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Abstract

Three studies were conducted to better understand the effects of the use of signal words,
pictograms, and performance based qualifiers test used in the Globally Harmonized System for
the Classification and Labelling of Chemicals (GHS). This research improves the understanding
of the following concepts: 1) the use of signal words and pictograms on Safety Data Sheets
(SDS), 2) the presence of hazard and precautionary pictograms on GHS product labels, 3) the use
of performance based qualifiers in GHS hazard and precautionary phrases, 4) the effects of
signal words and pictograms on an individual’s perceived risk.

The presence of signal words and pictograms on SDS suggests these items may provide
potential benefits to users by improving the accuracy of their responses to survey items for
physical hazards, but not the potential health hazards in this study. The presence of
precautionary pictograms was significant in one of the two trials. Professionals correctly
responded to a higher percentage of the survey items as compared to naive users. The results
also suggest there may be a speed versus accuracy tradeoff with the professionals taking longer
to respond and correctly responding to a higher percentage of the survey items and the naive
users. The presence of pictograms may also reduce the time to respond to the survey items by
assisting users to find information more quickly.

The label study suggests the presence of the precautionary pictograms may lead to
improved accuracy to the survey items and to an increase in perceived risk ratings by the

participants. The percentage of correct responses for both the reference group and the recall



group indicated no significant effect between naive users, workers, and professionals in contrast
to the findings for the SDS study. The presence of the hazard pictograms were significant for
both the recall and reference groups and the presence of the precautionary pictograms were
significant for the recall group with regard to the average percentage of correct responses. The
time to respond to survey items for the reference group was reduced when hazard and
precautionary pictograms were present on the labels, but there was no effect for the recall group.
This finding supports the similar finding in the SDS study that the presence of pictograms may
benefit users by reducing the time to locate information when the document is available for
reference.

The perceived risk findings in the label study were supported by the findings in the study
of the hazard and precautionary phrases. Participants indicated a higher rating of perceived risk
for the lower number GHS categories and when a signal word was present. These findings
suggest individuals are able to discern the risk of a potential hazard using the hazard and
precautionary phrases assigned by the hazard classifications. This supports one of the aims for
GHS comprehensibility that the phrases used to indicate the degree (severity) of the hazard

should be consistent across different hazard types (United Nations, 2009a).
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Chapter 1 — Introduction

The Hazard Communication Standard (HCS) was adopted by the Occupational Safety
and Health Administration (OSHA) in 1983 and was phased in over a two and a half year period
ending in 1986 when the HCS took effect for all industries. This performance standard provides
flexibility for compliance and does not require standardized wording or format for chemical
labels or material safety data sheets (MSDS). MSDS were intended to convey information about
products including hazardous ingredients, precautionary measures for handling, relevant first aid,
and emergency information. While 29 CFR 1910.1200 provided no specific regulation as to
layout of the MSDS, OSHA did provide Form 174 (OSHA, 1985) to aid with the development of
these sheets. An example of Form 174 is located in Appendix 1 and contains eight sections:
Manufacturer Contact Information, Hazardous Ingredients/Identity Information,
Physical/Chemical Characteristics, Fire and Explosion Hazard Data, Reactivity Data, Health
Hazard Data, Precautions for Safe Handling and Use, and Control Measures.

Form 174 provided an outline of the information to be provided by manufacturers to
comply with the regulation. Industry wanted to improve upon this guidance for MSDS and
pursued the development of a consensus standard (ANSI Z400.1) first adopted in 1993. The
HCS is a performance standard and provides little explicit guidance as to the content which
should be included in each MSDS section. ANSI Z400.1 is a voluntary consensus standard that
may assist users with guidance as to the information that needs to be included on a MSDS to

comply with the intent of the HCS. In the United States, most chemical manufacturers are



required to provide MSDS and these documents are not subject to review or approval by
government agencies with the exception of pesticides. The Globally Harmonized System of
Classification and Labelling of Chemicals (GHS) (United Nations, 2003) establishes agreed upon
hazard classification and communications provisions and the 2004 version of ANSI Z400.1
aligns the standard with the SDS format proposed in the 2003 version of the GHS. The GHS
itself is not a regulation or a standard, but contains the building blocks for a hazard
communication system.

Given that most industrialized countries have already developed their own independent
systems for chemical hazard communication, it has been suggested the lack of a uniform system
may be a barrier to trade (United Nations, 2009a). While these systems are often similar in their
approaches, the differences are significant enough to require multiple versions of labels and
Safety Data Sheets (SDS) for trade between countries. The GHS uses the term SDS in place of
the term MSDS and the remainder of this chapter will use the SDS terminology.

The concept behind the GHS is to provide a system to allow for the standardization of
chemical hazard communication that is international in scope. This has the potential to impact
every existing regulation and require changes to the regulatory guidelines for hazard
communication in every country. Some chemicals may even have different hazard
classifications within the same country depending on which regulatory body covers the different
stages of a product’s life cycle. As an example of the differences that exist between the current
regulatory systems, consider the example of classifying acute oral toxicity for the lethal dose for

50% of the population (LDsp) in Table 1.



Table 1. Acute oral toxicity classification based on LDx, for fifteen different organizations/countries/
regulations/standards (Occupational Safety and Health Administration, 2006b)

Acute oral toxicity LDs, (mg/kg)

Organization/Country/ High Hazard Low
Regulation or Standard |g <50 <500 < 5000
<50 > 50 < 500 > 500 < 2000
ANSIUSA/Z129.1 Highly Toxic Toxic Harmful
<50 > 50 <500
OSHA/USAMHCS Highly Toxic Toxic
> 50 <500 > 5000
EPA/USA/FIFRA Toxicito f:gtoe orv | Toxicity Toziioé’;:%oo 4 | Toxicity Category
y gory Category Il gory \Y
<50 > 50 <500
CPSC/USA/FHSA Highly Toxic Toxic
GHS <5 >5<50 > 50 <300 > 300 < 2000 > 2000 < 5000
> 50 <200
<5 >5<50 (solid)
DOT/USA Picking | Picking > 50 > 500
Group 1 | Group Il (liquid)
Picking Group Il
<5 >5<50 > 50 <500 > 500 <2000 > 2000
Hazard | Hazard Hazard Hazard Hazard
NFPA/USA Category | Category Category Category Category
4 3 2 1 0
<1 >1<50 > 50 <500 > 500 < 5000 > 5000
NPCA/USA/HMIS Toxicity | Toxicity Toxicity Toxicity Toxicity
Rating 4 | Rating 3 Rating 2 Rating 1 Rating 0
<25
EU Very > 25 >.200 > 200 < 2000
; Toxic Harmful
Toxic
<50 > 50 <500
Very Toxic Toxic
WHMIS/Canada WHMIS Class D, | WHMIS Class
Division 1, D, Division 1,
Subdivision A Subdivision B
€25 1 5 25<200 > 200 < 2000
Australia/NOHSC Very .
; Toxic Harmful
Toxic
<1 >20 < 50 > 50 < 500
Mexico Extremely| Highly Moderately >M5il(2i(l) <TFc))())(?co
Toxic Toxic Toxic y
Malavsia <25 200 to 500
Y Very Toxic Harmful
Japan <30 300 to 3000
P Poisonous Powerful
<25 | 5 50<200 > 200 < 2000
Korea Very .
; Toxic Harmful
Toxic




The table above shows there is a lack of consistency between the fifteen different
organizations/countries/regulations/standards systems of how to classify this one piece of
information. The potential for different classifications of the same hazard may impact how the
safety information will be communicated. The ranges specified under each system could result
in the need for a separate label and SDS for each classification system. There are at least seven
systems within the United States that could impact a given product, and even those are not
aligned: ANSI Z129.1 (2006), the Occupational Safety and Health Administration (OSHA), the
Environmental Protection Agency (EPA), the Consumer Product Safety Commission (CPSC),
the Department of Transportation (DOT), National Fire Protection Association (NFPA), and the
National Paint & Coatings Association (NPCA).

Another example of the inconsistencies between systems is the classification of a
flammable material. Figure 1 shows the classifications for flammability in ten different systems.
The segment of bar over 200 °F for the NFPA 704 system covers materials which must be heated
before ignition will occur. The flash point of the material determines the classification in the
various systems, but a material with a flash point of 155 °F would be considered combustible by
OSHA and NFPA, but not classified by the EU, IMO or ICAO/IATA systems. The US
Consumer Products Safety Commission (CPSC) would not classify the material, which
demonstrates again, even within the United States, the classification schemes are not aligned

with each other.



Flammability (°F)

0 20 40 100 140 200
73 °F | |
OSHA HCS Combustible
| |
OSHA/NFPA h
EU
WHMIS Division 3 Combustible
| |
DOT Combustible
(HM181)
IMO
ICAO
150 °F
CPSC
ANSI Z129.1 Combustible
I
GHS Combustible
| |

Figure 1. Flammability classification based on flash point (Occupational Safety and Health Administration,
2006b)

These two examples for LDsy and flammability demonstrate how a SDS would need to be
modified or include conflicting information for trade involving one or more of the above
classification systems. Given the numerous types of information conveyed by the SDS, the need
for standardization should become clear. The current situation results in the need for several
versions of SDS depending on the systems adopted by the different regions and stages of the

product lifecycle.



Research Objectives
Research and Dissertation Organization

This dissertation is composed of six chapter manuscripts. The current chapter is
formatted as a traditional introduction. Chapter Two is a comprehensive literature review of
hazard communication. Each of the remaining chapters is a stand-alone manuscript describing
the purpose, methods, results and discussion of an experiment. Because of the arrangement of
this format, a brief survey of the most relevant literature is provided in each of the remaining
manuscripts. The experiment in Chapter Three surveys the use of signal words, as well as hazard
and precautionary pictograms on Safety Data Sheets formatted in accordance with the GHS.
This work provides an evaluation of some of the changes to SDS that could occur if OSHA
modifies the HCS to include GHS as suggested by the Notice of Proposed Rulemaking (NPRM)
(Occupational Safety and Health Administration, 2009). Chapter Four reports on the use of
hazard and precautionary pictograms on GHS format labels. The proposed changes to label
formats to comply with GHS would include the use of hazard pictograms and potentially the
inclusion of precautionary pictograms in the future. Chapter Five surveys the use of signal
words, pictograms and performance based qualifiers on GHS hazard and precautionary
statements. There is a need to better understand the application of performance based qualifiers
to safety communication and how people interpret the use of performance based qualifiers in
context of making decisions about how to protect themselves from potentially hazardous
scenarios. The limitation of the study, the study recommendations, and the overall conclusions
are discussed in Chapter Six and is formatted as a traditional conclusion. The appendices contain

materials outlining the recruitment and participation of human subjects, the specific protocols



used for each experiment, summaries of the collected data, and other information which support

the results presented in the chapter manuscripts.



Chapter 2 —
A Review of the Literature on Hazard Communication
and a History of Chemical Regulatory Activity in the United States

OSHA estimates the number of uniqgue MSDS documents in the United States is over
945,000 and the global chemical business in excess of $1.7 trillion per year (Occupational Safety
and Health Administration, 2006a). However, research in the area of chemical hazard
communication has been relatively limited. The use of the term material safety data sheet
(MSDS) will be used throughout this chapter since this was the term used by the authors when
these studies were conducted.

This review will follow the taxonomy proposed by Nicol, Hurrell, Wahyuni, McDowall
& Chu, (2008) in which the published literature is classified into one or more of three areas:
accuracy and completeness, comprehensibility, and awareness and use. Accuracy and
completeness refers to the information contained within the MSDS document.
Comprehensibility is an attempt to measure the understanding of the information by the intended
audience. Awareness and use evaluates if the workers know how to access the MSDS and if they
are readily available for the workers.

Previous studies have focused on the textual analysis of material safety data sheets.
Since there is typically no external oversight for these documents, it is not uncommon for the
textual data or the chemical data to be wrong or incomplete for a given MSDS (Nicol et al.,
2008). Kolp, Williams & Burtan (1995) evaluated 150 MSDS for accuracy and completeness of

five areas of information: (1) chemical identification of hazardous ingredients; (2) reported



health effects; (3) suggested first aid procedures; (4) recommended personal protective
equipment; and (5) exposure level regulations and guidelines. The MSDS were randomly
selected and all the documents were prepared after the HCS had taken effect for all employers in
1986. Each of the five sections was rated on a three point scale to judge if the information
contained within each section was complete and/or correct. Thirty-seven percent were found to
have accurate health effects data. First aid information was judged to be adequate for 76% of the
MSDS. A correct listing for the applicable occupational exposure limits or an accurate rating for
personal protective equipment occurred in 47% of the documents.

Paul & Kurtz (1994) evaluated the reproductive health hazards on 678 unique MSDS.
Using the criteria in HCS (1910.1200) for reproductive health effects, the researchers evaluated
the text present on the MSDS on a three point scale (low, medium or high). Over 60% of the
MSDS did not mention any reproductive health effects information. The documents that did
include health effects information included more information on developmental effects and less
information on male reproductive effects. They also compared the size of the company which
generated the MSDS to the information contained in the health effects section. They found
companies with 100 or more employees were more likely to have included health effects data on
the MSDS as compared to smaller companies.

Frazier, Beasley, Sharma & Mohyuddin (2001) used an audit process to evaluate the
health effects for 61 MSDS for toluene diisocynanate (TDI) from 30 companies. Four
physicians, in teams of two, used an audit form to abstract the information from each MSDS.
One MSDS did not list any respiratory effects for TDI exposure. Only 15 out of 30 companies
listed asthma as a potential health effect, which was correlated with higher TDI concentrations in

the product. Seventy percent of the documents listed allergic or sensitizing respiratory reactions.



Three other studies have attempted to evaluate the textual content of MSDS documents in
South Africa and Australia. Dalvie & Ehrlich (1999) collected MSDS for isocyanates from ten
suppliers in South Africa and compared the sheets to a “gold standard”. Winder & Turner
(1992) collected 169 solvent thinner MSDS from 46 spray-painter workshops in Australia. The
authors did not provide a detailed explanation of the process used to evaluate the MSDS. In a
second study from Australia, Wright (1998) used a checklist to evaluate the MSDS in 34 printing
shops to the Australian safety guidelines.

While outside the scope of this research, there have been several peer reviewed studies
which compare the composition and concentration of the chemicals listed on the MSDS to
analytical tests performed on the substances by the researchers (Dalvie & Ehrlich, 1999; Frazier
et al., 2001; Henriks-Eckerman & Kanerva, 1997; Kanerva, Henriks-Eckerman, Jolanki, &
Estlander, 1997; P. W. Kolp et al., 1995; Paul & Kurtz, 1994; Welsh, Lamesse, & Karpinski,
2000; Winder & Ng, 1995; Wright, 1998). These studies have reported chemicals present in
measurable quantities which are not listed on the MSDS. Welsh et al. (2000) discusses the
potential issues of presenting ranges of concentrations for a substance because there often are
significant differences in toxicity between the low and high end of the range. The studies
suggest workers may be exposed to potential health hazards (irritants, carcinogens, etc.) beyond
those explicitly listed on the MSDS. Subsequently, the workers may not be adequately
protecting themselves from the potential health hazards associated with the chemicals actually
present in these substances.

Several researchers have attempted to measure comprehensibility of MSDS. In general,
these studies have found the level of comprehension of a MSDS is relatively low (P. Kolp,

Sattler, Blayney, & Sherwood, 1993; Phillips et al., 1999; Sadhra, Petts, McAlpine, Pattison, &

10



MacRae, 2002; Seki et al., 2001). Researchers have used a variety of approaches to evaluate
comprehension: test/retest, one-on-one interviews, and surveys to evaluate chemical risk and
format. The findings of these studies are reviewed below.

Phillips et. al. (1999) attempted to quantify how well information was transferred to
workers using three different formats: OSHA Form 174, ANSI Z400.1-1998, and the
International Chemical Safety Card (ICSC). From their survey and testing results, it was
estimated one third of the information was not absorbed by the sample of 160 workers. The rank
order of the three formats, from the highest to the lowest, was the ICSC, followed by the OSHA
form 174, and then the ANSI Z400.1. The study reported no significant differences in the scores
for the three formats, but did report significant differences for how well each format answered
specific test questions.

Niewohner, Cox, Gerrard, & Pidgeon (2004) used surveys, semi-structured interviews,
and focus groups to investigate comprehension of hazard communication methods in the United
Kingdom for small businesses (less than 25 employees). The study suggested generic chemical
information is of little relevance to most users and workers relate to the chemical through
particular working practices and exposure patterns which then shape their attitudes toward the
potential risks inherent to the chemical.

In another study focusing on smaller firms, Sadhra et al. (2002) investigated the
comprehension of workers in the electroplating industry. The researchers used interviews and
structured questionnaires to better understand the worker’s knowledge and beliefs about
chemical risks and compared the results with survey results from experts. The workers learned
most common practices from fellow workers and understood the acute risks of the chemical

based on personal experience. The authors reported the workers did not fully understand the
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potential long term effects of the chemicals they worked with every day. Ninety-two percent of
the experts thought the MSDS were too complex for the platers, while only 32% of the platers
believed they were too complex (Sadhra et al., 2002).

Before the enforcement of hazard communication in Japan in 2000, Seki et al. (2001) sent
surveys to 422 workplaces which were users, but not producers, of chemical products to evaluate
the comprehension of eight terms commonly used on MSDS: CAS number, occupational
exposure limit, administrative level, acute toxicity, mutagenicity, carcinogenicity, sensitization,
and gas mask for organic compounds. Responses were categorized by the relative size of the
firm (small, medium, and large). The MSDS was considered unsatisfactory by 52.8% of the
small and 50.8% of the medium size workplace subjects because the words and/or content were
difficult to understand as compared to 25% for large firms. The terms gas mask for organic
compounds, carcinogenicity, and occupational exposure limit were understood by about 90% of
the respondents. Mutagenicity, sensitization, and CAS number were understood by less than half
of the respondents.

Smith-Jackson and Wogalter (1998) investigated the order of the MSDS sections using a
user-centered approach. These same authors extended this research and used a mental models
approach to look at college naive users, homemakers, and firefighters to determine a preferred
order for MSDS sections for these groups (Smith-Jackson & Wogalter, 2007). Subjects
exhibited a preference for the health effects data to be of greatest priority and should be placed
more prominently on MSDS.

Awareness and use evaluates if the workers know how to access the MSDS and if they
are readily available for the workers. While the HCS has been in effect for all employers in the

United States for over 20 years, there have been a relatively low number of studies on the
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awareness and use of MSDS in the workplace. In 2008, the Hazard Communication Standard
(1910.1200) was the second most cited standard by OSHA ("OSHA's 2008 Top 10 List of
Violations," 2008).

Several peer-reviewed articles which evaluate worker awareness and use of MSDS have
been published. Several of these studies have already been discussed with regard to
comprehension (P. Kolp, Sattler, Blayney, & Sherwood, 1993; Phillips et al., 1999; Seki et al.,
2001; Smith-Jackson & Wogalter, 2007) as well as accuracy and completeness (Wright, 1998).
These types of studies have been conducted in various countries around the world, each with its
own regulations for chemical hazard communication. Although the study performed by Seki et
al. (2001) was conducted prior to enforcement of hazard communication in Japan, only 40% of
companies posted or kept MSDS. A study of 1,003 Taiwanese workplaces in 1998 suggests only
one third of employers were aware of MSDS, even though hazard communication regulations
had been in place for over six years (Hu, Lee, Shiao, & Guo, 1998). The previously discussed
Australian study by Wright (1998) of 46 spray-paint workshops found that MSDS were not
observed in any of the workshops. Sadhra et al. (2002) found 77% of the electroplating workers
surveyed were required to read written safety information as compared to 23% of experts who
thought firms would require this of workers in the United Kingdom. Forty percent of these
workers claimed to use the MSDS often, while 19% of the workers had never used MSDS
(Sadhra et al., 2002).

Awareness and use of MSDS have been reported to be higher in two US studies. P. W.
Kolp et al (1993) found 80 % of the participants indicated they had seen an MSDS before.
Phillips et al. (1999) reported a third of the union workers used MSDS at least half to all of the

time and the remaining two thirds used MSDS rarely to almost never. Both studies found

13



employees learned about MSDS during training sessions (P. Kolp et al., 1993; Phillips et al.,
1999).

A study by Janicak (1996) of companies cited by OSHA for HCS violations showed
46.7% of respondents knew about the requirements and thought they were in compliance, 13.3%
knew about the requirements but believed they did not apply to their organization, and 40% did
not know about the specific requirements that applied to this area. This study suffered from a
low response rate, only 59 of the 283 postal surveys (21%) were returned and of those only 42
respondents correctly completed the task and were used for analysis.

Saari, Bedard, Durort, Hryniewiecki, & Theriault (1994) investigated the training
strategies and evaluated employee’s comprehension about the Workplace Hazardous Material
Information System (WHMIS) used at Canadian workplaces. Eighty companies that
manufacture transportation equipment and machines were used in the study. The highest
comprehension of WHMIS was found at companies which used external experts for training all
employees or training the instructors and some employees. However, the authors qualitatively
rated the quality of the MSDS and labels higher at companies which used internal instructors

(Saari et al., 1994).

History of regulatory activity for chemicals in the United States

Hazard communication regulations began to formally appear in the 1920’s with the
Federal Caustic Act of 1927. The Pure Food, Drug and Cosmetic Act of 1938 and the Federal
Insecticide Fungicide and Rodenticide Act (FIFRA) of 1948 established the basis for further

regulations.
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The chemical industry pursued a voluntary effort in the 1940s’ and the Manufacturing
Chemists’” Association created the Labels and Precautionary Information Committee. This
committee published a manual titled “Warning Labels — A Guide for the Preparation of Warning
Labels for Hazardous Chemicals — Manual L-1” (Manufacturing Chemists' Association, 1945).

By the 1950’s there were calls for an international system for hazard communication and
the International Labor Organization (ILO) had established a chemical committee to create a
plan for chemicals to be labeled uniformly throughout the world (Mellan & Mellan, 1961). The
work of this committee also proposed the use of symbols for different hazard classes in 1955 and
some of these symbols are the basis for the current GHS symbols. One example is the flame
symbol.

While hazard communication was not covered by a federal regulation until the 1980’s,
companies would voluntarily provide hazard communication information and labels to their
customers. The Manual L-1 was converted to an American National Standard (Z129.1) in 1976.
This voluntary consensus standard provided guidance to industry about how to label chemical
products.

OSHA proposed the hazard communication standard in 1983. This regulation covered
several topics, including but not limited to the following: material safety data sheets, training,
hazard communication. The HCS phased in over two and a half years and was promulgated for
general industry in 1986. This performance standard provides flexibility for compliance and
does not require standardized wording or format for MSDS. These sheets were intended to
convey information about products including hazardous ingredients, precautionary measures for

handling, relevant first aid, and emergency information. While 29 CFR 1910.1200 provided no
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specific regulation as to layout of the MSDS, OSHA did provide Form 174 to aid with the
development of these sheets (OSHA, 1985)

Industry in the United States revised the voluntary consensus standard for chemical
product labels (ANSI Z129.1) and to develop one for MSDS (ANSI Z400). ANSI Z400.1 was
first adopted in 1993 and has undergone two revisions, with the most recent revision issued in

2004. The 2004 version aligns the standard with the format of the GHS proposed in 2003.

The development of the GHS
The first reference to a harmonized system for hazard communication by the United
Nations (UN) was in 1992 at United Nations Conference on Environment and Development
(UNCED) as stated in paragraphs 26 and 27 of the Agenda 21, Chapter 19, Programme Area B,
reproduced below (United Nations Conference on Environment and Development, 1992)
26. Globally harmonized classification and labeling systems are not yet available to
promote the safe use of chemicals, inter alia, at the workplace or at the home.
Classification of different chemicals can be made for different purposes and is a
particularly important tool in establishing labeling systems. There is a need to develop
harmonized classification and labeling systems, building on ongoing work;
27. A globally harmonized hazard classification and compatible labelling system,
including material safety data sheets and easily understandable pictograms, should be

available, if feasible, by the year 2000.

Over the next decade, the United States delegation (represented by OSHA, labor, and

industry) to the Interorganization Programme for the Sound Management of Chemicals (IOMC)
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and other delegations from countries around the world worked to create the framework for the
GHS. The IOMC used several existing systems as the basis for the GHS, including the UN
Transport Recommendations, European Union Directives on Substances and Preparations,
Canadian Requirements for workplace, consumers and pesticides, and United States
requirements for workplace, consumers and pesticides. The first edition of the GHS, which was
intended to serve as the initial basis for the global implementation of the system, was approved
by the Committee of Experts in December 2002 and published in 2003 (United Nations
Economic Commission for Europe (UNECE), 2009).

The GHS is a voluntary international system and there are no binding treaty obligations.
However as countries adopt the GHS into their regulatory frameworks, there will be binding
regulatory changes for industry. The classification logic for hazards, signal words, hazard
pictograms and hazard statements have been standardized and harmonized. However, there are
still sections that have not been harmonized, such as the precautionary statements and the
potential inclusion of precautionary pictograms, which have not yet been agreed upon.

The UN subcommittee continues to modify the GHS and has been releasing new versions
of the “purple book” on a biennial basis. This is similar to the approach the UN has taken with
the Recommendations on the Transport of Dangerous Goods, Model Regulations, referred to as
the “orange book” (United Nations, 2009b). The “orange book” is currently on its sixteenth
edition. The latest version of the “purple book” was released in 2009 and is the basis for OSHA

proposed changes to the HCS (United Nations, 2009a).
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The building block approach for GHS

The GHS itself is not a regulation, nor a standard, but contains the building blocks for a
hazard communication system. These building blocks provide the informational framework
upon which countries can base programs for the sound management of chemicals.

As countries have adopted the GHS as part of their national regulations, not all countries
are aligned with each other. This is because countries can determine which of the building
blocks will be applied in different parts of their systems. Hazard classes are building blocks and
within a hazard class, each category can be considered a separate block. When a regulatory
scheme covers something that is in the GHS, and implements the GHS, that coverage should be
consistent. Once an endpoint and subclasses are selected, as needed, the GHS classification
criteria, assigned label elements and SDS provisions should be followed as specified in the GHS.
If a regulatory system covers carcinogenicity, for example, it should follow the harmonized
classification scheme, the harmonized label elements and, where appropriate, the SDS

(Occupational Safety and Health Administration, 2006a).

Recent regulatory activity in the US

To signal its intent to change the HCS, OSHA issued an Advanced Notice of Proposed
Rulemaking on September 12, 2006 (Occupational Safety and Health Administration, 2006a).
The Environmental Protection Agency (EPA) issued a white paper and performed a side by side
comparison of the current regulation with the GHS (2004). While the adoption of the GHS will

require changes to the regulations, the EPA has yet to propose these changes.
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The Consumer Product Safety Commission (CPSC) intends to follow the risk based
labeling option specified in Annex 5 of the GHS. Implementation will likely involve both
regulatory and statutory amendment, but the rulemaking process has yet to begin.

OSHA (2009) issued a Notice of Proposed Rulemaking (NPRM for GHS) on September
30, 2009. The rulemaking includes modifications to the HCS (29 C.F.R. § 1910.1200) and the
substance specific standards (29 C.F.R. § 1910.1001-1052) to incorporate the selected building
blocks of the GHS (Occupational Safety and Health Administration, 2009). The OSHA NPRM
does not cover environmental hazards, which fall outside of OSHA’s jurisdiction.

The period for written comments to be added to the docket closed at the end of 20009.
Over 100 public comments were added to the docket for the proposed rule and two public
meetings occurred in the spring of 2010. OSHA will probably respond to the written comments
and comments from the public meeting in the Federal Register when the final rule for hazard
communication is issued.

Once the rulemaking process is complete, it is very likely OSHA will issue a final rule to
incorporate the GHS in the HCS. The final rule may differ in some respects from the proposed
rule, based on the comments OSHA received during the comment period and the public
meetings. While the revised HCS will change the existing regulation, one can reasonably expect

an ANSI voluntary consensus standard to continue to provide additional guidance.

Limitations of the existing research
Three primary limitations have been identified in the review of the existing literature.
These limitations are reported in this section, and they are highlighted again in the manuscript

chapters whose hypotheses address those limitations.
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Lack of research regarding the use of signal words and pictograms on SDS

While pictograms are commonly used on labels and packaging materials either by
convention or regulation, signal words and pictograms have not been commonly used on SDS in
the United States. Under GHS, the use of the hazard pictograms in black and white or the name
of the pictograms is required in Section 2 of the SDS. Lehto (1998) studied the speed versus
accuracy tradeoff for three different label formats, but no studies have applied a similar
methodology to SDS. There are examples of precautionary pictograms at the end of Annex 3 of

the GHS, but their use is not addressed in the current version of the GHS.

Lack of research regarding the use of pictograms on GHS product labels

Previous studies have examined aspects of chemical product labels. Lehto (1998) tested
three label format and three label sizes. Others have examined the use of pictorial icons in
combination with text for warnings communication. The presence of hazard & precautionary
pictograms may impact the speed and accuracy for users. Pictograms may assist the user to find
information in a lower amount of time. By reducing their search time, users may better allocate
their resources to searching a smaller section of the document for information related to the
specific survey item. Further, the use of these pictograms may influence the perceived risk of a
chemical product. If hazard or precautionary pictograms are present, users may perceive an

increased risk associated with the potential hazards of the product.

20



Lack of research for the use of performance based qualifiers in hazard communication

Lehto, House, & Papastavrou (2000) proposed the use of performance based qualifiers to
modify the meaning of hazard statements, but used a very limited number of scenarios. This
research should be extended to better understand the interpretation of the performance based

qualifiers used in the current GHS hazard and precautionary statements.
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Chapter 3 —
Transitioning from MSDS to SDS:
Effects of Signal Words and Hazard & Precautionary Pictograms
Introduction

The potential adoption of the Globally Harmonized System of Classification and
Labelling of Chemicals (GHS) would require changes to the layout and information content of
material safety data sheets (MSDS). Under GHS, MSDS documents are known as safety data
sheets (SDS) and that terminology will be used for the remainder of this chapter. Recently, the
Occupational Safety and Health Administration (OSHA) estimated there were over 945,000 SDS
in the United States (Occupational Safety and Health Administration, 2006a).

This study evaluated if there was a difference in comprehension of the information
presented in a SDS if GHS hazard pictograms and European Union precautionary pictograms are
present. It should be noted the most recent edition of the GHS does not specify the use of
personal protective pictograms in SDS. However, examples of personal protective pictograms
are provided in Annex 3 Section 4 of the GHS from both the European Union (1992) and the
South African Bureau of Standards (1999).

Pictograms are used in many types of technical documents (e.g. car owner’s manuals) to
help convey safety information. Pictograms are also used on chemical labels for this purpose.
The use of pictograms on SDS has not been common practice in the United States. The Hazard
Communication Standard (Occupational Safety and Health Administration, 1994) is a

performance based standard and does not provide detailed guidance with regard to pictogram use
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for SDS authors. American National Standards Institute (ANSI) Z400.1 allows for the use of
pictograms in a SDS to supplement written information unless specified by international
regulations (2004).

GHS label elements including a signal word(s), hazard statement(s), and precautionary
statement(s) must be present in Section 2 Hazard Identification of a GHS format SDS (United
Nations, 2009a). Under GHS, pictograms may be provided either as a graphical reproduction of
the pictograms in black and white or the written name of the pictogram, e.g., “flame” or “skull
and crossbones.” Either the pictograms or the names of the pictogram are required on the SDS
under GHS. Interestingly, the sample SDS used for comprehension testing performed by the
United Nations Institute for Training and Research (UNITAR) did not have pictograms or the
pictogram’s names present on the SDS (UNITAR, 2007).

Previous hazard communication research, using written surveys and allowing the
participants to refer to the SDS to answer questions, has indicated participants respond correctly
to 65-70% of the questions (P. Kolp et al., 1993; Phillips et al., 1999). Lehto (1998) found when
information was not available on the label, only 64% of participants consulted the SDS for

additional information to respond to a questionnaire.

Method
Objective and Hypotheses
The objective of this experiment is to use a SDS to respond to a short survey about the
information. Participants were able to use the SDS as a reference to respond to the survey items.
Individuals whom by education, training, or work experience would have a high awareness of

hazard communication will be referred to as professionals for the remainder of this chapter.
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Hypothesis 1: There is no significant difference between participants’ percentage of correct

responses to a questionnaire if hazard pictograms are present on a SDS.
H 0- M SDS with hazard pictograms — M SDS without hazard pictograms

H 1’ H SDS with hazard pictograms # H SDS without hazard pictograms

Hypothesis 2: There is no significant difference between participants’ percentage of correct

responses to a questionnaire if precautionary pictograms are present.

H 0- M SDS with precautionary pictograms — M SDS without precautionary pictograms

H 1’ H SDS with precautionary pictograms # M SDS without precautionary pictograms

Hypothesis 3: There is no significant difference between response time for participants to the

survey items if the hazard and precautionary pictograms are present.
H 0- M response time for SDS with pictograms = M response time for SDS without pictograms

H 1’ H response time for SDS with pictograms 7& H response time for SDS without pictograms

Hypothesis 4: There is no significant difference between participant responses to a questionnaire

between naive users and professionals.
H, 0" M naive users = H professionals

H 17 M naive users 7é H professionals
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Participants

Ninety (n=90) Auburn University undergraduate naive users and forty five (n=45)
professionals participated in this research. The undergraduate naive users were recruited from
their psychology classes and were given extra credit for their participation. The professionals
were recruited via e-mail invitations distributed to the Society for Chemical Hazard
Communication (SCHC), the American Industrial Hygiene Association (AIHA), and the
American Society of Safety Engineers (ASSE). The participation incentive for the professionals
was a lottery with three cash prizes. Demographic information was collected and participants
responded to questions to establish their knowledge of hazard communication. The overall
sample population consisted of 41 males and 94 females. The undergraduate participants
consisted of 23 males and 67 females and the professional participants comprised 18 males and
27 females. Sixty of the undergraduate participants self-reported their hazard communication
knowledge to be below average, 28 reported their knowledge to be average and the remaining
two reported their knowledge to be above average. Six of the professionals self-reported their
hazard communication knowledge to be average and 39 reported their knowledge to be above
average. Participants read an online information letter approved by the Auburn University
Institutional Review Board (IRB) prior to participation in the study. The participants then
indicated they wanted to participate in the study by acknowledging they were willing to
participate in the study and could exit the electronic survey at any time. Participation was
anonymous, with no directly identifiable information collected from any of the participants, for
the study portion of the survey. Private information was collected in a separate file, which was

not linked to participant responses, and was used to distribute the participation incentives. Thus,
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all of the information collected was self-reported and not subject to verification by the

investigators.

Safety Data Sheets

Safety Data Sheets contain sixteen sections similar to the Z400.1 format (American
National Standards Institute, 2004). The order of these sections is different on a GHS format
SDS because the health effects have been moved towards the beginning of the document.

Two versions, one with pictograms and one without, of SDS were created for two
chemicals SDS. The name of each chemical was replaced with a fictitious name (i.e. Chemical
A and Chemical B) to help prevent previous knowledge from biasing the responses to the
questionnaire. Hazard pictograms were placed in Section 2 Hazard identification above the
signal word used on the label. The hazard pictograms were 2 cm wide and 2 cm tall, similar to
Figure 1. Precautionary pictograms were placed in Section 8. Exposure controls/personal
protection immediately preceding the individual protection measures. The precautionary
pictograms were 2 cm wide and 2 cm tall, similar to Figure 2. An example of one of the SDS is

located in Appendix 4.

Figure 2. Example of a GHS hazard pictogram. This is the GHS pictogram for Health Hazard.

Figure 3. Example of a precautionary pictogram for individual protection measures. This pictogram
represents a face shield.
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The SDS for chemical A had four different hazard pictograms in Section 2 Hazard
identification and seven different precautionary pictograms. The SDS for chemical B had six

different hazard pictograms and seven different precautionary pictograms.

Survey Instrument

The questionnaire covered the sections pertaining to Hazards identification, First-aid
measures, Accidental Release Measures, Handling and Storage, Exposure controls/personal
protection, and Toxicological information. Approximately 60% of the questions addressed the
potential health effects and personal protection measures. An online survey tool
(www.qualtrics.com) was used to administer the questionnaire via the internet to participants.

Participants were also asked seven yes/no questions about the SDS. The information to
answer each question may or may not have been found on the SDS. Participants were also asked

to self-report if they referred to the SDS to answer these questions.

Procedure

The participants used SDS for two different chemicals to respond to a questionnaire using
an open book test method, which allowed the participants to reference the SDS to answer the
questions. The survey is located in Appendix 3 and example SDSs are located in Appendix 4.
The participants were provided both of the SDSs as portable document files (pdf) in an e-mail
message from the researchers. They were instructed to familiarize themselves with the first SDS
and then respond to the questionnaire. Then the process was repeated with instructions to
familiarize themselves with the second SDS and to respond to the questionnaire. Two trials were

conducted for each participant: one with a SDS with hazard and PPE pictograms and one where a
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SDS without pictograms for the second chemical. Sixty-seven participants were presented with a
SDS with pictograms and 68 participants were presented a SDS without pictograms for the first

trial. The participants in each stratum were randomly assigned to one of four treatments:

Treatment 1 — SDS A (no pictograms), SDS B (pictograms)
Treatment 2 — SDS A (pictograms), SDS B (no pictograms)
Treatment 3 — SDS B (pictograms), SDS A (no pictograms)

Treatment 4 — SDS B (no pictograms), SDS A (pictograms)

Results

There were 135 participants in this study and each participant responded to the survey
twice for a total of 270 survey responses. Responses from two naive participants were removed
from the analysis because the individuals did not use the appropriate SDS for the respective
questionnaires. The data is located in Appendix 5 and the coded data used for statistical analysis
is located in Appendix 6. A panel of safety researchers (n=3) determined the correct responses
and create a strict grading criteria for the responses. The safety researchers had all previously
earned advanced degrees (two panel members had earned doctoral degrees and one had earned a
master’s degree) and had been certified by the Board of Safety Professionals (two Certified
Safety Professionals and one Associate Safety Professional). The panel size (n=3) was selected,
so if two of the three panel members judges a response to be correct, then that response was used
to to evaluate the participant responses. The strict grading criteria were based on comparing the
questionnaire responses to the information provided on the SDS similar to the other studies

reported in the literature (P. Kolp et al., 1993; Phillips et al., 1999). Participants did not respond
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to the survey items for every combination of chemical and pictogram. Given the challenges of
recruiting professional participants, one of the aims of the study design was for the data to be
collected in a single session. It was determined from previous pilot research that responding to

the survey twice was a reasonable limit for a single session.

Comprehension of SDS. Overall participants correctly responded to an average of 73% of the
material on the survey. This percentage is comparable to other questionnaires of this type
reported in the literature (P. Kolp et al., 1993; Phillips et al., 1999). The naive users correctly
responded to 67% of the material on the survey and the professionals correctly responded to
86%, t(253) = -12.53, p <.001. The Satterthwaite correction was used to reduce the degrees of

freedom because the homogeneity of variances was violated.

Response to survey items when pictograms were present on a SDS. There was a significant
effect between naive users and professionals, #(122) = -7.80, p < .001, with professionals earning
higher percentage of correct responses than naive users. There was a significant effect between
chemical A and chemical B, #(115) = -2.31, p < .0224, the percentage of correct responses for
chemical B was higher than the percentage of correct responses for chemical A. The
Satterthwaite correction was used to reduce the degrees of freedom for both of the tests above
because the homogeneity of variances was violated in both cases. There was no effect for the

order of presentation (p = 0.89).

Response to survey items when pictograms were not present on a SDS. There was a significant

effect between naive users and professionals, #(129) = -10.23, p < .001, with professionals
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earning a higher percentage of correct responses than naive users. The Satterthwaite correction
reduced the degrees of freedom from 131 to 129 because the homogeneity of variances was
violated. There was no effect between chemical A and chemical B (p = 0.24), nor for the order

of presentation (p = 0.99).

Response to survey items for chemical A. There was a significant effect between naive users and
professionals, #(129) =-9.98, p < .001, with professionals earning a higher percentage of correct
responses than naive users. The Satterthwaite correction reduced the degrees of freedom from
131 to 129 because the homogeneity of variances was violated. There was no effect for chemical
A whether pictograms were present on the SDS (p = 0.79), nor for the order of presentation (p =

0.92).

Response to survey items for chemical B. There was a significant effect between naive users and
professionals, #(122) = -7.79, p < .001, with professionals receiving earning a higher percentage
of correct responses than naive users. The Satterthwaite correction reduced the degrees of
freedom from 131 to 122 because the homogeneity of variances was violated. There was a
significant effect for chemical B when pictograms were present on the SDS, #(113) =-3.79, p <
.001. The Satterthwaite correction reduced the degrees of freedom from 131 to 113 because the
homogeneity of variances was violated. There was no effect for the order of presentation (p =

0.97).

Hazard Pictograms. Four hazard pictograms were present on the SDS for chemical A: flame

over circle, corrosion, skull and crossbones, and health hazard. Six hazard pictograms were
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present on the SDS for chemical B: flame, corrosion, gas cylinder, health hazard, exclamation
mark, and environment.

Further analysis of the hazard pictograms was conducted to separate the effects for
physical hazards from health effect hazards. For health effect hazards, survey items pertaining to
the health hazard pictogram and the exclamation mark were used. The survey items covered by
the remaining hazard pictograms (flame, flame over circle, exploding bomb, corrosion, gas
cylinder, and skull and crossbones) were assigned to physical hazards. Table 2 shows the results

of the t-tests for the physical hazards and table 3 shows the t-test results for the health effects.

Table 2. t-test results for physical hazards.

Chemical A Chemical B Pictograms No pictograms
present present

Strata -4.67 -5.48 -5.05 -6.14

df =131* df =129* df=115%* df =124*

p <.001 p <.001 p <.001 p <.001
Pictogram -3.29 -6.42 - -

df =131 df=116*

p=.0013 p <.001
Order -1.05 -0.73 -0.53 -1.34
Chemical - --- -1.01 1.59

* Violated homogeneity of variances. Satterthwaite correction applied which may reduce the degrees of freedom.

Table 3. t-test results for health effects.

Chemical A Chemical B Pictograms | No pictograms
present present
Strata -8.49 -5.90 -6.02 -8.35
df=126* df =131% df =126* df =130*
p <.001 p <.001 p <.001 p <.001
Pictogram 1.24 -1.14 --- ---
Order 0.57 0.21 -0.25 0.97
Chemical --- -—- -1.08 1.30

* Violated homogeneity of variances. Satterthwaite correction applied which may reduce the degrees of freedom.

In Table 2, the participants correctly to a higher percentage of the questions for physical
hazards when pictograms were present for both Chemical A and Chemical B. This effect was

not significant for the questions about health effects for either Chemical A or Chemical B.
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Precautionary Pictograms. Seven different precautionary pictograms were present on the SDS
for chemical A: air purifying respirator, gloves, boots, goggles, face shield, apron, and full body
suit. Seven different precautionary pictograms were present on the SDS for chemical B: full
face respirator, air purifying respirator, gloves, boots, goggles, face shield, and full body suit.

Table 4 shows the results of the t-tests for the precautionary pictograms.

Table 4. t-test results for personal protective equipment.

Chemical A Chemical B Pictograms No pictograms
present present
Strata -7.29 -6.04 -6.28 -6.90
df =131* df =130* df=131* df=131*
p <.001 p <.001 p <.001 p <.001
Pictogram 0.88 -2.50 - -
df =110*
p=0.0129
Order 0.56 0.56 0.95 0.16
Chemical - --- -3.49 -0.05
df=111*
p <.001

* Violated homogeneity of variances. Satterthwaite correction applied which may reduce the degrees of freedom.

In Table 4, the presence of the precautionary pictograms increased the percentage of
correct responses for participants for questions about personal protective equipment for

Chemical B, but not for Chemical A.

Responses to yes/no questions. For the nine yes/no questions, participants were asked to self-
report if they consulted the SDS to help answer the questions. Participants provided the proper
response to the yes/no questions 54% of the time (1292/2394). Participants self-reported
referring to the SDS to assist with answering the question 61% of the time (1471/2394). This is
comparable to the 64% reported by Lehto (1998). The analysis of the results are presented in

Table 5.

32



Table 5. Responses to yes/no questions and results of x? test of independence for the relationship between the
correct response and self-reporting using the SDS to answer the question.

. # Correct responses/ # which self-reported using the SDS to x2
Question % of correct answer question / # of responses (1, N = 266)
responses a P T
1- Do you think this 129 163 14.18
chemical is a carcinogen 0 0
(may cause cancer)? (49%) (61%) p<.001
2 — Do you think this
chemical is a mutagen 68 178 3.m
(may cause genetic (26%) (67%)
defects)?
3 — Do you think this
chemical is a teratogen 132 173 3.38
(may cause 0 0
developmental or (50%) (65%)
reproductive issues)?
4 - Do you think this 162 178 11.31
chemical is flammable? (61%) (67%) 0 <.001
5 - Can this chemical mix 108 167 15.40
. o,
with water’ (41%) (63%) p<.001
6 - Do you think this 139 154 1.27
chemical must be stored 0 0
in total darkness? * (52%) (58%)
7 - Do you think this
chemical can only be 186 139 1570
stored in an open drum? (70%) (52%) p <.001
8 - Do you think this
chemical can only be 158 169 18.58
used if the worker wears (59%) (63%) p <.001
a respirator? **
9 - Can you throw this 210 150 6.77
. -
griimlcal down the drain’ (79%) (56%) p< .01
* There was no pictogram present on either SDS related to this item.

** Chemical A had the pictogram for air purifying respirator and chemical B had the
pictogram for full face respirator.

***  The SDS for chemical B had the environmental pictogram present in Section 2.
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Table 6. Responses to yes/no questions and results of x? test of independence for the participants whom
provided the correct response and self-reported using the SDS to answer the question.

# Correct responses and self-reported 2
Question using the SDS to answer the question / a NX— 266)
9% of correct responses T
1- Do you think this 94 14.18
chemical is a carcinogen 0
(may cause cancer)? (35%) p<.001
2 — Do you think this
chemical is a mutagen 52 3.7
(may cause genetic (20%)
defects)?
3 — Do you think this
chemical is a teratogen 132 3.38
(may cause 0
developmental or (50%)
reproductive issues)?
4 - Do you think this 162 11.31
ST "
chemical is flammable* (61%) 0 < .001
5 - Can this chemical mix 108 15.40
. o,
with water” (41%) 0 < .001
6 - Do you think this 139 1.27
chemical must be stored 0
in total darkness? * (52%)
7 - Do you think this
chemical can only be 186 1570
stored in an open drum? (70%) p <.001
*
8 - Dg you think this 158 18.58
chemical can only be
used if the worker wears (59%) p <.001
a respirator? **
9 - Can you throw this 210 6.77
hemical d the drain?
g*imlca own the drain (79%) p<.0l
* There was no pictogram present on either SDS related to this item.

** Chemical A had the pictogram for air purifying respirator and chemical B had the
pictogram for full face respirator.

***  The SDS for chemical B had the environmental pictogram present in Section 2.

Time to respond to survey items. For the time data, data was used from 132 participants for two
trials (n=264), in addition to the two naive users removed because of responding with the
improper SDS for each section of the survey, time data was not recorded for one of the

professional participants. There was a significant effect between the time to respond to the
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survey items between strata, #(261) = -5.13, p <.001, with professionals taking longer to respond
than undergraduates. There was not an effect for time to respond when pictograms were present
on the SDS, p = .15. There was no effect between chemical A and chemical B, p = 0.27. There
was no effect for order of presentation between the time to respond to each trial whether
pictograms were present or not in the first trial, p = 0.74.

The time data was reanalyzed after the removal of the nine outliers greater than 1.5 times
the interquartile range and reduced the number of data points (n=255). There was still a
significant effect between the time to respond to the survey items between strata, #(253) = -5.11,
p <.001, with professionals taking longer to respond than undergraduates. Also, there was a
significant effect for time to respond when pictograms were present on the SDS, #(253) = 2.3, p =
.022, with participants responding in a shorter amount of time when pictograms were present.
There was no effect between chemical A and chemical B, p = 0.36. There was no effect between
the time to respond to each trial whether pictograms were present or not in the first trial, p =

0.87.

Time to respond to survey items with pictograms present. After the seven outliers greater than
1.5 times the interquartile range were removed (n=125), the significant effect for strata between
the undergraduates and professional responses was still present, #(123) = -2.99, p = .003, with
professionals taking longer to respond than naive users. There was no effect between chemical

A and chemical B when pictograms were present, p = 0.72.

Time to respond to survey items without pictograms present. After the two outliers greater than

1.5 times the interquartile range were removed (n=130), the significant effect for strata between
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the undergraduates and professional responses was still present, #(128) = -4.16, p < .001, with
professionals taking longer to respond than naive users. There was no effect between chemical
A and chemical B when pictograms were present (p = 0.42). There also was a significant effect
for order of presentation, #(128) = 2.84, p = .005, with participants taking longer to respond when

no pictograms were present in the first trial than the second trial with no pictograms present.

Time to respond to survey items for chemical A. After the four outliers greater than 1.5 times the
interquartile range were removed (n=128), the significant effect for strata between the
undergraduates and professional responses was still present, #(126) = -4.13, p <.001, with
professionals taking longer to respond than naive users. There effect of time to respond between
chemical A with no pictograms present and chemical A with pictograms were present, p = 0.087,
was greater that the alpha level of 0.05. There also was not significant effect for order of

presentation for chemical A was presented first or second, p = 0.91.

Time to respond to survey items for chemical B. After the eight outliers greater than 1.5 times
the interquartile range were removed (n=124), the significant effect for strata between the
undergraduates and professional responses was still present, #(122) = -2.78, p = .006, with
professionals taking longer to respond than naive users. The effect of time to respond between
chemical B with no pictograms present and chemical B with pictograms were present was not
significant, p = 0.49. There also was no significant effect for order of presentation for chemical

A was presented first or second, p = 0.69.
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Discussion
Use of hazard pictograms in Safety Data Sheets.

The study design limited the data analysis to t-tests between chemical A and chemical B,
and between pictograms present or not on the SDS. Even with this limitation, there were some
findings which lend support to rejecting the null for the first hypothesis and provide support that
pictograms do provide a significant benefit for SDS users at an alpha level of 0.05 in some
circumstances. For both chemical A and chemical B, the presence of the hazard pictograms for
the physical hazards were significant, with participants better acknowledging the physical
hazards when the pictograms were present. This may be in part to a one to one correlation
between a hazard pictogram and a physical hazard. For example, if a material is flammable
under the GHS criteria, then it is assigned the flame pictogram. But, if the material is assigned
the health hazard pictogram, then it could represent one or more potential hazards.

The presence of pictograms did not show a significant effect for the survey items which
addressed health effects. This may be in part because two pictograms (health hazard and

exclamation point) are used to address all potential health risks associated with a product.

Use of precautionary pictograms in Safety Data Sheets.

Similar limitations for the data analysis apply to comparing results for chemical A and
chemical B and between pictograms present on the SDS and pictograms absent on the SDS.
There were some findings which lend support to rejecting then null for the second hypothesis
and provide evidence that pictograms might provide a significant benefit for SDS users. The use
of precautionary pictograms on the SDS was significant for chemical B, #(131) =-2.52, p =

.0013, but not for chemical A.
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It should be noted companies may include hazard and precautionary pictograms and still
be in compliance with both the current Hazard Communication Standard (Occupational Safety
and Health Administration, 1994) and ANSI Z400.1 (American National Standards Institute,
2004). The use of hazard pictograms or the names of the hazard pictograms are required on the
SDS in the most recent version of GHS (United Nations, 2009a) which has not been adopted by
OSHA at the time of this study. The use of precautionary pictograms is not addressed in the

most recent version of GHS (United Nations, 2009a).

Effect of response time for responding to survey items.

Only after the removal of nine outliers, there was a significant difference between the
response time when pictograms were present and when they were not, #(253) = 2.3, p = .022.
This would lead to the rejection of the null hypothesis for the effect of time. Participants
responded to the survey items in a lower amount of time when the pictograms were present. This
finding should help support the use of pictograms on SDS to serve as guide posts to help users

find the information they are looking for in a lower amount of time.

Effect of strata on responding to the survey items. For the data collected in this study, the
hypothesis that there is no significant difference between participants responses between naive
users and professionals would be rejected. The professionals took longer to respond to the

survey items and earned a higher percentage of correct responses than the naive users.

Limitations and future research. There were several limitations in this study. The use of t-tests

to compare the data limits the data analysis, potentially allows for a type 1 error to occur because

38



of the number of tests run (each comparing the results at the 0.05 level) , and does not allow for
the interactions to be evaluated. Data were not collected from plant level personnel, which the
HCS is intended to protect. Future research should attempt to address these limitations and

continue to examine alternatives to improve comprehension of SDS.
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Chapter 4 —
Evaluating the Impact of Hazard and Precautionary Pictograms
on Chemical Product Labels

Introduction

The potential adoption of the Globally Harmonized System of Classification and
Labelling of Chemicals (GHS) would require changes to the layout and information content of
chemical product labels. This study was designed to test whether chemical product labels with
hazard and precautionary pictograms influence the ability of individuals to accurately obtain
information from GHS product labels and the time required for this task, compared to labels
containing text only.

Previous research for on product warnings suggests these warnings must be understood to
be effective (Dorris & Purswell, 1978). The addition of graphic representations, or pictograms,
has been suggested as an option to improve the ability of warnings to be understood. These
pictograms may also help users to locate information more quickly on a warning label. Dorris
and Purswell (1978) suggest pictogram warnings may be recognized more quickly and have
more intrinsic interest than written warnings. O'Conner and Lirtzman (1984) suggest the a
higher number of hazard statements on a chemical label increases the amount of time to respond
to a question about a particular item on the label. Rhoades, Frantz & Miller (1990) further
support this finding that overly detailed warnings may overload the user. Robinett & Hughes

(1984) suggest the use of pictograms without text may be preferable. However, Young and
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Wogalter (1990) found pairing pictograms with written warnings may associate the two in
memory and this may cue the warning message and facilitate the retrieval of the hazard
information in the written warning on re-exposure to the pictogram.

Research on the concept of risk suggests people’s perceptions are determined by a
combination of severity and likelihood information (Slovic, Fischhoff, & Lichtenstein, 1980).
Previous research on warning labels has attempted to address user’s perception of risk. While
Otsubo (1988), found no significant effect for the type of warning label, Wogalter, Young,
Brelsford, & Barlow (1999) have shown high severity warnings produced higher hazard ratings.
Wogalter and Barlow (1990) suggest the injury severity on a warning label influences user
ratings of risk, but has no effect for the likelihood of an injury. In a study by Friedmann (1988),
the effect of adding pictogramic warning information to a written warning was not shown to
increase compliance, but there was an effect between the perceived hazard of the product and
reading, following, and recalling the warning. O'Conner & Lirtzman (1984) found an increase in
the average scale value, on a five point Likert-type scale, for rating the hazard of the chemical
corresponding to the number of hazards on the label.

DelJoy (1989) comments previous studies of safety warnings have evaluated
comprehension and not compliance, tested user populations which are not typical, and use overly
simplistic warnings. This study addresses how the presence of hazard and precautionary
pictograms influence the speed and accuracy of reading realistic GHS product labels. The user
populations tested in this study should represent a range of user populations from naive users to
professionals. Participants’ comprehension of the label was tested, as opposed to their
compliance, because it would have been difficult to the observe participants use of these

products in a realistic setting. This study was designed to test whether the addition of hazard and
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precautionary pictograms would improve communication of safety information and whether the
current format of GHS product labels communicate information understandably to the user. It
should be noted the most recent edition of the GHS does not specify the use of precautionary
pictograms on GHS SDS or labels. However, examples of personal protective pictograms are
provided in Annex 3 Section 4 from both the European Union (1992) and the South African
Bureau of Standards (1999). This experiment also studied how the presence of the hazard and

precautionary pictograms influence the participant’s perceived risk using GHS product labels.

Method

Objective and Hypotheses

The objective of this experiment is to use GHS format chemical product labels, both with
hazard and precautionary pictograms present and not present, to respond to a survey about the
information presented. Participants were divided into three strata: naive users (engineering
undergraduates), workers, and professionals. The naive users and the professionals were also
divided into two groups, one which had the label available for reference for each survey item and
one which was presented the label and then asked to recall the information to respond to the
survey items. Individuals whom by education, training, or work experience would have a high
awareness of hazard communication will be referred to as professionals for the remainder of this

chapter.

42



Hypothesis 1: There is no significant difference between participant responses to a questionnaire

if hazard pictograms are present on a label.

H 0- M chemicals with hazard pictograms present on the label — M chemicals without hazard pictograms present on the label

H 17 M chemicals with hazard pictograms present on the label ;é M chemicals without hazard pictograms present on the label

Hypothesis 2: There is no significant difference between participant responses to a questionnaire

if precautionary pictograms are present.

H 0- M chemicals with precautionary pictograms present on the label — [ chemicals without precautionary pictograms present on the

label

H 17 M chemicals with precautionary pictograms present on the label 7é H chemicals without precautionary pictograms present on the
label

Hypothesis 3: There is no significant difference between participant responses to a questionnaire

between naive users, workers, and professionals.
H, 0" M naive users = Hworkers — H professionals

H 17 M naive users 7é Hworkers # M professionals

Hypothesis 4: There is no significant difference between response time for participant responses

to individual questions if the hazard and precautionary pictograms are present.

Hy: H response time with hazard and precautionary pictograms present — M response time with only hazard pictograms present =

H response time with only precautionary pictograms present — H response time for with no pictograms present
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H 1’ M response time with hazard and precautionary pictograms present ;é M response time with only hazard pictograms present or
H response time with hazard and precautionary pictograms present ;é H response time with only precautionary pictograms present

or...or M response time with only precautionary pictograms present ;é M response time for with no pictograms present

Participants

Fifty five (n=55) naive users (Auburn University engineering undergraduate students),
twenty one (n=21) workers, and fifty two (n=52) professionals participated in this research. The
number of worker responses is substantially lower than the number of naive users and
professionals because of recruitment issues, hence, workers only participated in the reference
group and not the recall group. Demographic information was collected and participants
responded to questions to establish their knowledge of hazard communication (Table 6).
Participation was anonymous, with no directly identifiable information collected from any of the
participants. Thus, all of the information collected was self-reported and not subject to

verification by the investigators.

Table 7. Self rating of HAZCOM knowledge by participants.

N Naive Users Workers Professionals

Participants 128 55 (43%) 21 (16%) 52 (41%)
Gender

Male 88 (69%) 37 (67%) 19 (90%) 32 (62%)

Female 40 (31%) 18 (33%) 2 (10%) 20 (38%)
Self rating of HAZCOM
knowledge

Below Average 13 (10%) 12 (22%) 1 (5%) 0 (0%)

Average 53 (41%) 38 (69%) 10 (48%) 5 (10%)

Above Average 62 (48%) 5 (9%) 10 (48%) 47 (90%)

The participation incentive for the naive users (Auburn University undergraduate
students) was extra credit in their psychology course. The workers were paid $35 for completing
the study and the professionals were entered in a lottery with cash prizes of $200, $150, and

$100.
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Participants were required to read an online information letter approved by the Auburn
University Institutional Review Board (IRB) prior to participation in the study. Participation was
anonymous, with no directly identifiable information collected from any of the participants.
Thus, all of the information collected was self-reported and not subject to verification by the

investigators.

GHS labels

Labels for twelve different chemicals were used in this experiment. The name of each
chemical was replaced with a letter to help prevent previous knowledge from biasing the
responses to the questionnaire. Hazard pictograms were placed on the left side of the label. The
hazard pictograms were 2 cm wide and 2 cm tall, with a white background and a black pictogram
surrounded by a red square on point. Precautionary pictograms were placed below the Response
section following the textual description of the personal protective equipment (PPE). The
precautionary pictograms were 2 cm wide and 2 cm tall, with a blue background and a white

pictogram. An example of the label for Chemical A is shown in Figure 4.
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DANGER

Extremely flammable gas. Contains gas under pressure; may
explode if heated. Toxic if swallowed Toxic if inhaled (Gases).
Causes skin irritation. May cause genetic defects. May cause
cancer. May damage fertility or the unborn child. Causes
damage to central nervous system. May cause respiratory
irritation. Causes damage to central nervous system, peripheral
nervous system, blood through prolonged or repeated exposure.
May cause damage to kidney, respiratory through prolonged or
repeated exposure. Harmful to aquatic life.

Prevention

Obtain special instructions before use. Do not handle until all safety precautions have been read and
understood. Keep away from heat/sparks/open flames/hot surfaces. No smoking. Do not breathe gas.
Wash hands thoroughly after handling. Do not eat, drink or smoke when using this product. Use only
outdoors or in a well-ventilated area. Avoid release to the environment. Wear protective gloves,
protective apron, goggles. Use ventilation system or vapor respirator as required.

e0BO

Response

IF SWALLOWED: Rinse mouth. Immediately call a POISON CENTER or doctor/physician. IF ON
SKIN: Wash with plenty of soap and water. IF INHALED: Remove victim to fresh air and keep at rest
in a position comfortable for breathing. Call a POISON CENTER or doctor/physician. If skin irritation
occurs: Get medical advice/attention. Take off contaminated clothing and wash before reuse. Leaking
gas fire: Do not extinguish, unless leak can be stopped safely. Eliminate all ignition sources if safe to
do so.

Storage Store locked up. Protect from sunlight. Store in a well-ventilated place.

Disposal Dispose of contents/container in accordance with local/regional/ national/international
regulations.
XYZ Chemical Company
1234 Main St
Anytown, ST 12345
Telephone 111-222-3333

Figure 4. Example of GHS product label with both hazard and precautionary pictograms for Chemical A.
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GHS label elements, including a signal word(s), hazard statement(s), and precautionary
statement(s), must be present on product labels (United Nations, 2009a). Under GHS, hazard
pictograms (or hazard pictograms) must be provided as a graphical reproduction of the pictogram
with a red border for international trade. The competent authority for a nation may allow
product labels for domestic trade to have a black border instead of the red border.

The labels for the twelve chemicals were created within the on-line survey tool. The alias
for each chemical, the name of the chemical (which was not presented to participants), and the
number and names of the pictograms appear in table 6. The text was presented using 12-point
Avrial font for the body text using mixed case. The headings for Prevention, Response, Storage,
and Disposal were 14-point, bold, Arial font using mixed case. The signal word “DANGER” for
all twelve trials was all capital letters, 24-point, bold, Arial font. The alias (table 6) used for the
chemical name was 26-point, bold Arial font with white text on a black background. The hazard
pictograms were placed two per line and in the following order (if present) on the label: flame,
flame over circle, exploding bomb, corrosive, gas cylinder, skull and crossbones, health hazard,
and exclamation mark. The precautionary pictograms were placed on a single line in the
following order (if present): self-contained breathing apparatus, goggles, safety glasses, full suit,

gloves, apron, boots, air purifying respirator, and dust mask.
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Table 8. Chemical aliases, chemical names, number and names of hazard and precautionary pictograms for
the twelve chemical labels used in this study.

Potassium Peroxide

. Hazard Name of hazard Precautionary Namg of
Chemical . . . precautionary
pictograms pictograms pictograms .
pictograms
A Flame, Corrosion, Goggles, Gloves,
Morpholine 4 Skull and Crossbones, 4 Apron, Full-face
Health Hazard respirator
B Flame over circle, Glasses. Gloves
Ammonium 3 Exploding bomb, 3 ’ '
- Dust mask
Perchlorate Exclamation mark
C_ _ 5 Corrosion, Exclamation 4 ig?grlfsléu?ll-?ggz’
Phosphoric Acid mark :
respirator
Flame over circle,
D 4 Corrosion, Skull and 0
Hydrogen Peroxide Crossbones, Health
Hazard
E 3 Flame, Gas cylinder, 0
Acetylene Exclamation mark
Metiane 2 Flame, Gas cylinder 0
Gloves, Boots,
G 0 4 Full-body suit,
Ethylene Oxide Supplied-air
respirator
H Goggles, Gloves,
Lithium, metal 0 4 Apron, Full-face
respirator
I 0 3 Glasses, Gloves,
Acrylimide Dust Mask
J
Divinyl Benzene 0 0
K
Acrylonitrile 0 0
L 0 0

Survey Instrument

The questionnaire covered the physical hazards, precautionary measures, potential health effects,

preventive actions, and personal protective equipment (PPE). Equal emphasis was given to each
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of the information categories above. An online survey tool (www.qualtrics.com) was used to
administer the questionnaire via the internet to participants.

For each of the twelve trials, participants were presented a GHS product label, and then
were asked to respond to six items for each label. The first item asked participants how many
hazard pictograms (pictograms surrounded by a red border) were present on the label. This item
was intended to serve as a distractor for the recall group and the data were not included in the
analysis. The second survey item covered the physical hazards associated with the product. The
third item pertained to potential health effects from exposure to the material. The fourth item
covered preventive actions to reduce the potential for exposure to the product. The fifth survey
item asked what type(s) of PPE should be worn when using the product. Finally, participants
were asked to rate their level of perceived risk on a seven point Likert-type scale.

Survey items two through five were the survey items used to score each response. Each
of these items was given equal weight in this analysis. In the event the label did not provide
specific guidance for a particular survey item, participants were given full credit for that portion
of the weighted response. For example, the sample label for chemical E, did not provide any
specific guidance for personal protective equipment. Therefore, all participants were given full
credit for this item for chemical E. The electronic survey tool also captured participant response

times for individual survey items.

Procedure
The participants were presented twelve GHS format labels in random order using an
electronic survey tool (www.qualtrics.com), after providing demographic information. The

repeated measures design allowed for three labels to be presented for each condition of a 2x2
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design. For each of the groupings in Table 7, the three labels would be assigned either four,
three, or two hazard pictograms under the GHS classification for that particular chemical. All
twelve chemicals were assigned the signal word “Danger”, which was not manipulated during
the experiment.

Table 9. Study design for label survey

Precautionary Pictograms

" Present Not Present
TS Label Label
< = abels abels
% g Present A B.C D.E F
o Labels Labels
Not Present G H, I 1K L

For the naive and professional participants, they were divided into two groups: reference
and recall. The reference group had the label present on each screen presented and the recall
group had the label presented first, then were asked to recall the information to respond to the
survey items. Because of recruitment limitations, the workers only responded to the reference
version of the survey when a label was present on each screen.

Both the label reference group and the recall group were presented the label prior to
advancing to the survey items. The label reference group was able to refer to the label to
respond to each survey item. The recall group was instructed to read the label, and then respond
to the survey items. Then the process was repeated with instructions to read the subsequent
labels and to respond to the survey items. Twelve trials were conducted for each participant.
The participants in each stratum were randomly assigned to one of the groups, with the exception
of the worker strata where all participants were assigned to the reference group. The survey

(including the sample labels) is located in Appendix 7.
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Repeated measures analysis of variance (ANOVA) was used to assess the effects of the
presence of the hazard and precautionary pictograms and the participant’s rating of perceived

risk.

Results
There were 128 completed responses for this experiment. The data are located in
Appendix 8. The responses to the survey items and to open ended questions were subjectively
evaluated by a panel of safety researchers (n=3) to determine a point value and adhere strict

grading criteria. An alpha level of 0.05 was used for all statistical tests.

Ability of GHS labels to convey information. Overall participants correctly responded to an
average of 86% of the material on the survey. For the reference group, the naive users correctly
responded to 89%, the workers correctly responded to 91%, and the professionals correctly
responded to 92% of the material on the survey. For the recall group, the naive users correctly
responded to 80% and the professionals correctly responded to 81% of the material on the
survey.

The data collected for the professionals and the naive users for both the reference group
and the recall group (n=107) were analyzed to determine the effects between the treatments.
There was a significant main effect between the reference group and the recall group, F(1, 103) =
27.17, p <.001. There was not a significant main effect for strata between the naive users and
professionals, p = .26, nor for the interaction between strata and group, p = .53. Since there

were no data collected for the worker recall group, the analysis presented in the tables below
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separates the data by treatment to independently examine effects within the reference treatment

and the recall treatment.

Table 10. Analysis of variance for the presence of hazard pictograms for naive users and professionals

Source

df

F P
Hazard Pictograms 1 1.14 .29
Hazard Pictograms x Strata 1 3.35 .07
Hazard Pictogram x Group 1 6.72 .01
Hazard Pictogram x Strata x Group 1 2.67 11
Error (Signal Word x Pictogram) 103

Table 11. Analysis of variance for the presence of hazard pictograms for naive users and professionals

Source

df

F P
Precautionary Pictograms 1 5.26 024
Precautionary Pictograms x Strata 1 0.26 .61
Precautionary Pictograms x Group 1 0.00 .99
Precautionary Pictograms x Strata x 1 1.48 23
Group
Error (Signal Word x Pictogram) 103
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Table 12. Analysis of variance for the presence of Hazard Pictograms x Precautionary Pictograms for naive
users and professionals

Source df F p
Hazard Pictograms x Precautionary 1 5.74 .018
Pictograms

Hazard Pictograms x Precautionary 1 3.28 .07
Pictograms x Strata

Hazard Pictogram x Precautionary 1 0.60 44
Pictograms x Group

Hazard Pictogram x Precautionary 1 0.02 .88
Pictograms x Strata X Group

Error (Signal Word x Pictogram) 103

Ability of GHS labels to convey information for the reference group. For the naive users,
workers, and professionals in the reference group (n=73), there was not a main effect for strata, p
=.23.

The hazard pictograms did not have a significant main effect on the participants correctly
responding to the survey items, p = .13, nor did the interaction between hazard pictograms and
strata, p = .97. The precautionary pictograms did have a significant main effect (1, 70) = 5.36,
p =.024. The interaction between precautionary pictograms and strata was not significant, p =
.82. The interaction between hazard and precautionary pictograms was not significant, p = .55,
but the three way interaction between hazard pictograms, precautionary pictograms, and strata

was significant, F(2, 70) = 3.84, p = .026.

Ability of GHS labels to convey information for the recall group. For the naive users and
professionals in the recall group (n=55), there was not a main effect for strata, p = .77.

The hazard pictograms did have a significant main effect on the participants correctly
responding to the survey items, F(1, 53) =5.73, p =.020. The interaction between hazard

pictograms and strata was significant, F(1, 53) = 5.13, p =.028. The precautionary pictograms
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did not have a significant effect, p = .16, nor did the interaction between precautionary
pictograms and strata, p = .29. The interaction between hazard and precautionary pictograms
was higher than the alpha level for this study, p = .077. The three way interaction between

hazard pictograms, precautionary pictograms, and strata was not significant, p = 0.27.

Perceptions of risk for GHS format labels. For all participants, the effect of strata was
significant for ratings of perceived risk, F (2, 125) = 3.25, p = .042. The participants indicated a
higher rating of perceived risk when the hazard pictograms were not present, F (1, 125) = 13.66,
p <.001. This is contrary to the research hypothesis that the presence of hazard pictograms
would increase the perceived risk by participants. The presence of the precautionary pictograms
did have a significant main effect, F (1, 125) = 26.12, p < .001, which increased the perceived
risk rating by the participants. The interaction between hazard and precautionary pictograms was
significant, F (1, 125) = 12.94, p <.001. This interaction was significant because presence of
pictograms had an opposite effect on the perceived risk ratings for the hazard and the

precautionary pictograms.
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Figure 5. Chart of average perceived risk for Hazard pictograms for the naive users and the professional in
both the reference and recall groups.
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Figure 6. Chart of average perceived risk for the Precautionary pictograms for the naive users and the
professional in both the reference and recall groups.

Perceptions of risk for GHS format labels for the reference group. For the naive users,
workers, and professionals in the reference group (n=74), there was a significant effect for the
presence of the hazard pictograms, F (1, 71) = 9.68, p = .003. Participants provided higher
ratings of perceived risk when the hazard pictograms were not present than when the hazard
pictograms were present on the label (Figure 4). This is contrary to the research hypothesis that
the presence of hazard pictograms would increase the perceived risk by participants. The
presence of the precautionary pictograms also was a significant effect, F (1, 71) =22.4,p =
<.001. The interaction between hazard pictograms and precautionary pictograms was significant,

F (1,71)=14.93, p = <.001. This interaction was significant because presence of pictograms
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had an opposite effect on the perceived risk ratings for the hazard and the precautionary

pictograms. There were no other significant effects between strata and condition.
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Figure 7. Chart of average perceived risk for the Hazard pictograms for the reference group.
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Figure 8. Chart of average perceived risk for the Precautionary pictograms for the reference group.

Perceptions of risk for GHS format labels for the recall group. For the naive users and
professionals in the recall group (n = 54), the presence of the precautionary pictograms did have
a significant main effect F' (1, 52) = 8.91, p = .004, with the participants indicating higher ratings
of perceived risk. The interaction between hazard and precautionary pictograms was significant,
F (1,52) =5.47, p = .023, as well as the three-way interaction between hazard pictograms,
precautionary pictograms, and strata, F (1, 52) = 5.01, p =.030. The two way interaction was
significant because presence of pictograms had an opposite effect on the perceived risk ratings

for the hazard and the precautionary pictograms. For the three way interaction, the naive users
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and the professionals both rated the perceived risk as higher for the labels when the hazard
pictograms were not present and the precautionary pictograms were present, and the
professionals indicated a larger difference between the perceived risk ratings than the naive users

(Figure 9).

Naive users Professionals
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Figure 9. Plots of average perceived risk ratings for naive users and professionals for the three way
interaction of strata, hazard pictograms, and precautionary pictograms.
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Figure 10. Chart of average perceived risk for Hazard pictograms for the recall group.
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Figure 11. Chart of average perceived risk for Precautionary pictograms for the recall group.
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Time required to respond to different label formats. The survey tool was able to record the
server side response times for individual survey items. This analysis was performed for the
reference group and the recall group after the outliers were removed from the data set. Outliers
were defined as those response times greater than 1.5 times the inter-quartile range. Prior to
performing the analysis, the response times for the individual questions were summed for each
label. The summation of the response times were used to determine if there was a difference in

the response time for the presence of the pictograms.

Reference group. For the naive users, workers, and professionals there were 73
participants with no missing values for the time data in the reference group (n=73). The
response time was not recorded for one participant. The effect for strata was not significant, p =
.07. The presence of the hazard pictograms did not have a significant effect, p = .75, nor did the
presence of the precautionary pictograms, p = .85. None of the interactions between hazard

pictograms, precautionary pictograms, and/ or strata were significant.

Reference group with outliers removed. For the time data after the removal of 13
outliers, for naive users, workers, and professionals in the reference group (n=60), there was not
a main effect for strata, p =.16. The presence of the hazard pictograms did have a significant
main effect F(1, 57) = 10.94, p = .002. The precautionary pictograms did not have a significant
main effect on the participants correctly responding to the survey items, p = .89. The interaction

between hazard and precautionary pictograms was not significant, p=.30.
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Recall group. For the naive users and professionals, there were fifty-five participants in
the reference group (n=55). There was not a main effect for strata, p = .12. The presence of the
hazard pictograms not did have a significant effect, p = .30, nor did the presence of the
precautionary pictograms, p = .92. The interaction between hazard and precautionary

pictograms was significant (1, 53) = 5.22, p = .026.

Recall group with outliers removed. After the ten outliers were removed from the
response times, for naive users and professionals in the recall group (n = 45), there was not a
main effect for strata, p = .12. The presence of the hazard pictograms did not have a significant
main effect, p = .11, nor did the presence of the precautionary pictograms, p = .29. The other

interactions were not significant.

Discussion
The results of this study suggest the presence of pictograms may improve the ability of

labels to communicate safety information. The presence of the precautionary pictograms leads to
improved response to the survey items and to an increase in perceived risk ratings by the
participants. These findings should provide evidence as to the potential benefit of including
precautionary pictograms on GHS labels in the future. It should be noted that while pictograms
may provide a benefit to the user in terms of the ability of the label to convey safety information
and increase their rating of perceived risk, labels which do not include these pictograms would
meet the current OSHA HCS and the most recent ANSI Z129.1 standard (2006) .

The results of this study suggest the presence of pictograms may improve the communication

of safety information. Hazard and precautionary pictograms may be used on SDS and labels and
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still be in compliance with the current Hazard Communication Standard (OSHA, 1983), and the
voluntary consensus standards ANSI Z400.1 (2004) and ANSI Z129.1 (2006). The use of hazard
pictograms or the names of the hazard pictograms are required on the SDS in the most recent
version of GHS (United Nations, 2009a) and the Notice of Proposed Rulemaking by OSHA,
which has not been finalized by OSHA at the time of this study. The use of precautionary
pictograms is not addressed in the most recent version of GHS (United Nations, 2009a).
Interestingly, the sample SDS used for comprehension testing performed by the United Nations
Institute for Training and Research (UNITAR) (2007) did not have GHS hazard pictograms or
the pictogram’s names present on the SDS.

The presence of the precautionary pictograms led to improved response rates to the
survey items and to an increase in perceived risk ratings by the participants. This research
suggests there may be a benefit for including precautionary pictograms on GHS product labels.
This finding was consistent across the naive users, the workers, and the professionals
participating in this study. However, the applicability of this finding may be limited in practice
because this study did not evaluate if the inclusion of the precautionary pictograms would alter
behavior such as the increased use of personal protective equipment or other preventive actions
which may reduce the risk of a potential exposure to a chemical product. Attempting to study
realistic problems regarding safety information is challenging because measuring participants’
precautionary behavior is difficult. With respect to response time, the presence of the pictograms
was significant for the reference group. This finding should help support the use of pictograms
on SDS and labels to serve as guide posts to help decrease the amount of search time users need

to find information.

60



Future research may examine the change in the proportion of individuals whom read
safety information when pictograms are present on the label in a given scenario. If the GHS
hazard pictograms are incorporated in to the HCS, then it may be possible to evaluate the effects
of training for the standardized pictograms.

The use of a survey to measure precautionary behavior of individuals limits the findings
of this research. The presence of precautionary pictograms may improve response to the
measures used in this survey, but may not translate to increased use of personal protective
equipment or other preventive actions which may reduce the risk of a potential exposure to a

chemical product.
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Chapter 5 —
The Role of Performance Based Qualifiers in the Interpretation
of GHS Hazard and Precautionary Statements

Abstract

Performance based qualifiers are commonly used in natural language to modify an
instruction. An example may be an instruction to “push button firmly” where the command to
“push button” has been modified to include the use of the term “firmly” to convey additional
information to the user. While this example is not related to chemical hazard communication,
performance based qualifiers are used in both hazard and precautionary statements and may soon
be regulated under the Hazard Communication Standard (Occupational Safety and Health
Administration, 2009), pending the inclusion of the Globally Harmonized System for the
Classification and Labelling of Chemicals (GHS) (United Nations, 2009). In 14 of tested 24
scenarios, there were significant differences in responses from naive users, workers, and
professionals. Alternative wording for the hazard and precautionary statements was also tested
using the same scenarios. This study suggests the presence of performance based qualifiers in
hazard and precautionary phrases may not be necessary for adequate communication and may

not improve understanding.

Introduction

What does “several” mean? One may be asked to purchase several items at a store or

wash one’s hands for several minutes. The answer depends on the context of the instruction as

62



well as individual differences. This study addresses the use of performance based qualifiers,
such as “several”, used in hazard and precautionary statements provided in the third revised
edition of the Globally Harmonized System for the Classification and Labelling of Chemicals
(GHS) (United Nations, 2009). Performance based qualifiers are frequently used in hazard
communication to modify precautionary statements. An example may be for an individual to
“wash” after exposure to a material. The precautionary statement of “wash” may be modified by
the use of a performance based qualifier to include the word “several,” with a time element so
the statement becomes “wash for several minutes.” The use of the performance based qualifier
allows the reader to interpret the meaning of the precautionary statement. This is in contrast to
an explicit statement of “wash for 15 minutes” which provides a concrete amount of time to
wash following exposure to a material.

The Hazard Communication Standard (HCS) adopted by the Occupational Safety and
Health Administration (OSHA) (1983) is a performance standard and does not prescribe how to
communicate hazard and precautionary information, only that this communication must occur to
potential users. The inclusion of the GHS into HCS (Occupational Safety and Health
Administration, 2009) would prescribe the use of the GHS hazard and precautionary statements
for hazard communication, but allow manufacturers to add supplementary information.

Performance based qualifiers are part of 35 precautionary statements provided by the
GHS (United Nations, 2009). Since these statements are intended to cover many potential
combinations of inherent hazards and scenarios for hazard communication, the GHS statements
attempt to use the concept of vagueness in natural language to convey additional information to
the user. There are 205 hazard and precautionary phrases in the third revised edition of the GHS

(United Nations, 2009) and no published research tests the comprehension of these phrases.
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There has been relatively little research specific to the area of chemical hazard communication.
An unpublished master’s thesis from Purdue University (DeSalvo, 1992) is the only study which
attempts to evaluate comprehension of hazard and precautionary phrases for chemical hazard
communication. The present study will not attempt to develop conclusions about the adequacy
of these phrases, but will focus on systematically exploring the effects of performance based
qualifiers. This study also will attempt to improve the understanding of how naive users,

workers, and professionals interpret these statements and their perceived risk.

Literature review
Fuzzy set theory for linguistic hedges

Fuzzy set theory allows quantitative modeling of interpretation of performance based
qualifiers. In order to quantify the meaning of performance based qualifiers, Zadeh (1972)
proposed to attach fuzzy values to linguistic hedges. These linguistic hedges allow for the use of
fuzzy values to quantify the linguistic variable. For example, the set of values for the linguistic
variable “distance” might be {very close, close, sufficient, far, very far}. The fuzzy set would
map the values typically between 0 and 1, between distance and linguistic values. The fuzzy set
for distance may be:

Distance = {0 for 1 ft, .25 for 50 ft, 0.5 for 100 ft, 0.75 for 150, and 1 for 200 ft}

Applying fuzzy set theory to performance based qualifiers
Three studies have attempted to investigate the use of applying fuzzy set theory to safety
communication, and only the Lehto, House & Papastavrou (2000) study has attempted to apply

fuzzy set theory to chemical hazard communication. Kreifeldt and Rao (1986) applied fuzzy set
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theory to linguistic variables and qualifiers to terms used in warnings and instructions.
Karwowski, Mulholland, Ward, & Jagannathan (1987) investigated the potential risk of
overexertion injuries from the use of performance based qualifiers to describe loads, lifting
frequency, and weight locations.

Lehto et al. (2000) looked at the interpretation of performance based qualifiers for hazard
communication. In this study, five phrases were included as part of the data collection from the
DeSalvo (1992) study. Participants were asked to respond to these five items after responding to
75 other phrases. The study design allowed for three unbalanced groups to each respond to one
(of three) versions of the survey. One version offered no context for each of the five questions.
The second offered a high context effect for each item and the third version offered a low context
effect for each item. The study results were unbalanced because they were included as part of a

larger paper based survey and participants were not required to respond to all items.

Perceived risk

Research on the concept of risk suggests people’s perceptions are determined by a
combination of severity and likelihood information (Slovic et al., 1980). Previous research on
warning labels has attempted to address user’s perception of risk. While Otsubo (1988), found
no significant effect the different types of warning labels in her study, Wogalter, Young,
Brelsford, & Barlow (1999) have shown high severity warnings produced higher hazard ratings.
Wogalter and Barlow (1990) suggest the injury severity on a warning label influences user
ratings of risk, but no effect for the likelihood of an injury. In a study by Friedmann (1988), the
effect of adding pictogram warning information to a written warning was not shown to increase

compliance, but there was a significant effect between the perceived hazard of the product and
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reading, following, and recalling the warning. This investigation evaluates if there is a
difference in the level of perceived risk for chemical product labels containing pictograms and/or
signal words. Lower number GHS category hazards represent the potential for more severe
effects from the material and higher number category hazards represent potentially less severe
effects. This is the opposite of the National Fire Protection Association (NFPA) system in which

higher number categories represent potentially more severe hazards.

Method

Objective and Hypotheses

The objective of this experiment is to use GHS format product labels, either with hazard
and precautionary pictograms present or not, to respond to a survey about the information
present on each sample label. Participants would then respond the survey questions about each
scenario, using the information provided. The use of fuzzy set theory allows the definition of
membership sets for different performance based qualifiers used in safety communication. The
use of these performance based qualifiers may be applied to other precautionary statements
within GHS and may be applicable to other domains as well. Exploring effects of context may
improve the understanding of how different situations, in combination with the performance

based modifiers, can influence the behavior of workers.

Hypothesis 1: There is no significant difference between participants’ responses if performance

based qualifiers are used in precautionary statements
H, 0° M performance based qualifiers present — M performance based qualifiers not present

H 1’ H performance based qualifiers present 75 H performance based qualifiers not present
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Hypothesis 2: There is no significant difference between participant responses to a questionnaire

between naive users, workers, and professionals.
H, 0" M naive users = M workers — H professionals

H 17 M naive users 7é Hworkers # M professionals

Hypothesis 3: There is no significant difference between perceived risk for naive users, workers,

and professionals.
H, 0" M naive users = Hworkers — H professionals

H 17 M naive users 7é Hworkers # M professionals

Hypothesis 4: There is no significant difference between perceived risk when hazard pictograms

are present.

H 0- M hazard pictograms = M hazard pictograms not present

H 1’ H pictograms 7é H hazard pictograms not present

Hypothesis 5: There is no significant difference between perceived risk when a signal word is

present.
HO-' M signal word = M signal word not present
H 17 M signal word ;é M signal word not present
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Hypothesis 6: There is no significant difference between perceived risk between higher category

GHS hazards and lower category GHS hazards.

H 0- M higher category GHS hazards — M lower category GHS hazards
H 1’ H higher category GHS hazard 7é H lower category GHS hazards
Participants

Participants were divided into three strata: naive users, workers, and professionals. The
naive users and the professionals were also divided into two groups, one which responded to the
GHS statements and one which responded to modified statements in which the qualifiers had
been either added or removed. Due to recruitment issues, workers only responded to the survey
with the GHS wording for the hazard and precautionary phrases. For this study, naive users were
Auburn University undergraduate psychology students, workers were members of the United
Steelworkers Union (USW), and professionals were members of selected professional societies
(the American Industrial Hygiene Association (AIHA), the American Society for Safety
Engineers (ASSE), and the Society for Chemical Hazard Communication (SCHC)). The naive
users received extra credit in their psychology courses as a participation incentive. The workers
received $35 for completing the survey and the professionals were entered in a lottery with cash
prizes of $200, $150, and $100. The naive users were one hundred nineteen (n=119) Auburn
University undergraduate students were recruited as participants from their psychology classes.
Twenty four (n=24) workers and sixty four (n=64) professionals were recruited via e-mail
invitations distributed to the USW and selected professional societies, respectively.

Demographic information was collected and participants responded to questions to establish their

knowledge of hazard communication.
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Table 13.Participants’ demographic profiles.

N Naive Users Workers Professionals

Participants 207 (100%) 119 (57%) 24 (12%) 64 (31%)
Gender

Male 88 (43%) 38 (32%) 15 (63%) 35 (55%)

Female 119 (57%) 81 (68%) 9 (37%) 29 (45%)
Self rating of HAZCOM
knowledge

Below Average 80 (39%) 79 (66%) 1 (4%) 0 (0%)

Average 56 (27%) 36 (30%) 10 (42%) 10 (16%)

Above Average 71 (34%) 4 (3%) 13 (54%) 54 (84%)

Participants were required to read an online information letter approved by the Auburn
University Institutional Review Board (IRB) prior to participation in the study. Participation was
anonymous, with no directly identifiable information collected from any of the participants.
Thus, all of the information collected was self reported and not subject to verification by the

investigators.

Design and Procedure

Thirty-five of the 205 statements (17%) in the third revised edition of the GHS (United
Nations, 2009a), contain performance based qualifiers, similar to the language operators
described by Hersch and Caramazza (1976). One example would be the precautionary statement
“Wash with plenty of soap and water” which includes the term “plenty” as the performance
based qualifier. An electronic survey (www.qualtrics.com) was used to provide potential
industrial scenarios and selected elements of hazard communication information that might be
present on a label to gauge participant’s response to a hazard. Twelve hazard scenarios were
used for lower number category hazards and twelve hazard scenarios were used for higher
number category hazards. Lower number GHS category hazards represent the potential for more
severe effects and higher number category hazards represent potentially less severe effects. This

is the opposite of the National Fire Protection Association (NFPA) system in which higher
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number categories represent potentially more severe hazards. Under the GHS, the lower number
hazard categories would be assigned the signal word “Danger” and the higher number hazard
categories would be assigned the signal word “Warning”. There were two versions of the
electronic survey. In the first version, participants responded to the 24 scenarios using the GHS
phrases from the third revised edition of the GHS (United Nations, 2009) provided for that
scenario to examine the differences between user groups. In the second version, participants
responded to the same 24 scenarios where the communication about the chemical had been
modified to provide alternate wording which either added or removed performance based
qualifiers from the GHS phrases to evaluate the effects of including performance based qualifiers
in high context scenarios.

The GHS hazard and precautionary statements are used for specific classifications within
the system. The classifications will be used to determine the contexts to be tested and one item
will not specify the context. If there are multiple classifications for a similar hazard (which use
the same hazard statement), then one context condition will be created for that hazard. For
example, a precautionary statement may be assigned to the hazard class for oxidizing liquids,
oxidizing solids, and oxidizing gases. In this example, one context would be created for

oxidizer.

Results
Interpretation of GHS phrases by different groups of potential users
For 14 of the 24 scenarios, the Pearson Chi-square results indicate a significant difference
between the responses for the naive users, workers, and professionals. In general, the

professionals were more conservative in their responses (e.g. longer wash times, longer distances

70



from potential hazards) than others, but this shift was only statistically significant in 58% of the
scenarios. The study design was based on a 2x2x2 block design with three repeated measures.
For each condition, one scenario would address the exposure or contact with a material, another
would involve a small volume of material, and the third scenario would have a large volume of
material. These general groupings were used to create a range of potential industrial scenarios
for the participants to respond. The presence of a signal word and a GHS pictogram specific to

the hazard classification was manipulated between each of the conditions.

Scenarios for lower number GHS hazard categories

The effect of strata was significant for seven of the twelve scenarios which represented
the potentially more hazardous materials and the results are presented in Table 2. All four of the
scenarios related to wash time and three of the four which involve a large amount of material
were significant. There were no differences in the four scenarios which involved smaller

amounts of material.

Table 14. Scenario descriptions, hazard and precautionary statements and Chi-square results for higher

category number GHS hazards. The significant Chi-square results are in bold.
Scenario Hazard and Precautionary Statement(s) x? (1, N =115)
Signal word present, Hazard pictogram present
1)  Aone liter (1 I) metal gas sample cylinder is leaking outdoors. Extremely flammable gas df=4
Keep away from open flames. - No smoking. 6.32
p=.18
2)  While a rail car was filling with material, the vapors inside the May cause fire or explosion; strong oxidizer df=4
car ignite causing a fire at the load rack. The flow of material to | |, case of major fire and large quantities: 23.37
the ralI_ car was stoppe(_j and the deluge system was activated. Evacuate area. Fight fire remotely because of risk <01
The rail car had been filled with 100,000 Ibs (about 12,000 of explosion. p<.
gallons) at the time the fire began.
What would be a safe distance to evacuate people from the
burning rail car?
3)  You spill about one teaspoon (~5 mL) of material on your arm. Causes severe skin burns and eye damage df=6
For how many minutes should you rinse your arm? IF ON SKIN (or hair): Remove immediately all 23.08
contaminated clothing. Rinse skin with water. p<.0l
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Table 14 continued.

Signal word present, Hazard pictograms not present

4) A metal aerosol can has a small puncture and is releasing its DANGER - Extremely flammable aerosol df=2
contents outdoors. Keep away from sparks. - No smoking. 254
How far away (in feet) from the release should you attempt to p=0.28
eliminate any potential ignition sources?

5) There is a large fire in a section of the warehouse where 40 Explosive, fire, blast or projection hazard. df =4
pallets of material are stored. In case of fire; evacuate area. Explosion risk in 25.00
What distance (in feet) from the fire should people be evacuated | case of fire. DO NOT fight fire when fire reaches p<.0l
for the explosion risk? explosives.

6) A coworker was connecting a hose to unload a truck. The hose | Causes serious eye damage df =4
ruptured and about one teaspoon (~5 mL) of material splashed IF IN EYES: Rinse cautiously with water for 23.16
into their eyes. several minutes. Remove contact lenses, if p<.0l
How many minutes should they rinse their eyes before present and easy to do. Continue rinsing.
removing their contacts? Immediately call a POISON CENTER or

doctor/physician.

Signal word not present, Hazard pictogram present

7) A 55 gallon drum full of liquid material has a loose lid. Extremely flammable liquid and vapor df=4
How far away (in feet) should you keep any sources of heat or Keep away from heat and sparks. Keep container | 2.14
sparks? tightly closed. p=T1

8)  You are asked to move 10 pallets of an organic peroxide. Heating may cause an explosion. df=2
What distance (in feet) should the pallets be from other Store away from combustible materials. Store 1.75
materials inside a warehouse? away from other materials. p=.42

9) A coworker had a 1/2 inch (1 cm) tear in a glove and the Toxic in contact with skin. df =6
material they were working with came in contact with their IF ON SKIN: Wash with plenty of soap and 17.06
skin. water. 0=001
How many minutes should they wash their hands?

Signal word not present, Hazard pictogram not present

10) A fork truck has damaged the lid on a 55 gallon drum of Highly flammable liquid and vapor df=4
material. Keep away from heat and sparks. Keep container | 8.84
How far away (in feet) should you keep any sources of heat or tightly closed. p=.06
sparks from the open drum?

11) Ten (10) totes of organic peroxide have arrived at the loading Heating may cause a fire or explosion. df=8
dock. Keep away from clothing. Store away from other | 16.89
The totes need to be moved from the loading dock to another materials. p=.03
location in the warehouse.

What distance (in feet) should the pallets be from other
materials?

12) A coworker has a 1/2 inch (1 cm) tear in a glove and was Fatal in contact with skin. df=6
exposed to a material they were using. IF ON SKIN: Gently wash with plenty of soap 25.67
For how many minutes should they wash their hands? and water. Call a POISON CENTER if you feel p<.01

unwell. Take off immediately all contaminated
clothing. Wash contaminated clothing before
reuse.

The plot of the cumulative distributions in Figure 2 shows all three groups have similar

membership functions for Scenario 1. The Pearson Chi-square test indicates a significant

difference for Scenarios 2 and 3. The plot for Scenario 2 (Figure 6) shows a significant shift in

the membership function for the professionals. The pattern of the membership functions in
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Figure 5 shows the naive users have the least conservative response followed by the workers, and
the professionals show the most conservative response. In Figure 7, the membership functions
for Scenario 3 follows the same pattern discussed above for the three groups and again the
Pearson Chi-square indicated a difference between the groups. The large shift in the function for
the professionals and workers at 15 minutes may be a result of previous knowledge for the
workers and the professionals as a common practice to wash for 15 minutes following an

exposure.
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Figure 5.Cumulative Distributions for Scenario 1 for Flammable Gas Category 1.
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Figure 7. Cumulative Distributions for Scenario 3 for Skin Corrosion Category 1A.

The Pearson Chi-square test indicates a significant difference for Scenarios 5 and 6.
Scenario 5 involved a large fire in a warehouse and it can be observed in Figure 9 the
professionals indicated a more conservative distance from the hazard than the other two groups.
Figure 8 for Scenario 4, is similar to Scenario 1, the membership functions for all three groups
follow the same pattern. The responses for Scenario 5 shows the pattern of naive users
responding with the least conservative values, then workers, then professionals responding with
the most conservative values. In Figure 10 (Scenario 6), the membership function for the
professionals crossed over the worker response twice at 15 minutes and 30 minutes and crossed

the naive users at 30 minutes.
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Figure 8.Cumulative Distributions for Scenario 4 for Flammable Aerosol Category 1.
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Figure 9. Cumulative Distributions for Scenario 5 for Explosives Division 1.2.
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Figure 10. Cumulative Distributions for Scenario 6 for Eye Damage Category 1.

The statistical tests do not indicate any significant findings for Scenarios 7 or 8. The
membership functions for Scenario 7 and Scenario 8 were very similar for the three groups. For
Scenario 9, Chi-square test does indicate a difference between the strata. For this scenario, the
workers and professionals both see a large percentage increase at 15 minutes similar to the other

wash scenarios.
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Figure 11. Cumulative Distributions for Scenario 7 for Flammable Liquids Category 2.
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Figure 12. Cumulative Distributions for Scenario 8 for Organic Peroxides Type A.
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Figure 13. Cumulative Distributions for Scenario 9 for Acute Toxicity — Dermal Category 3.

Scenarios 11 and 12 have significant Chi-square results and indicate differences between
the strata which can be observed in Figures 15 and 16. The results for Scenario 10 were not

significant.
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Figure 14. Cumulative Distributions for Scenario 10 for Flammable Liquids Category 1.
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Figure 16. Cumulative Distributions for Scenario 12 for Acute Toxicity — Dermal Category 1.

Figure 15. Cumulative Distributions for Scenario 11 for Organic Peroxides Type B.

Scenarios for higher number GHS hazard categories

The effect of user group was significant for seven of the twelve scenarios and the results

are presented in Table 2. All four of the scenarios related to wash time and three of the four

which involve a large amount of material were significant. There were no differences in the four

scenarios which involved smaller amounts of material.

Table 15. Scenario descriptions, hazard and precautionary statements and Chi-square results for higher

category number GHS hazards.

Scenario Hazard and Precautionary Statement(s) x* (N =115)
Signal word not present, Hazard pictograms present
13) A pipe fitting is leaking a material that is pooling on the ground | In contact with water releases flammable gas df=4

inside a containment area. Handle under inert gas. Protect from moisture 13.35

How far away from the leak (in feet) would be a safe distance p=.01

for personnel?
14) There is a pallet with four 55-gallon drums near the boiler. The | Heating may cause a fire df=4

H H 0]
boiler is runs at 500 °F. Keep away from open flames and hot surfaces. 3.26
How far from the boiler (in feet) should the pallet be stored? p=.52
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Table 15 continued. Scenario descriptions, hazard and precautionary statements and Chi-square results for

higher category number GHS hazards.

15) A coworker was connecting a hose to unload a truck. The hose Causes eye irritation df=8
ruptured and splashed material into their eyes. IF IN EYES: Rinse cautiously with water for 24.46
For how many minutes should your coworker rinse their eyes several minutes. p<.0l
before removing their contacts? Remove contact lenses, if present and easy to do.

Continue rinsing.

15B)A coworker was connecting a hose to unload a truck. The hose Causes eye irritation df=2
ruptured and splashed material into their eyes. IF IN EYES: Rinse cautiously with water for 235
After they remove their contacts, they continue to rinse their several minutes. p=.31
eyes. What is the TOTAL amount of minutes they should rinse | Remove contact lenses. if present and easy to do.
their eyes? Continue rinsing.

Signal word not present, Hazard pictograms present

16) Gas is leaking from a weld at an elbow in a 2" process pipe. Flammable gas. df=2
How far away from the leak (in feet) would be a safe distance Keep away from open flames. - No smoking. 19.93
for personnel? Leaking gas fire: do not extinguish, unless leak p<.01

can be stopped safely.

17) Maintenance is setting up to perform hot work (cutting and May intensify fire; oxidizer. df=4
welding) to install a new section of piping. You notice a pallet Keep away from heat. 8.24
of material in bags next to where they will be working. - 08
Your supervisor asks you to move the pallet. What is the p=-
minimum safe distance (in feet) to move the material from the
hot work?

18) A fellow worker was connecting a hose to unload a truck. The Causes serious eye irritation df=6
hose ruptured and material splashed into their eyes. IF IN EYES: Rinse cautiously with water for 6.18
How many minutes should they rinse their eyes before several minutes. p=.40
removing their contacts? Remove contact lenses, if present and easy to do.

Continue rinsing.

Signal word not present, Hazard pictograms present

19) A gas cylinder has been chained to the wall 5 feet (~1.5 m) Contains gas under pressure; may explode if df=6
from a process oven. heated. 417
You decide to record the temperature near the gas cylinder Protect from sunlight. Store in a well-ventilated p=65
because you are concerned about the hazard stated above. place.

What is the maximum temperature that you would leave the
cylinder in the current location near the process oven?

20) You are unloading pallets of material from a truck and moving Self-heating in large quantities; may catch fire df=4
them to their designated location in the warehouse. Maintain air gap between stacks/pallets. 10.6
What distance (in feet) should this be stored away from other Store bulk masses greater than 500 Ibs at p<.0l
materials? temperatures not exceeding 125 °F.

Store away from other materials.

21) Five drops of material leak from a hose connection and land on | May cause an allergic skin reaction. df=6
your pants. You are in a hurry to get home at the end of your IF ON SKIN: Wash with plenty of soap and N=97 @
shift and leave the plant after changing your clothes. You go water.
home and later that evening you notice skin irritation on your L . 14.93
leg. If skin irritation or rash occurs: Get medical p=.02

Since you selected that you would wash your leg, for how
many minutes would you wash?

attention.
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Table 15 continued. Scenario descriptions, hazard and precautionary statements and Chi-square results for
lower category number GHS hazards.

Signal word not present, Hazard pictogram not present

22) What would you think is the maximum storage temperature for | Contains refrigerated gas; may cause cryogenic df =10
a refrigerated gas? burns or injury 28.65
Gases of this type when heated may cause a pressure rise, a Store in a well-ventilated place. p<.0l
severe risk of bursting, and subsequent explosion.

23) Maintenance is setting up to perform hot work (cutting and May intensify fire; oxidizer df=6
welding) ona machine th_at has peen tagged_out and prepared Keep away from heat. 3.20
for the repair by the previous shift. You notice a pallet of _
material in bags next to the machine. p=.78
Your supervisor asks you to move the pallet. What is the
minimum safe distance (in feet) to move the material from the
hot work?

24) Material sprays from a 1" pipe elbow and lands on your hard Causes skin irritation. df=6
hat and shirt. IF ON SKIN: Wash with plenty of soap and 26.01
You move quickly to the nearest safety shower, start the water water. p<.0l

flow, and remove your hard hat and shirt. If skin irritation or rash occurs: Get medical
How many minutes would you wash after removing your shirt? | attention.

?Participants had to indicate they would wash prior to the question about how long to wash was presented.

The membership functions in Scenario 13 indicate some spread between the groups as
confirmed by the significant Chi-square result. As well as the significant result for scenario 15,
which shows the professionals offer the most conservative responses for the amount of time an
individual should wash prior to removing their contacts. The membership functions for Scenario

14 and 15B do not indicate a shift between the three groups.
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Figure 17. Cumulative Distributions for Scenario 13 for Substances and mixtures which, in contact with
water, emit flammable gases Category 3.
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Figure 19. Cumulative Distributions for Scenario
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Figure 20. Cumulative Distributions for Scenario 15-B for Eye damage/irritation Category 2B.

The professional responses to scenario 16 are shifted to the right and do not follow as

smooth a curve as the naive users and workers. The Chi-square result for this scenario was

significant. For scenario 17, the professional responses are shifted to the right and lag the naive

users and workers. In Scenario 18, the times provided by the participants cause the membership

functions appear very similar.
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Figure 21. Cumulative Distributions for Scenario
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Figure 22. Cumulative Distributions for Scenario
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Figure 23. Cumulative Distributions for Scenario 18 — Eye damage/irritation Category 2A.

In Scenario 20, the professional membership function crosses over the other two and
achieves its maximum at 130 ft. The membership function for the professionals’ experiences a
large increase at 15 minutes. This increase is probably related to the training effect for wash

times discussed earlier.
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Figure 25. Cumulative Distributions for Scenario
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Figure 26. Cumulative Distributions for Scenario

19 — Gases under pressure (Compressed Gas).

20 — Self-heating substances and mixtures Category 2.

21 — Sensitization — Skin Category 1.

For the significant chi-square result for scenario 22, the response of the Workers is more

similar to the naive users at first then drifts over to the membership function of the professionals

at 90 °F. The naive users maximum is 100 °F, the worker’s maximum is 120 °F and the

professionals top out at 140 °F. In scenario 23, the professionals cross over the naive users and

workers at 50 feet. The three membership functions show very little spread and was not
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significant. With respect to scenario 24, the workers and the professionals show a substantial

increase at 15 minutes. The Chi-square test was significant for this scenario and the membership

functions for the workers and professionals are very similar for Scenario 24.
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Figure 27. Cumulative Distributions for Scenario
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Figure 28. Cumulative Distributions for Scenario 23 — Oxidizing solids Category 3.
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Figure 29. Cumulative Distributions for Scenario 24 — Skin corrosion Category 2.
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Effects of performance based qualifiers

Several of the GHS precautionary statements offer options to select the wording for the
statement. One example would be “Keep away from heat/sparks/open flames/hot surfaces. — No
smoking.” The author would choose one of the options separated by the slash marks. Another
example would be “Use explosion-proof electrical/ventilating/lighting/.../equipment”. An
author could select from the available choices or the “...” provides the option to use a word
selected by the author for the precautionary guidance.

For the naive users and the professionals, there were no significant differences between
the responses for the 22 scenarios in the participant responses if the performance based qualifiers
were present or not. Wording for two of the scenarios (5 and 22) was not modified and were
used as controls for each level of the GHS hazard categories. Performance based qualifiers were
added to the GHS precautionary statements for scenarios 8 and 11. The hazard statements in
scenarios 6, 7, and 18 were modified to remove the performance based qualifiers. For the
remaining scenarios, the modifications were made to the precautionary statements. This finding
suggests performance based qualifiers may not be necessary for adequate communication and

may not improve understanding.
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Table 16. Scenario numbers, GHS statements and alternative statements, and Chi-square results for lower
category number GHS hazards.

Scenario GHS Hazard and Precautionary Statement(s) GHS Hazard and Precautionary Statement(s) ¥’ (1,N=182)

Signal word present, Hazard pictograms present

1) Extremely flammable gas Extremely flammable gas df=4
Keep away from open flames. - No smoking. No open flames. - No smoking. 6.73

p=.15

2) May cause fire or explosion; strong oxidizer May cause fire or explosion; strong oxidizer df=3
In case of major fire and large quantities: In case of major fire and large quantities: 5.29
Evacuate area. Fight fire remotely because of Evacuate area. Fight fire [...]; risk of explosion. p=.15
risk of explosion.

3) Causes severe skin burns and eye damage Causes severe skin burns and eye damage df=4
IF ON SKIN (or hair): Remove immediately all IF ON SKIN (or hair): Remove immediately all 1.05
contaminated clothing. Rinse skin with water. contaminated clothing. Wash skin with water. p=.90

Signal word present, Hazard pictograms not present

4) Extremely flammable aerosol Extremely flammable aerosol df=2
Keep away from sparks. - No smoking. No sparks. - No smoking. 4.48

p=.11

5) Explosive, fire, blast or projection hazard. Explosive, fire, blast or projection hazard. df=3
In case of fire; evacuate area. Explosion risk in In case of fire; evacuate area. Explosion risk in 4.86
case of fire. DO NOT fight fire when fire reaches | case of fire. DO NOT fight fire when fire reaches p=.18
explosives. explosives.

6) Causes serious eye damage Causes [...] eye damage df=4
IF IN EYES: Rinse cautiously with water for IF IN EYES: Rinse cautiously with water for 2.08
several minutes. Remove contact lenses, if several minutes. Remove contact lenses, if p=72
present and easy to do. Continue rinsing. present and easy to do. Continue rinsing.

Immediately call a POISON CENTER or Immediately call a POISON CENTER or
doctor/physician. doctor/physician.

Signal word present, Hazard pictograms not present

7 Extremely flammable liquid and vapor [...] Flammable liquid and vapor df=4
Keep away from heat and sparks. Keep container | Keep away from heat and sparks. Keep container | 6.60
tightly closed. tightly closed p=.25

8) Heating may cause an explosion. Heating may cause an explosion. df=5
Store away from combustible materials. Store Store far away from combustible materials. 8.65
away from other materials. Store far away from other materials. =12

p=.

9) Toxic in contact with skin. Toxic in contact with skin. df=4
IF ON SKIN: Wash with plenty of soap and IF ON SKIN: Wash with [ ] soap and water. 1.09
water. p=.90

Signal word present, Hazard pictograms not present

10) Highly flammable liquid and vapor Highly flammable liquid and vapor df=3
Keep away from heat and sparks. Keep container | No heat or sparks. Keep container tightly closed. | 5.89
tightly closed. p=.12

11) Heating may cause a fire or explosion. Heating may cause a fire or explosion. df=3
Keep away from clothing. Store away from other | Keep far away from clothing. Store far away 0.86
materials. from other materials. =83

p=.

12) Fatal in contact with skin. Fatal in contact with skin. df=4
IF ON SKIN: Gently wash with plenty of soap IF ON SKIN: [...] Wash with plenty of soap and 4.35
and water. Call a POISON CENTER if you feel water. Call a POISON CENTER if you feel p=.36
unwell. Take off immediately all contaminated unwell. Take off immediately all contaminated
clothing. Wash contaminated clothing before clothing. Wash contaminated clothing before
reuse. reuse.
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Table 16. Scenario numbers, GHS statements and alternative statements, and Chi-square results for higher
category number GHS hazards. The changes to the statements are in bold.

Scenario GHS Statement(s) Alternative Statement(s) x* (1,N=182)
Signal word present, Hazard pictograms present
13) In contact with water releases flammable gas In contact with water releases flammable gas df=4
2.55
Handle under inert gas. Protect from moisture. Handle under inert gas. Keep away from
moisture. p=.64
14) Heating may cause a fire Heating may cause a fire df=4
4.53
Keep away from open flames and hot surfaces. No open flames and hot surfaces.
p=.34
15) Causes eye irritation Causes eye irritation df=3
1.13
IF IN EYES: Rinse cautiously with water for IF IN EYES: Rinse [...] with water [...].
several minutes. Remove contact lenses, if Remove contact lenses, if present and easy todo. | p=.77
present and easy to do. Continue rinsing. Continue rinsing.
15B) Causes eye irritation Causes eye irritation df=4
1.65
IF IN EYES: Rinse cautiously with water for IF IN EYES: Rinse [...] with water [...].
several minutes. Remove contact lenses, if Remove contact lenses, if present and easy to do. | p=.80
present and easy to do. Continue rinsing. Continue rinsing.
Signal word not present, Hazard pictograms present
16) Flammable gas. Flammable gas. df=2
1.42
Keep away from open flames. - No smoking. No open flames. - No smoking.
. . N . . R =.49
Leaking gas fire: do not extinguish, unless leak Leaking gas fire: do not extinguish, unless leak P
can be stopped safely. can be stopped safely.
17) May intensify fire; oxidizer. May intensify fire; oxidizer. df=3
3.69
Keep away from heat. No heat.
p=.30
18) Causes serious eye irritation Causes [...] eye irritation df=4
8.00
IF IN EYES: Rinse cautiously with water for IF IN EYES: Rinse cautiously with water for
several minutes. Remove contact lenses, if several minutes. Remove contact lenses, if p=.09
present and easy to do. Continue rinsing. present and easy to do. Continue rinsing.
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Table 16 continued.

Signal word present, Hazard pictograms not present

19) Contains gas under pressure; may explode if Contains gas under pressure; may explode if df=4
heated. heated. 1.92
Protect from sunlight. Store in a well-ventilated Protect from sunlight. Store in a well-ventilated p=.75
place. place.
20) Self-heating in large quantities; may catch fire Self-heating in large quantities; may catch fire df=4
5.66
Maintain air gap between stacks/pallets. Store Maintain [...] gap between stacks/pallets. Store
bulk masses greater than 500 Ibs at temperatures bulk masses greater than 500 Ibs at temperatures p=.23
not exceeding 125 °F. Store away from other not exceeding 125 °F. Store away from other
materials. materials.
21) May cause an allergic skin reaction. May cause an allergic skin reaction. df=4
0.94
IF ON SKIN: Wash with plenty of soap and IF ON SKIN: Wash with [...] of soap and water.
water. If skin irritation or rash occurs: Get If skin irritation or rash occurs: Get medical p=.77
medical attention. attention.
Signal word present, Hazard pictograms not present
22) Contains refrigerated gas; may cause cryogenic Contains refrigerated gas; may cause cryogenic df=6
burns or injury burns or injury 4.77
Store in a well-ventilated place. Store in a well-ventilated place. p=.57
23) May intensify fire; oxidizer May intensify fire; oxidizer df=6
3.96
Keep away from heat. No heat.
p=.56
24) Causes skin irritation. Causes skin irritation. df=4
4.72
IF ON SKIN: Wash with plenty of soap and IF ON SKIN: Wash with [...] soap and water. If
water. If skin irritation or rash occurs: Get skin irritation or rash occurs: Get medical p=.32

medical attention.

attention.

Perceptions of risk for GHS hazards. The perceived risk ratings for the 24 scenarios were
collapsed to eight average scores from the three scenarios for each cell in the 2x2x2 design.
These average scores were analyzed in a repeated measures analysis of variance (ANOVA)
performed using SAS version 9.1.3. The responses for ten naive users were removed from the

analysis because there was no variability in their responses for the 24 questions. An alpha level

of 0.05 was used for all statistical tests.

group and the alternate wording group were analyzed to determine the effects between the

The data collected for the professionals and the naive users for both the GHS wording
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treatments for perceived risk. There were no significant effect between the GHS wording group
and the alternate wording group, p = .56, for the naive users and the professionals (n=173).
There was not a significant main effect for strata between the naive users and professionals, p =
.94. Since there was no data collected for the worker alternate wording group, the analysis
presented below separates the data by treatment to independently examine effects within the
current GHS wording treatment and the alternate wording treatment.

There was a significant main effect between the lower number GHS hazard category
hazards and the higher number GHS hazard categories, F(1, 169) = 261.22, p < .001. The
interaction between category level and strata was significant, (1, 169) = 28.97, p <.001. The
interaction between category level and wording was significant, (1, 169) = 4.01, p = .047. The
three way interaction between category level, wording, and strata was not significant, p = .67.

The presence of a signal word did have a significant main effect on the rating of
perceived risk by the participants, F(1, 169) = 272.74, p <.001. The interaction between signal
word and strata was significant, F(1, 169) = 16.46, p <.001. The other interactions between
signal word, wording, and strata were not significant, p > .05.

The presence of pictograms did not have a significant main effect on the rating of
perceived risk by the participants, p = .51. The interaction between pictograms and strata was
significant, (1, 169) = 4.25, p = .041. The other interactions between pictograms, wording and
strata were not significant, p > .05.

Several of the other interactions were significant and the results for the higher order

ANOVA are presented in the tables below.
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Table 17. Analysis of variance for perceived risk for naive users and professionals for Level x Signal Word.

Source

df

F p
Level x Signal Word 1 37.85 <.001
Level x Signal Word x Strata 1 24.94 <.001
Level x Signal Word x Wording 1 0.3 .59
Level x Signal Word x Strata x Wording | 1 0.01 92
Error (Level x Signal Word) 169

Table 18. Analysis of variance for perceived risk for naive users and professionals for Level x Pictogram.

Source df F p
Level x Pictogram 1 11.23 .001
Level x Pictogram x Strata 1 4.31 .039
Level x Pictogram x Wording 1 2.8 .096
Level x Pictogram x Strata x Wording 1 1.44 23
Error (Level x Pictogram) 169

Table 19. Analysis of variance for perceived risk for naive users and professionals for Signal Word x

Pictogram.
Source df F p
Signal Word x Pictogram 1 4.65 .033
Signal Word x Pictogram x Strata 1 1.42 .23
Signal Word x Pictogram x Wording 1 0.87 35
Signal Word x Pictogram x Strata x 1 0.71 40
Wording
Error (Signal Word x Pictogram) 169
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Table 20. Analysis of variance for perceived risk for naive users and professionals for Level x Signal Word x
Pictogram.

Source df F p
Level x Signal Word x Pictogram 1 13.16 <.001
Level x Signal Word x Pictogram x 1 4.27 .040
Strata
Level x Signal Word x Pictogram x 1 2.8 .89
Wording
Level x Signal Word x Pictogram x 1 1.44 .90
Strata x Wording
Error (Level x Signal Word x 169
Pictogram)
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Figure 30. Chart of average perceived risk for Signal Word for the naive users and the professionals in both
the GHS wording and the alternate wording groups.
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Figure 31. Chart of average perceived risk for GHS hazard category for the naive users and the professionals
in both GHS wording and the alternate wording groups.
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Figure 32. Chart of average perceived risk for GHS hazard pictograms for the naive users and the
professionals in both GHS wording and the alternate wording groups.

Perceptions of risk for hazards for the GHS wording group. For the naive users, workers, and
professionals in the GHS wording group with the performance based qualifiers present (n=108),
there was not a main effect for strata, p = .65.

There was a significant main effect between the lower number GHS hazard category
hazards and the higher number GHS hazard categories, F(1, 105) = 142.29, p <.001. The
interaction between level and strata was significant, (2, 105) = 8.06, p < .001.

The presence of a signal word, either “Danger” or “Warning”, did have a significant main
effect, F(1, 105) = 173.04, p <.001. The interaction between the presence of a signal word and
strata was significant, F(2, 105) = 7.72, p < .001.

The presence of hazard pictograms did not have a significant main effect on the
participants perception of risk, p = .15. The interaction between the presence of the hazard
pictograms and strata was not significant, p = .14.

Several of the other interactions were significant and the results for the higher order

ANOVA are presented in the tables below.
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Table 21. Analysis of variance for perceived risk for naive users, workers, and professionals for Level x

Signal Word for GHS wording.

Source df F p
Level x Signal Word 1 36.21 <.001
Level x Signal Word x Strata 2 951 <.001
Error (Level x Signal Word) 105

Table 22. Analysis of variance for perceived risk for naive users, workers, and professionals for Level x

Pictogram for GHS wording.

Source df F p
Level x Pictogram 1 4.75 031
Level x Pictogram x Strata 2 3.56 .032
Error (Level x Pictogram) 105

Table 23. Analysis of variance for perceived risk for naive users, workers, and professionals for Signal Word

x Pictogram for GHS wording.

Source df F p
Signal Word x Pictogram 1 1.53 22
Signal Word x Pictogram x Strata 2 0.1 91
Error (Signal Word x Pictogram) 105
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Table 24. Analysis of variance for perceived risk for naive users, workers, and professionals for Level x
Signal Word x Pictogram for GHS wording.

Source df F p
Level x Signal Word x Pictogram 1 16.26 <.001
Level x Signal Word x Pictogram x 2 248 .089
Strata
Error (Level x Signal Word x 105
Pictogram)

7

6 23 51

5

4

3

2

1 T

Signal Word Present No Signal Word
Present

Figure 33. Chart of average perceived risk for the sum of the three repeated measures for Signal Word for
the naive users, the workers, and the professionals in the GHS wording group.
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Figure 34. Chart of average perceived risk for the sum of the three repeated measures for GHS hazard
category for the naive users, the workers, and the professionals in the GHS wording group.
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Figure 35. Chart of average perceived risk for the sum of the three repeated measures for GHS hazard
pictograms for the naive users, the workers, and the professionals in the GHS wording group.

Perceptions of risk for the alternate wording group. For the naive users and professionals in the
group with no performance based qualifiers (n = 89), there was not a main effect for strata,
p = .56.

There was a significant main effect between the lower number GHS category hazards and
the higher number GHS hazard categories, F(1, 87) = 174.47, p < .001. The interaction between
level and strata was significant, F(1, 87) = 17.87, p <.001. The perceived risk rating was higher
for the lower number GHS category hazards (M = 5.44, SD = 0.94) as compared to the higher
number GHS category hazards (M = 4.93, SD = .98).

The presence of a signal word, either “Danger” or Warning, did have a significant main
effect, F(1, 87) = 155.64, p <.001. The interaction between the presence of a signal word and
strata was significant, F(1, 87) = 7.29, p = .008.

The presence of hazard pictograms did not have a significant main effect on the
participants perception of risk, p = .74. The interaction between the presence of the hazard
pictograms and strata was not significant, p = .36.

Several of the other interactions were significant and the results for the higher order

ANOVA are presented in the tables below.
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Table 25. Analysis of variance for perceived risk for naive users and professionals for Level x Signal Word in

the alternate wording group.

Source df F p
Level x Signal Word 1 26.09 <.001
Level x Signal Word x Strata 1 15.07 <.001
Error (Level x Signal Word) 87

Table 26. Analysis of variance for perceived risk for naive users and professionals for Level x Pictogram |

the alternate wording group.

Source

df

F p
Level x Pictogram 1 13.47 <.001
Level x Pictogram x Strata 1 0.41 .52
Error (Level x Pictogram) 87

Table 27. Analysis of variance for perceived risk for naive users and professionals for Signal Word x

Pictogram in the alternate wording group.

Source df F p
Signal Word x Pictogram 1 4.45 .038
Signal Word x Pictogram x Strata 1 1.93 17
Error (Signal Word x Pictogram) 87

Table 28. Analysis of variance for perceived risk for naive users and professionals for Level x Signal Word x

Pictogram in the alternate wording group.

Source

df

F p
Level x Signal Word x Pictogram 1 5.79 .018
Level x Signal Word x Pictogram x 1 1.54 22
Strata
Error (Level x Signal Word x 87

Pictogram)

95




6 5.42

4.96

Signal Word Present No Signal Word
Present

Figure 36. Chart of average perceived risk for Signal Word for the naive users and the professionals in the
alternate wording group.
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Figure 37. Chart of average perceived risk for GHS hazard category for the naive users and the professionals
in the alternate wording group.
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Figure 38. Chart of average perceived risk for the presence of the hazard pictograms for the naive users and
the professional in the alternate wording group.
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Discussion and Conclusions

This study was conducted to determine if there were differences between the responses of
naive users, workers, and professionals to potential industrial scenarios. Participants were
provided information about the context and presented information about the potential hazards.
For several of the scenarios, the professionals are able to draw upon their knowledge and
experience to indicate more conservative responses than the naive users and workers.

Since the concept of fuzzy sets is to capture the variance of individual responses, no
outliers were removed from the data before analysis and Pearson’s Chi-square was used to test
for differences between strata. Visual inspection of the cumulative distribution functions show
many of the scenarios follow the pattern of naive users with less conservative responses, workers
between the naive users and professionals, and professionals with the most conservative

responses. There were several examples where this pattern did not hold true.

Effects of performance based qualifiers

Lehto et al. (2000) offers there may be benefit to users for including performance based
qualifiers in hazard communication, but suggests the need for further study and the use of
additional context. The findings of this study suggest these potential effects are not significant
once additional context is provided to participants. The use of a survey to test these effects in
inherently limited, and, in an actual scenario, individuals may have access to more information to
help guide their response. The effects of the additional information available in an actual
scenario may influence their behavior more than the presence of performance based qualifiers.

The findings of this study suggest the rewording of the GHS hazard and precautionary

statements to be more concise should not have an adverse effect on adequate communication or
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reduce understanding. One practical benefit of using more concise statements may be the
practical limitation of how many statements will fit on a smaller container label.

While the current language for precautionary statements is not standardized in the United
States, there are some common practices which do prevail. One of these is the recommendation
of flushing or washing for 15 minutes following an exposure to a substance. This guidance is
commonly provided through safety standards and training materials. The change to the use of a
less explicit qualifier (i.e. “several), as compared to a number of minutes, may result in a shift
of how users respond following an exposure which can be seen in the distribution of responses to
these types of scenarios by participants’ in this study. This issue of whether or not to provide
specific guidance for flushing, rinsing, or washing following an exposure should be further

evaluated.

Perceived risk

GHS hazard classification. Participants were able to discern a difference in their perceived risk
between chemical products with a higher hazard (lower number GHS categories) and a lesser
degree of hazard (higher number GHS categories). This key finding in support of the GHS
suggests individuals are able to discern the risk of a potential hazard using the hazard and
precautionary phrases assigned by the hazard classifications. This supports one of the aims for
GHS comprehensibility that the phrases used to indicate the degree (severity) of the hazard

should be consistent across different hazard types (United Nations, 2009a).

Use of signal words on chemical product labels. The significant effect for Signal Word indicates

users perceived a situation to be of higher risk when either the signal word “Danger” or
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“Warning” was present on the product label. This effect suggests the use of signal words may

elevate an individual’s perception of the potential risk of a chemical product.

Use of pictograms on chemical product labels. This study showed the presence of a hazard

pictogram on the label was not a significant effect for user rating of perceived risk.

Limitations and future research

This study was limited by several factors and did not attempt to define an appropriate
level of response for individual scenarios. The format of this study did not allow for observation
of participants in an actual situation, only their response to the information and context presented
for each scenario. Therefore, no conclusions can be drawn regarding the appropriate level of
response by naive users, workers, or professionals for the scenarios in this study.

The labels used in this study were not as complex as an actual product label because only
one hazard classification was used for each scenario, as compared to products that may have
multiple hazard classifications. Future research should attempt to address these limitations and
continue to examine alternatives to improve the ability of GHS hazard and precautionary

statements to convey information.
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Chapter 6 — Conclusions

Hazard communication has changed a great deal over the past 100 years. Products
should now have labels which provide information to workers and those workers should have
access to MSDS which should help to better inform workers of the potential hazards in their
workplace. If GHS becomes part of the regulatory framework in the United States, it may
provide a more uniform approach to informing workers of the potential hazards of the chemicals
in their workplace. It has been suggested that one of the benefits of adopting a common system
for hazard communication may be improved comprehension of the potential hazards associated
with those products (United Nations, 2009a).

This research suggests the inclusion of signal words and pictograms on labels and SDS
may provide benefit to users. The use of pictograms may assist users to locate information more
quickly. The use of signal words on labels and the GHS hazard classifications may increase the
perceived risk of users regarding the potential risks associated with a product’s inherent hazards.

This research also tried to determine the potential effects of the use of performance based
qualifiers in hazard and precautionary phrases. For many of the scenarios in this research, there
was not a significant effect between groups. The presence of the performance based qualifiers
also did not shift the membership functions in these scenarios. The use of these terms may not
have a significant effect in these types of high context scenarios.

The presence of the precautionary pictograms on labels may lead to improved response to

the survey items and to an increase in perceived risk ratings by the participants. The percentage
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of correct responses for both the reference group and the recall group indicated no significant
effect between naive users, workers, and professionals in contrast to the findings for the SDS
study. However, the difference between the scores between the strata for SDS and no difference
between the scores for labels suggests more can be done to improve the information transfer
from a SDS. The incorporation of the label elements into Section 2 may help to reduce this
difference as people become more familiar with the format and content of a GHS format SDS.

The presence of the hazard pictograms were significant for both the recall and reference
groups and the presence of the precautionary pictograms was significant for the recall group with
regard to the average percentage of correct responses. The time to respond to survey items for
the reference group was reduced when hazard and precautionary pictograms were present on the
labels, but there was no effect for the recall group. This finding supports the similar finding in
the SDS study that the presence of pictograms may benefit users by reducing the time to locate
information.

Future research in hazard communication should focus on comprehension of the GHS
hazard and precautionary phrases by industrial workers. Additionally, the potential effects of the
inclusion of precautionary pictograms in GHS should be further examined. As the GHS
becomes incorporated into the regulatory framework, research will need to continue as how to
improve information transfer to workers about the potential hazards of materials in the

workplace.
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Appendix 1 — OSHA Form 174

Material Safety Data Sheet

May be used to comply with OSHA’s Hazard
Communication Standard, 29 CFR 1910 1200. Standard
must be consulted for specific requirements.

U.S. Department of Labor
Occupational Safety and Health Administration
(Non-Mandatory Form)

Form Approved

OMB No. 1218-0072

IDENTITY (as Used on Label and List)

Note: Blank spaces are not permitted. If any item is not
applicable or no information is available, the space
must be marked to indicate that.

Section |

Manufacturer's name

Emergency Telephone Number

Address (Number, Street, City, State and ZIP Code)

Telephone Number for Information

Date Prepared

Signature of Preparer (optional)

Section Il—Hazardous Ingredients/Identity Information

Hazardous Components (Specific Chemical Identity, Common Name(s)) Other Limits
OSHA PEL ACGIH TLV Recommended % (optional)
Section lll—Physical/Chemical Characteristics
Boiling Point Specific Gravity (H,0 = 1)
Vapor Pressure (mm Hg) Melting Point
Vapor Density (AIR = 1) Evaporation Rate (Butyl Acetate = 1)
Solubility in Water
Appearance and Odor
Section IV—Fire and Explosion Hazard Data
Flash Point (Method Used) Flammable Limits LEL UEL

Extinguishing Media

Special Fire Fighting Procedures

Unusual Fire and Explosion Hazards

(Reproduce locally)
1985

OSHA 174 Sept.
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Section V—Reactivity Data

Stability Unstable

Conditions to Avoid

Stable

Incompatibility (Materials to Avoid)

Hazardous Decomposition or Byproducts

Hazardous May Occur
Polymerization

Conditions to Avoid

Will Not Occur

Section VI—Health Hazard Data

Route(s) of Entry Inhalation?

Skin?

Ingestion?

Health Hazards (Acute and Chronic)

Carcinogenicity NTP?

IARC Monographs?

OSHA Regulated?

Signs and Symptoms of Exposure

Medical Conditions
Generally Aggravated by Exposure

Emergency and First Aid Procedures

Section Vll—Precautions for Safe Handling and Use

Steps to Be Taken in Case Material Is Released or Spmed

Waste Disposal Method

Precautions to Be Taken in Handling and Storing

Other Precautions

Section VIIl—Control Measures

Respiratory Protection (Specify Type)

Ventilation Local Exhaust

Special

Mechanical (General)

Other

Protective Gloves

Eye Protection

Other Protective Clothing or Equipment

Work/Hygienic Practices
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Appendix 2 — IRB approval forms
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AUBURN

UNIVERSITY

Office of Human Subjects Research Telephone: 334-844-5966
307 Samford Hall Fax: 334-844-4391
Auburn University, AL 36849 hsubjec@auburn.edu
September 22, 2009
MEMORANDUM TO: Eric Boelhouwer
Industrial Engineering
PROTOCOL TITLE: “The Use of Signal Words, Hazard Pictograms, and Precautionary Pictograms

in GHS Safety Data Sheets (SDS)”
IRB AUTHORIZATION NO: 09-222 EP 0909

APPROVAL DATE: September 15, 2009
EXPIRATION DATE: September 14, 2010

The above referenced protocol was approved by IRB Expedited procedure under 45 CFR 46.110 (Category #7):

“Research on individual or group characteristics or behavior (including, but not limited to, research on
perception, cognition, motivation, identity, language, communication, cultural beliefs or practices, and
social behavior) or research employing survey, interview, oral history, focus group, program evaluation,
human factors evaluation, or quality assurance methodologies.

You should report to the IRB any proposed changes in the protocol or procedures and any unanticipated
problems involving risk to subjects or others. Please reference the above authorization number in any future
correspondence regarding this project.

If you will be unable to file a Final Report on your project before Se%tember 14, 2010, you must submit a
request for an extension of approval to the IRB no later than August 25, 2010. If your IRB authorization
expires and/or you have not received written notice that a request for an extension has been approved prior to
September 14, 2010, you must suspend the project immediately and contact the Office of Human Subjects
Research for assistance.

A Final Report will be required to close your IRB project file. You are reminded that you must use the
stamped, IRB-approved information letter when you consent your participants.

If )81(4)114]‘ }g%\é% any questions concerning this Board action, please contact the Office of Human Subjects Research
at - .

Sincerely,

w%»%‘db o

Kathy Jo Ellison, RN, DSN, CIP
Chair of the Institutional Review Board
for the Use of Human Subjects in Research

cc: Dr. Alice Smith
Dr. Jerry Davis
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Office of Human Subjects Research Telephone: 334-844-5966
307 Samford Hall Fax: 334-844-4391
Auburn University, AL 36849 hsubjec@auburn.edu
September 18, 2009

MEMORANDUM TO: Eric Boelhouwer

Industrial Engineering
PROTOCOL TITLE: “The Use of Performance Based Qualifiers in GHS Precautionary Statements”
IRB AUTHORIZATION NO: 09-219 EP 0909
APPROVAL DATE: September 15, 2009
EXPIRATION DATE: September 14, 2010

The above referenced protocol was approved by IRB Expedited procedure under 45 CFR 46.110 (Category #7):

“Research on individual or group characteristics or behavior (including, but not limited to, research on
perception, cognition, motivation, identity, language, communication, cultural beliefs or practices, and
social behavior) or research employing survey, interview, oral history, focus group, program evaluation,
human factors evaluation, or quality assurance methodologies.

You should report to the IRB any proposed changes in the protocol or procedures and any unanticipated
problems involving risk to subjects or others. Please reference the above authorization number in any future
correspondence regarding this project.

If you will be unable to file a Final Report on your project before Se%tember 14, 2010, you must submit a
request for an extension of approval to the IRB no later than August 25, 2010. If your IRB authorization
expires and/or you have not received written notice that a request for an extension has been approved prior to
September 14, 2010, you must suspend the project immediately and contact the Office of Human Subjects
Research for assistance.

A Final Report will be required to close your IRB project file. You are reminded that you must use the
stamped, IRB-approved information letter when you consent your participants.

If %33 1’%25\866 any questions concerning this Board action, please contact the Office of Human Subjects Research
at - .

Sincerely,
\ <.
Kathy Jo Ellison, RN, DSN, CIP
Chair of the Institutional Review Board

for the Use of Human Subjects in Research

cc: Dr. Alice Smith
Dr. Jerry Davis
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Auburn University, AL 36849 hsubjec @auburn.edu
September 18, 2009

MEMORANDUM TO: Eric Boelhouwer

Industrial Engineering
PROTOCOL TITLE: “The Use of Performance Based Qualifiers in GHS Precautionary Statements”
IRB AUTHORIZATION NO: 09-219 EP 0909
APPROVAL DATE: September 15, 2009
EXPIRATION DATE: September 14, 2010

The above referenced protocol was approved by IRB Expedited procedure under 45 CFR 46.110 (Category #7):

“Research on individual or group characteristics or behavior (including, but not limited to, research on
perception, cognition, motivation, identity, language, communication, cultural beliefs or practices, and
social behavior) or research employing survey, interview, oral history, focus group, program evaluation,
human factors evaluation, or quality assurance methodologies.

You should report to the IRB any proposed changes in the protocol or procedures and any unanticipated
problems involving risk to subjects or others. Please reference the above authorization number in any future
correspondence regarding this project.

If you will be unable to file a Final Report on gour roject before Se%tember 14, 2010, you must submit a
request for an extension of approval to the IRB no later than August 25, 2010. If your IRB authorization
expires and/or }éou have not received written notice that a request for an extension has been approved prior to
September 14, 2010, you must suspend the project immediately and contact the Office of Human Subjects
Research for assistance.

A Final Report will be required to close your IRB project file. You are reminded that you must use the
stamped, IRB-approved information letter when you consent your participants.

If }ézli l%%\g% any questions concerning this Board action, please contact the Office of Human Subjects Research
at - .

Sincerely,
! C.
Kathy Jo Ellison, RN, DSN, CIP
Chair of the Institutional Review Board

for the Use of Human Subjects in Research

cc: Dr. Alice Smith
Dr. Jerry Davis
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General Block

INFORMATION LETTER
for a Research Study entitled
“Effects of signal words, hazard pictograms, and precautionary pictograms
used in Hazard Communication”

You are invited to participate in a research study to evaluate the effects of signal words, hazard pictograms, and precautionary
pictograms used in hazard communication. The study is being conducted by Eric Boelhouwer, Graduate Student, under the direction of
Dr. Jerry Davis, Associate Professor, in the Auburn University Department of Industrial Engineering. You were selected as a possible
participant because you are over 18 years of age, you can read and understand English, and by education, training, or work experience
would have a high awareness of hazard communication.

What will be involved if you participate? Your participation is pletely voluntary. If you decide to participate in this research study,
you will be asked to respond to an electronic survey using the information packet provided to you. Your total time commitment will be
approximately one hour.

Are there any benefits to yourself or others? If you participate in this study, you can expect to increase your awareness of hazard
communication. We/l cannot promise you that you will receive any or all of the benefits described. Benefits to others may include the
use of signal words and pictograms in hazard communication in the future. The use of signal words and pictograms may better protect
workers.

Will you receive compensation for participating? To thank you for your time you will be entered in a raffle for completing this study. The
raffle prizes are $200, $150, and $100. The odds of winning will depend on the number of responses received, but will not be less than 1
in 56 for each prize. Information to send your compensation to you will be collected in a separate file and will not be linked to your
survey responses.

If you change your mind about participating, you can withdraw at any time by closing your browser window. If you choose to withdraw,
your data can be withdrawn as long as it is identifiable. Once you’ve submitted anonymous data, it cannot be withdrawn since it will be
unidentifiable. Your decision about whether or not to participate, or to stop participating, will not jeopardize your future relations with
Auburn University or the Department of Industrial Engineering.

Any data obtained in connection with this study will remain anonymous. We will protect your privacy and the data you provide.
Information collected through your participation may be published in a professional journal.

If you have questions about your rights as a research participant, you may contact the Auburn University Office of Human Subjects
Research or the Institutional Review Board by phone (334) 844-5966 or e-mail at hsubjec@auburn.edu or IRBChair@auburn.edu
HAVING READ THE INFORMATION ABOVE, YOU MUST DECIDE IF YOU WANT TO PARTICIPATE IN THIS RESEARCH PROJECT. IF YOU
DECIDE TO PARTICIPATE, PLEASE ANSWER THE QUESTIONS BELOW.

Eric Boelhouwer 9/15/09

Investigator Date

The Auburn University Institutional Review Board has approved this document for use from 9/15/09 to 9/14/10. Protocol #09-222 EP 0909.

If you have read the information letter above and would like to continue please select the appropriate response below.

If you select "l am not willing to participate.”, the survey will close and you will not be contacted again.

I am willing to participate. | understand | can exit the survey at any time.

© lamnot willing to participate.

Gender

Male

Female

Which of the following ranges includes your age?

1 of 21 7/18/2010 11:28 AM
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18-23

o 2429

o 30-39
40-49
50-59

O 60+

What is the highest level of education you have completed

© Some high school

High school graduate

Technical school / apprenticeship
© Some college
© College graduate

© Post graduate study

Which of the following best describes your employment status?

© Student

Employed full-time
© Employed part-time
© Not employed

© Retired

If you are employed, what is your current job title or occupation?

How many years of experience do you have working with chemicals in an

In your your current job, how often do you use chemicals?
© Daily
© 2-3 Times a Week
© Once a Week
2-3 Times a Month
Once a Month

Less than Once a Month

(¢]

© Never

2 of 21
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At your workplace, you may be exposed to a chemical someone else is using.
In your your current job, how often are you exposed to chemicals?

© Daily

2-3 Times a Week

© Once a Week

© 2-3 Times a Month

© Once a Month

© Several Times a Year

© Once a Year or Less

Have you ever had any adverse effects from a chemical exposure?

O Yes

o No

If yes, please describe.

How would you rate your Hazard Communication (HAZCOM) knowledge ?

© Below Average
© Average

© Above Average

How would you find out about the hazards of a chemical you are using at work?

Do you have to wear Personal Protective Equipment as part of your job?
O Yes

o No

3 of 21 7/18/2010 11:28 AM
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If yes, please select the types of PPE from the list below

[0 Safety glasses or goggles O Dust mask
O Hard hat [ Boots
O Gloves O Other

[ Respirator

Have you received any safety and health training regarding the use of chemicals in the workplace?

o Yes

No

If yes, please describe.

Have you received any training about using a Material Safety Data Sheet (MSDS)?

O Yes

No

If yes, please describe.

Have you received any training about reading and using labels in the workplace?

o Yes

No

If yes, please describe.

How many times have you used a Material Safety Data Sheet (MSDS) in the past year?

Daily

2-3 Times a Week

40f21 7/18/2010 11:28 AM
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Once a Week
2-3 Times a Month
Once a Month
Several Times a Year

| have not referred to a MSDS in the past year

How many times have you used the information in a Material Safety Data Sheet (MSDS) to make a decision in the past year?

Daily

2-3 Times a Week
Once a Week

2-3 Times a Month
Once a Month
Several Times a Year

I have not referred to a MSDS in the past year

The last time you referred to a Material Safety Data Sheet (MSDS), what did you use the information for?

Who do you think is supposed to use the information in a Material Safety Data Sheet (MSDS)?

Please take few minutes to ensure you have copies of both PDF files that were e-mailed to you available for the next sections.

Block 1

As part of the changes that have been proposed under the Globally Harmonized System for the
Classification and Labelling of Chemicals (GHS), the name for Material Safety Data Sheets (MSDS) will
change to Safety Data Sheets (SDS).

Some of the survey items in this section are timed. Please try to complete this section without
interruption.

There is a break between this section and the last section. There is no need to rush and do not feel
you have to impress us with your response.

There will be a break between questions from this section and the final section.

Please take a few moments to review the 0d numbered SDS that was e-mailed to you.

What is the number of the chemical on this SAFETY DATA SHEET (SDS)?

50f21 7/18/2010 11:28 AM
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Please verify you are using the ODD numbered SDS.

What is the Signal Word for this chemical in Section 2. Hazard Identification
© Danger
© Warning

© There is not a signal word in Section 2 of the SDS.

Timing

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.

What are the physical hazards associated with this chemical?

O O
Explosive Gas under pressure
day
O O
Flammable (gas, aerosol, liquid, or solid) Corrosive to metal
O

O Other (please specify)

Oxidizer (gas, liquid, or solid)

Timing

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.
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Which symbols are associated with the health hazards for this chemical?

Timing

g

Sk

Skull and crossbones Health Hazard Corrosion Exclamation Mark
[} O O O

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.

What are the acute (short term) health hazards iated with this chemical?
O Acute toxicity (oral) O Skin corrosion / irritation
O Acute toxicity (dermal) [0 Serious eye damage / eye irratation
O Acute toxicity (Inhalation: Gases) O Specific target organ toxicity - Single exposure
O Acute toxicity (Inhalation: Vapors) O Aspiration Hazard

Timing

O Acute toxicity (Inhalation: Dusts) O Other (please specify)

O Acute toxicity (Inhalation: Mists)

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.
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Since you selected "Specific target organ toxicity - Single exposure”, please select which body system(s) may be affected

O Nervous (brain and nerves) O Eyes

O Digestive (stomach and bowels) O Ears

O Respiratory (breathing - nose/lungs) O Liver

O Bladder/Kidneys O Skin

O Muscles [0 Skeleton (bones)
O Heart/Blood/Circulation O Do not know

O Other (please specify)

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

What body systems may be affected by acute (short term) exposure?

O Nervous (brain and nerves) O Eyes

[ Digestive (stomach and bowels) O Ears

O Respiratory (breathing - nose/lungs) O Liver

O Bladder/Kidneys 0 Skin

O Muscles [0 Skeleton (bones)
O Heart/Blood/Circulation O Do not know

O Other (please specify)

Timing
This page timer will not be displayed to the recipient.
First Click: O seconds.
Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

What are the chronic (long term) health hazards associated with this chemical?

O Respiratory sensitization O Reproductive toxicity
O Skin sensitization O Specific target organ toxicity - Repeated exposure
O Germ cell muagencity O Other (please specify)
8 of 21 7/18/2010 11:28 AM
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[0 Carcinogencity

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

Since you selected "Specific target organ toxicity - Repeated exposure”, please select which body system(s) may be affected.

O Nervous (brain and nerves) O Eyes

O Digestive (stomach and bowels) O Ears

[0 Respiratory (breathing - nose/lungs) O Liver

O Bladder/Kidneys 0O Skin

O Muscles O Skeleton (bones)
O Heart/Blood/Circulation O Do not know

O Other (please specify)

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

What body systems may be affected by chronic (long term) exposure?

O Nervous (brain and nerves) O Eyes

O Digestive (stomach and bowels) O Ears

[0 Respiratory (breathing - nose/lungs) O Liver

O Bladder/Kidneys 0O Skin

O Muscles O Skeleton (bones)
O Heart/Blood/Circulation O Do not know

O Other (please specify)

Timing

This page timer will not be displayed to the recipient.

First Click: 0 seconds.
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Last Click: 0 seconds.
Page Submit: 0 seconds.
Click Count: 0 clicks.

If you were asked to work with this material, what precautions should you take?

Yes No Do not know
Respirator o o o
Eye Protection o o o
Gloves (@) o e}
Boots o o o
Body protection o o (¢]
Other o o o

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

Since you selected "Yes" for respirator, please select which type(s) may be used from the list below.

[0 Self contained breathing apparatus (SCBA) 0 Powered air purifying
O Full face respirator O Supplied air/airline
O Half face respirator O Dust mask

O Other (please specify)

Timing

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.
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Since you selected "Yes" for eye protection, please select which type(s) may be used from the list below.

[0 Safety glasses with sideshields

0 Goggles

]

Face shield

0 Other (please specify)

Timing

This page timer will not be displayed to the recipient.

]

First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

Since you selected "Yes" for gloves, please select which type(s) may be used from the list below.

O
[m]

]

Timing

This page timer will not be displayed to the recipient.

Not specified

Butyl

Viton

Neoprene

Viton / Neoprene

Butyl / Neoprene

CPE (chlorinated polyethylene)
PVC (polyvinyl chloride)

Neoprene + PVC

First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

Natural rubber
Nitrile
Polyethylene
Insulating
Cryogenic
Leather
Kevlar

Cotton

Other

Since you selected "Yes" for Boots, please select which type(s) may be used from the list below.

[m]
O

]
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Leather

O Acid proof

O Protective shoe covers (shoe booties)
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Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

Since you selected "Yes" for Body protection, please select which type(s) may be used from the list below.

O Not specified O Apron (vinyl/rubber)

O Gas-tight encapsulated suit O Sleeves (vinyl/rubber)

O Tyvek coveralls O Lab coat (cotton/Nomex)

[0 Coveralls (cotton/Nomex) O Other ‘

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.
Page Submit: 0 seconds.
Click Count: 0 clicks.

Since you selected "Yes" for other, please describe the pesonal protective equipment (PPE) below.

Timing

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.

Understanding the Safety Data Sheet

Did you refer to the

Answer SDS to answer the
question?
Yes No Do not Yes No
know
Do you think this chemical is a
o] o o ] o]

carcinogen (may cause cancer)?
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Did you refer to the

Answer SDS to answer the
question?
Yes No Do not Yes No
know
Do you think this chemical is a o o o o o

mutagen (may cause genetic defects)?

Do you think this chemical is a
teratogen (may cause developmental o O o o
or reproductive issues)?

(¢]

Timing

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.

Understanding the Safety Data Sheet

Did you refer to the SDS

Answer to answer the question?
Yes No Do not Yes No
know
Do you think this chemical is o o ° o o
flammable?
Can this chemical mix with water? o O o o} @)
Do you think this chemical must be
stored in total darkness? © © © © ©
Do you think this chemical can only e o ® o o

be stored in an open drum?

Do you think this chemical can only
be used if the worker wears a o O o (o) o
respirator?

Can you throw this chemical down
the drain?

Timing

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.

Block 2

This is the end of the first section.

You may want to take a short break before responding to the next section.
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Timing

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: O clicks.

Block 3

As part of the changes that have been proposed under the Globally Harmonized System for the
Classification and Labelling of Chemicals (GHS), the name for Material Safety Data Sheets (MSDS) will
change to Safety Data Sheets (SDS).

Some of the survey items in this section are timed. Please try to complete this section without
interruption.

There is no need to rush and do not feel you have to impress us with your response.

Please take a few moments to review the V€N numbered SDS that was e-mailed to you.

What is the number of the chemical on this SAFETY DATA SHEET (SDS)?

Please verify you are using the EVEN numbered SDS.

What is the Signal Word for this chemical in Section 2. Hazard Identification

Danger
Warning

There is not a signal word in Section 2 of the SDS.

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

What are the names of the symbols associated with the physical hazards for this chemical?

O Explosive O Gas under pressure
O Flammable (gas, aerosol, liquid, or solid) O Corrosive to metal
O Oxidizer (gas, liquid, or solid) O Other (please specify)
14 of 21 7/18/2010 11:28 AM
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Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.
Page Submit: 0 seconds.
Click Count: 0 clicks.

What are the names of the symbols associated with the health hazards for this chemical?

Skull and crossbones Health Hazard Corrosion Exclamation Mark
O O O O

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

What are the acute (short term) health hazards associated with this chemical?

O Acute toxicity (oral) [0 Skin corrosion / irritation

O Acute toxicity (dermal) [0 Serious eye damage / eye irratation

O Acute toxicity (Inhalation: Gases) [0 Specific target organ toxicity - Single exposure
O Acute toxicity (Inhalation: Vapors) [ Aspiration Hazard

O Acute toxicity (Inhalation: Dusts) O Other (please specify)

O Acute toxicity (Inhalation: Mists)

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

Since you selected "Specific target organ toxicity - Single exposure", please select which body system(s) may be affected.

O Nervous (brain and nerves) O Eyes
O Digestive (stomach and bowels) O Ears
[ Respiratory (breathing - nose/lungs) O Liver
O Bladder/Kidneys 0O Skin
15 of 21 7/18/2010 11:28 AM
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O Muscles [0 Skeleton (bones)
O Heart/Blood/Circulation O Do not know

O Other (please specify)

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.
Page Submit: 0 seconds.
Click Count: 0 clicks.

What body systems may be affected by acute (short term) exposure?

O Nervous (brain and nerves) O Eyes

O Digestive (stomach and bowels) 0O Ears

O Respiratory (breathing - nose/lungs) O Liver

O Bladder/Kidneys 0O Skin

O Muscles [0 Skeleton (bones)
O Heart/Blood/Circulation O Do not know

O Other (please specify)

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.
Page Submit: 0 seconds.
Click Count: 0 clicks.

What are the chronic (long term) health hazards iated with this chemical?
O Respiratory sensitization O Reproductive toxicity
[0 Skin sensitization O Specific target organ toxicity - Repeated exposure
O Germ cell muagencity O Other (please specify)

O Carcinogencity

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.
Page Submit: 0 seconds.
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Click Count: 0 clicks.

Since you selected "Specific target organ toxicity - Repeated exposure", please select which body system(s) may be affected.

O Nervous (brain and nerves) O Eyes

[ Digestive (stomach and bowels) O Ears

O Respiratory (breathing - nose/lungs) O Liver

O Bladder/Kidneys 0O Skin

O Muscles 0 Skeleton (bones)
O Heart/Blood/Circulation O Do not know

O Other (please specify)

Timing
This page timer will not be displayed to the recipient.
First Click: O seconds.
Last Click: 0 seconds.
Page Submit: 0 seconds.
Click Count: 0 clicks.

What body systems may be affected by chronic (long term) exposure?

O Nervous (brain and nerves) O Eyes

O Digestive (stomach and bowels) O Ears

O Respiratory (breathing - nose/lungs) O Liver

O Bladder/Kidneys 0 Skin

O Muscles O Skeleton (bones)
O Heart/Blood/Circulation O Do not know

O Other (please specify)

Timing

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.

If you were asked to work with this material, what precautions should you take?
Yes No Do not know

Respirator o o o
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Timing

Yes No
Eye Protection o o
Gloves o o
Boots o o
Body protection o o
Other o o

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.

Since you selected "Yes" for respirator, please select which type(s) may be used from the list below.

Timing

Since you selected "Yes" for eye protection, please select which type(s) may be used from the list below.

Timing

O Self contained breathing apparatus (SCBA) O Powered air purifying
O Full face respirator O Supplied air/airline
O Half face respirator O Dust mask

O Other (please specify)

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.

[0 Safety glasses with sideshields
] Goggles
[ Face shield

[0 Other (please specify)

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.
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Click Count: 0 clicks.

http://new.qualtrics.comv/ControlPanel/PopUp.php?PopType=SurveyPrint...

Since you selected "Yes" for gloves, please select which type(s) may be used from the list below.

Timing

[ Not specified

O Butyl

O Viton

[0 Neoprene

O Viton/ Neoprene

O Butyl / Neoprene

O CPE (chlorinated polyethylene)
00 PVC (polyvinyl chloride)

O Neoprene + PVC

This page timer will not be displayed to the recipient.

First Click: 0 seconds.
Last Click: 0 seconds.
Page Submit: 0 seconds.
Click Count: 0 clicks.

O

O

O

Natural rubber
Nitrile
Polyethylene
Insulating
Cryogenic
Leather
Keviar

Cotton

Other

Since you selected "Yes" for Boots, please select which type(s) may be used from the list below.

Timing

O Not specified
O Rubber

O Leather

This page timer will not be displayed to the recipient.

First Click: O seconds.
Last Click: 0 seconds.
Page Submit: 0 seconds.
Click Count: 0 clicks.

]

]

]

Acid proof
Protective shoe covers (shoe booties)

Other ‘
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Since you selected "Yes" for Body protection, please select which type(s) may be used from the list below.

[J Not specified O Apron (vinyl/rubber)

O Gas-tight encapsulated suit [0 Sleeves (vinyl/rubber)

O Tyvek coveralls O Lab coat (cotton/Nomex)

[0 Coveralls (cotton/Nomex) O Other —‘

Timing
This page timer will not be displayed to the recipient.
First Click: 0 seconds.
Last Click: 0 seconds.

Page Submit: 0 seconds.
Click Count: 0 clicks.

Since you selected "Yes" for other, please describe the pesonal protective equipment (PPE) below.

Timing

This page timer will not be displayed to the recipient.
First Click: 0 seconds.

Last Click: 0 seconds.

Page Submit: 0 seconds.

Click Count: 0 clicks.

Understanding the Safety Data Sheet

Did you refer to the

Answer SDS to answer the
question?
Yes No EI)(O not Yes No
now
Do you think this chemical is a o o o o o

carcinogen (may cause cancer)?

Do you think this chemical is a

mutagen (may cause genetic defects)? © © © © ©

Do you think this chemical is a

teratogen (may cause developmental o O o o o
or reproductive issues)?

Timing

This page timer will not be displayed to the recipient.
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First Click: 0 seconds.
Last Click: 0 seconds.
Page Submit: 0 seconds.
Click Count: 0 clicks.

Understanding the Safety Data Sheet

Do you think this chemical is
flammable?

Can this chemical mix with water?

Do you think this chemical must be
stored in total darkness?

Do you think this chemical can only
be stored in an open drum?

Do you think this chemical can only
be used if the worker wears a
respirator?

Can you throw this chemical down
the drain?

Timing

Yes

Answer
No Do not
know
o o]
o o
O o
o (@)
O ()
o o

This page timer will not be displayed to the recipient.

First Click: 0 seconds.
Last Click: 0 seconds.
Page Submit: 0 seconds.
Click Count: 0 clicks.

http://new.qualtrics.comv/ControlPanel/PopUp.php?PopType=SurveyPrint...

Did you refer to the SDS
to answer the question?
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Safety Data Sheet

Section 1. Product and Company ldentification

Product name / . Associated
Trade Name C h emi Cal 15 Product’s Item
Code

Synonym XXXX CAS # XXXX-XX-X
Chemical family ~ XXXX Validation date  9/7/2009
Chemical XXXX Print date
formula
Manufacturer XXXX Inc. In case of XXXX Inc.

XXX Anytown USA emergency Communications and

Regulatory Affairs

XXXK-XXXK-XXXX Department

Material uses. XXXXXXXXXX XXX-XXX-XXXX

Section 2. Hazard ldentification

Appearance Color Clear liquid, odorless

and Odor

Emergency Overview

Signal Word DANGER

Hazard statements May cause fire or explosion; strong oxidizer

Harmful if swallowed

May be harmful in contact with skin

Toxic if inhaled (Vapors)

Causes severe skin burns and eye damage

Causes serious eye damage

Suspected of damaging fertility or the unborn child
Causes damage to respiratory, central nervous system

Causes damage to lung through prolonged or repeated exposure May cause damage to blood
through prolonged or repeated exposure

Toxic to aquatic life

Continued on next page
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Section 2. Hazard Identification (continued)

Prevention

Keep away from heat/sparks/open flames/hot surfaces. No smoking.
Keep/Store away from clothing/combustible materials.

Take any precaution to avoid mixing with combustibles.

Avoid breathing mist/vapors/spray.

Wash hands thoroughly after handling.

Do not eat, drink or smoke when using this product.

Use only outdoors or in a well-ventilated area.

Avoid release to the environment.

Wear protective gloves/protective clothing/eye protection/face protection.
Use ventilation system or personal protective equipment as required.
Wear fire/flame resistant/retardant clothing.

Regulatory Status

This material is considered hazardous by the OSHA Hazard Communication Standard (29 CFR
1910.1200)

Potential Health
Effects

Inhalation

Eyes

Skin

ACUTE (short term): see Section 8 for Exposure controls/personal protection

et

DANGER
Toxic if inhaled (Vapors) (Acute toxicity (Inhalation: Vapors) Category 3 )

Prevention: Avoid breathing mist/vapors/spray. Use only outdoors in well-ventilated
area

da)
DANGER
Causes serious eye damage (Serious eye damage/eye irritation Category 1)

Prevention: Wear eye protection/face protection.

Gy
DANGER
Causes severe skin burns and eye damage (Skin corrosion/irritation Category 1A-1C)

Prevention: Do not breathe dust or mists. Wash hands thoroughly after handling. Wear
protective gloves/protective clothing/eye protection/face protection.

WARNING
May be harmful in contact with skin (Acute toxicity (Dermal) Category 5)

Continued on next page
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Section 2. Hazard ldentification (continued)

Ingestion ::

WARNING

Harmful if swallowed (Acute toxicity (Oral) Category 4 )

Prevention: Wash hands thoroughly after handling. Do not eat, drink or smoke when
using this product.

Specific target organ
toxicity —
Single exposure

DANGER

Causes damage to respiratory, central nervous system (Specific target organ toxicity - Single
exposure Category 1(respiratory, central nervous system) )

Prevention: Do not breathe mist/vapors/spray. Wash hands thoroughly after handling.
Do not eat, drink or smoke when using this product.

Potential Health CHRONIC (long term): see Section 11 for additional toxicological information
Effects 'i

DANGER

Causes damage to respiratory system (Specific target organ toxicity - Single exposure Category
1(respiratory system, central nervous system))

Prevention: Do not breathe mist/vapors/spray. Wash hands thoroughly after handling. Do
not eat, drink or smoke when using this product.

%

WARNING
Suspected of damaging fertility or the unborn child (Reproductive toxicity Category 2 )

Prevention: Obtain special instructions before use. Do not handle until all safety
precautions have been read and understood. Use personal protective equipment as required.

Continued on next page
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Section 2. Hazard Identification (continued)

Specific target organ
toxicity — @
Repeated exposure

DANGER

Causes damage to lung through prolonged or repeated exposure. May cause damage to blood
through prolonged or repeated exposure (Specific target organ toxicity - Repeated exposure
Category 1 (lung) )

Prevention: Do not breathe mist/vapors/spray. Wash hands thoroughly after handling. Do
not eat, drink or smoke when using this product.

&

WARNING

May cause damage to blood through prolonged or repeated exposure (Specific target organ
toxicity - Repeated exposure Category 2(blood) )

Prevention: Do not breathe mist/vapors/spray.

Potential WARNING
Environmental Effects Toxic to aquatic life

See Section 12: Ecological information

Section 3. Hazardous Ingredients

Chemical Name % CAS Number EC Number Classification
Chemical 15 90% XXXX-XX-X

There are no ingredients or additional ingredients present which, within the current knowledge of the supplier and in the
concentrations applicable, are classified as hazardous to health or the environment and hence require reporting in this section.

Inhalation IF INHALED: Remove victim to fresh air and keep at rest in a position comfortable for
breathing.

IF exposed or if you feel unwell: Call a poison control center or doctor/physician.

Eye Contact IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present
and easy to do. Continue rinsing.

Immediately call a POISON CENTER or doctor/physician.

Skin Contact IF ON SKIN (or hair): Take off immediately all contaminated clothing. Rinse skin with
water/shower.

IF ON CLOTHING: Rinse immediately contaminated clothing and skin with plenty of water
before removing clothes.

Wash contaminated clothing before reuse.
Immediately call a POISON CENTER or doctor/physician.

Continued on next page
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Section 4. First aid measures (continued)

Ingestion

IF SWALLOWED: Rinse mouth. Do NOT induce vomiting.
Immediately call a POISON CENTER or doctor/physician.

Refer to Section 11. Toxicological information for more detail

Section 5. Fire fighting measures

Acute hazards

&

DANGER

May cause fire or explosion; strong oxidizer

Fire-fighting media

Use any means suitable for extinguishing surrounding fire.

Fire and Explosion
Hazards

In case of fire: Use appropriate extinction.

In case of major fire and large quantities: Evacuate area. Fight fire remotely due to the risk of
explosion.

Fire-fighting
instructions

Acute hazards/symptoms in Fire: Not combustible. The substance may ignite combustible
materials. Many reactions may cause fire or explosion.

Prevention in Fire: NO contact with combustibles reducing agents NO contact with hot surfaces.

First AID/Fire Fighting in Fire : In case of fire in the surroundings: water in large amounts, water
spray

Acute hazards/symptoms in Explosion: Risk of fire and explosion on contact with heat or metal
catalysts.

First AID/Fire Fighting in Explosion: In case of fire: keep drums, etc., cool by spraying with
water.

Any tank or container surrounded by fire should be flooded with water for cooling. Wear full
protective clothing and self-contained breathing apparatus.

Products of
combustion

Decomposition products may include the following materials:

Continued on next page
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Section 6. Accidental release measures

Small spill and leak

Ventilation. Wash away spilled liquid with plenty of water. Do NOT absorb in saw-dust or other
combustible absorbents. Do NOT let this chemical enter the environment. Personal protection:
chemical protection suit including self-contained breathing apparatus.

Dilute with a large volume of water and hold in a pond or diked area until material decomposes.
Hydrogen peroxide may be decomposed by adding sodium metabisulfite or sodium sulfite after
diluting to about 5%. Dispose according to methods outlined for waste disposal.

Combustible materials exposed to material should be immediately submerged in or rinsed with
large amounts of water to ensure that all material is removed. Residual material that is allowed to
dry (upon evaporation material can concentrate) on organic materials such as paper, fabrics,
cotton, leather, wood or other combustibles can cause the material to ignite and result in a fire.

Large spill and leak

Note: see Section 1 for emergency contact information and Section 13 for disposal
considerations.

Section 7. Handling and Storage

Handling

Obtain special instructions before use.

Do not handle until all safety precautions have been read and understood.
Keep away from heat/sparks/open flames/hot surfaces. No smoking.
Keep/Store away from clothing/combustible materials.

Take any precaution to avoid mixing with combustibles.

Avoid breathing mist/vapors/spray.

Wash hands thoroughly after handling.

Do not eat, drink or smoke when using this product.

Use only outdoors or in a well-ventilated area.

Avoid release to the environment.

Wear protective gloves/protective clothing/eye protection/face protection.
Use ventilation system or personal protective equipment as required.
Wear fire/flame resistant/retardant clothing.

Storage

Store locked up.
Store in a well-ventilated place.
Keep container tightly closed.

See Section #10 for applicable incompatible materials.

Continued on next page
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Section 8. Exposure controls, personal protection

Engineering Controls

Workers must be trained in the safe handling and use of material. Adequate, well engineered
systems must be provided for storage, transfer and use. Process block valves, equipment
enclosures, and other isolation facilities may be necessary. Provide adequate general or local
exhaust systems to maintain concentrations within exposure guidelines.

If engineering controls and work practices are not effective in controlling exposure to this
material, then wear suitable personal protective equipment, including approved respiratory
protection. Have suitable equipment for use in emergencies, such as spills and fires.

Personal Protection

Respiratory
Protection

The selection of personal protective equipment varies, depending upon condition and use.

If concentrations in excess of 10 ppm are expected, use NIOSH/DHHS approved self-contained
breathing apparatus (SCBA), or other approved atmospheric-supplied respirator (ASR)
equipment (e.g., a full-face airline respirator (ALR)). DO NOT use any form of air-purifying
respirator (APR) or filtering facepiece (i.e. dust mask), especially those containing oxidizable
sorbants such as activated carbon.

Eye Protection

e®

Use chemical splash-type monogoggles and a full-face shield made of polycarbonate, acetate,
polycarbonate/acetate, PETG or thermoplastic.

Skin Protection

1
i

For body protection wear impervious clothing such as an approved splash protective suit made of
SBR Rubber, PVC (PVC Outershell w/Polyester Substrate), Gore-Tex (Polyester trilaminate
w/Gore-Tex), or a specialized HAZMAT Splash or Protective Suit (Level A, B, or C).

AG

For foot protection, wear approved boots made of NBR, PVC, Polyurethane, or neoprene.
Overboots made of Latex or PVC, as well as firefighter boots or specialized HAZMAT boots are
also permitted. DO NOT wear any form of boot or overboots made of nylon or nylon blends. DO
NOT use cotton, wool or leather, as these materials react RAPIDLY with higher concentrations
of material. Completely submerge contaminated clothing or other materials in water prior to
drying. Residual material, if allowed to dry on materials such as paper, fabrics, cotton, leather,
wood or other combustibles can cause the material to ignite and result in a fire.

For hand protection, wear approved gloves made of nitrile, PVVC, or neoprene. DO NOT use
cotton, wool or leather because these materials react RAPIDLY with higher concentrations of
material. Thoroughly rinse the outside of gloves with water prior to removal. Inspect regularly
for leaks.

Personal protective equipment for the body should be selected based on the task being performed
and the risks involved and should be approved by a specialist before handling this product.

Continued on next page
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Section 8. Exposure controls, personal protection (continued)
Other protective Safety showers and eye-wash stations should be readily available in the immediate work area for
equipment emergency use.
Exposure Limits
OSHA TWA: 1 ppm 8 hour(s).
(United States, 2003) TWA: 1.4 mg/m? 8 hour(s).
ACGIH TWA: 1 ppm 8 hour(s).
(Canada, 2003)
Section 9. Physical and chemical properties
Physical state and colorless liquid Odor no odor or ozone odor
appearance
Molecular weight 128.19 g/mole Taste Not available
pH 5.1 (90 wt%) Color Colorless
4.6 (135 Wt%)
Boiling/condensation point 141 °C (90%) Volatility Not available
125 °C (70%)
Melting/freezing point -11 °C (90%) Evaporation rate Not available
-39 °C (70%)
Relative density 0.63 (Water = 1) Odor threshold Not available
Vapor pressure 0.2kPa (20 °C) (90%) Viscosity Not available
0.1kPa (20 °C) (70%)
Vapor density 2.11 (calculated value) Solubility mixing with water. soluble in
alcohol, ether
VOC content Not available Other properties Not available

The product is

noncombustible

Auto-ignition temperature

noncombustible

Flash point

noncombustible

Flammable limits

Not available

GHS Classification - Physical Oxidizing liquids

Hazards

Category 1 based on GHS Classification manual. UNRTDG No. 2015, Class: 5.1, Subsidiary
risks Class: 8, PG I(HYDROGEN PEROXIDE,STABILIZED or HYDROGEN
PEROXIDE,AQUEOUS SOLUTION,STABILIZED with more than 60% hydrogen
peroxide)

May cause fire or explosion; strong oxidizer (Oxidizing liquids Category 1)

Continued on next page
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Section 10. Stability and reactivity

Stability

Self-reactive substance.

Conditions to avoid

Stable (heat and contamination could cause decomposition)

Incompatible materials

Reducing agents, dirt, organics, cyanides, wood, paper, oils and other combustibles, iron and
other heavy metals, copper alloys and caustic.

Hazardous Nitrogen compounds. Oxygen which supports combustion
Decomposition

Products

Possibility of Not available

hazardous reactions

Section 11. Toxicological information

Acute toxicity (Oral)

It was set as Category 4 based on LD50 = 311mg/kg obtained from the calculation using four
rat data (EU-RAR (2003)).

Harmful if swallowed (Acute toxicity (Oral) Category 4)

Acute toxicity (Dermal)

It was set as Category 5 based on rat LD50= 4060mg/kg (EU-RAR (2003)).
May be harmful in contact with skin (Acute toxicity (Dermal) Category 5)

Acute toxicity
(Inhalation: Gases)

Liquid (GHS definition)

Acute toxicity
(Inhalation: Vapors)

The saturated vapor pressure concentration of this product is 1980ppm. And it was classified as
Category 3 based on rat LC50 = 1438ppm of obtained by the test considered to have been
performed with steam (EU-RAR (2003)).

Toxic if inhaled (Vapors) (Acute toxicity (Inhalation: Vapors) Category 3)

Acute toxicity
(Inhalation: Dusts /
Mist)

No data available

Skin corrosion /
irritation

The conclusion with necrosis which penetrates to all layers of the skin or corrosivity is
indicated in 3 minute, 1 hour, or 4 hour application on rabbits (EU-RAR (2003), ECETOC
Special Report 10 (1996)), and in EU, it is classified as C; R35, therefore, this product is
thought to have corrosivity on skin. However, since information is insufficient to subcategorize,
it was classified as Category 1A-1C.

Causes severe skin burns and eye damage (Skin corrosion/irritation Category 1A-1C)

Serious eye damage /
eye irritation

This product is a skin corrosive substance. There is a publication that severe irritation for an
animal and it is corrosive (ECETOC JACC (1993), EU-RAR (2003)). It was set as Category 1
based on the above information.

Causes serious eye damage (Serious eye damage/eye irritation Category 1)

Respiratory
sensitization / Skin
sensitization

[Respiratory sensitization] No data

[Skin sensitization] With the guinea pigs, there are negative results (EU-RAR (2003), ECETOC
JACC (1993)) by two examinations, and it is indicated in humans that a large group of persons
was negative in the patch test (EU-RAR (2003)). However, there is also a statement (EU-RAR
(2003)) that two examples were positive among 158 examples in the human patch test, and
since data is insufficient, it cannot be classified.

Continued on next page
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Section 11. Toxicological information (continued)

Germ cell mutagenicity The substance was regarded as outside the categories. Because there are no results from multi-

generation epidemiological and mutagenicity tests in humans and in vivo mutagenicity tests in
germ cells, and there is a report of a negative result from a micronucleus test in mice (EU-RAR
(2003), ECETOC Special Report 10 (1996)), and there are no positive results from in vivo
genotoxicity tests in germ cells.

Carcinogenicity

It was classified into 3 according to IARC, and classified into A3 according to ACGIH. 1ARC
which has newer classification year was adopted and it was set as the outside of Category by the
technical guideline.

Reproductive toxicity

There is the description that the effect to human sperm is observed in the in vitro experiment
(ECETOC JACC (1993)), and there is no description about the general toxicity to parent
animals in the animal test, but based on the description that there is the effect to sperm motility,
the effedct to estrousl cycle of female, the effect to the decrease of the number of delivery
maternal animal, and the weight decrease of offspring, (ECETOC JACC (1993)), it is classified
into the Category 2.

Suspected of damaging fertility or the unborn child (Reproductive toxicity Category 2 )

Specific target organ
toxicity - Single
exposure

The irritations to the nose, the throat, and the tracheal are reported in human (ACGIH (2001))
and animal (EU-RAR (2003)). In animals, there are the descriptions that it causes the
congestion, pneumonedema, emphysema of lung and tracheal and necrosis of tract epithelium
within the guidance level of Category 1 (EU-RAR (2003), ECETOC Special Report 10 (1996)).
It was classified into Category 1 (respiratory tracts) based on these results. Based on the
descriptions of headache, giddiness, tremor, spasm, coma, and cerebral infarction in humans
(ACGIH (2001), EU-RAR (2003)), it was classified into Category 1(central nervous systems).

Causes damage to respiratory, central nervous system (Specific target organ toxicity - Single
exposure Category 1(respiratory, central nervous system) )

Specific target organ
toxicity - Repeated
exposure

Since a fibrous tissues appears here and there in pneumoconiosiss with the dosage of guidance
value range of Category 1 in the inhalation testof steam in a dog (EU-RAR (2003)) , and there
was the statement that mixture of atelectatic lung area and emphysema area is seen and it has
irritation in lung also in humans (ECETOC JACC (1993)) , it was classified in Category 1
(lung). It was classified in Category 2 (blood) on the basis that effect was seen on the white
blood cell counts and the hematocrit values by oral administration in rats with the dosage of the
guidance value range of Category 2 and hemolytic was seen (EU-RAR (2003)).

Causes damage to lung through prolonged or repeated exposure May cause damage to blood
through prolonged or repeated exposure (Specific target organ toxicity - Repeated exposure
Category 1(lung), 2(blood) )

Aspiration hazard

Classification not possible due to lack of data

Section 12. Ecological information

Potential

Environmental Effects

Toxic to aquatic life

Prevention

Avoid release to the environment.

Response

Not available

Continued on next page
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Section 12. Ecological information (continued)

Acute toxicity to the
aquatic environment

For accidental discharges into environment, see Section #6: ""Accidental Release
Measures™ for suggested instructions.

Water flea data:
48 hour EC50 Crustacea: 2.4 mg/L

Channel catfish 96-hour LCso= 37.4 mg/L
Fathead minnow 96-hour LCso= 16.4 mg/L
Daphnia magna 24-hour ECso = 7.7 mg/L
Daphnia pulex 48-hour LCso= 2.4 mg/L
Freshwater snail 96-hour LCso = 17.7 mg/L

Toxic to aquatic life (Acute toxicity to the aquatic environment Category 2 )

Chronic toxicity to the
aquatic environment

Since it was rapidly degrading in the water, it was classified as Out of Category.

Other adverse effects

Not available.

Section 13. Disposal considerations

Waste information

If you would like to dispose of this chemical, you should properly dispose of this by yourself or
ask qualified specific agents dispose of this according to related legislations and local
regulations. If you would like to ask the agents dispose of this chemical, you should provide
sufficient information on dangerousness and hazard of this chemical.

Container should be recycled after cleaning or if you would like to dispose of container of this
chemical, you should properly dispose of this by yourself or ask qualified specific agents
dispose of this according to related legislations and local regulations. If you would like to ask
the agents dispose of this container, you should provide sufficient information on dangerousness
and hazard of this chemical in this container and information on ingredient and notice of
container.

Disposal should be in accordance with applicable regional, national and local laws, and regulations.

Section 14. Transport information

International Maritime Dangerous Goods (IMDG) Transportation

Information

Primary Class

Class 5.1 Oxidizing substances

Subsidiary Class (if applicable)

Proper shipping name

Chemical 15

Hazard identification number  UN XXXX

Packing group

Marine Pollutant

Special Provisions

Continued on next page
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Section 14. Transport information (continued)

United States Department of Transportation (DOT) Information

Primary Class

Subsidiary Class (if applicable)

Proper shipping name

Hazard identification number ~ UN XXXX

Packing group I

Special Provisions Reportable quantity 100 Ibs. (45.4 kg).

Canada Transportation of Dangerous Goods (TDG) Information

Primary Class Class 5.1 Oxidizing substances

Subsidiary Class (if applicable)

Proper shipping name

Hazard identification number ~ UN XXXX

Packing group

Special Provisions

International Air For air shipment classification and associated regulations, please refer to the latest edition of
Transport Association IATA Dangerous Goods Regulations.

(IATA)

Section 15. Other Regulatory Information

Canada Domestic This product and all of its components are on the DSL

Substances List (DSL)

Status

HCS Classification Target organ effects

(US.A)

U.S.A. Regulatory ListsThis product and/ or all of its components are on the TSCA inventory list

Hazardous Material 3 National Fire Flammability
Information System ammab 0| Protection /<O>\
(US.A) —ry— > Association Healthe 3 " 2 ™ Reactivity

Personal protection H (US.A) pecific hazard

HMIS Personal Protection = H (Safety goggles, gloves, apron, the use of a supplied air or SCBA

respirator is required in lieu of a vapor cartridge respirator)
NFPA Specific Hazard = OX (Oxidizer)

Continued on next page
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Section 16. Other information
Validated and verified by XXXXX on XX/XX/XXXX Printed XX/XX/XXXX.
telephone number XXX-XXX-XXXX

Notice to reader

To the best of our knowledge, the information contained herein is accurate. However, neither the above named supplier
nor any of its subsidiaries assumes any liability whatsoever for the accuracy or completeness of the information
contained herein.

Final determination of suitability of any material is the sole responsibility of the user. All materials may present
unknown hazards and should be used with caution. Although certain hazards are described herein, we cannot
guarantee that these are the only hazards that exist.

SDS are available at www. XX XXX XX.com

End of Safety Data Sheet
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Section 1. Product and Company Identification

Product name / . Associated
Trade Name Chem|ca| 73 Product’s Item
Code

Synonym XXXX CAS # XXXX-XX-XX
Chemical family ~ XXXX Validation date ~ 9/7/2009
Chemical XXXX Print date
formula
Manufacturer XXXX Inc. In case of XXXX Inc.

XXX Anytown USA emergency Communications and

XXX XX-XXXX Regulatory Affairs

Department

Material uses. XXXXXXXXXX XXX-XXX-XXXX

Section 2. Hazard ldentification

Appearance Color and Colorless gas (liquid under pressure)

Odor
Emergency Overview
’f‘% <!> %
Signal Word DANGER
Hazard statements Extremely flammable gas

Contains gas under pressure; may explode if heated

Harmful if inhaled

Causes severe skin burns and eye damage

Causes serious eye damage

May cause allergy or asthma symptoms or breathing difficulties if inhaled

Suspected of causing genetic defects

Causes damage to respiratory system May cause damage to lung through prolonged or repeated
exposure

Very toxic to aquatic life

Very toxic to aquatic life with long lasting effects

I+ 15 (O] Y

Obtain special instructions before use.

Do not handle until all safety precautions have been read and understood.
Keep away from heat/sparks/open flames/hot surfaces. No smoking.

Do not breathe gas.

Wash hands thoroughly after handling.

Do not eat, drink or smoke when using this product.

Use only outdoors or in a well-ventilated area.

Avoid release to the environment.

Wear protective gloves/protective clothing/eye protection/face protection.
Use ventilation system or personal protective equipment as required.

In case of inadequate ventilation wear respiratory protection.

Continued on next page

150



Chemical 73

Page: 2/13

Section 2. Hazard lIdentification (continued)

Regulatory Status

This material is considered hazardous by the OSHA Hazard Communication Standard (29 CFR
1910.1200)

Potential Health
Effects

Inhalation

Eyes

Skin

Ingestion

ACUTE (short term): see Section 8 for Exposure controls/personal protection

&

WARNING
Harmful if inhaled (Gases) (Acute toxicity (Inhalation: Gases) Category 4 )

Prevention: Avoid breathing gas. Use only outdoors in well-ventilated area

il

2
z k‘ﬁ
®
m
Pl

Causes serious eye damage (Serious eye damage/eye irritation Category 1)

Prevention: Wear eye protection/face protection.

el

2
z H
®
m
Pl

Causes severe skin burns and eye damage (Skin corrosion/irritation Category 1A-1C)

Prevention: Wear protective gloves/protective clothing/eye protection/face protection.

Specific target organ
toxicity —

Single exposure

2

@%H
QN el
Py

DANGER

Causes damage to respiratory system (Specific target organ toxicity - Single exposure Category
1(respiratory system))

Prevention: Do not breathe gas. Wash hands thoroughly after handling. Do not eat, drink
or smoke when using this product.

Continued on next page
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Section 2. Hazard ldentification (continued)

Potential Health
Effects

CHRONIC (long term): see Section 11 for additional toxicological information

DANGER

May cause allergy or asthma symptoms or breathing difficulties if inhaled (Respiratory
sensitization Category 1)

Prevention: Avoid breathing gas. In case of inadequate ventilation, wear respiratory
protection.

WARNING
Suspected of causing genetic defects (Germ cell mutagenicity Category 2 )

Prevention: Obtain special instructions before use. Do not handle until all safety
precautions have been read and understood. Use personal protective equipment as required.

May cause damage to lung through prolonged or repeated exposure (Specific target organ toxicity
- Repeated exposure Category 2(lung))

Prevention: Do not breathe gas. Wash hands thoroughly after handling. Do not eat, drink
or smoke when using this product.

Specific target organ
toxicity —

Repeated exposure

WARNING

May cause damage to lung through prolonged or repeated exposure (Specific target organ toxicity
- Repeated exposure Category 2(lung))

Prevention: Do not breathe gas. Wash hands thoroughly after handling. Do not eat, drink
or smoke when using this product.

Potential
Environmental Effects

WARNING

Very toxic to aquatic life

Very toxic to aquatic life with long lasting effects
See Section 12: Ecological information

Continued on next page
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Section 3. Hazardous Ingredients

Chemical Name % CAS Number EC Number Classification
Chemical 73 >99% XXXX-XX-XX

There are no ingredients or additional ingredients present which, within the current knowledge of the supplier and in the
concentrations applicable, are classified as hazardous to health or the environment and hence require reporting in this section.

Section 4. First aid measures

Inhalation IF INHALED: Remove victim to fresh air and keep at rest in a position comfortable for
breathing.

IF exposed or if you feel unwell: Call a poison control center or doctor/physician.

Eye Contact IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present
and easy to do. Continue rinsing.

Immediately call a POISON CENTER or doctor/physician.

Skin Contact IF ON SKIN (or hair): Take off immediately all contaminated clothing. Rinse skin with
water/shower.

Wash contaminated clothing before reuse.
Immediately call a POISON CENTER or doctor/physician.

Ingestion IF SWALLOWED: Rinse mouth. Do NOT induce vomiting.
Immediately call a POISON CENTER or doctor/physician.

Section 5. Fire fighting measures

Acute hazards

DANGER
Extremely flammable gas
Fire-fighting media Use an extinguishing agent suitable for the surrounding fire. If the gas is burning, use dry
chemical powder or carbon dioxide for small fires and water spray, fog or foam for large fires.
Fire and Explosion Flammable.
Hazards

Gas/air mixtures are explosive.
Sensitivity to mechanical impact: Not sensitive. Stable material.

Sensitivity to static discharge: Liquefied material will not accumulate static charge because the
electrical conductivity is high.

Continued on next page
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Section 5. Fire fighting measures (continued)

Fire-fighting
instructions

Leaking gas fire: do not extinguish, unless leak can be stopped safely.
Eliminate all ignition sources if safe to do so.

Material is a corrosive gas. Do not enter without wearing specialized protective equipment
suitable for situation. Firefighter’s normal protective clothing (bunker gear) will not provide
adequate protection. A full-body encapsulating, chemical protective suit with positive pressure
self-contained breathing apparatus (NIOSH approved or equivalent) may be necessary.

Cool containing vessels with water jet to prevent pressure buildup, autoignition or explosion.
Move containing vessels from fire, without risk. If material catches fire, stop flow of gas or
liquid, if it may be done safely. Use water spray or fog to extinguish flames and suppress
vapors. Do not direct water on spilled material. Cryogenic material. Material will cool with
evaporation. Fire water will increase material temperature resulting in greater evaporation.
Contain run-off water.

Products of
combustion

Decomposition products may include the following materials: nitrogen oxides (NO, NO,)

Section 6. Accidental release measures

Small spill and leak

Warn personnel to move away. Keep unprotected personnel upwind of spill area. DO NOT
APPROACH LIQUID OR VAPOR CLOUD WITHOUT ENCAPSULATING SUIT AND
SCBA. If possible to do so without hazard, isolate leak by shutting off supply of material from
containing vessel. Use water fog to suppress airborne vapors from leak or spill. DO NOT
DIRECT WATER INTO SPILLED LIQUID! MATERIAL WILL AUTOREFRIGERATE
REDUCING VAPOR RELEASE. ADDITION OF WATER WILL WARM CRYOGENIC
LIQUID RESULTING IN GREATER GASIFICATION. Contain run-off water for later
recovery and treatment. Call emergency number in Section 1 for assistance.

Large spill and leak

Follow precautions for small release, and refer to Emergency Response Guidebook ERG2004,
Guide XXX for further information regarding spill control and Isolation/Protective Action
Distances Guidelines.

Note: See Section 1 for emergency contact information and Section 13 for disposal
considerations.

Section 7. Handling and Storage

Handling

Obtain special instructions before use.

Do not handle until all safety precautions have been read and understood.
Keep away from heat/sparks/open flames/hot surfaces. — No smoking.
Do not breathe gas.

Wash hands thoroughly after handling.

Do not eat, drink or smoke when using this product.

Use only outdoors or in a well-ventilated area.

Wear protective gloves/protective clothing/eye protection/face protection.
Use ventilation system or personal protective equipment as required.

In case of inadequate ventilation wear respiratory protection.

Wash contaminated clothing before reuse.

Continued on next page
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Section 7. Handling and Storage (continued)

Storage

WARNING
Contains gas under pressure; may explode if heated

Store locked up.
Protect from sunlight. Store in a well-ventilated place.

See Section #10 for applicable incompatible materials.

Section 8. Exposure controls, personal protection

Engineering Controls

Workers must be trained in the safe handling and use of material. Adequate, well engineered
systems must be provided for storage, transfer and use. Process block valves, equipment
enclosures, and other isolation facilities may be necessary. Provide adequate general or local
exhaust systems to maintain concentrations within exposure guidelines.

If engineering controls and work practices are not effective in controlling exposure to this
material, then wear suitable personal protective equipment, including approved respiratory
protection. Have suitable equipment for use in emergencies, such as spills and fires.

Personal Protection

Respiratory
Protection

The selection of personal protective equipment varies, depending upon condition and use.

@

&
A respiratory protection program that meets OSHA 29 CFR 19010.134 and ANSI Z88.2
requirements or European Standard EN 149 or Canadian Standards Association (CSA) standard
Z94.4-93 must be followed whenever workplace conditions warrant a respirator’s use.

NIOSH recommendations for concentrations in air:

Up to 250 ppm: Chemical cartridge respirator with cartridges(s) to protect against
material; or SAR (supplied-air respirator).

Up to 300 ppm: SAR operated in continuous-flow mode; or powered air purifying
respirator with cartridges to protect against material; or gas mask with canister to
protect against ammonia; or full-facepiece SCBA (self-contained breathing apparatus);
or full-facepiece SAR.

Emergency or planned entry into unknown concentrations or immediately dangerous to
life or health (IDLH) conditions: Positive pressure, full-facepiece SCBA, or positive
pressure, full-facepiece SAR with auxiliary positive pressure SCBA.

Escape: Gas mask with canister to protect against material; or escape-type SCBA.

Use a properly fitted, air-purifying or air-fed respirator complying with an approved standard if a
risk assessment indicates this is necessary. Respirator selection must be based on known or
anticipated exposure levels, the hazards of the product and the safe working limits of the selected
respirator

Continued on next page
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Section 8. Exposure controls, personal protection (continued)

Eye Protection @
&

Contact lenses should not be worn when handling this material. Use chemical goggles and a face
shield or full face-piece air purifying or air-supplied respirator.

Skin Protection

O3

For normal handling wear Butyl, Teflon, Viton, Responder, Trellchem, Tychem boots, gloves,
jacket and pants.

Under emergency conditions, where contact with aqueous material or high concentration gas is
likely, wear a chemically resistant, gastight totally encapsulating suit with 60 minute positive
pressure SCBA is required.

Personal protective equipment for the body should be selected based on the task being performed
and the risks involved and should be approved by a specialist before handling this product.

Other protective Safety showers and eye-wash stations should be readily available in the immediate work area for
equipment emergency use.

Exposure Limits

OSHA TWA: 50 ppm 8 hour(s).
(United States, 2003) TWA: 35 mg/m? 8 hour(s).

NIOSH TWA: 25 ppm 10 hour(s).
TWA: 18 mg/m3 10 hour(s).
STEL: 35 ppm 15 minute(s).
STEL: 27 mg/m3 15 minute(s).
IDLH: 300 ppm

ACGIH TWA: 25 ppm 8 hour(s).
(Canada, 2003) TWA: 18 mg/m? 8 hour(s).
STEL: 35 ppm 15 minute(s).
STEL: 27 mg/m?3 15 minute(s).

Continued on next page
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Section 9. Physical and chemical properties

Physical state and Gas Odor Very strong irritating
appearance

Molecular weight 128.19 g/mole Taste Not available

pH 12 (10% aqueous solution) Color Colorless
Boiling/condensation point  -33.35°C Volatility Not available
Melting/freezing point -77.7°C Evaporation rate Not applicable

Relative density

0.63 (Water = 1)

Odor threshold 17 ppm

Vapor pressure 6610 mm of Hg at 20°C Viscosity 0.00982 mPa.s (0.00982
centipoise at 20°C and 101.33
kPa (gas)

Vapor density 0.5967 (Air =1) Solubility Very soluble, 31% (water at
25°C)

VOC content Not available Other properties Not available

The product is Combustible

Auto-ignition temperature  651°C

Flash point

CLOSED CUP: 132°C.

Flammable limits

LOWER: 15.5% UPPER: 27.00%

Fire hazards in the presence Combustible in presence of open flames and sparks.

of various substances

Section 10. Stability and reactivity

Stability

Stable at normal temperatures and pressures.

Combustible dust.

Conditions to avoid

High temperatures, electrical discharge, electric sparks, welding and other ignition sources.

Emanation of dust

Incompatible materials

Extremely reactive or incompatible with acids. Highly reactive with oxidizing agents and
reducing agents. Do not use copper, brass, bronze, or galvanized steel in contact with material.
Do not use brazed joints in this service.

Hazardous Decomposes at about 450-500 °C. Decompostion will occur at lower temperatures in the

Decomposition presence of metals such as iron, nickel, and zinc and, to a lesser extent, catalystic surfaces, such

Products as porcelain and pumice. In the presence of catalysts, decomposition begins as low as 300 oC
and is complete at 500-600 °C.

Possibility of Forms explosive compounds with many heavy metals such as mercury or silver. Reacts

hazardous reactions

explosively with chlorine, hypochlorites (such as bleach or dry chlorinating chemicals) and
other halogens (brome, iodine, fluorine).

Continued on next page
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Section 11. Toxicological information

Acute toxicity (Oral)

There is the report of the death in humans after ammonia solution ingestion (EHC 54 (1986)).
But it is not gas data, it is not considered as the basis of the categories.

Acute toxicity (Dermal)

Classification not possible due to lack of data.

Acute toxicity
(Inhalation: Gases)

It was considered as Category 4 based on rat LC50 = 4608.7ppm (4-hour equivalent)
(EHC 54 (1986)).

Harmful if inhaled (Gases) (Acute toxicity (Inhalation: Gases) Category 4 )

Acute toxicity
(Inhalation: Vapors)

Gas (GHS definition)

Acute toxicity
(Inhalation: Dusts /
Mist)

Gas (GHS definition)

Skin corrosion /
irritation

Necrosis was observed in skin irritation test with ammonia solution on rabbits
(IUCLID 2000). As for humans, there is a report of a remarkable stimulation, chemical
burns, etc. on contacts with ammonia gas (DFGOTvol.6 (1992)), and it is regarded as a
skin irritant also in the state of gas (IUCLID 2000). From what mentioned above, it
was classified as Category 1A-1C.

Causes severe skin burns and eye damage (Skin corrosion/irritation Category 1A-1C).

Serious eye damage /
eye irritation

Conjunctival edema is observed post-exposure to eye of rabbit (EHC 54 (1986)). If a
burned is caused, the irreversible influence of eyeball adhesion, the ulcers and
perforations of a cornea, permanent corneal clouding, iritis, etc. is admitted (EHC 54
(1986), IUCLID (2000)). Furthermore, humans also were affected by contact directly
for a rapid rates, and the eye disorders especially critical in high concentrations has
occurred (EHC 54 (1986), ACGIH (7th, 2001)). It was set as Category 1 based on the
above fact.

Causes serious eye damage (Serious eye damage/eye irritation Category 1)

Respiratory
sensitization / Skin
sensitization

[Respiratory sensitization] Two or more asthma or asthma-like symptoms by exposures
have been reported by humans (ATSDR 2004, ACGIH (2001)). Based on the fact that a
statistically significant relevance is indicated between gas exposure and the respiratory
symptom including bronchial asthma by one report (ATSDR 2004) and that in a
different report ammonia is made the asthmatic cause by the provocation test (ATSDR
2004). It was referred to as Category 1.

[Skin sensitization] Although there is no animal test data of the material itself, as it is
in a form of gas at an ordinary temperature and normal pressure, its examination in
solution is being carried out. As skin sensitization was clearly denied by the Open
epicutaneous test using a guinea pigs (IUCLID 2000, it was put outside of the
Category.

May cause allergy or asthma symptoms or breathing difficulties if inhaled (Respiratory
sensitization Category 1)

Continued on next page
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Section 11. Toxicological information (continued)

Germ cell mutagenicity The substance was classified as Category 2. Because there are increases in

chromosome aberration and sister chromatid exchange in the study/analysis of the
blood samples taken from people who have been exposed to ammonia and people who
have not (ATSDR 2004), and there is a positive result from the in vivo mutagenicity
test (the micronucleus test in mice: ATSDR (2004)).

Suspected of causing genetic defects (Germ cell mutagenicity Category 2)

Carcinogenicity

There is no finding which suggests carcinogenicity as a result of mixing this material
in drinking water and administration to mice for two years (EHC 54 (1986)), but there
is also a description of tumors in the stomach and intestines (details unknown) (RTECS
(2004)). Information is still more nearly need for a classification and it determined that
"It cannot be classified."

Reproductive toxicity

There is only the description of decrease weight gain of 120-day old child in
administration for pregnant and lactational period (ATSDR (2004)), but it is not
obvious on the effect to reproductive potential in administration before pregnancy
(premating), and so it cannot be classified since data is insufficient.

Specific target organ
toxicity - Single
exposure

Since difficulty breathing, lung edema, bronchial pneumonias, etc. are reported in
humans (DFGOTvol.6 (1992), ATSDR (2004), IRIS (1991), BSDB (2005)), and
significant toxicity effects to the respiratory systems containing lungs, such as dyspnea,
cyanosis, hemorrhage lung and pulmonary edema, interstitial pneumonias, etc. are
observed also in animal studies (EHC 54 (1986)), it was classified into Category 1
(respiratory systems). In addition, the toxic expressing levels presumed from animal
data (EHC 54 (1986)) is also equivalent to the guidance value Category 1.

Causes damage to respiratory system (Specific target organ toxicity - Single exposure
Category 1(respiratory system) )

Specific target organ
toxicity - Repeated
exposure

In repeated inhalation study of rats, the interstitial pneumonias accompanied by a
peribronchitis is seen in the range of the guidance value of Category 2 (EHC 54
(1986)), and the same clinical features as a contractile lung functional disorder, an
obstructive pulmonary disease, etc. with chronic dyspnea is reported in humans who
received occupational exposure of ammonia in large quantities (IUCLID (2000)). It
was classified in Category 2 (lung) based on these facts. In addition, influences on the
lungs are seen in other animals, or in other examinations from which a test condition
differs (EHC 54 (1986), IUCLID 2000).

Aspiration hazard

Gas (GHS definition).

Continued on next page
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Section 12. Ecological information

Potential
Environmental Effects

WARNING
Very toxic to aquatic life
Very toxic to aquatic life with long lasting effects

Prevention Avoid release to the environment.
Response Collect spillage
Acute toxicity to the For accidental discharges into environment, see Section #6: *"Accidental Release

aquatic environment

Measures' for suggested instructions.
Water flea data:
48 hour ECso Dapnia magna: 25.4 mg/L
Freshwater fish species data:
96 hour LCsy Cypinus carpio: 1.1 mg/L
96 hour LCs, Lepomis macrochirus: 0.26-4.6 mg/L
96 hour LCs, Pimephales promelas: 0.73-2.35 mg/L
96 hour LCs, Poecillia reticulate: >1.5 mg/L
Microtox Data
5 min ECs, Photobacterium phosphoreum: 2.0 mg/L

Very toxic to aquatic life (Acute toxicity to the aquatic environment Category 1)

Chronic toxicity to the
aquatic environment

Since acute toxicity was Category 1 and since underwater action and bio-accumulation were
unknown, it was classified into Category 1.

Very toxic to aquatic life with long lasting effects (Chronic toxicity to the aquatic environment
Category 1).

Other adverse effects

Harmful to aquatic life in very low concentrations.
May be dangerous if it enters water intakes.
Notify local health and wildlife officials.

Notify operators of nearby water intakes.

Section 13. Disposal considerations

Waste information

The generation of waste should be avoided or minimized wherever possible. Dispose of surplus
and non-recyclable products via a licensed waste disposal contractor. Disposal of this product,
solutions and any by-products should at all times comply with the requirements of
environmental protection and waste disposal legislation and any regional local authority
requirements. Avoid dispersal of spilled material and runoff and contact with soil, waterways,
drains and sewers.

Disposal should be in accordance with applicable regional, national and local laws, and regulations.

Continued on next page
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Section 14. Transport information
International Maritime Dangerous Goods (IMDG) Transportation
Information
Primary Class Class 2.3: Toxic gases
Subsidiary Class (if applicable)
Proper shipping name Chemical 73
Hazard identification number ~ UN XXXX
Packing group
Marine Pollutant
Special Provisions
United States Department of Transportation (DOT) Information
Primary Class
Subsidiary Class (if applicable)
Proper shipping name
Hazard identification number ~ UN XXXX
Packing group "
Special Provisions Reportable quantity 100 Ibs. (45.4 kg).
Canada Transportation of Dangerous Goods (TDG) Information
Primary Class Class 2.3: Toxic gases
Subsidiary Class (if applicable)
Proper shipping name
Hazard identification number ~ UN XXXX
Packing group
Special Provisions
International Air For air shipment classification and associated regulations, please refer to the latest edition of
Transport Association IATA Dangerous Goods Regulations.
(1ATA)

Continued on next page
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Section 15. Other Regulatory Information

WHMIS Classification A— Compressed Gas
(Canada) B1 — Flammable gas

D1A - Poisonous and infectious material — immediate and serious effects — very toxic

E - Corrosive
Canada Domestic This product and all of its components are on the DSL
Substances List (DSL)
Status
HCS Classification Target organ effects
(US.A)
U.S.A. Regulatory ListsThis product and/ or all of its components are on the TSCA inventory list
Hazardous Material 3| National Fire /- Flammability
Information System ammab 1| Protection /\1 /\
(US.A) Reactivity 0 Association Health’, 3 <0 > Reactivity
Personal protection H (US.A) \Qséciﬁc hazard

Section 16. Other information

Validated and verified by XXXXX on XX/ XX/ XXXX Printed XX/XX/XXXX.
telephone number XXX-XXX-XXXX

Notice to reader

To the best of our knowledge, the information contained herein is accurate. However, neither the above named supplier
nor any of its subsidiaries assumes any liability whatsoever for the accuracy or completeness of the information
contained herein.

Final determination of suitability of any material is the sole responsibility of the user. All materials may present
unknown hazards and should be used with caution. Although certain hazards are described herein, we cannot
guarantee that these are the only hazards that exist.

SDS are available at www. XXX XXX X.com

End of Safety Data Sheet
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Chemical

Symbol

Order

\%A V2 V3
Responsel Response Name
R_6u7Zq8IRS_9TD8L Anonymou
R_3qglvyFC RS_9TD8L Anonymou
R_1RJDrL,RS_9TD8L Anonymou
R_cJ60KIE RS_9TD8L Anonymou
R_OIFVZUIRS_9TD8L Anonymou
R_1Zataht RS_9TD8L Anonymou
R_egqD4AL RS_9TD8L Anonymou
R_1ZJQO€RS_9TD8L Anonymou
R_6WhZ4(RS_9TD8L Anonymou
R_1GPCm RS_9TD8L Anonymou
R_1Yb6pr¢ RS_9TD8L Anonymou
R_a9IMfoA RS_9TD8L Anonymou
R_etAVXL:RS_9TD8L Anonymou
R_2udpRE RS_9TD8L Anonymou
R_eu20xDiRS_9TD8L Anonymou
R_et9L8t2y RS_9TD8L Anonymou
R_aVGOq: RS_9TD8L Anonymou
R_0eqCWIRS_9TD8L Anonymou
R_71xhnWRS_9TD8L Anonymou
R_3w3Jie\ RS_9TD8L Anonymou
R_OXLXFD RS_9TD8L Anonymou
R_afkKDZw RS_9TD8L Anonymou
R_9zE2QU RS_9TD8L Anonymou

R_aeHCE(RS_0jH48\ Anonymou
R_dbU8A1 RS_0jH48\ Anonymou
R_a8J6laV RS_0jH48\ Anonymou
R_3TSIWC RS_0jH48\ Anonymou
R_6F5wPS RS_0jH48\ Anonymou
R_5iINQMfl RS_0jH48\ Anonymou
R_3D8rM2 RS_0jH48\ Anonymou
R_bJYvDrl RS_0jH48Y Anonymou
R_bvJIPH(RS_0jH48\ Anonymou
R_6ImYF4 RS_0jH48\ Anonymou
R_do20ifBI RS_0jH48\ Anonymou
R_1G3vqz RS_0jH48) Anonymou
R_6IDmectRS_0jH48\ Anonymou
R_b79Z0oQ RS_0jH48\ Anonymou
R_1XrU1A RS_0jH48\ Anonymou
R_eybeJQ RS_0jH48\ Anonymou
R_bw8eqtc RS_0jH48\ Anonymou
R_0OGSCAIRS_0jH48\ Anonymou
R_6VD5TERS_0jH48\ Anonymou
R_Olbhabz RS_0jH48\ Anonymou
R_6M3IT7°RS_0jH48\ Anonymou
R_3xXCbh8 RS_0jH48\ Anonymou
R_6tEVB8' RS_0jH48\ Anonymou
R_cG7wxF RS_0jH48\ Anonymou

V7

StartDate

10/4/2009 21:15
10/4/2009 23:23
10/5/2009 20:10
10/5/2009 2:10
10/5/2009 22:01
10/6/2009 13:54
10/6/2009 15:12
10/4/2009 16:47
10/7/2009 13:15
10/11/2009 16:02
10/21/2009 12:06
10/21/2009 12:28
10/21/2009 10:55
10/25/2009 23:25
10/26/2009 9:01
10/28/2009 10:12
10/29/2009 19:07
11/3/2009 15:44
11/3/2009 8:03
11/6/2009 14:23
11/6/2009 15:46
11/6/2009 16:58
11/6/2009 20:42

10/6/2009 19:04
10/6/2009 19:14
10/6/2009 18:59
10/6/2009 20:39
10/6/2009 18:34
10/6/2009 18:40
10/6/2009 22:12
10/7/2009 10:39
10/7/2009 11:58
10/9/2009 10:06
10/12/2009 0:12
10/12/2009 11:49
10/12/2009 15:57
10/18/2009 15:50
10/20/2009 8:42
10/20/2009 12:12
10/21/2009 21:22
10/23/2009 14:02
10/26/2009 18:33
10/29/2009 12:27
10/29/2009 20:30
11/1/2009 10:59
11/3/2009 0:01
11/9/2009 19:33

V8

EndDate

10/4/2009 21:50
10/5/2009 0:16
10/5/2009 20:48
10/5/2009 21:43
10/5/2009 22:43
10/6/2009 14:32
10/6/2009 15:31
10/6/2009 16:40
10/7/2009 13:29
10/11/2009 16:31
10/21/2009 12:27
10/21/2009 13:24
10/21/2009 14:07
10/26/2009 0:08
10/26/2009 9:35
10/28/2009 10:25
10/29/2009 19:48
11/3/2009 16:15
11/5/2009 21:04
11/6/2009 14:44
11/6/2009 16:04
11/6/2009 17:12
11/6/2009 21:26

10/6/2009 19:25
10/6/2009 19:35
10/6/2009 20:06
10/6/2009 21:07
10/6/2009 21:30
10/6/2009 21:32
10/7/2009 10:21
10/7/2009 11:01
10/7/2009 12:24
10/9/2009 10:29
10/12/2009 0:47
10/12/2009 12:17
10/12/2009 16:29
10/18/2009 16:26
10/20/2009 9:41
10/20/2009 12:49
10/21/2009 21:45
10/23/2009 14:38
10/26/2009 18:48
10/29/2009 13:02
10/29/2009 21:02
11/1/2009 11:23
11/3/2009 0:15
11/9/2009 19:53

V9
Finished
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Please take If you have Gender

1
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1
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OO0 0000000000000 O0OO0OO0OOOOO

Group

WWWWwWwWwowowowowowowowowowowowowoww

IR IR IR IR R R R I R il i i E R IR iR il S E e I e

Chemical

Symbol

Order

V1 V2 V3
Responsel Response$ Name

R_aY3t3ku RS_6ywlk Anonymou
R_2fu90Ls RS_6yw1lk Anonymou
R_4ZUUS:RS_6ywlk Anonymou
R_eQJQW RS_6yw1lk Anonymou
R_7QaS7kt RS_6ywlk Anonymou
R_2o0v7eqi RS_6ywlk Anonymou
R_976Ji70 RS_6ywlk Anonymou
R_51QW4!RS_6yw1lk Anonymou
R_ewATec RS_6ywlk Anonymou
R_bKugnL RS_6yw1lk Anonymou
R_00zrxOLRS_6yw1k Anonymou
R_OpOwD: RS_6yw1k Anonymou
R_3yEiChf RS_6yw1k Anonymou
R_a3tNv6t RS_6ywlk Anonymou
R_3jYiOgl RS_6ywlk Anonymou
R_aXD5BNRS_6ywlk Anonymou
R_OTE6GNRS_6ywlk Anonymou
R_6mRF6¢ RS_6ywlk Anonymou
R_50rRRjt.RS_6ywlk Anonymou
R_4PdsZ7iRS_6ywlk Anonymou
R_cCihw6 RS_6yw1lk Anonymou

R_6Amrd2 RS_a99xT Anonymou
R_82fk5yZ RS_a99xT, Anonymou
R_41TDsX RS_a99xT Anonymou
R_cD3uZA RS_a99xT Anonymou
R_3Lc2dRIRS_a99xT Anonymou
R_cZTlonn RS_a99xT Anonymou
R_clmPY4 RS_a99xT Anonymou
R_3f846EL RS_a99xT Anonymou
R_cA99Gr'RS_a99xT Anonymou
R_6L63JEC RS_a99xT, Anonymou
R_8wvwAv RS_a99xT Anonymou
R_78tXPO RS_a99xT Anonymou
R_47ZtmgG RS_a99xT Anonymou
R_e2Mflurl RS_a99xT, Anonymou
R_8cUfDIft RS_a99xT, Anonymou
R_07XGmiRS_a99xT Anonymou
R_1LxSeJIRS_a99xT Anonymou
R_3rtpUZ0 RS_a99xT Anonymou
R_8iREdJs RS_a99xT, Anonymou
R_cuL40WRS_a99xT Anonymou
R_6kTHIi1CRS_a99xT Anonymou
R_5arlFd6/ RS_a99xT Anonymou

\'Z4

StartDate

10/8/2009 22:10
10/9/2009 0:45
10/9/2009 10:37
10/9/2009 14:48
10/9/2009 15:16
10/10/2009 12:58
10/11/2009 20:31
10/12/2009 13:54
10/12/2009 20:14
10/13/2009 16:06
10/13/2009 16:26
10/19/2009 16:37
10/22/2009 23:37
10/25/2009 19:02
10/25/2009 22:10
10/27/2009 11:41
10/27/2009 14:50
10/27/2009 16:29
10/30/2009 20:18
11/6/2009 14:34
11/9/2009 18:58

10/9/2009 19:04
10/10/2009 15:08
10/11/2009 21:47
10/12/2009 15:21
10/12/2009 15:41
10/13/2009 11:24
10/13/2009 13:08
10/14/2009 21:49

10/17/2009 0:02
10/18/2009 15:24
10/19/2009 20:12
10/21/2009 13:24

10/22/2009 9:25
10/22/2009 12:02
10/26/2009 19:24
10/26/2009 23:26

11/1/2009 12:25

11/5/2009 22:39

11/5/2009 23:19

11/6/2009 16:16

11/9/2009 21:45
11/11/2009 16:36

V8

EndDate

10/8/2009 22:38
10/9/2009 1:12
10/9/2009 12:57
10/9/2009 14:58
10/9/2009 15:32
10/10/2009 13:26
10/11/2009 21:03
10/12/2009 14:05
10/12/2009 20:40
10/13/2009 16:29
10/13/2009 16:36
10/19/2009 16:51
10/22/2009 23:59
10/25/2009 19:41
10/25/2009 22:21
10/27/2009 12:45
10/27/2009 15:19
10/27/2009 16:56
11/4/2009 13:10
11/6/2009 15:13
11/9/2009 19:33

10/9/2009 19:15
10/10/2009 15:32
10/11/2009 23:16
10/12/2009 15:55
10/12/2009 16:30
10/13/2009 12:06
10/14/2009 15:49
10/14/2009 22:03

10/17/2009 0:23
10/18/2009 15:46
10/19/2009 20:43
10/21/2009 13:38

10/22/2009 9:48
10/22/2009 12:15
10/26/2009 19:54
10/26/2009 23:45

11/1/2009 13:18

11/5/2009 23:05

11/5/2009 23:29

11/6/2009 16:36

11/9/2009 22:08
11/11/2009 17:00

V9
Finished
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PR RPRRPRRPRPRRPRRRREPREPREPRPRPRPRRRRERRERREREPR

Q1

Please take If you have Gender

PRPPRRPRPPRPRRPPPRPRPPPRRPPER

PRPRRPRPPRPRPRPPRPRPPPRPRPPPERRPR

Q9

RPRRPRRPRRPRRPRPRPRRPRPRPRPREPRPREPRPRRERREPR

RPRRPRRPRRRPRRRPRPRRPRPRRPREPRPREPRPRERRRERRREPR

Q6
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Response Strata

91
92

94
95
96

98
99
100
101

102
103
104
105
106
107
108
109
110
111
112
113

NNDNNPNDNNDNDNNDDN

NNPNDNNDNNDNDNDNDDNDDN

Group

PRPPRRPPPRRP

NNNNNMNNNNNNDNDDN

Chemical

Symbol

Order

V1 V2 V3
Responsel Response$ Name

R_4ZpN1r.RS_dg6hz( Anonymou
R_01AgJfk RS_dg6hz( Anonymou
R_73bZVJ RS_dg6hzi Anonymou
R_eFGhZc RS_dg6hzi Anonymou
R_eM7dthi RS_dg6hz( Anonymou
R_9YmrFCRS_dg6hz( Anonymou
R_3ELTXg RS_dg6hziAnonymou
R_8uhsZW RS_dg6hzi Anonymou
R_2igT2f2:RS_dg6hz( Anonymou
R_6lhyCPcRS_dg6hz( Anonymou
R_80dV7H RS_dg6hzi Anonymou

R_ehvuP1IRS_4Myvn Anonymou
R_098Ymk RS_4Myvn Anonymou
R_57mUa¢ RS_4Myvn Anonymou
R_6Mw9pT1RS_4Myvn Anonymou
R_eWg4M RS_4Myvn Anonymou
R_OGwtYK RS_4Myvn Anonymou
R_6niYri5E RS_4Myvn Anonymou
R_5A2c2C RS_4Myvn Anonymou
R_5iKnTBI RS_4Myvn Anonymou
R_e9Uirnn RS_4Myvn Anonymou
R_8zYKNK RS_4Myvn Anonymou
R_aVnQFe RS_4Myvn Anonymou

V7

StartDate

10/6/2009 5:31
10/7/2009 7:44
10/8/2009 9:49
10/8/2009 13:40
10/9/2009 7:34
10/15/2009 8:14
10/27/2009 10:09
11/13/2009 12:01
11/18/2009 6:43
12/22/2009 16:06
4/2/2010 11:42

10/7/2009 5:14
10/7/2009 8:32
10/7/2009 8:08
10/9/2009 6:40
10/9/2009 6:30
10/9/2009 7:37
10/9/2009 7:57
10/12/2009 10:15
10/9/2009 6:16
10/15/2009 9:21
11/9/2009 13:40
12/8/2009 9:13

V8

EndDate

10/6/2009 6:17
10/7/2009 8:21
10/8/2009 10:37
10/8/2009 14:22
10/9/2009 8:54
10/15/2009 9:00
10/27/2009 13:06
11/13/2009 13:35
11/18/2009 7:59
12/22/2009 16:29
4/2/2010 12:24

10/7/2009 6:33
10/7/2009 9:37
10/8/2009 10:01
10/9/2009 7:18
10/9/2009 7:22
10/9/2009 8:11
10/9/2009 8:22
10/12/2009 12:08
10/12/2009 12:31
10/15/2009 10:14
11/9/2009 14:26
12/8/2009 9:54

V9
Finished

PRRPRRRPRRRPRRRRPR

PRRPRRPRRRPRRRREPR

o1

Please take If you have Gender

PRPPRRPRPPRRP

PRPRPRPRPPEPRRPPEPE

Q9

RPRRPRRRPRRPRRRPR

RPRRPRRRRPRRRRPR

Q6

NP, EPENERERPRNNDENDN

NNEFENNDNDNNDENDDNDN
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V1 V2 V3 V7 V8 V9 Q1 Q9 Q6
Response Strata Group Chemical Symbol  Order Responsel Response Name StartDate EndDate Finished Please takeIf you have Gender
114 2 3 R_cBbnsKi RS_2tusbs Anonymou 10/12/2009 16:46 10/12/2009 17:51 1 1 1
115 2 3 R_b7xG8X RS_2tusbS Anonymou 10/12/2009 16:48 10/12/2009 17:53 1 1 1
116 2 3 R_7ONXFIRS_2tusbS Anonymou 10/14/2009 11:46 10/14/2009 12:20 1 1 1
117 2 3 R_bp9BxA RS_2tusbS Anonymou 10/19/2009 3:59 10/19/2009 4:32 1 1 1
118 2 3 R_5j4Uxdh RS_2tusb< Anonymou 10/19/2009 12:21 10/19/2009 13:08 1 1 1
119 2 3 R_eDRKqc¢ RS_2tusbs Anonymou 10/20/2009 8:40 10/20/2009 9:55 1 1 1
120 2 3 R_cTOdbC RS_2tusbS Anonymou 10/29/2009 14:27 10/29/2009 15:01 1 1 1
121 2 3 R_bDCRw! RS_2tusbS Anonymou 10/29/2009 14:36 10/29/2009 15:26 1 1 1
122 2 3 R_cRTVeYRS_2tusbs Anonymou 4/2/2010 12:34 4/2/2010 14:25 1 1 1
123 2 3 R_2bP11p|RS_2tusbS Anonymou 4/5/2010 8:20 4/5/2010 8:56 1 1 1
124 2 3 R_5jSVJ5v RS_2tusbS Anonymou 4/7/2010 15:25 4/7/2010 16:11 1 1 1
125 2 4 R_0CcAejl RS_0Di3A: Anonymou 10/19/2009 10:16 10/19/2009 10:56 1 1 1
126 2 4 R_OAsPkP RS_0Di3A: Anonymou 10/20/2009 13:15 10/20/2009 14:16 1 1 1
127 2 4 R_9nQ5PF RS_0Di3A: Anonymou 10/22/2009 10:43 10/22/2009 11:59 1 1 1
128 2 4 R_b7PoY4 RS_0Di3A; Anonymou 10/16/2009 19:58 10/23/2009 20:53 1 1 1
129 2 4 R_a5iQZbi RS_0Di3A: Anonymou 10/26/2009 11:25 10/26/2009 11:58 1 1 1
130 2 4 R_egl1zIMs RS_0Di3A: Anonymou 11/4/2009 7:17 11/4/2009 8:39 1 1 1
131 2 4 R_bE3kBk RS_0Di3A: Anonymou 11/10/2009 6:47 11/10/2009 7:15 1 1 1
132 2 4 R_6IK7SK: RS_0Di3A; Anonymou 11/22/2009 11:43 11/22/2009 12:49 1 1 1
133 2 4 R_9LHrOC RS_0Di3A: Anonymou 11/27/2009 21:00 11/27/2009 22:14 1 1 1
134 2 4 R_6JeTyip RS_0Di3A: Anonymou 12/24/2009 10:57 12/24/2009 11:55 1 1 1
135 2 4 R_ebNLf1/RS_0Di3A: Anonymou 3/30/2010 13:52 3/30/2010 15:03 1 1 1

NEFENNNERERPRNDNRE R

PNRPNNRNR RN
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1

P NNNNNNNNERERNMNNNDNNNDNNNDNNDDN

NNPNNNNNENNNNNDNNNENRPRERNMNNDNDNDDND

Q7 Q11 Q69 Q19
Response Which of th What is the Which of th If you are e How many In your you At your woi Have you € If yes, plea How would How would Do you hau If yes, plea If yes, plea If yes, plea If yes, plea If yes, plea|
1 1 4 1 2 2 2 2 2 Internet 1 1
2 1 4 1 0 7 7 2 1 ask or look
3 1 4 1 0 7 7 2 2 N/A
4 1 2 1 0 7 7 2 2 Consultar
5 1 4 1 2 7 7 2 1 Internet or
6 1 4 1 0 7 7 2 2 Label
7 1 4 1 0 5 5 2 1 The Chemi
8 1 4 1 1 1 1 2 1 it's usually
9 1 4 1 0 3 3 1 burn on my 1 read the ce
10 1 4 1 0 7 7 2 3 Book, the |
11 1 4 1 0 3 7 2 1 ask a GTA
12 3 4 1 0 7 7 2 1 Fromthe s
13 1 4 1 0 3 3 2 2 Through a
14 1 4 1 0 3 3 2 2 read labels
15 1 4 1 0 7 7 2 1 internet
16 1 4 1 0 7 7 2 2
17 1 4 3 System Te 0 7 7 2 1
18 1 4 3 Bartender 0 7 1 2 1 internet
19 1 4 1 0 7 7 2 1 0
20 1 2 1 0 7 7 2 1 i'm a stude
21 1 4 3 cart girl 1 7 7 2 2 from a list «
22 1 4 1 1 7 7 2 n/a 1 n/a
23 1 4 1 1 7 7 2 2 read the la
24 1 4 1 0 7 7 2 1 read the la
25 1 4 1 0 7 7 2 1
26 1 2 1 0 7 7 2 1 use the inte
27 1 4 1 0 7 7 2 1 signs
28 1 2 1 0 7 7 2 1 internet,lak
29 1 2 1 0 3 3 2 1 ask a GTA
30 1 4 1 0 6 5 2 1 Ask Somec
31 1 4 3 Undergradi 0 7 7 2 1 Read abou
32 1 4 1 2 7 7 2 2 Use the He
33 1 3 1 0 7 7 2 1 internet
34 1 2 1 0 7 7 2 2
35 1 4 1 0 7 7 2 1 | would rea
36 1 4 3 sales asso 2 1 1 2 2 read label «
37 1 4 1 0 7 7 2 1 Ask somec
38 1 4 1 3 1 1 1ilostalotc 1 ask someo
39 1 2 1 0 7 7 2 1 | do not wa
40 1 4 1 3 1 1 2 2 internet
41 1 4 3 Student As 0 6 5 2 2 employer
42 1 4 1 0 7 7 2 1 Manual
43 1 4 1 0 7 7 2 2 Labels
44 1 4 1 2 1 1 2 1 read the la
45 1 4 1 0 7 7 2 1 contactan
46 1 4 1 0 7 6 2 2 ask someo
47 1 4 1 0 7 7 2 1n/a
1




Q7 Q8 Q5 Q11 Q20 Q17 Q18 Q68 Q69 Q67 Q19 Q70 Q71_1 Q71_2 Q71_3 Q71_4 Q71_5
Response Which of th What is the Which of th If you are e How many In your you At your wol Have you € If yes, plea How would How would Do you ha If yes, plea If yes, plea If yes, plea If yes, plea If yes, pled

48 1 4 1 0 7 7 2 1 Read the I¢ 2

49 1 4 1 0 7 7 2 2 2

50 1 2 1 3 3 3 2 1 labels 1 1 1
51 1 2 1 0 7 7 2 1 N/A 2

52 1 4 1 0 7 7 2 1 2

53 1 4 3 Restaurant 0 7 6 2 2 warning si¢ 2

54 1 4 1 0 7 7 2 1 Google 2

55 1 4 1 0 7 7 2 1 internet 2

56 1 4 1 0 7 7 2 1n/a 2

57 1 4 1 2 7 6 1 alergic reas 1 Read the u 1 1
58 1 4 1 0 7 7 2 1 reading 2

59 1 2 1 0 7 5 2 1 supervisor 1 1
60 1 2 1 0 7 7 2 2 From a exf 2

61 1 4 1 0 7 7 2 1 label 2

62 1 4 1 0 7 7 2 1 google it 2

63 1 4 1 0 7 7 2 2 read the la 2

64 3 5 3 Front Desk 0 6 2 2 2 Read the I 2

65 1 4 1 0 7 7 2 3 Safetly sigt 2

66 1 4 1 0 7 7 2 1 Read the b 2

67 1 4 1 1 3 3 2 1 Laboratory 1 1

68 1 4 3 Bank Telle| 0 7 7 2 2 2

69 1 4 1 0 7 7 1 brown disc 17?? 2

70 1 2 1 0 7 7 2 1 Read the Iz 2

71 1 2 1 0 7 7 2 1 Look it up 2

72 1 4 1 0 7 7 2 1 look them t 2

73 1 2 1 2 4 4 2 1 read the la 1 1

74 1 4 1 1 6 7 2 1 ask someo 2

75 1 4 1 0 7 7 2 1 internet or 2

76 1 4 1 0 7 7 2 2 from the bc 2

77 1 2 1 0 7 7 2 1 manager 2

78 1 4 1 0 7 7 2 1 Word of m¢ 2

79 1 4 3 nursery wo 1 7 7 2 1 look at the 2

80 1 4 1 2 1 1 2 2 Safety Har 2

81 1 4 3 In store pel 0 7 7 2 2 information 1 1
82 1 4 1 0 7 7 2 1 ask a man: 2

83 1 4 1 0 7 7 2 2 A safety pr 2

84 1 2 1 0 7 7 2 1 I wouldn't, 2

85 1 4 1 3 7 7 2 2 Lab Manac 1 1 1
86 1 2 1 0 7 7 2 2 Researchii 2

87 1 4 1 0 7 7 2 1 2 1

88 1 4 1 0 3 3 2 1 a book 1 1

89 2 4 1 0 7 7 2 1 the label o1 2

90 1 2 1 0 7 7 2 1 Look it up « 2
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Q7

Qs

Q5 Q11

Q20

Q17

Q18

Q68 Q69

Q67 Q19

Q70

Q711

Q712 Q7l3

Q714 Q715

Response Which of th What is the Which of th If you are e How many In your you At your wol Have you € If yes, plea How would How would Do you ha If yes, plea If yes, plea If yes, plea If yes, plea If yes, pled

91
92
93
94
95
96

98
99
100
101

102
103
104
105
106
107
108
109
110
111
112
113

GO oo wWNADdO

N WO Oolwoo g wau

[ RN BN N6, RS e BN RS REG) |

oo oo Uulo oo o U

2 Regulatory
2 Sr. Chemic
2 Regulatory
2 Advanced |
2 Regulatory
2 Senior EH¢
2 Industrial F
2 EHS- Admi
2 Product St
2 Senior tect
2 Principal In

2 Manager H
2 Manager -
2 Quality Ma
2 product sai
2 Manager, 1
2 Team Leac
2 Regulatory
2 Environme
2 Product St
2 Consultant
2 Industrial F
3 Consultant

30
14
11
40

25

30

20

34

NNWNAND NN

OO0 NOOONNOONSO

NP NDRP P NWO N

PNOWR R NNNE DO

1 skin sensiti
2
1 Eye exosul
2
2
1 Allergic ast
1 Mild respir:
2
2
2
1 eye irritatio

1 Dermititis fi
1 Solvent ex|
2
1 Burned by
2
1 Skin Sensi
2
1 COPD fron
2
2
2
1 Chlorine o\

3 MSDSs fro
3 MSDS and
3 msds or loc
3 locate an \
3 MSDS

3 MSDS, che
3 Primary so
3 not applica
3

2 read the la
3 MSDS, inte

3 MSDS, lab
2 MSDS

3 MSDS she
3 Labels and
3 MSDS orc
3 Consult (M
3 Material S¢
3 Firstthe M
3 MSDS, on
3 labels, msc
3 MSDS, ha:
3 MSDS, ma

PNPRPNRPRPPNERERPN

PR NNRERNMNNNNE R

=

1
1
1
1 1
1 1
1 1
1
1
1 1
1
1

1

1 1

1 1

1 1
1

1

1
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Q7 Q8 Q5 Ql1 Q20 Q17 Q18 Q68 Q69 Q67 Q19 Q70 Q71_1 Q71_2 Q71_3 Q71_4 Q71_5 al
Response Which of th What is the Which of th If you are e How many In your you At your wol Have you € If yes, plea How would How would Do you hau If yes, plea If yes, plea If yes, plea If yes, plea If yes, ple
114 5 5 2 Executive ( 21 7 7 3 Label and : 2
115 4 6 2 Industrial F 17 6 6 2 Skin sensit 3 MSDS, Inte 1 1 1 1 1
116 4 5 2 Manager, t 11 6 6 2 3 Supplier la 1 1 1
117 4 6 2 Industrial F 25 1 1 1 allergic rea 3 MSDS, NIE 1 1 1
118 5 5 2 Hazard Co 30 7 7 1 Through cc 3 Read provi 2
119 5 6 2 Regulatory 37 7 7 1 Dermal ser 3 Web reviev 2
120 5 5 2 Senior Tec 0 7 6 2 3 Material S¢ 2
121 3 5 2 Sr. MSDS . 12 7 7 1 When | wa: 3 MSDS 2
122 3 5 2 Health, Sai 8 4 6 1 airborne st 3 MSDS dat: 1 1 1
123 5 5 2 Regional S 30 6 3 1 eye, nose i 3 product lak 1 1
124 5 5 2 EHS Projet 25 6 5 1 gasoline or 3 MSDS 1 1 1 1 1
125 4 5 2 Industrial 20 4 2 1 Acute, with 3 MSDS, Prc 1 1 1 1
126 3 5 2 Product Sa 7 7 7 2 2 Find the M 2
127 6 6 2 INDUSTRI, 37 1 3 1 Mainly eye 3 from MSD¢ 1 1 1 1
128 2 5 2 Safety Offit 3 2 1 2 2 msds, DO1 1 1 1 1 1
129 3 6 2 Toxicology 0 7 7 2 3 MSDSs, av 2
130 5 6 3 Principle T 30 7 6 2 3 read the la 2
131 4 5 2 Manager, ( 18 7 7 2 2 MSDS or [ 1 1
132 5 6 2 Principal / | 30 6 6 2 3 As a consu 1 1 1 1 1
133 6 6 2 Product Sa 39 6 5 1 Small bliste 3 | approve ¢ 2
134 4 6 2 Lead Analy 14 7 4 2 2 Vendor M< 2
135 3 5 2 EH&S Spe 17 4 2 1 Chemical ( 3 MSDS 1 1 1
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Q717

Q716

Q716 TEQ21

Q23

Q22 Q24 Q27

Q25

Q29

Q44

Q34

Response [f yes, plea If yes, plea If yes, plea Have you r If yes, plea Have you r If yes, plea Have you r If yes, plea How many How many The last tin Who do yo Please taki As part of {

©o0o~NOO U~ WNPR

24
25
26

28
29
30

32
33
34
35
36
37
38

40
41
42
43
44
45
46
47

1 Apron

| worked in

n/a

NNNNNNNMNNNNNDNMNNNDNNNDNNNENNDDNDN

We had a ¢

training frol

Well, the cl

NNPNEFENNNNDNNNNEPENMNNNENNDNNNDNDNNDDND

| have just

Chemistry

Basic traini

n/a

NNNNNNNMNNNNNENENNMNNNNENNDN

Same as a

NNPNNNNNNDNNNNNNDNNENNDNNNNDNNDDND

1 I learned w

my profess

In my labs

n/a

NNNNNPNNNNNNENMNNNNNENNNDNNNDDN

Read the L

NNPNDNNNNDNDNNNNNNDNNENNDNNNNDNNDDND

7

O N NN NN N NN N N NN N N NN N N NN

NN N N N N N N N N N NN N N NN N N NN N N

Q31 Q32
7 People whe
7 The supen
7 N/A N/A
7 The workel
7

7 Never refe| Everyone
7 To find out People har

7 anyone uni
7

7 Organic Ct Anyone iny
7 people wor
7 | have nevt Anyone us|
7 Most likely
7 survey safety prec
7 any employ
7

7 Anyone usi
7 everyone
7

7 chemisists’
7

7 never usec Don't even
6 anyone wo

7 1 never hav people thal

7

7

7

7

7

7 nothing information
7 Someone \
7 Training pL The emplo
7 people wor
7

7 | have nevt People whi
7 reference ¢
7 Anyone wc
7 whoever hi
7

7

7

7 N/A Factory W
7 nla Peoplein ¢
7 what is MSDS?

7 - someone it
7 professiong
7 people whc

1

RPRRPRRPRRRPRRRPRRRPRRRPRRERRPRRERRPRRERRRERRRER

PR RPRRRPRRPRRPRRRPRRPRPRRPRPREPRPRREPRREPRRERRREPR

PRPPRPPPRPRPPEPRRPPPRRPPEPRRPEPPE

PRrPPRPRPRPPPRPRPPPRRPPEPRRPPEPRRPPEPPE
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Q717

Q716 Q71 6 TEQ21

Q23

Q22

Q24 Q27

Q25

Q29

Q31 Q32

Q44

Q34

Response If yes, plea If yes, plea If yes, plea Have you r If yes, plea Have you r If yes, plea Have you r If yes, plea How many How many The last tin Who do yo Please takiAs part of

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

1 apron

1 apron

school taug

NNDNNPNNNNDNNNNNNDNNNDNNNDENDN

NNDNNNDDNNDNDDNNDN

2
1 hippa traini
1 when i was
2
2
1 Pre-lab saf
2
2
2
1 school che
2

NNPNNNNNNDNNNNEPENMNNNNNNENDNNDDN

NNPNDNNNNDNDNNDNDN

1
1
2

2
2
2
2
2
2
1

At Navy ba

part of the
i just learne

| had to do

Just in bas

NNPNNNNNNENNNNDNNNDNNNDNDNDN

NNDNNNDDNNDNDDNNDN

2
1 hippa traini
1 at the restr
1 Placement
2

NNNDNDNDN

NN N NN N N NN N N NN N N NN NN

NN NNNNNNNOONNNP NSNS NN

7 does not a| people wor
7 Individuals
7

3 Basic Trair anyone

7

7 whoever is
7 anyone wh
7 never those using
7 nla people whc
7 Somebody
7

7 anyone hai
7 | have refe Anyone usi
7 anyone usi
7 i am not su
7 People wht
7 People wht
7 All employze
7 Anyone wh
7

7 chemist

7 School exg Anybody w
7

7

7 employers
6

7 aproject scientists
7

7 probably a everyone v,
7

7

7

7

6 to see the | People wol
7 employees
7

7

7

7 never usec people wor
7

7

7

7 | had to wri Chemists
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Q717

Q71 6

Q71 6 TEQ21

Q23

Q22 Q24

Q27

Q25

Q29

Q31 Q32

Q44

Q34

Response If yes, plea If yes, plea If yes, plea Have you r If yes, plea Have you r If yes, plea Have you r If yes, plea How many How many The last tin Who do yo Please taki As part of

91
92

94
95
96

98
99
100
101

102
103
104
105
106
107
108
109
110
111
112
113

1 Lab coat, a

1 hearing prc

1 bump cap i

1 standard h
1 Hazard Co
1 Annual haz
1 Quartly ser
1 Annual Sai
1 HazCom tr
1 Before use
1lhave 30y
1 HazCom, t
2

1 | have to c(

1 Hazard cor
1 OSHA mar
1 Chemical b
2

1 Hazard cor
1 ANnual in |
1 | wrote and
1 I received |
2

1 Currently n
1 Hazard cor
1 Early in my

1 Apart from
1 Hazard Co
1 Annually. |
1 Quartly ser
1 1 am the au
1 Navigation
1 Through ar
1 20 years of
1 HazCom,
2

1 The MSDS

1 Hazard cor
1 see above
1 Training or
1 | helped dir
1 Hazard Co
1 Part of ann
1 | author M¢
1 See above
2

1 I currently
1 Hazard Co
1 Early in my

1 Standard, |
1 Hazard Co
2

1 Quartly ser
1 I am the he
1 what info s
1 Included in
1 20 years of
1 HazCom,
2

1 Informatior

1 Hazard cor
1 I have worl
1 Hazard cor
2

1 Hazard cor
1 Part of ann
1 | have take
1 See above
2

1 Informal tre
1 Hazard Co
1 Early in my

GNRPRARRRRRPR

PR WONNRRRNNRPR

1 To write a 1 a variety of
1 To evaluat worker

1 regulatory . employees
1 to author a employeer:
1 environmel Chemical £
2 Determine Everyone I
6 Determine Anyone wh
2 Most of the Anyone wh
2 Prepare lal Anyone wh
7 workers dir
5 Respiraton All users, ¢

1 Daily write Chemical c
1 Material co Everyone v
3 referred sh to commun
2 Health effe Health and
1 Provided a employees
1 To answer Workers, E
1 To complet Chemical t
2 Checking f THe persol
2 compositio employees
3 Advising a | believe th
1 | use the in Anyone ha
2 Authoring | Everyone v
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114
115
116
117
118
119
120
121
122
123
124

125
126
127
128
129
130
131
132
133
134

Q717

Q34

Q71_6 Q71_6_TE Q21 Q23 Q22 Q24 Q27 Q25 Q29 Q31 Q32 Q44
Response [f yes, plea If yes, plea If yes, plea Have you r If yes, plea Have you r If yes, plea Have you r If yes, plea How many How many The last tin Who do yo Please taki As part of {

1 Use to hav 1 Use to hav 1 Use to hav 6 6 To prepare In the US il 1

1 1 Pressure d 1 General ha 1 Detailed in: 1 Detailed in: 1 3 Verifying p Correct an 1
1 HazCom tr 1 What data 1 Required I¢ 1 1 Used supp Chemical L 1

1 Hazard Co 1 both read/i| 1 developing 1 1 evaluating all employe 1

1 I write SDS 1 Part of emy 1 Corporate 1 1 1 Identifying Everyone v 1

1 In the past, 1 During ann 1 During ann 2 2 Hazard ass plant empl¢ 1

1 Required h 1 Hazard cor 1 Hazard cor 3 3 To determi Employers 1

1 Have recei 1 Have exter 1 Have recei 6 6 Assistance workers, d( 1

1 1 Tyvek suits 1 Annual Ha: 1 Annual Ha: 1 Annual Ha: 6 6 Review of (Any users | 1
1 steel toe st 1lamaCIH 1 | have taug 1 | have taug 6 6 evaluating it is intende 1

1 1 Over the ys¢ 1 Training or 1 Training or 5 6 To determi All workers 1
1 HazCom, ( 1 Early in wo 1 Early in wo 2 3 Evaluation Any persor 1

2 1 Trained on 2 1 6 | wanted to MSDS' are 1

1 OSHA hazi 1 Through O 1 see above 3 3 Determine workers, st 1

1 1 safety harn 2 1 At the univi 1 Yes, | was 2 5 Labeling ct Everyone v 1
2 1 | have rece 1 | have rece 2 2 Determine Workers, h 1

1 i have desi 1 i have desi 1 i have desi 1 1 as part of ¢ workers; w 1

1 1 Genral awr 1 General av 1 How to stol 3 3 Regulatory IH, people 1
1 1 hearing prc 1 Numerous 1 Informal, ol 1 Same as a 6 6 To evaluati Employers 1
1 Training re 1 Many year: 2 1 2 Determine Chemical [ 1

1 Yearly safe 1 | have mor 1 Yes, as pal 1 1 | often use Everyone v 1

1 1 HAZMAT s 1 HAZCOM, 1 HAZCOM 1 HAZCOM, 2 2 New chem Employees 1

135
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Response Strata

48
49
50
51
52
53
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WWwWwwww

OO0 0000000000000 O0OO0OO0OO0OOOOOo

[=l=l=llejclclcllclolclcllclolcllcllclolclollclolollelle)

oooooo

OO0 0000000000000 O0OO0OO0OO0O0OOOoOOo

[=l=l=llelc}elcllclolclcllclolcllcllclolclollclolollelle)

PR RRRPRE

\%1 V2 V3 V4

ID Set Name
1 R_6u7Zq8I RS_9TD8L Anonymous
1 R_3qlvyFG RS_9TD8L Anonymous
1 R_1RJDrLsRS_9TD8L Anonymous
1 R_cJ60KIE RS_9TD8L Anonymous
1 R_OIFVZUIRS_9TD8L Anonymous
1 R_1Zatahk RS_9TD8L Anonymous
1 R_eqD4AL RS_9TD8L Anonymous
1 R_1ZJQO€RS_9TD8L Anonymous
1 R_6WhZ4C(RS_9TD8L Anonymous
1 R_1GPCm RS_9TD8L Anonymous
1 R_1Yb6pr¢ RS_9TD8L Anonymous
1 R_a9IMf9A RS_9TD8L Anonymous
1 R_etAVXL:RS_9TD8L Anonymous
1 R_2udpRE RS_9TD8L Anonymous
1 R_eu20xDi{RS_9TD8L Anonymous
1 R_et9L8t2yRS_9TD8L Anonymous
1 R_aVGOq) RS_9TD8L Anonymous
1 R_0eqCWIRS_9TD8L Anonymous
1 R_71xhnW RS_9TD8L Anonymous
1 R_3w3JieVRS_9TD8L Anonymous
1 R_OXLXFD RS_9TD8L Anonymous
1 R_afKDZw RS_9TD8L Anonymous
1 R_9zE2QURS_9TD8L Anonymous

0 R_aeHCE¢RS_0jH48\ Anonymous
0 R_dbU8BA1 RS_0jH48\ Anonymous
0 R_a8J6laV RS_0jH48\ Anonymous
0 R_3TSIWCG RS_0jH48\ Anonymous
0 R_6F5wP9 RS_0jH48\ Anonymous
0 R_5iNQMff RS_0jH48\ Anonymous
0 R_3D8rM2 RS_0jH48\ Anonymous
0 R_bJYvDrl RS_0jH48\ Anonymous
0 R_bvJIPH(RS_0jH48\ Anonymous
0 R_6ImYF4yRS_0jH48\ Anonymous
0 R_do20ifBf RS_0jH48\ Anonymous
0 R_1G3vgz' RS_0jH48\ Anonymous
0 R_6IDmec(RS_0jH48\ Anonymous
0 R_b79Z0Q RS_0jH48\ Anonymous
0 R_1XrU1A RS_0jH48\ Anonymous
0 R_eybeJQIRS_0jH48\ Anonymous
0 R_bw8eqtc RS_0jH48\ Anonymous
0 R_OGSCAIRS_0jH48\ Anonymous
0 R_6VD5T6 RS_0jH48\ Anonymous
0 R_Olbhabz; RS_0jH48\ Anonymous
0 R_6M3IT77RS_0jH48\ Anonymous
0 R_3xXCb8 RS_0jH48\ Anonymous
0 R_6tEVB8'RS_0jH48\ Anonymous
0 R_cG7wxFk RS_0jH48\ Anonymous

1 R_aY3t3ku RS_6ywlk' Anonymous
1 R_2fu90Ls RS_6yw1k' Anonymous
1 R_4ZUUSI1RS_6yw1k' Anonymous
1 R_eQJQW RS_6ywlk' Anonymous
1 R_7QaS7b RS_6ywlk Anonymous
1 R_2ov7eqF RS_6ywlk' Anonymous

V5

ataRefere ess

V6
IPAddress

V7

StartDate
Bt
HHHE T
Bt
HEHHHHH
BT
HHHE T
Bt
HEHHHHH
HHH R
HHE
Bt
HEHHHHH
BT
HHHE T
Bt
HEHHHHH
BT
HHHE T
Bt
HEHHHHH
Bt
HHHE T
Bt

BRI
BB
HittHH
HHHHHE
BRI
BB
HittHH
HHHHHE
BRI
BB
HittHH
HHHHHE
BRI
BB
HittHH
HHHHHE
BRI
BB
HittHH
HHHHHE
BRI
BB
HittHH
HHHHHE

BB
HittHH
HHHHHE
BRI
BB
HittH

V8
EndDate
B
BT
Bt
HEHHHHHT
Bt
BT
Bt
HEHHHHHT
HHH ]
BT
Bt
HEHHHHHT
Bt
BT
Bt
HEHHHHHT
Bt
BT
Bt
HEHHHHHT
B
BT
Bt

BRI
BRI
HitiH
HHHHHHH
BRI
BRI
HitiH
HHHHHHH
BRI
BRI
Hiti
HHHHHHH
BRI
BRI
Hiti
HHHHHHH
BRI
BRI
Hiti
HHHHHHH
BRI
BRI
Hiti
HHHHHHH

BRI
Hiti
HHHHHHH
BRI
BRI
Hiti

V9
Finished
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Response Strata

54
55
56
57
58
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V1 V2 V3 V4

ID Set Name
1 R_976Ji70 RS_6yw1k' Anonymous
1 R_51QW4!{RS_6ywlk Anonymous
1 R_ewATeo RS_6ywlk' Anonymous
1 R_bKugnL|RS_6yw1k' Anonymous
1 R_00zrxOu RS_6yw1k' Anonymous
1 R_OpOwD:RS_6yw1k' Anonymous
1 R_3yEiChflRS_6yw1k' Anonymous
1 R_a3tNv6k RS_6ywl1k' Anonymous
1 R_3jYiOgl RS_6ywlk' Anonymous
1 R_aXD5BNRS_6ywl1k' Anonymous
1 R_OTE6GNRS_6ywlk' Anonymous
1 R_6mRF6¢ RS_6ywl1k' Anonymous
1 R_50rRRjt. RS_6yw1k' Anonymous
1 R_4PdsZ7(RS_6ywl1k Anonymous
1 R_cCihwé'RS_6yw1k' Anonymous

0 R_6Amrd2/RS_a99xTj Anonymous
0 R_82fk5yZ RS_a99xTj Anonymous
0 R_41TDsX RS_a99xTj Anonymous
0 R_cD3uZA RS_a99xTjAnonymous
0 R_3Lc2dR(RS_a99xTjAnonymous
0 R_cZTlonn RS_a99xTj Anonymous
0 R_clmPY4:RS_a99xTjAnonymous
0 R_3f846EL RS_a99xTjAnonymous
0 R_cA99Gr\RS_a99xTjAnonymous
0 R_6L63JEO0 RS_a99xTj Anonymous
0 R_8wvwAv RS_a99xTj Anonymous
0 R_78tXPO'RS_a99xTj Anonymous
0 R_4ZtmgG RS_a99xTj Anonymous
0 R_e2Mflurt RS_a99xTj Anonymous
0 R_8cUfDIfc RS_a99xTj Anonymous
0 R_07XGm:RS_a99xTj Anonymous
0 R_1LxSeJIRS_a99xTjAnonymous
0 R_3rtpUZ0 RS_a99xTj Anonymous
0 R_8IiREdJs RS_a99xTj Anonymous
0 R_cuL40OWRS_a99xTj Anonymous
0 R_6kTHi1C RS_a99xTjAnonymous
0 R_5arlFd6( RS_a99xTj Anonymous

V5

ataRefere ess

V6
IPAddress

V7
StartDate
BT
B
HHH R
HitHHH RS
BT
B
HHH R
HitHHH RS
BT
B
HHH R
HitHHH RS
BT
B
HHH R

B
B
B
BRI
B
B
B
BRI
B
B
B
BRI
B
B
B
BRI
B
B
B
BRI
B
B

V8
EndDate
BT
BT
HitHHH
B
BT
BT
HitHHH
B
BT
BT
HitHHH
B
BT
BT
HitHHH

B
B
HHHHHEH
BRI
B
B
HHHHHEH
BRI
B
B
HHHHHEH
BRI
B
B
HHHHHEH
BRI
B
B
HHHHHEH
BRI
B
B

V9
Finished
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Response Strata

91
92
93

102
103
104
105
106
107
108
109
110
111
112
113

114
115
116
117
118
119
120
121
122
123
124

125
126
127
128
129
130
131
132
133
134
135
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V1 V2 V3 \Z,

ID Set Name
1 R_4ZpN1r:RS_dg6hz¢ Anonymous
1 R_01AgJfk RS_dg6hz¢ Anonymous
1 R_73bZVJ(RS_dg6hz(Anonymous
1 R_eFGhZo RS_dg6hz(Anonymous
1 R_eM7dthr RS_dg6hz¢ Anonymous
1 R_9YmrFC RS_dg6hz( Anonymous
1 R_3ELTXg RS_dg6hz(Anonymous
1 R_8uhsZW RS_dg6hz(Anonymous
1 R_2iqT2f2¢RS_dg6hz( Anonymous
1 R_6lhyCPc RS_dg6hz¢ Anonymous
1 R_80dV7H RS_dg6hz(Anonymous

0 R_ehvuP1IRS_4Myvn Anonymous
0 R_098YmkK RS_4Myvn Anonymous
0 R_57mUa¢ RS_4Myvn Anonymous
0 R_6Mw9pT1RS_4Myvn Anonymous
0 R_eWg4MIRS_4Myvn Anonymous
0 R_OGWtYK RS_4Myvn Anonymous
0 R_6niYri5E RS_4Myvn Anonymous
0 R_5A2c2C RS_4Myvn Anonymous
0 R_5iKnTBk RS_4Myvn Anonymous
0 R_e9Uirnni RS_4Myvn Anonymous
0 R_8zYKNK RS_4Myvn Anonymous
0 R_aVnQFe RS_4Myvn Anonymous

1 R_cBbnsK(RS_2tushS Anonymous
1 R_b7xG8X RS_2tushbS Anonymous
1 R_7ONXFIRS_2tusbS Anonymous
1 R_bp9BxA:RS_2tusbS Anonymous
1 R_5j4Uxdh RS_2tusbS Anonymous
1 R_eDRKqc RS_2tusbS Anonymous
1 R_cTOdbC RS_2tusbS Anonymous
1 R_bDCRw!RS_2tusbS Anonymous
1 R_cRTVeY RS_2tushS Anonymous
1 R_2bP11p|RS_2tusbS Anonymous
1 R_5jSVJ5v RS_2tusbS Anonymous

0 R_OCcAejL RS_0Di3A) Anonymous
0 R_OAsPkP RS_0Di3A) Anonymous
0 R_9nQ5PF RS_0Di3A) Anonymous
0 R_b7PoY4 RS_O0Di3A> Anonymous
0 R_a5iQzbi' RS_0Di3A) Anonymous
0 R_eg1zIMs RS_0Di3A) Anonymous
0 R_bE3kBk: RS_0Di3A) Anonymous
0 R_6IK7SKzRS_0Di3A> Anonymous
0 R_9LHrOD RS_0Di3A) Anonymous
0 R_6JeTyipiRS_0Di3A) Anonymous
0 R_ebNLf1/RS_0Di3A) Anonymous

V5

ataRefere ess

V6
IPAddress

V7
StartDate
B
R
SEnHETEr
BT
B
R
SEnHETEr
BT
B
R
SEnHETEr

HHHRH T
B
BRI
BRI
HHHRH T
B
BRI
BT
HHHRH T
B
BRI
BT

B
BRI
BT
HHHRH T
B
BRI
BT
HHHRH T
B
BRI
BT

B
BRI
BT
HHHRH T
B
BRI
BT
HHHRH T
B
BRI
B

\%:]
EndDate
B
R
BT
BT
B
R
BT
BT
B
R
BT

HHHRH
B
BRI
B
HHHRH
B
BRI
B
HHHRH
B
BRI
B

B
BRI
B
HHHRH
B
BRI
B
HHHRH
B
BRI
B

B
BRI
B
HHHRH
B
BRI
B
HHHRH
B
BRI
B

V9
Finished
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Q100
Response the

Q101

1

PR RRPRRPRRPRPRPRREPRRRRRRRERERERRRR

PNRRPRRPRPRERNRRRPRORRPRREPRERRERRRRREER

PNRRERN

Q102_1 Q102_2 Q102_3
the Signal First Click Last Click Page

7.6 8.895 9.013
4.497 5.982 5.988
22.759 24.182 24.191
9.473 11.728 11.848
3.781 5.004 5.01
2.636 3.978 4.087
15.968 17.316 17.428
8.505 11.459 11.745
7.722 8.97 9.001
17.16 18.392 18.501
2.558 4.056 0
5.835 7.49 0
10.81 11.778 0
2.941 5.332 0
15.375 16.727 0
2.594 4.312 0
9.766 10.811 0
7.452 8.327 0
8.137 10.268 0
11.666 12.884 0
5.607 6.357 0
6.443 7.66 0
13.052 14.461 0
18.985 24.326 24.415
12.841 15.068 15.18
28.09 29.696 29.761
5.573 13.073 13.168
15.37 17.965 18.053
10.283 12.611 12.703
14.016 15.156 15.266
2.508 3.86 3.949
8.948 12.956 13.101
14.803 18.53 18.618
54.875 72.266 72.375
1.984 3.343 3.421
62.861 69.102 69.253
13.625 19.359 0
24.54 26.31 0
2.3 4.104 0
7.332 8.721 0
16.462 18.008 0
17.485 18.656 0
18.523 20.279 0
27.047 27.844 0
6.811 8.573 0
6.635 8.451 0
3.962 6.287 0
5.771 7.719 7.955
17.789 19.099 19.234
40.585 41.881 41.993
7.617 9.209 9.304
664.633 671503 671.515
9.641 11.318 11.384

Q102_4
Click

NNNRNNRNNWOWNNMNNNNNNDOWNRN®WNNN

WNWNNNNRNNNDWNOWNNNRNNNW®®WNN

W wWNNNN

Q103_1 Q103 2 Q1033 Q103 5 Q103_6 Q1034 Q103 4 TIQ104_1 Q104 2 Q104_3
the names the names the names the names the names the names the names First Click Last Click Page

1 1 39.527 69.847 69.899
1 1 1 68.179 167.874 167.888
1 no symbols 30.868 37.262 37.271
1 39.783 42.109 42.221
1 30.969 101.703 101.709
1 10.546 14.555 14.649
1 89.174 102.143 102.228
1 1 health haze¢ 133.689 180.881 181.028
1 1 7.052 16.614 16.63
1 1 1 1 exclamatiol 11.498 42.12 42.261
1 45.006 48.61 0
1 90.435 159.835 0
1 56.02 103.802 0
1 1 43.351 69.23 0
1 79.197 82.411 0
1 1 8.952 14.468 0
1 9.114 31.201 0
1 31.466 44.604 0
1 49.884 59.8 0
1 17.069 20.27 0
1 1 1 46.844 48.499 0
1 none 27.565 42.338 0
1 12.859 62.302 0
1 1 HealthHaz ~ 25.291 79.031 79.087
1 109.08 110.521 110.627
1 74732 157.179 157.339
1 6.535 26.457 26.553
1 1 1 10.883 19.91 19.993
1 1 3.081 10.265 10.381
1 1 39.39 97.937 98.062
1 1 Skull and ¢ 5.379 54.675 54.779
1 26.033 98.039 98.168
1 94.749 102.667 102.738
1 217.703  219.563 219.672
1 7.358 124.858 125.029
1 130.233  172.146  172.257
1 1 2.235 84.391 0
1 164.277 238.816 0
1 57.116 59.17 0
1 1 10.701 17.69 0
1 73.454 90.337 0
1 1 25.125 29.438 0
1 Health hazi 107.737  130.944 0
1 1 1 8.594 228.469 0
84.243 147.07 0
1 1 28.264 35.113 0
1 9.797 14.399 0
1 1 4.6 10.085 10.327
1 60.889 77.069 77.222
1 59.516 74.348 74.444
1 14.947 17.315 17.426
1 8.958 10.46 10.473
1 10.587 31.715 31.842
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Response

Q100
the

Q101 Q102_1 Q102_2 Q102_3
the Signal First Click Last Click Page
1 7.832 9.56 9.658
1 5.007 7.222 7.294
1 14.865 16.497 16.632
1 16.198 22.735 22.871
1 2.984 4.31 4.448
1 15.522 17.429 0
1 28.096 41.165 0
1 3.527 24.02 0
3 13.819 16.548 0
1 16.91 27.401 0
1 24.306 28.161 0
1 10.908 12.459 0
1 11.975 18.92 0
1 20.67 22.167 0
1 44.125 45.36 0
1 2.358 3.601 3.613
2 1.813 2.797 2.859
1 2.909 24.361 24.465
1 10.873 134 13.463
1 2.568 4.021 4.172
1 1.825 2.995 3.12
1 15.012 16.383 16.487
1 1.684 5.644 5.656
1 8.215 9.912 0
1 9.187 10.53 0
1 12.065 16.694 0
1 4.386 5.521 0
1 36.026 37.138 0
1 1.546 2.437 0
1 7.16 8.627 0
1 4.624 5.527 0
1 2.563 4.157 0
1 4.867 6.24 0
3 68.166 69.301 0
1 10.155 11.744 0
1 19.722 36.464 0
1 9.079 10.717 0

Q102_4
Click

NNNNNDWOWNN®WWWN

NBWNNRNNNNNRNWONWRNNNWNDNN

Q103 1 Q1032

Q103_.3 Q103 5 Q103_6 Q103 4 Q103 4 TIQ104_1 Q104 2 Q104_3
the names the names the names the names the names the names the names First Click Last Click Page

1 1 18.221 26.325 26.47
1 1 5.494 12.461 12.517
1 1 1 skull and ci 3.448 27.218 27.421
1 33.834 36.165 36.295
1 6.24 9.406 9.535
1 1 1 chemical 3.529 26.675 0
1 1 dangerous 10.948 67.278 0
1 1 63.463 121.121 0
17.954 19.556 0
1 1 36.975 98.78 0
1 14.37 23.229 0
1 1 23.347 50.51 0
1 1 1 Deadly, oni 7.802 46.434 0
1 1 10.811 68.609 0
1 1 34.422 70.901 0
1 1 14.996 27.54 27.552
1.141 3.781 3.844
1 1 35.964 51.444 51.572
1 1 13.104 33.681 33.806
1 1 1 skull with ¢ 9.049 47.867 47.979
1 1 1 3.541 8.736 8.845
1 1 1 6.797 39.507 39.591
1 1 3.981 9.721 9.733
1 1 1 12.88 42.497 0
1 1 1 2.531 21.076 0
1 1 1 skull and ci 6.186 57.55 0
1 2.893 8.804 0
1 1 1 skull and ci 8.854 38.359 0
1 1 6.39 15.467 0
1 1 1 Skull 4.883 36.738 0
1 1 1 skull and ci 3.411 21.481 0
1 1 1 crossbones 4.109 57.625 0
1 1 1 death or se 8.174 61.698 0
1 2.973 5.02 0
1 1 1 13.579 48.919 0
1 1 18.759 47.169 0
1 1 12.168 65.035 0
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Q100
Response the

108

110
111
112
113

114
115
116
117
118
119
120
121
122
123
124

125
126
127
128
129
130
131
132
133
134
135

Q101 Q102_1 Q1022 Q102 3

the Signal First Click  Last Click Page
1 5.708 7.17 7.31
1 4.616 7.07 7.16
1 6.093 7.109 7.265
1 2.125 2.875 3.016
1 11.832 13.024 13.116
1 4.891 6 6.094
1 5.75 6.641 0
1 4.25 5.297 0
1 9.889 11.248 0
1 4.125 7.14 7.234
1 6.953 8.266 8.391
1 5.58 6.674 6.814
1 411 6.939 7.064
1 6.75 7.875 7.937
1 17.279 18.511 18.675
1 7.164 8.694 8.897
1 3.106 4.667 4.827
1 10.771 12.084 12.193
1 6.5 7.985 8.141
1 21.19 22.065 22.159
1 12.703 16.656 16.938
1 5.282 6.563 0
1 28.313 31.141 31.282
1 10.944 12.005 12.168
1 11.032 12.36 12.454
1 4511 5.619 5.682
1
1 3.921 5.203 0
1 5.719 8.344 0
1 7.11 9.532 0
1 6.313 7.516 0
1 9.087 16.911 17.005
1 21.032 23.032 23.172
1 10.111 11.263 11.278
1 13.654 14.926 0
1 8.516 9.391 0
1 19.687 21.078 0
1 6.138 7.052 0
1 4.762 5.874 0
1 4.764 6.374 0
1 3.828 4.688 0
1 8.97 10.281 10.39
1 3.353 5.29 5.504
1 8.796 9.827 9.906
1 7.265 8.093 8.187

Q102_4
Click
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Q103_1 Q1032 Q103 3 Q103 5 Q103 6 Q103 4 Q103 4 TIQ104_1 Q104 2 Q104 3
the names the names the names the names the names the names the names First Click Last Click Page
1 1 1 1 1 1 toxic, starnm 17.896 64.072 64.242
1 1 1 43.661 127.227 127.327
1 1 aquatic tox 45.377 92.191 92.331
1 none 26.373 30.841 30.92
1 1 59.431 97.223 97.347
1 1 26.125 83.047 83.125
1 1 1 17.377 112.898 0
1 1 corrosive t¢ 14.219 125.016 0
1 2.39 4.718 0
1 49.247 92.525 92.619
1 1 1 1 1 health haze  21.188 131.002 131.143
1 17.928 60.567 60.707
1 33.752 55.596 55.721
1 1 1 37.75 70.984 71.093
1 23.227 97.706 97.84
1 None 141.213 145.21  145.428
1 1 1 Toxic (Acut  10.448 36.023 36.198
1 1 1 Toxic 5.55 28.608 28.718
1 No symbols 56.268 107.582 107.801
1 1 corrosive 68.413 218.648 218.773
1 6.828 47.313 47.735
1 44.173  103.393 0
1 1 1 1 Toxic 46.704 111.625 111.797
1 7.583 22.107 22.269
1 1 1 Toxic and ( 19.579 77.125 77.235
1 4.246 15.938 16
1 1
1 1 5.063 33.266 0
1 1 7.109 21.093 0
1 5.625 62.922 0
1 1 8.204 20.563 0
1 1 1 poison, inh 3.351 36.473 36.551
1 1 5.843 38.359 38.484
1 1 1 Target Org 12.029 44.893 45.006
1 1 1 Respiratory 5.873 30.033 0
1 1 8.906 23.141 0
1 12.969 17.594 0
1 1 1 harmful, to; 4.812 130.05 0
1 37.468 55.247 0
1 1 corrosive tc 5.687 105.36 0
1 1 1 corrosive 1.609 31.281 0
1 1 4.072 55.396 55.489
1 1 1 toxic, chror 6.744 52.369 52.701
1 1 1 skull & crog 6.406 58.355 58.449
1 1 1 inhalation, 5.094 28.514 28.639
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Q104_4
Response Click
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Q105_1 Q105_2 Q1054 Q1053 Q106_1 Q106_2 Q106_3
the names the names the names the names First Click Last Click Page

1 1 1 7.266 12.626 12.651
1 28.808 50.035 50.05
1 26.993 27.984 28.015
1 39.078 72.717 72.813
1 1 1 8.378 15.649 15.655
1 1 3.806 5.896 5.974
1 1 1 2.839 7.484 7.571
1 1 1 2.972 18.378 18.517
1 1 1 12.106 16.006 16.022
1 1 1 66.409 72.805 72.93
1 26.41 27.939 0
1 1 1 4.565 9.075 0
1 81.37 82.368 0
1 1 8.21 11.033 0
1 60.869 64.911 0
1 1 1 4.281 9.266 0
1 1 1 4.066 17.564 0
1 1 1 1.687 6.16 0
1 1 1 5.075 11.075 0
1 27.189 28.079 0
1 49.936 50.795 0
1 1 2.886 4.352 0
1 1 1 42.016 62.639 0
1 1 1 2.484 14.611 14.674
1 60.237 61.477 61.573
1 49.776 51.495 51.623
1 29.322 55.16 55.248
1 1 14.697 17.864 17.974
1 4.361 7.049 7.157
1 7.094 8.188 8.313
1 1 1 2.599 8.838 8.919
1 1 18.998 21.869 22.045
1 1 1 13.517 17.227 17.307
1 176.032 176.86  176.985
1 1 1 6.075 9.557 9.65
1 85.219 87.06 87.147
1 1 1 30.156 76.234 0
1 61.454 63.306 0
1 25.231 26.429 0
1 1 9.11 12.324 0
1 1 1 3.623 20.116 0
1 8.125 9.485 0
1 5.277 7.399 0
1 1 9.828 16.39 0
1 1 1.983 6.901 0
1 1 3.871 9.795 0
1 1 1 2.34 11.404 0
1 5.556 10.657 10.852
1 1 1 1 43.559 50.123 50.243
1 1 1 12.503 21.023 21.111
1 1 4.716 10.18 10.308
1 4.143 7.864 7.876
1 1 1 3.776 11.328 11.457

Q106_4
Click
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Q107_1

the acute the acute the acute the acute the acute

1
1

PRrRrR P

[

Q107_2

Q107 3 Q107 4
1 1
1 1 1
1
1 1
1 1
1
1
1
1 1
1
1
1 1
1
1
1 1
1
1
1
1 1
1
1
1
1
1
1 1 1
1
1
1
1 1 1
1
1
1 1
1 1
1
1 1
1 1 1
1
1
1 1
1 1
1 1
1
1 1 1
1 1
1
1 1 1
1 1

Q107 5

Q107_6 Q107_7
the acute the acute
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Q104_4
Response Click

NO®UAONNW®W®

=
o

a~N~NoON

OOV OMNNDADNOODNONDND

Q105_1 Q1052 Q1054 Q1053 Q106_1 Q106_2 Q106_3
the names the names the names the names First Click Last Click Page

1 1 1 2.845 6.541 6.646
1 1 3.304 6.67 6.726
1 1 1 54.559 58.182 58.317
1 1 1 4.586 10.632 10.725
1 2.697 5.787 5.902
1 1 1 1.913 5.884 0
1 63.931 64.863 0
1 1 1 2.632 32.18 0
1 11.743 14.36 0
1 1 8.728 33.515 0
1 1 1 4.925 13.339 0
1 1 7.685 17.846 0
1 1 1 4.74 11.72 0
1 1 1 3.603 15.335 0
1 1 1 5.265 39.125 0
1 1 1 1.7 6.994 7.007
24.328 26.422 26.5
1 1 1 1.177 6.112 6.264
1 1 1 23.431 45.489 45.552
1 1 1 4.345 11.907 11.918
1 1.685 8.689 8.829
1 1 1 7.047 26.437 26.517
1 1 3.614 7.579 7.591
1 1 37.455 49.695 0
1 1 1 3.047 6.391 0
1 1 1 11.621 23.008 0
1 3.41 5.778 0
1 1 4.189 13.453 0
1 1 1 2.249 5.03 0
1 1 1 5.756 21.606 0
1 1 2.114 6.497 0
1 1 1 3.343 41.015 0
1 1 1 4.618 15.46 0
2.366 3.52 0
1 3.99 11.632 0
1 1 1 2.645 6.766 0
1 1 1 0.702 2.356 0

Q106_4

Click
4
3
4
6
2
4
2
7
2
6
4
5
6
4
5
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the acute the acute

1
1
1

[
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Q107_3 Q1074 Q1075 Ql07_6 Q107_7
the acute the acute the acute the acute the acute

1
1
1
1 1
1
1
1
1
1 1
1
1
1
1 1
1
1
1
1
1
1
1
1
1 1 1
1
1 1
1 1 1 1
1
1
1
1
1
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Q104_4
Response Click

108

110
111
112
113

114
115
116
117
118
119
120
121
122
123
124

125
126
127
128
129
130
131
132
133
134
135
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Q105 1 Q1052 Q105 4 Q1053 QI106_1 Q106 2 Q106 3
the names the names the names the names First Click Last Click Page
1 1 1 1 4.156 9.614 9.764
1 1 1 14.53 65.751 65.831
1 1 1 1 19.735 28.11 28.266
1 1 1 15.077 18.843 18.936
1 1 3.836 12.004 12.128
1 1 2.437 8.141 8.203
1 1 1 7.609 12.906 0
1 1 1 3.156 21.062 0
1 1 1 1.546 1.546 0
1 1 5.905 7.874 7.999
1 1 1 1 3.141 78.846 78.971
1 1 1 7.127 14.63 14.802
1 14.61 25.22 25.376
1 1 15.203 67.968 68.062
1 1 1 3.926 8.702 8.801
1 1 1 31.134 47.356 47.59
1 1 1 1.598 6.447 6.606
1 1 6.097 14.132 14.289
1 1 1 1 68.768 82.222 82.425
1 2.188 25.941 26.081
1 1 22.969 28.5 28.907
1 1 1 65.517 104.237 0
1 1 1 6.812 43.359 43.484
1 1 1 7.149 13.299 13.449
1 1 1 6.781 14.906 15.016
1 1 1 3.06 11.099 11.146
1 1
1 1 2.609 11.031 0
1 1 8.109 15.108 0
1 1 1 5.829 12.235 0
1 1 1 0.562 6.015 0
1 1 1 7.88 14.153 14.262
1 1 1 1 4.438 9.328 9.453
1 1 1 1 7.113 41.849 41.854
1 1 1 3.671 9.087 0
1 1 8.609 16.172 0
1 1 1 3.14 6.75 0
1 1 1 11.443 21.458 0
1 1 1 5.107 8.537 0
1 1 1 354.007 359.847 0
1 1 1 1.062 21.125 0
1 1 1 1 1.982 48.142 48.22
1 1 1 6.488 25.973 26.167
1 1 1 14.124 18.624 18.733
1 1 1 20.342 25.607 25.701

Q106_4
Click
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the acute the acute the acute the acute the acute the acute the acute

Q107_1 Q107 2 Q1073 Q107 4
1
1 1
1 1
1 1 1
1 1 1
1 1
1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1 1
1
1 1 1
1 1 1
1 1 1
1 1
1 1 1
1 1 1
1 1 1
1 1 1
1 1
1 1 1
1 1
1 1
1
1 1 1
1 1 1
1 1
1 1
1
1 1 1
1 1 1
1 1 1
1 1
1 1 1
1 1 1
1 1 1
1
1 1 1
1 1
1 1
1

Q107 5

Q107 _6

Q1