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ABSTRACT 

Integrated Safety Management (ISM) is structured to manage and control work at the 
activity level. Fundamental to ISM is that all work will be performed safely while 
meeting the applicable institutional-, facility-, and activity-level expectations. High and 
medium initial risk activities require certain levels of independent peer and/or 
Environmental, Health & Safety subject matter expert reviews prior to authorization. A 
key responsibility of line management and chemical workers is to assign initial risk 
adequately, so that the proper reviews are obtained. Thus, the effectiveness of an ISM 
system is largely dependent upon the adequacy and accuracy of this initial risk 
determination. In the following presentation, a Risk Determination Model (RDM) is 
presented for physical, health and ecological hazards associated with materials. 
Magnitude of exposure (Le., dose or concentration), frequency, duration, and quantity are 
the four factors most difficult to capture in a research and development setting. They are 
factored into the determination, as a function of the quantity of material. Quantity and 
magnitude of exposure components are simplified by using boundary criteria. This RDM 
will promote conformity and consistency in the assignment of risk to hazardous material 
activities. In conclusion, the risk assessors (line manager and chemical worker) should 
be capable of more accurately assessing the risk of exposure to a specific chemical with 
regard to the employee, public, and the environment. 
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INTRODUCTION 

Integrated Safety Management (ISM) is structured to manage and control work at the 
activity level. Fundamental to ISM is that all work will be performed safely while 
meeting the applicable institutional-, facility-, and activity-level expectations. High and 
medium initial risk activities require certain levels of independent peer and/or 



Environmental, Health & Safety (ES&H) subject matter expert reviews prior to 
authorization. The effectiveness of an ISM system is largely dependent upon the 
adequacy and accuracy of the risk determination. Therefore, it is not surprising that a key 
responsibility of line management and chemical workers is to assign initial risk 
adequately, so that assistance from knowledgeable resources are obtained. The risk 
determination requirement is performance oriented and line management and chemical 
workers are not required to follow any specific methods for determining risks, but they 
must be able to demonstrate that they have adequately ascertained the risk of hazardous 
material activities in accordance with the criteria set forth in institutional requirements. 
In the following report, a Risk Determination Model (RDM) is presented for physical, 
health and ecological hazards associated with materials. This RDM will promote 
conformity and consistency in the assignment of risk to hazardous material operations. 

RISK MODEL 

Risk Determination Matrix 

Risk can be defined as a product of the likelihood and potential severit: of injur: harm, 
incui-red liability, damage, or loss. The matrix described in Table 1 is the bases for all 
risk determinations in the ISM system. It is meant to be qualitative tool to aid in 
determining the level of risk posed by work. By assessing severity and likelihood levels 
independently, common mistakes that include the use of proposed controls and 
underestimation of hazardous circumstances are avoided. 

TABLE 1. 
RISK DETERMINATION MATRIX 

Likelihood 

When working with hazardous materials, likelihood is a function of exposure. Exposure 
describes the contact of hazard with a specific set of conditions. The physical hazard 
posed by a material is a measure of its potential impact on the surroundings by its 
inherent properties. The health hazard posed by a material is a measure of its potential to 
cause harm to the human body. In general, conditions of exposure (degree of health 
hazard) consist of all those materials that pose a physical hazard, excluding appropriate 
conditions for the hazard to be realized, and includes the following: the route of 
exposure; duration of each and all exposures; and concurrent exposures. 

Appropriate conditions for physical hazards to be realized are assumed. Exposure 
components that represent variability (genetic parameters, dietary status and condition, 
differences between individuals being exposed) were not factored into the likelihood 
results. Concurrent exposures are currently beyond the scope of this report. All routes of 
exposure were assumed in assessing the exposure. 



Magnitude of exposure (Le., dose or concentration), frequency, duration, and quantity are 
the four factors most diEcult to capture in a research and development setting. Quantity 
and magnitude of exposure components are simplified by using boundary criteria listed in 
Table 2. Materials in quantities less than listed in Table 2 are not identified as hazardous 
for the purpose of the RDM. For example, four liters of liquid nitrogen, an inert cryogen, 
is not considered a cryogen in the RDM because conditions for the primary cryogen 
hazard, simple asphyxiation, will not be realized under most situations. 

Any material with a health hazard 
Any material with a select carcinogen, 

100 mg 

TABLE 2 
QUANTITY & MAGNITUDE BOUNDARY CRITERIA 

IBoundarv Criteria I Value I 

In addition, a compound or mixture is treated as a material with a healih hazard, ' a  
material with a health hazard comprises 1% (0.1% for carcinogens) or greater of 
compound or mixture. Quantities of material are adjusted for the type of activity using 
the modification factors in Table 3. 

TABLE 3 
MAGNITUDE OF EXPOSURE ADJUSTMENTS. 

Frequency and duration of exposure were calculated using modified tables obtained in the 
Industrial Hygiene Field Manual. The hazard potential rating of low, moderate, or high, 
relative to the frequency of use is determined in Table 4 based on the amount of material 
used modified by the exposure adjustment determined in Table 3. For use of material 
with a health hazard that seems infrequent, the best approach is to apply the stated 
frequency at the time ofuse to Table 4. For example, a frequency stated as "once per day 
for a week every 3 to 4 months," is not "average-out." Although it sounds infrequent, a 
daily rate of usage has just been described. 



TABLE 4 
FREQUENCY 

Table 3 Adjusted 
Quantity (gm) 

> 1000 

Frequency of Use 

Daily Weekly Monthly Yearly 
HIGH HIGH MODERATE MODERATE 

100 - 1000 
100 

Next, the results of Table 4 are carried to Table 5. Duration refers to the period of time 
that an employee is potentially exposed. This is typically the cumulative time during 
which the chemical container is open to the atmosphere while being manipulated, such as 
during weighing or pouring operations. For non-volatile chemicals and for chemicals 
with the potential for exposure primarily through the skin, duration is the potential 
contact time. Note that no distinction between hazard classification statuses is made 
during the exposure rating determination. The resulting rating represents the likelihood 
value in Table 1 .  In summary, by using Tables 2-4, likelihood is determined as a 
function of the quantity of material. 

HIGH MODERATE LOW LOW 
MODERATE LOW LOW LOW 

TABLE 5 
DURATION 

Table 4 
Results 
HIGH 

MODERATE 

I Duration (hours) 

> 10 6 - 1 0  2 - 6  1 - 2  < 1  

Frequent Frequent Probable Occasional Improbable 
Frequent Probable Occasional Improbable Remote 

I LOW I Probable I Occasional I Improbable I Remote I Remote I 

Severity 

The key to identifying hazardous circumstances and potential accidents or consequences 
is to disregard proposed controls and focus on any physical, chemical, or biological 
concerns associated with the material. With this in mind, even the simple task of storing 
hazardous chemicals is a hazardous circumstance that can result in potential accidents or 
consequences. Hazards identified with a material can be obtained from its Material 
Safety Data Sheet (MSDS). The potential severity in the risk matrix for each hazard is 
estimated based on information found in “Prudent Practices in the Laboratory: Handling 
and Disposal of The relative severity levels are compiled in Table 6 .  To 
help illustrate the reasoning behind the ratings, similar hazards are grouped together. The 
levels of severity for flammability, reactivity, and acute health hazards are consistent with 
the values used in the NFPA 704M system. Poisons classifications are consistent with 
DOT classifications. 



TABLE 6. 
HAZARD SEVERITY GRADATION 

Toxins 
Target Organs Effects 

X 
X 

Poisons (Highly Toxic) 
Carcinogens 
Reproductive Toxins 
Select Chronic Poisons 

X 
X 
X 

X 

CAA (Clean Air Act) X 
CWA (Clean Water Act) X 

Known Human Carcinogens 
Known Human Reproductive Toxins 
Phvsical 

DISCUSSION 

X 
X 

It is not the intent of the ISM process that a line manager and chemical workers be 
required to have sufficient technical knowledge of an activity to understand the potential 
hazards and the methods by which those hazards can be mitigated (Peer) or to be trained 
to recognize environmental and workplace hazards and stresses (ES&H subject matter 
expert: industrial hygienist), Nevertheless, line managers along with chemical workers 
are required to have proposed work reviewed, commensurate with the level of risk. 
While chemical workers are required to identify hazards associated with materials, given 
the number of hazards listed in Table 6 combined with the factors needed to estimate 



likelihood, predicting initial risk is an exercise in complexity. The RDM enables one to 
disaggregate a guess of what the initial risk of a hazardous material operation is (for 
example: high, medium, low, or minimal) into a set of parameters, each of which one 
must also guess, but for which one can make more precise estimates. In addition, the 
RDM provides the framework with which one can unify the data logically and 
consistently to obtain the initial risk assessment with, hopefully, less uncertainty than one 
would obtain from a direct guess. In other words, the initial risk can be estimated directly 
from the identity and quantity of the material. While this model is intended to provide a 
means for line management to assess the initial risk associated with hazardous material 
activities, it is also important to note that is not a total assessment of hazards with 
materials. On the contrary, it is only a tool to make the first step toward a qualified 
assessment of the hazards associated with materials. 

The components of the exposure and severity have been written into a spreadsheet and 
are currently being beta-tested. For most activity segment involving hazardous materials, 
this computerized tool determines the risk associated with laboratory work. The next 
report in this series will discuss issues associated with residual risk. Case studies will be 
presented on risk associated with the more common tasks, including storing material, 
performing an experiment in a research lab, and running a production level process. The 
importance of engineering and administrative controls and personal protective equipment 
in minimizing the risk will also be discussed. 

CONCLUSION 

True risk assessment, which is key to proper risk management, cannot occur without 
understanding. The RDM assist risk assessors (line manager and chemical workers) in 
determining initial risk associated with hazardous material activities by providing a 
logical connection between the more abstract parameters of severity and likelihood from 
the more familiar parameters of the identity and quantity of the material. More 
importantly, it clarifies when a risk assessor needs to seek the assistance of independent 
peer and/or ES&H subject matter experts. Last, line management can promote 
conformity and consistency in the assignment of risk to hazardous material activities, by 
using this RDM. 
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