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Microplastics (b5 mm) have been discovered in fresh and saltwater ecosystems, sediments, and wastewater
effluent around the world. Their ability to persist and accumulate up food chains should be a concern as
research is still experimenting with techniques to assess their long-term effects on the environment. I sought
to characterize the microbeads found in facial exfoliating cleansers so as to better understand how to reduce
this source of pollution through consumer use and wastewater treatment solutions. By sampling products
from national-grossing cosmetic personal care brands, I was able to gather information on the size, color, volume,
mass, and concentration of polyethylene beads in the cleansers. From that data, I modeled onto a consumer
survey the estimated volume of microplastics entering a wastewater stream. Through inquiry, I learned the
practices of two local wastewater treatment facilities. My findings show that consumer decisions and treatment
protocols both play crucial parts in minimizing microplastic pollution.

© 2015 Published by Elsevier Ltd.

1. Introduction

Microplastics, plastic particles smaller than 5 mm in diameter, have
been detected in the Great Lakes, on beaches, in subtidal sediments, and
even in wastewater effluent worldwide (Erikssson et al. 2013, Browne
et al. 2010, Claessens et al. 2013, Arthur et al. 2009). These particulates
arise from the fragmentation of larger pieces as theyweather, or from sur-
face water, where they are present because of the use of consumer-level
plastic abrasives calledmicrobeads inpersonal careproducts.Microplastics
maynot be removedby standardwastewater treatment processes and can
pass through treatment facilities largely unchanged (Engler 2012).

Abrasive scrub cleansers were developed when people realized that
mechanical exfoliation – the process of removing the outermost layer of
skin with an abrasive material– produces smoother skin (Decker and
Graber 2012, Draelos 2005). Abrasive scrubs incorporate natural and
synthetic materials including polyethylene beads, aluminum oxide,
ground fruit pits, and sodium tetraborate decahydrate granules to
induce various degrees of exfoliation (Mills and Kligman, 1979).
According to the American Academy of Dermatology, polyethylene
beads are commonly used because their smoothness causes less redness
and damage to the skin than some other materials, such as ground fruit
pits. They have been found to be from 4 μm to 1 mm in size, which
makes them a form of microplastics (Fendall and Sewell 2009, Piringer
and Baner 2008). A 2009 study by the University of Auckland in New
Zealand revealed that because the majority of facial cleansers now con-
tain polyethylene microplastics, the average person is now likely to use

cleansing products with microplastics on a daily basis. Microplastics
from facial cleansers entering the wastewater stream from consumer
usage and leaving it unfiltered may be a concern to themarine environ-
ment as they have the potential to persist, bioaccumulate in the food
chain, travel long distances, serve as surface on which organisms
grow, and attract organic contaminants (Arthur and Baker 2011).

In this study, I characterize the physical properties of the polyethylene
beads, determine how much polyethylene from facial scrubs enters the
wastewater streamby surveying consumer use, and explore implications
of microplastics going unfiltered into the ocean.

2. Methods

2.1. Selecting product samples

The three top grossing skincare brands, Neutrogena, Clean & Clear, and
L'Oreal Paris, were selected according to Mintel's (academic.mintel.com)
brand share information. I then narrowed down which products within
these brands to sample by assessing those that were available and
accessible in local drugstores. I decided on 5 Neutrogena, 3 Clean &
Clear and 1 L'Oreal Paris cleanser for a total of 9 product samples pur-
chased in 2013. All sample products listed polyethylene in their ingredi-
ent list.

2.2. Collection and characterization

To characterize the (a) size, (b) color, (c) volume, (d) mass, and
(e) concentration of polyethylene beads in the cleansers, I took 3 ml
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syringe extractions, washed the beads in distilled water, vacuum fil-
tered the effluent over coffee filters, deposited the remaining beads in
gridded petri dishes, studied their characteristics under a dissecting
scope at 40× magnification with a calibrated ocular micrometer, and
made the appropriate conversions as well as calculations under the as-
sumption that they were mostly spherical particulates. For each brand I
measured the diameters of the first 10 pieces of microplastic I encoun-
tered in each extraction, and did five measurement repetitions (Total
N = 50 pieces per brand). Using R statistical analysis (R Development
Core Team, 2009), I retrieved the mean, median, 95% confidence inter-
vals (CI) and standard deviations (SD) for the bead sizes examined in
each extraction.

2.3. Consumer survey

To obtain customer usage data, I surveyed 175 consumers over a
spanof 3monthswith a nine-question online surveywhich I distributed
through email and social media. The survey asked participants for their
demographics, cleanser usage behavior, and scanned for awareness of
microplastics in facial cleansers.

2.4. Wastewater modeling

To estimate the amount of microplastic entering a wastewater
treatment facility from consumer cleanser usage, I made calculations
using the consumer survey results and bead size data. To examine
microplastic contribution on a larger scale, I modeled my results onto
the UC Berkeley student housing resident population, which totaled
6259 residents (housing.berkeley.edu). Using the bootstrappingmethod
in R and the assumption that the student hall population used the sam-
pled products at similar rates and frequencies tomy survey population, I
was able to calculate amore accurate annual residential hall usage (g/yr)
through refined means.

Additionally, I interviewed several local wastewater treatment facil-
ities via email and phone to attain filter size and processing information
to assess if they were equipped to handle microplastics.

3. Results

3.1. Characteristics of microplastic beads

I observed variations in microplastic bead sizes, yet the means and
medians of each productwere relatively similar.Microbead sizes ranged
from 60 to 800 μm in diameter, with an overall mean of 264 μm and
standard deviation of 102 μm (Table 1). Products D and F, had the
smallest beads at 60 μm, while Product E, had the largest at 800 μm.
Product F, had the largest variation in sizes (60–540) with a SD of 130
(Table 1, Fig. 1.)

The SA/Volume ratios were consistently low (0.02–0.03) and bead
mass per 1 ml of product varied little across the products (0.09–0.1 g).
Product F, contained the most volume of plastic at 149 mm3 per bottle
while Product I, contained the least at 15.5 mm3 per bottle (Table 2).

3.2. Survey results of consumer product usage

I found that 75% of the surveyed consumers use facial scrubs and
factoring in their usage frequencies and rates. I discovered that on an
average per consumer rate, Product F contributed themostmicroplastic
annually at 2.68 g/yr. while Product I contributed the least at 0.54 g/yr.
Summing up all consumer responses for each product, I found that
Product A contributed the most microplastic annually at 10.5 g/yr.
while Product H contributed the least at 1.83 g/yr.

I determined that by scaling up my survey responses to model after
the Berkeley residential hall population, I calculated the total annual
microplastic contribution from the student housing to be roughly
5000 g (Table 3).

3.3. Wastewater treatment

I received information from two local wastewater facility experts on
treatment processes practiced in the East Bay counties and the city of
San Francisco.

East Bay Municipal Utility District's (EBMUD) provides water and
sewage treatment for customers in portions of Alameda County and
Contra Costa County in California, on the eastern side of the San
Francisco bay. A maximum of 2.2 million gallons per day (MGD) of the
annual average daily plant flow of 62 MGD can be processed through
the EBMUD's East Bayshore Water Recycling Plant, which includes a
microfiltration system in its tertiary treatment process with a filter
size of 0.1 μm. The remaining 96% of the flow receives secondary treat-
ment only and does not undergo tertiary treatment prior to discharge
into the San Francisco Bay (Vincent De Lange, EBMUD Senior Civil
Engineer).

The San Francisco Public Utilities Commission (SFPUC) is a depart-
ment of the City and County of San Francisco that provides water,
wastewater, and municipal power services to San Francisco. The city's
two main wastewater treatment plants, Southeast and Oceanside, also
employ secondary treatment. At Oceanside, there are plans in the near
future to install microfiltration, reverse osmosis and UV disinfection
for recycled water, which accounts for a fraction of the total MGD, to
be used towards irrigation of parks and similar recreational spaces.
The Southeast facility discharges into the bay while Oceanside's
discharge is 4.5 miles offshore into the Pacific Ocean. SFPUC's Karla
Guevarra did add that other plants in the Bay Area, such as the Cities
of Palo Alto and San Jose employ tertiary treatment.

4. Discussion

Polyethylene in facial scrubs as a source of microplastic marine
pollution is gaining momentum in research and in the public eye. By
characterizing the physical properties of microplastic beads found in a
sample of products, I found little variation in sizes and colors across
brands. This suggests that producers may have a uniform standard.
The bead sizes in the products I sampled were all small enough to
bypass filtration in certain wastewater treatment facilities. From my
survey, I discovered that though the majority of the study population
did use a facial scrub, they were not aware that many contained plastic
particles. Laboratory studies have shown that suspension-feeding sea
cucumbers alongwith range of organisms includingmussels, barnacles,
lugworms, and tiny crustaceans do ingest plastic particles, though it is
unknown if plastic ingestion adversely affects their physiology or fitness
(Graham and Thompson, 2009). These species serve as the foundation
of an intricate food chain, which humans play a huge part in. New re-
search also suggests that polyethylene is an excellent transporter of

Table 1
Microplastic measurements. Size of microplastic beads in nine facial exfoliating cleansers.
N = 50 beads per product sample: (A) Clean & Clear Morning Burst Scrub Oil-free,
(B) Clean & Clear Deep Action Exfoliating Scrub Oil-free, (C) Clean & Clear Daily Pore
Cleanser, (D) L'Oreal 360 Go Clean, (E) Neutrogena Oil-free Acne Wash Daily Scrub,
(F) Neutrogena Clear Pore Daily Scrub, (G) Neutrogena Deep Clean Gentle Scrub,
(H) Neutrogena Deep Clean Invigorating Foaming Scrub, (I) Neutrogena Oil-free Acne
Wash Pink Grapefruit.

Product Mean (microns) SD Range Median 95% CI

A 272 89 100–500 240 247–297
B 271 81 120–520 260 248–294
C 183 58 80–400 200 167–200
D 215 98 60–420 200 187–242
E 317 110 200–800 300 285–350
F 265 130 60–540 260 230–301
G 274 120 120–600 250 241–307
H 286 120 100–600 240 256–316
I 293 120 180–600 270 264–322
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hydrophobic organic contaminants such as phenanthrene, a byproduct
of fossil fuel burning that is a dangerous ocean pollutant (Teuten et al.
2007).

4.1. Microplastics

The microplastics I found in the facial scrub products had sizes close
to the overall mean, signifying that there is minimal variation across
brands. Particle size is most likely kept to a roughly standard size
because an abrasive on the skin that is too large can be too harsh on
the skin, while a one that is miniscule could prove to be ineffective as
an abrasive.

I also found that themicroplastic beadswere allwhite and opaque in
colors, which fall under the color categories of microplastics commonly
found in the North Pacific Central Gyre (NPCG). These colors are similar
to those of the area's plankton, a primary food source for surface feeding
fish (Boerger et al. 2010). In one study, white, opaque spherules were
selectively consumed by 8 species of fish out of 14 species examined
(Carpenter et al. 1972); thus, there is a high likelihood that cleanser
microplastics making it to the ocean could be mistaken for plankton
by a number of fish species. Though the exact physiological effects of

plastic ingestion still require further study, ingestion of plastics may
lead to intestinal blockage in smaller fish and risk of polychlorinated
biphenyls absorption. (Derraik 2002) The low surface to volume ratio
indicates a slower degradation rate, which is concerning, since polyeth-
ylene takes years to break down.

4.2. Wastewater treatment

Seeing as how the interviewed facilities tend to employ treatment
up to the secondary level, they should plan for implementing standard-
ized microfiltration or tertiary treatment to catch these microplastics
that are likely to escape the current treatment process. Therefore,
microplastics rinsed off consumers' faces are highly likely to enter
wastewater stream, most of which is diverted directly to the ocean.

A previous study found that the largest recorded abundance and
mass of plastic found in the surface layer of the Pacific Ocean was
334,271 pieces/km2 and 5114 g/km2, respectively. Plankton abundance
was approximately five times higher than that of plastic, but themass of
plastic was approximately six times that of plankton. (Moore et al.

Fig. 1. Photomicrographs of themicroplastics and colored inclusions in facial cleanser products A–I. Scale bar in all panels 500 μm. All products includedwhite, opaquemicroplastic beads.
Brand D contained apricot seed powder as additional abrasive material. Other colored material had unknown composition.

Table 2
Microplastic surface area to volume ratio, concentration and mass.

Product SA/Volume Bead volume/bottle (mm3) Bead mass (g)/ml product

A 0.02 34.7 0.09
B 0.02 23.7 0.08
C 0.03 36.3 0.09
D 0.03 101 0.08
E 0.02 43.5 0.08
F 0.02 149 0.1
G 0.02 25 0.09
H 0.02 41.2 0.08
I 0.02 15.5 0.08

Table 3
Modeling survey usage rates on UC Berkeley student residential hall population.
Total population = 6259 residents. Total annual microplastic contribution 5000 g.

Product Usage rate Dorm users Bootstrap mean Dorm use (g/yr)

A 18.03% 1130 0.95 1070
B 11.48% 718 0.57 412
C 4.92% 308 1.51 465
D 0.00% 0 0 0
E 26.23% 1640 0.57 931
F 3.28% 205 2.66 545
G 8.20% 513 1.14 585
H 4.92% 308 0.61 188
I 22.95% 1440 0.54 783

332 M. Chang / Marine Pollution Bulletin 101 (2015) 330–333



2001) Clearly, plastics have been escaping wastewater filtration and
going into the ocean for decades.

4.3. Consumer buying behavior

I surveyed 175 individuals through an online survey from which I
modeled product use onto the UC Berkeley student residential hall
community nationwide scale and found that 5000 g of microplastic
was going into the wastewater stream per year. If consumers switched
over to natural alternative cleansers, 5000 g of microplastic – the
equivalent of 2500 Ziploc sandwich bags (16.5 cm × 14.9 cm) – could
be diverted from the wastewater stream every year.

To gather more insight on consumer buying behavior, I conducted a
quick follow-up survey asking consumers what motivated them
towards their purchasing decisions. Using a Likert scale of importance,
I found that the majority of consumers placed great importance in
product effectiveness and were highly influenced by graphics as
well as the bottle shape. Consumers specified that within the graphics,
they paid attention to layout of text, text color (particularly bright
colors), description of effectiveness, pictures, and creative and visually
appealing patterns. All consumers considered their products safe to
use. The CIR Expert Panel has concluded that polyethylene is safe for
use in cosmetic products in the practice and concentration as described
in their safety assessment (Final report on the safety assessment of
polyethylene, 2007). Yet equipped with the knowledge that there is
plastic in the product, I found most consumers would choose not
purchase it or discontinue their use entirely.

Cosmetic and personal care product packaging has evolved from
simple utilitarian containers to commercial works of art that entice
the consumer to purchase the contents. Consumers have become
increasingly aware of environmental issues tied with the negative
impact of superfluous packaging, opting for more “eco-friendly” or
“green packaging”. Not only does the package have to be visually and
sensually appealing, but it must also encompass the essence of natural-
ness, environmental compatibility, and healthfulness (Rosette et al.
2012).

5. Conclusion

I sought out to characterize a formerly overlooked source of
microplastics that has been receiving growing attention to resurface
the issues of these particulates persisting in the environment after
they are rinsed off from consumer use, and released from wastewater
treatment facilities.

The state of California is themost recent to joinNewYork and Illinois
in banningmicrobeads (The Guardian, 2015). Legislative action is a step
towards the right direction, though there needs to be a greater sense of
awareness among the general public about these products containing
environmentally detrimental microplastics. This awareness starts with
proper labeling of products containing polyethylene and the availability
of viable and more sustainable alternatives. Major cosmetics brands
have begun email marketing campaigns coupled with hashtags such
as “#banthebead” to generate awareness among their customers
while offering alternative products containing natural abrasives such
as groundwalnut husks, oatmeal and granulated sugar. Additional inno-
vative approaches include amobile app developed by Dutch NGOs Plas-
tic Soup Foundation and North Sea Foundation that detects products
known to contain microplastic beads so that consumers can increase
their knowledge base so as to influence their purchasing decisions.

Not only do consumers need to do their part on educating
themselves, so do wastewater treatment facilities, most of which are
ill equipped to handle particulates often too small to sort out. We can
do our part to prevent furthermicroplastics from entering thewastewa-
ter stream and escaping into our marine and freshwater environments.
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