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Investigating a Possible Link Between BPA and Autism: The Possible 
Role of Estrogen-like Pollutants on the Brain of Colinus virginianus. 
 
Donelson, Chelsea R. 
Gahanna Lincoln High School, 140 South Hamilton Road, Gahanna, Ohio   
 
     The purpose of this project is to look at the effects of Bisphenol A on 
developing bobwhite quail (Colinus virginianus).  BPA is an estrogen-based 
chemical, which, according to research, has hindered the development of quail 
reproductive organs and possibly affected quail behavior.     
     The increase in birth rates of autistic children has been explained by some 
scientists as the result of better technology and screening techniques for autism 
at younger ages over the last decade.  But during that same time there has been 
a similar increase in the use of plastic baby bottles which contain BPA. Children 
with autism often have a larger cranial size then those who do not.  This 
research examines cranial capacity in quail for possible evidence of a link 
between increased cranial size and BPA.    
     Quail were yolk-injected on the sixth day.  However, due to BPA’s inability to 
dissolve in water, injections caused premature death in the embryos.  Two 
techniques were used to insure BPA absorption in the yolk of the developing 
eggs.  Results (n=52) suggest no link between BPA and the growth of quail 
cranial capacity at a significant level (p< .05).  In fact, cranial width and head 
length actually showed significant decreases (p= .03), suggesting that BPA may 
be acting in a different way than hypothesized.  Further research is suggested.     
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Introduction 

 Plastic is widely used in today’s society.  From water bottles and food 

containers to baby bottles and hair dryers, plastics surround us and find their 

way into our environment.  Recently scientists have become aware that many of 

the chemicals found in plastics are not as safe as once thought.  One of those 

potentially harmful chemicals being investigated today is Bisphenol A, especially 

due to its presence in baby products.   

 While BPA use has steadily increased since the early 1990s, another event 

has also caught the attention of the scientific community.  Autism rates have 

soared during this same time period.  Recent research suggests that the increase 

in autism is real, not a function of better diagnosis, and many suspect a possible 

environmental factor. 

 Since BPA is a factor that has significantly increased during the same time 

period that autistic rates have risen, it is hypothesized that perhaps there is a 

link between the two.  This project uses the brain development of the northern 

bobwhite quail, Colinus virginianus, as a model to see if there is a significant 

link between brain development and BPA. 
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Review of Literature 

Bisphenol A, or BPA as it is commonly called, is a hormone-mimicking 

chemical used to produce many products such as plastic bottles, food containers, 

and baby bottles (Salisbury, 2008).  BPA is a weak synthetic estrogen 

(“Bisphenol A On Trial”, 2007), and has been found to disrupt the necessary 

effects of real estrogen on developing organs (“Chemical Used in Food 

Containers Disrupts Brain Development”, 2005).  The U.S. government has 

stated in many reports that BPA presents “some concern” for development issues 

on the prostate and brain but not enough to take BPA products completely off 

market shelves (Dunham, 2008).  Other safety groups say that BPA interferes 

with the way the body absorbs estrogen, which is key to young body 

development, causing detrimental effects (Dunham, 2008).  The controversy 

over BPA has left many consumers demanding truthful answers, and many 

companies choosing to be safe rather than sorry. 

 BPA enters food and drink by leaching out of the container it is in and into 

the food or drink stored in the container (Dunham, 2008).  This usually occurs 

after multiple washings using harsh detergents and heat applications to the 

container (“Bisphenol A”, 2008).  Once in the food and drink, BPA can affect the 

body in harmful ways.  In one study ninety percent of people tested showed BPA 

in their urine (“Bisphenol A”, 2008).  The time that most people are especially 
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sensitive to the effects of BPA is during early development which is why there is 

such concern over BPA being in baby bottles and formula (Bisphenol A, 2008).  

Some studies have shown neural and behavioral effects in infants, fetuses, and 

small children (“Bisphenol A”, 2008).  There have also been negative effects 

shown on the prostate and mammary glands, and possible early puberty for 

females (“Bisphenol A”, 2008).   

 Several studies have shown BPA’s detrimental affects on developing sex 

organs (“Bisphenol A”, 2008).  In a study done on mice in 2005 permanent 

changes to the genital tract occurred after exposure to only 0.025 micrograms 

per kilogram per day.  As the exposure increased so did the severity of the 

effects.  There was lower bodyweight, signs of early puberty, a decline in 

testicular testosterone, breast cells had a predisposition to cancer, prostate cells 

were more sensitive to hormones and cancer, and there were decreased 

maternal behaviors.  All of these effects occurred at BPA levels lower than the 

U.S. human exposure limit set by the EPA (“Bisphenol A”, 2008).   

 Though there are known harmful effects from BPA on sex organs not 

much has been studied on the effect of BPA on the brain.  Estrogen has a very 

important role on the development of both male and female brains (“Chemical 

Used in Food Containers Disrupts Brain Development”, 2005).  Dr. Belcher from a 

University of Cincinnati research team worked with rats from the age that would 

be equivalent to the third trimester of human fetal development up to the first 

few years of childhood, focusing on the effect of BPA on the brain.  Dr. Belcher 
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and his team found that BPA totally inhibited estrogen’s activity, even at 

extremely low doses.  This supports the idea that BPA may harm developing 

brain cells because normally estrogen increases the growth of developing 

neurons (“Chemical Used in Food Containers Disrupts Brain Development”, 

2005).  Of the minimal studies done on BPA’s affect on the brain the overall 

consensus has been that Bisphenol A may be related to neural changes in the 

brain and behavioral alterations (Shelby, 2007).   

 Autism is a disorder affecting brain development (“Autism”, 2008).  Signs 

of autism include little to no social interaction or communication, restricted 

interests, and repetitive behaviors.  Many times autistic children will have a sort 

of “ritual” they do for daily activities, such as getting dressed in a certain way, 

and they will never stray from that “ritual” without a fight (“Autism”, 2008).  The 

cause of autism is unknown but there are several speculations.  Some say autism 

is hereditary while others think autism is caused by environmental factors such 

as pesticides, alcohol, smoking, vaccines, prenatal stress, and perhaps even 

phenols used in plastic products.  Though the cause is unknown it is obvious that 

the rate of autism has increased dramatically since the 1980s.  Whether this 

increase is from better technology and diagnostic practices or an actual increase 

in autism rates is still unclear (“Autism”, 2008).  

 According to a recent study by Irva Hertz-Picciotto (“California’s Autism 

Increase Not Due to Better Diagnosis”, 2009) from UC Davis, the seven to eight 

fold increase in autism in California since 1990 is most likely due to real increases 
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rather than better diagnostics.  According to Cone (2009), scientists must try to 

determine “what in the environment has changed since the 1990s that could 

account for” the environmental rise in the brain disorder.  If the increase is in 

fact due to an increase in actual cases of autism, what factor might be causing 

these rates to increase? 

 The manufacturing of polycarbonate is the largest and fastest growing 

end use market for BPA, accounting for 67% of global demand in 2006 

(http://www. sriconsulting.com).  Water and baby bottles account for from five 

to ten percent of the total global polycarbonate use (“BPA Furor Rumbles On”, 

2008).  The global market for bottles grew 5.7 percent annually from the 1990’s 

through 2003 (“Development Prospects of the BPA Market”, 2004), and 

increased to almost ten percent from 2003 to 2006 (http://www. 

sriconsulting.com).   This phenomenal growth almost mirrors the growth of 

autism over the same period.  Since this increase in use of baby bottles 

containing BPA occurred during the same time frame that autism rates 

dramatically increased, could BPA possibly be an environmental factor causing 

the increase in autism? 

Autism has been shown to occur during very early development, and is 

usually detected within the first three years of a child’s life (“Autism”, 2008).  

The teratogens, or agents causing birth defects, that have been shown to be 

related to autism are said to act the first eight weeks after conception.  Autistic 

children usually have greater brain weight and head circumference than children 
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without autism.  Possible reasons for this include excess neurons causing over-

connectivity in key brain regions, or possible disturbed neuronal migration during 

the early gestation period.  One notable neurotransmitter abnormality that has 

been detected in autism is increased blood serotonin levels (DiCicco-Bloom and 

others, 2006).  Other notable changes are the abnormal formation of synapses 

and dendritic spines in nerves, and a weak functional connection between the 

frontal lobe of the brain and the rest of the brain cortex (“Autism”, 2008).   

 Due to the government’s mixed messages about the harmful affects of 

BPA, major companies are beginning to look at alternatives to using BPA in their 

products (Bailin, 2008).  BPA is used primarily in polycarbonate and epoxy resin 

plastics (Bailin, 2008).  Products of great concern made from these two plastics 

include baby bottles, and food and beverage cans, notably baby formula cans.  

As of 1997, ninety five percent of baby bottles were produced using BPA.  When 

results commenting on the possible harmful effects of BPA went public, many 

consumers began moving away from bottles made with BPA (Bailin, 2008).  As a 

result major companies such as Gerber and big retailers like Wal-Mart and Toys 

R Us have begun to phase out bottles and food cans containing BPA.  All the fuss 

over BPA containing products has helped some smaller companies, such as Born 

Free, who started a complete “polycarbonate free” line of bottles before any 

regulatory actions were taken (Bailin, 2008).  This has helped them build up a 

good consumer base, helping their company grow.   
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 Due to the controversy many alternatives to polycarbonates and epoxy 

resins are being examined.  One new alternative is Tritan.  Tritan is a copolyester 

that has been cleared by the FDA for food contact application (Bailin, 2008).  

What makes Tritan special is that it is light weight because of its low density, and 

it has stress, water, scratch, and chemical resistance so that it will hold up better 

in dishwashers.  However, since this is such a new product, there isn’t sufficient 

information on its true health concerns yet.  Other alternatives include going 

back to glass bottles and food containers, as well as using steel or aluminum 

(Bailin, 2008).                     
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Methods 

 Due to Bisphenol A’s inability to dissolve in water very easily, two ways of 

injecting the quail eggs were developed.  The first way was to put 100 ml of 

boiling water into a well used water bottle and let it sit for about thirty minutes.  

This way the BPA had the chance to leach out into the water.  That water was 

then taken and 0.1 ml of the water was injected into each egg.  For the second 

injection method BPA was synthesized and then mixed with a mixture of peanut 

oil, lecithin, and propylene glycol as suggested by Halldin and others in the NTP-

CERHR Expert Panel Report (Shelby, 2007).  The propylene glycol helped 

dissolve the BPA, which was then mixed with the peanut oil and lecithin mixture.  

The peanut oil and lecithin mixture had the same consistency as egg yolk and 

therefore was more easily taken up by the embryo after injection. 

 For this second method, BPA was synthesized by the condensation of 

acetone with two equivalent parts of phenol.  The reaction was catalyzed using 

hydrochloric acid (3 M), and was done in a separatory funnel.  Once the reaction 

was catalyzed the mixture was poured into evaporating dishes and left for twelve 

hours.  As the water (a product of the reaction) evaporated, BPA was left on the 

dishes in white to light brown powdery flakes.  This was then dissolved with 

propylene glycol, added to the lecithin/peanut oil mixture, and finally injected 

into the eggs. 

 Eggs were injected on the sixth day to ensure results on both the brain 

and reproductive organs.  In total seventy eggs were used in the experiment but 
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only fifty two eggs were calculated in the results due to deaths and infertile 

eggs.  All injected eggs were injected with 0.1 ml of solution.  Twenty five eggs 

were injected with the BPA lecithin solution, twenty five were injected with BPA 

from the water bottle, ten controls were injected with a plain lecithin/peanut oil 

mixture to ensure that injection was not detrimental, and ten were left alone as 

controls.  Eggs were placed in an incubator at 100 degrees Fahrenheit.  Water 

was placed in the incubator to keep the humidity at 70 to 80 percent.  The eggs 

were sacrificed four days before hatching.   

 Once sacrificed, several measurements were performed on the embryos 

for analysis purposes.  First a ratio was taken of the head to body volumes of the 

embryos.   Also measured was the cranial width (the widest part of the embryo’s 

head) and the length from the tip of the beak to the back of the head (longest 

part of the head).  T-tests were run on this data to look for significance.    
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Results 

 The results of the measurements are found in Tables 1-4.  T-tests were 

run on all the measurements taken of the embryos.  A measurement is 

considered to be significant if the probability (p) value is 0.05 or less, meaning 

there is only a five percent chance that the occurrence could happen by chance.    

Figure 1 represents the differences between the two control groups.  A t-test 

was run comparing these results to make sure that the lecithin injection was not 

a factor that might cause premature death of the embryos.  As one can see from 

Figure 1, there was no significant difference in these two groups (p= 0.36), as 

was expected.    

 In Figures 2 and 3, t-tests were run on the body ratios for all the embryos 

for both the BPA chemical injection and the BPA boiled water injection.  For both 

injections the head size to body size was smaller in the treated groups.  Neither 

was considered to be significant (p= 0.38 and 0.13).  Looking at just the 

embryos considered to be full term (had the beginning of feathers), there was a 

bigger head size to body size.  However, they still failed to reach the significant 

level (p= 0.23 and 0.18) (Figures 4 and 5).   

 Since the body ratios did not show any significant increase in head 

volume, measurements were taken from the tip of the beak to the back of the 

head for both the chemical BPA and boiled water BPA injections in full term 

embryos.  For the embryos injected with the chemical BPA the measurements 

remained similar to the controls but for the BPA boiled water injections the 
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measurements got smaller.  As seen in Figure 6 the p value of the BPA chemical 

injection was 0.49 which is insignificant, but as seen in Figure 7, the p value for 

the BPA boiled water injection was 0.09 which is not significant but very close to 

the 0.05 level. 

Finally t-tests were run on the cranial width in full term embryos.  Figure 8 

shows that the BPA chemical injected embryos had a smaller cranial width than 

the controls that were not injected by a p value of 0.06 which is very close to 

significant.  Figure 9 shows that the BPA boiled water injected embryos also had 

a smaller cranial width but this was by a significant p value of 0.03.  Though it 

was significant, it was in the opposite direction of the original hypothesis.   

 The data suggests there is not a significant increase in cranial size due to 

exposure to BPA.  If anything, the data suggests that BPA, especially from the 

plastic bottles, may actually cause a decrease in cranial size.  It was thought that 

the head would be bigger after the injections of BPA but instead was found to be 

smaller.  This could mean that BPA may be affecting the brain in some unknown 

way, or it may show that it affects the brain later in development.  If this is true, 

imagine the effects this might have on the behavior or wild birds in an 

environment exposed to BPA.   

In further studies several different ideas could be tested.  First it has been 

shown that blood serotonin levels are different in people with autism, so when 

the embryo is sacrificed the blood could be tested for serotonin levels.  Another 

possible approach might be to X-ray the embryos after sacrifice to get a “picture” 
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of the actual brain case, which could then be measured to see if the actual brain 

increases in size.  Another idea would be to bring the embryos to hatching and 

then examine chick behavior.   

       Clearly, the data does not support the original idea of the brain or head 

increasing in size due to BPA exposure.   Though not significant, the results do 

suggest that there may still be a mechanism acting on head/brain development 

due to BPA, and further study is needed.    
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Conclusion 

There appears to be no significant increase in the brain or head size of Colinus 

virginianus due to increased exposure to BPA, suggesting that autism is 

probably not caused by BPA as an environmental factor.  On the contrary, there 

is slight significant evidence that the brain or head decreases in size, which may 

suggest a different mechanism is being turned on by BPA.  Certainly further 

research is suggested.   

 

 16



   

Appendix of Tables and Figures 
 
Table 1 
Controls - Not Injected    

Sample Term Head Width 
Head 

Volume 
Body 

Volume 
Head/Body 

Ratio 
1 Full 10 0.80 1.00 0.80 
2 Full 10 0.80 0.80 1.00 
3 Full 11 0.80 1.60 0.50 
4 Full 10 1.00 1.40 0.71 
5 Full 11 1.00 1.20 0.83 
6 Full 12.5 1.10 2.00 0.55 
7 Full 13 1.00 1.20 0.83 
8 Early 8 0.20 0.20 1.00 
9 Early 7 0.20 0.10 2.00 

10 Early 4 0.05 0.08 0.67 
11 Early 7 0.10 0.05 2.00 

 
Table 2 
Controls - Injected with Lecithin   

Sample Term 
Head 
Width Head Volume 

Body 
Volume 

Head/Body 
Ratio 

1 Full 10 0.70 0.80 0.88 
2 Full 9 0.60 0.60 1.00 
3 Full 10 0.70 0.80 0.88 
4 Early 8 0.30 0.30 1.00 
5 Early 6 0.15 0.20 0.75 
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Table 3 
BPA Chemical Injection    

Sample Term 
Head 
Width 

Head 
Volume 

Body 
Volume 

Head/Body 
Ratio 

1 Full 11 1.00 1.80 0.56 
2 Full 10 1.00 1.20 0.83 
3 Full 10 0.70 0.80 0.88 
4 Full 10 0.60 0.60 1.00 
5 Full 9.5 0.60 0.70 0.86 
6 Early 9 0.30 0.40 0.75 
7 Early 8 0.40 0.40 1.00 
8 Early 8 0.20 0.20 1.00 
9 Early 6 0.20 0.20 1.00 

10 Early 5 0.15 0.15 1.00 
11 Early 5 0.15 0.10 1.50 
12 Early 5 0.10 0.10 1.00 
13 Early 5 0.10 0.10 1.00 
14 Early 5.5 0.10 0.10 1.00 
15 Early 5 0.10 0.10 1.00 
16 Early 5 0.10 0.15 0.67 

17 
Early 

* 4 0.10 0.10 1.00 

18 
Early 

* 4 0.10 0.10 1.00 

19 
Early 

* 3 0.05 0.05 1.00 
 
Table 4 
BPA from Boiled Water in Bottle   

Sample Term 
Head 
Width Head Volume 

Body 
Volume 

Head/Body 
Ratio 

1 Full 11 1.00 1.40 0.71 
2 Full 8 0.70 0.80 0.88 
3 Full 10 0.80 0.80 1.00 
4 Full 10.5 1.00 1.60 0.63 
5 Full 9 0.60 0.70 0.86 
6 Full 10 0.60 0.65 0.92 
7 Early 8 0.20 0.30 0.67 
8 Early 7 0.20 0.20 1.00 
9 Early 7 0.20 0.20 1.00 

10 Early 6 0.15 0.15 1.00 
11 Early 6 0.15 0.15 1.00 
12 Early 6 0.15 0.15 1.00 
13 Early 6 0.15 0.15 1.00 
14 Early 6 0.20 2.00 0.10 
15 Early 6 0.15 2.00 0.08 
16 Early 6 0.15 0.15 1.00 
17 Early 6 0.15 0.15 1.00 
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Figure 1 
t-Test:     
Body Ratios      

  Controls (Not Injected) Controls (Lecithin Injected) 
Mean 0.990692641 0.9 
Variance 0.273984642 0.0109375 
Observations 11 5 
df 14   
t Stat 0.377098047   
P(T<=t) one-tail 0.355877629   

 
Figure 2 
t-Test     
Body Ratios for All Embryos     

  Controls (Not Injected) BPA Chemical Injection 
Mean 0.990692641 0.949352548 
Variance 0.273984642 0.035345266 
Observations 11 19 
df 28   
t Stat 0.314237362   
P(T<=t) one-tail 0.377835118   

 
Figure 3   
t-Test     
Body Ratios for All Embryos     

  Controls (Not Injected) BPA Boiled Water Bottle 
Mean 0.990692641 0.81389248 
Variance 0.273984642 0.090758246 
Observations 11 17 
df 26  
t Stat 1.137893459  
P(T<=t) one-tail 0.132771248  

 
Figure 4 
t-Test     
Body Ratios for Full Term Embryos Only     

  Controls (Not Injected) BPA Chemical Injection 
Mean 0.747278912 0.824206349 
Variance 0.030435428 0.026706192 
Observations 7 5 
df 10   
t Stat -0.772231282   
P(T<=t) one-tail 0.228919707   
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Figure 5 
t-Test     
Body Ratios for Full Term Embryos Only     

  Controls (Not Injected) BPA Boiled Water Bottle 
Mean 0.747278912 0.832417582 
Variance 0.030435428 0.019140955 
Observations 7 6 
df 11  
t Stat -0.962068602  
P(T<=t) one-tail 0.178343598  

 
Figure 6 
t-Test     
Beak to Back of Head Full Terms     

  Controls (Not Injected) BPA Chemical Injected 
Mean 0.863354037 0.860869565 
Variance 0.02673508 0.019281664 
Observations 7 5 
df 10   
t Stat 0.028358098   
P(T<=t) one-tail 0.488967253   

 
Figure 7 
t-Test     
Beak to Back of Head Full Terms     
  Controls (Not Injected) BPA Boiled Water 
Mean 0.863354037 0.760869565 
Variance 0.02673508 0.008884688 
Observations 7 6 
df 10   
t Stat 1.40772207   
P(T<=t) one-tail 0.094765497   

 
Figure 8 
t-Test     
Cranial Width Full Terms     

  Controls (Not Injected) BPA Chemical Injected 
Mean 11.07142857 10.1 
Variance 1.535714286 0.3 
Observations 7 5 
df 10   
t Stat 1.625696713   
P(T<=t) one-tail 0.067537477   
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Figure 9 
t-Test     
Cranial Width Full Terms     
  Control Injected BPA Boiled Water 
Mean 11.07142857 9.75 
Variance 1.535714286 1.175 
Observations 7 6 
df 11   
t Stat 2.027956632   
P(T<=t) one-tail 0.033743731   
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