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Per- and polyfluoroalkyl substances(PFAS) have been a popular topic in the past few 
years. They are a category of “emerging contaminants'' because PFAS have been 
detected in the environment through environmental, industrial, and infrastructural 
sources and causes health problems.  

Some sources of PFAS exposure include drinking contaminated municipal water or 
private well water, eating food grown in places that used or made PFAS, eating fish 
caught from water contaminated by PFAS, etc. In addition, they have been also found in 
some products like fast food containers/wrappers, microwave popcorn bags, pizza boxes, 
cleaning products, personal care products (shampoo, dental floss) and cosmetics (nail 
polish, eye makeup), etc.  

These chemicals move fromcontaminated to non-contaminatedareas since they don’t 
break down. This leads to contamination of water and food that we eat which causes 
many health effects. According to many research articles, PFAS are linked to many 
health issues that could affect the immune function, thyroid function, liver disease, 
cancer, reproductive and developmental outcomes, etc. To avoid these health problems, 
we need to minimize PFAS by reducing the use of products that have PFAS in them, 
limiting levels of PFAS in drinking water, protecting our health after being in or around 
lakes and streams, and practicing safe gardening habits to lower the chance of exposing 
ourselves to PFAS.  

Regarding what action we have taken against these chemicals, the Environmental 
Protection Agency (EPA) has identified a “safe level” for six PFAS (PFOA, PFOS, 
PFNA, PFBS, HFPO-DA, and PFHxS), which are 4 ng/L, 4 ng/L, 10 ng/L, 2000 ng/L, 10 
ng/L, and 9 ng/L, respectively, and some states of the United States of America (USA) 
created laws and/or banned the use of PFAS. Using these “safe levels,” I conducted my 
own research on roof-harvested rainwater and found that these contaminants were at a 
higher concentration than what is recommended by the EPA. The reasonfor this 
contamination couldbe due to the roofing materials when the roof-harvested rainwater is 
being collected.  

In conclusion, it is important for us to regulate PFAS to avoid any future 
consequences of damaging our health and the environment. 
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Background 
In the past few years, per- and polyfluoroalkyl substances 

(PFAS) have received a lot of media attention. PFAS are a 
category of “emerging contaminants'' that have been detected in 
the environment and are linked to many toxic effects such as  

 
miscarriage1, lower birth weight2, increased risk of liver, kidney, 
and testicular cancer3,4, increased risk of cholesterol levels5, 
increased risk of asthma6, increased risk of diabetes7, etc., but 
their risk to human health is not well-understood8. 
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PFAS are man-made chemicals that have been used in 
industry and consumer products worldwide since the 1940s9. 
They have been used to make nonstick cookware, water-
repellent clothing, stain resistant fabrics and carpets, some 
cosmetics, some firefighting foams, and products that resist 
grease, water, and oil9.  

The most studied PFAS are perfluorooctanoic acid (PFOA) 
and perfluorooctane sulfonic acid (PFOS)9. Perfluorohexane 
sulfonic acid (PFHxS) and perfluorononanoic acid (PFNA) are 
also commonly measured and studied9. 

During production and use, PFAS can travel into the soil, 
water, and air. Most PFAS, including PFOA and PFOS, do not 
break down, so they remain in the environment9. Because of 
their widespread use and their persistence in the environment, 
PFAS are found in the blood of people and animals all over the 
world and are present at low levels in a variety of food 
products9. A 2019 study by the CDC (Centers for Disease 
Control and Prevention, USA) indicates that 97% of Americans 
have PFAS in their blood10. Some PFAS can build up in people 
and animals with repeated exposure over time9 and cause health 
issues. 
Sources for PFAS exposure 

There are many sources for PFAS exposure like drinking 
contaminated municipal water or private well water, eating food 
grown in places that used or made PFAS, eating fish caught 
from water contaminated by PFAS (specifically PFOS), 
accidentally swallowing contaminated soil or dust, eating 
packaged food that has materials that contain PFAS, and using 
some consumer products such as stain resistant carpeting and 
water repellent clothing11. 

There are also some products that contain PFAS like grease-
resistant paper, fast food containers/wrappers, microwave 
popcorn bags, pizza boxes, candy wrappers, stain resistant 
coatings used on carpets, upholstery, and other fabrics, water 
resistant clothing, cleaning products, personal care products 
(shampoo, dental floss) and cosmetics (nail polish, eye makeup), 
paints, varnishes, and sealants11.  
How do PFAS travel fromcontaminated areasto non-
contaminated areas? 

As mentioned previously, PFAS don’t break down in the 
environment. They travel from contaminated areas to non-
contaminated areas through dust, air, water, soil, etc12. With that 
said, they can be found in many places like drinking water, soil 
and water near waste sites, fire extinguishing foam, 
manufacturing or chemical production facilities that produce or 
use PFAS, food, biosolids, and more12. 

There have been several places in the United States that 
have been investigated for PFAS, and most of these places had a 
high concentration of them. For example, in 2021, the 
groundwater plant in southern Tucson, Arizona was found to 
have a very high level of PFAS in it13. This was a big shock to 
the entire city because this water was used for a long time and 
for many purposes like drinking, showering, cleaning, etc14. The 

potential source for the contamination in the groundwater plant 
is the Air National Guard Base at Tucson International Airport 
that used firefighting foams until 201815. The plant was shut 
down because it was getting difficult to remove the PFAS13. 
Another incident occurred in Michigan where it was found that 
Lake Michigan’s Green Bay contained a high concentration of 
PFAS contamination, and the reason for it was because of a 
firefighting foam factory in Wisconsin16. As a result, this factory 
and several others got sued for using these PFAS chemicals in 
their foam17. Lastly, the FDA of the United States found PFAS, 
mostly PFOA and PFOS, in milk samples from New Mexico18. 
The reason for this is because the cows drank water that 
contained PFAS which came from firefighting foam in a close 
air force base18. These incidents demonstrate how PFAS get 
from one place to another. 
Water and gardens 

Areas that are near environmental contamination will most 
likely end up having PFAS19. For instance, those who live in an 
area where there are many factories and/or waste siteshave a 
higher chance of getting exposed to PFAS, specifically through 
water and gardenprocessing. However, regardless of that, there 
are some techniques and products that we do and use that also 
increase the amount of PFAS in our water and gardensoil.  

First, the method of “roof-harvesting rainwater” which is the 
process of collecting rainwater using structures like pipes and/or 
tanks to store and use it for later20. In this method, the rainwater 
gets contaminated by many sources. For example, if one does 
live in an area with environmental contamination, the 
contaminants in theair could contaminate the rainwater. Another 
way that it gets contaminated is through roofing materials, pipes, 
and tanks because some of them are made from PFAS. Now, if 
we use thiscontaminated roof-harvesting rainwater to water 
gardens, then the soil and finally the fruits and vegetables could 
also be contaminated with these chemicals. Second, the use of 
biosolids for gardening, also known as fertilizers12.Some 
fertilizers also contain PFAS which can affect soil, the water 
given to the garden, the fruits and vegetables that are grown, and 
eventually our health. Therefore, this is how PFAS are 
transferred to rainwater and soil which is taken up by the plant 
roots and spread to the fruits and vegetables that we eat19.   

Regarding PFAS in garden plants, there are still many 
things that are unknown19. So far, current research has found two 
things19. The first thing is that longer-chain PFAS stay in the 
roots of plants, and shorter-chain PFAS go to other parts of 
plants19. The second thing is that if there are higher 
concentrations of PFAS in the water, then there are higher levels 
of them inplants19. However, it is said that eating fruits and 
vegetables that have low levels of PFAS isn’t as harmful as 
drinking water that has a high level of PFAS on a daily basis19. 
Either way, it is still dangerous if we drink water and eat fruits 
and vegetables that contain a high concentration of PFAS. All in 
all, this is why drinking water is the major source of exposure 
for PFAS, especially in areas with environmental 
contamination19. 
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Health Effects of PFAS 
Because of the widespread production and use of PFAS, it 

was found that many Americans have these contaminants in their 
body12. People can be exposed to these chemicals by working in 
occupations such as firefighting or chemicals manufacturing and 
processing, drinking water contaminated with PFAS, eating 
certain foods that may contain PFAS, including fish, swallowing 
contaminated soil or dust, breathing air containing PFAS, and 
using products made with PFAS or that are packaged in 
materials containing PFAS12. Based on current research, PFAS 
have been linked to many health issues like immune function, 
thyroid function, liver disease, cancer, reproductive and 
developmental outcomes, etc21.  

Regarding immune function, it is found that PFAS affect the 
immunity of a person which raises the question if these 
chemicals change how well a vaccine works22. According to a 
study that was done in the United States in 2016, it was 
discovered that children between the ages 12 and 19 with high 
levels of PFOS had low levels of antibodies to rubella and 
mumps22.  

As for thyroid function, a study in 2020 states that these 
chemicals can interrupt the thyroid hormone which can affect the 
outcome of pregnancy and fetal development23.  

Between liver disease and PFAS, it was found that serums 
with high levels of PFAS are related to the risk of a higher fatty 
liver and overall liver function, especially for people who have a 
high alcohol consumption, are obese, or have diets that are high 
in fat24.  

According to many research studies, there is a link between 
these chemicals and cancer25. For example, a study in Greenland 
found that blood serums with high levels of PFAS had a positive 
correlation with breast cancer25.  

Finally, regarding reproductive and developmental 
outcomes, many peer-reviewed studies found that specific levels 
of PFAS can cause reproductive effects like lower fertility or 
increased high blood pressure in pregnant women12. It was also 
discovered that PFAS can also cause developmental effects like 
low birth weight, behavioral changes, etc12.  

In general, PFAS are associated with many health effects, 
but there are specific things like the circumstance of exposure 
(route of exposure, duration, etc.) and factors related to 
individuals (sex, health status, age, etc.) that are also considered 
when identifying the ones that are of greatest concerns21. 
Therefore, these are some health issues that have been found to 
be associated with PFAS. 
Discussion 

As we can see, many things can be contaminated with 
PFAS. There are three main things that influence PFAS 
contamination which are environmental sources, industrial 
sources, and infrastructural materials.  

Environmental Sources of PFAS. There are many 
environmental sources that can cause PFAS contamination. One 

of the main ones is pollution. According to the World Health 
Organization (WHO), air pollution is contamination of the 
indoor or outdoor environment by any chemical, physical, or 
biological agent that modifies the natural characteristics of the 
atmosphere26. Some common sources of air pollution are from 
household combustion devices, motor vehicles, industrial 
facilities, and forest fires26. Based on the response of the 
Michigan PFAS Action Response Team (MPART), there are 
PFAS in outdoor and indoor air27. With that said, we breathe 
inthis air that is contaminated with PFAS, but the level of PFAS 
contamination that we inhale will depend on the types of 
consumers products27 in a specific location. In addition, 
according to MPART, inhaling will contribute less PFAS in our 
body in comparison to eating and drinking contaminated food 
and water27. This does not mean that it is completely safe, but 
over time, it might become an issue to our health. However, 
there is limited information on the health risks of inhaling PFAS 
from the air27. 

Industrial Sources PFAS. Like environmental sources, 
there are many industrial sources that can contribute to 
contamination of PFAS. One of the main ones is industrial 
piping which is used to transfer substances. However, the 
coatings of these pipes tend to be made up of PFAS28 which is 
not a good thing because the substances that go through the 
pipes also get contaminated with PFAS. For example, every state 
in the United States has a main water sourcethat is used for 
domestic purposes like drinking, bathing, gardening, etc. In 
many places, they use the method of “roof-harvesting rainwater” 
which uses pipes to collect rainwater. This means that 
sometimes the roof-harvested rainwater gets contaminated with 
PFAS through the roof and pipe materials. 

InfrastructuralSources of PFAS. Like the other two types 
of sources mentioned above, there are many infrastructural 
materials that can cause PFAS contamination too. In the case of 
“roof-harvesting rainwater”, the roofing material is a major 
factor because the rainwater is collected through roofs. 
According to the Green Science Policy Institute, PFAS are also 
used as coatings on roofs29. Like pipes, the PFAS from the 
coatings of the roof will transfer to the rainwater, causing it to 
have PFAS.  

Why did I choose roof-harvested rainwater in my 
research? Since drinking water is the major source for PFAS, I 
did a project on PFAS contamination in roof-harvested 
rainwater31, which is shown in Figure 1. Basically, I collected 
samples of roof-harvested rainwater from a reservoir and a 
filteredsample from the sink. Then, I compared the 
contamination levels and found that there are higher levels of 
PFAS in the roof-harvested rainwater samples than in the filtered 
sample31.In addition, there is another similar experiment that was 
conducted by the Department of Environmental Science at the 
University of Arizona in which they also tested roof-harvested 
rainwater around rural and urban areas of Tucson and found that 
there were PFAS in it32. Therefore, based on these two 
experiments, it is important to check the PFAS status of drinking 
water by getting it tested occasionally or buying a filtering 
system to prevent any health issues. 
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Fig. 1: A diagram that depicts 1. how PFAS spread from air to gardens and finally to our body and 2. how they are analyzed  
How do we minimize PFAS? PFAS can be found 

everywhere, and we can be exposed to them very easily which 
brings up the question of whether there is a way that we can 
limit these chemicals. Yes, there are ways that we can do that: 

 First, we need to reduce the use of products that have 
PFAS in them33. Some ways that we can do that is by making 
sure that the ingredients in product labels don’t have words like 
"fluoro" or "perfluoro," being aware of packaging for foods that 
contain grease-repellent coatings, avoiding stain-resistance 
treatments, and limiting the use of non-stick cookware33.  
 Second, we need to limit levels of PFAS in drinking 
water33. To do that, we need to use alternate sources of drinking 
water that have been tested to have low levels of PFAS, a 
treatment system that reduces PFAS, and bottled water that has a 
NSF and/or IBWA seal33. It is also recommended to use a 
filtering system when drinking, cooking, washing fruits or 
vegetables, etc33. 
 Third, we need to protect our health after being in or 
around lakes and streams33. Some ways to do that areto not use 
the water in lakes and streams for any purpose like drinking, 
washing our hands, and touching foam on the water that might 
be contaminated with PFAS33. Usually, the foam that has PFAS 
is a bright white coloring, gathers on land, and is lightweight33. 
Natural foam is off-white and/or brown, builds up in bays, and 
smells like soil33. If you do end up doing one of the things that 
are mentioned above, then you should wash your hands33. 
 

Finally, we can practice safe gardening habits to lower the 
chance of exposing ourselves to PFAS19. We can do that by 
washing fruits and vegetables to get rid of any soil and dust 
particles, using natural matter in your soil, putting on gloves and 
washing hands after gardening and before consuming anything, 
avoiding things like smoking, making sure not to trace dirt from 
the garden into the house, and teaching kids to clean fruits, 
vegetables, and their hands before touching or ingesting food19. 
Regarding the use of irrigation water, it is best to use a filter that 
removes PFAS and confirmthrough lab testbefore using it to 
water plants34.  

 All in all, these are some ways that we can minimize 
PFAS in our daily lives. 

Government Action on PFAS. In the past few years, the 
federal government has acted on PFAS. In 2016, the 
Environmental Protection Agency (EPA) established a “safe 
level” of the chemicals PFOA and PFOS in drinking water 
which is 70 parts per trillion (70 ppt or 70 ng/L)35. If it exceeds 
this level, then the drinking water is not safe. In 2019, the EPA 
created an action plan on PFAS35 which describes how they will 
approach these chemicals by identifying and understanding 
them, explaining the status of PFAS contamination, limiting 
future contamination, and making the public aware of PFAS36. 
In 2020, the EPA updated the 2019 action plan35 for PFAS 
which outlines a few key areas36. In 2022, the EPA stated PFOA 
and PFOS as dangerous chemicals35. In the beginning of 2023, 
the EPA made a proposal to develop a “safe level” for six PFAS 
(PFOA, PFOS, PFNA, PFBS, HFPO-DA, and PFHxS) which are 
4 ng/L, 4 ng/L, 10 ng/L, 2000 ng/L, 10 ng/L, and 9 ng/L, 
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respectively, in drinking water37. Regarding state governments, 
there have been several states that created laws and/or banned 
the use of PFAS38. These are some actions taken by the federal 
and state governments against PFAS.   
Conclusion  

Since the 1940s, PFAS have been used in many products 
like grease-resistant paper, fast food containers/wrappers, 
microwave popcorn bags, pizza boxes, cosmetics, shampoos, 
etc11. A recent study (2019) by the CDC indicates that 97% of 
Americans have PFAS in their blood10. However, many studies 
have found that these chemicals are linked to many health issues 
like immune function, thyroid function, liver disease, cancer, 
reproductive and developmental outcomes, etc21. This is why it 
is important to minimize PFAS by reducing the use of products 
that have PFAS in them33, limiting levels of PFAS in drinking 
water by getting it tested once in a while and/or using a filtration 
system18, protecting our health after being in or around lakes and 
streams33, continuing the habit of breastfeeding33, and using safe 
gardening habits19. In conclusion, as an “emerging contaminant”, 
it is important for us to regulate PFAS to avoid any future 
consequencesof damaging our health and the environment.  
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