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Exposure assessment programs and related databases are of increasing 
importance in the field of industrial hygiene. The ability to systemat- 
ically evaluate potential health risks to workers, to establish and doc- 
ument exposure levels, and to ensure compliance with regulations in 
an efficient and effective manner is a necessity in every type of indus- 
try. Moreover, once this information is collected, its organization and 
storage in a format that facilitates retrieval and use by a variety of end 
users must also be addressed. While the need for programs that meet 
these needs is apparent, the development and implementation of such 
programs poses great challenges, not only to industrial hygienists, but 
to all individuals responsible for the protection of worker health and 
safety. In a research-based setting, these individuals face the additional 
challenge of managing &&ties that contain a large number of oper- 
ations that are generally dynamic in nature, contain a wide spectrum 
of associated hazards (i.e., chemical, physical, biological, and radio- 
logical), and can be both small in scale and fiequently changed in 
scope. This article describes a three-phased approach to the develop- 
ment and implementation of an exposure assessment program and the 
associated database in a research-based environment. Although the 
Merent phases of the development and implementation are outlined, 
the focus of t h i s  article is the first phase-basic characterization- 
which involves clearly defining the goals of the program, identifj4ng 
required infiormation, developing comprehensive data-gathering in- 
struments, training data gatherers, carefuuy designing the database, 
and ensuring quality control in both the collection and computer 
entry of the data. This fist phase is critical because the information 
obtained in phase I will be used in subsequent phases to determine 
sampling priorities and frequency of control verificatiodmain- 
tenance. SHARP-GEIGER, R.; BIGELOW, P.; KEEFE, T.; RUDY-HINKER, R.; PUGH, 
L.; WOODROW, L.: DEVELOPMENT AND IMPLEMENTATION OF AN EXPOSURE ASSESS- 
MENT PROGRAM IN A RESEARCH-BASED FACILITY: PHASE I .  APPL. OCCUP. ENVIRON. 
HYG. 13(12):839-846; 1998. 0 1998 AIH. 

he need to implement systematic exposure assessment T strategies to evaluate potential risks to workers' health, to 
establish and document exposure levels, and to ensure and 
demonstrate compliance with regulations in an efficient and 
effective manner has been well established.(') Additionally, the 

process of collecting, organizing, and maintaining such infor- 
mation in a database has received much Al- 
though several approaches to exposure assessment have been 
published, only a few programs have been described in the 
literature, and none of these have dealt specifically with the 
unique challenges faced by research-based facilities. P I O )  Fur- 
thermore, to date, implementation of such a program has not 
been published. 

Industrial hygienists in research-based facilities face unique 
challenges in striving to implement systematic exposure assess- 
ment strategies. Research-based facilities typically contain dy- 
namic operations that are both small in scale and fiequently 
changed in scope. The operations involve a wide spectrum of 
hazards (i.e., chemical, biological, physical, and radiological) 
with potential exposures to varying quantities of chemical and 
physical stressors that are short in duration and vary in fre- 
quency. Additionally, the ability to categorize exposures by job 
titles and form similar exposure groups is difficult due to the 
use of generic job titles (e.g., technician 1-8) and a lack of 
consistency in hazards and exposures across operations. 

A systematic basic characterization and assessment of oper- 
ational hazards and controls to prioritize operations is necessary 
in research-based settings. This approach, in conjunction with 
a well-organized, flexible, and comprehensive database system, 
is the first step in attaining effective exposure assessment pro- 
grams. Once operations are prioritized, quantitative exposure 
assessment decisions can be made. As has been pointed out 
previously, and may be especially true in some research set- 
tings, qualitative assessments may be appropriate for some 
operations.(*') 

The Material Science and Technology (MST) Division at 
Los Alamos National Laboratory (LANL) is a research-based 
facility currently implementing systematic collection, docu- 
mentation, and compilation of exposure information as part of 
their task-based exposure assessment program. This division, 
composed of over 400 operations, is involved in a broad 
spectrum of materials science research, including materials 
synthesis, processing, fabrication, testing, characterization, and 
modeling, resulting in an equally broad spectrum of physical, 
chemical, and radiological hazards. This exposure assessment 
program and its accompanying database system are being de- 
veloped and implemented in three phases: basic characteriza- 
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tion, qualitative hazard assessment, and quantitative exposure 
assessment. 

Phase I: basic characterization of division operations, which 
is currently underway, has included the following elements: 
clearly defining the goal of the data collection and manage- 
ment process; developing data collection forms; training envi- 
ronmental safety and health (ESH) personnel to collect the 
necessary data; developing the first tier of the database; col- 
lecting data; and quality control and computer entry of the 
data. In addition to collecting information on each operation 
for traditional exposure assessment purposes, the goal of thls 
phase is to provide information that will also serve as the 
foundation for the following: personal protective equipment 
hazard evaluations, as required by 29 CFR 1910.132;(12) in- 
ventory of operations, hazards, and controls for operation, line, 
facility, and division level management; hazard control plans 
(commonly referred to as safe operating procedures); validation 
of medical monitoring enrollment; identification and valida- 
tion of training and waste management and disposal require- 
ments; future studies of occupational health; and an operations 
tracking and trending system. This first phase is critical to ensuring 
the success of the overall program by providing the information 
on which decisions in subsequent phases are based. 

This article outlines the goals, scope, and approach currently 
being taken by the MST Division in the basic characterization 
phase (phase I) of the exposure assessment process. Phase I1 and 
phase 111, development of a construct to prioritize operations 
or tasks based on their hazards and controls and quantitative 

Readiness Review, as needed 

Quantitative Exposure Assessment 
Plan (Operation or Task Level, as 
appropriate) 

Maintenance/Surveillance of 
Controls 

Frequency of Review 

exposure assessment, are currently under development and will 
be briefly outhned. A diagram of how the three phases are 
linked is illustrated in Figure 1. 

This is a practical implementation of an exposure assessment 
and database program for research-based ficilities with an empha- 
sis on identi@ng and prioritizing operations based on their haz- 
ards and level of reliance on controls. The data elements used in 
the exposure assessment program and included in the database 
closely parallel those outlined recently by the Joint American 
Conference of Governmental Industrial Hygienists-American In- 
dustrial Hygiene Association (ACGIH-AIHA) Task Group." 
The information obtained by this program will be used for a 
variety of compliance and management fhnctions in addition 
to traditional exposure assessment, and will d o w  for central- 
ization of the information. This approach, and the accompa- 
nying tools, may have utility in other occupational settings. 

Definitions of terms follow. These definitions are provided 
to clan@ the breakdown of activities, &om an ESH standpoint, 
conducted within the MST Division at LANL. 

Definitions 

Knowledgeable 
persons 

Personnel who are very familiar with the 
planned or existing operation. They are able to 
define and discuss each task involved in the 
operation in detail. 
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Task 

Operation 

Process 

Research- 
based 

operations 

Subset of an operation that can be defined by 
different chemical, physical, or radiological 
hazards or by differences in the processing of 
the materials involved. Tasks are defined to 
ensure that similar hazards and controls are 
present throughout the task. Tasks can be 
defined as distinct steps in an operation. 
Activity or group of activities contained within 
one room which result in a product or 
modification of a product. Examples of 
products include data, and parts. Owning 
organizations aid in the definition of 
operations. More than one operation may be 
contained within one room. 
A group of operations that are linked together 
as part of an overall project. Related 
operations, when combined, become processes. 
Processes can involve several rooms located in 
different facilities. 
Operations where the object of the work is to 
develop, design, refine, or test materials or 
processes. The end goal is not production of 
materials on a routine basis. 

Phase I: Basic Characterization 
Phase I has involved the following steps: clear definition of the 
goals of the data collection and management systems; devel- 
opment of an appropriate form for collecting data; training 
ESH technicians; development of a centralized database; data 
gathering; and quality control of the data elements entered into 
the database. The goal of this first phase was to gather sufficient 
information on new and existing operations to allow for the 
following: inventorying of operations and hazards, qualitative 
hazard assessments, personal protective equipment hazard eval- 
uations, development of hazard control plans, verification of 
training plans and waste documentation, identification of ap- 
plicable ESH program documents (e.g., X ray generating de- 
vices, electrical safety), and development of a method for 
prioritizing operations. To ensure that these goals were met, 
systematic data collection on a well-designed data collection 
form was imperative. 

In June 1996 the existing Operational Data Sheets (ODSs), 
used to gather information on operations conducted by the 
division, were redesigned to provide a more systematic and 
detailed approach. To characterize operations consistently, de- 
tailed directions on completing the form were written. The 
final version of the data collection form is shown in Figure 2. 
Information was dwided into two levels-operational and 
task-with the ability to group related operations into a third 
level (i.e., processes). For example, pouring of molten metal 
would be one task in a furnace operation, which would make 
up one part of a foundry process. This approach was taken to 
ensure that the characterization of an operation would occur at 
a task level. Similar approaches have been used else~here.(~, '~)  

Data gathered at the operation level include information 
that is consistent throughout the operation and thus does not 
vary according to task. Task-level data include information 
that is consistent throughout the task. The data elements 
collected at these two levels are listed in Table 1.  

Once the ODS form was developed and the directions on 
filling out the form were completed, field tests were conducted 
to ensure that the form contained sufficient information for 

thorough characterization without being cumbersome. One 
interesting observation made in this process was the need to 
identi@ that a hazard had been evaluated, even if it is not 
present. For example, some operations do not involve lasers or 
other nonionizing radiation (NIR) sources; this must be re- 
corded in the physical hazards section to show that the pres- 
ence of NIR sources was evaluated. This was needed not only 
to ensure consistency in approach, but also to increase the 
reliability of the information gathered. This feature is signifi- 
cant for the MST Division in that outside entities, such as the 
Department of Energy, periodically conduct audits, and the 
ability to demonstrate that a thorough hazard evaluation was 
conducted is critical. 

After modifications, the form, directions for completing the 
form, and formal training were provided to the ESH techni- 
cians responsible for data collection. The first step in the 
training involved an overview of the p r o g r a m 4  three phas- 
es-including an outline of the purpose and scope of the data 
collection and an introduction of the data collection forms. 
Next, a series of three operational walk-throughs were con- 
ducted with the technicians. The first walk-through consisted 
of a trainer-technician team accompanied by a knowledgeable 
person. The trainer took the lead, demonstrating to the tech- 
nician how to structure the data collection and solicit infor- 
mation effectively. After the first walk-through, both the 
trainer and the technician completed the ODSs together so 
that the importance of maintaining consistency when filling 
out the form was conveyed. The second operational walk- 
through was a group walk-through with four technicians, two 
trainers, and a knowledgeable employee. This time, the ESH 
technician responsible for the operation took the lead, with 
other group members soliciting information as needed. Once 
the walk-through was completed, the group determined the 
best way to divide the operation into tasks and to complete the 
forms. The last set of operational walk-throughs consisted of a 
trainer-technician team and a knowledgeable person, with the 
technicians taking the lead on collecting the data and com- 
pleting the form. Each form was reviewed for completeness by 
the trainer, who then provided the technician with an evalu- 
ation of the data collection technique. 

Development of the database system began concurrently 
with training. The first step was to ensure identification and 
integration of the needs of the three worlds as defined by 
Rawlsc3) (data users, data owners, and data borrowers). Once 
this was done, the focus turned to ensuring ease of data entry 
and retrieval and to incorporating data verification and quality 
assurance checks within the system. This was accomplished by 
constructing the database so that queries can be easily executed 
to extract required information and by limiting the number 
and length of text fields in the database. Lastly, it was deter- 
mined that the data needed to be controlled at a division level 
but be accessible to both affected employees and management. 
To this end an initial database has been developed using 
Microsoft Access software with plans for a read-only version to 
be placed on a LANL MST server for view by employees with 
authorized access. The underlying entity relationship dagram 
for the database is depicted in Figure 3. The architecture of this 
database was driven by the additional need to transfer infor- 
mation into a statistical computer package for analysis in phase 
I1 of this process. 
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TABLE 1. Data Elements Collected at the ODeration and Task Levels 
~ ~ ~ ~ ~ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ ~  

Operational-level data elements: . . name of reviewer 
date of review 
owning organization (who is responsible for the operation) 
the assignment of a unique operational work plan number (based on the operation location) 
operation location (technical area, building, and room) 
operational flow diagram 
the delineation of the operation into tasks (task codes are currently under development) 
medical monitoring involvement 
emergency equipment present in the room 
whether or not waste is generated 
other facility-specific information 

Task-level data elements: 
name of the task (later to be a task code identifier) 
duration 
frequency 
whether the task is attended (i.e., whether someone is present) 
affected employees and their ID numbers, the organizations for which they work, their phone numbers, and e-mail addresses 
hazard information: 

chemical hazards, their physical state, quantities per frequency, and the potential for exposure given with controls present 
physical hazards (list of 18 specific hazards with additional information requirements delineated in the instructions) 
radiation hazards (type, physical state, materials, amounts) 

engineering controls used and their effectiveness 
personal protective equipment, its type and effectiveness 
administrative controls delineated by type and effectiveness 

control information: 

areas where follow-up is required (column labeled FU) 

In January 1997 a graded approach to data collection with 
weekly quotas for each technician was implemented. This 
approach has allowed the technicians to complete ODSs con- 
currently with their existing duties, while ensuring that all 
operations would be reviewed. Priority has been given to 
operations coming on line and those operations the technicians 
believe to be in the greatest need for basic characterization. 
Each walk-through is coordinated and completed with a 
knowledgeable person involved in the operation. A visit to the 
operation area is scheduled in advance, and a memo explaining 
the goal of the walk-through is forwarded to the knowledge- 
able employee prior to the visit. Once the walk-through is 
complete, an ODS is completed for the operation and for- 
warded to the ESH team leader. The ESH team leader first 
reviews each ODS to ensure consistency and comprehensive- 
ness of the information and forwards any questions/concems 
back to the technician supporting the operation for clarifica- 
tion. The ODS data are then entered into the database, with 
hard copies of the ODS maintained in a centralized location. 

Following entry of the ODS data into the system, a sum- 
mary report (Figure 4) is generated and forwarded to the 
knowledgeable person and the ESH technician for their review 
with respect to both completeness and accuracy. Any necessary 
changes are returned for data entry, after which finalized 
reports are signed off by the knowledgeable person and then 
archived. A copy of the final signed summary is then both filed 
in the ESH operations area with the original ODS and for- 
warded to the knowledgeable employee for hidher records. 
The data validation steps are important because they ensure 

participation and input from individuals closest to the opera- 
tion, thereby increasing the reliabhty of the data. When 
changes in existing operations occur or when new operations 
are being planned, knowledgeable employees involved in the 
operation contact the ESH technician supporting the area. A 
decision is then made to either update the existing ODS or to 
complete a new ODS for the operation. 

Phase II 
Once sufficient data have been compiled, a paradigm to rate 
the operations with respect to hazard will be developed (phase 
11). This rating, tentatively on a scale of 0 to 3 for each hazard 
classification (chemical, physical, and radiological), is expected 
to facilitate prioritizing operations for quantitative exposure 
assessments, determining the frequency of control maintenance 
and verification, determining the level of operational readiness 
reviews, and determining frequency and level of operational 
reviews. The approach to the paradigm development will 
involve a combination of statistical approaches (e.g., multiple 
linear regression analysis and discriminant analysis). Develop- 
ment of the paradigm is scheduled to begin in December 1997, 
with validation to follow. 

Phase HI 
Phase 111 will involve the implementation of a quantitative 
exposure assessment program. Prioritization of operations for 
inclusion in phase I11 will be driven by the hazard ratings 
assigned to operations in phase 11, as well as by the professional 
judgment of the ESH team. The quantitative exposure assess- 
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ment program will involve the collection of the following 
information in a format similar to that used in phase I: the 
reason for sampling (baseline, diagnostic, etc.); exposure con- 
ditions; exposure pattern on day sampled; potential routes of 
exposures; type of samples collected (grab, area, breathing 
zone, etc.); duration of sample; analytical method; sample 
device type; serial number of instruments; date of last calibra- 
tion; sample media; precalibration and postcalibration for 
pumps, dosimeters, etc.; and calculations performed. This in- 
formation is similar to that described by the Joint ACGIHB- 
AIHA Task Group.(2) 

As noted previously, because of the large number of oper- 
ations at the MST Division, it is not feasible to complete a 
quantitative exposure assessment of every operation. Justifica- 
tion will be required and documented whenever the determi- 
nation is made not to conduct sampling. 

operations, and processes. Some areas, such as machine shops, 
pose unique situations even though, like research-based oper- 
ations, they are dynamic in nature. As a result, characterizing 
the activities conducted within the room-as tasks or opera- 
tions-can be confusing. Much of this can be overcome by 
identifjnng those situations that do not fit neatly into the 
defined paradigm and by determining and communicating the 
desired approach to individuals involved in the data collection. 

The decision to limit the definition of an operation to only 
one room was made because a room is a manageable, stable 
unit. This approach also allows for a room-by-room inventory 
of hazards, which can then be used to define the hazard and 
control parameters, not only for each operation, but also for 
facilities as a whole. This approach also facilitates the tracking 
of historical exposures/operations within facilities and identi- 
fies safety/health concerns for co-located workers. 

Limitations 
As with any program, there are limitations associated with the 
proposed approach. In the case of the MST Division program, 
the largest limitation may lie with the strict definitions of tasks, 

Discussion 
The need for a systematic approach to occupational exposure 
assessment and database development has been seen as a ne- 
cessity for quite some time. The recent paper by the Joint 
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FIGURE 4. Operational sumniary sheet. 

ACGIH-AIHA Task Group provides guidance on the data 
elements to be included in developing a program and stresses 
the need for consistency in approach across organizations.(’) As 
pointed out by Holzner et a/.,(’) two important aspects of a 
quality industrial hygiene program are the collection and man- 
agement of workplace exposure information. The MST Divi- 
sion at LANL is in the process of implementing a standardized, 
systematic approach to collecting, storing, utilizing, and man- 
aging exposure assessment information. The approach closely 
parallels the guidance provided by the Joint ACGIH-AIHA 
Task Group paper in order to ensure a quality industrial 
hygene exposure assessment program. 

Clearly defining the goals of an exposure assessment pro- 
gram, identifjling required information and end users of the 
infomiation, developing coniprehensive data-gathering instru- 
ments, training data gatherers, carefully designing the database, 
and ensuring quality control in the data collection and entry 
process are paramount to developing a flexible, effective pro- 
gram. 

This first phase of the program provides a more consistent, 
comprehensive, and centralized approach to ESH than has 
been available in the past to the MST Division. Additionally, 

the information gathered lends itself to a variety of uses by all 
three worlds described by Rawls-the data collectors, the data 
owners, and the data borrowers-not just for exposure assess- 
ment purposes.(3) For example, project managers can use the 
information to aid in the development of safe operating pro- 
cedures; line managers can use the information to inventory 
hazards and controls by operation, room, building, or facility, 
as well as track/trend changes that occur over time; facility 
managers can use the information to prioritize operations for 
routine maintenance/surveillance of controls and to determine 
efFicient resource allocations for different types of operations; 
and occupational medicine personnel can use the information 
to validate medical monitoring enrollment. However, without 
consistency in the information gathered and entered into the 
system, the utility of the system is diminished. 

Training, which is necessary for both data collection and 
validation of the information once it has been entered into the 
database, also poses the greatest challenge. Specifically, obtain- 
ing consensus among the ESH professionals on the definitions 
of tasks conducted within operations was initially quite difi- 
cult. However, with time, additional training, and group walk- 
throughs, consistency in the identification and definition of 
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tasks greatly improved. Furthermore, this additional training 
proved valuable when communicating the end goals for the 
processes to researchers and dected workers. As a result, the 
training greatly improved the reliability of the data. Without 
such processes, conclusions based on the data would be sus- 
pect. 

Research-based facilities can benefit from a systematic and 
comprehensive approach to the exposure assessment process. 
However, due to the limited resources and wide variety of 
operations, they must implement systems that are flexible 
enough to allow for many uses of the data by multiple users 
once the data are collected. In the implementation of phase I: 
basic characterization, which is currently underway, carefd 
consideration has been given to the design and development of 
both the data collection instrument and the database. Phase 11, 
development of a prioritization paradigm, will be initiated in 
early winter, with the development and implementation of 
phase I11 scheduled for the following winter. Once complete, 
this process will result in a comprehensive, systematic exposure 
assessment program, as well as a tool for use by management in 
prioritizing operations based on the presence of hazards and 
control and may find utility in other occupational settings. 
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