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Microplastics – A review of screening technologies for stormwater treatment
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Introduction
The pollution of microplastics into the natural environment and the human food chain has been gaining increasing public attention since microplastics in the environment were first brought to the public’s attention in 2004 (Thompson et al., 2004). The release of microplastics is a known source of pollution into our global water and soil systems, and with the quantity of microplastics in the environment expected to increase over the next few decades there are concerns about the potential for it to have harmful effects if ingested by animals and humans, either directly or via the food chain. 
Whilst acknowledging that the true impacts of microplastics on the health of humans and other animals are yet to be realised and are still a developing area of research, this paper aims to identify current and potential future methods for removing microplastics from wastewater streams to reduce the mass of microplastics entering the natural environment. The microplastic screening technologies presented herein range from source solutions (household), storm water network solutions (road drains and storm outfalls), wastewater network solutions (combined sewer overflows and wastewater treatment plants) and briefly onto clean water network solutions (water treatment plants and homes). Monitoring of microplastic content within a flow (e.g. raw water intake at a water treatment works) is also briefly investigated. The intention is to provide knowledge of these technologies on microplastic removal methods and in doing so contribute towards achieving UN Sustainable Development Goals 6, 11, 12 and 14 focused on clean water and sanitation, sustainable cities and communities, responsible consumption and production, and life below water, respectively. 
Literature Review
Sources and pathways of microplastics
Most microplastics entering the marine environment are land-based, and the largest source of these is the degradation of larger plastics. Microplastics can either be discharged directly into the environment e.g., tyre dust being blown into local soil or water bodies, or they can be discharged further down the cycle e.g., microplastics in the wastewater network being released to rivers or land via combined sewer overflows (CSOs), wastewater effluent and sewage sludge. Figure 1 summarises the main land-based sources and pathways of microplastics into the aquatic environment.
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Figure 1: Land-based sources of microplastics and their pathways (Setälä et al.,2017)
Studies have found that the largest source (nearly two thirds) of microplastics originate from road runoff i.e. tyres and road markings (CIWEM, 2017). These generally find their way to the environment via surface runoff, storm discharges to the environment, CSOs or wastewater treatment works (WwTW). Another significant source of microplastics is from washing of synthetic fabrics and textiles predominantly from domestic washing machines [3]. Figure 2 shows the major pathways of microplastic release as defined by the International Union for Conservation of Nature and Natural Resources (IUCN).
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Figure 2 - Contributions of different pathways to the release of microplastics (CIWEM, 2017)
impacts of microplastics
Agriculture
A majority of microplastics that find their way to WwTW end up in the sludge associated with. It has become common practice to use treated sludge from WwTW as fertiliser on agricultural soils, meaning that sludge is a driver of soil microplastic contamination. Approximately 50% of sludge produced from WwTW in Europe is applied to land, and the rest is incinerated (Hann et al., 2018). The possible negative environmental impacts of this practice have not been extensively researched. However, the very slow degradation of microplastics in nature means that they can accumulate in the soil and release Persistent Organic Pollutants (POPs) which have the potential to enter the human food chain via crops or livestock grazing. POPs have been shown to be taken up by plants, but at a lower rate than heavy metals (CIWEM, 2017). High magnitude flood events are also capable of flushing microplastic particles from the soil and discharging these into water bodies.
Aquatic Environment
Microplastics in the oceans are often found suspended in the water where they enter the food chain predominantly by being ingested by filter feeders (CIWEM,2017). Microplastics are also common in the gut contents of dead seabirds and their predators [5]. Organisms that ingest microplastics lack a digestive system that can degrade them, meaning fibres can accumulate and block their digestive tracts; similar to the effects that macro-plastics have on larger organisms. Nutrition of small organisms is also compromised when they mistake microplastics for food [5]. Although it is known that microplastics are ingested by many commercial fish species [5], very little is known about the impact of their consumption down the food chain. Microplastics may be egested with faecal matter, retained in the digestive tract, or move between tissues (more common for nano-plastics) and potentially transfer chemicals [5]. Currently there is insufficient evidence to assess the transfer of contaminants in microplastics to flesh of marine life and eventually predators [5]. Therefore, the full effects of microplastics in marine biota are not yet established and are still a developing area of research.
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