury
exposure, and the concern is greatest for women of childbearing age due to the potential for neurodevelopmental effects
on a developing fetus. Rates of developmental disorders vary. But in 2008 it was demonstrated that the rate of autism is
higher near industries that emit heavy metals. Furthermore past research findings can be taken to show that where a
pregnancy occurred may predict later autism likelihood in the offspring more than where diagnosis occurs. If mercury
plays any role in developmental disabilities, the rate of disability should relate to any reliable direct measure of con-
tamination. The current research focuses on one index of environmental mercury contamination. Specifically, mer-
cury-related fish advisories are found to be a surprisingly strong predictor of a state’s autism rate, r = 0.48, p < 0.001.
The relationship remains strong after controlling for student to teacher ratio and per pupil spending. It is argued that a
secular increase in autism has been occurring and that prenatal exposure to heavy metal toxins may play a significant
role. Because we suspect this finding may be of some interest, the full data set is provided in the appendix so that re-
searchers can independently analyze the key findings which rely on CDC, EPA and IDEA data sets.
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1. Introduction

Prior to the late 1980’s, studies conducted in the United
States found low rates of Autism. A popular 1977 Ab-
normal Psychology textbook stated Kanner’s autism was
“extremely rare,” noting that Kanner only saw 150 cases
over 20 years of practice. The core features of full Kan-
ner’s autism have not changed very much. Autistic per-
sons are less interested in “human contact but respond
alertly and attentively to objects,” exhibit pronounced
failure “to develop social smiling,” “to learn language,”
or to “relate to his social environment” [1]. The distinc-
tion between Kanner’s autism and other disorders of
childhood was said to be, “early onset, absence or dis-
turbance of language, autistic aloneness, and... prefer-
ence for sameness” [1].

The observed increase in prevalence seems to have
occurred throughout the world (see for example [2-4]) at
least in areas where industrialization has occurred [5,6].
Recently, Atladottir et al. [4] reported the change in
prevalence for all children born in Denmark over the

"Corresponding author.

Copyright © 2012 SciRes.

years 1990 to 1999 (n = 669,995). Atladottir et al. [4]
used standardized case ascertainment, standardized di-
agnostic procedures and documented an increase in both
Autism Spectrum Disorders (ASD) and Childhood Au-
tism in Denmark. The increase was documented sepa-
rately for both ASD and Childhood Autism per se and
was more pronounced when the stricter diagnostic defi-
nition of Childhood Autism was used. Although diagnos-
tic changes and increased awareness presumably play at
least some role in the apparent increase, the question of
how much of the increase is diagnostically related has
remained an open question. In their careful analysis of
Minnesota autism rates, Gurney et al. [7] concluded that
changes in “federal and state policy and law” such as
including ASD in the USA’s Individuals with Disabilities
Act in 1991 have contributed to an increase in identifica-
tion. While acknowledging that their methods cannot
directly determine if there has been a secular increase, it
should be noted they checked for any evidence of diag-
nostic substitution and found no evidence for any corre-
sponding decrease in another disability, thus ruling out
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diagnostic substitution.

The Centers for Disease Control have been monitoring
Autism rates in several states using careful methodology
across years, and in particular, the Atlanta Georgia area
has been monitored for over a decade [8-10]. In 1996, the
prevalence of autistic disorder among 8 year olds was 4.7
per 1000; in 2000 it was 6.5; in 2002 it was 7.6. To be
clear, these results do not use different definitions for
autism across time, do not rely on different case finding
methods, but do consistently use more than one method
for finding cases, and age at diagnosis was controlled
across time—all of which have been noted as reasons to
disregard previous reports of an increase [11].

Of some interest to us is the variation in prevalence
rates across areas of the USA. That is, not all states show
the same amount of increase (see Figures 1 and 2). We
realize that diagnostic trends matter and that some of the
variation may be artifact, but it seems worthy of scien-
tific study that in Jowa one would find that 1 in 343 chil-
dren have an ASD and next door in Minnesota 1 in 81
would be seen to have autism [12]; clearly it would be
unwise to a priori assume such differences are 100% ar-
tifact. This is a big difference and it seems likely there is
room for more than one variable to play a role. All fifty
states report the number of children in the public school
system who receive special education services for any
disability, including Autism as required by the IDEA.

State by state prevalence difference are seen using care-
ful standardized monitoring as well. The Center for Dis-
ease Control (CDC) has been conducting studies of
prevalence across states to determine ASD and autism
prevalence via the Autism and Developmental Disabili-
ties monitoring Network (ADDMN). For example, there
are 10 sites across 10 states that use the same methods of
case ascertainment and identical diagnostic criteria [13]
(the methodology was adapted from the Metropolitan
Atlanta Developmental Disabilities Survey, detailed by
CDC, 1996). Using a common case definition, common
sources for ascertainment, clinical review with checks for
inter-rater reliability and numerous other quality assur-
ances; they have found markedly different prevalence
rates. For example, in New Jersey 1 in 101 children are
diagnosed, while in West Virginia, only 1 in 222 are di-
agnosed [10]. Both the CDC and the Department of
Education’s Individuals with Disability Education Act
(IDEA) data find New Jersey to have high prevalence
rates and Colorado to have lower prevalence rates and
West Virginia to be in between. In sum, available data
may suggest there is some actual variation in incidence,
and the variation has not been fully explained.

2. Mercury

Much attention has been devoted to thimerosal in vac-
cines as a source of mercury, and the connection to de-
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Figure 1. Since the inclusion of Autism Spectrum Disorders in the IDEA, the rate of Autism has increased, but the increase is

not the same across all states.
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Figure 2. Autism with and without mental retardation have both been diagnosed more starting in the late 1990’s. Mental
retardation diagnoses have remained steady since the early 1990’s.

velopmental disability is scientifically plausible, yet
hotly debated among experts. A potential vaccine con-
nection is not the focus of this paper. On the other hand,
there is less disagreement that methyl-mercury from the
environment can pose a significant risk to an unborn
child’s developing brain. The National Academies of
Science, writing about mercury via the toxic emissions
from various factories, “The committee concludes that
the risk (from mercury) is likely to be sufficient to result
in an increase in the number of children who have to
struggle to keep up in school and who might require re-
medial classes or special education services,” (p. 9). The
EPA states that mercury from coal-fired utilities is the
hazardous air pollutant of greatest potential public health
concern [14]. The EPA and the CDC agree that about
eight percent of women between the ages of 16 and 49
have mercury levels in the blood that could lead to re-
duced IQ and motor skills in their offspring [13,14].
Partly because newborns often have about 25% more
mercury in their blood than do their mothers [15]. A de-
lay in auditory evoked potential of children who were
prenatally exposed to mercury via their mother’s eating
of high mercury seafood has been demonstrated, and the
delay is predicted by the mercury in the cord blood at the
time of delivery and not by current mercury levels in the
child [16]. The level of mercury exposure via the
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mother’s blood levels during gestation (again due to a
high mercury seafood diet) has also been shown to relate
to reductions in cognitive tests scores [17], and similar to
Murata et al. [16], the effects were associated with pre-
natal exposure more so than postnatal exposure. Mercury
appears to be a toxin that can act as a teratogen on an
unborn child and effects later development even in a
child who is born apparently healthy. Of some interest
due to similarity to some features of autism, prenatal
mercury exposure in animals leads to perseverations in
behavior that tend to remain when reinforcers are dimin-
ished, and resistance to change in novel situations be-
havioral changes that remain into adulthood even when
mercury levels are no longer elevated [18,19].

While there is some disagreement about the cost to so-
ciety from mercury emissions, scientists agree that mer-
cury in the environment is expected to lower the 1Q of
children. To wit, the authors of a widely cited paper [20]
comparing different costs associated with the drops in IQ
as a result of mercury pollution argue that the dollar
amount from industrial pollution associated with 1Q det-
riment is significant, but less than what other groups
have estimated [21]. To sum, no expert really argues that
mercury pollution is not damaging the central nervous
system of at least some children in the USA, but do argue
about the extent of damage and the associated costs.
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2.1. Gestation in Areas of Pollution

A significant source of environmental mercury and other
toxins is via industry that releases toxins as a byproduct
of manufacturing. Recently it was demonstrated that a
relationship between the autism prevalence rate within
specific school districts and distance to industries that
release toxins (based on the US EPA’s Toxic Release
Inventory) exists. Palmer et al. [22] show that mercury
emissions in 1998 were associated with Autism rates in
the area four years later—even after controlling for
demographics, SES and Autism rate in 2007. Further-
more, distance from the source of emission was inde-
pendently related to rates as well as the amount of toxic
emissions.

If prenatal exposure to environmental teratogens is
playing any role, and if exposure to environmental toxins
varies by location, then where a child was gestated could
be an independent predictor of Autism likelihood. Thus,
a test could be to compare the rates of Autism within one
area as a function of where the mother was living during
pregnancy. In this way, professional awareness is con-
trolled, the same case ascertainment methods and same
case definitions are used. A country where immigrants
are welcome and to which many families immigrate each
year from outside the country is Israel. Furthermore, Is-
rael keeps a national registry of Autism diagnosis. Jewish
children living in Israel born between 1983 and 1997
were considered and autism prevalence was calculated
based on immigration status (Israeli-Born versus immi-
grant). Being born in Israel was associated with an in-
creased rate of Autism (Ethiopian 8.3 per 10,000 and
Non-Ethiopian 9 per 10,000) compared to those who
moved to Isracl—but after the pregnancy (prevalence O -
5.3 per 10,000), this was true for both of two genetic
groups studied. The authors of the study discuss the pos-
sibility of diagnostic issues but as a whole, they conclude
their results suggest, “an important environmental influ-
ence on the risk of Pervasive Developmental Disorder in
Israel. Moreover, environmental contaminants of some
kind associated with the urban, industrialized lifestyle,
prevalent in most of Europe and the United states and
increasingly in other parts of the world may be at fault
for the rise in rates of Autism and other Pervasive De-
velopmental Disabilities in other countries,” (p. 144).

Isreal’s National Marine Environmental Monitoring
Program has measured heavy metals in Isreal’s coastal
waters since 1978 [23]. Although mercury levels have
been declining since the problem was discovered, Haifa
Bay is considered to be contaminated from mercury from
the Qishon River in the south and a chloralkali plant in
the north. Between 15% and 20% of the fish caught in
Haifa Bay continued to have elevated mercury levels at
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least until 2001 [23].

A study of Autism prevalence was conducted in a
northern province in Japan [24]. All institutions that ser-
viced children in the province were queried for a total for
2233 schools, nursery schools, clinics, and welfare cen-
ters. Any child for whom an institution thought might
have an autism-like disorder was individually inter-
viewed to determine a diagnosis of “Infantile Autism.”
Although the rate increased for children born later than
1967, of particular interest is that the prevalence was
almost three times higher in cities compared to rural ar-
eas. The authors write that in the initial query, there was
no “difference in the recovery rates of cities and rural
districts. Therefore, it would be difficult to explain simply
the difference in prevalence rates of the two areas with
respect to the difference of medical or welfare services,”
(p. 123). This finding of higher rates associated with cit-
ies or industrialization is in keeping with the Kamer
study of Israel [5], as well as with another Japanese study
of prevalence [25]. Given the recent findings of Palmer
et al. [22] that, “for very 10 miles away from the (in-
dustrial) source there is a decreased risk of autism in-
cidence risk of 1.4%,” the findings of higher rate in
urban industrialized areas begin to look less like a coin-
cidence.

2.2. Mercury Cycle and Fish

Mercury from eating fish is an important route for mer-
cury to enter the human body, especially in terms of the
diet of a mother of an unborn child. Mercury in a preg-
nant mother’s cord blood increases with more seafood
and fish consumption [26]. As Trasande et al. [21] sum-
marize, “The National Academies of Sciences has found
that neurodevelopment effects in children of women who
ate fish in pregnancy to be the most important and best
studied end point.” Here, it is hypothesized that some of
the increase in autism may relate to the known teroto-
genic effects of methyl-mercury that occur prenatally as
a result of mercury exposure. If so, then autism preva-
lence within the United States should vary and the varia-
tion should be partially explained by the presence of
mercury contamination in the pregnant mother’s envi-
ronment (such as mercury contaminated fish).

It is important to understand how mercury actually
gets into the bloodstream, and eventually into the brain
[27]. When the mercury is emitted (such as by burning
coal) it is airborne and can remain so for some time.
While it is airborne, it will move with the air based on
prevailing winds, for example. Mercury may come in
contact with surface waters and land at a greater or lesser
amount depending on many factors (such as locations of
toxic releasing factories as well as rainfall amounts) and
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deposition maps are available from the National Atmos-
pheric Deposition Program [28]. The primary way that
environmental mercury effects human health is via its
entry into the food chain. Once the mercury is in water,
bacterial processes convert the mercury into the more
toxic form “methylmercury” (“methylation” occurs).
Small bottom feeding fish eat the bacteria. Methylmer-
cury is eliminated slowly so it tends to accumulate in the
fish. Bigger fish eat the smaller fish. Each step in the
food chain concentrates the level of mercury. People get
mercury into their bloodstreams by eating these con-
taminated fish species. According to the EPA, “Humans
are most likely to get exposed to methylmercury through
fish consumption,” (part 2, p. 5). Although exposure can
occur in other ways (coming in contact with contami-
nated dirt or water), these routes are much less than the
amount that occurs from eating just one serving of con-
taminated fish. Once in the bloodstream, mercury readily
crosses the blood-brain barrier and the placental barrier
in the case of a pregnant mother. Of additional concern,
the most recent studies are documenting that cord blood
levels tend to be significantly higher than the mercury
level in the rest of a mother’s circulation [29].

3. Methods
3.1. Participants and Measures

Public school reported prevalence. IDEA is a federal law
that guarantees appropriate public education for every
child with a disability. As such, all children with an ASD
who receive any services from the public school system
would be counted by the US Department of Special
Education. The numbers are available to researchers
from a variety of sources. We used the Graphing IDEA
Professional, a service provided to autism researchers by
the non-profit group, Fighting Autism, Austin, TX. We
used the total number of cases divided by the total school
age population, to get the prevalence rate within the
school age population.

It is possible that school systems are more or less
likely to diagnose autism, although generally to receive
services requires an external diagnosis by a qualified
medical doctor, clinical psychologist or other profes-
sional. Still, in as much as such differences exist, the true
level of autism might be over or under-represented. To
the extent this occurs, some of the variance in the num-
bers could be due to things not related to the actual inci-
dence of autism in the state (funding issues, diagnostic
practice). If so, then these numbers could be considered
as best-guess estimates at prevalence rates within each
state.

Fish advisories. The EPA has published guidelines for
systematically assessing mercury and chemical contami-
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nation in waterways and fish [30]. There is a Tier One
Screening to identify frequently fished locations that may
have contamination. This is followed by Tier Two
methods for intensive study of potentially contaminated
locations; Tier Two in turn has two distinct phases.
These guidelines are nationwide and exist to ensure that
sampling methods allow accurate risk-based advisories
for fish consumption. The guidelines are specific and
would be expected to ensure that states are monitoring
frequently fished sites in a standard way. Approximately
80% of all fish advisories are mercury related [31].

We used fish advisories as an index of mercury expo-
sure. Again, this number is not a perfect measure of
mercury exposure, but does represent the best index
available for the amount of contamination present in the
route that is assumed to be the most important route for
methylmercury contamination. The fish advisories in a
state will be affected by things such as the number of
lakes and the number of fish species in the state. As such,
it might represent one of the better indicators of exposure;
because fish is the main source of environmental mer-
cury contamination, even if deposition is high, if there
are not fish to eat, it is less likely to get into the diet of
pregnant mothers and young children. In other words, if
there are few fish in the state, there will be few fish ad-
visories but then an important route of mercury exposure
is lessened. In many states, local fish is a part of the diet,
according to the Minnesota Department of Natural Re-
sources (DNR), three to four million walleye are har-
vested in the state each year [32] and unlike in neighbor-
ing Iowa where the fish advisories are to limit consump-
tion to one meal per week in a few areas of the state, the
levels of some fish in Minnesota have mercury levels
above 1 ppm and some over 3 ppm, resulting in 63 “Do
not eat” fish advisories for lake fish [33]. Although fish
advisories may be an imperfect measure for which some
of the variance in the numbers is due to numerous other
variables, it is based directly on a systematic method of
careful monitoring and is based on direct measures of
mercury contamination.

Although the number of fish advisories does not usu-
ally change a great deal from year to year, we decided to
use the fish advisory levels in place at a time when many
of the school age children being counted for ASD would
have been in the womb. We did so because (as reviewed
above) research has demonstrated that the biggest threat
to neural development comes from prenatal exposure,
and that the risk is greater to developing fetus and the
very young. We focused on fish advisory data from the
year 2000. In addition to the total number of fish adviso-
ries in a given state, we also considered the presence of
statewide fish advisories. A statewide fish advisory for
inland water means all fish of at least one species have a
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level of contamination that may pose a risk throughout
the entire state. According to the EPA, in 2000, thirteen
states had issued at least one mercury-related statewide
fish advisory for all inland waters [30]. The number of
statewide fish advisories may have increased as a func-
tion of better monitoring since the EPA published its
2000 guidelines. It should be noted that although the
number of fish advisories is related the presence of con-
tamination, gauging changes in the level of contamina-
tion from one year to next based on fish advisory data is
probably not possible. There were 24 states with at least
one statewide fish advisory in 2006 [31].

3.2. Control Variables

School resources. It has been argued that differences in
prevalence rates may relate to things such as awareness
and improvement of a school’s ability to identify cases of
ASD [7]. If so, then it might be expected that school re-
sources are playing a role in the differences seen across
states. For example, more per pupil spending may lead to
lower student to teacher ratios, which may predict better
student outcomes, and improve a schools ability to find
cases of ASD. On the other hand, perhaps schools with
higher numbers of ASD require more per pupil spending.
Thus, in an effort to rule out the role of educational re-
sources, we obtained the level of per pupil spending and
the student to teacher ratio for each state [34]. It was hy-
pothesized that the predicted relation between ASD state
prevalence rate and number of within state fish adviso-
ries is due to the chemical contamination, and would
remain even after controlling for educational spending
and student to teacher ratio.

Statistical analysis. For each state in the United States
as well as the District of Columbia, the prevalence of
autism was entered as the number provided by the state’s
Department of Special Education (2006/2007); and total
number of mercury fish advisories from the Department
of Natural Recourses within a state were entered into
SPSS (from the year 2000) and a Pearson correlation was
performed. To further examine the link between ASD
prevalence and fish advisories, we split states into two
groups based on a median split of the number of fish ad-
visories present (Low FA states, n = 26, range of fish
advisories 0 to 15; High Fish Advisory states, n = 25,
greater than 15 fish advisories). Consistent with the ra-
tionale outlined above concerning ASD and mercury, we
expected that the effect size between ASD and fish advi-
sories would be stronger for the high fish advisory group
compared to the low number of fish advisories group.
Whether a state had at least one statewide fish advisory
for all inland waters was also entered both for the year
2000 as well as the year 2006. Point-biserial correlations
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were used to measure the relation between having or not
having a statewide fish advisory and prevalence. Hierar-
chical regression was employed to test for the effect of
school resources.

4. Results
4.1. Descriptive Analyses

The mean ASD prevalence rate for the 51 locations (50
states and the District of Columbia) was .0057 (SD =
0.0022, Mdn = 0.0054, range = 0.0023 - 0.0123). The
mean number of fish advisories was 55.4 (SD = 146.1,
Mdn = 15, range = 0 - 941). The average teacher to stu-
dent ratio was 15.3 (SD = 2.6, Mdn = 14.9, range = 10.9 -
23.6). The average per pupil spending was $8739.14
(SD = $2023.48, Mdn = $8178.00, range = $5032.00 -
$15073.00).

4.2. Correlational Analysis

It was predicted that prevalence of ASD would be related
to the number of mercury fish advisories. Consistent with
this prediction, a significant relation emerged between
ASD prevalence and number of fish advisories, r = 0.48,
p < 0.001. States with high prevalence rates have more
mercury fish advisories. Based on this relation we can
conclude that 23% of the variance in autism prevalence
across states can be explained by the number of mercury
fish advisories (R* = 0.23). This represents a moderately
large effect size index, but leaves plenty of room for
other variables to matter, as would be expected. It
should be noted that the variance being accounted for is
state by state prevalence rates, and not individual risk of
autism.

It was further predicted that the effect size associated
with the high mercury fish advisory states would be lar-
ger than that associated with the low mercury fish advi-
sory group. The relation between ASD prevalence and
number of mercury fish advisories for the low group was
indicative of a small effect size, r = 0.22, r* = 0.05, and
the relation between ASD prevalence and number of
mercury fish advisories for the high group was indicative
of a large effect size, r = 0.59, > = 0.35. Thus, in terms of
prediction, when using mercury fish advisories to predict
ASD prevalence, the high mercury fish advisory group is
able to account for 30% more variance in autism preva-
lence rates across states. Overall, the relation between
ASD prevalence rate and number of mercury fish adviso-
ries is present across the data set as a whole, but it seems
to show a much stronger effect for states with higher
number of mercury contamination warnings, which may
be states with more recreational fishing and thus more
variance associated with this route of exposure.

To further examine the relation between ASD preva-
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lence and number of fish advisories we obtained infor-
mation on whether or not each state had a statewide fish
advisory during the year 2000, and for completeness, the
year 2006 as well. We examined the relation between
ASD prevalence and statewide fish advisory for each
year separately. Because one of the variables was con-
tinuous (ASD prevalence) and the other was dichoto-
mous (whether or not each state had a statewide fishing
advisory) we computed point-biserial correlations be-
tween ASD prevalence and statewide fish advisories for
2000 and 2006. Results indicated a significant relation
between ASD prevalence and whether or not each state
issued a statewide fishing advisory in 2000, r, = 0.46,
rpb2 =0.21,t=3.61, p <0.001 and the same relationship
was found if one used the statewide fishing advisories in
2006, 1y, = 0.42, 15> = 0.18, t = 3.22, p = 0.002. This find-
ing indicates that ASD prevalence rates for states that did
not have a statewide fish advisory in 2000 (M = 0.0051,
SD = 0.0018) and 2006 (M = 0.0049, SD = 0.0018) were
lower compared to those states that did have such an ad-
visory in 2000 (M = 0.0075, SD = 0.0026) and 2006 (M
=0.0067, SD = 0.0022).

We also examined the relation between statewide fish
advisories for 2000 and 2006 using a chi-square test and
Cramer’s phi coefficient because the data for each were
both dichotomous (nominal scaling). Results indicated a
significant chi-square test, y* = 15.71, p < 0.001, ¢ = 0.56,
¢* = 0.31. Essentially, this test suggests that although
there was some change in which states had statewide fish
advisories, they were in actual fact a similar group of
states: those states that had at least one statewide fish
advisory for all inland waters in 2000 were more likely to
also have a statewide fish advisory in 2006.

4.3. Hierarchical Regression Analyses

It was predicted that the relation between ASD preva-
lence and number of mercury fish advisories would re-
main even after controlling for the state’s average student
to teacher ratio and per pupil spending. To examine this
prediction we conducted a hierarchical regression analy-
sis using ASD prevalence as the criterion. In the first step
we entered the two control variables (student to teacher
ratio and per pupil spending). In the second step we en-
tered number of mercury fish advisories. Results indi-
cated that the control variables contributed significantly
to the level of ASD prevalence, r = 0.40, r* = 0.16,
F(2,48) = 4.68, p = 0.014. Examination of the coeffi-
cients indicated that per pupil spending contributed sig-
nificantly to the prediction of ASD prevalence, t = 2.82,
p = 0.007, while student to teacher ratio did not relate.
The association of spending to ASD levels could equally
be interpreted as an increase in expenses caused by the
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financial pressures of more special needs children in the
system, or as more funding allowing greater identifica-
tion of such children. Of particular import for the pur-
poses of this paper, results indicated that the number of
mercury fish advisories added significantly to the pre-
diction of ASD prevalence, R = 0.58, R*=0.34, AR® =
0.18, F(1,47) = 12.52, p = 0.001, see Table 1. Thus, as
predicted, the addition of number of mercury fish adviso-
ries contributed significantly to the prediction of ASD
prevalence, t = 3.54, p = 0.001, even after controlling
for student to teacher ratio and per pupil spending. An-
other way of stating this result, the level of fish adviso-
ries in a state accounted for an additional 34% of the
variance in state prevalence rates over and above the
differences due to spending and student to teacher ratio
differences.

5. Discussion

The question of whether some or all of the increase in
autism prevalence is due to diagnostic changes has led to
a bitter debate within the autism research community.
Perhaps the reason the debate has gotten intense is that
an actual increase has rather profound implications: if the
true incidence is increasing, or has increased, then there
is something environmental causing it. Although autism
is strongly genetic (heritability estimates have been esti-
mated to be as high as 90%), the gene pool does not
change this fast. If a change in prevalence happens over
the course of one generation, the answer has to lie else-
where, such as macrolevel environmental changes inter-
acting with individual level genetics [35]. There is no
contradiction in heritability being high in terms of indi-
vidual risk but having change in the observed frequency
all due to environmental changes, such a situation is
likely happening with tendency towards heaviness run-
ning in families. The secular increase in prevalence of
childhood obesity can be all due to macrolevel changes
in typical diet and exercise levels over the past decades,

Table 1. Hierarchical regression analysis of number of
mercury fish advisories on autism spectrum disorder pre-
valence controlling for teacher-to-student ratio and per
pupil spending.

Step Variable L R R? AR?
1 Student-to-teacher ratio 0.281
Per pupil spending 0.482 0.404 0.163 0.163"
2 Student-to-teacher ratio 0.226
Per pupil spending 0.404

Number of mercury

fish advisorics 0.425 0.583 0.339 0.176

Note: p=0.01; “p=0.001.
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even with tendency to heaviness having a significant
genetic influence.

Several studies have now found that differences in
prevalence even at the same time are not random—that is
they appear to vary in relation to prenatal exposure to
one or more toxins [5]. In this paper, we report that
within the Unites States the prevalence rates of individ-
ual states varies with the presence of a key indicator of
what is usually considered to be the primary route for
mercury to get into the bloodstream of women: mercury
contaminated fish [36].

Fish advisories in a state are a far from perfect index
of total mercury exposure. We agree that many people
eat tuna and swordfish and other species high in mercury
that are not related to the local fish. This may be why the
correlation is not higher, and the r* of 0.23 leaves plenty
of room for other variables to play a role: over 75% of
state by state variation remains unaccounted for. How-
ever, the possibility that the correlation between state
autism level and fish advisories is due to chance is re-
flected in the probability value of p < 0.001, meaning the
chance the effect found is a coincidence is less than 1 in
1000.

On the other hand, some individual state characteris-
tics are of interest, but could certainly be coincidence.
Minnesota has the highest level of Autism and the mer-
cury level in the popular Walleye has the highest average
levels of mercury contamination of any freshwater fish in
the United States [36]. Just north of the Minnesota border
is Wobigoon—English River system, where an extreme
cases of mercury pollution occurred in Kenora, Ontario,
less than 50 miles from the Minnesota border. In 1970,
all fishing was banned. The levels of mercury in healthy
looking walleye were 20 ppm—this is a range similar to
the levels of the fish that were found in Minamata, Japan
(and resulted in Minamata Disease—mercury poisoning).
In Kenora, it was the native Indians who ate fish year
round and developed symptoms of acute mercury poi-
soning while the population of mentally retarded persons
later increased [15]. Future research should attempt to
discover if symptoms of the lesser-affected later-born
children in areas known to have resulted Minamata dis-
ease showed any symptoms of autism.

Another issue that remains unexplained is that in-
creases in Autism rate do not appear to match up with the
time of the acute mercury poisonings (such as Minamata
Japan in the 1960’s, or Kenora, Ontario in the 1970’s)
but rather any increase appears to have occurred a decade
or more later. Future research should consider this, as no
clear explanation is apparent. Perhaps the higher levels
had to be present for several years before a pregnancy
occurred to affect an unborn child, though this is not
consistent with animal data. Is it possible for placental
functioning to be altered or that the ability to eliminate

Copyright © 2012 SciRes.

mercury is altered permanently in those exposed to mer-
cury at a young age? Is there any mechanism whereby
early life exposure could permanently alter ability to ef-
fectively deal with heavy metal burden? Could a young
child’s early exposure have the effect of increasing her
mercury levels in later life? If so, this would be a mecha-
nism that could ultimately explain a delayed effect. Such
questions remain unanswered and are purely speculative.
Further research is needed.

These data do not explain individual risk in autism, but
point to a variable that might explain some of the ob-
served prevalence differences. The variance accounted
for as reported in the results refers to differences in
prevalence across states and does not directly address an
individual’s susceptibility to develop autism, for which a
large percentage of the variance would be likely relate to
genetic factors. These data, like the Palmer et al. data,
suggest that environmental exposure to certain toxins
may increase the net number of persons who develop
autism within a population.

Although the link between fish advisories and autism
rates is strong and unlikely to be due to chance, it could
be caused not by mercury, but could be caused by a third
variable related to industry and pollution. For example,
areas that have mercury contamination might also have a
lot of lead or PCB contamination. Any toxin could be
causing the relationship between urban areas, living near
polluting sources and higher autism rates. The data sets
used are all publicly available for the year we report as
well as additional years, and the data sets used in this
report are included in an appendix. Future research can
check additional years and additional control variables,
our analyses suggested particular year chosen did not
matter. We have not proved a cause and effect mercury -
autism connection, but are reporting a strong correlation
between the rate of Autism and a measure of environ-
mental toxins. If anything, we think that exposure to
heavy metal toxins in pregnancy or early childhood may
be leading to specific changes in the developing brain or
body that could play a role in setting the stage for later
autism in individuals predisposed. Future research is
needed.
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Appendix A

State F.ish ) ASD Student: ' Per pupil Stajtewi(ie Fish StaFewiQe Fish
Advisories Prevalence Teacher Ratio spending Advisory (2000) Advisory (2006)

Alabama 15 0.0037 15.7 7028

Alaska 0 0.0047 16.8 10,042

Arizona 22 0.0043 21.5 5474

Arkansas 5 0.0054 13.8 6202

California 30 0.0065 21.2 7942

Colorado 3 0.0029 17 8337

Connecticut 13 0.0081 13.6 11,874 YES YES

Delaware 20 0.0051 14.9 11,016

District of Columbia 1 0.0037 124 15,073

Florida 98 0.0053 16.6 7181 YES

Georgia 106 0.0061 14.8 8882

Hawaii 3 0.0056 16.1 8639

Idaho 1 0.0058 17.6 6743

Illinois 31 0.0052 159 9327 YES

Indiana 198 0.0086 16.9 8723 YES YES

Towa 1 0.0029 13.8 7610

Kansas 11 0.0039 14.3 7693

Kentucky 10 0.0039 15.9 7906 YES YES

Louisiana 31 0.0029 14.8 7656

Maine 18 0.0115 11.9 10,723 YES YES

Maryland 4 0.007 154 9281 YES

Massachusetts 107 0.0074 14.6 11,681 YES YES

Michigan 141 0.0067 17.8 9784 YES YES

Minnesota 941 0.0123 16 9249 YES YES

Mississippi 13 0.0024 15.8 6452

Missouri 7 0.0061 13.8 7398 YES

Montana 26 0.0036 14.3 8025 YES

North Carolina 17 0.0061 14.8 7392 VES

North Dakota 21 0.0037 12.9 7377 YES

Nebraska 35 0.0043 13.8 7586

Nevada 2 0.0069 19.4 6709

New Hampshire 8 0.0063 13.5 9555 YES YES

New Jersey 49 0.0087 12.7 13,370 YES YES

New Mexico 26 0.0023 15 8178

New York 87 0.0059 12.7 12,879

Ohio 64 0.0058 16.2 9557 YES YES

Oklahoma 1 0.0043 15.6 6614 YES

Oregon 13 0.0114 19.8 7842

Pennsylvania 33 0.0075 15.2 9570 YES

Rhode Island 3 0.0078 11.3 10,641 YES

South Dakota 1 0.0045 13.6 7536

South Carolina 60 0.0039 14.7 8035

Tennessee 17 0.0038 15.7 6855

Texas 22 0.005 14.9 7310

Utah 2 0.005 23.6 5032

Vermont 11 0.0063 10.9 11,667 YES YES

Virginia 10 0.0064 12.2 8729

Washington 12 0.0062 19.2 7683 YES

West Virginia 10 0.0043 14.1 9461 YES YES

Wisconsin 469 0.0071 144 9805 YES

Wyoming 0 0.0046 12.7 10,372

*All inland waters, due to mercury levels.
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