Per- and Polyfluoroalkyl Substances (PFAS) Biomagnification in Food Webs: A protocol for a systematic review and meta-analysis
SUPPLEMENTARY INFORMATION
Conceptual model
The trophic magnification slope (TMS) quantifies the trophic magnification of pollutants up the food chain (Supplementary Figure 1). It is estimated by: 1) measuring contaminant concentration in organisms from at least three different trophic levels (TLs); 2) using stable nitrogen isotope analysis or dietary data to determine organisms' TLs; 3) regressing the logarithm of contaminant concentration against TLs to fit a linear relationship:
log10[contaminant] = TL(b) + a
where b represents the TMS, and a is the intercept. 
A TMS > 0 indicates trophic magnification, while a TMS < 0 indicates biodilution (Borgå et al., 2012). If TMS = 0, it suggests that no significant trophic magnification or trophic dilution is occurring. The TMS is a standardised and comparable metric across different studies, ecosystems and contaminants. The trophic magnification factor (TMF) is the antilogarithm of the TMS and, like the TMS, is frequently employed to quantify the trophic magnification potential of chemical compounds. A more extensive explanation of the conceptual model is provided in Supplementary Information.
The trophic level of a given species is usually calculated using stable nitrogen isotope analysis and a baseline organism as a reference (baseline organism refers to an arbitrary species that occupies the lowest trophic level and serves as a primary food source for other organisms in the food web). TL is estimated using the following equation:
TLconsumer = λ + (δ15Nconsumer – δ15Nbaseline) / Δ15N
Where TLconsumer is the trophic level of a given consumer, δ15Nconsumer and δ15Nbaseline are stable nitrogen isotope values of a given consumer and the baseline organism, respectively, and λ is the trophic level of the baseline organism. Δ15N is a measure known as the trophic discrimination factor, which quantifies the rise in the ratio of nitrogen isotopes (specifically, 15N to 14N) as organisms consume one another within a food chain.
Screening Eligibility criteria
· Eligibility criteria at the title plus abstract level:
· The study’s title and, optionally, its abstract are accessible. 
· The study is published as a peer-reviewed journal article, a pre-print, or a thesis (including bachelor's, master's, doctoral, and postdoctoral theses).
· The study is likely based on empirical research.
· The study is expected to investigate the relationship between at least one PFAS concentration in food web organisms and their trophic level.
If these criteria are met, we will proceed with the eligibility assessment at the full-text level.
· Eligibility criteria at the full-text level:
· The full text of the study is available for examination and data extraction.
· The full text is written in English or another eligible language (refer to ‘Other restrictions’ in the protocol's ‘Definitions of the question components’ section).
· The study provides the trophic magnification slope (TMS) for at least one PFAS and its standard error or 95% confidence intervals. Alternatively, it must provide the trophic magnification factor (TMF) and its standard error or 95% confidence intervals. If neither TMS nor TMF values are provided, the study must include linear regression plots of log PFAS concentrations versus trophic levels (refer to Supplementary Figures 2 and 3 for examples of eligible scenarios).
We will extract and code relevant data if all these criteria are met.
Data extraction strategy
The data extraction strategy for this meta-analysis will be as follows:
1. Data to be Extracted: The data to be extracted from each study will include the study characteristics (e.g., first author name, year of publication, journal of publication), study methods (e.g., study design and sampling characteristics), details about the ecosystem and food web studied (e.g., length of the food web), the specific PFAS compounds analysed, the TMS and relevant statistics (e.g., confident intervals); (see the “Meta-data extraction and coding strategy” section of the protocol). If a study measures PFAS trophic magnification through different association measurements (e.g., Linear regression, Kendall’s rank correlation coefficient), we will extract data only from the linear regression analysis. We will only extract data from Kendall’s rank correlation coefficient if a linear regression analysis is not provided.
2. Method for Extraction: Four standardised Google data extraction forms will be used to ensure consistency in the data extraction process. The forms will include fields for all the data to be extracted and a supporting field where any comment on the extracted data will be recorded and reported to improve clarity and transparency. One reviewer will extract data from each study, and a second reviewer will perform a consistency-checking extraction (see the following “Consistency checking” section of the protocol for further details).
3. Qualitative and Quantitative Findings: Both qualitative (e.g., study design, methodology) and quantitative findings (e.g., TMS values) will be extracted. The qualitative data will provide context and help interpret the quantitative findings.
4. Approach to Missing Data: In cases where data is missing or unclear, the primary authors of the studies will be contacted for clarification or additional information if the study was published within the last 5 years. If the missing data cannot be obtained, the study will be included in the qualitative synthesis but not in the quantitative meta-analysis. If direct access to raw data from the articles or authors is not feasible, data will be sourced from published figures via a specific software (e.g., metaDigitise package in R). If studies presented equations in alternative formats, such as reduced major axis, the same software will be used to extract the data and convert it into a uniform format, typically a simple linear regression.
5. Replicability: The data extraction process will be clearly documented to ensure that it can be replicated. This includes providing the data extraction spreadsheets and a detailed description of the extraction process.
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