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Synopsis 

Protocol for Systematic Evidence Collection and Evaluation 
supporting health-based guidance value derivation for PFAS 

PFAS are a collection of structurally-related substances hallmarked by 
per- and polyfluoroalkyl groups for which a number of public health 
concerns have been identified. The body of data available on possible 
effects of PFAS is large and varied, thus a systematic collection and 
evaluation of that data is key to a successful and transparent risk 
assessment process. 
 
In December 2023, the World Health Organization (WHO) launched an 
initiative to evaluate the risks of PFAS from exposure through food and 
drinking water. An important part of this initiative is to systematically 
collect and evaluate data supporting this evaluation. In order to 
harmonize this effort, a protocol for the systematic collection and 
evaluation of evidence on the effects of PFAS that are considered key to 
human health was foreseen. This document addresses that aspect of the 
WHO Initiative. 
 
This document outlines both the process and the reporting requirements 
for systematic evidence collection and evaluation (SECE) to support 
HBGV-derivation for PFAS. 
 
Keywords: PFAS, systematic review, protocol, data collection, data 
evaluation, evidence collection, evidence evaluation 
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Publiekssamenvatting 

Protocol om systematisch data te verzamelen en te evalueren. 
Onderdeel van het bepalen van gezondheidskundige 
grenswaarden voor PFAS.  

PFAS is een grote groep van chemische stoffen die door de mens zijn 
gemaakt. Deze stoffen zitten in veel verschillende producten, zoals 
antiaanbaklagen, verpakkingsmaterialen voor voedsel en in kleding. 
Mensen kunnen er op verschillende manieren aan blootstaan, 
bijvoorbeeld via voedsel en door stoffen in te ademen. 
 
De Wereldgezondheidsorganisatie (WHO) wil de schadelijke effecten van 
PFAS voor mensen door blootstelling via voedsel en drinkwater 
beoordelen. Ze moet daarvoor vooral bewijs verzamelen voor mogelijke 
effecten op de gezondheid. Om een goede en transparante 
risicobeoordeling te kunnen maken is het belangrijk de gegevens die 
ervoor nodig zijn systematisch te verzamelen. Dit is voor PFAS extra 
relevant omdat er heel veel en heel verschillende informatie beschikbaar 
is. Ook is het belangrijk de kwaliteit en bruikbaarheid van de data te 
evalueren.  
 
Het RIVM heeft hiervoor een protocol gemaakt. Dit document beschrijft 
zowel het proces om systematisch bewijs te verzamelen en evalueren, 
als welke informatie hierover moet worden gerapporteerd. De formele 
term hiervoor in het Engels is systematic evidence collection and 
evaluation (SECE). Dit protocol ondersteunt het proces om 
gezondheidskundige grenswaarden voor PFAS te bepalen. 
 
Kernwoorden: PFAS, systematische review, protocol, 
gegevensverzameling, gegevensevaluatie, bewijsverzameling, bewijs 
evaluatie, WHO, HBGV, protocol, SECE 
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1 Context of this document 

The purpose of systematic literature review is to limit the bias 
introduced by performing limited searches for desired data (i.e., fulfilling 
the expectations of the author or investigator) and to use data in a 
transparent way. In the case of risk assessment, it is desirable that the 
“totality of the available data” is understood and weighed, and, when 
possible, used quantitatively to derive HBGVs and complete the risk 
assessment. This process is particularly important when using public 
literature data, where publishing bias is also in play. In fact, systematic 
evidence collection and evaluation (SECE) is the basis for all that 
follows. In order to ensure/strive that the most reliable data be found 
and used in the risk assessment, both the collection and evaluation of 
the documents must be systematic and transparent, and introduce as 
little bias as possible into the risk assessment process. 
 
The steps of SECE are similar to those of a traditional systematic review 
(used to determine cause-effect relationships), with the main difference 
between the two being that the data is not only used for hazard 
identification purposes, but also for hazard characterization, which 
requires additional considerations for both data evaluation and use. The 
steps include (1) defining the data that is relevant to the project; (2) 
the systematic data search; (3) study selection and relevance 
(inclusion/exclusion) evaluation; (4) study evaluation and data 
extraction. Each of these steps is outlined in the protocol, below, with 
considerations given that are specific to the SECE of PFAS. 
 
A traditional systematic review includes a synthesis step, where the data 
is weighed together in a qualitative or quantitative manner to make a 
cause-effect conclusion (e.g., exposure to UV light causes skin cancer). 
For SECE, since the goal is a systematic and transparently evaluated 
dataset to support risk assessment, the synthesis step is part of the risk 
assessment process, and is traditionally called “hazard identification”. 
This is the step which links a certain exposure or circumstance to a 
resulting effect. To that end, methods for synthesis can be adapted 
based upon the risk assessment question and the data which is 
available. As a result, the current protocol does not specify the methods 
to be used for hazard identification (synthesis of data), but a 
consideration of various methods and the likelihood of their applicability 
to the current project may be found in Bil et al. 2025a Chapter 3. 
 
In a traditional systematic review, data extraction is performed prior to 
or concurrent with study evaluation (risk of bias (RoB) assessment). In 
the case of the current project, in Section 7 “Note on technical aspects”, 
we offer some options for improving the feasibility of the evaluation and 
extraction step, including performing targeted data extraction and 
iterative processes for data evaluation and extraction. Other 
considerations on how to approach the current SECE to support the risk 
assessment of PFAS, are also noted in this section. 
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A visual representation of the SECE process can be found in Figure 1. 
 
Figure 1 Visual representation of the SECE process supporting PFAS hazard 
assessment. 

 
 
It is important that this document be used in conjunction with the 
accompanying documents (Bil et al. 2025a and Bil et al. 2025b). These 
documents provide considerations of methods for MRA and risk 
assessment in general, and form the “next steps” following the SECE. 
The methods used will be chosen based upon the available data, and the 
methods also inform the data which becomes “key data” for the risk 
assessment. Thus, neither the present document nor Bil et al. 2025a or 
Bil et al. 2025b should be used as a stand-alone. 
 
Finally, the protocol for the SECE requires input from the landscape 
review also performed under the WHO initiative (see Background, 
below) on which key PFAS and which key health effects should be 
addressed. As this information is not yet available, a full protocol, 
including details specific to the substance(s) and effect(s) in question 
cannot yet be delivered. Once selected, the protocol should be made 
complete by adding the selected key PFAS and key health effects which 
the SECE should address, i.e. all places in the protocol mentioning 
[HEALTH EFFECTS] and [PFAS] should be populated with the selected 
key health effect(s) and key PFAS (single or multiple), respectively, and 
additional detail should be added regarding these in the appropriate 
sections (description of PFAS 3.3., and description of outcome, 3.4.). 
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2 Introduction 

2.1 Background 
Public health concern about human exposure to per- and polyfluoroalkyl 
substances (PFAS), including from exposure through food drinking water 
is increasing. A number of regulatory reference values for PFAS in food 
and drinking water have been published or proposed in recent years, but 
these values vary considerably. Furthermore, new data for these 
substances are continually published, including increasing numbers of 
epidemiological studies on varying health effects of PFAS in human 
populations. As a result, consensus has not yet been established on the 
reliability and applicability of various points of departure (PoDs) 
proposed or established in various jurisdictions, and consequently on the 
levels of PFAS which may be of health concern. Given this backdrop, a 
systematic collection and evaluation of the evidence for the health 
effects of PFAS is warranted to establish health-based guidance values 
(HBGVs). This would represent a starting point for establishing HBGVs in 
the normative and standard-setting processes of the World Health 
Organization (WHO) to address the risks to human health from PFAS in 
drinking water and food. 
 
The WHO therefore launched an initiative to evaluate PFAS, in December 
2023. As people are not exposed to a single PFAS but to multiple PFAS 
present in food and drinking water, it was recognized that such an 
evaluation concerns mixture risk assessment (MRA). The first phase of 
the WHO Initiative (2024-2025) is therefore aimed at conducting a 
landscape review on the health effects of and exposure to PFAS (work 
package 1) and at developing a methodology for an in-depth human 
health risk assessment of PFAS (work package 2). The output from the 
two work packages will subsequently serve as input for the actual in-
depth risk assessment in a second phase (2025-2027), aimed at 
deriving HBGVs for PFAS. 
 
Under the first phase of the WHO Initiative, RIVM is tasked with work 
package 2, which involves two subtasks: 
 
a). The development of protocols for systematic collection and 
evaluation of evidence on the key human health effects for key PFAS 
(individually and in combination) in water and food;   
 
b1). The review of methodologies to derive HBGVs, considering mixture 
approaches (combined and cumulative exposure), and;  
 
b2). A proposal of the methodology to apply to derive HBGVs for PFAS 
in food and drinking water.  
 
This report addresses subtask a. Other reports address subtasks b1 (Bil 
et al. 2025a) and b2 (Bil et al. 2025b). 
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2.2 Rationale 
To establish values for [HEALTH EFFECTS], a systematic evaluation of 
studies with mechanistic, toxicokinetic and toxicological and 
epidemiological information to study the effect of exposure to [PFAS] on 
[HEALTH EFFECTS] is warranted. 
 

2.3 Description of PFAS 
PFAS are a class of man-made chemicals that do not occur naturally in 
the environment. As they have useful properties (they are water, grease 
and dirt repellent and heat-resistant), PFAS are widely used in various 
industrial applications and processes and numerous (consumer) 
products. Consequently, PFAS enter the environment via emissions 
during manufacture, the use phase, and the waste stage. Given that 
members of this group frequently appear together as pollutants in 
drinking water and food, and that some members of this chemical class 
are known for their persistence, mobility, and bioaccumulation, 
emissions lead to long-term contamination of the environment and 
potential adverse effects on human health. 
 
Following the definition of the Organisation for Economic Cooperation 
and Development (OECD), “PFASs are defined as fluorinated substances 
that contain at least one fully fluorinated methyl (-CF3) or methylene (-
CF2-) carbon atom (without any H/Cl/Br/I atom attached to it)” (Wang 
et al. 2021; OECD 2021). Although thousands of substances meet this 
definition, not all of these are likely to occur in food and drinking water 
and form a potential exposure source therein. The landscape review in 
work package 1 will inform on the key PFAS that are relevant for the 
MRA of PFAS in food and drinking water. Once selected, specific 
information on these [PFAS] should be added to this protocol, and to the 
reporting template. 
 
Of note, the US-EPA recently provided systematic evidence maps to 
survey and screen sets of ∼150 and 345 PFAS that were prioritized for in 
vitro toxicity and toxicokinetic assay testing or were flagged of interest 
through interagency discussions, respectively (Carlson et al. 2022; 
Shirke et al. 2024). Of the ∼495 PFAS screened, epidemiological 
information was available for 27 PFAS, and mammalian bioassay 
information was available for 70 PFAS (Carlson et al. 2022; Shirke et al. 
2024). 
 

2.4 Description of the outcome 
To establish values for [HEALTH EFFECTS], a systematic evaluation of 
studies with mechanistic, toxicokinetic and toxicological and 
epidemiological information to study the effect of exposure to [PFAS] on 
[HEALTH EFFECTS] is warranted. 
 
PFAS are associated with various health effects. They can affect the 
immune system, blood cholesterol, liver and kidney, for example. They 
have been implicated in some types of cancer. Not all PFAS cause the 
same (level of) effects. Bil et al. 2025a and 2025b can be consulted for 
additional information on the effects of different PFAS. 
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The SECE should result in a detailed understanding of the key health 
effects, as identified in the WHO landscape review. Additional details 
related to these specific effects (e.g., how they develop, how they are 
measured in humans, animals and in vitro, reference to AOPs, where 
relevant, etc.) should be added here and to the reporting template. 
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3 Objectives 

This protocol aims to guide the SECE of epidemiological studies, animal 
studies (experimental mammalian species), in vitro assays and in silico 
and read-across data with mechanistic, toxicokinetic or toxicological 
information to study the effect of exposure to [PFAS] on [HEALTH 
EFFECTS] and support the MRA of PFAS in food and drinking water. 
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4 Methodological considerations for systematic evidence 
collection and evaluation 

The methodology considered here generally follows guidance on 
Systematic Review for Chemical Risk Assessment published by the 
European Food Safety Authority (EFSA, 2010), the Handbook for 
conducting a literature-based health assessment using OHAT1 approach 
for systematic review and evidence integration published by the National 
Toxicology Program (NTP) of the United States of America (OHAT, 2019) 
and the Framework for the use of systematic review in chemical risk 
assessment published by WHO (2021). In addition, the OHAT NTP 
protocol for the evaluation of PFOS and PFOA has been consulted 
(OHAT, 2015a). Note that in Section 7, below, considerations technical 
aspects of the project are outlined. 
 

4.1 Eligibility criteria 
As a first step, the objectives of the human health hazard assessment 
should be translated into research questions by identifying the key 
elements – population (P), exposure (E), comparator (C) and outcome 
(O). The research question for each PFAS will therefore be: What level of 
oral exposure via drinking water and food to [PFAS] (E) leads to 
[HEALTH EFFECTS] (O) in humans (P)? In this case, the comparator is 
the “control” arm of the studies in question, as all exposures could be 
potentially relevant (internal exposure determines the health outcome). 
The following sections further describe the eligibility criteria for inclusion 
according to the different PECO elements. 
 

4.1.1 Types of populations 
The target population of the research question is humans (worldwide). 
However, for establishment of the health effects of the [PFAS] in 
question, studies in other populations, i.e. laboratory animals, cell lines 
of human or animal origin, etcetera, must be included. 
 

4.1.2 Types of exposure 
Studies considering exposure to [PFAS], as identified in the landscape 
review and prioritization exercise, will be included. The exercise is not 
limited to oral exposures, as all types of external exposures can be 
informative (internal exposures determine the effect). 
 

4.1.3 Types of comparators 
The included comparator will be a reference scenario to be identified 
based on data. For animal data this will be the negative control group. 
For in vitro data (and some types of in vivo animal data) negative and 
positive control groups will be the comparators. For epidemiological 
data, the reference scenario is identified based on the type of study, 
location, endpoints measured, etc. This should be a group which has as 
low exposure as possible to PFAS. 
 

 
1 Office of Health Assessment and Translation 
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4.1.4 Types of outcomes 
Studies that look at [HEALTH EFFECTS] or the related toxicological 
parameters/biomarkers after exposure to [PFAS] will be included. 
 
Please note that the exposure and outcome will be different based on 
the key PFAS and key health effects identified, but until those are 
identified the E and O are defined as above. 
 

4.1.5 Types of studies 
Only studies that contain original data (primary research studies) will be 
included. The timeframe of studies that will be considered will be the 
time period 1950 – 2025, based on the start of production and use of 
PFAS (Xiao, 2017).  
 
Eligible study designs containing epidemiological data will be controlled 
studies in volunteers, studies of incidentally exposed subjects, and case-
studies (IPCS, 2009). The main complications in epidemiological studies 
will be exposures to (potentially unknown) mixtures of different PFAS, 
exposure misclassification, and residual/unknown confounding. 
Additional information on special considerations for epidemiological 
studies with PFAS can be found in Bil et al. 2025a, Chapter 3.4.3. 
Eligible study designs with respect to animal data will be both studies 
performed under Good Laboratory Practice (GLP) and according to OECD 
testing guidelines and studies that are not GLP and of varying test 
design, since it is expected that most studies will be found in the 
scientific literature (as is often the case for contaminants). The study 
design should be adequate to determine a toxicological point of 
departure or give information on toxicokinetics or mechanistic 
information (see Section 5.1.6, below, and IPCS, 2009). Currently, 
mechanistic information is often provided in in vitro and in silico 
methods, which also deliver information important to establish the 
relevance to humans of animal findings. In addition, these types of 
studies often provide input parameters for physiologically based 
toxicokinetic (PBK) modelling. Therefore, selected in vitro and in silico 
data must also be included.  For the majority of PFAS, information for 
use in the HGBV derivation will come from animal studies and for 
relatively few PFAS significant human data will be available. These 
studies will inform the hazard identification and characterization, as 
discussed in Bil, et al. 2025b, Chapter 3. In addition, in vivo data, data 
from in vitro and in silico models will generally be supportive in a 
weight-of-evidence to decide on the toxicity and relative potency of 
specific PFAS, as well as in grouping determinations (data supporting 
e.g. adverse outcome pathway (AOP) considerations for specific effects). 
Additionally, PBK information will be necessary for cross-species 
extrapolations (see Bil et al. 2025a, Section 3.5.2). 
 
Only studies in the English language will be included. If it is considered 
that this is inadequately representative of the possible effects (i.e. 
considering epidemiological data), it should be considered whether the 
use of artificial intelligence (AI) to translate non-English studies might 
be applied. 
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4.1.6 Types of effect measures 
Toxicity studies that describe the following effect measures will be 
included: benchmark dose (BMD), no-observed adverse effect level 
(NOAEL), lowest-observed adverse effect level (LOAEL) for animal 
studies; benchmark concentration and effect concentration for in vitro 
assays; and exposure/dose levels for studies in humans (exposure levels 
in e.g. cohort or observational studies, dose levels in experimental 
studies, though it is not expected that these will be found for PFAS). In 
addition, studies that do not contain any of the effect measures listed 
above but give either mechanistic information or toxicity data without 
the derivation of an effect measure will be included, as mentioned 
previously, in order to support the MRA of PFAS (see Bil et al., 2025b). 
Whether a study reports an effect measure or concludes on a 
mechanism, in order to determine whether a specific effect has been 
measured or observed, the study should include a clear description of 
systemic and general toxicity observed (or not) in the study. Only when 
this information is present can the specificity of an effect be concluded, 
and decisions be made as to the level at which the effect in question is 
relevant (effect measure determined). The importance of the 
control/comparator group is also made clear in the OHAT evaluation 
tools for the various study types (see Section 5.4, below). 
 
For toxicokinetic information, studies that report the following effect 
measures will be included: area under the concentration-time curve 
(AUC), observed peak concentration (Cmax), time of the peak 
concentration (Tmax), half-life (t½), bioavailability (F), absorption (ka), 
apparent volume of distribution (V), Michaelis-Menten kinetics (i.e. 
Vmax, Km), clearance (CL). In addition, toxicokinetic studies which are 
more descriptive in nature will be included, as these can contain 
valuable information about the absorption, distribution, metabolism and 
excretion (ADME) of [PFAS], allowing an understanding of the behavior 
of and relationships between PFAS. This aspect is particularly important 
in a MRA context for PFAS, and has been discussed in detail in Bil et al, 
2025b, Chapters 4 and 6. 
 

4.2 Study selection 
4.2.1 Literature search 

The search and retrieval phase is ideally an iterative process where an 
information specialist will perform the searches as agreed upon and 
provide a list of retrieved records. It can then be briefly checked within 
the project team whether (1) the search retrieved some expected 
articles, (2) the number of articles was in the range expected, and, 
possibly, (3) whether the number of articles retrieved can be covered by 
the project scope and available manpower. If the criteria are not met, 
the search can be adjusted (terms and/or databases) to retrieve more 
appropriate articles, and more or fewer articles. The following sections 
describe the different sources for retrieval of studies. 
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4.2.1.1 Databases with (peer-)reviewed scientific published literature 
Peer-reviewed scientific literature will be obtained searching the 
following databases as a minimum: 

• PubMed 
• Medline (via OvidSP and via PubMed) 
• Scopus 
• Embase 
• Web of Science 
• any other databases identified by information specialists as 

relevant for the PECO 
 
The PECO questions are the starting point for defining the search terms. 
For each component P, E, C and O search terms are identified. This will 
be done using previously published reviews, assessments and indexed 
terms (e.g., MeSH terms in PubMed and Emtree in Embase). Search 
terms can therefore vary across databases due to differences in index 
terms used. Based on the proposed search terms, a search strategy can 
be developed using Boolean operators to combine the search terms into 
search strings. This will be done by or in close collaboration with an 
information specialist, who can advise on both the information sources 
which would be most appropriate to the research question, and the 
syntax(es) required for the databases in question. Each database 
requires thus a separate search strategy. These search strategies can be 
recorded in the template that can be found in Appendix A. An example 
of a search in Embase and the results, as performed by the information 
specialists of RIVM, is presented in Appendix B. 
 

4.2.1.2 Literature search for grey literature 
Appendix C contains an overview of important sources of grey literature 
that need to be searched. Once selected, specific search strategies can 
be developed per grey literature source and recorded in the template 
that can be found in Appendix D. Grey literature search strategies will 
primarily consist of the name of the PFAS (and synonyms/other 
languages) of interest only, owing to practical limitations of the data 
sources. The grey literature sources will therefore be hand-searched and 
the results manually checked and assigned to the relevant research 
question. 
 

4.2.1.3 Literature search via other resources 
The searches described in the above two sections provide the main body 
of retrieved records. In order to capture also the more ‘hidden’ data, an 
attempt will be made to retrieve unpublished data or study reports 
mentioned as part of regulatory submissions or calls for data found via 
hand-searching of e.g. the grey literature. This can be achieved by 
contacting researchers/submitters directly, or via the entity responsible 
for the report or assessment. It will be determined by the project team 
what level of value these data are likely to provide and thus the level of 
effort which will be expanded to retrieve these data. These 
considerations will be duly noted in the reporting of the project. 
 

4.2.2 Study selection 
First, all captured references are collected in a reference manager e.g., 
Endnote reference management software, and all duplicate references 
are removed before the data is uploaded in a systematic review software 
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program for relevance evaluation. The relevance evaluation will be 
performed using ASReview, which is a free, open and transparent way 
to sort the articles retrieved and judge their relevance to the review in 
question, finishing with a list of only relevant studies to move to the 
next step in the process. In short, ASReview uses AI/machine learning 
to sort “relevant” studies to the ‘top of the pile’ and continuously learns 
from the decisions made during the sorting so that after some time the 
relevance sorting can be stopped (without having to go through every 
single study). Generally speaking, ±80% of articles is considered 
sufficient, however, expert groups could also decide that after ±100 
articles identified as non-relevant the exercise can stop and it can be 
concluded that all relevant articles have been found. In the first 
instance, default settings for ASReview can be used, however, if it is 
determined that the results are unsatisfactory (sorting does not seem to 
be working) changes can be made. The settings used for the relevance 
determination in ASReview will be reported. It should be noted that the 
more complex the inclusion criteria are, the more difficulty the AI will 
have in learning what is relevant. The developer website, 
http://www.asreview.nl, can be consulted for further information and 
training related to the use of ASReview, as needed. 
 
In order to include all eligible references, selection criteria for the 
inclusion and exclusion of studies based on the eligibility criteria (see 
Section 5.1) are applied. These are based on those developed by OHAT 
(OHAT, 2015a) for the evaluation of PFOA and PFOS with respect to 
their immunotoxicity, but are relevant to non-immunotoxicity endpoints 
as well. The inclusion and exclusion criteria are detailed in Table 1. It is 
recommended to begin with a pilot phase to establish whether the 
inclusion and exclusion criteria are clear to, and interpreted in the same 
way by, the evaluation team. It is possible that in the course of the 
evaluations additional exclusion criteria may be determined due to 
unforeseen or new study types. These should be discussed and agreed 
upon by all of the review teams as quickly as possible to ensure a 
harmonized approach. 
 
During the SECE, each obtained reference will be judged for relevance 
according to these criteria by two independent experts, and a third one 
in case of a persistent disagreement between the first two 
reviewers/evaluators. This will be done in two steps: 

• screening based on title and abstract, and;  
• full text appraisal for those references included in the first step. 

 
The main reason for exclusion of the reference based on the full text 
appraisal will be documented, and the whole study selection will be 
recorded in a flow chart that will be included in the systematic review 
(see Appendix E). 
  

https://asreview.nl/
http://www.asreview.nl/
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Table 1 Inclusion and exclusion criteria to determine study eligibility (based on 
OHAT, 2015a). * relevant reviews will be used for identifying additional studies 
that have not been identified by database search. 

 Inclusion criteria Exclusion criteria 
Population Human: No restrictions on 

sex, age, lifestyle at exposure 
or outcome assessment 
Animal: No restrictions on sex, 
age, life stage at exposure or 
outcome assessment 
In vitro: Assays using cell 
lines of human or animal 
origin that study the 
mechanistic pathways of 
[PFAS] on [HEALTH EFFECTS] 

Animal: Studies in non-vertebrate 
wildlife  
Animal: Ecological studies (performed 
outside the laboratory). 
In vitro: studies in non-human or 
non-animal organisms except bacteria 
(e.g. plants, fungi)  

Exposure Human: Exposure to [PFAS] 
via drinking water or food 
Animal: Exposure to [PFAS] 
via the diet, drinking water or 
oral gavage at any 
dose/concentration 
In vitro: Exposure to [PFAS] at 
any concentration  
All: Exposure to [PFAS] 
(clearly identified) 

All: Unclear [PFAS] exposure (not 
specified or not well 
quantified/reported) 
All: [PFAS] exposure only used as 
model chemical to induce a certain 
condition 

Comparator Human: humans not exposed 
or exposed to lower levels of 
[PFAS] 
Animal: studies must include a 
(vehicle) control group 
(experimental) or animals that 
were not exposed or exposed 
to lower levels of [PFAS] 
In vitro: studies must include 
a (vehicle) control  

All: Absence of concurrent control or 
comparison group(s); in the case of 
PFAS a true unexposed group may be 
difficult, however, exposure should be 
as low as possible in the comparator 

Outcome [to be formulated based on 
HEALTH EFFECTS] 

[unrelated effects are excluded] 

Study type Study must contain original 
data (primary research 
studies) 
Studies in the English 
language (however, see note 
in 5.1.5 on the possible 
inclusion of non-English 
studies) 

Study with no original data (e.g. 
reviews* or editorials) 
Conference abstracts 
Studies in any language other than 
English (however, see note in 5.1.5 
on the possible inclusion of non-
English studies) 

Type of 
effect 
measures 

[to be formulated based on 
HEALTH EFFECTS] 

[measures of unrelated effects are 
excluded] 
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4.3 Assessment of risk of bias 
The RoB for all included studies will be assessed using the OHAT risk of 
bias tool2 (see Risk of Bias Tool). This tool assesses the internal validity 
of the selected studies, which refers to “whether the design and conduct 
of the study compromised the credibility of the link between exposure 
and outcome” (OHAT Risk of Bias Tool, version January 2015). This tool 
is suitable for evaluating human and animal studies and can also be 
used for in vitro studies (OHAT, 2015b). Briefly, for each study different 
questions, representing six types of bias, (i.e. selection, confounding, 
performance, attrition/exclusion, detection and selective reporting), 
must be answered using a four-point scale (see Table 2). If the question 
is not relevant for the study type, not applicable (N/A) can be chosen 
(see also Table 5 of the OHAT NTP handbook). Further instructions on 
how to evaluate the RoB for the different study types, and details on the 
different types of bias for each study type, can be found in the OHAT 
Risk of Bias Rating Tool for Human and Animal Studies; January 2015. 
The assessment of RoB is done independently by two experts, and any 
remaining discrepancies will be resolved by a third expert or, if no 
agreement can be reached, by choosing the most conservative option. A 
pilot phase will first be executed in order to calibrate and harmonize the 
experts’ understanding of the criteria and their consistency in applying 
them to the evaluations. Please see also Section 7.2, below, in order to 
streamline this time-consuming phase of the SECE with minimal loss of 
transparency or introduction of bias. 
 
Table 2 Four point scale to be used to answer the risk-of-bias questions. Taken 
from: OHAT Risk of Bias rating tool for human and animal studies, version 
January 2015. 
https://ntp.niehs.nih.gov/sites/default/files/ntp/ohat/pubs/riskofbiastool_508.pdf 

++ Definitely Low risk of bias: 
There is direct evidence of low risk of bias practices  

+ 

Probably Low risk of bias: 
There is indirect evidence of low risk of bias practices OR it is 
deemed that deviations from low risk of bias practices for these 
criteria during the study would not appreciably bias results, 
including consideration of direction and magnitude of bias 

- NR 

Probably High risk of bias: 
There is indirect evidence of high risk of bias practices OR there 
is insufficient information (e.g., not reported or “NR”) provided 
about relevant risk of bias practices 

-- 
Definitely High risk of bias: 
There is direct evidence of high risk of bias practices (May 
include specific examples of relevant high risk of bias practices) 

 
4.4 Data extraction 

Data from the selected references will be extracted following the key 
extraction elements as reported in the OHAT NTP handbook (OHAT, 
2019). These elements are separately presented for human, animal and 
in vitro studies in Table 3, and templates can be found in Appendix F. 
Although this is a labor-intensive process, the extracted data can later 
 
2 Note that a number of methods are available to evaluate the internal bias/reliability of data to be used in 
regulatory assessments. A relatively complete list of these can be found in Appendix E of  the recent EFSA 
Guidance: https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2024.8866. 

https://ntp.niehs.nih.gov/research/assessments/noncancer/riskbias
https://ntp.niehs.nih.gov/sites/default/files/ntp/ohat/pubs/riskofbiastool_508.pdf
https://ntp.niehs.nih.gov/sites/default/files/ntp/ohat/pubs/riskofbiastool_508.pdf
https://ntp.niehs.nih.gov/sites/default/files/ntp/ohat/pubs/riskofbiastool_508.pdf
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help to summarize the studies in an evaluation report. First, a pilot 
phase will be executed with a few selected studies in order to calibrate 
consistency between reviewers. It is not feasible to directly contact 
study authors when data is missing or not/poorly reported. In addition, 
to do so might introduce bias into the process, due to unequal abilities in 
obtaining information from study authors. 
 
An excel file including the categories of data to be extracted and, where 
possible, specific criteria for each category, may be utilized. This 
document can be used as a stand-alone (for manual data extraction – 
time consuming and subject to human error), or as input for automated 
data extraction templates. Considering the intensiveness of the data 
extraction step, some possible considerations for adjustments to the 
process and “targeted” data extraction have been noted in Section 7.2, 
below. 
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Table 3 Key data extraction elements for selected studies; each item is part of 
the study report and thus represents the actions and data reported by the study 
authors.  Taken from: Handbook for Conducting a Literature-Based Health 
Assessment Using OHAT Approach for Systematic Review and Evidence 
Integration. Version March 4, 2019 [Handbook for Conducting a Literature-Based 
Health Assessment Using OHAT Approach for Systematic Review and Evidence 
Integration (nih.gov)]. Office of Health Assessment and Translation (OHAT), 
Division of the National Toxicology Program, National Institute of Environmental 
Health Sciences. 

HUMAN 

Funding 
Funding source(s) 
Reporting of conflict of interest (COI) by authors 
(*reporting bias) 

Subjects 

Study population name/description 
Dates of study and sampling timeframe 
Geography (country, region, state, etc.) 
Demographics (sex, race/ethnicity, age or lifestage at 
exposure and at outcome assessment) 
Number of subjects (target, enrolled, n per group in 
analysis, participation/follow-up rates) (*missing data 
bias) 
Inclusion/exclusion criteria/recruitment strategy 
(*selection bias) 
Description of reference group (*selection bias) 

Methods 

Study design (e.g., prospective or retrospective cohort, 
nested case-control study, cross-sectional, population-
based case-control study, intervention, case report, 
etc.) 
Length of follow-up (*information bias) 
Health outcome category e.g. cardiovascular 
Health outcome, e.g. blood pressure (*reporting bias) 
Diagnostic or methods used to measure health outcome 
(*information bias) 
Confounders or modifying factors and how considered in 
analysis (e.g., included in final model, considered for 
inclusion but determined not needed (*confounding 
bias) 
Substance name and CAS number 
Exposure assessment (e.g. blood, urine, hair, air, 
drinking water, job classification, residence, 
administered treatment in controlled study, etc.) 
(*information bias) 
Methodological details for exposure assessment (e.g., 
HPLC-MS/MS, limit of detection) (*information bias) 
Statistical methods (*information bias) 

Results 

Exposure levels (e.g., mean, median, measures of 
variance as presented in paper, such as SD, SEM, 
75th/90th/95th percentile, minimum/maximum); range of 
exposure levels, number of exposed cases) 
Statistical findings (e.g., adjusted β, standardized mean 
difference, adjusted odds ratio, standardized mortality 
ratio, relative risk, etc.) or description of qualitative 
results. When possible, OHAT will convert measures of 

https://ntp.niehs.nih.gov/sites/default/files/ntp/ohat/pubs/handbookmarch2019_508.pdf
https://ntp.niehs.nih.gov/sites/default/files/ntp/ohat/pubs/handbookmarch2019_508.pdf
https://ntp.niehs.nih.gov/sites/default/files/ntp/ohat/pubs/handbookmarch2019_508.pdf
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effect to a common metric with associated 95% 
confidence intervals (CI). Most often, measures of effect 
for continuous data are expressed as mean differences, 
standardized mean difference and percent control 
response. Categorical data are typically expressed as 
odds ratio, relative risk (RR, also called risk ratio) or β 
values, depending on what metric is most commonly 
reported in the included studies and on OHAT’s ability to 
obtain information for effect conversions from the study 
or through author query. 
If not presented in the study, statistical power can be 
assessed during data extraction using an approach that 
can detect a 10% to 20% change from response by 
control or referent group for continuous data, or a 
relative risk or odds ratio of o1.5 to 2 for categorical 
data, using the prevalence of exposure or prevalence of 
outcome in the control or referent group to determine 
sample size. For categorical data where the sample 
sizes of exposed and control or referent groups differ, 
the sample size of the exposure group will be used to 
determine the relative power category. Recommended 
sample sizes to achieve 80% power for a given effect 
size, .1.e, 10% or 20% change from control, will be 
compared to sample sizes used in the study to 
categorize statistical power. Studies will be considered 
adequately powered when sample size for 80% power is 
met. 
Observations on dose response (e.g., trend analysis, 
description of whether dose-response shape appears to 
be monotonic, non-monotonic) 

Other 
Documentation of author queries, use of digital rulers to 
estimate data values from figures, exposures unit, and 
statistical result conversions, etc. 

ANIMAL 

Funding 
Funding source(s) 
Reporting of conflict of interest (COI) by authors 
(*reporting bias) 

Animal 
Model 

Sex 
Species 
Strain 
Source of animals 
Age or lifestage at start of dosing and at health 
outcome assessment 
Diet and husbandry information (e.g., diet 
name/source) 

Treatment 

Chemical name and CAS number 
Source of chemical 
Purity of chemical (*information bias) 
Dose levels or concentration (as presented and 
converted to mg/kg bw/d when possible 
Other dose-related details, such as whether 
administered dose level was verified by measurement, 
information on internal dosimetry (*information bias) 
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Vehicle used for exposed animals 
Route of administration 
Duration and frequency of dosing (e.g., hours, days, 
weeks when administration was ended, days per week) 

Methods 

Study design (e.g, single treatment, acute, subchronic 
(e.g., 90 days in a rodent), chronic, multigenerational, 
developmental, other) 
Guideline compliance (i.e., use of EPA, OECD, NTP or 
other guideline for study design, conducted under GLP 
guidance conditions, non-GLP but consistent with 
guideline study, non-guideline peer-reviewed 
publication) 
Number of animals per group (and dams per group in 
developmental studies)(*missing data bias) 
Randomization procedure, allocation concealment, 
blinding during outcome assessment (*selection bias) 
Method to control for litter effects in developmental 
studies (*information bias) 
Use of negative controls and whether controls were 
untreated, vehicle-treated, or both 
Report on data from positive controls – was expected 
response observed (*information bias) 
Endpoint health category (e.g., reproductive) 
Endpoint (e.g., infertility) 
Diagnostic or method to measure endpoint 
(*information bias) 
Statistical methods 

Results 

Measures of effect at each dose or concentration level 
(e.g., mean, median, frequency, and measure of 
precision or variance) or description of the qualitative 
results. When possible, OHAT will convert measures of 
effect to a common metric with associated 95% 
confidence intervals (CI). Most often, measures of effect 
for continuous data will be expressed as mean 
difference, standardized mean difference, and percent 
control response. Categorical data will be expressed as 
relative risk (RR, also called risk ratio). 
No Observed Effect Level (NOEL), Lowest Observed 
Effect Level (LOEL), benchmark dose (BMD) analysis, 
statistical significance of other dose levels, or other 
estimates of effect presented in paper. Note: The NOEL 
and LOEL are highly influenced by study design, do not 
give any quantitative information about the relationship 
between dose and response, and can be subject to 
author’s interpretation (e.g., a statistically significant 
effect may not be considered biologically important). 
Also, a NOEL does not necessarily mean zero response. 
Ideally, the response rate at specific dose levels is used 
as the primary measure to characterize the response. 
If not presented in the study, statistical power can be 
assessed during data extraction using an approach that 
can detect a 10% to 20% change from response by 
control group for continuous data, or a relative risk or 
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odds ratio of o1.5 to 2 for categorical data, using the 
prevalence of exposure or prevalence of outcome in the 
control group to determine sample size. Recommended 
sample sizes to achieve 80% power for a given effect 
size, i.e., 10% or 20% change from control, will be 
compared to samples sizes used in the study to 
categorize statistical power. Studies will be considered 
adequately powered when a sample size for 80% power 
is met. 
Observations on dose response (e.g., trend analysis, 
description of whether dose-response shape appears to 
be monotonic, non-monotonic) 
Data on internal concentration, toxicokinetics, or 
toxicodynamics (when reported) 

Other 
Documentation of author queries, use of digital rulers to 
estimate data values from figures, exposures unit, and 
statistical result conversions, etc. 

IN VITRO 

Funding 
Funding source(s) 
Reporting of conflict of interest (COI) by authors 
(*reporting bias) 

Cell/tissue 
model 

Cell line, cell type, or tissue 
Source of cells/tissue (and validation of identity) 
Sex of human/animal of origin 
Species 
Strain 

Treatment 

Chemical name and CAS number 
Concentration levels (as presented and converted to µM 
when possible) 
Source of chemical 
Purity of chemical 
Vehicle used for experimental/control conditions 
Duration and frequency of dosing (e.g., hours, days, 
weeks when administration was ended, times per day or 
week) 

Methods 

Guideline compliance (i.e., use of EPA, OECD, NTP or 
other guideline for study design, conducted under GLP 
guidance conditions, non-GLP but consistent with 
guideline study, non-guideline peer-reviewed 
publication) 
Randomization procedure, allocation concealment, 
blinding during outcome assessment (*selection bias) 
Number of replicates per group (*information bias) 
Percent serum/plasma in medium 
Use of negative controls and whether controls were 
untreated, vehicle-treated, or both 
Report on data form positive controls – was expected 
response observed (*information bias) 
Endpoint health category (e.g., endocrine) 
Endpoint or assay target (e.g., estrogen receptor 
binding or activation) 
Name and source of assay kit 
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Diagnostic or method to measure endpoint (e.g., 
reporter gene) (*information bias) 
Statistical methods (*information bias) 

Results 

No Observed Effect Concentration (NOEC), Lowest 
Observed Effect Concentration (LOEC), statistical 
significance of other concentration levels, AC50 or other 
estimates of effect presented in paper. Note: The NOEC 
and LOEC are highly influenced by study design, do not 
give any quantitative information about the relationship 
between dose and response, and can be subject to 
author’s interpretation (e.g., a statistically significant 
effect may not be considered biologically important). 
Also, a NOEC does not necessarily mean zero response. 
Observations on dose response (e.g., trend analysis, 
description of whether dose-response shape appears to 
be monotonic, non-monotonic) 

Other 
Documentation of author queries, use of digital rulers to 
estimate data values from figures, exposures unit, and 
statistical result conversions, etc. 

Elements marked with an asterisk (*) are examples of items that can be used to assess 
internal validity/risk of bias in Step 4. 
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5 Synthesis of evidence 

As noted in Section 2 Context of this document, the synthesis of 
evidence in the case of SECE is equivalent to the hazard identification 
step of the risk assessment. The body of evidence collected using the 
SECE protocol above is delivered to those who will perform the PFAS risk 
assessment, and generally speaking, hazard identification and 
characterization steps that follow are based upon the available data. 
Nevertheless, considering the huge amount of available data for PFAS, 
some practical considerations for a more iterative process are presented 
below, in Section 7. A consideration of methods for synthesis (hazard 
identification) including aspects specific to PFAS, can be found in Bil et 
al., 2025a, Chapter 3.3. 
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6 Note on technical aspects 

Deviations from the protocol for the SECE should be clearly reported and 
a reasoned argument should be presented for the deviation. Examples of 
potential reasonable deviations to address feasibility issues are noted 
below. 
 

6.1 Considerations for division of labour 
As it is envisaged that the available database will be extensive, it is 
likely that more than one expert/group of experts will be involved in the 
SECE process. Each expert/group should already be/include (an) 
experienced evaluator(s) of toxicological (in vivo and in vitro) and 
epidemiological data and risk assessor. The expert(s) should also 
familiarize themselves with the aspects of the project that are specific to 
PFAS by carefully reading Bil et al., 2025a & 2025b. This will assist both 
their understanding of the relevance of each study and allow for better 
data extraction and summary, since they will already have an idea of 
how each low bias study can be used in the HBGV derivation process. If 
more than one expert/group is involved in the evaluations, it is advised 
that each expert/group focusses on a specific type of data (e.g., 
epidemiological, in vivo animal, or in vitro/in silico), in order to leverage 
the knowledge of the evaluators most appropriately and avoid 
duplication of work. Furthermore, it is advisable that only one expert 
group performs the literature search in order to allow appropriate 
removal of duplicate references. Additional expert groups can then 
subsequently be involved in the data relevancy and RoB evaluation and 
extraction steps, allowing discussion of, and agreement on, how to 
categorize studies which include exposure to multiple PFAS and multiple 
health effects.  
 
The experts/groups should confer on a regular basis to consult each 
other on the interpretation of findings in the studies, and reporting of 
those findings, at each step in the process in order to harmonize 
processes and decisions. For example, if more than one expert group is 
evaluating a specific type of data, some studies may include multiple 
PFAS and/or measurement of more than one health effect, which will 
require harmonization as to how to divide and address the data. Each 
expert/group should ideally evaluate the study to have the same 
quality/RoB and use the data in the same or a similar manner. As each 
expert/group will have their own evaluation style and approach, it is 
proposed that the experts/groups meet prior to beginning the process in 
order to agree on how they plan to work through the data/timing, in 
order to ensure consistency in the evaluations. The use of the reporting 
tables will help in this respect, however, as noted in Section 5, a piloting 
phase is vitally important. 
 

6.2 Feasibility considerations for data evaluation and extraction 
steps 
The purpose of SECE is to limit the bias introduced by performing limited 
searches for desired data (i.e., fulfilling the expectations of the author or 
investigator). The data evaluation step (RoB evaluation) is the most 
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time-consuming area of a systematic review, thus it behoves the 
investigator to have clear and useful inclusion and exclusion criteria. 
 
As the number of studies on PFAS available in the open literature is very 
large, some pragmatic considerations may be made in order to achieve 
a workable level of data to be evaluated.  
 
Table 4 shows an overview of the data retrieved when applying criteria 
to cover all PFAS and all health effects in Embase (as shown in Appendix 
B), and how the data changes when limitations, as already envisioned in 
the protocol above, are added. 
 
Table 4 Overview of public literature data on PFAS as of 11/2024. 

Dataset Total 
studies 

In vivo 
(animal) 
studies 

Human 
Studies 

In vitro 
studies 

Additional 
studies 

All PFAS & 
any health 
effect 

8.340 2.321 3.944 786 1.576 

PFAS & 
Immune 

1.010 404 419 133 94 

PFOA 3.242 674 1.898 213 566 
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In Figure 2, and in the following text, we present some options to 
address feasibility issues and nevertheless use the available data in a 
transparent and systematic manner. 
 
Figure 2 Options for addressing feasibility of systematic evidence collection and 
evaluation, and data extraction. 

 
 
Once the relevance evaluation of the data has been completed, relevant 
regulatory databases, such as the US-EPA HAWC database, may be 
searched and the already-evaluated studies for each key PFAS 
assembled. This would mean that fewer additional studies may need to 
be evaluated for this exercise, as a RoB assessment has already been 
performed for the studies in the HAWC database. In addition, data 
extraction will have been performed for at least a subset of these 
studies, and thus additional data extraction is not needed. It should be 
noted that the PECO for the evaluations in this database may not be in 
line with that of this exercise, meaning that data which is relevant for 
this project may have been excluded, and thus will still need to be 
evaluated and extracted. In addition, depending upon the year of the 
regulatory investigation for the project in the database, additional 
studies may have been published. (For example, much of the evaluated 
PFAS data in HAWC is epidemiological data with lesser amounts of 
animal or in vitro/mechanistic data included.) When choosing databases 
to search for pre-evaluated studies, only databases of studies which 
have already had a regulatory evaluation should be used (hence the 
example provided here of the HAWC database). This is to ensure a 
similar level of rigor in the evaluation of studies, since regulatory RoB 
assessment is far more extensive than, e.g., the review performed for 
peer-reviewed literature.  
 
In a typical systematic review, data extraction is performed prior to or 
concurrent with the RoB assessment of the relevant studies. In the 
interest of a more feasible process considering the size of the dataset for 
PFAS, in this protocol the RoB assessment is performed prior to data 
extraction, so that, for example, a full data extraction may only be 
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performed for the low-bias studies (some data extraction is nevertheless 
required for reporting of the RoB evaluation). If it is determined during 
the process that data from medium RoB studies would be useful, data 
from these studies can be extracted as needed. No matter how the 
evaluation and extraction steps are performed, it should be clearly 
reported how this was done, including the results of the processes (i.e. 
number of studies evaluated as each level of bias and those for which 
data extraction was performed).  
 
It should be noted that limiting the data may result in a limitation of the 
methods which can be used for the PFAS MRA. However, an iterative 
process is also possible, where a method or methods may be chosen 
and more “specific” systematic reviews (following the method of this 
document, but with modified PECO and search terms) may be performed 
to find appropriate data (e.g., animal data with dose-response 
information for RPF methodologies). These “specific” systematic reviews 
would have to be performed for some or each key PFAS and health 
effect, following the methodology outlined in this document, in order to 
align the data for the total PFAS risk assessment. Reference can be 
made to Bil, et al., 2025b, where the data needs for different PFAS 
mixtures methodologies are described. 
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List of acronyms  

ADI  Acceptable daily intake  
AOP  Adverse outcome pathway  
BfR   German Federal Institute for Risk Assessment  
BMD  Benchmark dose 
ECHA  European Chemicals Agency  
EFSA  European Food Safety Authority  
FAO   Food and Agriculture Organization of the United Nations 
GLP  Good Laboratory Practice  
HBGV   Health-based guidance value  
IPCS   International Programme on Chemical Safety  
JECFA   Joint FAO/WHO Expert Committee on Food Additives  
JMPR   Joint FAO/WHO Meeting on Pesticide Residues  
LOAEL   Lowest-observed adverse effect level  
MRA   Mixture risk assessment  
NOAEL  No-observed adverse effect level  
NTP  National Toxicology Program  
OHAT  Office of Health Assessment and Translation  
OECD  Organisation for Economic Cooperation and Development  
OPPTS  Office of Prevention, Pesticides and Toxic Substances  
PBDE  Polybrominated diphenyl ether  
PBK  Physiology-based kinetics  
PECO  Population, Exposure, Comparator and Outcome 
PFAS   Per- and polyfluoroalkyl substances  
PFOA  Perfluorooctanoic acid  
PFOS  Perfluorooctane sulfonic acid  
PoD   Point of departure  
RIVM  National Institute for Public Health and the Environment  
RoB  Risk of bias  
RPF   Relative potency factor  
SECE  Systematic evidence collection and evaluation 
US-EPA  U.S. Environmental Protection Agency  
WHO   World Health Organization 
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Appendix A Search strategies for scientific peer-reviewed 
literature 

[PECO QUESTION] 
Information specialist:  Database(s):  
 
The following search was performed: 

• [DESCRIPTION OF KEY ELEMENTS SEARCH STRATEGY] 
 

 
Overview search results 
[NAME DATABASE, DATE SEARCH] Number of retrieved 

articles 
Primary scientific literature  
Reviews  
[NAME DATABASE, DATE SEARCH]  
Primary scientific literature  
Reviews  

 
Search strings 
[NAME DATABASE] 
No. Query Results 
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Appendix B Example scientific literature search and results 

What is known about the most important health effects of PFAS in 
people? 
Information specialist: Floor 
Boekelman 

Database(s): Embase.com 

 
The following search was performed: 
PFAS (including specific groups of PFAS) in combination with.. 

• Epidemiology and population health (Human Observations) 
• Toxicity and health risks 
• Toxicokinetics 
 

 
Overview search results 
Embase.com Number of retrieved 

articles 
Primary scientific literature 7665 
Reviews 92 

 
Search strings 
 
Embase.com 
No. Query Results 
#45 #16 OR #31 OR #44 7665 
#44 #40 AND #43 2840 
#43 #41 OR #42 34929554 
#42 [animals]/lim OR [humans]/lim 34820319 
#41 'rodent*':ti,kw OR 'rat':ti,kw OR 'rats':ti,kw OR 

'mouse':ti,kw OR 'mice':ti,kw OR 'rabbit*':ti,kw 
OR 'dog':ti,kw OR 'dogs':ti,kw OR 
'monkey*':ti,kw OR 'primate*':ti,kw OR 
'animal*':ti,kw OR 'lab':ti,kw 

2500904 

#40 #7 AND #39 4889 
#39 #32 OR #33 OR #34 OR #35 OR #36 OR #37 

OR #38 
5389433 

#38 'urine'/exp OR 'feces'/exp OR 'bile'/exp OR 
'breast milk'/exp OR 'urine':ti,kw OR 'feces':ti,kw 
OR 'faeces':ti,kw OR 'bile':ti,kw OR 'breast 
milk':ti,kw 

426663 

#37 'transfer':ti,kw OR 'conjugat*':ti,kw 271128 
#36 'adsorption'/exp OR 'absorption'/exp OR 

'metabolic rate'/exp OR 'excretion'/exp OR 
'adsorption*':ti,kw OR 'distribut*':ti,kw OR 
'excret*':ti,kw OR 'adme':ti,kw 

698345 

#35 'half life time'/exp OR 'half-life':ti,kw 49103 
#34 'metabolism*':ti,kw OR 'bioaccumul*':ti,kw OR 

'biotransform*':ti,kw OR 'bioconver*':ti,kw OR 
563365 
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No. Query Results 
'biomagnif*':ti,kw OR 'hydroxylat*':ti,kw OR 
'uptake*':ti,kw OR 'eliminat*':ti,kw 

#33 'metabolism'/exp/mj OR 'bioaccumulation'/exp 
OR 'biotransformation'/exp 

2497061 

#32 'toxicokinetics'/exp OR 'pharmacokinetics'/exp 
OR 'kinetics'/exp OR 'toxicokinet*':ti,kw OR 
'pharmacokinet*':ti,kw OR 'kinetic*':ti,kw 

1786501 

#31 #7 AND #30 4250 
#30 #19 OR #20 OR #21 OR #22 OR #23 OR #24 

OR #25 OR #26 OR #27 OR #28 OR #29 
6982753 

#29 'rodent*':ti,kw OR 'rat':ti,kw OR 'rats':ti,kw OR 
'mouse':ti,kw OR 'mice':ti,kw OR 'rabbit*':ti,kw 
OR 'dog':ti,kw OR 'dogs':ti,kw OR 
'monkey*':ti,kw OR 'primate*':ti,kw OR 
'animal*':ti,kw OR 'lab':ti,kw 

2500904 

#28 'ex vivo*':ti,kw OR 'in vivo*':ti,kw OR 'in 
vitro':ti,kw 

682908 

#27 'dna damag*':ti,kw OR 'mortal*':ti,kw 346777 
#26 'fertil*':ti,kw OR 'lactat*':ti,kw OR 'gestat*':ti,kw 236320 
#25 'thyroid*':ti,kw OR 'endocrin*':ti,kw OR 

'estrogen*':ti,kw OR 'oestrogen*':ti,kw OR 'blood 
lipid*':ti,kw OR 'serum lipid*':ti,kw 

398681 

#24 'immune*':ti,kw OR 'immuno*':ti,kw 1189079 
#23 'mutagenic agent'/exp 19427 
#22 'mutagen*':ti,kw OR 'carcinogen*':ti,kw OR 

'oncogen*':ti,kw OR 'clastrogen*':ti,kw OR 
'teratogen*':ti,kw 

161776 

#21 'genotox*':ti,kw OR 'immunotox*':ti,kw OR 
'neurotox*':ti,kw OR 'hepatotox*':ti,kw OR 
'cytotox*':ti,kw OR 'reprotox*':ti,kw OR 
'cardiotox*':ti,kw OR 'nephrotox*':ti,kw OR 
'hematotox*':ti,kw OR 'haematotox*':ti,kw 

245996 

#20 'toxin*':ti,kw OR 'toxic*':ti,kw OR 
'toxigen*':ti,kw OR 'intoxic*':ti,kw OR 
'poison*':ti,kw 

468369 

#19 'toxicity'/exp OR 'toxic substance'/exp 2085422 
#18 #16 NOT #17 3341 
#17 [animals]/lim NOT [humans]/lim 6587117 
#16 #7 AND #15 4291 
#15 #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR 

#14 
11089526 

#14 'human':ti,kw OR 'man':ti,kw OR 'men':ti,kw OR 
'woman':ti,kw OR 'women':ti,kw OR 'male':ti,kw 
OR 'female':ti,kw OR 'adult*':ti,kw OR 
'child*':ti,kw OR 'infant*':ti,kw OR 
'neonate*':ti,kw OR 'maternal*':ti,kw OR 
'prenatal*':ti,kw 

4684763 

#13 'biomarker*':ti,kw OR 'biological marker*':ti,kw 
OR 'biological marker'/exp 

605859 
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No. Query Results 
#12 ((('health*' OR 'cancer*' OR 'occupation*') 

NEAR/2 ('hazard*' OR 'risk*')):ti,kw) OR 
(('adverse' NEAR/2 ('effect*' OR 'event*')):ti,kw) 

157843 

#11 'health hazard'/exp OR 'adverse event'/exp OR 
'disease association'/exp/mj OR 
'exposure'/exp/mj OR 'health risk 
assessment'/exp 

2042214 

#10 (('public*' OR 'global*' OR 'population*') NEAR/2 
'health*'):ti,kw 

143760 

#9 'public health'/exp OR 'global health'/exp OR 
'population health'/exp OR 'population and 
population related phenomena'/exp/mj OR 
'population risk'/exp 

529012 

#8 'epidemiology'/exp OR 'epidemiol*':ti,kw 5047261 
#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6 15977 
#6 'perfluorodecanoic acid'/exp/mj OR 

'perfluorododecanoic acid'/exp/mj OR 
'perfluorohexanoic acid'/exp/mj OR 
'perfluorononanoic acid'/exp/mj OR 
'perfluoroundecanoic acid'/exp/mj OR 
'perfluorohexanesulfonic acid'/exp/mj OR 
'perfluorooctanesulfonic acid'/exp/mj OR 'per and 
polyfluoroalkyl substance'/exp/mj OR 'per and 
poly fluoroalkyl substance'/exp/mj OR 'per and 
polyfluoroalkyl substances'/exp/mj 

2629 

#5 'genx':ti OR 'pfbs':ti OR 'pfba':ti OR 'pfds':ti OR 
'pfda':ti OR 'pfns':ti OR 'pfna':ti OR 'pfos':ti OR 
'pfoa':ti 

1734 

#4 (('perfluorobutanoic' OR 'perfluorodecanoic' OR 
'perfluorododecanoic' OR 'perfluoroheptanoic' OR 
'perfluorohexadecanoic' OR 'perfluorohexanoic' 
OR 'perfluorononanoic' OR 'perfluoropentanoic' 
OR 'perfluorotetradecanoic' OR 
'perfluorotridecanoid' OR 'perfluoroundecanoic') 
NEAR/2 'acid'):ti,kw 

268 

#3 (('perfluorobutane' OR 'perfluorodecane' OR 
'perfluorododecane' OR 'perfluoroheptane' OR 
'perfluorohexane' OR 'perfluorononane' OR 
'perfluoropentane' OR 'perfluorotridecane' OR 
'perfluoroundecane') NEAR/2 'sulfonic acid'):ti,kw 

22 

#2 'perfluorohexyl-ethyl alcohol':ti,kw OR 
'perfluorooctyl-ethanol':ti,kw OR 'ammonium 
perfluoro':ti,kw OR 'propanoic acid':ti,kw 

318 

#1 'pfas':ti,kw OR 'per- and polyfluoroalkyl 
substanc*':ti,kw OR 'per- and poly-fluoroalkyl 
substanc*':ti,kw OR 'perfluoro*':ti,kw 

14733 
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SHORT DESCRIPTION OF EMBASE SYNTAX: 
*  replaces 1 or more letters.  
  i.e. immun* covers hits with immune, immunity, etc. 
NEAR/n the words must not be more than n words from each 

other 
  i.e. immune NEAR/2 reaction covers hits with reaction 

of the immune system,  
  but not, for example, reaction of scientists on current 
knowledge immune system 

/exp  This is used with Embase keywords. Embase keywords 
exist in a tree structure. Explode tells the search that all 
of the sub-keywords should be included. 
 i.e. “immune system/exp” also includes literature with the 
key words “t lymphocyte”. 

/mj This is used with Embase keywords. Every article adds to 
the hierarchy of keywords. One or more keywords are the 
major focus of the article (the main theme). Other 
keywords are relevant, but not the main focus. These less-
relevant words are excluded using  /mj. 

x:ti,ab This looks for word x in the title and abstract. A search 
can also be performed for only title or only abstract. 

For more information over Embase syntax: 
https://service.elsevier.com/app/answers/detail/a_id/29881/supporthub
/embase/p/10882/ 

https://service.elsevier.com/app/answers/detail/a_id/29881/supporthub/embase/p/10882/
https://service.elsevier.com/app/answers/detail/a_id/29881/supporthub/embase/p/10882/


RIVM letter report 2025-0087 

Page 48 of 59 

Appendix C Grey literature data sources 

Name Website 
Organizations   
AGES http://www.ages.at/ 
ANSES https://www.anses.fr/en 
ANZFA / FSANZ http://www.foodstandards.gov.au/Pages/default.as

px 
BfR http://www.bfr.bund.de/de/start.html 
CODEX http://www.codexalimentarius.org/ 
COT/COC (UK) http://cot.food.gov.uk/ 
AGRICOLA (NAL 
catalog) 

http://agricola.nal.usda.gov/ 

ATSDR http://www.atsdr.cdc.gov/ 
DAFF (South-
Afrika) 

http://www.daff.gov.za/ 

Danish EPA http://eng.mst.dk/ 
DEFRA (UK) https://www.gov.uk/government/organisations/de

partment-for-environment-food-rural-affairs 
DOHA 
(Australia) 

http://www.health.gov.au/ 

DSEWPC 
(Australia) 

http://www.environment.gov.au/ 

DTU http://www.dtu.dk/ 
EFSA (incl 
compendium) 

http://www.efsa.europa.eu/ 

EMA http://www.ema-europa.eu/ 
EU http://europa.eu/index_nl.htm 
FAO http://www.fao.org/home/en/ 
FDA http://www.fda.gov/ 
Health Canada http://www.hc-sc.gc.ca/index-eng.php 
HSE http://www.hse.gov.uk/ 
IARC http://www.iarc.fr/ 
JECFA http://www.who.int/foodsafety/databases/en/  

http://apps.who.int/food-additives-contaminants-
jecfa-database/search.aspx  
http://www.inchem.org/ 

Nordic Council http://www.norden.org/en/nordic-council 
NVWA https://www.vwa.nl/ 
RIVM http://www.rivm.nl/ 
USDA http://www.usda.gov/wps/portal/usda/usdahome 
US-EPA http://www.epa.gov/ 
WHO http://www.who.int/en/ 
Other sources  
CPDB - Cancer 
Potency 
DataBase  

http://toxnet.nlm.nih.gov/cpdb/ 
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Name Website 
Organizations   
DART/ETIC - 
Developmental 
and 
Reproductive 
Toxicology/Envir
onmental 
Teratology 
Information 
Center 

http://toxnet.nlm.nih.gov/newtoxnet/dart.htm 

DART-Europe 
portal 

http://www.dart-europe.eu/basic-search.php 

GENE-TOX - 
Genetic 
Toxicology Data 
Bank 

http://toxnet.nlm.nih.gov/newtoxnet/genetox.htm 

GLIN – Grey 
Literature in the 
Netherlands / 
Picarta 

http://picarta.pica.nl/ 

Grey literature 
report 

http://www.greylit.org/ 

Grey Net 
International 

http://www.greynet.org/ 

NARCIS - 
National 
Academic 
Research and 
Collaborations 
Information 
System 

http://www.narcis.nl/ 

NTP – National 
Toxicology 
Program 

http://ntp.niehs.nih.gov/ 

OECD 
eChemPortal 

http://www.echemportal.org/echemportal/index?pa
geID=0&request_locale=en 

Open DOAR - 
Directory of 
Open Access 
Repositories 

http://www.opendoar.org/ 

Open Grey http://www.opengrey.eu/search/ 
RTECS - 
Registry of Toxic 
Effects of 
Chemical 
Substances 

http://ccinfoweb.ccohs.ca/rtecs/search.html 

TERIS - 
Teratogen 
Information 
System 

http://depts.washington.edu/terisweb/teris/ 

World Cat https://www.worldcat.org/ 
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Name Website 
Organizations   
Other sources  
AWIC (http://awic.nal.usda.gov/literature-searching-and-

databases/databases/pharmacology-and-toxicology 
BIBRA 
Information 
Services Ltd 

http://www.bibra-information.co.uk/ 

British Library http://explore.bl.uk/primo_library/libweb/action/se
arch.do?vid=BLVU1 

CCRIS - 
Chemical 
Carcinogenesis 
Research 
Information 
System 

http://toxnet.nlm.nih.gov/cgi-
bin/sis/htmlgen?CCRIS 

CHE 
(Collaborative 
on Health and 
the 
Environment) 
Toxicant and 
Disease 
Database 

http://www.healthandenvironment.org/tddb 

Chemical Hazard 
Information 
Library - EBSCO 

http://www.ebscohost.com/academic/chemical-
hazard-information-library 

DOAJ – 
Directory of 
Open Access 
Journals 

http://doaj.org/search 

Experts - 
Google E-books http://books.google.nl/ 
Google Scholar http://scholar.google.nl/ 
Hagers 
Enzyklopädie 

- 

HSDB – 
Hazardous 
Substances Data 
Bank 

http://toxnet.nlm.nih.gov/newtoxnet/hsdb.htm 

IRIS (US EPA) http://www.epa.gov/iris/ 
ISO http://www.iso.org/iso/home.html 
ITRC PFAS and 
associated Excel 
files 

https://pfas-1.itrcweb.org/ 

LIBER - Ligue de 
Bibliotheques 
Europeénes de 
Recherche 
(Association of 
European 

http://libereurope.eu/ 
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Name Website 
Organizations   
Research 
Libraries) 
Martindale https://www.medicinescomplete.com/mc/martindal

e/current/ 
NDLTD - 
Networked 
Digital Library of 
Theses and 
Dissertation 

http://www.ndltd.org/ 

NIH - National 
Institute of 
Health 

http://www.nih.gov/ 

NLM Gateway - 
National Library 
of Medicine 

http://gateway.nlm.nih.gov/ 

OAIster http://www.oclc.org/oaister.en.html?urlm=168646 
OCLC - Online 
Computer 
Library Center 

http://www.oclc.org/nl-
NL/home.html?redirect=true 

Open Archives 
Initiative 

http://www.openarchives.org/ 

Other 
governmental 
organizations 
from different 
countries 

- 

Lists of 
references (of 
key articles and 
relevant 
reviews) 

- 

Reprotox http://www.reprotox.org/Default.aspx 
Toxline http://toxnet.nlm.nih.gov/newtoxnet/toxline.htm 
ToxRefDB (US-
EPA) 

http://www.epa.gov/ncct/toxrefdb/ 
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Appendix D Search strategies for grey literature 

[PECO QUESTION] 
Information specialist:  Database(s):  
 
The following search was performed: 

• [DESCRIPTION OF KEY ELEMENTS SEARCH STRATEGY] 
 

 
Overview search results 
[NAME GREY LITERATURE SOURCE, 
DATE SEARCH] 

Number of retrieved 
articles 

Primary scientific literature  
Reviews  
[NAME GREY LITERATURE SOURCE, 
DATE SEARCH] 

 

Primary scientific literature  
Reviews  
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Appendix E Flow chart for study selection 

Source: WHO (2021) 
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Records identified 
through database 
screening (n=XX) 

Records identified through 
screening grey literature 

(n=XX) 

Records after removal duplicates 
(n=XX) 

Sc
re

en
in

g 

Records screened using 
title/abstract (n=XX) 

Records excluded 
(n=XX) 

Full-text articles assessed for 
eligibility (n=XX) 

Full-text articles 
excluded, with reasons 

(n=XX) 

In
cl

us
io

n 

Studies included (n=XX) 
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Appendix F Data extraction templates 

Human studies 
 
Reference, subjects & 
funding 

Methods Results Other 

(REF) 
Study population: 
N: 
Geography: 
Sex: 
Age: 
Ethnicity: 
Sampling time frame: 
Inclusion/exclusion 
criteria: 
Description of 
reference group: 
Funding source: 
Author conflict of 
interest: 

Substance name: 
Study design: 
Length of follow-up: 
Health outcome category: 
Health outcome: 
Diagnostic or methods used to 
measure health outcome: 
Confounders or modifying 
factors and how considered: 
Exposure assessment: 
Methodological details for 
exposure assessment: 
Statistical methods: 

Exposure levels: 
Statistical findings: 
Statistical power: 
Observations on dose-
response: 

 

RISK OF BIAS ASSESSMENT (based on OHAT NTP handbook, 2019) 
Bias domain Criterion Response 

Selection 

Was administered dose or exposure level 
adequately randomized? 

 

Was allocation to study groups adequately 
concealed? 
Were the comparison groups appropriate? 
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Reference, subjects & 
funding 

Methods Results Other 

Confounding 

Does the study design or analysis account for 
important confounding and modifying 
variables? 

 

Did researchers adjust or control for other 
exposures that are anticipated to bias results? 

Performance 

Were experimental conditions identical across 
study groups? 

 

Did deviations from the study protocol have an 
impact on the results? 
Were the research personnel and human 
subjects blinded to the study group during the 
study? 

Attrition Were outcome data incomplete because of 
attrition or exclusion from analysis? 

 

Detection 

Were the outcome assessors blinded to study 
group or exposure level? 

 

Were confounding variables assessed 
consistently across groups using valid and 
reliable measures? 
Can we be confident in the exposure 
characterization? 
Can we be confident in the outcome 
assessment? 

Selective reporting Were all measured outcomes reported?  

Other 
Were there any other potential threats to 
internal validity (e.g., inappropriate statistical 
methods)? 
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Animal studies 
 
Reference, funding 
and animal model 

Treatment Methods Results Other 

(REF) 
Species: 
Strain: 
Sex: 
Source of animals: 
Age at start of 
dosing: 
Diet and husbandry 
information: 
Funding source: 
Author conflict of 
interest: 

Chemical name and 
CAS no.: 
Source of chemical: 
Purity of chemical: 
Dose levels or 
concentration: 
Verification of dose 
levels: 
Other dose-related 
details: 
Vehicle: 
Route of 
administration: 
Duration and 
frequency of dosing: 

Study design: 
Guideline compliance: 
Number of animals per 
group: 
Randomization procedure: 
Method to control for 
litter effects (in 
developmental studies): 
Negative controls 
(untreated, vehicle-
treated): 
Positive controls: 
Endpoint health category:  
Endpoint: 
Diagnostic or method to 
measure endpoint: 
Statistical methods: 

Measures of effect at 
each dose or 
concentration level 
or description of 
qualitative results: 
NOAEL, LOAEL, BMD 
analysis: 
Statistical power: 
Observations on 
dose response: 
Data on internal 
concentration, 
toxicokinetics or -
dynamics: 

… 

RISK OF BIAS ASSESSMENT (based on OHAT NTP handbook, 2019) 
Bias domain Criterion Response 

Selection 

Was administered dose or exposure level 
adequately randomized? 

 

Was allocation to study groups adequately 
concealed? 
Were the comparison groups appropriate? 

Performance 

Were experimental conditions identical across 
study groups? 

 

Did deviations from the study protocol have an 
impact on the results? 
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Reference, funding 
and animal model 

Treatment Methods Results Other 

Were the research personnel and human subjects 
blinded to the study group during the study? 

Attrition 
Were outcome data incomplete because of 
attrition or exclusion from analysis? 

 

Detection 

Were the outcome assessors blinded to study 
group or exposure level? 

 

Can we be confident in the exposure 
characterization? 
Can we be confident in the outcome assessment? 

Selective reporting Were all measured outcomes reported?  

Other Were there any other potential threats to internal 
validity (e.g., inappropriate statistical methods)? 
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In vitro studies 
 
Reference, funding 
and cell/tissue model 

Treatment Methods Results Other 

(REF) 
Cell line, cell type or 
tissue: 
Source of 
cells/tissue: 
Sex of human/animal 
of origin: 
Species: 
Strain: 
Funding source: 
Author conflict of 
interest: 

Chemical name and 
CAS no.: 
Source of chemical: 
Purity of chemical: 
Concentration levels: 
Verification of 
concentration levels: 
Vehicle: 
Duration and 
frequency of dosing: 
 
 

Guideline compliance: 
Randomization procedure: 
Number of replicates per 
group: 
Percent serum/plasma in 
medium: 
Negative controls 
(untreated, vehicle-
treated): 
Positive controls: 
Endpoint health category:  
Endpoint or assay target: 
Name and source of assay 
kit: 
Diagnostic or method to 
measure endpoint: 
Statistical methods: 

NOEC, LOEC, EC50 
etc: 
Observations on 
dose response: 

 

RISK OF BIAS ASSESSMENT (based on OHAT NTP handbook, 2019 and NTP, 2016: 
https://ntp.niehs.nih.gov/sites/default/files/ntp/ohat/pfoa_pfos/protocol_201506_508.pdf) 
Bias domain Criterion Response 

Selection 

Was administered dose or exposure level 
adequately randomized? 

 

Was allocation to study groups adequately 
concealed? 
Were experimental conditions identical across 
study groups? 

Performance Were experimental conditions identical across 
study groups? 
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Reference, funding 
and cell/tissue model 

Treatment Methods Results Other 

Did deviations from the study protocol have an 
impact on the results? 
Were the research personnel and human subjects 
blinded to the study group during the study? 

Attrition Were outcome data incomplete because of 
attrition or exclusion from analysis? 

 

Detection 

Were the outcome assessors blinded to study 
group or exposure level? 

 

Can we be confident in the exposure 
characterization? 
Can we be confident in the outcome assessment? 

Selective reporting Were all measured outcomes reported?  

Other Were there any other potential threats to internal 
validity (e.g., inappropriate statistical methods)? 
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