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evaluate inter-rater reliability. The reliability of the overall

This article describes a new method for (1) systematically €xposure prevention ratings was excellent (weighted kappa
prioritizing needs for intervention on hazardous substance = 0.84). The rating scheme has good discriminatory power
exposures in manufacturing work sites, and (2) evaluating and reliability and shows promise as a broadly applicable
intervention effectiveness. We developed a checklist contain-and inexpensive tool for intervention needs assessment and
ing six unique sets of yes/no variables organized in a 3 effectiveness evaluation. Validation studies are needed as a
matrix of exposure potential versus protection (two columns) Nnextstep. This assessment method complements quantitative
at the levels of materials, processes, and human interface €Xposure assessment with an upstream prevention focus.
(three rows). The three levels correspond to a simplified hi-
eral’Chy Of COHtI’OlS. EaCh Of the SiX sets Ofindicator VariableS Keywords Intervention Research’ Intervention Effectiveness Re-
was reduced to a high/moderate/low rating. Ratings from search, Evaluation Needs Assessment, Upstream Preven-
the matrix were then combined to generate a single overall tion, Hazardous Substances
exposure prevention rating for each area. Reflecting the hi-
erarchy of controls, material factors were weighted highest,
followed by process, and then human interface. The check-

NIOSH identified “intervention effectiveness research” as a
list was filled out by an industrial hygienist while conduct- Natlongl _Occupatlonal Research Agenda priority area in 1996,
recognizing the need for expanded research efforts on how best

'ng awalk-thrqugh Inspection (N.= 131 manufacturing pro- to translate occupational health and safety (OHS) knowledge
cesses/areas in 17 large work sites). One area or process per

. into exposure prevention and control in the workplédtélet,
manufacturing department was assessed and rated. BaseOIthere remains a need for broadly applicable methods for system-
on the resulting Exposure Prevention ratings, we concluded yapp y

that exposures were well controlled in the majority of areas 22(2:2%0%555:5;2& r':g:g’f”g:grgseec%sn tarl Irgfj ;?Eﬁiﬁigiﬁsio the
assessed (64% with rating of 1 or 2 on a 6-point scale), that i P . y
; . . burden of occupational diseaéegfficient methods for rating
there is some room for improvement in 26 percent of areas ) .
. a broad array of substances with comparable metrics would be
(rating of 3 or 4), and that roughly 10 percent of the areas as-

sessed are urgently in need of intervention (rated as 5 or 6). A particularly useful.

second hygienist independently assessed a subset of areas tg Quantitative exposure or dosg assessmgnt remains the gold
standard for assessing the effectiveness of interventions on haz-

ardous substance exposures. Several considerations, however,

*Current address: Centre for the study of Health of Society, Scho%cl)'nt t,o the need for complementary non-analytical methods.
of Population Health, University of Melbourne, Melbourne, VIC 3018uantitative exposure assessment may be appropriate Whe.re
Australia. one or only a few contaminants are being addressed (e.g., in
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524 A.D. LAMONTAGNE ET AL.

the recent Minnesota Wood Dust St&f)), but is less feasible METHODS
when the aim is to assess a variety of contaminants. . .
L ; Study Design and Population
In addition, needs assessment must take prevention and con, . . .
ellworks-2 used a randomized, controlled design with

trol efforts into account along with exposure levels. Quantitative tk site asth + of randomization. After baseline data.coll
exposuremeasurements,however,donotprovideinformation\'& s Iheunitofrandomization. Alterbasetine data coflec-

existing control measures and do not point to upstream prevé'f—n’ Stlfd.}{ sﬁes \I/tvr(]are rantjtgmly a|35|9r1ed(;o t(rjeatm?nt condtm(l)ns
tion and control alternatives. Statistical power consideratio work site health promotion only ("standard care” or control)

also come into play in designing intervention effectiveness ev rsus work s!te h?.alth prom?t'lon mtegr ated with occupational
ealth protection (“integrated” interventiofd).

uations. When evaluating change at the level of the work proces e ; L .
g 9 b S'The principal selection criteria for Wellworks-2 study sites

or work site, it is often necessary to include multiple work sites A . ;
y P ere: (1) manufacturing industry work sites employing between

in intervention and comparison groups in order to have sufi]- ) )
cient power to detect intervention-related change. In such cas%%o and 2000 workers; (2) probable use of.hazardou.s substances;
d () turnover rate<20 percent to avoid excessive loss to

the need for assessing intervention effectiveness across di ? R . .
ing sets of substances by process or work site poses furt ogtow—up. We used Dunn's Direct Access to identify 89 man-

L . - acturing companies (defined by Standard Industrial Codes
feasibility and cost challenges to using quantitative EXDOSLg 39) 0% apprgpriate (size that v{ere located in eastern Mas-
assessment.

We faced these challenges in evaluating the effectivenesssg*FhusettS counties. All 89 companies were contacted; 41 were

the Wellworks-2 intervention to reduce hazardous substance ggg ”\T/"rrfd tr? bf ellglblt(_a fortthg §tut;1y. i ts for th
posures. Wellworks-2 was a randomized, controlled trial exam- eventeen sites participated in baseline assessments for the

ining the effectiveness of an integrated health promotion a Hde, including 'IEhL?e Ipl? st'fa!y dlsf'gncttﬁltes f:.or.n 6;. smg'lte '
occupational health protection interventidhThe central hy- arge company. fable 1 brietly describes e participating sites

pothesis was that blue-collar workers would be more likely t%y type of manufacturing and number of employees. Median

make changes in health risk factors that are primarily und§§tabl|shment size was 596 employees. Employees were pre-

their control (smoking and nutrition) if risk factors that wer otr'n|natel4ylw\lr;lge (81%),hmalle (63()'/3)’ mlggtl)/e—sgecli (medianSaZg;
primarily under the company’s control (occupational exposurgg egory 41-50years), hourly workers (68% hourly versus 32%

to hazardous substances) were being addressed at the sameﬁ% r_|ec_1). Further dempgraphlc af‘d other descriptive data on
This article presents an exposure prevention (EP) ratiﬁbu y sites and population are available elsewffére.
scheme that we developed to evaluate the effectiveness of this
intervention with respect to the prevention and control of ha¥ellworks-2 Intervention and Evaluation Overview
ardous substance exposures. This EP rating scheme was conA brief description of the Wellworks-2 intervention and eval-
plemented by parallel evaluation with individual-level questionsation strategy is necessary to understand the needs assessment
naires and organizational-level assessment of OHS progfamgunction of the EP rating scheme. We assessed intervention out-
An earlier version of a walk-through exposure prevention asemes and intervening variables pre- and post-intervention at
sessment method, focusing solely on workplace carcinogetisge levels: (1) the physical environment (using the EP rating
was pilot tested in the Wellworks-1 trif119) This provided a scheme described in this report), (2) the organization (assess-
starting point for the work described herein. ment of OHS program®) as well as health promotion relevant
The EP rating scheme was designed (1) to systematically privaracteristics, such as smoking policies), and (3) the individual
oritize needs for intervention on hazardous substance exposwesker (through confidential employee surveys of health behav-
in manufacturing work sites, and (2) to evaluate intervention @brs, work practices, perceptions of OHS conditions, and other
fectiveness. The rating scheme assesses the degree of upstreaiables).”)
prevention efforts observable in a given process or similar expo- The Wellworks-2 intervention was 16 months in duration.
sure group. This provides a complement to—but not a replad&e used baseline assessment findings to tailor intervention ac-
ment for—quantitative exposure assessment. Our goal waditities to the needs of each study site. Corresponding to our
develop a method that could be applied with modest expernsgeds assessment and evaluation strategy, the interventions tar-
by OHS researchers and other groups engaged in workplaeted three levels: (1) the physical work environment (through
prevention and control efforts (e.g., independent OHS profespecific recommendations for changes in materials, processes,
sionals, company or union OHS staff). This report describes taed other exposure prevention and control measures), (2) the or-
theoretical basis, piloting and refinements, and utility for integanization (through management-level intervention on general
vention needs assessment of the method. We present ratings@H&® management principles), and (3) the individual worker
interrater reliability statistics for the 17 manufacturing worksite@hrough worker educational activitie€) Wellworks-2 occupa-
that participated in the baseline assessments of the Wellworktemal health intervention efforts focused primarily on exposures
trial and discuss our findings in relation to similar work by otheio hazardous substances, and not on other hazards. The findings
investigators. of the baseline EP data were most relevant to intervention at
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TABLE |
Study site descriptions and production areas assessed per site
Site Establishment size Production areas
Treatment condition description (# of employees) assessed (#)
(HP only) Adhesives Mff) 862 9
Food products 516 3
High tech mfg #1 478 8
High tech mfg #3 1391 9
Jewelry mfg 424 11
Motor controls 847 5
Paper products 468 6
Newspaper #2 599 6
HP+ (Integrated HP/Of)  Abrasive products 596 7
Automotive products 1585 14
High tech mfg #2 442 4
High tech mfg #4 893 3
High tech mfg #5 399 2
Metal fabrication #1 581 6
Metal fabrication #2 775 16
Metal fabrication #3 810 15
Newspaper #1 588 7
Totals 17 sites 12,254 131

AAbbreviations used: Mfg= manufacturing; HP= health promotion; HR = health promotion
integrated with occupational health protection; &tbccupational health.

the physical work environment level, which was addressed imation of the balance between exposure potential and exposure
the intervention through on-going consultations delivered by anotection at each of these three levels. The resulting Poten-
industrial hygienist at the management or organizational lew&l and Protection matrix, expressed as a 3 table, allows
(average of 18 management OHS consultations at integrateddnth a horizontal (balance of Potential and Protection at each
tervention sites by staff industrial hygienists over interventidevel) and a vertical (degree to which those efforts are focused
period!V). Study staff reviewed walk-through checklist dataipstream) assessment of exposure prevention. Previous studies
collected at each site in detail, and presented written and odalcumenting upstream shifts in hazardous substance control ef-
summary reports and recommendations at the beginning of thes in response to toxics use reduction legislation demonstrate
intervention period to work site OHS staff, management, arkde feasibility and increasing receptivity of employers to this

unions (if present) in the integrated intervention. approacH!® Valuing of an upstream focus is further reinforced
by similar principles in other aspects of public healfh.
Theoretical Basis and Checklist Content Six sets of indicator variables (yes/no) were developed to as-

The practice of occupational hygiene entails the anticipatiof£SS €xposure Potential and Protection at the Material, Process,
recognition, evaluation, and control of exposures to health h&#d Human Interface levels (detailed in Table Il). Three poten-
ardsin the WOfkp]ac@?) The further “upstream" from eXDOSuretial routes of exposure (inhalation, dermal, ingestion) and awide
one aims in practicing occupational hygiene, the more likely of@nge of prevention and control—or protection—methods are
is to achieve the preferred goal of exposure prevention verdipsessed. Material indicators include material properties, haz-
control. Hazard prevention aims to avoid the creation of ha2td monitoring, and hazard inventory-keeping. Process level
ards, whereas hazard control aims to reduce or mitigate hazdpgdcators include specific process types, equipment, physical
once they have been creatédl We exposure devised our ratingconditions, and engineering and other controls. Human inter-
scheme in line with these principles. face indicators include work tasks, work practices, and personal

We applied a simplified “hierarchy of controf&¥ to express Protective equipment (PPE) requirements and use.

a gradient of upstreammaterials correspond withsource of

the hazard) versus midstreaprgcesscorresponds witlpath Data Collection

between source and worker) versus downstrdaum@n inter- Hazardous substance exposures were expected to be most
facecorresponds with the level of the worker as theeiverof common in production departments. Each production depart-
exposure) preventive efforts. This was combined with an exament at each site was briefly assessed by walk-through to identify
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TABLE Il
Potential/protection matrix, indicator variables, and inter-rater agreement
Potential Protection
2 Points 1 Point 1 Point

Materials

Process

Human interface

o Materials with high
vapor pressure (7°f)

e Chemical with “Skin”
designation (100)

e Process involves
multiple sources (62)

e Process involves a
large surface area (62)

e Spraying as a primary
activity (100)

o Generate mist or spray
as a by-product (95)

o Transfer of material (97)

e Abrasive blasting
(100)

¢ Welding, brazing,
cutting (92)

e Crushing, sanding,
grinding, buffing
(100)

o Electroplating (92)

o Elevated temperatures
(75)

e Manual application of
liquid (92)

e Manual mixing or
stirring of material
(100)

¢ Employees smoke at
workstations (100)

e Ingestion is significant
route of exposure
(100)

e Use of compressed air
for cleaning (62)

e Employee health
complaints from
inhalation exposures
(64)

e Employee health
complaints from
dermal exposures (50)

e Evidence of dermatitis
or other symptoms of
dermal exposures (12)

e Combustion products

(85)

e Decomposition

products (100)

e Drying of liquid-

covered parts (73)

e Open tanks or

containers (100)

e Mechanical mixing

(92)

o Molten metal (100)
o Release of particulates

(100)

e Machining (85)
e Plastic molding (100) e Operator is totally
e Semiconductor

manufacturing (100)

o Elevated pressure (83)

o Dipping parts into

liquid (100)

o Heavy workload/

increased metabolic
rate (100)

e Work surfaces covered

with liquid (88)

e Cleanup of process

liquids (69)

e Employees eat or drink

at workstation (62)

o Work practices

contribute to inhala-
tion exposure (50)

o Work practices

contribute to dermal
exposure (12)

e Routine monitoring
performed (92)

e Hazard assessment
performed as per
PPEE standard (100)

e Process is totally
automated (92)

e Process is totally
enclosed (92)

e Appropriate and
adequate local
exhaust ventilation

enclosed (100)

e Respirators required

e Protective clothing
required (92)

e Material handling
automated (100)

e Housekeeping better
than average (77)

e Non-routine monitor-
ing performed (83)

e MSDS$ present (90)

e MSDSs readily
available (100)

e Process is
semi-automated (69)

e Process is partially
enclosed (69)

e Local exhaust
ventilation present,
but not appropriate or
adequate (92)

e Make-up air adequate
(67)

e General dilution in
the area (54)

e Local ventilation
checked routinely
(38)

e Respirators used (100)

e Protective clothing
available and
appropriate (85)

e Hand cleaning
facilities nearby (69)

e Designated eating/
break areas (77)

e Respirators readily
available (36)

e Respirators appropri-
ate to task (55)

e Appropriate gloves
readily available (50)

o Work practices
contribute to
protection (39)

Alnterrater agreement (percent).

BAbbreviations used: PPE Personal Protective Equipment; MSBSMaterial Safety Data Sheet.
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all production processes and to gain ageneral sense of OHS in | A ) ) )
department (typically required 10—15 minutes). This included Walk-through inspection using checklist (one
assessments of general air quality, housekeeping, obvious safg production area or process per department)

issues, odors, evidence of spills of potentially hazardous sul
stances, and visible evidence of hazardous contaminants. Tt
served to identify within each department the production area(s l

or work process(es) where hazardous substance exposures w
most likely, and where exposures were anticipated to be qualitg
tively similar (similar exposure groups). Where there was mor{ Set of indicator variables (y/n) for each of the

than one process in a given department, we focused on the p1| six cells in the 2x3 Potential:Protection matrix
cess of greatest concern within each department, as judged

the professional opinion of the industrial hygienist conducting
the walk-through. l

Criteria for choosing the process of greatest concern withit
a department included the use of hazardous materials with lo
occupational exposure limits and the amounts of such mater| (Ordinal score for each of the six cells in the
als used, the number of workers potentially exposed, and th 7%3 Potential: Protection matrix
specifics of the process, including the manner in which contar|
inants were generated and the presence or absence of cont
measures. Plans to incorporate findings from a parallel revie l

of each site’s Material Safety Data Sheet (MSDS) files were
abandoned. We judged MSDS file information not to be usefu
because of outdated files (e.g., materials no longer used) as w . .
as lack of information linking hazardous substances represents Summa}'y mtmg (h1gh/m0derate{ low) for e'fwh
in MSDS files to the areas within the work site where they mighi Ofth? six cells in the 2x3 Potential:Protection
be used (data not shown). matrix

The rationale for the “highest priority” approach was to iden-
tify systematically those exposure situations in greatest nee
of intervention, to distribute intervention efforts throughout the
production departments of each work site, and to enable asse;
ment at an adequate level of detail to support specific recon| Overall Exposure Prevention rating (scale of 1—-
mendations for intervention. This yielded a comprehensive an| 6), one for each area or process assessed
systematically prioritized assessment of hazardous substan
exposures for each work site, as well as specific guidance for

addressing the exposures of greatest concern. FIGURE 1
We pilot-tested the checklist and walk-through procedures at  Outline of data collection and generation of exposure
aBoston arearope manufacturing plantthat was not participating prevention ratings.

in Wellworks-2. The checklist and written procedures were then

finalized before use in Wellworks-2 baseline assessments. ‘8‘“1 point (e.g., process totally enclosed2 points, partially
b_aseli_n_e walk-through assgssments as well as pre-visit contagiiosed= 1 péint) (Table 11). An ordinal score fo,r each cell
site visits, and MSDS reviews, were conducted by the sany s computed by summing the points for each indicator variable

industrial hygienist. He was guided on walk-throughs by a SiE)‘iogerved in that cell. Ordinal scores were then categorized as

OHS staff person at 14 sites and by a human resources Sig resenting low, moderate, or high Potential or Protection, such
person atthree sites. Completion of the walk-through assessmg

and checklist for each area typically required 20—-30 minuteosﬁn
with a range of 10—-60 minutes per area.

each cell is weighted equally despite the varying numbers
dicators contributing to each of the six ordinal scores. The
cut points for low, moderate, and high were set by the industrial
hygienists as representing the qualitative assessment they would
Measures give to an area or process with the corresponding numeric score.
Figure 1 outlines the generation of measures from the walkhis set of six ratings for each area provides the greatest detail
through checklist. For each set of checklist indicators (six cefisr needs assessment as well as the most sensitive measures for
of 2x 3 matrix), a simple weighting scheme was applied whereavaluating intervention impacts.
those factors that typically contribute more strongly to potential Next, we computed an overall rating of the degree of upstream
for or protection from exposure were assigned a value of 2 poinésposure prevention effort for each area assessed (Figure 1,
and those that contribute less strongly were assigned a vdast step). The measure made use of 5 of the 6 cells in the
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Potential/Protection matrix. The Material Protection cell waagreement between the two observers for each item. A priori,
excluded for two reasons: because of poor interrater reliabilitye set a minimum lower bound of 60 percent agreement for
as outlined in further detail in the Results section, and becadselusion in computation of ratings. Secondly, percent agree-
of substantial overlap with our parallel organization-level asaent was computed for the six Potential/Protection matrix rat-
sessment of OHS programs, which is described in a separaigs (low/moderate/high), as well as for the overall upstream
report® EP ratings ranged from 1 (best, minimal interventiorprevention summary ratings (6-point scale) for each area as-
if any, needed) to 6 (worst, extensive intervention needed wessed. Weighted kappa statistics were then calculated for each
gently). The best rating was defined by low potential for toxiof these seven ratings. Standard arithmetic weighting was used
hazards due to the use of materials with low inherent toxicityfor the six three-point scales and the one six-point scale evalu-
Where Material Potential was medium or high, but the prated. The kappa statistic ranges from negative when the raters
cess in which these materials were used had low Potential éisagree more than would be expected by chance, to 0 when the
emissions (low Process Potential), these areas were assignathaunt of agreement is what would be expected by chance, and
rating of 2. Where Material Potential was medium or high anap to 1 when there is perfect agreement.
Process Potential was medium or high, but this was offset by
good engineering controls (Process Protectiohigh), these ESULTS
areas were assigned a rating of 3. Where similar conditions'io
a rating of 3 prevailed, but engineering controls were mode®toduction Processes Assessed
or weak (Process Protectiea medium or low) and there was  The total number of production areas assessed at each of the
little potential for exposure at the Human Interface, these a7 work sites ranged from 2 to 16, with a median of 7 per site
eas were assigned a rating of 4. Where Material Potential wgable 1). Because one assessment was made per department,
medium or high, Process Potential was medium or high, engirese frequencies also describe the total number of production
neering controls were weak or modest, but effort was madedepartments at each of the 17 sites. Most commonly, there was
protect workers with personal protective equipment (Human IBnly one process or area available for assessment in a given
terface Protectioe= high), these areas were assigned a rating gépartment (48131 = 37%), and thus no prioritization or se-
5. Finally, if there was only a modest or weak level of personfdction among processes within these departments was required.
protection under the other conditions prevailing for a rating @n additional 44 departments had two (281= 20%) or three
5, these areas were assigned the worst rating of 6. (18/131= 14%) processes or areas, with the remainder having
In short, this EP rating scheme cascades downstream in tekfitsre than three.
of proximity of preventive efforts to the source of the hazard. |n those departments with more than one process or area, the
Accordingly, materials are considered first, followed by procesgnrated areas had minimal potential for hazardous substance
and finally by human interface. Similarly, at each level (materéxposures and were low priority for intervention relative to the
als, process, human interface), low potential was judged as mgged area. Thus, the rated areas were representative of hazardous

desirable than high protection. substance exposures of concern department-wide. Examples of
rated (selected as highest priority by industrial hygienist) ver-
Evaluation of Interrater Reliability sus unrated processes within departments include: selection of

A second industrial hygienist also administered the wallassembly versus testing of electronic components; selection of
through checklist in 13 production areas across three study siegreasing versus assembly of metal parts; plating versus rack-
for the purpose of evaluating interrater reliability. The writteing and unracking in jewelry manufacturing; cleaning versus
guidelines for administration were followed by both hygienist&ispection and packing at a food products plant; and printing
(both were also involved in the development and the writingersus cutting, hole-punching, and shrink-wrapping of paper
of the guidelines). Assessments were conducted on the sgreducts.
day, within a short time of each other, such that the conditions A wide variety of hazardous substances were captured in
evaluated were as close to identical as possible. The two hygigaied processes, including several carcinogens (e.g., cadmium,
ists assessed each area independently and did not communigthylene chloride, silica, metal-working fluids), irritants (e.g.,
during assessments. acids, nickel compounds), asthmagens (e.g., epoxies, formalde-

hyde), and reproductive hazards (e.g., lead, arsenic, solvents).
Analysis

The individual indicator variables and ratings were tabulatédeeds Assessment
over the departments assessed, with percentages reported. AFindings from walk-through assessments were used to iden-
though production areas were clustered within work sites, Wi/ and prioritize intervention needs for sites randomized to
treated the assessment of each production area as an indefienintegrated intervention condition. Findings were summa-
dent measurement for these descriptive analyses. rized in narrative form, communicated to work sites, and used

For assessing the interrater reliability in the 13 productidn guide intervention efforts targeting change at the levels of the
areas with double assessments, we first computed the pergdmntsical work environment, the organization, and the worker.
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While it is beyond the scope of this report to present all the dpercent (for “work practices contribute to dermal exposure” and
tails included in these reports, below we present one illustratit@vidence of dermatitis or other symptoms of dermal exposure”).
detailed example from an assessment of a newspaper print8igteen items had good to excellent agreement (69% or greater).
operation. However, eleven items had fair to clearly unacceptable percent
Several specific recommendations for interventions at thgreement (64 down to 12%). The three health complaint and
Material, Process, and Human Interface levels were identifieymptom items had poor interrater agreement when taken as a
These included continuing the installation of flexographigroup: “employee health complaint items from inhalation expo-
pressesto eventually eliminate exposure to oil-based inks andshees” (64%), “employee health complaints from dermal expo-
organic solvents required to clean such inks from the presses;sores” (50%), and “evidence of dermatitis or other symptoms of
vestigating possible alternatives to the current petroleum-basktmal exposures” (12%). Most of these low percent agreement
inks, such as soy or other vegetable-based oils; installing endkems were on the Potential side (7 of 11). These eleven Human
sures or local exhaust ventilation for paper folders to reduce ttmerface items were excluded from ratings.
large amount of paper dust generated during paper handling andn summary, we raised our a priori minimum of 60 percent
printing; developing and implementing a comprehensive PRerrater agreement to 67 percent due to the subjective judge-
training program for employees who service the presses betwaaent of reliability (the two hygienists were uncomfortable with
printing runs (including selection, maintenance, and use of PREe “multiple source” and “large surface area” questions as ad-
as well as improved education on preferred control measuramistered) and face validity (investigators collectively decided
such as substitution, use reduction, and engineering controlgp delete the set of three employee symptom questions). Only
those items that achieved at least 67 percent interrater agreement

Selection of Indicator Variables for Ratings were retained for the next step: computation of ratings.

Iltem-by-item interrater agreement is presented in Table II.
The percent agreement of most Materials indicators was gdexposure Prevention Ratings
to excellent. Two items were dropped from ratings due to com- Atthe Material level, most areas were rated either low or mod-
bined data quality concerns over fair interrater agreement agichte for Potential (80% combined), whereas most areas were
ambiguous categorization as Process versus Materials (insufiited high for Protection (Table lll, first row). At the Process
ciently precise wording). These items were “process involvéssel, most areas were rated either low or moderate for Potential
large surface area” and “process involves multiple sources.” (82% combined), with the smallest proportion rated high (Table
Overall, Process Potential had excellentinterrater agreemeht,second row). Most areas were rated either high or moderate
with 100 percent occurring most frequently (for 8 items) and 7#r Process Protection. In contrast to the two other levels, Hu-
percent the lowest. Process Protection was good to excellenan Interface Potential was usually rated low (74%), followed
with half of the items at or above 92 percent agreement, ahg moderate (21%), with very few areas rated high (5%). Hu-
three items between 67 and 69 percent. The last two 1-poméan Interface Protection was almost always rated either high or
Process Protection items (Table Il, lower right of Process row)oderate (91%), with few areas rated low (9%).
were excluded from rating due to low interrater agreement (54 The definitions and frequencies of overall area EP ratings
and 38%). are presented in Table IV. In summary, these results suggest
At the Human Interface level, interrater agreement variglat there is a fairly urgent need for improvements in roughly
widely, with a high of 100 percent (8 items) to a low of 1210 percent of the areas assessed (ratings of 5 and 6), that there is

TABLE I
Potential/protection matrix: Rating frequencies-N\L31)
Potential Protection
Rating N % Rating N %

Materials High:> 4 points 26 19.8 High2> 4 points 71 54.2

Moderate: 2—3 54 41.2 Moderate: 2—3 44 33.6

Low: 0-1 51 38.9 Low: 0-1 16 12.2
Process High2 6 points 24 18.3 High2> 4 points 51 38.9

Moderate: 3-5 55 42.0 Moderate: 2—3 36 27.5

Low: 0-2 52 39.7 Low: 0-1 44 33.6
Human interface Highz 5 points 6 4.6 HighZ 4 points 55 42.0

Moderate: 3—4 28 214 Moderate: 2—3 64 48.8

Low: 0-2 97 74.0 Low: 0-1 12 9.2
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TABLE IV
Upstream exposure prevention rating scale: explanation and observed frequencies
Intervention
recommendations in

Rating Definition: Explanation order of preference N %
1 Material Potential low: Because the e Minimal 51 38.9

materials used have low inherent

toxicity, Process Potential and

Human Interface are of minimal

concern.
2 Material Potential medium or high, ¢ Reduce Material Potential 33 25.2

but Process Potential low: Becausee Improve Engineering Controls
there’s limited potential for
exposure from the process in
question, then there’s minimal
potential for worker exposure at the
Human Interface.
3 Material Potential medium or high, ¢ Reduce Material Potential 21 16.0
Process Potential medium or high, ¢ Reduce Process Potential
but Engineering Controls high:
Material and Process Potential are
significant or of concern, but
well-addressed by permanent
exposure controls.

4 Material Potential medium or high, ¢ Reduce Material Potential 13 9.9
Process Potential medium or high, ¢ Reduce Process Potential
Engineering Controls low or ¢ Improve Engineering Controls

medium, but Human Interface low:
Material and Process Potential
significant or of concern, but offset
by low potential for exposure at the
Human Interface.

5 Material Potential medium or high, ¢ Reduce Material Potential 6 4.6
Process Potential medium or high, ¢ Reduce Process Potential
Engineering Controls low or e Improve Engineering Controls

medium, Human Interface medium ¢ Reduce Human Interface Potential
or high, but PPE high: Material and ¢ Rely less on PPE
Process Potential significant, and
matched with inadequate
permanent exposure controls and an
over-reliance on control at the
worker through PPE.
6 All Potentials medium or high, and * Reduce Material Potential 7 5.3
Engineering Controls and PPE low ¢ Reduce Process Potential
or medium: Exposure potential e Improve Engineering Controls
likely to be inadequately matched ¢ Reduce Human Interface Potential
by protective measures. ¢ Rely on PPE only as a temporary
stopgap measure
Totals: 131 100
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TABLE V
Exposure prevention ratings: Weighted kappa interrater reliability statisties IRl areas)
Interrater Weighted 95% confidence
Assessment level agreement (%) kappa interval
Potential/Protection matrix (high/moderate/low):
Material Potential 85 0.80 0.58-1.00
Process Potential 77 0.70 0.43-0.96
Human Interface Potential 62 0.45 0.17-0.74
Material Protection 54 0.38 0.02-0.74
Process Protection 85 0.71 0.41-1.00
Human Interface Protection 77 0.69 0.40-0.97

Area summary score (6-point scale):
85 0.84 0.67-1.00

some need for improvements in another 10 percent (rating of 4§, indicated excellent interrater reliability (0.84, with a lower
that there is still room for improvement—though not urgent—i85% confidence limit of 0.67).

another 16 percent (rating of 3), and that exposures were well

controlled in the majority of areas assessed (64% of areas with

ratings of 2 or 1). The third column in Table IV presents generE'SCUSSION

intervention recommendations in order of preference. These recA hazardous substance EP rating method has been developed
ommendations reflect the rationale of the rating scheme afdserve the dual purposes of intervention needs assessment and
encourage upstream over downstream intervention efforts, figéectiveness evaluation. This method complements quantitative
emphasizing material factors, then process, with human int8xposure assessment with a systematic and efficient assessment

face intervention recommended only as a temporary stopgfgPrevention and control efforts with an emphasis on upstream
measure. alternatives. It has been designed for use by practicing OHS

professionals with limited budgets, and by researchers and eval-

T uators as an intervention process and effectiveness evaluation
Inter-Rater Reliability tool®

The percent agreement and interrater reliability of computed Initial field application of the EP rating method has shown

ratings are presented _in Taple V. _In the PotentiaI/Protectiﬂn[O be capable of providing common metrics across various
"?a”'x' Material Potential ratings (high/moderate/ IOW_) had the,; ardous substance exposures found in 131 work process areas
hlghest level of perfect a;greement (85%_)’ and M"’_‘te”al Proteg17 large manufacturing work sites. While broad applicability
tlon_ h‘_”‘d the lowest (54 /f’)' Correspondingly, weighted kap%d reasonable discriminatory power have been demonstrated,
stat|st!cs ranged from a high of 0.80 (excellent) tf) a l_OW of 0-Frther development work is needed. Most importantly, this in-
(marginal). Landis and Koch suggest the following interpretay, jes needs for additional indicator variables at the Materials

tions for kappa valuesc > Q.751,7Excellent; HO< k= 9'75’ and Human Interface levels, and validation of EP ratings against
Good; 0< « < 0.40, Marginal*”) The 95 percent confidence

limits of . . i fecting th Zﬂuantitative and other exposure metrics. Discussion of initial
Imits of some point estimates were wide, reflecting the sm Eld performance and needs for further development work are

sample size (n= 13 areas), but all excluded zero (agreemelag
equal to what would be expected by chance).
The marginal interrater reliability of Material Protection is
most likely attributable to the particular difficulty of observingDevelopment of Indicators and Data Collection
this phenomenon on walk-through inspection. AssessmentRybcedures
activities in this category was also duplicated—and assessed irfiThe initial interrater agreement screening of candidate in-
greater detail—at the organizational level in the OHS progradicator variables demonstrated that a high level of reliability
assessment (in particular under the OHS program categorycah best be achieved with items that can be readily and consis-
Hazard Analysis, described in a separate répprBecause of tently observed;thus, the Process level was clearly best, followed
the poor field performance of Material Protection, its more ajpy Materials and Human Interface. Process level variables lent
propriate suitability for assessment as an aspect of OHS ptikemselves best to walk-through observation in this study pre-
grams, and the primacy of Material Potential over Protectiosyumably because they tend to be permanent structural features
we excluded it from computation of overall area EP ratings. that are observable even when a process is not running. The Ma-
The percent agreement of the overall EP ratings (6-poiterial level had the lowest number of indicator variables to start
scale) was excellent (85%). Similarly, the weighted kappa statigith and was further reduced after dropping of two indicators

scussed in turn below.
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with low percent agreement. Needs for refinement of Materiafacturing work sites due to the selection biases inherent in the
level indicators include developing ways to incorporate inherestiudy. Participating companies had to voluntarily agree to oc-
toxicity, scale of use, and use of multiple hazardous substanaagpational health intervention together with health promotion if
Insights from other investigators engaged in similar efforts atieey were randomized to the integrated intervention group. Thus,
discussed below. companies that have exposure concerns or that do not place a
We observed the greatest variability in interrater agreemerigh priority on occupational health would have been less likely
at the Human Interface level. This level includes certain tasi participate.
types and work practices, as well as PPE requirements, avail-Despite the likely overestimate of favorable ratings, a gra-
ability, and usage. Most of these items were difficult to obserdggent of intervention needs was identified in our sample. Sig-
(e.g., gloves readily available), could change momentarily (e.gificant fractions of the sample received the poorestd%) or
observed work practices), or would rely on questioning of thiatermediate £26%) upstream prevention ratings. A strength
walk-through guide or workers for determination (e.g., respiraf the graded upstream prevention ratings is that each rating has
tors readily available, health complaints, or symptoms). By inéorresponding intervention recommendations to guide the user
tial inclusion of health complaint and symptom questions (Hun shifting preventive efforts upstream to the next and subse-
man Interface level), we had hoped to integrate the resultsaafent ratings. In this regard, the detailed Potential/Protection
inadequate prevention and control at all three levels (Matenxatrix (set of six high/moderate/low ratings) and EP ratings
als, Process, and Human Interface). Without direct questionipgrform a detailed needs assessment and prioritization func-
of workers, however, these indicators are very unreliable (asn as well as providing baseline measures for effectiveness
well as possibly invalid) and have been dropped from considvaluation.
eration. However, confidential employee survey data on work- Interrater reliability of the five Potential and Protection rat-
related health complaints as well as other OHS issues have alggs used to compute EP ratings was good to excellent, the over-
been collected and will be compared to EP ratings in a separalleEP ratings demonstrating the best reliability of all. Because
report. the two observers were both involved in instrument and proto-
Many of the indicators deleted might be reliably determinecbl development, however, this may overestimate the interrater
by additional interview of the walk-through guide, line superreliability that would be observed with two completely indepen-
visors, and workers in the area. While such interviews woultent reviewers working solely from the written protocol. While
surely provide a deeper and broader assessment, we anticiptitede results presented are favorable, further reliability studies
that this would not be feasible in most study sites due to a coare indicated.
bination of production pressures, the sensitivity of OHS issues
in many workplaces, and other methodological issues. Meth(\?ﬁlidity

ological ?ssu_es include the_ challgnge of reliably intervi_ewing The basis of the EP rating method on the hierarchy of controls
workers in private while being gwd_ed by someone who is usHl]pports the face validity of the measures. Furthermore, when
allyamanagement representative (in order to get frank respon €8d as pre- and post-intervention effectiveness measures as in

ﬁnd ijata ofbc;omgatr aple %uai!ty acr(;]ss ag';reaste}s?essed),tﬁg tudy, the baseline assessment of each area serves as its own
ow'to compine data in sfiuations where different INeVIeWe gz rance or control, with the final evaluation metric being a

respond differently to the same or similar questions. measure of change. To the extentthat a given area or process does

Insummary, we b elleve.thatmcorporatlngmterwews Ofwa”?iot change fundamentally over the course of the intervention
through guide, line supervisors, and workers would overly co 5.g., gets replaced with an unrelated process or gets phased

plicate the administration of the EP rating checklist. Our stra}- 1), this strategy overcomes limitations inherent in comparing
egy has been to gather data on worker perspectives (thro%glgé ratings cross-sectionally,

confidential sgwf_ys alt ||nd|\|/|dual Wotrkler Ie\:jel_) and O”Hlstpr:)- We hypothesize that cross-sectional comparison of ratings or

gérgmst_ (organiza |onat evr:]) s_eplaragy an Itnl parla '(Ia' ko I@‘Eores would show corresponding relative levels of hazardous
rating assessments (p ysical environment feve )- Taken {Bbstance exposures. This has not been assessed in the current

gether, these three levels provide a comprehensive assessry% because of the developmental stage of the instrument,

of OHS conditions for both needs assessment and eValu"’“ftc-?@hnical and economic feasibility issues, and concerns about

PUrposes. decreasing patrticipation. With respect to feasibility, numerous
agents would have to be sampled many times in each area as-
EP Ratings sessed, which would involve considerable expense. In addition,
The distributions of ratings showed reasonable discrimineequests to conduct such extensive sampling in the recruitment
tory power of the EP rating method, with a general pattern towaptiase would be likely to further bias the sample of participating
low Potential and high Protection ratings, and a distribution cbmpanies toward those with relatively good exposure control
overall EP ratings that was strongly skewed toward the favoralpeograms.
end. The frequency of favorable ratings in our sample is likely One approach to validation would be to obtain summary
to be artificially elevated relative to the full population of manmeasures from multiple quantitative exposure measurements for
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each hazardous material in each area assessed. Measureniggitsinherent toxicity, various process or operational factors,
for each agent could then be transformed to a percent of a chod the scale of ugé?-2
sen set of occupational exposure limits (e.g., ACGIH, NIOSH, The entered information is processed by computer, the re-
or OSHA). These summary percent OELs could be averagadt being direction of the user to one or more~a80 unique
into an overall percent OEL across the range of agents presevii-page advice sheets on appropriate control straté§iasis
in each given area, paired with EP ratings for each area, aaxtivity is generally referred to as “risk assessment” in Europe
analysed using standard correlational methods. and Australia, but is roughly equivalent to what we have de-

We considered requesting participating companies to sharibed in this article as intervention needs assessment. While
previously collected exposure data such that we could perfof@OSHH Essentials” provides a more sophisticated assessment
such avalidation study. This was decided against due to the antitexposure potential and protection, it was not designed to serve
ipated paucity of sampling data, the sensitivity of companies & an intervention effectiveness evaluation measure.
sharing exposure data, and the above-described concerns abo@oth the farm-based ranking method and the “COSHH
discouraging participation. The anticipated paucity of exposuEssentials” program were reported on after we had collected
monitoring data turned out to be the case: Routine monitoritgellworks-2 baseline data for our EP rating scheme in 1997.
was reported for only 19 of the 131 areas assessed. Importantarking independently toward overlapping goals, the logic of
this indicates that there is not enough company-collected quéime methods developed by these two independent groups and
titative exposure data available for validation studies. Additiomurs is strikingly similar. Differences between the methods pro-
ally, it demonstrates a gap in workplace exposure assessmadé opportunities for improvements in each. For example, the
practice that might be addressed in part through the applicati®@OSHH Essentials” method provides insights for improving
of more economical alternative strategies such as the approtidhassessment of Material Potential in our method, whereas the
described in this report. EP rating and farm hazard assessment methods provide insights

for generating summary metrics from “COSHH Essentials.”

Applicability to Non-Manufacturing Work Contexts

With respect to the applicability of this approach to non-
manufacturing work settings, we have also developed seﬂ'QNCLUS'ONS
rate checklists for maintenance operations, laboratory settings,The EP rating method shows great promise as a new tool
and office areas (focusing on indoor air quality). Further déer interventionists and intervention researchers alike, fulfill-
velopment of these could enable applications to non-productim needs assessment and evaluation functions that can be used
work areas in the manufacturing sector as well as to some n§Hgly or in combination. Most importantly, this systematic ap-
manufacturing work settings. Similar assessment approacheB#@ach complements quantitative exposure assessment with its
other hazardous exposures may also be feasible, such adqgus on assessing preventive efforts rather than the downstream
gonomic, safety, or other hazards. A recent report describes Bignomenon of worker exposure. The method guides and directs
development of a similar health and safety rating system ft}e user toward upstream prevention solutions to common haz-
farm operations, wherein “positive aspects” are balanced agai®&ous substance exposure issues, encouraging prevention- over
“negative aspects” for four different farm characteristics (opergontrol-oriented occupational health practice in the workplace.
tor attitude, operator characteristics, status of facility, and statle EP rating checklist and written administration guidelines
of equipment)®) A Site Rank Score is generated as the averagée available to interested readers free of charge on request.
ranking of the four characteristics. In this example, a very similar
conceptual approach (essentially ranked protection and potential
across four levels) was generated independently for a diﬁeréﬁKNOWLEDGMENTS ) ]
work context. In summary, EP rating and related assessment apJ his research was supported by National Cancer Institute

proaches have broad applicability beyond manufacturing wogé@nt number 5 RO1 CA68087, and the National Institute for
settings. Occupational Safety and Health Grant number 5 R01 OH04012.
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