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Objectives: This paper describes the development and evaluation of an evidence database on
the effectiveness of risk management measures (RMMs) to control inhalation exposure. This
database is referred to as Exposure Control Efficacy Library (ECEL).
Methods: A comprehensive review of scientific journals in the occupational hygiene field was

undertaken. Efficacy values for RMMs in conjunction with contextual information on study de-
sign, sampling strategy and measurement type (among other parameters) were stored in anMS
Access database. In total, 433 efficacy values for six RMM groups (i.e. enclosure, local exhaust
ventilation, specialized ventilation, general ventilation, suppression techniques and separation
of the worker) were collected from 90 peer-reviewed publications. These RMM categories were
subdivided into more specific categories.
Results: Estimated average efficacy values ranged from 87% for specialized ventilation to

43% for general ventilation. Substantial variation in efficacy values was observed within
RMM categories based on differences in selected covariables within each study (i.e. study de-
sign, sampling strategy, measurement type and others). More contrast in efficacy values was
observed when evaluating more detailed subcategories.
Conclusions: It is envisaged that ECEL will contribute to exposure modelling, but should be

supplemented with expert opinion, preferably in a formal expert elicitation procedure. The
work presented here should be considered as a first attempt to collate and analyse RMM effi-
cacy values and inclusion of additional (unpublished) exposure data is highly warranted.

Keywords: control effectiveness; control measure; efficacy data; intervention; occupational exposure; risk
management measures; RMM library

INTRODUCTION

Risk management measures (RMMs) represent a cen-
tral and integral part of the exposure scenario, and the
European Registration, Evaluation, Authorization
and restriction of Chemicals (REACH) regulation
thus provides a strong incentive to systematically
evaluate the efficacy of RMMs under real-world con-
ditions (European Union, 2007). RMMs focus on the
reduction or avoidance of exposure in the various
workplace compartments to a substance and may
represent a wide range of measures. Currently, pro-
fessionals in occupational hygiene generally resort
to subjective judgement in the process of assigning
efficacy values to various types of RMMs. In order
to make this process more transparent, judgements

should (where possible) be based on and underpinned
by empirical quantitative evidence from scientific re-
sources (Ellenbecker, 1996).

Reviews on intervention effectiveness research
conducted primarily from the 1980s through the
mid-1990s (Goldenhar and Schulte, 1994, 1996; Laz-
ovich et al., 2002) concluded that occupational health
and safety studies were more likely to focus on work-
er’s knowledge and behaviour than on engineering im-
provements in the workplace. Yet, over the years,
exposure assessment studies have also documented
an array of exposure determinants including RMMs
(Burstyn and Teschke, 1999; Ogden, 2006). Specific
reviews were also published on the evaluation and op-
timization of dust control systems (Smandych et al.,
1998). In addition, some researchers investigated
long-term exposure trends and determined the rela-
tionship between historic decline in mean exposure
levels and factors like elimination and engineering
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measures (Kromhout and Vermeulen, 2000; Vermeu-
len et al., 2000; Creely et al., 2007). Hence, empirical
information on efficacy of RMMs does exist; the
problem is that this information is scattered and few
systematic attempts have been made to collate and
analyse this information (Verbeek et al., 2005). This
motivated a literature search and structured quantita-
tive evaluation of the efficacy of RMMs to support
evidence-based exposure assessments.

This paper describes the analyses of an evidence da-
tabase derived from the scientific literature on the ef-
fectiveness of RMMs to control inhalation exposure.
The database focuses on RMMs that reduce ‘potential’
exposure in the breathing zone of the worker and there-
fore the efficacy of personal protective equipment
(PPE) is not included. The database is named Expo-
sure Control Efficacy Library (ECEL). At a very tech-
nical detailed level, RMMs are often specific to a
machine or installation, adapted to local circumstances
and determined in part by organizational factors or be-
haviour of the worker (Buringh et al., 1992; Leviton
and Sheehy, 1996; Brosseau et al., 2002). At a more
abstract level, however, study results are applicable
in general terms and therefore the data presented here
may contribute to exposure modelling and implemen-
tation of RMMs in exposure scenarios (e.g. in the con-
text of REACH). We consider ECEL in its current
form as a first step towards an evidence base for
RMMs. The analyses should be expanded and should
include unpublished exposure measurement informa-
tion to provide a more comprehensive picture on
RMMs’ efficacies in the near future.

METHODS

Compilation of ECEL

To compile an ECEL, a review of journals in the
occupational hygiene field was undertaken. A com-
puter search using PubMed was conducted to locate
peer-reviewed publications that quantitatively re-
ported results on the efficacy of RMMs. Because
this PubMed search with specific keywords could
potentially overlook relevant publications, several
available journals in the research field of occupational
hygiene from January 2000 to December 2007 were
searched manually: Annals of Occupational Hygiene,
American Industrial Hygiene Association Journal,
Applied Occupational and Environmental Hygiene
and Journal of Occupational and Environmental
Hygiene. The efficacy library was complemented
with cross references from the available published
papers.

Published literature gathered in this manner was
subsequently subjected to a screening procedure to
select only ‘suitable data’, based on several crite-
ria. In order to be included in ECEL: (i) efficacy
of RMMs had to be based on quantitative measure-

ment data and appropriate descriptive statistics had
to be available in the report. (ii) Efficacy of RMMs
had to be determined either in terms of pre- and
post-comparisons (intervention studies or experi-
mental studies) or as a cross-sectional comparison
of situations with and without RMM. (iii) The effi-
cacy value presented in the paper had to be based
on only one RMM category. Efficacy values that
were the result of the combined effect of multiple
RMM categories (for which it was not possible to
separate the effect of each of the RMMs) were ex-
cluded from the database. (iv) Suitable data were
represented by studies where a quantitative factor
could be distilled that represented the reduction ef-
fect of a particular RMM (i.e. efficacy value). If ei-
ther the mean exposure in the situation with RMM
or in the situation without RMM was below the
limit of detection, the record was excluded from
the ECEL database.

Information available in ECEL

The efficacy value was expressed as a proportional
reduction compared to baseline, e.g. from 10 mg m�3

(without RMM) to 1 mg m�3 (with RMM) results in
an efficacy of 90%. Sometimes, this ‘efficacy value’
was directly adopted from the study in question,
whereas in other cases such a factor was derived
from a percentage reduction, a b-coefficient derived
from regression models or a simple descriptive
comparative analysis. In case multiple descriptive
statistics were calculated, preference was given to
use the efficacy value based on comparing geomet-
ric mean values, followed by median and arithmetic
mean values. Note that in some instances, records
may be assigned with a ‘negative’ efficacy value
(,0%) where a counter-effective value was found
and therefore suggesting an increase in exposure
due to the implementation of a RMM. A negative ef-
ficacy value could be ascribed to poor work practi-
ces [e.g. a worker positioned between the source
and local exhaust ventilation (LEV)] or may theo-
retically reflect bias in the respective study. These
negative efficacy values were not excluded from
the analyses.

Each entry in the database represents an efficacy
value of a specific RMM during a given workplace
scenario. This means that multiple efficacy values
can be derived from one publication if data were
available for different RMM categories, different
tasks/activities or different substance exposures. In
cases where multiple substances (e.g. toluene and to-
tal volatile organic compounds) were determined in
the same measurement sample, the derived efficacy
values were treated as correlated data. Each study
was recorded by an occupational hygienist and re-
viewed by a second occupational hygienist. In cases
of disagreement, the disputed publication was dis-
cussed until a consensus was reached.
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In ECEL, only data were included that were de-
rived from an RMM-absent versus RMM-present
situation, thus where the effect of a RMM after its
implementation was investigated. In some cases,
however, the baseline situation or pre-test condi-
tions were strictly speaking not a zero situation but
rather a partially implemented RMM, e.g. condi-
tions with the ‘old’ LEV system. These records were
referred to and labelled in ECEL as ‘optimization’
data and were excluded from the analyses presented
in this paper.

RMMs included in ECEL

Information was collated on seven broad a priori
defined RMM categories: (i) enclosure, (ii) LEV,
(iii) specialized ventilation systems, (iv) general
ventilation, (v) suppression techniques, (vi) segre-
gation of sources and (vii) separation of the worker.
These RMM categories were divided into subcate-
gories using the contextual information available
(as entered into ECEL) and based on the distinctive-
ness within each RMM category (see Appendix). A
RMM subcategory typically distinguishes between
the degree or level of its application (e.g. partial/
complete), its integration into a system (e.g. inte-
grated/exterior) or the situation targeted (e.g. a room/
a worker or dust source/dust plume). This categoriza-
tion is a first step only towards a more structured
approach to study groups of RMMs at different levels
of detail.

Other possible RMM categories such as substi-
tution of chemicals, product modification and eli-
mination of sources were considered to be too
heterogeneous across studies and were therefore
not included in ECEL.

Study characteristics

Important covariables that were believed to influ-
ence the efficacy values were identified for each in-
dividual record, i.e. (i) study design, (ii) sampling
strategy and (iii) measurement type. A wide range
of different types of studies was found with diverse
scopes and aims. Three main study designs were
distinguished, i.e. (i) cross-sectional exposure field
studies—examine exposure measurements col-
lected during a single period of time and compare
situations with and without RMM, (ii) experimental
studies—are conducted in a laboratory, simulated
workplace or controlled environment in order to
examine the effects of RMMs on exposure, source
emissions or workroom concentrations and (iii) in-
tervention field studies—represent studies in the
workplace using a pre-test versus post-test assess-
ment procedure to evaluate intervention effective-
ness (e.g. on/off LEV systems).

With the parameter sampling strategy, a distinction
is made between ‘task-based/short-term’ and ‘shift-

based’ measurements. This distinction is important
as shift-based measurements may cover different
work situations and types of RMMs, potentially di-
luting the specific effect of a particular RMM under
study.

The measurement type (i.e. personal and static)
signifies the relevance of the data for the actual
worker exposure. This is clearly an important param-
eter since personal samples are assumed to be more
representative for exposure assessment than station-
ary samples (Cherrie, 2003).

Statistical analyses

The parameters described above were stored in
a relational database in Microsoft Access 2002.
Statistical analyses were performed with SAS,
version 9 (SAS Statistical Software, SAS Institute,
Cary, NC, USA). Descriptive statistics with respect
to efficacy values were calculated for the different
RMM categories, both on an aggregate level
(RMM categories) and specific sub-level (RMM sub-
categories). In addition, efficacy values related to
the various RMMs are presented in box plots. The
effects of covariables (i.e. study design, sampling
strategy and measurement type) on the efficacy value
were evaluated using mixed-effects regression
models. Because the efficacy values described a log
normal rather than a normal distribution, naturally
log-transformed efficacy values were used in the
mixed-effects models. Since multiple substances
analysed in one measurement sample may not be
completely independent, sampling ID was included
as random effect in the mixed-effects regression
models. Because there did not seem to be a statisti-
cally significant difference (P , 0.05) in efficacy
values between inhalable dust and vapour exposure
in the ECEL database, an overall statistical analysis
was performed.

RESULTS

In total, 433 records derived from 90 publications
met the criteria for inclusion in the ECEL database
(Table 1). Studies with an intervention study design
were the most prevalent with 177 records and the
majority of studies described an investigation
of LEV (280 records) as RMM category. There
were no values available for one of the a priori
defined RMM categories: ‘segregation of sources’
(see Appendix).

Table 2 shows results of the univariate analysis
performed on all RMM categories using mixed-
effects regression models to explore covariables
(e.g. study design, sampling strategy and measure-
ment type) with a random effect of sampling ID.
The estimated efficacy values appeared to vary
across different covariables, as expected. The esti-
mated average efficacy value for cross-sectional
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studies (efficacy 5 63%) appeared to be low com-
pared with an experimental (efficacy 5 88%) or
intervention study design (efficacy 5 80%) (statisti-
cally significant; P , 0.05). A sampling strategy
using task-based measurements resulted in a statisti-
cally significant (P , 0.05) higher efficacy of RMMs
(efficacy 5 84%) compared with shift-based measure-
ments (efficacy 5 65%). Studies that collected per-
sonal samples reported on average a similar efficacy
(efficacy 5 78%) as studies that collected stationary
samples (efficacy 5 80%).

The variability in efficacy values within RMM
(sub)categories is substantial. It should be noted,
however, that the total number of observations for
each subcategory is small. An illustration of the dis-
tribution of (unadjusted) efficacy values within and
between RMM categories is given in Fig. 1. The
box plots presented in Fig. 2 provide a more detailed
account of the efficacy data of RMM subcategories.
Table 3 presents the estimated efficacy values (with
a random effect of sampling ID) associated with each
RMM category and the 95% confidence intervals. The
values indicate a pronounced efficacy for specialized

ventilation (efficacy 5 87%), separation of workers
(efficacy 5 87%), suppression techniques (efficacy 5

83%) and LEV (efficacy 5 82%). Enclosure (effi-
cacy 5 50%) and general ventilation (efficacy 5

43%) produced the lowest efficacy compared to other
RMM categories. Pronounced differences within
RMM categories were found for most of the RMMs
(Table 3).

Since study design and sampling strategy
appeared to be important covariables (Table 2),
the estimated efficacy values for RMM categories
would have been influenced by the selected study
design and sampling strategy in each of the studies.
However, for most of the RMM categories, the
available data were too limited (or not all of the
study designs and sampling strategies were repre-
sented in the available data) to properly adjust for
these covariables in the mixed regression models.
For the two most frequently entered RMM catego-
ries in the ECEL database (i.e. LEV and suppression
techniques), the efficacy values were adjusted for
study design (intervention studies as reference)
and sampling strategy (task-based/short-term meas-
urements as reference) and resulted in adjusted effi-
cacy values of 84% (95% confidence interval 5

79–82%) for LEV and 84% (95% confidence inter-
val 5 77–89%) for suppression techniques.

DISCUSSION

This paper describes the development and evalu-
ation of the ECEL database on an aggregated level
for RMMs and to some extent on specific RMM
subclasses. Unfortunately, only a limited number
of records were available for specific RMMs. Nev-
ertheless, the ECEL database shows promise as
a tool for assigning efficacy values to a range of
RMMs. In addition, the ECEL database may be
searched and analysed for specific RMMs in order
to underpin a particular exposure assessment process.

Notwithstanding the resulting small number of
records, this ECEL database will improve the sub-
jective judgement in the process of assigning an ef-
ficacy value for a specific RMM. It is felt that this

Table 1. Frequency of RMM categories and study types collated in ECEL

RMM Studies Records

Cross-sectional field studies Experimental studies Intervention studies Total

Enclosure 5 14 0 0 14

LEV 50 75 88 117 280

Specialized ventilation 7 1 1 12 14

General ventilation 7 27 0 15 42

Suppression techniques 19 12 27 30 69

Separation of worker 2 11 0 3 14

Total 90 140 116 177 433

Table 2. Univariate analyses of effects of various study
characteristics on average efficacy values, with sampling
ID included as random effect

Parameter n Estimated
efficacya (%)

95% confidence
interval (%)

Overall 433 79 76–82

Study design

Cross sectional 140 63 53–70

Experimental 116 88 85–90

Intervention 177 80 76–84

Sampling strategy

Shift based 160 65 57–71

Task based/short
term

273 84 82–87

Measurement type

Personal 301 78 74–82

Stationary 132 80 75–85

aBack-transformed regression coefficient.
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Fig. 1. Box plots of efficacy values for six broad categories of RMMs showing the median, 25th and 75th percentile and 10th and
90th percentile.

Fig. 2. Box plots of efficacy values for the subcategories of RMMs showing the median, 25th and 75th percentile and 10th and 90th
percentile.
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paper is a proper reflection of the current state of
empirical knowledge on RMMs as described in
the published scientific literature. Although the call
for proper documentation of RMMs is not new
(Goldenhar et al., 2001; Swuste et al., 2003), we
are not aware of other peer-reviewed published pa-
pers quantitatively describing the efficacy of RMMs
based on a comprehensive review of the available
occupational hygiene literature. For a more compre-
hensive and ‘weight of the evidence’ approach, also
other published sources with information on the ef-
ficacy of RMMs (like guidance documents and book
chapters) and unpublished exposure measurement
information available in the occupational hygiene
field should be analysed and included in ECEL.
This would allow for a proper derivation of efficacy
values for specific control measures (e.g. fume
cupboards).

Although our findings indicate that there is no
need for pessimism regarding the evidence base
on RMMs, it is also clear from the results that the

type of study design and quality of evidence is het-
erogeneous and often substandard. Only a limited
number of data are available for several RMMs.
For example, no data were obtainable for the
RMM segregation of sources and limited data were
available for ‘enclosure’, ‘specialized ventilation’
and ‘separation of workers’. These numbers were
further reduced if one defines RMMs in subcategories.
These shortcomings may be due to the challenges
associated with conducting rigorous research of
intervention effectiveness, which can generally be
described as complicated (Goldenhar et al., 2001).
This deficiency clearly impedes the interpretation
of data and the reliability of the estimated RMM
efficacy values. The limited number of data in this
study also results in very limited number of data in
some of the RMM strata. Although, overall the effi-
cacy values appear to be log normally distributed,
within each RMM sub(category), the data could be
normally or inversely log normally distributed. It is
not clear whether the collation of more efficacy data
would narrow the range in efficacy values within
each RMM (sub)category. However, when more data
become available, a more detailed statistical evalua-
tion can be performed, which will increase the in-
sight in the parameters that determine the efficacy
of RMMs. A more detailed regression analysis
(adjustment for important covariables) of the RMMs
is therefore currently limited to LEV and suppression
techniques. The exercise presented here should be
viewed as a first attempt to explore the possibilities
of deriving efficacy values on an aggregate RMM
level. Since the effect of the covariables on the effi-
cacy of LEV and suppression techniques was signifi-
cant, the efficacy of other RMMs could also be
more accurately reported (adjusted for these covari-
ables) when more data become available. For now,
one has to resort to the information available and
where appropriate apply it with the necessary expert
judgement.

The efficacy values presented in this paper might
be an overestimation of the effect of RMMs due to
publication bias. This bias might have influenced
the results presented in this paper if the effectiveness
of RMMs was more likely to be presented/published
in case the RMM was found to be effective rather
than if the RMM appeared to be ineffective to reduce
exposure levels.

RMMs are generally classified according to the
so-called occupational hygiene hierarchy (Buringh
et al., 1992). This study covers RMMs across the first
three levels of the hierarchy. However, it should be
noted that several important RMMs that represent
an intrinsic change in the work process or task
are not taken into account in this review [e.g. organi-
zational, operational, behavioural and product-
integrated measures (like substitution or pelletization
of powders)]. These interventions are very difficult to

Table 3. Estimated average efficacy values and 95%
confidence intervals for individual RMMs. Sampling ID was
included as random effect in the mixed-effect models

RMM na Estimated
efficacyb

(%)

95% confidence
interval (%)

Enclosure 14 50 4 to 74

Complete 3 86 30 to 97

Partial 6 23 �103 to 70

LEV 280 82 78 to 84

Exterior 65 81 75 to 86

LEV þ enclosure 9 86 69 to 94

Integrated 133 87 84 to 90

Mobile 4 61 �28 to 88

Vapour collection 19 64 23 to 83

Specialized ventilation 14 87 73 to 94

Specialized booth 1 94 37 to 99

Clean-zone worker 6 86 64 to 95

Miscellaneous 7 85 47 to 96

General ventilation 42 43 17 to 61

Natural 9 31 �56 to 70

Mechanical 31 46 17 to 65

Suppression techniques 69 83 77 to 88

Wet suppression 32 84 75 to 89

Capture sprays 25 88 80 to 93

Stabilization 12 58 �3 to 83

Separation of workers 14 87 71 to 94

Complete 9 90 75 to 96

Partial 5 71 �31 to 94

aIn case the RMM subcategory was not clearly described in
the published paper, no RMM subcategory was recorded.
bBack-transformed regression coefficient.
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quantify in generic terms. The efficacy of PPE was
beyond the scope of this study and is described in de-
tail in other papers (Brouwer et al., 2001).

Univariate analyses using mixed-effect models
indicate the significance of various covariables.
The difference in average efficacy values for
cross-sectional studies, experimental and interven-
tion studies is apparent as one may expect higher ef-
ficacies under controlled experimental or a priori
defined conditions. In addition, cross-sectional
studies are more vulnerable for (residual) confound-
ing due to other unpredictable workplace factors
and background exposures not related to the RMMs
under study. It is also notable that a pronounced dif-
ference exists in the types of sampling strategy;
shift-based data reveal an efficacy of 65%, whereas
a higher efficacy is associated with task-based/
short-term data (i.e. 84%). Shift-based data often in-
clude exposures at more than one source and loca-
tion and it is therefore less specific to study the
effect of a selected RMM. Efficacy values are there-
fore more likely to be ‘diluted’ when using shift-
based measurements. Task-based/short-term data
focus on a task or activity performed at a specific lo-
cation and within an often shorter time frame, and it
is (assumed) to produce a more representative and
often higher efficacy of RMMs, which is supported
by the results presented in this paper. The preferred
study design to evaluate RMMs efficacy would be
intervention studies; these studies are specifically
designed to examine the effect of implementing
a specific RMM in the workplace. Likewise,
a task-based/short-term sampling strategy is ex-
pected to reflect a more representative efficacy of
a specific RMM. We therefore adjusted for these
two parameters (for RMMs with sufficient data)
and used ‘intervention study’ and task-based/
short-term sampling as reference categories. On
the other hand, if one is more interested in the effi-
cacy of a specific RMM on a worker’s 8-h time-
weighted average exposure, shift-based sampling
in a cross-sectional study design might better repre-
sent the situation. Thus, based on the purpose of
the exposure assessment, different publications
and efficacy values may be selected from the ECEL
database.

Differences between estimated efficacy values of
the six RMM categories were evident, with general
ventilation and (partial) enclosure showing a consider-
ably lower efficacy compared to the other RMMs.
Conversely, a higher efficacy was estimated for spe-
cialized ventilation and separation of workers. An
interesting outcome is that LEV and suppression tech-
niques, on an aggregate level, produce similar (ad-
justed) efficacy estimations. It should be noted that
there is substantial variation in efficacy values within
a particular RMM category, as indicated in Figs 1
and 2. This variation can be ascribed to the great vari-

ety in control measures within a RMM (sub)category.
For instance, ‘complete separation of workers’ may in
our analyses cover cabins with or without fresh air sup-
ply. In addition, the selection of covariables in differ-
ent studies (i.e. study design, sampling strategy and
measurement type), the uncontrollable environmental
conditions (like atmospheric differences in pre- and
post-situations) and operational conditions (differen-
ces in work practices, etc.) may be responsible for het-
erogeneity within categories.

The work presented here should be considered as
a first attempt to collate and analyse RMM efficacies
and is a mere stepping stone for further develop-
ments. One may therefore envisage a number of fu-
ture challenges in the field of RMM libraries. First,
the relatively small number of data does not allow
for detailed analysis as yet. As a result, an in-depth
analysis of substance-specific exposures has not been
performed and it is still unknown if the efficacies
presented here can be extrapolated for different
exposures and if it is truly substance independent.
A supporting and encouraging result from this evalu-
ation does, however, indicate similar efficacies for
dusts, fumes, vapours and mists. Second, it is unclear
whether data can be extrapolated across different
types of activities and processes. Some RMMs may
also be very process specific and cannot be subjected
to analysis on an aggregate level. Third, further re-
search is required to determine the effect of optimiza-
tion data where a RMM is optimized (i.e. improved),
as opposed to a newly implemented RMM. Fourth,
more data will provide the opportunity to expand
the evaluation on a more detailed RMM level and
possibly improve on the current RMM categoriza-
tion. As an important first step, unpublished data
should be collated. In the future, the conduct of addi-
tional intervention studies using task-based measure-
ments is to be preferred to obtain insight into efficacy
of specific RMMs.

In conclusion, the current evidence may give rise
to some kind of ‘base estimate’ of efficacy for spe-
cific RMMs. The empirical values may be used to
underpin new research activities in the field of expo-
sure modelling (Tielemans et al., 2007). Unfortu-
nately, the current evidence base is not complete
and additional studies should be included and re-
sults should be supplemented with expert opinion,
preferably in a formal expert elicitation procedure.
Future research that focuses on the efficacy of
RMMs should be devoted to proper study designs,
statistical analyses and descriptive data of the work-
place scenario (e.g. the RMM, task/activity, process
and substance).
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APPENDIX

Table A1. Categorization of RMMs found in the literature

RMM Description

1 Enclosure: physical containment or enclosure of the source of emission

1.1 Complete enclosure Any form of permanent encapsulation or encasing of the source. Enclosures
are not opened during the given activity or working shift. Breaching of the
source is minimized but it is not necessarily a closed system (excluding LEV
or LEV remains the same before and after intervention).

1.2 Partial enclosure Partial enclosures using lids (on vessels) and hatches/screens (on machines)
but where enclosure is not complete (e.g. opening in lid). It includes
completely enclosed sources that are breached (e.g. opening of lids) during
an activity or working shift (excluding LEV or LEV remains the same before
and after intervention).

2 LEV: exhaust ventilation systems located in close proximity of and directed at the source of emission (including LEV systems
combined with enclosure/encapsulation technologies)

2.1 Exterior LEV Fixed LEV systems using exterior systems that are not directly linked with
the primary source, e.g. LEV behind a workbench. These systems may apply
different configurations of capture hoods (side draft, slot, pull, lateral suction
and down draft) and receptor hoods.

2.2 LEV þ enclosure LEV systems with an additional encapsulation or encasing of the source
(with a maximum of one side open).

2.3 Integrated LEV Fixed LEV systems integrated or encapsulated in a process or equipment
(including LEV integrated on hand tools, but excluding vapour collection
systems) that cannot be distinguished from the primary emission source,
e.g. LEV fitted on a machine or integrated on hand tools.

2.4 Mobile LEV Mobile LEV systems such as hoods with extendable arms and mobile LEV
systems fitted onto or in close proximity of moving sources such as ladles.

2.5 Vapour collection Vapour collection systems designed for transfer processes and vessels and
applying different forms of technologies such as recollection hoses, vents,
pressure-release valves, etc. to minimize emissions.

3 Specialized ventilation systems: mechanical ventilation systems specifically designed for displacement of air contaminants in
small designated areas or systems intended to supply fresh air to worker

3.1 Walk-in booth Specialized ventilations systems inside enclosures where workers are located
during their tasks, e.g. spray booths, walk-in weighing cabinets. It is
specifically designed to extract and remove the air contaminant from the
working space. It always consists of an extraction system (pull) at one side
(e.g. side wall, floor and ceiling) with either a natural air inlet or a
mechanical air supply (push–pull system) on the other end. Typically,
a cross-, upward- or down-draft ventilation is created.

3.2 Clean zone (worker orientated) Specialized ventilation system directed at the worker with the principal
purpose of enveloping the worker with fresh clean air (not to be confused
with air supply systems meant to enhance LEV systems). It therefore consists
of a fresh-air supply unit located above or next to the worker. Also termed
overhead air supply island system, air curtains or fresh air showers.

3.3 Miscellaneous Other specialized ventilation systems.

4 General ventilation: ventilation systems by natural and/or mechanical means and designed for general work areas with the
purpose of dilution and/or displacement ventilation

4.1 Natural ventilation Natural ventilation installed by means of opening of windows and doorways,
natural roof or wall vents.

4.2 Mechanical ventilation Mechanical ventilation installed using mechanical air supply systems
(including recirculating), mechanical air extraction and supply fans in
walls and roofs.

5 Suppression techniques: techniques where an additive is added to an activity or process in an attempt to suppress emissions

5.1 Wet suppression Wetting systems that wet the entire product flow (focusing on the emission
source) to agglomerate and bind the fine particles to the aggregate surface,
preventing dust to become airborne. It may include (i) plain water sprays
to wet surfaces, (ii) water spray with additives (e.g. surfactants) and
(iii) foams.

5.2 Capture sprays Airborne capture sprays inject fine water droplets into a dust plume and
agglomerate the suspended particles, enhancing gravitational settling.
Capture sprays are sometimes combined with chemical surfactants or
electrostatic charges to enhance suppression.

5.3 Stabilization Stabilization reduces the formation of a substance by (i) modifying the
material properties (chemical stabilization using vapour retarders, etc.) or
(ii) by covering/encapsulating the material or product (e.g. physical
stabilization using oil and wood chips).
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Table A1. Continued

RMM Description

6 Segregation sources: isolation or segregation of sources from the work environment without containment of the emission
source itself

6.1 Complete segregation Sources are completely segregated from the work environment by isolating
the source in a fully enclosed and separate room (including closing doors and
windows). This segregated area is not entered by the worker during a given
activity or working shift. Breaching from the room may be possible if no
ventilation system is installed in the room.

6.2 Partial segregation Partial segregation implies sources segregated by means of physical/spatial
barriers between the source and worker (thus not enclosure of source),
e.g. sources inside rooms with open doors and windows—including barriers
such as screens/curtains in work areas and fabrics to cover the product or
material (e.g. tarpaulins on trucks).

7 Separation worker: providing a worker with a personal enclosure within a work environment

7.1 Complete separation Worker resides inside an enclosed cabin or room (doors and windows
closed). Breaching of contaminants from outside is only possible if the
room is under negative pressure and/or it concerns a room without a fresh
air supply.

7.2 Partial separation Partial separation is a partially open cabin or room (e.g. open windows and
doors) where a worker is partially protected but still in direct contact with the
work environment.
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