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ARTICLE INFO ABSTRACT

Handling editor: Robert Letcher Background: Approximately one quarter of all deaths globally are attributed to living or working in an unhealthy
environment, with household and ambient air pollution, along with exposures to ultraviolet radiation and
chemicals amongst the leading causes. At present there are no international standards for assessing the risks of
these environmental hazards. The use of heterogeneous methods to identify health risks from environmental
hazards may reduce the level of confidence the public has in the conclusions that are made.

Objectives: To describe and compare the processes and methods used by national and international organisations
that conduct hazard identification and/or risk assessment (HI/RA) of environmental hazards and to identify
knowledge gaps to inform the development of future methods.

Methods: We searched the websites of 19 organisations (ten national, five international and four World Health
Organization (WHO) units) and extracted data from all relevant, publicly available resources which described
the processes and methods used in HI/RA of environmental hazards. We contacted each organisation for any
additional information.

Results: Five organisations were excluded from further analysis: three made recommendations but did not
conduct HI/RA; one used heterogenous methods across their reviews for HI; and one WHO unit did not have any
published guidelines. Of the 14 organisations analysed, five (36%) describe the process for establishing the
questions to be answered in the assessments. Only one (7%) organisation uses systematic review methods, al-
though five (36%) state that they use such methods. Ten (71%) assess the scientific quality of the included
studies, however only three (21%) use explicit criteria. Only three (21%) organisations assess the quality of the
body of evidence using explicit criteria. Four (29%) organisations describe the process for making the final HI
conclusions and three (38%) the final RA conclusions. Eight (57%) have a conflict of interest policy and seven
(50%) organisations describe a process for managing them. The US Office of Health Assessment and Translation
and the World Health Organisation meet the most criteria for describing their processes and methods.
Conclusions: The processes and methods used by organisations conducting HI/RA of environmental hazards are
inconsistent. There is a need for empirically based tools and methods to be adopted for the evaluation and
synthesis of evidence, and the formulation of conclusions across all organisations that conduct HI or RA. These
tools and methods will lead to increased transparency, comparability and validity of the assessments.
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1. Introduction (Judson et al., 2009; United States Environmental Protection Agency

(USEPA), 2016).

Approximately one quarter of all deaths globally are attributed to
living or working in an unhealthy environment, with household and
ambient air pollution, along with exposures to ultraviolet radiation and
chemicals amongst the leading causative risk factors (Priiss-Ustiin et al.,
2016). While it is estimated that there are approximately 85,000 che-
micals in use, the majority of these have not been assessed for toxicity

A hazard is any natural or man-made substance, chemical, physical
or biological agent, that is capable of causing an adverse health out-
come in certain circumstances. Risk is an estimate of the effect of an
adverse health outcome when exposed to a hazard (International
Agency for Research on Cancer (IARC), 2016). Risk assessment is a
multi-step process, which includes: hazard identification (can a
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substance lead to an adverse health outcome in any circumstance?);
hazard characterisation (what is the probability of an adverse health
outcome at various exposure levels?); exposure assessment (what is the
extent of exposure of a substance in a population?); and finally risk
characterisation (the integration of both hazard characterisation and
exposure assessment to estimate the level of risk of an adverse health
outcome in the most sensitive populations). Risk assessment informs the
development of risk management options for environmental hazards.

There are a number of challenges in conducting hazard identifica-
tion (HI) and risk assessment (RA) of environmental hazards that are
distinct from assessments of the effectiveness of clinical interventions.
The causal chain linking harmful substances with adverse outcomes is
complex, with various interactions and often considerable time periods
between exposure and effects. Hazardous substances may be comprised
of many toxic components, with various interactions amongst them,
making it difficult to identify the precise toxic component that causes
an adverse health outcome. There is no one single measurement to
assess the association of a harmful substance and an adverse outcome.
For example, in assessing the toxicity of triclosan in non-human
mammalian evidence, over 100 unique outcome measures were iden-
tified (Johnson et al., 2016). Several factors must be considered when
assessing the risk of a hazard, including populations that are most
susceptible (due to intrinsic biological factors), vulnerable (due to en-
vironmental factors), and sensitive (both susceptible and vulnerable)
(enHealth, 2012). Data required for HI and RA are rarely derived from
randomized, controlled trials and usually come from human observa-
tional, animal and mechanistic studies, making assessments and
synthesis of the evidence challenging. Confounding and selection bias
in observational studies make establishing causal links between ex-
posure and effect difficult. Finally, the methods to assess the quality of
the evidence from these studies are not well established (Rooney et al.,
2016; Mandrioli and Silbergeld, 2016; Morgan et al., 2016).

At present there are no international standards for conducting HI or
RA. Use of heterogeneous methods to identify health risks posed by
environmental hazards may reduce the level of confidence the public
has in the assessments and hinder the decision-making process.
Different pronouncements on the harms of environmental hazards, such
as those surrounding glyphosate (The Guardian, 2016; European Food
Safety Authority (EFSA), 2017) and bisphenol-A (BPA) (European Food
Safety Authority (EFSA), 2015; French Agency for Food Environmental
and Occupational Health & Safety (ANSES), 2014) by national and in-
ternational organisations, leave both the public and policy-makers
confused.

Several groups have begun developing methods and frameworks to
address environmental health questions, including the assessment of
environmental exposures and human health, by extending methods
from clinical medicine (Woodruff and Sutton, 2014; Rooney et al.,
2014). It has been proposed that well-structured, flexible approaches
that are not too prescriptive and account for scientific issues in the
design, conduct and analysis of environmental epidemiological and
animal toxicology studies may increase transparency and prevent the
introduction of a systematic bias when drawing conclusions on en-
vironmental hazards (Rooney et al., 2016). The use of scientifically
robust and transparent methods to evaluate the evidence also allows the
reasons for conflicting conclusions and opinions to be readily identified
(Whaley et al., 2016).

The objectives of this study were to:

o describe the processes and methods used by national and interna-
tional organisations, including World Health Organization (WHO)
technical units that conduct HI and/or RA of environmental ha-
zards;

e compare these processes and methods; and

o identify knowledge gaps to inform the development of standardised
tools and processes for the evaluation and synthesis of evidence and
the formulation of conclusions in HI/RA.
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2. Methods

We conducted a cross-sectional content analyses of all publicly
available relevant resources of selected national and international or-
ganisations that perform HI and/or RA of environmental hazards. We
use the term ‘organisation’ to refer to each organisation, agency, office,
unit or department included in our study.

2.1. Selection of organisations

We included organisations that assessed environmental hazards that
were categorised as:

O chemical agents, both organic (made with carbon and hydrogen)
and inorganic (without carbon);

O radioactive agents, including ionizing and non-ionizing radiation
and waste products from the production of nuclear weapons and
energy; and

O complex exposures, which include multiple hazardous agents.

If an organisation performed HI/RA for a mixture of agents, in-
cluding biological and physical, we included the organisation. If a WHO
unit had conducted any stage of the HI/RA process in forming a
guideline, we included it. Included organisations had to have published
at least one assessment or guideline in English.

We excluded organisations that assessed environmental hazards that
were categorised as physical agents (including noise, force and light), or
biological agents (including mould, bacteria and pollen), even if they
were part of complex exposures, such as water quality and air pollution.
We excluded voluntary exposures including medications, diet and ac-
tive smoking. Chemicals ingested through food sources, such as pesti-
cides and food additives were considered involuntary. We also excluded
organisations that published conclusions based on assessments pro-
vided by other organisations, but did not perform their own HI or RA.

We categorised each included organisation based on the assessments
they performed, defined as:

Hazard Identification -whether a substance may lead to key adverse
health outcomes at any level of exposure; Hazard Characterisation (HC) -
a quantitative assessment of the dose/exposure-response relationship
between a hazardous substance and an adverse health outcome;
Exposure Assessment - the measurement of the magnitude, frequency and
duration of exposure to a hazardous substance in the environment on a
specified population; Risk Characterisation - the approximation of the
incidence and severity of health outcomes, following exposure to the
hazardous substance(s); and Risk Assessment — the process of completing
each of the previous steps.

We initially identified five key organisations that produce HI and/or
RA of environmental hazards of the types of interest to us, then con-
sulted those organisations and other experts to identify other organi-
sations for potential inclusion.

2.2. Data sources

Between May and September 2017, we conducted an initial search
of the web-sites of identified organisations for publicly available re-
sources which described the processes and methods used in HI and RA
of environmental hazards. We also contacted organisation officials via
email for guidance on relevant resources.

We examined written guidance documents, assessments, guidelines
and websites that described the processes and methods used by an or-
ganisation in HI/RA of environmental hazards on any health outcome.
If guidance documents were not available, we tried to identify the most
recent assessments or guidelines produced by the organisation to
identify the processes and methods used in HI/RA.

If a unit or office within an organisation referenced general gui-
dance documents used by the organisation for various stages of the HI/
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RA process but did not clearly describe how this guidance was applied
for a particular HI or RA, we did not include it in our extraction. We
excluded hazard safety cards, facts sheets and safety guides, as well as
documents and web-sites that were not written in English.

2.3. Data collection and analysis

A data extraction sheet was developed to characterise the processes
and methods used in HI/RA by the included organisations. One author
(NC) performed data extraction independently and data were then ta-
bulated and coded in MS Excel (Microsoft, Redmond WA, USA, 2016
MSO). Each included organisation was contacted by email and given
the opportunity to review the extracted data and provide additional
information. Following this initial revision, we made further amend-
ments to the extraction and therefore offered those organisations that
had edited the original data the opportunity to review the data ex-
traction again.

We extracted data according to 22 criteria addressing the following
areas: planning or protocol development, evidence review, evidence
integration, establishing reference values, making a final determination
or conclusion, peer review and identifying and managing conflicts of
interest. We used a modified version of AMSTAR (A Measurement Tool
to Assess Systematic Reviews) (AMSTAR; Shea et al., 2009) to assess the
evidence review methods; the other criteria were based on re-
commendations made by the United States National Academies of Sci-
ence to improve toxicological assessments of environmental con-
taminants (National Research Council, 2014).

We coded our data extraction into four categories: yes, no, N/A (not
applicable) and unclear. We coded ‘yes’ if the content was identified. If
an organisation did not provide any publicly available information on
request and if it was clear that a criterion was not completed by an
organisation, we coded it as a ‘no’. ‘N/A’ was coded if a criterion was
not applicable to an organisation (e.g. ‘Use a process and method to
select the evidence in establishing reference values’ is not applicable to
organisations only conducting HI). If we were unable to make a clear
‘yes’ or ‘no’ categorisation even after contacting the organisation, we
classified it as ‘unclear’.

3. Results
3.1. Characteristics of included organisations

We identified 19 organisations that perform HI and/or RA of the
types of environmental hazards of interest to us. However, five of these
organisations did not fulfil our inclusions criteria: three did not conduct
their own HI or HC but rather used other organisations' HI and HC to set
reference values (United States Environmental Protection Agency
(USEPA); International Commission on Non-Ionizing Radiation
Protection (ICNIRP), 2002; World Health Organization, 2017a); one
WHO unit used heterogeneous methods in the various reviews relevant
to HI and HC to develop a single guideline (World Health Organization,
2014) and another WHO unit had no published guidelines, with one
guideline under development (World Health Organization Regional
Office for Europe). See Supplementary File A for information on the
excluded organisations.

We thus included 14 organisations in our final analysis (Fig. 1). The
verbatim descriptions of the type of assessment conducted by each or-
ganisation are found in Supplementary File B. One of the included or-
ganisations was a WHO unit that assessed harms of hazardous ex-
posures to inform guideline recommendations that make it comparable
to the national and international organisations that completed HI/RA.
See Supplementary File C for additional information on this guideline.

Eight (57%) of the 14 included organisations had publicly available
guidance documents outlining the steps they used in the HI/RA process.
The remainder did not have any specific guidance documents available:
one (7%) had an outline of their methods in a preamble within a
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completed assessment (United States Environmental Protection Agency
(USEPA), 2017); and four (29%) organisations had descriptions of the
processes and methods used in RA on their websites and in completed
assessments (United States Environmental Protection Agency (USEPA);
United States Environmental Protection Agency (USEPA); National
Institute for Occupational Safety and Health (NIOSH), 2017; National
Industrial Chemicals Notification and Assessment Scheme (NICNAS)).
One (7%) organisation did not have any publicly available resources
outlining the processes and methods they used in RA and was therefore
coded as ‘no’ for every criterion. Twelve (86%) organisations required
review of three or more resources to complete the data extraction.
Supplementary File D lists the resources used in data extraction.

Seven (50%) of the 14 organisations reviewed and edited the data
extraction. Of the seven organisations that did not edit the extraction,
one (7%) did not reply to this request (European Commission), three
(21%) recommended further resources (United States Environmental
Protection Agency (USEPA); United States Environmental Protection
Agency (USEPA); National Industrial Chemicals Notification and
Assessment Scheme (NICNAS)), two (14%) stated that their processes
and methods were currently under revision (United States
Environmental Protection Agency (USEPA); European Commission),
and one (7%) organisation confirmed that they did not have any pub-
licly available resources describing their methods used in RA
(Australian Pesticides and Veterinary Medicines Authority (APVMA),
2018).

3.2. Processes and methods used by the organisations

Table 1 summarises the number of organisations that described
specific aspects of the methods and processes used in HI/RA according
to 22 criteria.

Table 2 summarises the specific methods and processes used in HI/
RA described by each individual organisation. Details of all criteria
assessed are available in Supplementary File F.

4. Discussion

Divergent methods are used in HI and RA of environmental hazards
by the organisations included in this analysis. Less than half of the
organisations met all the criteria for synthesising evidence streams,
establishing reference values, and formulating recommendations.
Organisations that conduct RA meet the fewest number of criteria (no
organisation met even half of the criteria), while organisations that
conduct HI meet the most criteria for describing their processes and
methods. The US Office of Health Assessment and Translation (National
Toxicology Program (NTP), 2015; National Toxicology Program (NTP))
and the World Health Organisation unit meet the greatest number of
criteria in describing their processes and methods. Overall, the orga-
nisations that reviewed and edited our data extraction also meet the
greatest number of criteria.

Our assessment of the processes and methods used in HI/RA by
organisations was very difficult to complete: we had to examine mul-
tiple documents, undertake time-intensive searching to identify the
relevant information, and initiate multiple email communications with
most of the organisations. In addition, organisations did not use con-
sistent terminology to describe their methods. Lack of easily identifiable
processes and methods used in HI/RA makes it more difficult to de-
termine the reliability and validity of the organisations' assessments,
even when systematic and reproducible methods are used.

Reasons for the inconsistencies in methods across organisations may
be due to lack of an internationally accepted “gold standard” and the
ongoing evolution of methods for RA. Some variation in the methods
used by the organisations may be justified depending on the resources
available to the organisation (Haddaway and Bilotta, 2016), type of
assessment being made or the intended audience. However, to produce
reliable and valid answers to environmental health questions,
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Organisations that perform HI/RA of
environmental hazards
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Organisations excluded

(n=5)

- 3did not conduct their own HI or HC

(n=19)

Organisations that fulfilled our
inclusion criteria

(n=14)

- H:4
- HI&HC:3
- RA:7

v

- 1 used heterogenous methods in the
various reviews relevant to Hl

- 1 guideline was still under
development

Fig. 1. Flow diagram of the included organisations and the assessments they completed.

HC, hazard characterisation; HI, hazard identification; RA, Risk Assessment.

improvements are required in the processes used to formulate ques-
tions, search for evidence, assess quality at the individual study level
and the overall body of evidence, integrate evidence streams, and make
final recommendations.

While most of the organisations describe how substances are se-
lected for assessment, few describe how the questions that are to be
answered in the assessment process are established. The formation and
use of answerable questions in a PECO (Population, Exposure,
Comparator and Outcome) format has been recommended and im-
plemented by various organisations conducting assessments in en-
vironmental health (Woodruff and Sutton, 2014; Rooney et al., 2014).
The use of PECO statements systematises review objectives and the
methods that will be used to answer the defined questions (Whaley
et al., 2016).

Only one organisation that conducts RA states that they use sys-
tematic reviews to search for, select and evaluate the evidence (United
States Environmental Protection Agency (USEPA)). There has been in-
creasing discussion on the limitations around the use of narrative re-
views based on expert judgement (Mandrioli and Silbergeld, 2016;
Woodruff and Sutton, 2014; Aiassa et al., 2015; U.S. Environmental
Protection Agency, 2013), and the need for systematic review methods
in the assessment of environmental and occupational health to improve
transparency and comparability amongst the assessments (Woodruff
and Sutton, 2014). Only one organisation (National Toxicology
Program (NTP); National Toxicology Program (NTP), 2015) uses sys-
tematic review methods that meet all of the AMSTAR (A Measurement
Tool to Assess Systematic Reviews) items that were assessed. Although
AMSTAR has limitations (Burda et al., 2016), it has been demonstrated
to be a reliable and valid tool to assess the methodological quality of
systematic reviews (Shea et al., 2009).

Approximately three quarters of organisations assess the quality of
individual studies. However, less than one quarter of the organisations
use or adapt their assessment of study quality from an existing tool or
use well-defined, reproducible criteria. Several organisations state that
they wused the Organisation for Economic Co-operation and
Development's Test Guidelines and Good Laboratory Practice (GLP)
standards to assess study quality. These standards are preferred by
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chemical industry scientists and consultants (Borgert et al., 2016). Al-
though GLP standards have improved the record keeping of many
commercial laboratories, they are not an accurate measure of study
quality and should not be relied upon to make public health decisions
(Myers et al., 2009).

To assess the body of evidence, less than one quarter of the orga-
nisations use well-defined and reproducible methods. Several organi-
sations state that they use ‘weight-of-evidence’ methods in the assess-
ment process. However, the steps involved in this process and how it is
described vary considerably across organisations (National Industrial
Chemical Notification and Assessment Scheme (NICNAS), 2017;
Scientific Committee on Occupational Exposure Limits (SCOEL), 2013;
Scientific Committee on Emerging and Newly Identified Health Risks
(SCENIHR)). Formal procedures and consistent nomenclature for
weight-of-evidence methods are lacking, (Scientific Committee on
Emerging and Newly Identified Health Risks (SCENIHR)). The 2014
National Academy of Science (NAS) review of the Environmental Pro-
tection Agency's Integrated Risk Information System (IRIS) process
found the weight-of evidence process to be judgement-based and of
little scientific use (National Research Council, 2014).

Less than half of the organisations describe the processes used for
making final determinations or recommendations. While there is an
element of subjectivity in the process, the use of objective processes
versus expert judgement and opinion alone may be an important in-
fluence in how accurately the evidence is interpreted (Whaley et al.,
2016). Further, when expert opinions are conflicting and un-
documented, it is difficult to establish the most valid evaluation and
synthesis of all the evidence (Whaley et al., 2016).

While approximately two thirds of organisations have a policy on
disclosure of funding of the assessment or guideline, half do not have a
policy on declaring or managing conflicts of interest. Lack of policies
around conflicts interest in guideline development is cause for concern
(Sox, 2017).

4.1. Limitations of this study

We only had one assessor and extractor. Because we experienced
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Table 1
Description of specific aspects of methods and processes used for hazard
identification (HI) and risk assessment (RA).

Method or process Number® (%)

Planning/protocol stage (n = 14)

Use a process for identifying the substances 12 (86)

Use a process for establishing the questions 5 (36)

Participants involved in the decision-making process for 8 (57)
identifying the substances

Participants involved in the decision-making process for 3 (21
establishing the questions

Use a process for how the review/working group is established 7 (50)

Evidence review methods (n = 14)

Use systematic reviews 5 (36)

Use systematic review methods that meet 11 out of 11 AMSTAR 1(7)
items”

Conduct an assessment of individual study quality 10 (71)

Use well-defined, reproducible methods to assess study quality® 3(21)

Use well-defined, reproducible methods to assess quality of the 3(21)
body of evidence®

Rate the overall confidence in the body of evidence 4 (29)

Integrating evidence streams (n = 13)°

Use well-defined methods to integrate evidence streams 3(23)

Hazard identification (n = 14)

Use a process and method for making final HI conclusions 4 (29)

Rate the strength of the recommendation 5 (36)

Establishing reference values (n = 10)

Have a separation between identification and synthesis of the 3 (30)
scientific evidence used in HI and the formulation of
reference values

Use a process and method to select the evidence in establishing 3 (30)
reference values

Risk assessment conclusions (n = 8)*

Use a process and method for making final RA conclusions or 3 (38)
guideline recommendations

Rate the strength of the recommendation 3 (38)

Review process (n = 14)

Include external peer review process of the assessment or 6 (43)
guideline

Conflicts of interest and funding (n = 14)

Have a policy on conflicts of interest 8 (57)

Use a process for managing conflicts of interest 7 (50)

Disclose funders” 11 (79)

Abbreviations: AMSTAR: A Measurement Tool to Assess Systematic Reviews;
HI: Hazard Identification; RA: Risk Assessment.
Legend:

2 Number of organisations that described the specific methods or processes.
We used a modified version of AMSTAR (A Measurement Tool to Assess
Systematic Reviews) (AMSTAR; Shea et al., 2009) to assess the evidence review
methods; the other criteria were based on recommendations made by the
United States National Academies of Science to improve toxicological assess-
ments of environmental contaminants (National Research Council, 2014).

> Number and description of the AMSTAR items met by each organisation in
conducting evidence reviews are described in Supplementary File E.

¢ We included organisations that referenced a tool or described reproducible
criteria and methods to assess study quality. We did not include organisations
that used the Organisation for Economic Co-operation and Development's
(OECD) Test Guidelines and Good Laboratory Practice (GLP) standards to assess
study quality.

4 We included organisations that described reproducible criteria and
methods to assess the quality of the body of evidence. We did not include or-
ganisations that stated that they had used the ‘Weight of Evidence’ approach.

¢ ‘WHO guidelines on protecting workers from potential risks of manu-
factured nanomaterials’ (World Health Organization, 2017b) is excluded from
this summary as in the review relevant to HI by Lee et al. (Lee et al., 2017) it
only used animal studies found in OECD dossiers to form classifications and
evidence streams could not therefore be integrated.

f Four organisations conducted HI only, so they are therefore excluded from
this summary. ‘WHO guidelines on protecting workers from potential risks of
manufactured nanomaterials’ (World Health Organization, 2017b) was
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included as the evidence reviews supporting this guideline distinguished be-
tween HI and establishing reference/guideline values (HC).

& Six organisations conducted HI or HC only and are therefore excluded from
this summary. ‘WHO guidelines on protecting workers from potential risks of
manufactured nanomaterials’ (World Health Organization, 2017b) is included
as they make final guideline recommendations.

b Assessments published by the US Government were assumed to have been
funded by the US Government. Assessments published by the European
Commission were assumed to have been funded by the European Commission.

difficulty identifying the information we needed for our evaluation, we
offered each organisation the opportunity to review and revise our data
extraction, including the AMSTAR assessments and offer guidance on
the location of additional relevant resources. While every organisation
responded, not every organisation reviewed the data in detail for ac-
curacy and completeness. We did not cross check the methods outlined
in guidance documents with the methods used in completed assess-
ments and it is possible that there may be some discordance.

The criteria that we used to examine the different steps in the HI/RA
assessment process are not intended to be equally weighted or counted,
thus comparisons of the percentages of organisations that described
specific methods and processes should be made with caution. Although
we based our criteria on existing, accepted, validated tools (Shea et al.,
2009; National Research Council, 2014), different criteria could have
been used. In addition, because we used a snowball sampling strategy to
identify organisations, we may not have included some important or-
ganisations that conduct HI/RA of environmental hazards.

4.2. Implications for policy-makers and future research

The recent different pronouncements on the harms of environ-
mental hazards, such as those surrounding glyphosate (The Guardian,
2016; European Food Safety Authority (EFSA), 2017) and bisphenol-A
(BPA) (European Food Safety Authority (EFSA), 2015; French Agency
for Food Environmental and Occupational Health & Safety (ANSES),
2014) may be in part due to the limitations in chemical RA methods,
including the lack of systematic reviews. Systematic reviews are rig-
orous evaluations of the literature, using a protocol with pre-defined
questions and explicit methods, to search, select, evaluate and synthe-
sise the scientific body of evidence, in order to minimise error and bias
(Whaley et al., 2016; Institute of Medicine Committee on Standards for
Systematic Reviews of Comparative Effectiveness Research, 2011).
Several organisations and research groups have developed or adopted
(Woodruff and Sutton, 2014; Rooney et al., 2014; Birnbaum et al.,
2013; National Academies of Sciences, Engineering and Medicine,
2017), or recommended the use (National Research Council, 2014;
Zoeller et al., 2014) of systematic reviews in the assessment of chemi-
cals. Using systematic reviews can detect differences in how questions
are formulated, searches are conducted, or studies are evaluated. Use of
these methods may lead to improved transparency, objectivity and
communication of HI/RA of harmful environmental substances (Whaley
et al., 2016).

It is vital to the integrity of evidence-based evaluations of en-
vironment health hazards that the primary studies that underpin deci-
sion-making are assessed with transparent and accepted methods
(Rooney et al., 2016). This highlights the need to develop tools to assess
the risk of bias and methods for the types of human and animal evi-
dence that is relevant to environmental RA (Mandrioli and Silbergeld,
2016). Further development of empirically-based tools to assess the
quality of various types of evidence used within HI/RA is still required
(Mandrioli and Silbergeld, 2016).

Well-structured, flexible approaches that are not too prescriptive
while accounting for the scientific issues that are present in the design,
conduct and analysis of environmental epidemiological and animal
toxicology studies may increase the level of transparency in making
hazard assessment conclusions and prevent the introduction of a
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systematic bias (Rooney et al., 2016). A structured approach such as
GRADE (Grading of Recommendations Assessment, Development and
Evaluations) has been recommended for its transparent evaluation of
the quality of the evidence and synthesis of evidence into normative
guidance for clinical interventions (Balshem et al., 2011; Andrews
et al.,, 2013). While GRADE methods have not been developed to ac-
count for all important considerations related to RA in environmental
health (Norris and Bero, 2016), the GRADE system is now being mod-
ified for use in environmental health assessments (National Toxicology
Program (NTP), 2015).

HI and RA of potentially hazardous substances require topic area
experts such as toxicologists and epidemiologists. Conflicts of interest of
these experts must be identified and managed. Several organisations
have extensive policies on how to manage experts with conflicts of
interest but whose participation is deemed essential to the development
of a guideline (Institute of Medicine Committee on Standards for
Developing Trustworthy Clinical Practice Guidelines, 2011; United
States Food and Drug Administration (USFDA)). The consistent use of
rigorous and transparent policies on disclosure and management of
conflicts of interest is required.

The processes and methods used by organisations conducting HI/RA
of environmental hazards are inconsistent. There is therefore a need to
develop explicit processes and adopt empirically-based tools and
methods for the evaluation and synthesis of evidence, and the for-
mulation of conclusions across all organisations that conduct HI and
RA. These processes, tools and methods will lead to increased trans-
parency, comparability and validity of the assessments.

Declaration of interest

SL Norris is an employee of the World Health Organization and she
consulted on one of the guidelines evaluated in this study. She is a
member of the GRADE Working Group and has published on the
GRADE system.

Competing financial interest

The authors report no financial relationships with commercial in-
terests.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Disclaimer

The authors alone are responsible for the views expressed in this
[article][chapter] and they do not necessarily represent the views, de-
cisions or policies of the institutions with which they are affiliated.
Acknowledgements

We thank Jos Verbeek for reviewing our protocol.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.envint.2018.11.060.

References

Aiassa, E., Higgins, J.P., Frampton, G.K., et al., 2015. Applicability and feasibility of
systematic review for performing evidence-based risk assessment in food and feed
safety. Crit. Rev. Food Sci. Nutr. 55 (7), 1026-1034.

AMSTAR A Measurement Tool to Assess Systematic Reviews. https://amstar.ca, Accessed

238

Environment International 123 (2019) 231-239

date: 1 June 2018.

Andrews, J., Guyatt, G., Oxman, A.D., et al., 2013. GRADE guidelines: 14. Going from
evidence to recommendations: the significance and presentation of recommenda-
tions. J. Clin. Epidemiol. 66 (7), 719-725.

Australian Pesticides and Veterinary Medicines Authority (APVMA), 2018. https://
apvma.gov.au/, Accessed date: 1 March 2018.

Balshem, H., Helfand, M., Schiinemann, H.J., et al., 2011. GRADE guidelines: 3. Rating
the quality of evidence. J. Clin. Epidemiol. 64 (4), 401-406.

Birnbaum, L.S., Thayer, K.A., Bucher, J.R., Wolfe, M.S., 2013. Implementing systematic
review at the National Toxicology Program: status and next steps. Environ. Health
Perspect. 121 (4), A108-A109.

Borgert, C.J., Becker, R.A., Carlton, B.D., et al., 2016. Does GLP enhance the quality of
toxicological evidence for regulatory decisions? Toxicol. Sci. 151 (2), 206-213.
Burda, B.U., Holmer, H.K., Norris, S.L., 2016. Limitations of a measurement tool to assess
systematic reviews (AMSTAR) and suggestions for improvement. Syst Rev. 5, 58.
enHealth, 2012. Environmental Health Risk Assessment: Guidelines for Assessing Human

Health Risks From Environmental Hazards. Commonwealth of Australia.

European Commission Scientific Committee on Health, Environmental and Emerging
Risks (SCHEER). https://ec.europa.eu/health/scientific_committees/scheer_en,
Accessed date: 10 September 2017.

European Commission Scientific Committee on Occupational Exposure Limits. http://ec.
europa.eu/social/main.jsp?catld = 148&intPageld = 684&langld = en, Accessed date:
20 March 2018.

European Food Safety Authority (EFSA), 2015. No consumer health risk from bisphenol A
exposure. Press Release 21 Jan 2015. http://www.efsa.europa.eu/en/press/news/
150121.htm, Accessed date: 10 June 2017.

European Food Safety Authority (EFSA), 2017. Conclusion on the peer review of the
pesticide risk assessment of the potential endocrine disrupting properties of gly-
phosate. EFSA J. 15 (9), 4979 20 pp.

French Agency for Food Environmental and Occupational Health & Safety (ANSES), 2014.
OPINION of the French Agency for Food, Environmental and Occupational Health &
Safety in response to the consultation of the European Food Safety Authority on its
draft Opinion regarding the assessment of risks to human health related to dietary
exposure to Bisphenol A. https://www.anses.fr/en/system/files/
SUBSTANCES2014sa0033EN.pdf, Accessed date: 10 February 2018.

Haddaway, N.R., Bilotta, G.S., 2016. Systematic reviews: separating fact from fiction.
Environ. Int. 92-93, 578-584.

Institute of Medicine Committee on Standards for Developing Trustworthy Clinical
Practice Guidelines, 2011. Clinical Practice Guidelines We Can Trust. IOM/National
Academies Press (US).

Institute of Medicine Committee on Standards for Systematic Reviews of Comparative
Effectiveness Research, 2011. Finding What Works in Health Care: Standards for
Systematic Reviews. In: Eden, J, Levit, L, Berg, A, Morton, S (Eds.), National
Academies Press (US) Copyright 2011 by the National Academy of Sciences,
Washington (DC) All rights reserved.

International Agency for Research on Cancer (IARC), 2016. IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans. Preamble. International Agency for
Research on Cancer, Lyon.

International Commission on Non-Ionizing Radiation Protection (ICNIRP), 2002. General
approach to protection against non-ionizing radiation. Health Phys. 82 (4), 540-548.

Johnson, P.I., Koustas, E., Vesterinen, H.M., et al., 2016. Application of the navigation
guide systematic review methodology to the evidence for developmental and re-
productive toxicity of triclosan. Environ. Int. 92-93, 716-728.

Judson, R., Richard, A., Dix, D.J., et al., 2009. The toxicity data landscape for environ-
mental chemicals. Environ. Health Perspect. 117 (5), 685-695.

Lee, N.L.C,, Kim, T., Son, E.K., Chung, G.S., Rho, C.J,, et al., 2017. Which Hazard
Category Should Specific Nanomaterials or Groups of Nanomaterials be Assigned to
and how? World Health Organization, Geneva. http://apps.who.int/iris/bitstream/
handle/10665/259682/WHO-FWC-IHE-17.4-eng.pdf?sequence = 1.

Mandrioli, D., Silbergeld, E.K., 2016. Evidence from toxicology: the most essential science
for prevention. Environ. Health Perspect. 124 (1), 6-11.

Morgan, R.L., Thayer, K.A., Bero, L., et al., 2016. GRADE: assessing the quality of evi-
dence in environmental and occupational health. Environ. Int. 92-93, 611-616.

Myers, J.P., Vom Saal, F.S., Akingbemi, B.T., et al., 2009. Why public health agencies
cannot depend on good laboratory practices as a criterion for selecting data: the case
of bisphenol A. Environ. Health Perspect. 117 (3), 309-315.

National Academies of Sciences, Engineering and Medicine, 2017. Application of
Systematic Review Methods in an Overall Strategy for Evaluating Low-Dose Toxicity
from Endocrine Active Chemicals. The National Academies Press, Washington, DC.

National Industrial Chemical Notification and Assessment Scheme (NICNAS), 2017.
Weight of Evidence. https://www.nicnas.gov.au/notify-your-chemical/assessment-
methodologies/weight-of-evidence, Accessed date: 30 October 2017.

National Industrial Chemicals Notification and Assessment Scheme (NICNAS) Risk
Assessment of Chemicals: Assessment of Exposure from All Sources. https://www.
nicnas.gov.au/notify-your-chemical/assessment-methodologies/risk-assessment-of-
chemicals-assessment-of-exposure-from-all-sources, Accessed date: 10 October 2017.

National Institute for Occupational Safety and Health (NIOSH), 2017. How NIOSH
Conducts Risk Assessments. https://www.cdc.gov/niosh/topics/riskassessment/how.
html, Accessed date: 14 August 2017.

National Research Council, 2014. Review of EPA's Integrated Risk Information System
(IRIS) Process. National Academies Press (US), Washington (DC).

National Toxicology Program (NTP), 2015. Handbook for Conducting a Literature-Based
Health Assessment Using OHAT Approach for Systematic Review and Evidence
Integration. National Toxicology Program, Research Triangle Park, NC. https://ntp.
niehs.nih.gov/ntp/ohat/pubs/handbookjan2015_508.pdf, Accessed date: 25 August
2017.


https://doi.org/10.1016/j.envint.2018.11.060
https://doi.org/10.1016/j.envint.2018.11.060
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0005
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0005
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0005
https://amstar.ca
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0015
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0015
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0015
https://apvma.gov.au/
https://apvma.gov.au/
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0025
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0025
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0030
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0030
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0030
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0035
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0035
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0040
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0040
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0050
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0050
https://ec.europa.eu/health/scientific_committees/scheer_en
http://ec.europa.eu/social/main.jsp?catId=148&intPageId=684&langId=en
http://ec.europa.eu/social/main.jsp?catId=148&intPageId=684&langId=en
http://www.efsa.europa.eu/en/press/news/150121.htm
http://www.efsa.europa.eu/en/press/news/150121.htm
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0045
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0045
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0045
https://www.anses.fr/en/system/files/SUBSTANCES2014sa0033EN.pdf
https://www.anses.fr/en/system/files/SUBSTANCES2014sa0033EN.pdf
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0075
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0075
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0080
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0080
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0080
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0085
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0085
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0085
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0085
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0085
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0090
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0090
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0090
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0095
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0095
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0100
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0100
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0100
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0105
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0105
http://apps.who.int/iris/bitstream/handle/10665/259682/WHO-FWC-IHE-17.4-eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/259682/WHO-FWC-IHE-17.4-eng.pdf?sequence=1
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0115
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0115
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0120
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0120
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0125
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0125
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0125
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0130
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0130
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0130
https://www.nicnas.gov.au/notify-your-chemical/assessment-methodologies/weight-of-evidence
https://www.nicnas.gov.au/notify-your-chemical/assessment-methodologies/weight-of-evidence
https://www.nicnas.gov.au/notify-your-chemical/assessment-methodologies/risk-assessment-of-chemicals-assessment-of-exposure-from-all-sources
https://www.nicnas.gov.au/notify-your-chemical/assessment-methodologies/risk-assessment-of-chemicals-assessment-of-exposure-from-all-sources
https://www.nicnas.gov.au/notify-your-chemical/assessment-methodologies/risk-assessment-of-chemicals-assessment-of-exposure-from-all-sources
https://www.cdc.gov/niosh/topics/riskassessment/how.html
https://www.cdc.gov/niosh/topics/riskassessment/how.html
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0150
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0150
https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookjan2015_508.pdf
https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookjan2015_508.pdf

N. Chartres et al.

National Toxicology Program (NTP) About the Office of Health Assessment and
Translation. https://ntp.niehs.nih.gov/pubhealth/hat/index.html, Accessed date: 16
May 2018.

Norris, S.L., Bero, L., 2016. Grade methods for guideline development: Time to evolve?
Ann. Intern. Med. 165 (11), 810-811.

Priiss-Ustiin, A., Wolf, J., Corvalan, CF., Bos, R., Neira, MP., 2016. Preventing disease
through healthy environments: a global assessment of the burden of disease from
environmental risks. World Health Organization. http://www.who.int/iris/handle/
10665/204585.

Rooney, A.A., Boyles, A.L., Wolfe, M.S., Bucher, J.R., Thayer, K.A., 2014. Systematic
review and evidence integration for literature-based environmental health science
assessments. Environ. Health Perspect. 122 (7), 711-718.

Rooney, A.A., Cooper, G.S., Jahnke, G.D., et al., 2016. How credible are the study results?
Evaluating and applying internal validity tools to literature-based assessments of
environmental health hazards. Environ. Int. 92-93 (Supplement C), 617-629.

Scientific Committee on Emerging and Newly Identified Health Risks (SCENIHR)et al.,
https://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_s_001.
pdf, Accessed date: 19 August 2017.

Scientific Committee on Occupational Exposure Limits (SCOEL), 2013. Methodology for
the Derivation of Occupational Exposure Limits. Key Documentation (version 7).
http://ec.europa.eu/social/main.jsp?catld = 148&langld = en&internal_pagesld = 684
&moreDocuments = yes&tableName = INTERNAL_PAGES, Accessed date: 7 July
2017.

Shea, B.J., Hamel, C., Wells, G.A., et al., 2009. AMSTAR is a reliable and valid mea-
surement tool to assess the methodological quality of systematic reviews. J. Clin.
Epidemiol. 62 (10), 1013-1020.

Sox, H.C., 2017. Conflict of interest in practice guidelines panels. JAMA 317 (17),
1739-1740.

The Guardian, January, 2016. EU Scientists in Row over Safety of Glyphosphate
Weedkiller. https://www.theguardian.com/environment/2016/jan/13/eu-scientists-
in-row-over-safety-of-glyphosate-weedkiller, Accessed date: 10 June 2017.

U.S. Environmental Protection Agency, 2013. Applying Systematic Review to Assessments
of Health Effects of Chemical Exposures. EPA Workshop, Washington, DC.

United States Environmental Protection Agency (USEPA), 2016. TSCA Chemical
Substance Inventory. What is the TSCA Chemical Substances Control Inventory?
https://www.epa.gov/tsca-inventory/about-tsca-chemical-substance-inventory,
Accessed date: 10 October 2017.

United States Environmental Protection Agency (USEPA), 2017. IRIS Toxicological
Review of Benzo[a]pyrene (Final Report). Agency USEP, Washington, DC.

United States Environmental Protection Agency (USEPA) Office of Science and

239

Environment International 123 (2019) 231-239

Technology (OST). https://www.epa.gov/aboutepa/about-office-water Accessed 1
Septemeber, 2017.

United States Environmental Protection Agency (USEPA) Office of Pollution Prevention
and Toxics (OPPT. https://www.epa.gov/aboutepa/about-office-chemical-safety-
and-pollution-prevention-ocspp, Accessed date: 10 November 2017.

United States Environmental Protection Agency (USEPA) Office of Pesticide Programs.
https://www.epa.gov/aboutepa/about-office-chemical-safety-and-pollution-
prevention-ocspp, Accessed date: 10 May 2018.

United States Environmental Protection Agency (USEPA) Office of Pollution Prevention
and Toxics (OPPT). https://www.epa.gov/aboutepa/about-office-chemical-safety-
and-pollution-prevention-ocspp, Accessed date: 10 November 2017.

United States Environmental Protection Agency (USEPA) Integrated Risk Information
System. https://www.epa.gov/iris, Accessed date: 20 September 2017.

United States Food and Drug Administration (USFDA) Policies and procedures for
handling conflicts of interest with FDA advisory committee members, consultants,
and experts. https://www.fda.gov/oc/advisory/conflictofinterest/policies.html
Accessed 20 Febrauary, 2018.

Whaley, P., Halsall, C., Agerstrand, M., et al., 2016. Implementing systematic review
techniques in chemical risk assessment: challenges, opportunities and recommenda-
tions. Environ. Int. 92-93, 556-564.

Woodruff, T.J., Sutton, P., 2014. The navigation guide systematic review methodology: a
rigorous and transparent method for translating environmental health science into
better health outcomes. Environ. Health Perspect. 122 (10), 1007-1014.

World Health Organization, 2014. WHO Indoor Air Quality Guidelines: Household Fuel
Combustion. World Health Organization, Geneva. http://www.who.int/iris/handle/
10665/141496, Accessed date: 25 August 2017.

World Health Organization, 2017a. Guidelines for Drinking-water Quality: Fourth Edition
Incorporating the First Addendum. World Health Organization, Geneva. http://
www.who.int/water_sanitation_health/publications/drinking-water-quality-
guidelines-4-including-1st-addendum/en/.

World Health Organization, 2017b. WHO Guidelines on Protecting Workers From
Potential Risks of Manufactured Nanomaterials. World Health Organization, Geneva.
http://www.who.int/occupational_health/publications/manufactured-
nanomaterials/en/.

World Health Organization Regional Office for Europe European Centre for Environment
and Health. European Centre for Environment and Health. http://www.euro.who.
int/en/home, Accessed date: 20 August 2018.

Zoeller, R.T., Bergman, A., Becher, G., et al., 2014. A path forward in the debate over
health impacts of endocrine disrupting chemicals. Environ. Health 13, 118.


https://ntp.niehs.nih.gov/pubhealth/hat/index.html
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0165
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0165
http://www.who.int/iris/handle/10665/204585
http://www.who.int/iris/handle/10665/204585
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0170
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0170
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0170
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0175
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0175
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0175
https://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_s_001.pdf
https://ec.europa.eu/health/scientific_committees/emerging/docs/scenihr_s_001.pdf
http://ec.europa.eu/social/main.jsp?catId=148&langId=en&internal_pagesId=684&moreDocuments=yes&tableName=INTERNAL_PAGES
http://ec.europa.eu/social/main.jsp?catId=148&langId=en&internal_pagesId=684&moreDocuments=yes&tableName=INTERNAL_PAGES
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0190
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0190
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0190
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0195
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0195
https://www.theguardian.com/environment/2016/jan/13/eu-scientists-in-row-over-safety-of-glyphosate-weedkiller
https://www.theguardian.com/environment/2016/jan/13/eu-scientists-in-row-over-safety-of-glyphosate-weedkiller
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0205
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0205
https://www.epa.gov/tsca-inventory/about-tsca-chemical-substance-inventory
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0215
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0215
https://www.epa.gov/aboutepa/about-office-water
https://www.epa.gov/aboutepa/about-office-chemical-safety-and-pollution-prevention-ocspp
https://www.epa.gov/aboutepa/about-office-chemical-safety-and-pollution-prevention-ocspp
https://www.epa.gov/aboutepa/about-office-chemical-safety-and-pollution-prevention-ocspp
https://www.epa.gov/aboutepa/about-office-chemical-safety-and-pollution-prevention-ocspp
https://www.epa.gov/aboutepa/about-office-chemical-safety-and-pollution-prevention-ocspp
https://www.epa.gov/aboutepa/about-office-chemical-safety-and-pollution-prevention-ocspp
https://www.epa.gov/iris
https://www.fda.gov/oc/advisory/conflictofinterest/policies.html
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0255
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0255
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0255
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0265
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0265
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0265
http://www.who.int/iris/handle/10665/141496
http://www.who.int/iris/handle/10665/141496
http://www.who.int/water_sanitation_health/publications/drinking-water-quality-guidelines-4-including-1st-addendum/en/
http://www.who.int/water_sanitation_health/publications/drinking-water-quality-guidelines-4-including-1st-addendum/en/
http://www.who.int/water_sanitation_health/publications/drinking-water-quality-guidelines-4-including-1st-addendum/en/
http://www.who.int/occupational_health/publications/manufactured-nanomaterials/en/
http://www.who.int/occupational_health/publications/manufactured-nanomaterials/en/
http://www.euro.who.int/en/home
http://www.euro.who.int/en/home
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0290
http://refhub.elsevier.com/S0160-4120(18)32297-9/rf0290

	A review of methods used for hazard identification and risk assessment of environmental hazards
	Introduction
	Methods
	Selection of organisations
	Data sources
	Data collection and analysis

	Results
	Characteristics of included organisations
	Processes and methods used by the organisations

	Discussion
	Limitations of this study
	Implications for policy-makers and future research

	Declaration of interest
	Competing financial interest
	Funding
	Disclaimer
	Acknowledgements
	Supplementary data
	References




