Title: The Impact of Microplastic Pollution on Freshwater Invertebrate
Communities in Northern European Rivers

Abstract / Executive Summary
Proposal text:

Microplastic pollution is now widespread in freshwater ecosystems across Europe, with
documented concentrations in river sediments ranging from 10 to 4,000 particles per kilogram of
dry weight (Wagner et al., 2014). Despite this, the ecological impacts of microplastic exposure
on freshwater invertebrate communities remain poorly understood at the community level. This
project will investigate how microplastic concentration, particle size, and polymer type affect the
abundance, diversity, and behavioural patterns of macroinvertebrate communities in six
Northern European rivers. Using a combination of field sampling, laboratory exposure
experiments, and community-level modelling, this project will generate the first multi-river, multi-
species dataset on microplastic impacts on freshwater macroinvertebrates in Northern Europe,
with direct implications for freshwater conservation policy.

Why this works: STEM abstracts are functional documents. They state the
problem with a concrete statistic, identify the gap, describe what the study will do
(not just study), specify the methods, and state the anticipated contribution, all in
roughly 150 words. Notice the precision: not just "rivers in Europe" but "six Northern
European rivers." The final clause situates the scientific contribution in a real-world
context, which is important for funding proposals.

Introduction and Problem Statement
Proposal text:

Freshwater ecosystems are among the most threatened on Earth, with invertebrate biodiversity
declining at rates significantly exceeding those in terrestrial and marine ecosystems (Dudgeon
et al., 2006). Macroinvertebrates, including insects, crustaceans, and molluscs, play critical
roles in freshwater ecosystems as primary consumers, detritivores, and prey for higher trophic
levels. Their sensitivity to environmental change has made them primary indicators of
freshwater ecological health in European regulatory frameworks, including the EU Water
Framework Directive (European Commission, 2000).

Microplastic pollution, defined as plastic particles less than 5mm in diameter (Thompson et al.,
2004), has emerged as a pervasive environmental contaminant with documented presence in
rivers, lakes, and groundwater worldwide. While the ecological effects of microplastics in marine
environments are reasonably well-characterised, freshwater research lags significantly.
Critically, existing freshwater studies have examined single-species responses under controlled
conditions; no published study has assessed community-level ecological effects across multiple
river systems in Northern Europe using integrated field and laboratory methods.

Why this works: The introduction builds its case in layers: first establishing why
freshwater invertebrates matter ecologically and regulatorily, then establishing what
is known about microplastic pollution, then identifying the specific gap this project
addresses. The final sentence specifies what hasn't been done with methodological



precision. That specificity is what makes the gap credible, not just "more research is
needed."

Aims and Objectives
Proposal text:

Aim: To characterise the effects of microplastic pollution on freshwater macroinvertebrate
communities across six Northern European river systems.

Objectives:

1. To quantify microplastic concentration, particle size distribution, and polymer type in
sediment and water column samples from six rivers representing a gradient of urban-
rural land use.

2. To assess macroinvertebrate community composition, abundance, and diversity at sites
across the microplastic concentration gradient using standardised kick-net sampling
protocols.

3. To conduct controlled laboratory exposure experiments testing the effects of three
polymer types (polyethylene, polypropylene, polystyrene) at three concentrations on the
feeding behaviour and survival of two indicator species.

4. To develop a community-level model integrating field and laboratory data to predict
macroinvertebrate community responses to microplastic exposure under different land-
use scenarios.

Why this works: At PhD level, the distinction between aims (broad) and objectives
(specific and measurable) is important. The aim is the overarching goal. The
objectives are the specific tasks that will achieve it. Each objective maps onto a
distinct phase of the work: field sampling (1 and 2), laboratory experiments (3), and
modelling (4). Any assessor can read these four objectives and immediately
understand the project's scope and sequence.

Literature Review and Theoretical Framework
Proposal text:

Research on microplastic impacts in freshwater systems falls into three areas: occurrence and
distribution studies, single-organism toxicology, and ecosystem modelling. Occurrence studies
have documented widespread microplastic contamination across European rivers, with
consistent evidence that urbanisation, proximity to wastewater treatment outflows, and
agricultural runoff are primary drivers of concentration. Single-organism toxicology studies have
demonstrated dose-dependent effects of microplastic ingestion on feeding rates, growth, and
reproduction in several freshwater invertebrate species, including Gammarus pulex and
Dreissena polymorpha (Imhof et al., 2013; Au et al., 2015).

What is almost entirely absent from the literature is community-level analysis: studies examining
how microplastic exposure affects the composition, diversity, and interaction structure of
macroinvertebrate communities rather than individual species. This gap is significant because
ecological risk assessments and conservation policy are predicated on community-level
indicators of ecosystem health, not single-species endpoints.



The theoretical framework for this project draws on Community Ecology theory (Leibold et al.,
2004) and Chemical Stress Ecology (Schafer et al., 2011). Community Ecology provides the
conceptual tools for analysing how environmental stressors filter community composition
through trait-based responses. Chemical Stress Ecology provides the mechanistic framework
for linking stressor concentration to community-level endpoints. Together, these frameworks
allow this project to move from describing patterns to explaining processes.

Why this works: The literature review is efficient and precise. It organizes existing
research into three areas, credits specific studies, and identifies a gap that is
consequential for the real-world application of the research (conservation policy).
The theoretical framework section explains the conceptual tools for moving from
empirical data to mechanistic explanation.

Research Methodology
Proposal text:

Field Sampling: Six river sites will be selected across a gradient from low to high microplastic
concentration, stratified by land use (urban, peri-urban, agricultural, semi-natural). Sampling will
take place quarterly over 18 months to capture seasonal variation. At each site, sediment and
water column samples will be collected for microplastic analysis, and macroinvertebrate
communities will be assessed using standardised three-minute kick-net sampling in three
replicate riffle sections per site.

Microplastic Analysis: Samples will be processed following ECHA (2019) standard protocols.
Microplastic particles will be characterised by concentration, size class, and polymer type using
Fourier-transform infrared spectroscopy (FTIR).

Laboratory Experiments: Gammarus fossarum and Baetis rhodani will be used as indicator
species, selected for their ecological importance and sensitivity to stressors. Organisms will be
exposed to three polymer types (polyethylene, polypropylene, polystyrene) at three
concentrations (10, 100, and 1,000 particles/L) under controlled temperature and flow
conditions. Response variables will include survival, feeding rates, and locomotion.

Modelling: A trait-based community model will be developed using R (vegan package) to
integrate field and laboratory data and generate predictions under three land-use change
scenarios.

Why this works: STEM methodology sections need to be technically precise. This
example names specific species, specific polymer types, specific concentrations,
specific analytical equipment (FTIR), and specific software (R, vegan package). The
four sub-sections mirror the four objectives, and that alignment signals thorough
planning.

Expected Results and Impact
Proposal text:
This project is expected to generate evidence that microplastic concentration is negatively

associated with macroinvertebrate community diversity and abundance, with effects modulated
by polymer type and land-use context. Laboratory experiments are expected to confirm



sublethal effects at environmentally relevant concentrations for both indicator species. The
community model is expected to show non-linear community responses to microplastic load,
with potential threshold effects at concentrations associated with high urbanisation.

The primary scientific contribution of this project is the first multi-river, multi-species dataset on
community-level microplastic impacts in Northern European freshwaters. This dataset will be
made openly available upon project completion. Policy implications include direct relevance to
Environmental Quality Standards under the EU Water Framework Directive, which currently
lacks microplastic-specific thresholds. This project will provide evidence to support their
development.

Why this works: STEM proposals present "expected results" rather than "findings,"
and the distinction is important — the research hasn't been done yet. Notice the
careful language: "expected to generate evidence that... is negatively associated"
rather than "will prove." The contribution is specified precisely: a multi-river, multi-
species dataset. The policy link to the EU Water Framework Directive is concrete,
so a funding committee can understand exactly why this research matters.

Budget and Resources

Note: This section appears only in funding proposals, not in programme
applications. If you're applying to a PhD programme, omit this section entirely.

Item Estimated
Cost

Field equipment and consumables (sampling nets, containers, FTIR lab £12,000
access)

Laboratory reagents and consumables £8,500
Travel to field sites (18 months, quarterly visits, 6 sites) £6,000
Conference attendance (2 conferences over 3 years) £3,500

Open access publication fees (estimated 2 papers) £4,000

Total £34,000

Why this works: A budget in a funding proposal should be specific, justified, and
realistic. This example itemises costs by activity, includes a line for open access
fees (often forgotten), and keeps the total within the range appropriate for a
laboratory-based environmental science PhD. If your proposal requires a budget,



work backwards from what you'll actually need, not what looks impressive or what
sounds modest.

What Makes This Example Strong:

Abstract is functional: problem, gap, approach, contribution in 150 words

Aims and objectives are distinct and sequential

Methodology maps precisely to objectives

Literature review identifies a consequential gap (not just "more research needed")
Budget section shows planning maturity (for funding proposals only)



