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Abstract 
Concerns have been raised regarding the findings and reproducibility of scientific research, including ecotoxicological stud
ies. In environmental risk assessment, controlled laboratory or field-based exposure experiments are conducted to evaluate 
the effects of substances towards individual species or ecosystems. Exposure experiments generate crucial data but the pro
cess of collecting such data is both time-consuming and costly, with limited emphasis on ensuring reproducibility. The value 
of experimental data is immense and can have multiple applications or can be made fit for secondary scientific and regula
tory use. Effective reuse of ecotoxicological experimental data is often hindered by (unintended) suboptimal reporting 
practices such as poorly described methodologies or inconsistent reporting of units or data. The purpose of this study is to 
highlight the issue of insufficient reporting in ecotoxicology through examples from publications as well as to provide solu
tions, focusing on how the data or metadata itself are reported rather than which variables are reported from experiments. 
Published data and metadata on nanomaterials, neonicotinoids, and per- and polyfluoroalkyl substances were analyzed to 
gain insight into the extent to which insufficiently reported data are present across the literature.
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Introduction
Empirical studies generate valuable data and metadata and con
tribute to the general knowledge of scientific fields (Hillebrand 
& Gurevitch, 2013). Although at first glance, studies seem rich 
with information, a large proportion of them are irreproducible 
(Baker, 2016; Hitchcock et al., 2018). Indeed, concerns have 
been raised regarding the findings of scientific research: chemis
try and biology studies were deemed the least reproducible 
quantitative disciplines (Baker, 2016; Hanson et al., 2017; 
Jacobs et al., 2024). The poor reproducibility of scientific studies 
has been broadly attributed to flawed experimental design, in
sufficient reporting, and an inaccessibility of data and metadata 
(Hillebrand & Gurevitch, 2013; Percie Du Sert et al., 2020).

Data generated by empirical studies can form part of subse
quent studies (e.g., modeling or meta-analyses) and help gain 
new insights. Reusing data is an essential part of the findable, 
accessible, interoperable, and reusable (FAIR) principles 
(Wilkinson et al., 2016). The FAIR principles put emphasis on 
data sharing and management to ensure easy findability, acces
sibility, interoperability, and reusability for both humans and 
machines (Groenewold et al., 2024; Jeliazkova et al., 2021). 
Although good data sharing and management practices are 

crucial to the reuse of data, it is only one aspect of a larger pro
cess (Furxhi et al., 2023). Another aspect of reusing data involves 
the quality of the data itself (Groenewold et al., 2024). Data qual
ity is important because poor quality data adversely affects 
modeling efforts, meta-analyses (Ajisafe et al., 2025; Chen et al., 
2015; Furxhi et al., 2023; Hartung & Kleinstreuer, 2025; Przybylak 
et al., 2012), and regulatory decision-making (Ågerstrand et al., 
2018). Studies cannot be reproduced or compared with another 
when insufficient information is reported, thereby diminishing 
their scientific value as well as contributing to resource waste 
(Hanson et al., 2017; Mebane et al., 2019; Samuel et al., 2016). 

Textbox 1 Empirical studies generate valuable data from di
rect observations and contain scientifically valuable data in 
the form of their metadata (or data about data; Drobne, 
2021; Papadiamantis et al., 2020). Data from direct observa
tions include experimental measurements of chemicals/ 
materials (e.g., concentrations, physicochemical properties), 
exposure conditions (e.g., pH, temperature) and toxicity 
endpoints (e.g., EC50 values). Examples of important meta
data include the metadata about methods (e.g., which used 
protocol), instruments (e.g., models and parameters), and 
bibliographic data (e.g., authors or publication date).
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Data quality concerns the completeness and reliability of the 
data or metadata itself. The quality is determined by the ro
bustness of the methods used, reproducibility of the results 
and adequate description of the study (Shao et al., 2023).

In ecotoxicological studies, researchers perform exposure 
experiments in a laboratory or field setting (Comandella et al., 
2020) and publish their finding in scientific journals or reports. 
Despite the availability of standardized guidelines (e.g., 
Organisation for Economic Co-operation and Development 
[OECD] 202, [2004]), the quality of ecotoxicological data and 
metadata is frequently insufficient (Aurisano & Fantke, 2022; 
Hanson et al., 2017; Karcher et al., 2018; Olker et al., 2022). 
Specifically, methodological information and statistical and ex
perimental outcomes are underreported and/or inconsistent 
within publications (Bosker et al., 2013; Erickson & Rattner, 
2020; Furxhi et al., 2024; Henke et al., 2024). As a result, it has 
been acknowledged that curated databases based on published 
data are currently not suitable for in silico modeling (Jeliazkova 
et al., 2021; Z. Ji et al., 2021). Inadequate data quality has been 
widely recognized across ecotoxicological research involving a 
wide range of substances: nanomaterials (Comandella et al., 
2020; Fern�andez-Cruz et al., 2018; Karcher et al., 2018; Plata & 
Jankovi�c, 2021), micro- and nanoplastics (Askham et al., 2023; 
Jenkins et al., 2022; Kokalj et al., 2024; Nyadjro et al., 2023; Pang 
et al., 2023), and soluble chemicals (Ankley et al., 2021; Olker 
et al., 2022; Przybylak et al., 2018; Sch€ur et al., 2023). These 
issues also extend across various experimental approaches such 
as “omics” (Henke et al., 2024; Saarim€aki et al., 2022), in vitro 
(Krebs et al. 2020), in vivo (Balraadjsing et al., 2024; Sch€ur et al., 
2023), and field studies (Hanson et al., 2017).

It has become increasingly common for ecotoxicological 
modeling, meta-analyses, and regulatory studies to highlight 
data quality insufficiencies and inadequate reporting. However, 
relatively few studies have attempted to quantify the extent of 
these issues across the ecotoxicological literature. In the past, 
Bosker et al. (2013) and Erickson and Rattner (2020) discussed 
reporting insufficiencies within the toxicological literature but 
focused only on statistical information. However, inadequate 
reporting in ecotoxicology goes beyond statistical information. 
Therefore, the aim of this article is twofold: (1) to identify, quan
tify, and discuss common data reporting issues prevalent in eco
toxicological literature and (2) provide suggestions on how 
to mitigate reporting issues. Common shortcomings are 
highlighted and discussed, followed by an analysis of published 
scientific ecotoxicology data for three groups of compounds: 
nanomaterials, per- and polyfluoroalkyl substances (PFAS), and 
neonicotinoid insecticides. As little consensus exists between 
researchers regarding which variables are important to report 
(Exner et al., 2023), the focal point of this article will be mainly 
how data and metadata are reported in the literature rather 
than which variables are reported. Improved and transparent 
reporting procedures can improve the quality and reproducibil
ity of ecotoxicological studies and is beneficial to all across the 
discipline (Ågerstrand et al., 2018; Hutson, 2022; Nian et al., 
2025). This would result in fewer repeated experiments and save 
time, money, animals, and resources (Hanson et al., 2017).

Common reporting shortcomings
Inadequate reporting practices in ecotoxicology literature can 
be broadly categorized as heterogenous and incompletely 
reported data or metadata. This section is not intended as an 
exhaustive list of shortcomings but to highlight common data 
reporting mistakes in publications. Examples were chosen at 
random and used only to exemplify common shortcomings 
rather than criticize individual publications. 

Textbox 2 Data completeness is defined here as the extent 
to which key ecotoxicological variables were reported 
within publications (European Food Safety Authority 
[EFSA] et al. 2025). Incomplete reporting signifies the lack 
of reported data (underreporting or data gaps; Ågerstrand 
et al., 2018).
Data heterogeneity is defined here as the diversity of data 
formats and levels of detail used to report data. This refers 
to unstandardized, unharmonized, or inconsistent data 
reporting between studies. Data heterogeneity as de
scribed here is analogous to the European Food Safety 
Authority (EFSA) definition for data consistency (EFSA 
et al., 2025).

Incomplete reporting
Methodologies
Publications generally describe experimental setups and condi
tions but vary considerably in the level of detail they provide 
(Ågerstrand et al., 2014; Plata & Jankovi�c, 2021). Studies com
monly cite only standardized test guidelines when describing ex
perimental methodologies, which is not always sufficient 
(Ågerstrand et al., 2014; Przybylak et al., 2012). Citing only exper
imental guidelines, without providing exact conditions or meas
urements, lacks the necessary detail to reproduce experiments 
or reuse data. To use such data in meta-analyses and models, 
assumptions must be made to address ambiguously described 
parameters that introduce uncertainty into analyses.

Standardized protocols provide structured guidance but do 
not always describe the exact conditions necessary to conduct 
experiments (Pulido-Reyes et al., 2024). To elaborate, 
Annunziato et al. (2019) utilized OECD 212 (OECD, 1998) which 
allows researchers autonomy to use alternative media as 
needed as long as it adheres to annex 5 of the guideline. 
Although the authors reported the standardized guideline as 
their methodology, they provided limited information about the 
media (composition) or water quality parameters. Water quality 
parameters greatly influence the fate of chemicals (Verschoor 
et al., 2011) or (nano)materials (Xiao et al., 2016), and subse
quent toxic responses can differ in relation to for example, pH or 
dissolved organic carbon levels with similar chemical doses.

Standardized protocols allow for parameters to be within 
specified ranges rather than providing exact fixed values. The 
Daphnia sp. acute immobilization test, OECD 202 (OECD, 2004), 
states that media pH must “remain stable and be between 6 to 
9” in addition to recommending water hardness levels “between 
140 and 250 mg/L CaCO3, but lower is also acceptable”. The 
guideline provides ambiguous direction to researchers, giving 
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them the autonomy to use alternative media as needed. 
However, the flexible guidelines become problematic when 
authors fail to report exact experimental conditions, thereby 
preventing others from knowing or reproducing this data. This 
can be observed in Barmentlo et al. (2015), where water quality 
parameters were reported as being “within the requirements” of 
the guideline, but exact measurements per tested concentration 
were not given (concentrations were reported as ranges of all 
measurements). Additionally, Barmentlo et al. (2015) reported 
the water hardness as “exceeding the recommended value of <
250 mg/L”.

Inaccessible and erroneously reported experimental guide
lines also create additional barriers for the reuse of data and re
producibility of experiments. For example, Valerio-Garc�ıa et al. 
(2021) exposed zebrafish to nanomaterials using “OECD (guide 
21,02,013)”. However, such a guideline does not exist and insuf
ficient details were provided to deduct the correct guideline.

Statistical information
Deficiencies in statistical reporting are widely recognized in the 
ecotoxicological literature (Bosker et al., 2013; Comandella 
et al., 2020; Erickson & Rattner, 2020; Sumpter et al., 2021; 
Wheeler & Lower, 2021). Statistical information gives crucial in
sight into experimental outcomes and is necessary to compare 
studies in meta-analyses (Hitchcock et al., 2018). Statistical 
reporting deficiencies include a failure to report p-values, 
degrees of freedom, effect sizes, and statistical power, which 
have been extensively reported on in Bosker et al. (2013) and 
Erickson and Rattner (2020).

Furthermore, researchers commonly summarize data ranges 
into point estimates using descriptive statistics (e.g., mean, me
dian). However, reporting descriptive statistics without meas
ures of statistical dispersion or uncertainty (e.g., SD) results in 
the loss of information regarding the underlying data. Faria 
et al. (2018) illustrated this by considering the size of nanomate
rials with uniform distributions ranging from 100–900 nm versus 
particles ranging from 495–505 nm. Both size distributions have 
a mean of 500 nm and thus, reporting only their descriptive sta
tistics without statistical dispersion means essential information 
about the size distribution is lost.

Not reporting the underlying (raw) data used to calculate de
scriptive statistics can also be problematic. Raw data can be 
particularly crucial in studies where zeros are not treated 
equally, such as chromatographic or spectrometric measure
ments (Sumpter et al., 2021). In such measurements, concentra
tions labelled as “not detected” are not standardized and may 
either be included, replaced, or disregarded entirely in descrip
tive statistics (Barr et al., 2006; Chik et al., 2018). Measurement 
data with limits of detections are a form of censored data and 
their handling in analyses is not straightforward (George et al., 
2021; Sumpter et al., 2021).

Graphical results
Publications may occasionally report data solely within graphs 
without providing the underlying data elsewhere in the main 
text or online supplementary material. This is exemplified in 
Yung et al. (2017), where the zeta-potential, hydrodynamic size, 
and particle dissolution were measured over time, but the corre
sponding data were only presented in graphical form. Similarly, 

Li et al. (2010) reported median effect concentration (EC50) data 
exclusively in bar graphs and discussing only a portion of the 
displayed data within the main text. To reuse this data, the exact 
values must be estimated or extracted with alternative tools, 
thereby introducing uncertainty in analyses.

Reused data
Researchers may reuse previously published data across multi
ple publications as part of subsequent (but related) experi
ments. However, authors may occasionally fail to explicitly state 
the reuse of previously published data within publications. Not 
explicitly declaring the reuse of data between publications can 
be seen in Fazelian et al. (2020): the EC50 and EC90 toxicity val
ues for CuO nanomaterials are identical to those provided in the 
authors’ previous publication (Fazelian et al., 2019) using the 
same materials. Such reporting oversights may not be problem
atic in itself, and are insignificant towards reproducing experi
ments or the quest for harmonized data and metadata. 
However, such reused data may end up within databases where 
they would result in duplicated entries that go undetected if not 
examined carefully.

Positive and negative results
Although positive results have a propensity to be published, 
negative findings are reported less frequently (Ågerstrand et al., 
2014; Martin et al., 2019). “Negative findings” here denotes 
results that show no (significant) effects. Building models using 
only positive findings will inadvertently lead to biased outcomes 
(Hartung & Kleinstreuer, 2025). Reporting negative findings 
would also avoid the need for repeating experiments and com
plete the overall picture of investigated substances (Krug, 2018). 
Nevertheless, negative outcomes are frequently omitted from 
publications even when they form part of the same experimen
tal scheme. For example, in gas chromatography–mass spec
trometry analyses, studies commonly report data pertaining 
only to compounds detected above a certain threshold, such as 
Eulaers et al. (2013), which only included chemicals detected in 
more than 50% of samples.

Heterogeneous reporting
Reporting formats
Researchers may report experimentally measured variables 
as either continuous (numerical) or categorical data. 
However, heterogenous reported data formats are common 
for experimentally measured variables across ecotoxicologi
cal studies (Furxhi et al., 2023). Heterogeneous reporting for
mats hinder data reuse and complicate comparisons between 
publications.

Continuous variables can be reported numerically, as numeri
cal ranges or by using qualifiers (e.g., <, >; Aggarwal et al., 
2024; Saouter et al., 2019). Reporting continuous variables using 
numerical ranges or qualifiers creates problematic censored 
data. For example, authors primarily report EC50 values as the 
mean effect of multiple measurements, although some studies 
may report them as numerical ranges instead (the minimum 
and maximum effect concentration; Sch€ur et al., 2023). 
Likewise, researchers may report the same variable as either 
categorical or continuous values across studies, as is the case 
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with data on nanomaterial crystallinity. Crystallinity is regularly 
reported qualitatively, as the dominant crystal state of a mate
rial (e.g., anatase, rutile, “anatase with some rutile present,” 
etc.). However, studies may also express crystallinity quantita
tively as proportions (e.g., “10% anatase and 90% rutile”).

Experimental measurements
Substance concentrations may be reported ambiguously in 
studies by researchers as nominal or actual concentrations, 
with the former being more commonly reported (Lead et al., 
2018; Mancardi et al., 2023; Saouter et al., 2019). Differences be
tween nominal and actual measured concentrations may be con
siderable as highlighted by Pulido-Reyes et al. (2024). The authors 
report an overestimation of median lethal concentration values 
based on nominal concentrations compared with actual 
concentrations.

Ambiguity in the reporting of experimental data also extends 
to the timepoints at which researchers measure parameters. 
Chemical concentrations are typically measured at the start 
and/or end of exposure (OECD, 2004). However, concentrations 
often fluctuate nonlinearly throughout the exposure duration 
due to chemical processes such as degradation and metaboliza
tion (Barmentlo et al., 2019). Similarly, the behavior and bio
availability of nanomaterials may change due to transformation 
processes (e.g., dissolution or aggregation; Lead et al., 2018). 
Such dynamic processes affect the exposure of substances to
wards organisms, and it is therefore crucial to report the time
point at which parameters were measured.

Researchers may measure an organism’s weight as either dry 
or wet weight, but this is not always clearly stated within publica
tions (Askham et al., 2023). For instance, Schanzer et al. (2022)
reported measurements involving bat livers but the reported data 
did not indicate whether this was the wet or dry weight.

Comparing experimental measurements between studies is 
difficult when different approaches are used to express parame
ters such as substance concentrations or weights. This also 
applies to measurements done at diverse timepoints or media.

Units
Scientific literature has frequently cited the use of inconsistent 
units across publications as reporting insufficiency (Alves et al., 
2021; Askham et al., 2023; Krug, 2022; Pang et al., 2023; 
Scharm€uller et al., 2020). Although the majority of units in data
sets can be easily converted and harmonized, there remain par
ticular cases where this is not straightforward (Furxhi et al., 
2024). Nam et al. (2015) expressed toxicity as the number of par
ticles/ml, which is a valid unit for expressing nanotoxicity. 
However, particles/ml is not always easily convertible into mass 
(e.g., mg/L) or molar-based units (e.g., mol/L), which are more 
commonly used across ecotoxicology. This requires information 
on the size and either the mass or volume of the nanomaterial 
(Wheeler & Lower, 2021), which can be difficult to estimate 
when the particle shape is irregular.

Instances of inadequate or erroneous unit reporting can also 
be found in literature. Oukarroum et al. (2013) reported the ionic 
strength as a unitless parameter, whereas Bernot and 
Brandenburg (2013) reported conductivity as “51–70 mg/L 
CaCO3”. The latter was likely a mislabeling and the reported 
property should have been water hardness instead. Although 

reporting errors are unintentional, they may go unnoticed and 
affect how studies are assessed (Ingre-Khans et al., 2019).

Toxicological outcomes
Ecotoxicological outcomes are generally reported as ECx val
ues, with x commonly being equal to 50. Effect concentrations 
may occasionally also be expressed as ECx values other than 
EC50s such as EC10s or EC90s. Due to its widespread use, 
EC50s are easily comparable between studies in relation to 
other ECx values. Comparability between studies is particularly 
hindered when studies report various levels of ECx values or 
when the parameters of fitted dose-response curves are 
not reported.

Terminology
Ecotoxicology studies commonly use heterogeneous terminol
ogy, using different terms for analogous concepts or identical 
terms for different concepts (Hartung et al., 2019; Karcher et al., 
2018). Unharmonized terminology causes confusion and creates 
barriers for the reuse and integration of data from multiple sour
ces (Furxhi et al., 2020; Shao et al., 2023; X. Yan et al., 2023). 
Moreover, unharmonized terminology also limits machine read
ability and text mining efforts (X. Yan et al., 2023). In nanomate
rial literature, the terms “agglomeration,” “aggregation,” and 
“hydrodynamic size” are often used interchangeably, despite 
being subtly different processes (e.g., Aruoja et al. [2015] uses 
“agglomerates”, N. Yan et al. [2019] uses “aggregates” to refer to 
the same process). Likewise, within the context of the acute 
Daphnia sp. toxicity test (OECD, 2004), “immobilization” and 
“mortality” are used interchangeably (immobilization is a proxy 
to measure mortality). Nevertheless, studies may at times report 
immobilization and mortality as two distinct endpoints, which 
can be seen in Cui et al. (2017). Such distinctions and deviations 
from already established definitions give misleading measure
ments and errors in meta-analyses.

Reporting trends in the literature
Materials and methods
We investigated data and metadata from the literature to illus
trate and quantify reporting insufficiencies (Figure 1). Two data
sets were analyzed to demonstrate that reporting insufficiencies 
are independent from the type of compounds studied: (1) a cu
rated nanomaterial dataset from Balraadjsing et al. (2026) and (2) 
organic chemical (neonicotinoids and PFAS) data from the 
U.S. Environmental Protection Agency (USEPA) Ecotoxicology 
(ECOTOX) Knowledgebase (https://cfpub.epa.gov/ecotox). Both 
datasets contain ecotoxicity data and metadata on acute 
in vivo endpoints for laboratory-based experiments using 
aquatic species.

Data and metadata were assessed based on their complete
ness and heterogeneity. The completeness was assessed as 
the proportion information reported in studies based on two 
approaches: per data point (gives indication of reporting 
within studies) and per variable (gives indication of reporting 
between studies). The criteria for assessing completeness was 
solely whether studies reported any information regarding a 
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variable (the level of detail was not considered). Furthermore, 
completeness was only assessed for the nanomaterial dataset 
as the ECOTOX Knowledgebase does not accurately reflect the 
completeness of ecotoxicity studies. Data or metadata may be 
present within publications but are not included in the data
base entries of the ECOTOX Knowledgebase. For example, the 
entries for Ashauer et al. (2010) and Pestana et al. (2010) were 
mostly empty within the downloaded dataset (see online sup
plementary material ecotox_data.xlsx). However, data for 
empty entries within the dataset could be found within the 
articles or their online supplementary materials.

Data heterogeneity was analyzed by summing the amount of 
distinct formats and units used to report numeric data within 
variables across studies. The quality of reporting could be 
assessed on a range of variables but there is no agreement 
amongst researchers on which variables are important to in
clude in studies (Exner et al., 2023). Therefore, we assessed the 
completeness and heterogeneity based on variables that are 
deemed crucial to the reproducibility of ecotoxicological experi
ments as well as those required by standardized guidelines to 
be measured and reported. These variables include the physico
chemical information (nanomaterial dataset only), experimental 
conditions and toxicity outcome.

Additional details regarding the datasets and variables 
assessed can be found in the supplementary materials (see on
line supplementary material S1 and S2). The analysis was con
ducted using R 4.3.3 (R Core Team, 2024) and the script can be 
found attached as supplementary material (see online supple
mentary material analysis.R).

Results and discussion
Nanomaterials
The majority of nanotoxicity studies generally reported acute 
ecotoxicity data and metadata with an completion rate between 
55% and 75% (Figure 2). Notably, no nanotoxicity study had a 
completion rate below 45%, whereas few achieved completion 
rates higher than 80%.

Furthermore, results highlighted the varying levels at which 
nanomaterial physicochemical property and experimental condi
tion data were reported across studies (Figures 3A and B). The 
most commonly reported physicochemical properties (Figure 3A) 
included size information (primary diameter and hydrodynamic 
size), coating, material composition, and shape. In contrast, infor
mation on the zeta-potential, surface area, and crystallinity of 
nanomaterials was reported the least across studies.

Authors frequently report variables related to the experimen
tal conditions of nanotoxicological experiments (Figure 3B). A 
100% completion was observed for the majority of variables, 
with the exception of the following: endpoint value, test media, 
temperature, illumination conditions, pH, dispersion method, 
salinity, ionic strength/conductivity, alkalinity/water hardness, 
and dissolved oxygen. It should be noted that 100% completion 
was observed for specific variables due to assumptions made in 
the assembly of the Balraadjsing et al. (2026) nanomaterial data
set, which applies to the following variables: particle coating, UV 
radiation, suspension aging, and the use of pre-illumination.

Analysis into the heterogeneity of reported nanotoxicity data 
and metadata revealed a range of approaches used to report nu
merical values such as point estimates (e.g., mean), ranges, or 

Figure 1 Diagram of the analysis conducted in this study to investigate the level of data completeness and heterogeneity within 
ecotoxicological studies.
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Figure 2 Histogram showing the overall completeness of variable reporting in nanotoxicology literature. The x-axis displays the percentage 
completeness for each data point in the dataset, the y-axis displays the frequency (amount of datapoints) corresponding to the percentage 
completeness.

Figure 3A Percentage of completeness of each variable between studies related to the physicochemical properties of nanomaterials. The x-axis 
displays the percentage completeness for each variable in the dataset, the y-axis displays the variable names.
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qualifiers (Table 1). Across all numerical variables, point esti
mates were the most frequently used reporting format, followed 
by numerical ranges (except for endpoint values). Only the sur
face area, primary size, dissolved oxygen, and endpoint values 
contained entries reported using qualifiers.

Moreover, the diversity of units used across studies displayed 
notable variability. Conductivity (Table 2), surface area 
(Table 3), and endpoint value (Table 4) were chosen as examples 
here. Results showed that conductivity was reported using nine 
distinct units, surface area with three, and endpoint value with 
14. Despite this variability, the majority of units could be easily 

converted into a preferred (standardized) unit: most units for 
conductivity were expressed as a form of electrical conductance 
per distance (97%; typically mS/cm), whereas the majority of 
endpoint values were a form of mass per volume (94%; typically 
mg/L), molarity (3%; typically mol/L), or parts per million/billion 
(3%). Although the surface area was expressed using three dis
tinct units, the vast majority was expressed in m2/g (99%).

Each assessed variable also included instances that were 
more challenging to convert. For conductivity, four data points 
were expressed as mS/cm2, which differs from the more com
monly used electrical conductance per distance format. 

Figure 3B Percentage of completeness of each variable between studies related to the experimental conditions of nanotoxicity experiments. The 
x-axis displays the percentage completeness for each variable in the dataset, the y-axis displays the variable names.

Table 1 Reporting of numeric variables using qualifiers, point estimates (means) or numerical ranges in nanotoxicity literature.

Variable Qualifiers Point estimates Ranges Other

Surface area 18 896 160 0
Primary diameter 297 1,900 418 0
Test duration 0 2,847 4 0
Salinity 0 865 38 27
Dissolved oxygen 39 165 79 0
Water hardness 0 279 113 0
Alkalinity 0 85 58 0
Ionic strength 0 78 8 39
Conductivity 0 338 97 0
pH 4 1,330 620 0
Temperature 0 2,491 107 19
Endpoint value 591 2,244 13 0

Note. Other = other method of data reporting or the data was not extracted in raw dataset, but data was available.
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Similarly, the surface area was expressed as m2/cm3 or nm2/par
ticle in seven instances, which deviates from the more com
monly used m2/g. Finally, particles/ml were used to express the 
toxicological outcome of 11 datapoints, which deviates from the 
generally used mass per volume format.

Altogether, these findings indicate that the majority of studies 
report crucial experimental details to a certain degree for nano
materials. Our results indicate a general underreporting of water 
chemistry parameters and specific physicochemical features. 
Physicochemical features such as particle crystallinity and surface 

area are required for registration under Registration, Evaluation, 
Authorisation, and Restriction of Chemicals (REACH) regulation 
and are thus considered crucial properties for reporting 
(Comandella et al., 2020). However, crystallinity and surface area 
of nanomaterials were amongst the least reported features in 
studies. Although the reporting of physicochemical features has 
improved over time (Saarim€aki et al., 2021; Siivola et al., 2022), 
underreporting remains an issue as evidenced in our results.

Analysis into the heterogeneity of reporting indicated a pref
erence for reporting numerical data as point estimates in addi
tion to using numerical ranges and qualifiers. Furthermore, 
units varied widely across studies, but the majority could be 
readily harmonized into preferred units. Instances were present 
in which the harmonization was not straightforward and addi
tional information is needed.

These conclusions are in line with nanotoxicology literature 
that frequently highlights the considerable data gaps and qual
ity of data (Comandella et al., 2020; Elberskirch et al., 2022; 
Karcher et al., 2018; Lead et al., 2018; Scott-Fordsmand & 
Amorim, 2023). The eNanomapper database was analyzed by 
Comandella et al. (2020), who concluded that nanoparticles 
were poorly characterized within the database and that studies 
had poor completeness scores overall. Incomplete reporting in 
nanotoxicity studies stems from the use of different (unstandar
dized) protocols and a lack of physicochemical characterization 
(Afantitis et al., 2020; Comandella et al., 2020; Elberskirch et al., 
2022; Pulido-Reyes et al., 2024). As a result, nanotoxicity data is 
currently inadequate for modeling and substantial curation or 
gap filling is necessary to reuse such data (Basei et al., 2019; 
Jeliazkova et al., 2021). Although only acute ecotoxicity data 
were analyzed here, these trends have also been highlighted for 
other nanotoxicity subdisciplines, such as in vivo studies on mu
tagenicity and inhalation (Krug, 2018) and cytotoxicity studies 
(Furxhi et al., 2023, 2024; Mirzaei et al., 2021).

Organic chemicals
Patterns of heterogeneous reporting were also observed for or
ganic chemicals and were consistent with those observed in the 
nanomaterial dataset. Reporting formats for numerical variables 
in the organic chemical dataset varied from point estimates to 
ranges and qualifiers (Tables 5 and 6). Studies most frequently 
reported data using point estimates, followed by data ranges 
(chemical purity reporting for PFAS was an exception). 
Additionally, the use of qualifiers was limited solely to chemical 
purity, organism age, dissolved oxygen, and duration of experi
ments. Further observations include the use of multiple report
ing formats within the same study (e.g., data reported as both 
ranges and point estimates).

The organic chemical dataset displayed considerable hetero
geneity in the units used to express experimental data (Table 7). 
The conductivity was reported using seven distinct units, but 
the vast majority (neonicotinoids = 98%, PFAS = 100%) could be 
readily converted into a (standardized) unit of preference. The 
sole exception were three neonicotinoid instances reported as 
µS/cm3, which require additional information for conversion. 
Only conductivity is provided here as example, as the remaining 
units were already largely harmonized across the ECOTOX 
Knowledgebase. This applies to units of temperature, water 
hardness, alkalinity, and salinity (data not shown here).

These findings suggest that organic chemical ecotoxicity data 
and metadata are reported heterogeneously across studies, similar 

Table 2 Variance in units used to express the conductivity of 
nanomaterials.

Unit Count

mS/cm 94
mS/cm2 4
mS/m 6
mg CaCO3/L 2
mho/cm 12
µS/cm 258
μM/cm 6
μS 31
μmho(s)/cm 22

Note. Count = amount of data points where each unit was used to express 
the parameter.

Table 3 Variance in units used to express the surface area of 
nanomaterials.

Unit Count

m2/cm3 3
m2/g 1,067
nm2/particle 4

Note. Count = amount of data points where each unit was used to express 
the parameter.

Table 4 Variance in units used to express the endpoint of nanotoxicity 
experiments.

Unit Count

g/L 7
mg/L 2,247
mg/mL 5
mmol/L 5
mol/L (M) 3
nM 20
ng/ml 11
particles/ml 11
ppb 6
ppm 76
µM 48
µg/g 2
µg/L 366
µg/ml 44

Note. Count = amount of data points where each unit was used to express 
the parameter. The measured endpoints consisted of acute in vivo toxicity 
for aquatic species.
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to the nanomaterial dataset. Because both chemical groups dis
played similar heterogeneity, these results indicate that patterns of 
heterogeneous reporting prevail irrespective of the chemical 
assessed. Issues regarding unharmonized chemical toxicity data 
have also been recognized in the literature. Ankley et al. (2021)

discusses the underreporting of test concentrations and water 
quality parameters in PFAS studies. Additionally, Wang et al. (2024)
concluded that relatively few PFAS studies could be considered re
liable or of high quality. No study has yet evaluated the quality of 
neonicotinoid data, to the best of our knowledge. However, the 
similarities observed between reporting insufficiencies in PFAS and 
neonicotinoid data suggest that comparable results can be 
expected for neonicotinoids. In the broader toxicology literature, 
Langan et al. (2025) also reports on the insufficient reporting of ba
sic experimental information for transcriptomics studies such as 
the lighting conditions, feeding, and water quality parameters for a 
range of chemicals. Harris and Sumpter (2015) evaluated studies 
published in 2013 across three journals and concluded that report
ing was generally poor based on the assessed criteria. The ECOTOX 
Knowledgebase relies on author-reported details and thus contains 
data gaps due to insufficient reporting, thereby hindering the reuse 
of data (Hrovat et al., 2009; Olker et al., 2022). Such issues of insuf
ficient and heterogeneous reporting are not limited to the ECOTOX 
Knowledgebase but have also been reported elsewhere, such as 
the REACH database (Saouter et al., 2019).

Table 5 Reporting of numeric variables using qualifiers, point estimates (means) or numerical ranges in per- and polyfluoroalkyl 
substance literature.

Variable Qualifiers Point estimates Ranges Multiple

Chemical purity 269 418 4 0
Organism age 112 337 173 0
Organism initial length 0 10 25 0
Organism initial weight 0 24 4 0
Observed duration 0 751 68 0
Exposure duration 0 799 19 0
Temperature 0 562 70 132
Water hardness 0 184 88 0
Alkalinity 0 138 67 0
Dissolved oxygen 10 92 123 98
pH 0 186 233 148
Salinity 0 9 14 12
Conductivity 0 194 68 24

Note. Multiple = data was reported using multiple of the listed methods; n = 821.

Table 6 Reporting of numeric variables using qualifiers, point estimates (means) or numerical ranges in neonicotinoid literature.

Variable Qualifiers Point estimates Ranges Multiple

Chemical purity 15 260 102 0
Organism age 92 99 168 0
Organism initial length 0 4 21 0
Organism initial weight 0 5 1 0
Observed duration 1 435 1 0
Exposure duration 0 427 0 0
Temperature 0 342 25 33
Water hardness 0 29 74 91
Alkalinity 0 41 72 91
Dissolved oxygen 23 23 176 30
pH 0 47 154 59
Salinity 0 0 1 3
Conductivity 0 27 104 82

Note. Multiple = data was reported using multiple of the listed methods; n = 437.

Table 7 Variance in units used to express the conductivity of organic 
chemicals (amount of data points where each unit was used to express 
the parameter for each chemical group).

Unit Neonicotinoids PFAS

S/cm 8 0
mS/cm 72 24
µS/cm 130 162
µS/cm3 3 0
µS 0 63
µS/m 0 4
µmhos/cm 0 33

Note: PFAS = per- and polyfluoroalkyl substances.
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Suggestions
Heterogeneous and detailed reporting are imperative for the re
use, reproducibility, and comparability of studies. Based on the 
identified shortcomings in the ecotoxicological literature, we pre
sent suggestions below to improve the quality of studies and pro
mote harmonized reporting. Table 8 gives an overview of 
reporting shortcomings and suggestions for improvement. This 
table serves as a checklist for authors preparing new manuscripts.

Complete reporting
Methodologies
Researchers should describe methodologies with detailed 
accounts of experimental procedures, species used, and the 
necessary information needed to reproduce the study (Faria 
et al., 2018; Hanson et al., 2017; Krebs et al. 2020). Numerous 
templates (e.g., Investigation/Study/Assay tab-delimited [ISA- 
TAB] format [Sansone et al., 2012], NanoReg [Totaro et al., 
2017]), checklists (e.g., Nano Criteria for Reporting and 
Evaluating Ecotoxicity Data (nanoCRED; Hartmann et al., 2017; 
C. T. A. Moermond et al., 2016), Animal Research Reporting of In 
Vivo Experiments (ARRIVE; https://arriveguidelines.org/), and 
guidelines (e.g., OECD 202; OECD, 2004), USEPA 821-R-02–012 
(USEPA, 2002), Society of Environmental Toxicology and 
Chemistry (SETAC) minimum reporting information (SETAC, 
2019), recommendations for soil micro- and nanoplastic (Kokalj 
et al., 2024) exist to aid with experimental elements that should 
be reported (Hartung et al., 2019). The Enhancing the Quality 
and Transparency of Health Research (EQUATOR) Network 
(https://www.equator-network.org) also acts as a hub that links 
to reporting guidelines. Electronic lab notebooks have also been 
suggested for data reporting and management (Exner et al., 
2023; Papadiamantis et al., 2020). Comandella et al. (2020) and 
Ågerstrand (2020) discuss the effectiveness of reporting tem
plates and checklists, highlighting increased quality and com
pleteness for studies where they were utilized. When 
experimental details cannot be placed in the main text (e.g., due 
to journal restrictions), this information should be published in 
the online supplementary material (Ågerstrand et al., 2014), as 
was done in Kadlec et al. (2024), for instance.

Authors citing experimental guidelines should also specify the 
exact conditions (and timepoints) applied during exposure even 
when using the previously mentioned templates, checklists, or 
guidelines. This also extends to the use of nonstandardized me
dia, which should be clearly described in terms of water quality 
parameters and elemental composition (Hanson et al., 2017). 
Similarly, citing (nonstandardized) methodologies found else
where in the literature should be accompanied by brief descrip
tions of the procedure. For example, G. Ji et al. (2022) cited the 
experimental guideline used but also provided a brief proce
dural overview within their study. This is beneficial, as other 
(older) publications may be inaccessible or also suffer from in
sufficient reporting (Przybylak et al., 2012).

Statistical information
Researchers should report information relating to statistical 
analyses as thoroughly as possible (Faria et al., 2018). This 
includes the reporting of p-values, degrees of freedom, effect 

sizes, and statistical power (Bosker et al., 2013; Erickson & 
Rattner, 2020). Furthermore, descriptive statistics used to sum
marize parameters should be accompanied by measures of dis
persion, such as the SD/SE or confidence interval (Aurisano & 
Fantke, 2022; Hanson et al., 2017) and sample size. In this con
text, Mebane et al. (2019) also suggests the reporting of extreme 
percentiles (e.g., the 10th to 90th percentile) instead of numeri
cal ranges. Misinterpretations and ambiguity can be avoided by 
explicitly stating which data were used for descriptive statistical 
calculations or by reporting the raw data.

Graphical results
Researchers should place the underlying values used in graphi
cal representations either within the figures (without overbur
dening them; Hartung et al., 2019), in the main text, a table, or 
the online supplementary material. Alternatively, raw data can 
be shared through databases or repositories (e.g., Zenodo; 
Jenkins et al., 2022; Martin et al., 2019).

Reused data
Data reused from prior work must be clearly and prominently 
disclosed within publications. This disclosure includes a direct 
citation of the source and a specification of the reused data. To 
avoid the creation of reference chains that hinder data traceabil
ity, authors should cite the original data source rather than sec
ondary publications that mention the same data (e.g., using 
digital object identifiers).

Positive and negative results
Negative findings should be reported because they give crucial 
context for understanding experiments and help mitigate biases 
in models (Hanson et al., 2017; Martin et al., 2019). Nevertheless, 
we recognize that (traditional) journals accept manuscripts less 
frequently when they report only negative results (Krug, 2018). 
Alternative journals are therefore available for the peer review 
and publication of negative findings (e.g., PlosONE, Journal of 
Pharmaceutical Negative Results, F1000Research) and must be 
utilized more often within ecotoxicology. Importantly, reporting 
negative results must be held to the same scientific standards 
as positive findings: rigorous peer review, well-formulated re
search questions, appropriate statistical power analyses, and 
proper data reporting practices.

Harmonized reporting
Reporting formats
Researchers should report numerical data using point estimates 
whenever possible. Ranges or qualifiers should be discouraged 
unless no alternative is available. We recognize that this is not 
always feasible and is dependent on the type of experiments 
conducted. However, we strongly encourage the use of point 
estimates together with statistical measures of dispersion (as 
previously discussed in the Statistical information section) to 
promote harmonized data that can be readily reused in meta- 
analyses or modeling studies. Additionally, consistent categories 
or grouping schemes should be used when reporting categorical 
data. Efforts have been made, for example, to standardize nano
material shape nomenclature (Mu~noz-M�armol et al., 2015).
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Table 8 Summary of data reporting shortcomings within ecotoxicological publications and suggestions for improved data reporting.

Data reporting shortcoming Suggestions to improve

Level of detail in materials and methods 
sections of publications are inconsistent 
and lack detailed experimental informa
tion (Ågerstrand et al., 2014; Hanson 
et al., 2017; Henke et al., 2024; Hund- 
Rinke et al., 2018; Olker et al., 2022).

· Be detailed in describing the methodology used by giving detailed accounts of 
the experimental procedures, species used and remaining information required to 
reproduce the study (Hanson et al., 2017). This includes specifying the exact condi

tions and water quality parameters used during exposure and the time points at 
which measurements were taken. Citing guidelines alone is not sufficient because 

they may not always provide the exact conditions for exposure. 
· Utilize existing templates (e.g., ISA-TAB), checklists (e.g., (nano)CRED, ARRIVE), or 
guidelines (e.g., OECD, ISO, USEPA) as guidance on which variables to report from 
toxicological experiments. If detailed information about experimental procedures 

or results cannot be placed in the main text, report them within the supplementary 
materials (Ågerstrand et al., 2014). Briefly describe experimental procedures when 
citing (unstandardized) methods from other publications (publications are not al

ways easily accessible). 
Insufficient reporting of statistical informa

tion (p-values, degrees of freedom, effect 
sizes, statistical power etc.). The report
ing of descriptive statistics without 
measurements of dispersion or uncer
tainty and refraining from reporting the 
underlying (raw) data used in calcula
tions (Bosker et al., 2013; Erickson & 
Rattner, 2020).

· Report statistical information such as p-values, degrees of freedom, effect sizes, 
and statistical power as thoroughly as possible (Bosker et al., 2013; Erickson & 

Rattner, 2020). 
· Report descriptive statistics (mean, median etc.) along with standard errors or 

deviations, confidence intervals and/or sample sizes (Hanson et al., 2017). 
· Avoid misinterpretations and ambiguity by explicitly stating which data were 

used to calculate descriptive statistics or report the underlying (raw) data. 

Reporting of results only within graphs 
without providing the underlying values 
elsewhere in the article or supplementary  
information.

· Place the underlying values displayed on the graphs within the graph itself (with
out overburdening it; Hartung et al., 2019), the main text, a table, or the supple

mentary material. 
· Share raw data using databases or repositories (e.g., Zenodo; Jenkins et al., 2022; 

Martin et al., 2019). 
Reuse of data from previous publications 

without making this explicit in 
the article.

· Clearly state what data is reused and cite the publication using persistent identi
fiers (e.g., DOI).

Only reporting the positive (signifi
cant) results.

· Report negative findings (e.g., when chemicals showed no effects or were not 
detected; Hanson et al., 2017; Martin et al., 2019) in journals that accept such data 

(e.g., PlosONE, F1000Research).
Inconsistent reporting formats used to 

report numerical and categorical data 
between studies.

· Use point estimates when possible for numerical data along with statistical 
measures of dispersion. Numerical ranges or qualifiers should only be used when 
necessary, as re-using this type of data complicates modeling or meta-analyses. 
· Categorical data should be reported consistently between studies through the 

use of available grouping schemes such as Mu~noz-M�armol et al. (2015) for nanoma
terial shapes for example. 

Researchers report experimental measure
ments ambiguously between studies. 
This includes substance concentrations 
which are reported as nominal or actual 
measurements, and organism weight 
measurements which may be reported 
as dry or wet weights. Measurements are 
also done at diverse timepoints or using 
different media than used during expo
sure within studies.

· Clearly state whether experimental measurements to limit ambiguity. Substance 
concentrations must clearly state whether they are nominal or actual measure

ments (ideally, both they actual and nominal concentrations should be reported). 
Similarly, measurements of organism weights must clearly disclose whether this 

was based on dry or wet weights. 
· Conduct measurements at consistent and fixed time points, within the same me

dia used for exposure. Use standardized operating procedures and good labora
tory practices standards for consistent and standardized experiments and 

reporting (Ankley et al., 2021; Martin et al., 2019; C. Moermond et al., 2017). When 
using standardized operating procedures, be detailed and include the exact condi

tions used as previously stated. 
Units used to express parameters are in

consistent across articles (Alves et al., 
2021; Askham et al., 2023; Krug, 2022; 
Nyadjro et al., 2023).

· Use consistent (and commonly accepted) units to express parameters such as 
SI units. 

· Provide the necessary information to convert data into commonly used units 
when alternative or unconventional units are used. 

(continued)
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Experimental measurements
Studies should clearly state whether reported concentrations 
are nominal or actual measurements. As nominal concentration 
may not accurately reflect exposure concentrations (Pulido- 
Reyes et al., 2024), the actual concentration should be reported 
in addition to the nominal concentration. Similarly, documenta
tion of dry or wet measurements should be adequately detailed. 
Although either could be reported, it is important to clearly dis
close this within studies for harmonization and transparency 
across literature (Askham et al., 2023).

The lack of comparability among studies due to differences in 
methodologies can be remedied through the use of standard
ized operating procedures and adherence to good laboratory 
practices (GLPs). Standardized operation procedures (together 
with our suggestions from the “methodologies” section) and 
GLP facilitates rigorous and standardized reporting (Martin 
et al., 2019; C. Moermond et al., 2017). However, it is impractical 
to conduct every experiment using standardized tests or spe
cies. Therefore, we wish to emphasize that our suggestion here 
means that experimental measurements should be done “in the 
spirit of GLP,” taking rigorous experimental design and harmo
nized reporting into account (Ankley et al., 2021).

Units
Uniform (and commonly accepted) units should be used to ex
press parameters (e.g., internationally standardized SI units). If 
authors opt to express parameters in unconventional units, the 
necessary information required for accurate conversion should 
be provided. For instance, Park et al. (2014) expressed surface 
area in nm2/particle, but included detailed particle information 
(Table 1 of Park et al. [2014]), enabling conversion into the more 
generally used m2/g.

Toxicological outcomes
Researchers reporting ecotoxicological outcomes as ECx values 
should also provide the mathematical equation of the fitted 
dose-response curve. Reporting the parameters of the dose- 
response curve enables the calculation and interpolation of any 
desired ECx value (beyond the published ECx values). For exam
ple, Gomes et al. (2024) reported the parameters of the fitted 
dose-response curve together with the toxicological outcomes 
of their experiments. The dose-response data can thus be easily 
reused and compared between studies in addition to permitting 

modeling studies that predict complete dose-response curves 
(e.g., Bunmahotama et al. [2022]).

Terminology
Standardized terminology is strongly encouraged to promote clar
ity and consistency. However, we recognize that implementing 
such standardization is difficult and requires collective commit
ment from researchers (Groenewold et al., 2024). Adopting com
mon vocabulary is especially challenging in multidisciplinary fields 
where identical terms are used to describe different concepts.

Any action taken towards standardization will result in partial 
effectiveness due to the breadth of the article published, num
ber of authors involved, and natural variation in language use 
(Hartung et al., 2019). Tools and frameworks for standardized 
vocabularies/ontology exist (e.g., eNanomapper ontology, 
BioPortal ontology, International Union of Pure and Applied 
Chemistry [IUPAC] glossary of term used in ecotoxicology 
[Nordberg et al., 2009] or ISO standards such as Water Quality– 
Vocabulary [ISO Standard No. 6107:2021; 2021]), but are underu
tilized. The challenges and opportunities associated with vocab
ulary standardization and ontology have been explored 
extensively elsewhere (e.g., Papadiamantis et al. [2020], Thessen 
et al. [2022] and Kosnik et al. [2022]).

Critical perspective
Recent years have seen a transition from animal experiments to
wards more molecular, in vitro, and in silico based hazard assess
ment (so called “new approach methodologies”; Alves et al., 2021; 
Henke et al., 2024). This shift towards in silico approaches also 
requires the availability of high-quality data and metadata (Afantitis 
et al., 2020). Tremendous efforts are made in ecotoxicology to im
prove published data through the FAIR principles, data stewardship, 
and standardized reporting templates (Exner et al., 2023; 
Papadiamantis et al., 2020). Data stewards or shepherds have been 
suggested to oversee the management and reporting of data and 
metadata (EFSA et al., 2025; Furxhi, 2022; Papadiamantis et al., 
2020), but it should be acknowledged that such concepts (including 
FAIR) require time to mature and be implemented across the com
munity (Exner et al., 2023). Instead, more short-term and pragmatic 
solutions are necessary to rapidly improve data reporting practices 
in ecotoxicology. Otherwise, it is probable that the current “status 
quo” of inadequate reporting will continue into the foreseeable fu
ture, gradually creating more unnecessary data gaps.

Table 8 (continued)

Data reporting shortcoming Suggestions to improve

Inconsistent reporting of ecotoxicological 
outcomes (as ECx values, with x often be
ing equal 50 but occasionally also other 
values such as 10 or 90).

· Report the obtained dose-response equation with its parameters so the effective 
concentration can be calculated at any desired percentage of its maximal effect.

Use of unstandardized terminology or vo
cabulary between studies (Hartung et al., 
2019; Papadiamantis et al., 2020; Plata & 
Jankovi�c, 2021).

· Use standardized terminology by utilizing existing tools and frameworks, or com
pare against them (e.g., eNanomapper ontology, Bioportal ontology). The IUPAC 
glossary of terms used in ecotoxicology (Nordberg et al., 2009) or ISO vocabulary 
standards (e.g., Water Quality—Vocabulary (ISO Standard No. 6107:2021; 2021)) 

can be conducted to aid in standardized terminology.
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Quality evaluation schemes, reporting guidelines, and tem
plates are not new concepts and have been available for years 
(Hartung et al., 2019; Henke et al., 2024; C. T. A. Moermond et al., 
2016). However, insufficiently reported ecotoxicology studies per
sist despite the availability of guidelines and templates. This may 
be a result of the tradition for reporting research in certain ways 
(Beronius et al., 2014). The scientific literature has also 
highlighted the persistence of inadequate data reporting in publi
cations. Hanson et al. (2017) provided detailed guidance on im
proving reporting practices, whereas Hrovat et al. (2009) showed 
that most ECOTOX Knowledgebase entries were insufficient. 
Harris and Sumpter (2015) similarly highlighted poor study qual
ity in 2013 publications. However, recent analyses (e.g., Wang 
et al. [2024] and Langan et al. [2025]) continue to report the same 
shortcomings in ecotoxicological studies. Our results obtained 
here also support the scientific literature on data reporting short
comings in ecotoxicology. However, Saarim€aki et al. (2021) also 
noted how newer studies reported more detailed information in 
the case of nanomaterials.

In the current status quo, researchers may lack incentive to rig
orously report data unless explicitly required to do so (e.g., EU- 
related projects require data management plans or data to be 
FAIR or entered into structured templates; Dumit et al., 2023). 
Furthermore, the author guidelines of journals vary widely and of
ten lack clear guidance on transparency and the publishing of on
line supplementary information (Baskaran et al., 2025; Henke 
et al., 2024). To promote rigorous data reporting, journals could 
strengthen standards by implementing reporting checklists or 
templates into their author guidelines and rejecting manuscripts 
that do not adhere by them. Likewise, journals can require data 
be deposited in established repositories (Saarim€aki et al., 2022), 
as already practiced by Nature and PLOS. Completeness scores 
and open-data badges have also been suggested to improve data 
reporting and create incentive for researchers (Comandella et al., 
2020; Mebane et al., 2019). Funding bodies can also foster better 
reporting by requiring formal practices, such as data manage
ment plans in EU projects (Martin et al., 2019). The role of funding 
bodies and journals parallels that of legislation in governmental 
systems, where policies matter only if actively enforced.

Reusing scientific data and metadata broadens the impact 
they can have in subsequent scientific studies and shaping regu
latory decisions (Ågerstrand, 2020). This creates research of sig
nificant value, an objective that should be universally embraced 
within the research community. We all share the responsibility 
to ensure data and its uncertainties are reported accurately and 
in a FAIR manner. As the adage goes, “garbage in, garbage out”: 
if we report garbage data, then the models, results, and conclu
sions garnered from said data will inevitably also be garbage. 
Our joint flaws as researchers, including us as authors of this ar
ticle, are reported to offer practical suggestions and proposals 
that can serve as a foundation for improving the quality and 
transparency of ecotoxicological research.
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