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Every day, in a thousand ways, we take advantage of the utility 
of plastic. It’s in our clothes, our cars, our cosmetics, and so 
much more. But eventually, these products turn into something 
else: tiny synthetic particles that spread quite literally every- 
where – into our air, our food, our water, even inside of us. We are 
only beginning to tease out what the presence of these micro- 
plastics means for our health – and what we can do about it. 
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The most obvious plastic pollution – 
everything from packaging to lawn 
furniture – breaks down into ever- 
smaller and less visible pieces. 

WHAT MAKES 
MICROPLASTIC? 
Plastic comes in a dizzying array of forms. It is the acrylic in 
sweaters and paint, the polyvinyl chloride in water pipes and 

 
 

DOWN TO SIZE 
Microplastics are so small, we can swallow 
and inhale them. Some of the smallest par- 
ticles, measuring perhaps one-thousandth the 
width of a human hair, can enter our blood- 
stream and pass through cell membranes. 

credit cards, the polyethylene in milk jugs and toothpaste 
tubes, and on and on. These diverse materials are made of 
 synthetic polymers,  which are long chains of repeating 
chemical units mostly derived from fossil fuels. The attributes that 
have made plastics ubiquitous in modern life – they are inexpensive, 
can be readily engineered for all kinds of uses, and are long- 
lasting – have also turned them into an environmental menace. 
Not only do we use and discard a massive amount of plastic, but 
this waste also will hang around for a very long time. While plastics 
haven’t existed long enough for scientists to know for sure, they 
believe it could take hundreds to thousands of years for natural forces 
to break these materials down into ever-smaller fragments until 
 only small molecules derived from their polymers remain.  

 
 

 
Practical Products to Environmental Contaminants  

Microplastic particles measure  less than 5 millimeters,  and many are even smaller. 
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Mega - Macro - Meso Plastics  

 

 

 
Microplastics (less than 5 mm) 

 
PENCIL TIP ~1 mm 

 
These particles derive from larger 
products, such as tires, polymer- 
based paint, and polyester fabric. Or 
they are intentionally manufactured, 
such as additives in cosmetics. 

HUMAN HAIR ~60 µm (microns) 
 

RED BLOOD CELLS ~8 µm 
 
 

 
Nanoplastics (1,000 nm to 1 nm) 

 
PARTICLE OF SMOKE ~500 nm (nanometers) 

 
SARS-C0V-2 ~100 nm 

 
Particles disintegrate still further, into 
fragments approaching the size of the 
polymers that compose the plastic. 

 

Sometimes manufacturers 
intentionally add tiny plastic 

particles, such as microscopic 
capsules of fragrance in fabric 
softeners or compounds that 

enhance cosmetics. 

Most form as a result of the disinte- 
gration of plastic products – when, 

for example, the asphalt erodes 
the rubber of your car’s tires 

or the elements degrade 
litter on the roadside. 

 
Or when 

the washing 
machine extracts 
fibers from your 

jacket. 

 
 

1 nm 

 
DNA SPRIAL ~2.5 nm 

 
 

 

DON’T 
COUNT ON 
RECYCLING  

The global plastic recycling rate is a dismal 9%, according to the Organisation for Economic Co- 
operation and Development (OECD). But the problem likely runs deeper than just a lack of effort. 
California has sued the plastic maker ExxonMobil, claiming the company “falsely promoted all plastic 
as recyclable, when in fact the vast majority of plastic products are not and likely cannot be recycled.” 
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JOURNEY FROM 
A JACKET... 

Wear clothes made of synthetic textiles – like polyester, spandex, acrylic, 
or nylon –  and you’re wearing plastic.  From the moment your soft 
fleece jacket, wrinkle-resistant dress, or trendy new top is manufactured, 
and every time you wear or wash it, these items release microplastics. 

 
 
 

 
Manufacturing  
Making synthetic fabric, including that 
used for clothes, creates microplastics. 
Microplastic fibers are present 
throughout the production of 
polyester yarn, for example. 

Wear and Tear  
Simply rubbing synthetic fabric produces plastic microfibers. 

 
Environmental forces 
like the sun’s UV rays 
help break polyester 
fibers into fragments. 

 
 
 
 
 

Laundry 
Washing clothing 
and other textiles 
made of synthetic 
fabric extracts 
microfibers that then 
travel down the drain. 

MORE 
ON THE WAY 

Global plastic use is 
projected to nearly triple 

between 2019 and 
2060, according to 

the OECD. 

 
 
 

 
Drying  
Running synthetic fabric through the dryer 
produces microfibers that the machine then 
expels through its vents. 

 
 
 

 
Packaging  
Clear wrapping and other 
packaging for all types of 
apparel generate a massive 
amount of plastic pollution. 

 

 
 . . .TO EVERYWHERE ELSE  

Disposal  
After its useful life is over, synthetic 
apparel typically ends up as landfill, 
is incinerated, or is carried by rivers 
into the ocean. 

 
 
 
 
 

 
Air  

A cubic meter of air 
can contain over 1,000 
particles of microplastic, 

especially indoors. 

Water  
While bottled water 

generally contains more 
microplastics, they also 
show up in tap water. 

Soil 
Microplastics have been 
detected in many types 
of soil – in cities, farms, 

and elsewhere. 

Food 
Microplastics have turned up 
in fruits, vegetables, salt, rice, 

and proteins, especially in 
highly processed foods. 
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WHAT DO 
MICROPLASTICS 
MEAN FOR 
OUR HEALTH? 

 
Microplastics have been found throughout the human 
body – in our brain and blood, in semen, and in breast 
milk. Science has yet to conclusively link these particles 
to any disease, but the emerging evidence alarms 
experts like  Tracey Woodruff, PhD ’91, MPH,  
director of UC San Francisco’s Program on Repro- 
ductive Health and the Environment (PRHE) and the 
Alison S. Carlson Professor, who studies the health 
effects of environmental contaminants. To get a handle 
on what is known so far, she and colleagues at UCSF 
and the University of Sydney recently assessed studies 
of microplastics’ health effects on three physiological 
systems – digestion, respiration, and reproduction – 
that sustain us as individuals and a species. 

 

  
 
 

STILL MANY 
QUESTIONS  

Particles’ size and shape, chemical additives, the polymer type, and other factors likely 
influence microplastics’ biological effects. Researchers are trying to figure out how. 
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Certain biological changes – including chronic inflammation, immune 

cancer. Evidence of these changes in the colon and lungs suggests 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

RESPIRATION 
 

NOT JUST PLASTICS 
SCIENTISTS WORRY THAT MICROPLASTICS 
RELEASE HARMFUL CHEMICALS  

 
Microplastics can physically interfere with biological processes – 
and that may not be all. Many plastics contain harmful chemical 
additives that researchers worry can leach out into our tissues. 

These contaminants include plastic-softening substances 
called phthalates and PFAS compounds, which repel water and 
stains. Both are known to cause problems with fertility, develop- 
ment, and metabolism. 

Well-known substances like these may just be the tip of the 
iceberg, however. UCSF’s Dimitri Abrahamsson is more concerned 
about the chemical hazards that we have yet to identify. 

Scientists haven’t had much opportunity to study the health 

 
 
 
 
 
 

 
effects of some additives, such as those that protect plastics from 
ultraviolet radiation. And they are completely ignorant of the exis- 
tence of others, since manufacturers in the U.S. are not required 
to disclose the substances they put into plastics nor to make them 
available for others to purchase for studies. 

And because it takes a long time to conduct studies, scien- 
tists’ findings may come too late, after the chemicals that concern 
them have already infiltrated the environment and our bodies. 

He and his colleagues recently found elevated levels of 
1,4-cyclohexanedicarboxylic acid – an understudied chemical used 

in plastic production – in the blood of mothers whose babies were 
born prematurely. Only limited studies in animals have explored the 

toxicity of this chemical, and Abrahamsson’s lab could not find any 
research evaluating its effects on reproduction and development. 
“We’re trying to catch up with chemical production, but we just 

can’t,” Abrahamsson says. “If [some of these chemicals] are harm- 
ful and we’re unaware of them, that’s a little bit scary.” 
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HOW WILL 
MICROPLASTICS 
AFFECT THE NEXT 
GENERATION? 
The accumulation of microplastics in our bodies could 
have consequences far beyond damage to our own health. 
Early evidence suggests they may also impair processes 
necessary for conception and pregnancy, and potentially 
lead to lifelong difficulties for some children. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Our intestines and lungs are, by the nature of their jobs, 
destined to encounter microplastics. While further from the 
onslaught, our reproductive systems are particularly vulner- 
able to disturbance. Research has already established that 
exposure to contaminants – such as synthetic chemicals 
that the body mistakes for hormones – readily interferes 
with fertility and fetal development. Based on previous 
work with animals, Woodruff’s team found good reason to 
suspect that microplastics disrupt reproductive hormones 
and ovulation (the release of eggs). But they saw the most 
reason for concern with sperm, which appear to decrease 
in quality and quantity in the presence of these particles. 

 
 

Plastic 
in the  

Placenta  
IN HUMAN TISSUES AND 
CELLS, RESEARCHERS  

EXPLORE THE IMPLICATIONS 
FOR PREGNANCY  

 
Pregnancy depends on the pla- 
centa. This temporary organ ferries 
nutrients and oxygen from mother 
to fetus, while also removing waste, 
protecting against illness, and 
secreting hormones essential for 
maintaining a healthy pregnancy. 

Microplastics are now rou- 
tinely detected in placentas. 
Joshua Robinson, PhD, a devel- 

opmental and reproductive 
toxicologist and an associate 
professor of obstetrics, gynecol- 
ogy, and reproductive sciences 
at UCSF, is among those working 
to understand what this means 
for mothers and babies. 

“We’re concerned they could 
disrupt the placenta’s normal 
function and cause stress, which 
may contribute to pregnancy 
complications,” he says. “That 
matters because common com- 
plications can have traumatic, 
long-term effects on the child.” 

One such complication is 
preeclampsia, which has already 
been linked to certain chemicals 
used in plastics. In this condition, 

a poorly functioning placenta 
fails to supply the fetus with 
adequate oxygen and nutrition. 
This deprivation can lead to seri- 
ous consequences, including 
stillbirth and lifelong neurological 
problems for the child. 

Studies exploring the health 
effects of contaminants like 
microplastics often employ cell 
lines or lab animals, such as mice. 
Robinson’s team takes a different 
approach, using real bits of human 
chorionic villi – the fingerlike struc- 
tures in the placenta that form the 
interface between the maternal 
and fetal blood. “It’s a little closer 
to what interests us,” he says. 

His lab has begun experi- 

ments exploring how the size 
of plastic particles affects their 
ability to infiltrate the chorionic 
villi. Once particles enter it, the 
researchers examine whether 
they alter the tissue’s physical 
structure or molecular expression. 
He also hopes to learn how other 
variables, such as the type of 
plastic or the presence of chemi- 
cal contaminants, influence the 
effects of microplastics. 

Although early studies sug- 
gest microplastics may pose risks 
to the placenta and overall health, 
“there’s just a lot more to unpack,” 
Robinson says. “Scientists like 
me will have plenty of work to do 
in the coming years.” 

 

 
 

 

BETTER OFF 
WITHOUT  

PLASTICS?  

No, says Woodruff. Instead, “we have to consider what’s really essential.” Plastics are 
crucial for some medical equipment, like IV bags, but toxic additives such as phthalates 
should be removed. In many other cases, “there’s a lot of plastics we don’t need,” she says. 
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WHAT WE 
CAN DO 
Plastic use is increasing, but that doesn’t mean our 
fate is sealed like a single-use package. 

Woodruff became interested in microplastics through her work on 
the toxic contaminants, like PFAS and phthalates, that have become 
deeply integrated into modern life. Through the programs she leads 
at UCSF, including PRHE and the recently opened Center to End 
Corporate Harm, Woodruff and her colleagues are studying the 
damage microplastics cause and advocating for change. For 
example, she and her team assessed their health effects 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
“That’s what 

we need: new 

REASONS FOR HOPE 
WHY FIGHTING PLASTIC POLLUTION IS NOT A LOST CAUSE 

Woodruff takes the most heart in the momentum the anti-plastics 
movement is picking up outside the U.S. Rwanda and Peru, for 
example, have called for a legally binding international treaty to end 
plastic pollution. Likewise, she notes that scientists in China have led 
research on microplastics. “It does give me hope that other coun- 
tries see the importance of this issue and will elevate it,” she says. 

It’s worth noting, too, that we’ve solved a big environmental 
challenge before: The hole in the atmosphere’s protective ozone 
layer continues to heal, thanks to a global ban on ozone-deplet- 
ing chlorofluorocarbons. 

Although anti-plastics progress has been limited in the U.S., 
our nation has taken some steps in the right direction. These 
include an FDA ban on microbeads in toothpaste and certain 
cosmetics and a voluntary commitment by manufacturers to stop 

using grease-proofing PFAS in food packaging. 
Meanwhile, states and municipalities are stepping up. 

California, for example, has mandated testing drinking water 
to inform the state legislature, an effort sponsored by the 
California State Policy Evidence Consortium. 

Over time, she hopes to see plastic use fall dramatically. 
But since most plastics are produced from oil and natural gas, 

infrastructure that’s 
based on reuse.” 

TRACEY 
WOODRUFF  

for microplastics and is considering banning microplastics 
in most cosmetics and cleaning products. And proposed 
legislation in Rhode Island would prohibit manufacturers 

from intentionally adding microplastics to their products. 
she expects to encounter resistance from the fossil fuel industry. 

“We will have to deal with a large, powerful financial incentive 
that’s working against us,” she says. 

In the end, Woodruff envisions a shift away from disposable 
plastic products that would play out in many small ways. For instance, 

instead of serving food with plastic plates, cups, and utensils all 
meant for the trash, restaurants could partner with a contract busi- 
ness that specializes in collecting, cleaning, and returning dishes. 
“You could create a whole new economy around just tableware,” 

she says. “[Changes like this are] going to be more expensive in 
the beginning. But that’s what we need: new infrastructure that’s 
based on reuse.” 

Better materials may one day become widely available. In 
the past, regulations prohibiting certain substances have sparked 
innovation, according to Abrahamsson. For example, when 
leaded additives were phased out, gasoline had to be reformu- 
lated, leading to cleaner air and lower levels of lead, which can 
interfere with development, in children’s blood. 

And keep in mind that others share this concern. People 
don’t want plastic particles and plastic-related contaminants 
accumulating in their bodies, Woodruff says. “No matter who you 
are or where you live in the U.S., people are concerned about 
their health.” 
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