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ABSTRACT 

 

Understanding of Hand Sanitizers, Parabens and Azo Dyes: A Survey of Students’ 

Knowledge Based in Scientific Research 

Elena Tsakakis 

 

Director: Meghann Jarchow, Ph.D. 

 

 

 The ability to instantly share and modify information has defined the college 

experience.  Scientists have recently evolved into a role as communicators in order to spread 

information reflecting the current knowledge in the scientific community.  In an effort to 

understand the influence of college students’ major on their awareness regarding hand 

sanitizers, parabens and azo dyes, a survey was conducted asking the students about their 

overall knowledge of the compounds and awareness about human health and environmental 

effects of the compounds.  I found that there were relationships between students’ majors and 

their understandings of these compounds.  Overall, students studying biology and 

sustainability were more aware of the effects of hand sanitizer on human health and the 

environment as opposed to students in other fields.  There was a consistent lack of 

knowledge across all majors regarding parabens and azo dyes, due to a variety of possible 

factors.  In order to reduce misconceptions, a unified effort needs to be made by both 

students and educators to teach students how to become scientifically literate. 
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Understanding of Hand Sanitizers, Parabens and Azo Dyes: A 

Survey of Students’ Knowledge Based in Scientific Research 

Elena Tsakakis 

1. Introduction 

In an age dominated by social media and internet use, the spread of information has been 

drastically altered, including the way that the public receives news and research findings.  

News and research are now able to intermingle with individual bias and false claims (Bessi et 

al., 2015).  This mixing of empirically based information and personal opinion has  resulted 

in reduced complexity of scientific issues and data, and forced the examination of general 

information literacy among the public (Bessi et al., 2015).  It is simple for a person or source 

on the internet to present two sides to an argument that has already been settled within the 

scientific community, or manipulate information to fill a specific agenda (Dixon, McKeever, 

Holton, Clarke, & Eosco, 2015).   

Based on the heavy use of the internet and social media, specifically by students, the 

news and information they are exposed to is altered (Baresch, Knight, Harp, & Yaschur, 

2011).  For example, students can quickly search and read information based on topics that 

interest them, which creates an internet environment where groups pursuing a specific 

agenda can grow quickly (Kata, 2010).  The belief that vaccination causes autism in children 

is still held up by 33% of American parents, despite the fact that the original study that led to 

these conclusions was retracted due to a lack of support by respected medical organizations 

(Dixon et al., 2015).  Studies done in response to the anti-vaccination movement discovered 

that up to 80% of internet users look up health-related information online to use when 

making medical decisions (Kata, 2010).  Those who support the anti-vaccination movement 
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can easily access information related to it, without having to filter through or read about the 

contradictions to this study.  This reinforces the idea that people can choose what information 

they are exposed to. 

Similarly, information shared on networking sites, such as Facebook, is found to be more 

influential because it is shared by people who the users know and trust (Gil de Zúñiga, 2012).  

The use of these networking sites, particularly by students, has resulted in incidental 

exposure of news findings due to links that others post (Baresch et al., 2011).  Facebook 

friends act as a filter for students, posting news and articles based on their own specific 

interests, which results in users being more exposed to topics their peers are interested in, as 

opposed to other topics (Baresch et al., 2011).  For example, students who are friends with 

peers in their same academic major are more likely to see information that reflects their 

shared interests, and they tend to miss news regarding other academic specialties or interests 

(Baresch et al., 2011).  This can lead to students in a certain major to be disproportionately 

exposed to information that they are interested in relative to other information that could be 

otherwise valuable. 

The reason students are so interesting is because current undergraduate students have 

grown up in this digital age, and most students are accustomed to the rapid access and 

sharing of information (Worley, 2011).  Most students are used to  seeing news on the 

internet, and reading or researching what they believe to be important (Bode & Vraga, 2015).  

Students who are currently in college are learning new information from their courses, and 

must develop information literacy to decipher valid information from incorrect information  

(Worley, 2011).  Due to this shift in information sources and delivery, information literacy is 

becoming increasingly important for college students (Worley, 2011).  However, students 
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tend to believe they have above average information literacy skills, but when tested, their 

actual skills are below proficient (Gross & Latham, 2012).  This results in a situation where 

students have little motivation to improve their information literacy skills because they 

(incorrectly) believe that they are proficient (Gross & Latham, 2012).  The incorrect belief in 

strong information literacy skills among students can further spread misinformation and 

results in increasing amounts of students believing or sharing incorrect information without 

realizing it, and without faculty being able to correctly identify where their inaccuracies are 

coming from (Gross & Latham, 2012).  Paradoxically, 5 out of 8 students attempting to 

research specific scientific topics found it difficult to locate research materials, highlighting 

the fact that finding correct information based on scientific research is increasingly difficult 

for students in the digital age (Head & Eisenberg, 2009) 

Due to the changes in information dissemination in the digital age, scientists are being 

forced to change the way in which they present their findings (Schmidt, 2015).  Scientists 

have been pushed to become public communicators, in an effort to prevent misinformation 

that results from mainstream media exposure (Schmidt, 2015).  This is difficult because 

public communicators are expected to remain “neutral” to avoid being politicized or 

misinterpreted, yet scientists need to deliver correct information and context without 

appearing biased (Schmidt, 2015).  The combined need for individuals to develop competent 

information literacy skills, or acknowledge that they lack them, with scientists being forced 

to develop new communication skills, can result in confusion and the spread of unclear 

information. 

The purpose of this research is twofold.  The first research objective is the synthesis of 

the current scientific knowledge about the human health and environmental effects of three 
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different compounds.  The second objective is to evaluate undergraduate student knowledge 

and concerns regarding these compounds. The first compound, hand sanitizers, was selected 

due to the wide variety and availability of information within both scientific and media 

sources.  The second compound, parabens, was selected for its wide use in everyday 

products, as well as the recent media attention regarding the dangers of parabens.  The third 

compound, azo dyes, is a very broad category that was selected due to its lack of media 

attention despite wide availability of scientific research.  Throughout this research, academic 

major was used as a proxy for the area of interest, either environmental or human health 

awareness. 

2. Methods 

Undergraduate students (n=86) from the University of South Dakota were given a survey 

regarding hand sanitizers, parabens and azo dyes.  The survey was administered in five 

classes spanning multiple disciplines and course levels.  This included 38 biology majors, 11 

sustainability majors and 39 students in other majors.  There were four courses surveyed.  

General Biology II (BIOL 153) is an introductory class designed for biology majors but often 

taken by a variety of students pursuing various specializations within the biology major.  The 

second course surveyed was Sustainability and Science (SUST 203), a sustainability course 

required for all sustainability majors and minors.  Disease Ecology (BIOL 424) is an upper-

level biology elective generally taken by students pursuing the conservation and biodiversity 

specialization of the biology major, although other students take the course.  Ecotoxicology 

(BIOL 466) is a second upper-level biology course that is generally taken by biology 

students, but it is also an elective course for sustainability majors.  The final class surveyed 
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was Information Literacy (POLS/CJUS 205), a lower-level course taken primarily by 

criminal justice and political science majors. 

The survey took approximately 15 minutes to complete, and answers were recorded 

anonymously.  The survey consisted of 35 questions, divided nearly evenly between the three 

compounds (Table 1).  A copy of the survey is included as Table 1.  Additionally, the survey 

asked for the major, minor and age of the individual.   

The results were analyzed using a contingency table to examine the effect of the 

intervening variable on ordinal and nominal data and analysis of variance (ANOVA) test.  

Using major as a proxy for environmental and human health awareness, a chi square test for 

independence was performed at a 95% confidence level with 6, 7 or 8 degrees of freedom 

depending on the question.  The expected values were based on students’ majors, which were 

used as proxy for environmental or human health awareness, once again depending on the 

question.  Based on the formatting of the question, I either expected a positive or negative 

relationship between response and major.  As seen below, for questions in which I expected 

more sustainability students to agree, a positive relationship was expected.  For questions in 

which I expected the opposite, a negative relationship was anticipated.  The hypotheses for 

both situations are below.  



6 
 

 

Figure 1: The effect of student major, Sustainability (Sust), Biology (Bio) and other, on survey question agreement were 
expected to be either positive (left) or negative (right). The range for agreement was strongly agree (SA), agree (A), 
neutral (N), disagree (D) and strongly disagree (SD). 

 

Accepting or failing to reject the null hypothesis (H0) demonstrates no statistical significance, 

which shows us that there was no relationship identified between a students’ major and their 

response to a question.   
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Table 1: Survey Questions 

1. I use hand sanitizer.  (Never/occasionally/often/daily) 

2. I have hand sanitizer available.  (Never/sometimes/always)  

3. I wash my hands with soap and water.  (Never/seldom/occasionally/often) 

Strongly Agree/Agree/Neither agree nor disagree/disagree/strongly disagree 

4. Hand sanitizer is environmentally friendly.  

5. Hand sanitizer is harmful to the environment.  

6. Hand sanitizer is a convenient option.  

7. Hand sanitizer is the most effective method of sanitation.  

8. I am concerned about the ingredients in hand sanitizer.  

9. Hand sanitizer is more effective than hand-washing.  

10. Hand sanitizer is harmful to human health.  

11. I use hand sanitizer more often than I wash my hands with soap.  

12. I do not buy hand sanitizer.  

13. I learned about parabens from: a professor/ family or friends/personal research/a media 

outlet/an educated adult/I have not heard of them.  

Strongly Agree/Agree/Neither agree nor disagree/disagree/strongly disagree 

14. I know something about parabens.  

15. I know a lot about parabens.  

16. Parabens are found in cosmetics.  

17. Parabens are found in food products.  

18. I avoid using products that contain parabens. 

19. I am concerned about parabens causing breast cancer. 

20. I am concerned about parabens. 

21. Parabens are toxic.  

22. Parabens are harmful to the environment.  

23. Parabens are harmful to human health. 

24. I do not buy products containing parabens.  

25. I learned about azo dyes from: a professor/ family or friends/personal research/a media 

outlet/an educated adult/I have not heard of them.  

Strongly Agree/Agree/Neither agree nor disagree/disagree/strongly disagree 

26. I know something about azo dyes.   

27. I know a lot about azo dyes. 

28. I understand what an azo dye is.  

29. Azo dyes are commonly found in food products.  

30. Azo dyes are used in textile industries. 

31. Azo dyes are harmful to the environment. 

32. Azo dyes are harmful to human health.  

33. Azo dyes are good for humans.  

34. I do not buy products containing azo dyes.  

35. I am concerned about azo dyes.   
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Based on the majors of students, I expected students in sustainability majors to have the 

highest level of environmental awareness, followed by biology students, and I expected 

students in other majors (including but not limited to political science, chemistry and 

international studies) to have a lesser understanding of these compounds by comparison, due 

to the nature of the upper-level biology courses surveyed.  I expected the students in 

sustainability to be more interested in environmental conservation.  Additionally, I expected 

students in the biology courses, including biology 153, to have a greater interest in biology.  

For those in the upper-level courses, I expected more students would be interested in 

conservation and biodiversity because the courses surveyed were related more closely to that 

specialization, and that students in the introductory biology course were more likely to be 

interested in humans, hoping to pursue medicine.  Therefore, for questions based on human 

health issues, I expected students in biology 153 to be the most informed due to the greater 

proportion pursuing a job in healthcare, followed by sustainability majors due to overall 

knowledge of the compound, and finally by students in other majors.   

This paper is divided into three main sections, each of which will focus on a specific 

compound.  Each section includes a general summary of the compound including where it is 

most commonly found and its purpose, followed by a review of the scientific data currently 

available regarding the compound.  The review of the scientific literature includes 

information regarding human health and environmental effects of the compound.  Each 

section concludes with a summary of the survey results from undergraduate students at USD 

for that specific compound followed by the discussion of these results.  Within the 

discussion, any statistically significant relationships are discussed, and limitations or 

discrepancies are also acknowledged.  
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3. Hand Sanitizers 

3.1 What are hand sanitizers?  

A hand sanitizer is an alternative sanitation method, used in place of washing hands with 

soap and water.  Hand sanitizers are designed to kill microorganisms, specifically pathogens 

and can be alcohol or non-alcohol based.  The most efficient hand sanitizers contain alcohols 

such as ethanol, n-propanol or isopropanol (Kampf & Kramer, 2004), and the compounds 

used in non-alcohol based sanitizers (NABHS), such as triclosan or chlorhexidine, are less 

effective as antibacterial agents than alcohols.  Alcohol based sanitizers use microbial agents, 

which are specific agents tailored to combat common target pathogens in the area where the 

hand sanitizer is being used in addition to the alcohols (Todd et al., 2010).  

Hand sanitizers are a convenient option, and the survey results showed that about 83% 

of college students used hand sanitizer.  It is a good choice according to the Center for 

Disease Control (CDC), since hand sanitizers can inactivate a variety of microbes efficiently 

when used correctly (CDC, 2002).  The alcohol based hand sanitizers (ABHS) are fast-acting 

and are the most efficient across a range of microorganisms, including viruses, fungi, Gram-

negative and Gram-positive bacteria, and mycobacteria (CDC, 2002).  The hand sanitizers 

work best against this wide range of microorganisms, and are designed to be used only when 

soap and water is not available (Pickering, Davis, & Boehm, 2011).  

3.2 Hand sanitizers and human health 

 The convenience of hand sanitizer is a primary reason for its popularity in the 

healthcare industry and in densely populated areas such as schools and airports.  In addition 

to its convenience, hand sanitizers are often labeled as an “environmentally friendly” 
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alternative because they do not result in paper towel waste (Lin & Chang, 2012).  People are 

more drawn to “environmentally friendly” products, and products that are labeled as “green” 

are used in greater quantities and frequencies than products without such label.  People are 

also willing to spend more money on products that appear to be the environmentally friendly 

option (Salzman, 1991).  

 There has been concern about the frequent use of hand sanitizers acting as selection 

pressure for noroviruses and antibiotic-resistant bacteria such as Clostridium difficile.  

During outbreaks of these diseases, hand washing with soap and water is recommended over 

use of ABHS (Carter, 2013).  The frequent use of hand sanitizer, especially in the healthcare 

industry, has resulted in about 94% of C. difficile related deaths being connected to medical 

care (Carter, 2013).  Healthcare facilities that used hand sanitizer as often as or more often 

than soap and water were found to be about six times more likely to experience norovirus 

outbreaks, a group of viruses which are the leading cause of gastroenteritis, more commonly 

known as the stomach flu (Carter, 2013). 

It remains unclear if this is simply a correlation between disease outbreak and hand 

sanitizer use or a demonstration of the quick evolution of resistant noroviruses in the 

healthcare industry.  Hand washing with soap and water is more effective when hands 

contain dirt, food or grease, since food proteins or fatty materials can reduce the effectiveness 

of hand sanitizer (Simonne, 2005).  It is important to note they are not recommended to be 

used as a permanent alternative to soap and water (Simonne, 2005).  They are suggested as a 

follow-up option for extra protection after hand washing, but should only be used alone in 

situations where soap and water are not available (Simonne, 2005). 
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3.3 Hand sanitizers in the environment 

Alcohol based hand sanitizers have not been declared as carcinogens or harmful to the 

environment by the CDC or the Environmental Protection Agency (EPA), and remain widely 

used (Kwon, 2002).  Currently the primary human health and environmental concerns 

associated with hand sanitizer use are due to the active chemicals found in NABHS.  

Common compounds found in NABHS include triclosan (Figure 2), triclocarbon, and 

chloride (Balmer et al., 2004).  These chemicals enter water systems primarily through 

washing or rinsing after using triclosan-containing products (Heidler & Halden, 2007).  

Triclosan in particular is a stable, lipophilic compound that has been studied for its wide 

range of effects on human health and aquatic systems (Balmer et al., 2004).  

 

Triclosan is a tri-chloride organic compound that 

has been found to cause acute health effects in humans 

after exposure, such as irritation, allergic reactions and 

hypersensitivity of  the skin (Halden, 2014). 

Mammalian toxicity tests indicate that triclosan is not 

genotoxic or mutagenic, although there is strong evidence for endocrine disrupting effects in 

mammals, and the possibility for disruption of the thyroid hormone homeostasis (Dann & 

Hontela, 2011).  In mammals, the thyroid hormone plays an important role in brain 

development and maintenance, and disruption of this hormone during adulthood may 

interfere with the brain’s ability to regulate metabolic processes (Warner & Mittag, 2012).  

The thyroid hormone is also important in the autonomic nervous system.  Altering the 

 
Figure 2 : Triclosan structure 
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homeostasis of the hormone could lead to incorrect adjustments of blood pressure and heart 

rate, which are critical adjustments mammals require to live (Warner & Mittag, 2012).  

The concerns about human health effects of triclosan are widespread.  Studies are being 

done on a variety of mammals to determine how at risk humans truly are, although there is 

strong evidence pointing towards triclosan having endocrine disrupting effects (Warner & 

Mittag, 2012).  In addition to mammalian toxicity, triclosan  is often detected in sewage and 

surface waters due to urine secretion or rinsing, and is acutely toxic to a wide range of 

aquatic organisms (Pickering et al., 2011).  

Triclosan enters aquatic systems through domestic wastewater, since treatment plants 

are not always capable of complete and thorough removal from sewage (Drury, Scott, Rosi-

Marshall, & Kelly, 2013).  Triclosan accumulates in sediment, where it inhibits enzymes 

involved in bacterial fatty acid synthesis which can lead to dramatic decreases in bacterial 

diversity and abundance, as well as altering the composition of the bacterial community, 

potentially disrupting the entire ecosystem’s productivity (Drury et al., 2013).  As in 

mammals, triclosan exposure has been shown to accelerate tadpole development (a thyroid-

mediated process), leading to the conclusion it may have similar endocrine disrupting effects 

in aquatic systems as predicted in mammals (Helbing, Propper, & Veldhoen, 2011; Warner & 

Mittag, 2012).  In addition to triclosan, there is research being done about the effects of 

methyl-triclosan (Figure 3), which is a transformation product that occurs when triclosan 

undergoes methylation, the addition of a single methyl group (Balmer et al., 2004). 
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Methyl-triclosan and triclosan act very 

differently, which is the primary reason methyl-

triclosan is being actively researched.  The major 

difference between these two compounds is the 

degradation pathway they follow.  Dissociated 

triclosan can be degraded by photolysis 

(breakdown by photons) but methyl-triclosan is incredibly stable and persistent (Balmer et 

al., 2004).  A 2004 study in Sweden discovered that methyl-triclosan was found in fish across 

six different sampled lakes, and the concentration in the fish was much higher than the 

concentration of the compound in the water, demonstrating possible bioaccumulation, a sign 

of structural stability and chemical persistence, as well as possible risk to organisms higher 

up the food chain (Balmer et al., 2004).  The study concluded that the methyl-triclosan was 

being taken up from the water by the fish, and treatment plans are being developed in order 

to combat the high stability of methyl-triclosan in aquatic systems (Balmer et al., 2004).  This 

bioaccumulation is important, since concentrations within organisms can be magnitudes 

higher than the concentration found in the medium (water, in this case), showing that the 

water concentration is not an accurate representation of the compound in aquatic organisms 

(Mackay, 1982). 

The high concentration of triclosan in urbanized aquatic areas is leading to the 

development of triclosan resistance within bacteria (Drury et al., 2013). Triclosan resistance 

within bacteria has been linked to antibiotic resistance within the same bacteria, and is 

potentially a factor in increasing bacterial resistance to extremely useful antibiotics.  Drury 

et.al (2013) examined triclosan resistance in benthic bacterial communities throughout 

Figure 3: Methyl-triclosan structure 
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Illinois.  The sites with the highest instances of triclosan resistance were the most urbanized 

sites with high amounts of domestic wastewater, and the bacterial communities with the 

strongest triclosan resistance correlated with areas with the highest triclosan concentration in 

the sediment (Drury et al., 2013).  Prolonged triclosan exposure creates a selective pressure 

leading to triclosan resistant bacteria, which leads to a loss of diversity and shifts in the 

composition of the benthic bacterial community (Drury et al., 2013).  These changes in the 

bacterial community can affect the entire ecosystem as decomposers play an important role 

in the complete system and can affect other aquatic organisms as the trophic level increases.  

3.4 Hand sanitizer survey methods 

The survey asked students how they perceived hand sanitizer use and if their beliefs 

were consistent with scientific knowledge about hand sanitizers.  Questions 1 through 12 of 

the survey addressed hand sanitizers (Table 1).  I did not ask about understanding of 

particular chemicals in hand sanitizer, focusing more on a more general concept of hand 

sanitizer.  The questions asked in the survey did not highlight the difference between alcohol 

based and non-alcohol based hand sanitizers.  This is a potential limitation of this study: 

based on the information found in the literature review, ABHS are a recommended by the 

CDC and do not have known human-health or environmental effects, whereas NABHS have 

negative human-health and environmental effects.  As seen above, the science is complex 

and can be difficult to understand.  However, I would expect the survey of a perfectly 

informed student to indicate that hand sanitizers may be harmful to human and ecosystem 

health, are not as effective as hand washing and are not the most effective method of 

sanitation.  This student would also show some degree of concern regarding the ingredients 

in hand sanitizer.  
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3.5 Hand sanitizer survey results 

 

Figure 4: Selected hand sanitizer survey results.  
Question 4: Hand sanitizer is environmentally friendly.  
Question 7:  Hand sanitizer is the most effective method of sanitation.  
Question 9: Hand sanitizer is more effective than hand-washing.  
Question 10: Hand sanitizer is harmful to human health. 
Question 12: I do not buy hand sanitizer.  

 

As I hypothesized, sustainability majors used hand sanitizer less than students in the 

“other” majors category (p<0.05).  50% of sustainability majors used hand sanitizers daily, 

occasionally or often, whereas 82% of biology students and 94% of students in other majors 

used hand sanitizers, respectively.   
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In line with my hypothesis, there was a significant positive relationship between 

major and the belief that hand sanitizer was harmful to human health (p=0.002; Question 10; 

Figure 4).  Overall 14% of the total students surveyed believed that hand sanitizer was 

harmful to human health.  Similarly, there was no relationship between major and students’ 

belief that hand sanitizer was more effective than hand washing (p=0.29; Question 9; Figure 

4).  Across all majors, only 10% of students believed that hand sanitizer was more effective 

than hand washing, and 66% of students either disagreed or strongly disagreed with the 

statement. 

As I hypothesized, sustainability and biology majors were more likely to disagree with 

the statement that using hand sanitizers is an environmentally friendly option (p=0.01; 

Question 4; Figure 4).  36% and 32% of sustainability and biology majors, respectively, 

either disagreed or strongly disagreed with Question 4, whereas 11% of other majors either 

disagreed or strongly disagreed with Question 4.  Also as hypothesized, sustainability and 

biology majors purchased hand sanitizer less than other majors (p=0.014; Question 12; 

Figure 4), with 18%, 21% , and 49% of sustainability, biology, and other majors stating that 

they purchase hand sanitizer.  

Question 1 asked how often students used hand sanitizer, if at all, 58% of students 

responded with “occasionally”.  Of these students, 54% were biology majors, followed by 

41% in the other major category, not including sustainability students.  Only 
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Only 4% of the total students who use hand sanitizer occasionally were sustainability 

majors.  Out of students who never used hand sanitizer, 85% were biology and sustainability 

majors, as expected.  As seen above (Figure 5), half of the sustainability students never used 

hand sanitizers, compared to only 6% of students in other majors who never used hand 

sanitizer.  When put into one category however, students pursuing sustainability and biology 

majors did not use significantly less hand sanitizer than students in other majors (p=0.069).  

This relationship may be due to the increased amount of environmental and human health 

6%

59%

26%

9%

Never
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Often

Daily

50%

20%

20%

10%

Figure 5: Frequency of hand sanitizer use among sustainability majors (left panel) compared to frequency of hand sanitizer 
use among students in biology and other majors (right panel). 
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discussions taking place in the sustainability and biology programs or due to personal 

differences among students choosing to study sustainability or biology versus other majors, 

or external factors as mentioned above. 

3.6 Hand-sanitizer survey discussion 

Overall, students in majors other than biology and sustainability appeared to know less 

about the environmental and human health impacts of hand sanitizer use, and used hand 

sanitizer more frequently.  There was a large portion of students who remained neutral on 

several questions (Figure 4).  This group is interesting, and it would be worth following up to 

see what questions they still remained neutral on after discussing hand sanitizer’s role in the 

environment and healthcare industry.  It is also important to remember that the survey 

questions did not ask specifically about ABHS or NABHS, so the students’ may have based 

their responses on only one of the types of hand sanitizers.  There is also the additional 

possibility that students had not formed an opinion on hand sanitizers as beneficial or 

harmful, and were only exposed when conventional hand washing methods were not 

available. 

I found that most students do not believe that hand sanitizers are the most effective form 

of sanitation, with only 11% of students agreeing or strongly agreeing with that statement 

and 60% of the students either disagreeing or strongly disagreeing (Question 7; Figure 4).  

These results are consistent with the available scientific data regarding the influence of hand 

sanitizer on the development of antibiotic-resistant bacteria development such as C. difficile 

in the healthcare industry.  The use of ABHS is recommended by the CDC, however, as a 

complement to hand washing to reduce the spread of disease in healthcare settings, which 
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was not explicitly addressed in my survey because I did not differentiate between alcohol 

based and non-alcohol based hand sanitizers.  Students who answered that hand sanitizer is 

the most effective form of sanitation are not completely incorrect as seen by the information 

made available by the CDC, but the CDC always recommends washing first unless in a very 

specific healthcare setting, so for the general population hand sanitizer is never as effective 

(CDC, 2002).  I expected a greater proportion of biology students to be concerned about the 

human health effects of hand sanitizer, due to the higher concentration of students pursuing 

medicine majoring in biology as opposed to sustainability. 

When asked specifically about human health (Question 10; Figure 4) 38% of students 

disagreed that it was harmful, and 57% of them were in majors other than biology or 

sustainability.  This relationship is interesting, since students in other majors tended to 

disagree that hand sanitizer was harmful to human health, while previously the majority of all 

students acknowledged that hand sanitizer was not the most effective method of sanitation.  

This could be due to the fact that students believe hand sanitizer is not effective in killing 

microbes, yet believe the actual chemicals used are safe for absorption.  While there are a 

variety of reasons for students to disagree with question 10 such as CDC recommendations 

regarding ABHS use or the lack of distinction between the two types of hand sanitizer 

commonly used, of the 14% of students in agreement that hand sanitizer was harmful to 

human health, 75% were biology or sustainability students as expected.   

Because the survey did not distinguish between ABHS and NABHS, these results 

regarding the students’ beliefs on the environmental effects of hand sanitizers are difficult to 

interpret.  There is a lot of scientific information available regarding the effects of triclosan 

as a contaminant in water systems and for its negative effects on aquatic organisms, as 



20 
 

previously outlined, suggesting that NABHS have negative environmental effects.  However, 

ABHS are not believed to have major negative environmental effects.  In spite of the lack of 

specificity in the survey, I found that sustainability and biology majors were more likely to 

agree that hand sanitizer had negative environmental effects. 

 My prediction of results regarding consumer patterns (Question 12; Figure 4) was based 

on the idea that students in sustainability would have a broader understanding of the 

environmental and human health implications of these products therefore purchase less.  Of 

the 54% of students who agreed they do not buy hand sanitizer, two thirds were sustainability 

or biology majors.  Interesting to note, nearly half the sustainability students remained 

neutral on this question.  While only 32% disagreed with the above statement and purchased 

hand sanitizer, 65% were students in other majors.  This demonstrates a need for further 

questioning: there could be a variety of reasons for students to refrain from purchasing hand 

sanitizers, and it would be interesting to see if their decisions were based on misconceptions 

or other factors.   

Hand sanitizer was the most well-known compound discussed.  Students in biology 

and sustainability majors were more aware of the negative environmental effects that are 

associated with some hand sanitizers, and were also found to be more concerned about the 

ingredients being used in hand sanitizers than students in other majors.  Students in other 

majors were less likely to state that hand sanitizer was harmful to human health compared to 

biology and sustainability students.  Biology and sustainability students also bought hand 

sanitizer less frequently than students in other majors.  Students in environmental fields 

appeared to have a better understanding of the potential human health effects and 

environmental effects of hand sanitizer use.  
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4. Parabens 

4.1 What are parabens? 

Parabens are a form of artificial preservatives.  They are most 

often used in cosmetic and pharmaceutical products, and as 

preservatives in processed foods.  They are chemical compounds with 

para-hydroxybenzoate structure (Figure 6).  Parabens are used in 

pharmaceuticals to prevent degradation of the active components 

and for their antimicrobial properties in preventing bacterial and 

fungal growth (Haman, Dauchy, & Rosin, 2014; They, 2012).  In cosmetic products, the 

maximum concentration of parabens is 0.4% by volume, and they are found in more than 

22,000 different cosmetic products, including both makeup and personal care products, such 

as lotion or soap (Haman et al., 2014).  Parabens work by successfully preventing small 

fungi, such as mold, from growing, which is important since many of these products are kept 

in warm, moist air, such as cupboards or drawers (They, 2012).  

Parabens are widely used since a natural preservative has not been found to be as 

efficient and effective as the human-synthesized parabens.  Additionally, parabens are stable 

across most pH levels and have a low production cost, making them the most economic 

option for manufacturers.  Grape seed extract was hypothesized to be a natural preservative 

that could serve as alternative to parabens, but the antimicrobial properties were attributed to 

Figure 6: Para-
hydroxybenzoate structure 
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the synthetic preservation agents that researchers inserted: straight grape seed extract was not 

effective as a preservative as the artificial preservatives being used (von Woedtke, Schlüter, 

Pflegel, Lindequist, & Jülich, 1999).  

 

4.2 Parabens and human health 

The widespread use and effectiveness of parabens make them difficult to avoid.  For 

most college students, exposure to parabens occurs through the use of cosmetic and personal 

care products, as well as the consumption of food products, such as frozen foods, soft drinks 

and beer.  In 2004, a British study was published suggesting a link between breast cancer and 

parabens (Darbre et al., 2004).  After this discovery, parabens were depicted as carcinogens 

in the media, (Darbre et al., 2004) although the Environmental Protection Agency (EPA) had 

no published information about the carcinogenicity of parabens under the 2005 guidelines 

(US EPA, n.d.).  Parabens have been studied as a contaminant in wastewater and are now 

being researched for their effect on human health.  However, since most experiments are 

based on single-exposure studies, it is hard to assess the potential health effects on people 

who are exposed to parabens every day without an extremely long and extensive study 

(Karpuzoglu, Holladay, & Gogal, 2013).  In addition to detection in breast tumor tissue, the 

preservatives have been found in breast milk, placental tissue, and human serum, 

demonstrating their ability to enter human systems (Błędzka, Gromadzińska, & Wąsowicz, 

2014).   

Parabens are capable of being absorbed across human skin, and are found in about 

99% of leave-on personal care products (Routledge, Parker, Odum, Ashby, & Sumpter, 
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1998a).  This suggests possible dangers to human health, depending on the pattern of use and 

the product formulation (Routledge et al., 1998a).  Studies have found parabens, when paired 

with their common metabolite p-hydroxybenzoic acid, to possess androgen antagonist 

activity, leading to elevated estrogen levels, and to be capable of damaging the genetic 

information within a cell (Darbre & Harvey, 2008)  These effects are made possible by their 

ability to penetrate human skin, avoiding the body’s natural breakdown defenses, and 

consequently allowing these unpredictable genetic mutations and antagonistic androgen 

effects (Darbre & Harvey, 2008).   

In addition to the negative effects due to the absorption of parabens across the skin, 

the parabens are later released into wastewater via human urine (Shirai, Suzuki, Yoshinaga, 

Shiraishi, & Mizumoto, 2013).  While the majority of studies have tested the effects of 

topically applied paraben-containing cosmetics, Carmona et.al (2014) tested bottled water for 

personal care product chemicals and found methyl-paraben as the most concentrated 

chemical in the mineral water.  However, the effects of drinking paraben-containing water 

may be very different than the effects of cosmetic products as paraben toxicity tends to be 

route dependent and the effects of parabens administered orally have yet to be tested. 

 Parabens contain phenolic hydroxyl groups, which are easily chlorinated.  Water 

treatment plants and drinking water contain sodium hypochlorite, a salt which reacts with 

parabens by adding a chlorine group, and is constantly chlorinating the parabens released into 

the water at low concentrations (Terasaki, Abe, Makino, & Tatarazako, 2013).  Chlorinated 

paraben and chlorinated paraben derivatives have been found in raw sewage water, as well as 

public swimming pools that have been treated with chlorine  (Terasaki, Takemura, & 

Makino, 2012).  Consequently, chlorinated parabens have been found to exhibit more 
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endocrine disrupting effects than the parent compound, and the acute toxicity towards D. 

Magna increased with increasing chlorination (Terasaki et al., 2012).  Chlorinated parabens 

have also been found in tap water, and due to the higher acute toxicity of chlorinated 

parabens, further research is needed to determine the potential human health effects of 

drinking this water (Terasaki et al., 2012).  

Without chlorination, methyl-paraben, ethyl-paraben and propyl-paraben have shown 

toxicity in Daphnia magna acute immobilization tests, meaning that the arthropod was 

exposed to these chemicals for 48 hours, and the toxicity was calculated.  The toxicity 

towards D. magna increased as chlorination increased, and chlorinated parabens are 

considered to be more toxic than the original compound.  Non-chlorinated parabens with 

large or bulky substituents in the molecular structure have shown to have chronic effects on 

aquatic organisms, and shorter substituent chains correlate with lower toxicity (Terasaki et 

al.).  This explains how chemical modifications such as chlorination can alter the toxicity of 

parabens.  While most water treatment plants have the capacity to remove these parabens 

from the water, they are often found to be incompletely or incorrectly removed, 

contaminating water systems and putting aquatic systems at risk (Ortiz de García, Pinto 

Pinto, García-Encina, & Irusta-Mata, 2014). 

4.3 Parabens in the environment 

In addition to the toxicity shown in D. magna, the incomplete removal or chemical 

modification of parabens during wastewater treatment processes has led to increased 

occurrences of parabens in water systems (Haman, Dauchy, Rosin, & Munoz, 2015) which 

have demonstrated negative effects on aquatic organisms.  Parabens can elicit estrogenic 

responses at low levels in fish cell lines, which occur since the chemical structure of parabens 
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mimic estrogen, and parabens are capable of binding to receptors in place of the actual 

estrogen hormone (Routledge et al., 1998a).  This causes a hormone imbalance that alters the 

expression of estrogen-responsive genes, which are consequently incorrectly expressed since 

actual estrogen levels are different than the receptors are detecting (Vo, Yoo, Choi, & Jeung, 

2010).  

Parabens also can inhibit spermatogenesis in male rats despite having weaker 

estrogenic effects than estrogen (Golden, Gandy, & Vollmer, 2005).  The estrogenic activity 

of parabens is many orders of magnitude less than estrogen, although in vitro studies have 

confirmed the estrogenic effect of parabens and are strongly recommending further research 

(Golden et al., 2005).  Organisms that are continuously exposed to parabens are at risk for 

elevated estrogenic effects, putting females at a greater risk for cancer development, in 

addition to interfering with both male and female reproductive processes (Vo et al., 2010).  

These estrogenic effects specifically affect aquatic organisms exposed through water 

containing high paraben levels (Brausch & Rand, 2011).  Parabens may have potential 

endocrine disrupting effects as well, but this has yet to be confirmed by the research 

(Frederiksen, Jørgensen, & Andersson, 2011). 

Parabens put aquatic ecosystems at risk for toxic exposure, and can cause problems 

for activated sludge processes at wastewater treatment plants (Ortiz de García et al., 2014).  

Efficient activated sludge treatment uses air and protozoa to treat wastewater, and has been 

found to lower paraben concentration and frequency within samples (Kasprzyk-Hordern, 

Dinsdale, & Guwy, 2009).  These treatment systems alter the branching chains of parabens, 

and the corresponding metabolites.  Parabens’ alkyl group size and branching are thought to 

affect estrogenic activity, and parabens with longer alkyl chains are likely to be more active 
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in organisms, causing more dramatic estrogenic effects (Routledge, Parker, Odum, Ashby, & 

Sumpter, 1998b).  By altering the size of the branching chains, wastewater treatment plants 

can alter the estrogenic activity of the chemicals.  This is effective as long as the 

concentration of parabens in the water remains low enough that the wastewater treatment 

plant is capable of thorough and effective breakdown.  The increased amounts of parabens in 

water systems have put pressure on the efficiency and accuracy of activated sludge processes, 

leaving little room for error by water treatment plants.  However, the effects of parabens vary 

between different species, and parabens effects are dose and route dependent, which has 

made it difficult to generalize the findings of specific studies regarding the effects of these 

parabens remaining in the water (Routledge et al., 1998b).   

4.4 Paraben survey methods 

The survey questions sought to understand what students knew about parabens, 

including possible exposure routes, and if they were a danger to human health.  Questions 

14-25 (Figure 1) were the questions regarding parabens that will be discussed in the results 

section.  Additionally, students were asked about potential environmental dangers, an aspect 

that is covered rarely by the media due to the focus on human health.  Parabens have recently 

been portrayed as dangerous and as chemicals to avoid by media outlets and health 

advocates.  I asked students if they were concerned about parabens, and if they avoided using 

or consuming products containing parabens.  I also asked how students learned about 

parabens, if at all, and whether it was from a professor, media outlet or some other source.  A 

perfectly informed student, based solely on the scientific data, would know something about 

parabens, to begin with, followed by some degree of concern for both environmental and 
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human health effects, although would not be strongly concerned in either situation.  They 

would know where parabens are found, and that parabens are not toxic. 

 

 

 

4.5 Paraben Survey Results  

 

Figure 7: Selected paraben survey results.  

Question 14: I know something about parabens.  

Question 16: Parabens are found in cosmetics. 

 Question 17: Parabens are found in food products. 

Question 19: I am concerned about parabens causing breast cancer.  

Question 20: I am concerned about parabens.  

Question 22: Parabens are harmful to the environment.  

Question 23: Parabens are harmful to human health.  

 

0%

20%

40%

60%

80%

100%

B
io

lo
gy

Su
st

ai
n

ab
ili

ty

O
th

er

B
io

lo
gy

Su
st

ai
n

ab
ili

ty

O
th

er

B
io

lo
gy

Su
st

ai
n

ab
ili

ty

O
th

er

B
io

lo
gy

Su
st

ai
n

ab
ili

ty

O
th

er

B
io

lo
gy

Su
st

ai
n

ab
ili

ty

O
th

er

B
io

lo
gy

Su
st

ai
n

ab
ili

ty

O
th

er

B
io

lo
gy

Su
st

ai
n

ab
ili

ty

O
th

er

Question
14

Question
16

Question
17

Question
19

Question
20

Question
22

Question
23

P
e

rc
e

n
t

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

Biology: n=38
Sustainability: n=10
Other: n=37



28 
 

In contrast to my hypothesis,  sustainability and biology majors did not know more about 

parabens in general than students in other majors (p>0.05; Question 14; Figure 7).  72% of 

students disagreed that they knew something about parabens, which was distributed almost 

evenly amongst the three categories (Figure 7), and a very small portion of these students 

remained neutral on this question.  Also in contrast to my hypothesis, there was no 

relationship between major and if students knew what products commonly contained 

parabens (p=0.09; Question 16; Figure 7) (p=0.08; Question 17; Figure 7).  29 % of all 

students surveyed agreed that they were found in cosmetics, but 65% of all students remained 

neutral (Question 16; Figure 7), and only 13% of students agreed parabens were found in 

food products (Question 17; Figure 7). 

However, as I hypothesized, biology students were more concerned about parabens 

causing breast cancer than students in other majors, including sustainability students (p=0.02; 

Question 19; Figure 7).  Although only 13% of all students agreed they were concerned, 40% 

of those students were studying biology.  Additionally, 72% of students chose to remain 

neutral on this question, of which 56% were students not in biology majors.  Similarly, I 

hypothesized a positive relationship with biology students being more concerned with 

parabens being harmful to general human health, but no significant relationship was found 

(p>0.05; Question 23; Figure 7).  Of all students surveyed, 84% remained neutral on this 

question.   

Also in contrast to my hypothesis, there was no significant relationship between major 

and response regarding environmental effects associated with parabens (p>0.05; Question 22; 

Figure 7).  Similar to previous questions, the majority of students (76%) remained neutral 

regarding this question.  
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4.6 Paraben survey discussion 

Overall, I anticipated a greater proportion of students in biology and sustainability to be 

concerned about parabens.  I expected sustainability students in particular to be more 

concerned about parabens in the environment as a toxicant, or at the minimum having a 

deeper understanding of parabens as a compound than students in other majors.  I also 

expected students in biology to be concerned with parabens affecting human health as a 

whole, and was surprised by the focus on parabens as a cause of breast cancer.  It is 

interesting to examine the possibilities for why these contradictions to my original 

hypotheses occurred.    

In general, I found that most students did not know very much about parabens.  The 

majority of students remained neutral on the questions asked.  However, there were some 

interesting contradictions.  25% of students across all majors agreed that parabens were 

found in cosmetics (Question 16).  Although this only represents a quarter of the students 

interviewed, this response was surprising due to the 72% of students who previously marked 

that they did not know much about parabens (Question 14).  This could be due to the media 

coverage or labels on products that state if they do or do not contain parabens, and that 

exposure is not influenced by major.  Similar to this, 78% of students remained neutral when 

asked about parabens in food products (Question 17), while a mere 12% agreed.  I was 

expecting at least 25% students in agreement with this statement due to the recent social push 

for paraben-free foods that has been emphasized in advertising (Zuraw, 2015).     

Students concern regarding human health issues was also very interesting to look at and 

contradicted itself.  Similar to food products and cosmetics, the link between parabens and 



30 
 

breast cancer has been discussed in the media.  While only 12% of students agreed they were 

concerned about the relationship between parabens and breast cancer, 40% of those students 

were biology majors, and only 20% were in other majors (Question 19; Figure 7).  Although 

a large portion of the students remained neutral, it is easy to see the greater proportion of 

biology and even sustainability students in agreement.  This relationship could be due to the 

conversations being had about parabens as estrogen mimickers and the popular study 

detailing the risks of paraben exposure in women that has been continuously modified and 

updated (Darbre & Harvey, 2008; Darbre et al., 2004).   Interestingly enough, there was no 

significant relationship between students major and their belief that parabens are toxic 

(Question 20), where I was expecting biology students to be in agreement due to the 

relationship seen in question 19. 

Furthermore, there was no relationship between major and response regarding human 

health in general (Question 23).  This occurrence is interesting since there was a relationship 

found when asked specifically about breast cancer: biology students were more concerned.  

However, when asked about human health in general (Question 23) there was no relationship 

among majors.  It is unclear why this would have occurred, since they have been found in a 

variety of human systems and still require extensive research for their effects on human 

health (Błędzka et al., 2014; Karpuzoglu et al., 2013) .  This could be attributed to parabens 

being highlighted in the media as cancer causing and the discussion of the Darbre (2004) 

study within the media and scientific community.  This could also be attributed to focused 

discussion in classes about breast cancer without discussion of the acute toxicity studies 

being done and the overall need for more research about the toxicity of parabens to humans 
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(Karpuzoglu et al., 2013).  This pattern could additionally be due to students interpreting the 

question regarding human health as being different than the question specific to cancer.   

Due to estrogen altering effects seen in fish (Routledge et al., 1998b) as well as effects 

seen on the reproductive success of rats (Vo et al., 2010) and the high variety of 

consequences on aquatic systems due to parabens in water (Brausch & Rand, 2011), it was 

surprising that there was no relationship between major and concern about environmental 

effects of parabens (Question 22).  These are just a few of the potential effects being 

researched, but these efforts are not highlighted by the media, or by sources outside of 

scientific publications despite discussion within the scientific community.  It is also 

important to consider the variety of studies being done, and the amount of information a 

perfectly informed student would be responsible for reading and analyzing.  It would be 

worth following up with these students and exploring if they discuss these issues in class, or 

if they have seen products labeled to be paraben-free.  It would be also worth asking why 

biology students were concerned about parabens causing breast cancer, but not about their 

threats to human health as a whole.  

Students majoring in biology were more concerned about parabens causing breast cancer, 

but there was no relationship found between general concern about parabens and major.  

There was also no relationship between understanding of parabens and major, and the 

majority of students remained neutral on the questions.  This calls into question the role of 

external sources such as the media focusing only on specific aspects of parabens.  It is worth 

noting that there is consumer demand for products that are paraben-free, and the threats 

posed by parabens are often discussed in the media.  However, the results from this survey 
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showed that USD students were primarily unaware of parabens, despite the somewhat more 

common public discussion.  This is important to take into account when looking at responses.   

5. Azo Dyes 

5.1 What are azo dyes? 

Azo dyes are a type of azo compound, which is defined by a 

nitrogen-nitrogen double bond called an azo group (Figure 8).  They are 

synthetic dyes used in industrial processes when natural dyes are not 

sufficient.  Azo dyes are primarily red, orange and yellow, although blue 

dyes are being developed, and are extremely versatile compounds (Price, 2002.).  They are 

widely used in the textile industry to dye fibers, leathers, plastics and can be found in food 

products common among college students, like soft drinks and chips (Kirk-Othmer 

Encyclopedia of Chemical Technology, 2000).  Europe has strict regulations on both the 

production and use of certain azo dyes, and prohibits their use in products that have regular 

skin contact (Puntener & Page, 2004). 

Despite this European ban, some azo dyes 

have been identified as “safe for use” compounds by 

the American Dye Manufacturers Institute (ADMI), since 

some forms of the dye do not break down into any toxic byproducts (Chung & Stevens, 

1993).  The dyes not classified as “safe for use” break down within organisms or specific 

external conditions into toxic aromatic amines, such as benzidine (Figure 9) and benzidine 

derivatives, which are carcinogenic (Chung & Stevens, 1993).  These breakdown products 

 

Figure 8: Azo 
compound 

Figure 9: Benzidine Structure 
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are where concern arises, and why certain azo dyes are banned from industrial use in Europe 

in addition to being researched worldwide (Puntener & Page, 2004).  

5.2 Azo dyes and human health 

Most humans are exposed to azo dyes via everyday products such as clothing, 

cosmetics, waxes, oils, foodstuffs and plastic products (Puntener & Page, 2004).  However, 

these dyes are not harmful until they are ingested or absorbed through the skin.  Azo dyes’ 

ability to be absorbed after skin exposure puts many college students at risk since this can 

occur when azo dyes are used in cosmetics (Maria, Chequer, Dorta, & Oliveira, 2011).  The 

use of cosmetics containing azo dyes contributes to health impacts later on in life,  as studies 

have correlated azo dye absorption by factory workers with reproductive failures and 

chromosome mutations in women (Maria et al., 2011).  

In terms of consuming azo dyes from soda, candy or other processed foods, reduction 

of the azo dye in humans occurs biologically, and can result in toxic amines due to the 

cleavage of one or more azo groups.  These amines are the source of mutagenic activity 

associated with azo dyes (Pielesz, Baranowska, Rybakt, & Włochowicz, 2002).  Mammals 

have been found to sometimes possess an enzyme within their gastrointestinal tract that is 

capable of cleaving azo bonds within the dye, resulting in carcinogenic aromatic amines 

(Puvaneswari, Muthukrishnan, & Gunasekaran, 2006)(The Handbook of Environmental 

Chemistry, Volume 9, 1980).  Azo reduction can also occur within mammals due to enzymes 

in the liver, or by azoreductase activity within the microbiota in the intestines (Pielesz et al., 

2002).  Azo dyes are concerning for mammals since both the original dye as well as 

biotransformation products have been found to cause DNA damage, and it is unpredictable 

how the body will react to different dyes (Maria et al., 2011).  This uncertainty can result in 
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either detoxification of the dye or production of carcinogenic aromatic amines depending on 

the azo dye (Pielesz et al., 2002).  

Aromatic amines are nitrogen-containing benzene rings, such as benzidine (Figure 9), 

that are known carcinogens, specifically in the human urinary system where they commonly 

result in  bladder cancer, and have been researched to cause tumors in rats (Puvaneswari et 

al., 2006; Vineis & Pirastu, 1997).  The majority of mutagenic azo dyes appear to be 

benzidine based, and are linked to splenic sarcomas and chromosomal mutations within 

mammalian cells, in addition to bladder carcinoma (Pielesz et al., 2002).  Despite all these 

concerns, the toxicity of azo dyes within mammals varies depending on the break down 

mechanism in addition to the route of exposure; azo dyes activated by oxidation, as opposed 

to reduction, can result in diazonium salts.  These highly reactive nitrogen-containing 

compounds are explosive when they interact with the correct chemical (Feng, 2012).  While 

break down of these dyes within mammals is dangerous and poses threats to the integrity of 

their DNA, pure forms of azo dye are also dangerous.  Pure azo dyes are deposited in 

wastewater as waste from the textile industries, where they are broken down, leading to 

increased pollution and carcinogenic threats within ecosystems (Saratale, Saratale, Chang, & 

Govindwar, 2011).  

5.3 Azo dyes in the environment 

Azo dyes are often found in rivers, streams and effluent of most sewage treatment 

plants due to their constant deposition into the environment from industrial operations, where 

products like cosmetics, textiles and foodstuffs are manufactured (Chung & Stevens, 1993). 

Very small concentrations of azo dyes, as low as 1 ppm, are capable of colorizing water 

(Maria et al., 2011).   This has forced sewage plants to actively look into efficient color 
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removal in water treatment plants although no de-colorization techniques have been widely 

adapted due to high cost (Banat, Nigam, Singh, & Marchant, 1996).  A study done in 2008 

found that aquatic hyphomycetes (Ingoldian fungi) have de-colorization capabilities and are 

an unexploited option to reduce azo dye coloration in wastewater, although further research 

is still required (Junghanns, Krauss, & Schlosser, 2008).  Based on the current knowledge of 

these aquatic hyphomycetes, some adaptations would need to occur for the fungi to 

successfully de-colorize dyes in conventional wastewater processes (Junghanns et al., 2008). 

The most prominent of these would be an adaptation to live in an environment with fewer 

available inorganic compounds, since inorganic compounds are unfavorable to wastewater 

treatment processes yet critical for the fungi (Junghanns et al., 2008).   

While not being researched as actively, de-colorization processes remain important 

for aquatic systems because of the coloration that occurs when azo dyes are released into 

water.  This coloration prevents light penetration which decreases the photosynthetic ability 

of marine plants and autotrophs, and can interfere with gas dissolution (Manu & Chaudhari, 

2002).  Additionally, these dyes can have toxic effects on germination and growth of plant 

species, which can consequently lead to a reduction in wildlife habitat, increased erosion and 

decreased soil fertility (Saratale et al., 2011).  About 10-15% of synthetic dyes are lost into 

the effluent during manufacturing, causing abnormal coloration of surface waters and posing 

an immediate threat to aquatic organisms in addition to decreased water quality (Saratale et 

al., 2011).  Poor water quality, decreased plant growth and oxygen depletion can lead to 

devastating effects on aquatic life (Saratale et al., 2011). 

The process for detoxifying azo dyes is difficult and repeatedly tested, and potential 

progress is often hindered by other factors.  The detoxification processes currently being used 
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result in massive amounts of sludge, which then needs to be dealt with (Saratale et al., 2011).  

This has called for the exploration of bacteria and fungi as options.  Although the previously 

described Ingoldian fungi are capable of de-colorizing the dye, very few microorganisms 

actually mineralize the dyes into carbon dioxide or water, reducing toxicity (Junghanns et al., 

2008).  Even the select microorganisms that can mineralize the dyes pose the threat of 

potentially generating aromatic toxic amines as byproducts (Junghanns et al., 2008).  The 

most promising approach for detoxifying and de-colorizing azo dyes appears to be a 

sequential anaerobic and aerobic treatment process using different bacteria, but this method 

is highly complex and expensive, making it difficult to test (Puvaneswari et al., 2006).  As 

work continues on de-colorization techniques, the potential environmental hazards of these 

dyes in aquatic ecosystems are being pursued (Puvaneswari et al., 2006). 

A major environmental concern is the ability of these dyes and their mutagenic 

degradation products to impact microbial activity.  They have been found to be primarily 

reduced by anaerobic bacteria as means of detoxification, but are often broken down into 

other toxic products (Junghanns et al., 2008).  Immediate break down of the dye can help 

prevent bioaccumulation, primarily within fish, and  prevent chronic toxicity in sediment and 

water columns (Saratale et al., 2011).  Areas lacking these specific microorganisms are 

especially at risk for azo dye accumulation in sediment and the associated ecosystem 

disruption (Chung & Stevens, 1993).  It is an interesting situation, because breaking the dye 

down can result in directly carcinogenic products, but not breaking the dye down results in 

colored water and oxygen depletion.  

A study done on the Cristais River in 2005 found azo dyes to be a main contributor to 

the high mutagenicity of bacteria in the sludge of the river, which later affected the quality of 
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the drinking water (De Aragão Umbuzeiro et al., 2005).  Sewage treatment plants’ inefficient 

removal techniques allowed for breakdown products of these dyes to persist in the water and 

it was later found that uncolored products were being formed during the treatment process.  

These products were going into the water undetected by the treatment plant into drinking 

water as well as aquatic ecosystems.  This discovery calls for further research about the 

mutating capabilities of azo dyes during treatment and why the color could potentially be 

lost, as well as developing ways for treatment plants to better handle uncolored azo dye-

derived products within water systems (De Aragão Umbuzeiro et al., 2005).  The presence of 

aromatic amines in water puts humans at risk for mutagenic effects from direct consumption 

of the water or via consumption of organisms with high levels of bioaccumulation (De 

Aragão Umbuzeiro et al., 2005).  

In addition to their effects on drinking water quality, azo dyes are known to affect 

agricultural landscapes.  Heavily irrigated agricultural lands from natural water sources have 

been negatively impacted by dissolved azo dyes in ground water, which can alter soil fertility 

by altering the chemical balance (Puvaneswari et al., 2006).  The presence of untreated azo 

dyes in soil and the consequent changes in soil composition has been found to increase plant 

susceptibility to pathogens, in addition to negatively impacting seed germination at low 

concentrations by disrupting the osmotic balance of the seedling (Puvaneswari et al., 2006).  

At high concentrations, untreated dyes can inhibit root and shoot growth of seedlings 

(Puvaneswari et al., 2006).  The inability to efficiently remove these dyes from water systems 

could put agriculture at risk, since the presence of these dyes reduces the availability of 

dissolved oxygen in water, making the plant more susceptible to pathogens due to stressed 

conditions (Puvaneswari et al., 2006).  
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The pollution that occurs due to industrial azo dye use not only disrupts soil fertility 

and plant growth, but also can cause disturbances in fish (Puvaneswari et al., 2006).  

Exposure of fish to these dyes can lead to bioaccumulation, ultimately reaching humans and 

resulting in increased cases of hypertension, renal damage and cramping.  Dyestuff in the 

effluent water can lead to decreased food consumption among fish, resulting in reduced 

growth and decreased protein content within the muscle, liver and intestine (Puvaneswari et 

al., 2006).  Fish carbohydrate levels also decrease, due to the increased use of carbohydrates 

under stressed conditions (Puvaneswari et al., 2006).  Long term, the presence of azo dyes in 

aquatic systems can ultimately lead to negative impacts on human health.   

5.4 Azo dye survey methods 

Students were first asked if they had ever heard of azo dyes, because my preliminary 

research demonstrated a strong possibility that few students had been exposed to the topic.  

Other questions asked if they knew where azo dyes were commonly found, specifically 

textile industries and food products, and about azo dyes effects on human health as well as 

the environment.  These questions were designed to gain an understanding of what students 

knew about the dyes’ role outside of everyday products, if they had heard of them at all.  

Additionally, I asked if students had a position against azo dyes, and if they were concerned 

about azo dye use.  A perfectly informed student would have heard of azo dyes, be somewhat 

concerned for both their human health and environmental effects, and would understand 

where these dyes are used.  This student would also be slightly concerned about azo dyes.  
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5.5Azo Dye Survey Results 

 

Figure 10:  Selected azo dye survey results.  
Question 29: Azo dyes are commonly found in food products. 
 Question 30: Azo dyes are used in textile industries.  
Question 31: Azo dyes are harmful to the environment.  
Question 32: Azo dyes are harmful to human health.  
Question 35: I am concerned about azo dyes.  

 

Question 25, which is not included in the above figure due to the different format, asked 

students their source of information regarding azo dyes, if at all.  As I hypothesized, there 
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was a greater proportion of sustainability students who had heard about azo dyes from a 

professor (p=0.003).  The results showed that 90% of students had not heard of azo dyes.   

Although only 10% of students had heard of azo dyes, the only students who had heard of 

them from a professor were sustainability students.   

The expectations for these questions were low seeing as how 90% of students had not 

even heard of azo dyes.  In contrary to my hypothesis, there was no correlation between if 

students knew where azo dyes were used and their major (p=0.11; Question 29; Figure 10) 

(p=0.75; Question 30; Figure 10).  Only 9% of students agreed that azo dyes were found in 

food products (Question 29), and only 11% of students agreed they could be found in textile 

industries (Question 30). 

Also in contrary to my hypothesis, there was no relationship between major and the belief 

that azo dyes were environmentally harmful (p=0.40; Question 31; Figure 10).  13% of 

students agreed hand sanitizers were harmful to the environment, and 72% of those students 

in agreement were biology or sustainability students.  Every student who disagreed that azo 

dyes were harmful to the environment was in a major other than biology or sustainability.  

There was also no relationship between major and concern for azo dyes impacting human 

health (p=0.09; Question 32; Figure 10).  Much like question 31, 12% of students agreed that 

azo dyes were dangerous towards human health.  However, 50% of these students were in 

other majors, and only 30% were biology majors.  Once again, the majority of students 

remained neutral.  Finally, there was no relationship found between overall concern and 

major (p=0.29; Question 35; Figure 10), in line with the results seen from the previous 

questions.  Only 11% of students agreed, and they were distributed nearly evenly across the 
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three categories for major (Figure 10).  All of these responses can be further examined, and 

will be discussed in detail in the following section. 

5.6 Azo Dye Survey Discussion 

I based my predictions for these responses on a few factors.  Examining the ability of azo 

dyes to negatively impact both ecosystems and human health, biology students were 

expected to have the greater understanding of azo dyes as both an environmental concern and 

a danger to human health.  This prediction was due to the increased amount of chemistry 

classes required by the biology curriculum.  Due to the composition of azo dyes and the 

variety of transformation processes they undergo, they are often discussed and researched by 

chemists, which is why this prediction was made.  An important consideration is that many 

of the biology students surveyed were enrolled in introductory biology, so they were 

probably in chemistry or had not been exposed to upper-level chemistry courses yet.  

Students in sustainability were predicted to also have increased awareness of these dyes, due 

to the variety of environmental effects and the social movement to ban and regulate the use 

of azo dyes.  Overall, I found that students had heard very little regarding azo dyes, if 

anything.  

The only significant relationship found (Question 25) suggests that professors within the 

sustainability curriculum have mentioned azo dyes, which is promising since they are one of 

the more reliable sources about these compounds.  Other ways students had heard of azo dyes 

was exposure in the media, personal research or from their family and friends.  As seen by 

the rest of the results, 90% of students surveyed had not heard of azo dyes at all.  As seen 

from the previous sections, azo dyes are a well-researched and widely discussed area of study 
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within the scientific community, but not highlighted in the media.  It is interesting to note 

that this lack of media attention may be reflected in students’ answers, since that tends to be a 

major source for many college students (Worley, 2011).   

When their knowledge was further tested on the remaining questions, there were few 

students who knew azo dyes were used in food products (Question 29).  An important 

discrepancy to acknowledge is the terminology used in this question.  Azo dyes in food 

products are seen on labels as their common name, such as Red Dye 40.  It is possible that 

students have heard of Red Dye 40, but did not know that was an azo dye and this influenced 

their response to the question.  The slight increase in correct answers on question 30 could be 

due to the fact that students interpreted the word dye as being more commonly used to dye 

fabric as opposed to an ingredient in food.  The majority of students remained neutral on 

these questions (Figure 10), making conclusions difficult.  

As a well- researched compound, I expected biology and sustainability students to have a 

somewhat greater understanding of the wide variety of effects that can be seen from effluent 

azo dyes and their ability to colorize and toxify water sources (Junghanns et al., 2008), and 

that the efforts in the scientific community to research these effects would be a topic of 

discussion within science courses.  However, it is important to consider that azo dyes are a 

wide class of compounds, and once again the terminology used may have influenced the 

responses.  Regardless of this fact, it was interesting that students’ responses to this question 

were not correlated at all with their major.   

Similarly, when asked about human health (Question 32), a large portion of students 

remained neutral and only small percentage agreed, which could also be attributed to low 
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amounts of discussion about azo dyes in class, terminology or external factors.  This lack of 

understanding is concerning among college students, since exposure to azo dyes via 

cosmetics has been shown to cause reproductive problems later on in life (Maria et al., 2011).  

Additionally, exposure via processed foods or candy can result in an increased risk of cancer 

later on in life (Pielesz et al., 2002).  The lack of concern could be due to the fact that both of 

these effects wouldn’t be seen until later on in life.  

The final question asked if students were concerned about azo dyes as a whole (Question 

35).  Based on the current understanding of azo dyes within the scientific community in 

terms of both human health and environmental concerns, it was surprising to see no 

relationship between major and concern.  However, responses to this question did remain 

consistent with the trends seen throughout the section regarding azo dyes and demonstrated 

that most students had not heard of these dyes.  As mentioned above, it is interesting to 

consider media involvement, since azo dyes are widely discussed in the scientific community 

but not in the media like parabens are.   

The majority of students surveyed had not heard of azo dyes, but sustainability 

students were more likely to have heard of them from a professor than students in other 

majors.  There was no relationship found between knowledge of azo dyes in the environment 

or as a threat to human health and major.  Due to the variety of environmental effects that can 

be propagated by azo dyes, it is interesting that none of these environmental effects appear to 

be a topic of discussion in sustainability and biology classes.  Students at USD were 

primarily unaware of azo dyes, and it is unclear if this was due to the terminology used (Red 

Dye 40 vs. azo dyes) or if it was a general lack of knowledge that can be attributed to many 

factors.   
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6. Conclusion 

 All three compounds of the compounds studied presented different results.  Students 

were the most familiar with hand sanitizers, followed by parabens and finally least familiar 

with azo dyes, based on the amount of students choosing to remain neutral for each section.  

All three sections resulted in interesting relationships (or lack of) between major and 

response.  These responses cannot be solely attributed to major due to the nature of the study, 

but present a starting point for discrepancies within each field of study.     

 Although students were not aware of parabens and azo dyes overall, there are 

different possibilities for each compound about why this is the case.  These results call for a 

more comprehensive look at why students are so unaware of these compounds that are found 

in a variety of products, in addition to being researched by a variety of scientists and 

institutions.  The original use of biology and sustainability majors as a proxy for 

environmental awareness were not met throughout this study, and they did not consistently 

demonstrate increased knowledge or concern where necessary.  Overall, my conclusions 

point towards a general lack of knowledge about parabens and azo dyes across several majors 

at this university.  

 Discovering this lack of knowledge leads to several broader implications from this 

study.  Students in college are living in an age where using the media for information is 

extremely common, but as seen above may not be the most reliable or comprehensive 

approach to learning.  College professors in particular are in a difficult position, and need to 

begin to examine ways to increase the scientific literacy of students as it relates to popular 

news outlets.  While it is unrealistic to expect college students to read every publication made 

in scientific journals, and expect them to know the latest information being discovered,  it is 
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critical that students learn how to filter through information presented by the media 

specifically, since this what students are mostly exposed to.  This knowledge is important for 

students in all fields of studies, since it will reduce their overall misconceptions regarding 

products and issues they will be exposed to during their lifetime.  Professors are in a very 

delicate situation teaching students who have access to the world at their fingertips, and it 

will require a collaborative effort between students and teachers to improve scientific literacy 

and reduce misconceptions about products widely discussed.  
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