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SUMMARY

In the early 2010’s, plastic contaminates from synthetic microbeads were discovered in wastewater effluents.  

Since then, microplastic pollution has spanned the globe, as the presence of tiny, even microscopic, particles of plastic 

have been discovered everywhere — even remote, uninhabited, and seemingly untouched, places of the planet. 

These microplastics are found in everyday items such as household cleaners, cosmetics, paints, rubber from tires, and 

fibers from synthetic fabrics. Their microscopic size allows them to pass through various filtration methods and media at 

wastewater treatment plants and enter our ecosystem at alarming rates. 

It is estimated that the US is dumping more than 64,000 pounds 

of microfiber into natural water sources on a daily basis.*  
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MICROFIBER POLLUTION 
DEFINED AND DESCRIBED

Microfibers are microscopic pieces of plastic — up to 5mm in length — that are flushed from homes through wastewater 

disposal methods. These plastic particles are composed of synthetic materials that do not break down or biodegrade 

over time. They come from synthetic fibers, household cleaners, cosmetics, paints, and a wide range of commonly-used 

household and workplace items. These pollutants enter our ecosystem through our water and become a permanent 

fixture in our ecosystem — starting in our natural water sources and moving all the way up the food chain. 

Micro particles are eaten by small biota in water ways at the base of the food chain. These animals include plankton, 

small fish, and filter feeders such as muscles and shrimp. As larger animals and fish eat the smaller animals in the food 

chain, the plastic accumulation moves up the chain in larger quantities. Through this process, many large fish and 

mammals are found to have significant quantities of plastics in their stomachs. This ultimately reduces the amount of 

nourishment they receive, as their stomach is holding deposits of these synthetic materials. Eventually the plastic ends 

up in our food and water sources.

A recent study found that the average human ingests enough 

plastic every week to make a credit card.**   

Once plastic is in the environment, it breaks down into smaller and smaller pieces over time, becoming more difficult to 

detect, capture, and remove. These smaller pieces act as a sponge that absorbs other harmful toxins such as BPA and DDT.
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POLLUTION CONTRIBUTORS 
SOURCES OF MICROPLASTICS IN WASTEWATER

Household Cleaners and Cosmetics
The Obama administration outlawed the use of microbeads in cosmetics such as toothpaste and face washes in 2015, 

after numerous studies found they were making their way into public water through wastewater plant effluents.  

(https://www.congress.gov/bill/114th-congress/house-bill/1321/text)

Clothing & Fashion
Textile production and laundering are one of the most significant environmental pollution  

contributors, as synthetic fabrics (manufactured from recycled plastic materials) shed  

plastic with each wash. Every time clothes made of polyester, nylon, acrylic, spandex or rayon  

are put through the process of washing, microscopic pieces of plastic enter the ecosystem.

The biggest contributor to this specific piece of the microfiber pollution problem is Fast Fashion. 

 Fast Fashion refers to the production of cheap clothing from synthetic fibers that  
 break down quickly. The Fast Fashion market also encourages buying more clothing  
 and wearing it less, which increases the volume of clothing produced. 

These “Fast Fashion” fabrics shed more than higher-quality clothing and have a  

greater impact on the environment. More clothing equals more shedding of fibers  

during wash, which ultimately amounts to exponentially higher amounts of microplastics  

released into the ecosystem.

It has been estimated that as much as 35% of the  
microfibers found in the environment come from  
our household laundry.1

The process of laundering synthetic fabrics causes them to shed, and the microscopic particles of plastic from these 

materials are flushed out of the house with the wastewater effluent. From there, they pass through the treatment process 

and into the ecosystem. 

1

2

3

https://www.congress.gov/bill/114th-congress/house-bill/1321/text
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The same process occurs with the use and disposal of cleaning supplies, cosmetics, and other products containing 

synthetic materials.

260 Loads

x 780 grams per  
year per household

The average home does 260 loads of laundry a year. If each load of laundry produces an  

average of 3 grams of micro plastic pollution that’s washed out with the wastewater ...

For every 100,000 households, 78,000 KG (172,000 pounds) of fibers are released into wastewater effluents  

annually. Assuming 60% is synthetic, that’s enough plastic to make over 5 million 16.9 ounce plastic water bottles.

Research & Treatment
The discovery of microfiber pollution and its sources has led to global discussions and expansive efforts in research 

and development to both understand the far-reaching implications of this plastic pollution problem and discover the 

most effective solution to it. Freshwater and saltwater has been tested and found to contain the pollutants. Further, 

microfibers were found in samples conducted by both non-profit and academic research groups around the globe. 

These studies traced the main source of microfibers from our clothing, our household items, and our manufacturing 

processes back to wastewater plant effluents. 

= 172,000 lbs per  
100,000 households

LET’S DO THE MATH OF MICROFIBER POLLUTION
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Domestic wastewater treatment systems have been typically designed to remove organic contaminates such as 

biochemical oxygen demand (BOD), phosphorus, nitrogen, and total suspended solids (TSS). Much of our current 

wastewater treatment technologies were developed in the 1970’s when the Clean Water Act was enforced. Recent 

developments include membrane filtration which can remove micro particles from wastewater effluents, but this newer 

technology is extremely expensive and is not widely adopted because of its high levels of maintenance and oversight. 

As more research is conducted, the implications of these plastic pollutants in our water and food supply is beginning 

to be understood more thoroughly. Various technologies and after-market solutions are being tested, developed, and 

configured to stop these pollutants at their points of origin, before they enter a home’s septic or drainage system. 

Common Wastewater Treatment Systems
Levels of microplastics in our world are increasing daily, as few options exist for removing pollutants once they are 

introduced to the environment. Wastewater treatment and conveyance systems are typically older and are not equipped 

for the levels of micro-waste being poured into our ecosystem. Municipal collection systems give microfibers time to 

break down into smaller pieces as they move through miles of piping and are processed through grinder pumps on 

their way to the plant. At the individual household level, prevention and reduction of items and products known to cause 

microfiber pollution is the only true solution. 

One of the few places consumers can take active and effective measures to keep microfibers out of the environment is 

at their homes’ washing machines. 

Since current washing machine filters are not equipped 
in modern washing machines, after-market filters are 
the only option for in-home filtration.
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Wastewater Treatment Sources
Onsite septic treatment systems for homes, commercial laundry facilities, and municipal facilities and processes are built 

to filter out and treat large pollutants. They do not, however, have the media necessary to stop all microplastics from 

entering our ecosystem.

Onsite Septic Systems

According to the EPA, 25% of households in the United States 

use an on-site septic system for wastewater treatment. These 

homes are typically rural and do not have access to large 

municipal wastewater treatment plants. 

Septic systems are an effective and economical means of 

treating sewage onsite. Most are equipped with a septic tank 

which uses gravity and time to settle out suspended particles. 

The “grey” water flows via gravity (or is pumped) into a drainfield 

dispersal field. Drainfields complete the last step of treatment 

using the rock and soil to filter out and break down the rest of 

the organic contaminates in the wastewater. Good bacteria 

grow and multiply in the septic tank and in the drainfield 

dispersal field. These bacteria breakdown and consume organic 

material left in the wastewater. As effluent moves through the 

soil, most of the contaminates are removed before entering the 

groundwater table, providing groundwater recharge. Newer 

technology in septic systems and onsite treatment include the 

use of recirculating sand or media filters, aerobic treatment 

units, and mechanical filtration. They have been used for 20 

years or more and are gaining popularity as code requirements 

become more stringent. 

Many of these advanced treatment systems produce very  

clean effluent similar to municipal wastewater treatment plants.  

Ongoing maintenance for septic systems typically requires  

sludge removal from septic tanks every 2-3 years by using  

a vac truck.  

ON-SITE

DRAINFIELD

SEPTIC TANK

PUMPING & 
APPLICATION 
OF BIOSOLIDS 
FOR CROP 
FERTILIZER

1

2

3

SEPTIC TANK: Solids and microplastics accumulate as  

sludge.

DRAINFIELD : Some microplastics/fibers suspend and make  

their way to the soil treatment system and can clog the soil  

pores, causing premature failure.

PUMPING :  Septic tank maintenance involves sludge removal.  

This concentrated sludge is then land applied as biosoils for  

crop fertilizer. Fibers in the sludge remain on the land and are  

prone to erosion.
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This sludge contains all of the biological and inert waste generated by the home since it was last serviced. This sludge 

also contains any microfibers that were generated from the home’s washing machine.  

Many of these fibers make there way into the soil treatment system, but a large fraction are trapped in the septic tank 

sludge. This sludge may be hauled to a local treatment plant, but much of the septic waste in the US, as well as the 

microplastics contained within it, is land applied on agriculture fields since it contains a fertilizer value for crops.

Sludge Treatment: Even though a septic system holds back material, 
 it is still collecting, storing, and concentrating sludge from wastewater.  

Sludge that is stored contains microscopic pollutants,  
and must therefore be disposed of properly.
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Municipal

The municipal sewage treatment process works very 

much like a residential septic system, allowing gravity, 

nature, and time to do much of the work of separating 

out wastes and moving wastewater back into the 

ecosystem safely and effectively. Municipal treatment 

facilities are increasingly facing the challenge of micro 

plastic mitigation. Municipal systems, many of which are 

antiquated, are now facing the plastic pollution issue with 

increasing awareness and urgency.

All municipal or centralized wastewater treatment plants 

(WWTPs) include some type of collection and conveyance 

system to a centralized wastewater treatment facility. 

The most common municipal treatment systems are 

ponds, activated sludge, and trickling filters. Homes and 

businesses connected to the municipal system operate 

via gravity and pumps. Most city collection systems have 

miles of interconnected, progressively-larger piping that 

ultimately runs into a lift station (or series of lift stations). 

These stations grind up sewage to prevent clogging.

Once raw wastewater has been processed through the 

lift stations, it enters the plant, where it typically is filtered 

through coarse screens that remove trash and sediment. 

Primary treatment tanks (or clarifiers) settle larger debris 

over time, which is then sent to a sludge treatment tank for 

further treatment. Small pieces of plastic and microfibers 

are not completely filtered out on the municipal level, 

and, depending on the treatment technology used at the 

wastewater plant, 50-90% of fibers are retained within the 

sewage sludge at the plant. 

MUNICIPAL SEWER PATHWAY

SEWAGE  
CONVEYANCE 
SYSTEM

WASTEWATER 
TREATMENT 
PLANT

INCINERATION 
OR LANDFILL 
DISPOSAL OF 
BIOSOLIDS

REMOVAL & 
APPLICATION 
OF BIOSOLIDS 
FOR CROP 
FERTILIZER
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A B C

SEWAGE CONVEYANCE SYSTEM : Miles of interconnected,  

progressively-larger piping that ultimately runs into a lift station.

WASTEWATER TREATMENT PLANT: Filtered through coarse  

screens that remove trash and sediment. 50-90% of fibers are retained  

within the sewage sludge at the plant. 

REMOVAL & APPLICATION OF BIOSOLIDS FOR CROP FERTILIZER 

This concentrated sludge is land applied as biosoils for crop fertilizer.  

Fibers in the sludge remain on the land and are prone to erosion.
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The activation of bacteria within wastewater and the use of time and gravity with technology have proven to be effective 

solutions for treating the toxicity in wastewater. A lack of effective plastic particle filtration, however, has microfibers 

continually flushed from municipal WWTPs into streams, lakes, rivers, and reservoirs. 

Rural Wastewater Solutions 

Pond systems are generally used in rural communities that have enough land in the area to construct lined holding 

ponds. Typically 10 acres or more in size, these ponds use time and nature to their advantage. Effluent in these systems 

may be transferred through several stages of ponds over the course of 6-12 months, while it is treated by naturally 

occurring good bacteria in the ponds. 

Much of the water ends up being evaporated, but when the pond is full, it is sampled to ensure permit compliance.  

They are typically discharged into nearby natural waterways, such as creeks and rivers. Permits usually only require 

BOD, TSS, bacteria, and phosphorus to be addressed and sampled prior to discharge. Micro-plastic pollutant levels  

are not monitored. 

In addition, fibers that settle out in the sludge layer accumulate over time. This sludge blanket will eventually need to be 

cleaned and removed from the pond. As with other wastewater treatment facilities, the typical sludge disposal method is 

land application on fields.

INLET

PRIMARY POND SLUDGE

BERM

FLOW EVAPORATION

SECONDARY POND SLUDGE

OUTFALL  
TO RIVER OR 

STREAM

POND SYSTEM
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Sewage Overflows

Sanitary Sewer Overflows (SSOs) describe any time that raw sewage spills into freshwater sources because of 

overworked or underperforming wastewater treatment facilities. These are common in cities that have antiquated 

wastewater collection systems that are not adequately equipped to handle a sudden influx of water. They also occur 

from blockages, sewer line breaks, or power outages. With a sudden surge of water through the system, a backup 

causes an overflow of sewage from where water is collected and transported and into water sources. This causes 

untreated wastewater and raw sewage to be released into the ecosystem. 

In these treatment scenarios, heavy rainfall events can allow millions of gallons of untreated or partially-treated sewage 

to enter surface waters.

The majority of sewer systems within the United States are between 30 and 100 years old, meaning many areas are 

vulnerable to sewage overflows. Aside from the significant health risks associated with water contamination, untreated 

water also impacts our ecosystem. Sewage in our environment can cause hypoxia (oxygen deprivation), toxic algae 

blooms, destruction of wildlife habitats, along with various other impacts to wildlife, most significantly to endangered or 

threatened species (50% of which are water-dependent). 

Recent research indicates that SSOs are also spilling plastics into our ecosystem. When aging municipal sewer 

systems fail (because of deterioration, equipment malfunction, freeze/thaw cycles, etc.) or when they are unable to 

control the collection and dispersement of wastewater (due to exceeding equipment capacity because of weather 

events such as heavy rains), microplastics are also entering the environment. 

The impact of untreated water leaving our homes, sewers, and wastewater treatment plants (WWTPs) from a sewer 

overflow event is still being measured in terms of micro plastic pollution. While efforts continue to reduce the amount 

of plastic entering our ecosystem on a daily basis through water filtration, in-home fixtures, and reduced plastic 

consumption, SSO events can produce significant, even catastrophic, ecological impacts.
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CONCLUSION

With 64,000 pounds of plastic being dumped into our ecosystem’s water supplies on a daily basis in the US alone, 

there is more that can be, and must be, done to mitigate plastic pollution in our world. The impacts of plastic on our 

water, our food, and our health will ultimately be measured over decades, and the effects on wildlife are just beginning to 

be understood more clearly. 

As the problem of plastic and microfiber pollution continues to be researched and as solutions continue to evolve, the 

issue remains one that must be addressed. The implications of not protecting our planet from the long-lasting impacts of 

synthetic plastics has yet to be fully understood. 

Wastewater treatment solutions — for residential and municipal settings, in urban and rural areas — are inadequate to 

address the plastic pollution problem. Cleaning solutions, fast fashion trends, and a disproportionate dependence upon 

the convenience of single-use plastics are all contributing to the presence of these steadily increasing pollutants in our 

environment — and subsequently in our food and water sources. 

To properly address the microscopic influx of pollutants in our ecosystem, we must address the problem on two fronts. 

First, we must reduce our manufacturing of and dependence upon synthetic materials. And since our economy does not 

seem poised or prepared to shift away from its current dependence upon plastics, we must aggressively address the 

problem of plastics at the points of dispersal.
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