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Executive Summary
In September 2014, Michael Grossman of Toronto Workers’ Health and Safety Clinic tasked the
H&S2 team with developing a solution for identifying and recording hazardous airborne
chemicals. This project was proposed with the established goal of creating a product which
could be utilized as an aid in advising clients on their potential exposure, how it could affect their
health and what legal action they should pursue. Additionally, by detecting and identifying
airborne contaminants workers health effects can be monitored based on their time of exposure
to the chemicals, thus improving medical response, preventing future dangerous chemical
exposures and ensuring suitable personal protective equipment (PPE) is worn.
At first it was in the team’s understanding that the client wanted a solution in the form of a
product. As we worked through alternative solutions we ended up converging on the revelation
that the solution the client actually required was not a product but a service. The solution
chosen from our design alternatives is the Business Model, which will operate under the name
ChemSense Consulting Limited (See Appendix A: Alternative Designs for details).
Under this business model a service will be provided to end users instead of designing a
detection device. Devices will be chosen and operated by a trained professionals based on what
most effectively and economically matches the targeted work environments. Seven devices
were selected for use by ChemSense. In collaboration these devices can be used to detect the
majority of airborne chemicals present in these targeted workplace environments. Our flagship
device will be the highly versatile M908 portable mass spectrometer by 908devices. A potential
partnership with 908devices should be pursued in the next stage of this start-up.
Each device will be paired with the centralized ChemSense database. Data will be periodically
sent to the database from each device as it is captured. The database will be coupled with a
website which will act as a portal for each client to login and access their accumulated data.
This website will provide users the ability to invoke simple queries and generate visual
representations of the data. Data will also be downloadable in various formats including XML
and CSV which will allow analysis with non-ChemSense software.
Since the Ministry of Labour (MOL) regulates organizations to properly implement Health &
Safety into their workplace the legal need for the implementation of this solution into society is
present. Also, since our company aims to minimize lost time claims and reduce the strain on the
health care system we can pursue a wide range of grant possibilities from the provincial
government. For example the MOL provides $250,000 through the Occupational Health and
Safety Prevention and Innovation Program to successful applicants. Based on our team’s
estimates it would cost approximately $95,000 (fixed cost) and $32,000 (monthly operating cost)
to start-up the company. One of the initial challenges our team identified was generating
awareness concerning the hazards of airborne chemical vapor exposure in the workplace. It
was deemed essential to raise awareness of important health and safety issues, and to create
an action plan particularly for employees not covered by workers compensation (e.g. those
working for small businesses). In the initial stages marketing the service and establishing
nurturing partnerships will be key to the success of ChemSense.
Going forward our team will present the ChemSense service at the APS490 Design Showcase
on Monday March, 30th from 5-7pm. The supervisor, SMEs and client will be invited to attend.
This will mark the conclusion of the project for our team. This final document serves as a strong
foundation for any team looking to take ChemSense to the next stage of development.
2|P a g e

ChemSense Consulting Ltd.
27 King’s Cir.
Toronto, ON M5S

Table of Contents
EXECUTIVE SUMMARY

2

TABLE OF CONTENTS

3

1.0 PROBLEM STATEMENT

4

1.1
1.2
1.3

4
5
5

ONTARIO HEALTH CONCERNS
ONTARIO PREVENTION TACTIC & DESIGN ISSUES
REVISED OBJECTIVES

2.0 THE DESIGN SOLUTION: CHEMSENSE CONSULTING LIMITED

6

2.1 AIRBORNE CHEMICAL DETECTION
2.2 DATABASE STORAGE
2.4 DEVICE INTERFACE
2.5 SYSTEM TESTING
2.6 USER INTERFACE
2.7 INTEGRATION IN SOCIETY

7
9
10
10
11
12

3.0

13

3.1
3.2
3.3
3.4
3.5

THE BUSINESS: CHEMSENSE CONSULTING LTD.
THE BUSINESS MODEL
MARKETABILITY & PROFITABILITY
IMPLEMENTATION & PARTNERSHIPS
BUDGETING STRATEGY
GLOBALIZATION STRATEGY

13
13
14
15
16

4.0 CONCLUSION & RECOMMENDATION

16

5.0 REFERENCES

18

APPENDIX

20

APPENDIX A: ALTERNATIVE DESIGNS
APPENDIX B: DATABASE OPTION 2
APPENDIX C: CONCEPTUAL DESIGNS
APPENDIX D: DECISION MAKING MATRIX
APPENDIX E: FINAL DESIGN DECISION
APPENDIX F: USER INTERFACE
APPENDIX G: BUSINESS SCHEDULE
APPENDIX H: BUDGET BREAKDOWN
APPENDIX I: DATABASE COST

20
22
23
26
27
28
29
30
32

3|P a g e

ChemSense Consulting Ltd.
27 King’s Cir.
Toronto, ON M5S

1.0 Problem Statement
The initial problem definition as proposed by the Toronto Workers’ Health and Safety Clinic
required the designing of a device that would detect unknown airborne chemical vapors in order
to allow industry workers to better facilitate themselves while approaching hazardous sites.
After having carefully researched the market for airborne chemical vapor detection devices, the
team came to the conclusion that there already existed devices (the M908 in particular), and
consulting services which were suitable to detect a wide range of airborne chemical vapors in
different workplace environments. The team decided that with the help of these devices, it would
be best to work towards reducing lost time claims in
workplace sectors where fatalities due to airborne
chemical vapor exposure and occupational
diseases go unnoticed (e.g. Construction,
Agriculture, and Pulp & Paper). It was deemed
essential to raise awareness of important health
and safety issues, and to create an action plan
particularly for employees not covered by workers
compensation. The team thought of initiating a
small start-up, and of partnering with a company to
bring its suggested action plan for ensuring
workplace safety, to the forefront. The action plan
Figure 1 - Solution Transformation
includes detection of unknown airborne chemical
vapors by single, or multiple devices, with the data
retrieved being stored and collected in a centralized database, which would be accessible to
targeted sectors. The devices will identify and inform the user of airborne chemical
contaminants on site, and will provide a quick analysis of the time-based concentration of
vapors the user is exposed to during the day.

1.1 Ontario Health Concerns
The Ministry of Labor (MOL) in Ontario monitors the Occupational Exposure Limits (OEL’s) to
minimize the length of time a worker is exposed to concentrations of airborne chemical
contaminants. Based on the annual recommendations of the American Conference of
Governmental Industrial Hygienists (ACGIH), the MOL regularly reviews the OEL’s [1].
Currently, in Ontario, there is a need for a device that can identify unknown airborne chemicals
that pose a health and safety risk to the following personnel:
1. Industrial Workers
2. Emergency Response Workers (firefighters, medical professionals, military
officials, law-enforcement, UN monitors, & social protestors)
Existing technologies that identify chemical substances in air include catalytic, infrared and
electrochemical sensors, metal oxide semiconductors, and mass spectrometers. While these
devices exist on the market, the team realized the problem was not the device, but ineffective
prevention tactics available and visible to Ontario workplaces.
According to the WSIB 2013 Statistics in Ontario:
 158 workers lost their lives due to an occupational disease [2]
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Leading causes: 60% from cancers including mesothelioma (33.3%), and lung cancer
(27.3%) [2]
Lost time claims were highest in Chemical Processing, Forestry, Pulp & Paper,
Agriculture & Construction [2]
Thunder Bay & Essex district have the highest lost claims per 10,000 employed
workers [2]

According to the Workers’ Compensation Boards:
 Prevention tactics are primarily to raise awareness
through marketing & social media that targets
specific ages & seasonal issues [3]
 Examples: Facebook Pages, Public Service
Announcements, Posters, Tradeshows [3]
According to the World Health Organization (WHO):
 A worldwide mortality & morbidity estimation of lung
cancer, leukemia & malignant mesothelioma
estimated 152,000 deaths due to exposure to
occupational carcinogens [4]
Based on these statistics, the team notes many workers
Figure 2 - Occupational Disease Fatalities by Year [2]
are not covered by worker’s compensation and their
deaths go unnoticed by WSIB. While lost time claims have a downward trend in the past year,
fatalities from occupational carcinogens have been fluctuating. Fatalities tend to focus in certain
workplace sectors and regions (not limited to Ontario).

1.2 Ontario Prevention Tactic & Design Issues
While a number of devices, and consulting services are available for the job sectors indicated
above and marketing/social media is being spread by government funded companies to raise
awareness the statistics are ill-favoured.
The reason these statistics are unsatisfactory is due to the following issues with Ontario’s
prevention services:
 Poor visibility (Consulting services, Industrial Hygienists, Devices, etc.)
o i.e. Expensive tradeshows, devices lack trustworthy safety certification
 Poor targeted audience
o i.e. Tradeshows target larger cities where the main sectors of Pulp & Paper,
Forestry and Mining are less predominant
 No “unknown” identification service
o If the company exists, it is a visibility concern
 Missing areas (i.e. Transportation workers are exposed to multiple chemicals during
handling & storage that is unnoticed)

1.3 Revised Objectives
The following objectives are for the revised solution that will include a device, air monitoring
software and service requirements for Ontario. The service will address the issues indicated
with Ontario’s prevention tactics.
5|P a g e

ChemSense Consulting Ltd.
27 King’s Cir.
Toronto, ON M5S

The detection device, should be simple to operate and use. The device should have a userfriendly and intuitive interface so that the user can easily interpret and understand visual and
audio alerts, and should be lightweight (if being worn). Other objectives of the device include:
 Airborne Chemical Detection within 50% of the STEL/TWA or C concentration
 Start-up to sample time of less than 10 minutes,
 Less than 5 seconds hazard inform time
 Meeting MIL-STD-810G military grade durability
 Safety Integrity Level 2 reliability (10-6-10-7 Probability of Failure Per Hour)
 Digital input/output for easy interfacing with the database
The objectives of the database, which will contain information on contaminant concentrations
and exposure limits, include:
 Tamper resistant (password protected, secure and encrypted data)
 Remotely or instantaneously stores data to a secure server through WIFI or other means
of transmitting data
 Programmable settings for queries by third-party representatives (i.e. lawyers, industrial
hygienists, fire marshals) to identify the location of an airborne contaminant (i.e. room,
tank, flow line, worker) and the OEL of the containment
The service the team will provide must be:
 Profitable (i.e. Fixed & Operating Costs must be comparable with potential funding and
the projected cost of the service for the company to breakeven in less than 5 years)
 Targets small business in the highly affected sectors (98.2% businesses in Canada [5])
 Easy to Implement in Ontario
 Compatible with partnerships & government grants & bank loans
 Reduces the strain on the Health Care system

2.0 The Design Solution: ChemSense Consulting Limited
The following sections explains the Devices chosen & centralized database provided by:
ChemSense Consulting Limited (See Appendix C, D, & E for the Decision-Making Process
behind the final design). It will describe the devices ESA-approved for Ontario workplaces that
the team recommends based on specific occupational work exposure scenarios. It also explains
how the device transmits data from a molecule to the centralized database for real-time readout
or long-term storage. Lastly is explains the user interface of the website ChemSense Consulting
will use for the service provided.

Figure 3 - Visual of Design Solution
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2.1 Airborne Chemical Detection
After a careful analysis of the environment that workers in Toronto are exposed to, the team
analyzed five main work environments in which workers can experience hazardous airborne
chemical contaminant exposure. Depending on the types of airborne contaminants that these
workers are likely to come in contact with, recommendations on the most applicable device or
devices will be given.
The seven devices are:
Device
M908 (908 Devices) [5]

Description

A portable mass spectrometer that instantaneously identifies unknown solids,
liquid or gases

Heats a liquid or solid substance to release the chemicals in contaminant forms,
and ionizes the components using an electron beam

The unknown substance is transformed into a distinct number of positively
charged ions by the electron beam

An electric or magnetic field is then used to separate the positively charged ions
based on their mass.

The device has a programmed mass spectrum to distinguish the chemicals

Costs $50,000

Sierra Monitor Corp
(Ammonia, Carbon
monoxide, Chlorine,
Ethylene Oxide and
Hydrogen Cyanide) [6]









PrevEx Flammability
Analyzer [7]

Enmet, LLC Digital Gas
Detectors (RECON/4) [8]






Enmet, Methane Gas
Detector Product [9]










Enmet, Custom Gas
Detectors [10]




RAE Systems Wireless
Protection [11]
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A device that detects gas levels within a range of 10 ppm – 200 ppm
Consists of an electrochemical sensor
Operates on a 4-20mA signal
Digitally displays airborne chemical information
Non-intrusive calibration
The response time of the device is less than 35s
Is a rugged device that monitors industrial processes by measuring the lower
flammability limit of the air
Energy friendly and prevents explosions
Has a fast response time, and provides highly accurate results
Compact and portable detector with a color LCD screen
Has a rechargeable battery with short-term exposure limit (STEL) and timeweighted average (TWA) alarms
Operation is simple and depends on the use of a single button
Has a small belt-clip, and weighs 200g, thus making it high on portability
Detects gases based on their properties of diffusion
PGD2-4-Gas Portable Detector for Combustible, Oxygen & Toxic Gases
A multi-gas detector incorporated catalytic type sensor for 0-100% Lower
Explosive Limit (LEL) of methane
Audio and visual alarms notify users of substances
Has data logging capability
Monitors by diffusion or an internal pump
Utilizes infrared, photo ionization catalytic combustion, metal oxide
semiconductors (MOS), and electrochemical technologies
Detects chemicals in or around pipelines, ducts, process lines, environmental
chambers, vehicle maintenance areas, engine test cells, and tank headspaces
Distributes X-ray, explosives, and metal detectors
Can monitor up to 5 contaminants by using switchable sensors
Ideal to be used in confined spaces, emergency response scenarios, wastewater
treatment plants, and oil/gas processing facilities
Communicates data to multiple units, and can chose between electrochemical,
NDIR or catalytic instruments

ChemSense Consulting Ltd.
27 King’s Cir.
Toronto, ON M5S

The five workplaces are listed in the table below with their contaminant concerns, and device
recommendations:
Workplace
Workers in the Mining,
Construction,
Manufacturing &
Fabrication Industry

Contaminant Concern
Crystalline Silica, Quartz, and
Silicone Dioxide

Device Recommendation
Since workers in this sector are at times subject to
working in confined spaces the RAE Systems
Wireless Protection is recommended because it is
portable and monitors up to 5 contaminants by
using switchable sensors [8].

Police officers

OC, CS, CR, CN, Tear Gas, Riot
Control Agent, bromoacetone, xyl
bromide, syn-propanethial-Soxide, Mace, and nonivamide

Firefighters

Hydrogen Cyanide, Benzene,
Aromatic Hydrocarbons,
Polycyclic Aromatic
Hydrocarbons, Aldehydes, NitroPAHs, Isocyanates, Phthalates,
Vinyl Chloride, Oxides of
Carbon/Nitrogen/Sulfur,
Particulates, Clear Smoke
Plastics, and Glue

Medical professionals
in hospitals

Ammonia, Phosgene, Nitrogen
Dioxide, Hydrochloric acid,
Hydrofluoric acid,
Organophosphate, Carbamate
insecticides, nerve agents, Paint
thinners, toluene, methylene
chloride, cyanide, hydrogen
sulfide, and phosphine
Acrylonitrile, Arsenic, Asbestos,
Benzene, Ethylene Oxide,
Isocyanates, Lead, Mercury,
Silica, and Vinyl Chlorides

M908 would be the most applicable device to use
because other devices are unable to detect the
range of chemicals police officers are exposed to
(i.e. tear gas is 188 amu). The M908 is limited to
substances heavier than 60amu. Depending on
the officer’s assignment, the RAE Systems
Wireless Protection may be recommended for
situations where worker is likely to be exposed to
substances below 60 amu (i.e. OC, CS) [5].
At fire-fighting sites hydrogen cyanide, and oxides
of carbon and nitrogen pose the greatest threat to
firefighters. Because of its short display time, and
ability to measure concentrations of Ammonia,
Carbon monoxide, Chlorine, Ethylene Oxide and
Hydrogen Cyanide digitally, the Sierra Monitor
Corp can be used by firefighters to rapidly inform
them of the contaminants they are likely to get
exposed to on site. Likewise, LLC gas detectors
are a good alternative too because of their
portability and ease of access (single button). The
PrevEx Flammability Analyzer, and the Methane
Gas Detector Product can also be used because
of their ability to detect flammable substances,
and oxides of nitrogen and carbon respectively.
These devices can prevent people from getting
harmed from an explosion on site [7].
Major chemicals medical professionals are
exposed to include gases like ammonia, N02,
HCL, HF and HS. Custom gas detectors and the
M908 would be suitable to measure contaminant
concentrations in a hospital. M908 is portable,
thus notifying doctors of the concentration of toxic
chemicals in the air of a room in a building [5].

Industrial Workers (i.e.
Wastewater, Oil & Gas,
Pulp & Paper

Table 1 - Device Recommendation
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Based on the heavy weight compounds that
industrial workers are likely to be exposed to (i.e.
Lead, Mercury), the M908 would be the best
device to use. Some gaseous substances
(benzene) are also present on site, so custom gas
detectors can also be used in addition to the
M908. The RAE Systems Wireless Protection can
be considered too because of its ability to detect
multiple contaminants simultaneously [7].
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2.2 Database Storage
Each device will be linked to a database. These database(s) will record the data captured by
each device to create a profile of airborne contaminants present in the area of operation. The
database will be paired with a website where clients are granted access to the data. Here they
will be able to retrieve data through simplified queries. Additionally, they will be able to access
and generate visual representations of the data such as charts or graphs.
The database will contain tuples with the fields:
 Client ID
 Location ID
 Device ID
 Timestamp
 Chemical Compound
 Concentration Detected
If a device detects more than one chemical it will create multiple entries under the same
timestamp. Although this will create more entries in the database it will simplify querying for
specific compounds and minimize the size of each entry in the database.
There are two paradigms under which the database can be setup. The database can either be
placed in a centralized location (Figure 4- Database Option 1) or there can exist a database per
client located on-site (Appendix B: Database Option 2). A centralized database has been
identified as the most effective solution as it abstracts the cost and complexities of maintaining a
database from the client. Also, this simplifies pushing updates to the website. The client will only
need to provide access to the Internet over Wi-Fi for the device specific interface to establish
and maintain connection to the database.

Figure 4- Database Option 1
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2.4 Device Interface
An interface will be designed to connect each device to the database. Some of the chosen
detection devices have an analog output current, which signifies the concentration of what is
being detected. For example the PrevEx Flammability Analyzer and Sierra Monitor
Corporation’s electrochemical sensors have an output current of 4-20 mA, which is correlated to
the concentrations they are detecting. These devices would require both an analog and a digital
interface running software for a database connection (Fig. 8). Whereas, RAE Systems offers
Wi-Fi enabled devices, which would require only a software interface. Interface solutions will
have to be conceptualized for each individual device utilized by ChemSense.

Figure 7 – Device Interface

Analog Interface:
 Analog-to-Digital converter (ADC)
 Digitize device’s analog output
Digital Interface:
 Reads in digitized data
 Runs software which connects to database
 Periodically updates database when new data is available
 Temporary storage for when network is down
 Wi-Fi connectivity
In the prototyping stage the team will utilize an Altera DE2 board for the digital interface. This
will allow the team to minimize initial design costs.

2.5 System Testing
The device must be highly reliable to fully meet the design requirements. In order to ensure
reliability the system must be tested extensively to identify any bottlenecks or bugs that could
impede its performance before its deployment. Each module of the design will need to be tested
individually with directed and randomized tests. Then when these tests have reached an
acceptable passing rate the system will have to be tested as a whole with another suite of tests.
Directed tests are scenarios with a decided input and expected output. A set of steps will be
performed with the design and then a series of checks will performed to ensure the outcome is
as expected. For example, we could input some detection data into the device interface and
then check if the data in the database matches this after a period of time. Also, it is important to
see that the system correctly handles all errors in the case where a part of the system is
malfunctioning.
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Randomized tests are beneficial as they better model the real world application of the system
where the input to the system is less predictable. These tests will randomize input into the
system based on a set of rules continuously for a set period of time. While the test runs there
will be constant checks that the system has functioned correctly. These checks will include
ensuring that when the system is overloaded that data is not lost, and if it is that this error
handling executes accordingly.
Analog Interface:
 Insure analog data is digitized within a small margin of error
 Insure that ADC is fast enough to capture quick changes in output current
Digital Interface:
 Test sending corrupted device data (should not get uploaded to database)
 Flood with device data (should not lose information)
 Data should be stored locally when network is down
Database:
 Should be able to handle high volumes of data without dropping information
 Must issue error upon corrupted input data and not store information
 Must not store information from an invalid client, device or location ID
 Must only service authenticated connections
 Insure clients cannot access other clients data

Figure 8 – Module Testing

To test a module a wrapper is created around it (Fig. 8). The functional model inputs data into
the module mimicking the device and analog interface. At the same time it advertises its input to
the output checker. The checker sees this data and compares it with what is observed on the
output of the digital interface to check for consistency. This same model can be used for testing
each module on the device. It can also be expanded upon to contain multiple modules within the
system to test a larger portion of the system.

2.6 User Interface
Users of the ChemSense website will be able to interact with the database in real time. It is
identified that users want to see as much information as they can on a single screen. Rather
than maximizing the quantity of functions accessible on one screen and risk cluttering the
display, the website will be optimized such that the information is readily available to the user.
The following list highlights the key design elements that comprise the user interface of the
website (See Appendix F: User Interface):
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1. The website screen is optimized to enable users multitasking options between
independently operable panels split to each side of the screen similar to the Microsoft
Windows split screen function.
2. Users have at their immediate access a large quantity of small information bites through
strategically placed and lightweight pop ups that could be toggled for tackling the issue.
This design technique optimizes readily available information access of lesser priority
information without permanently disrupting the screen aesthetic or compromising the
needed space for higher priority info.
3. A robust use of meaningful icons, words and vivid colors stimulate visual senses and
trigger memory cues when navigating and searching content.
4. Custom folder creation tools provide the user the freedom and flexibility to structure
information databases favourable to the user’s organizational preferences. Frequently
accessed databases can be available immediately.
5. Tabbed file browsing and accordion drop down lists have been used in combination with
split screens to allow for quickly interchangeable combinations of file folders when
constructing custom folders and databases.
6. Consistent placement of navigation bar at the left side of the screen for quick and easy
access to different contents.
7. A fast general search bar fixed at the top of the page allows the users to be able to
search for whatever they want at any time through their whole account.
8. The display will show graphical or numerical concentrations with the time weighted
average (TWA) and short term exposure limit (STEL) to quickly identify hazardous
situations

Figure 5 - Example of User Interface for Real-Time Measurement of Benzene

2.7 Integration in Society
According to Section 25 of the Occupational Health & Safety Act:
25. (1) An employer shall ensure that,
A. the equipment, materials and protective devices as prescribed are provided;
B. the equipment, materials and protective devices provided by the employer are
maintained in good condition;
C. the measures and procedures prescribed are carried out in the workplace;
D. the equipment, materials and protective devices provided by the employer are used
as prescribed [12].
Since the Ministry of Labour regulates workplaces to properly implement Health & Safety into
their workplace the legal needs for this device’s implementation in society is met. However key
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areas for improving society include improving research, industrial hygiene, preventative
measures, and legal advice.
There is clearly a niche, therefore integration will require the start-up of a consulting company.
To be successful the consulting company will need a market, and be competitive with current
companies available. This will require marketing, advertising and positive widespread
recognition. While the limitation with current devices is the cost and availability, the consumer
may not have the technical knowledge available to uncover what device could improve their
worker health & safety.

3.0 The Business: ChemSense Consulting Ltd.
The following sections explains the Business Model: ChemSense Consulting Limited in detail.

3.1 The Business Model
ChemSense Consulting Ltd. Will provide clients with a service to analyze their worker’s specific
exposure levels using the recommended device (i.e. M908). The service will have the option to
rent out the device or pay a trained professional to monitor a workplace for air contaminants that
may cause a health concern for employees. The service may require a consultation, a site visit,
a report and suggested mitigation measures. This will allow for a flexible service dependent on
the client’s needs. The database will be available to the company for further industrial hygiene
analysis or other researching purposes. Since the high cost ($20,000-$50,000) to purchase a
device is economically unfeasible for small businesses in the targeted sectors, the business
plan suggests a 200$ / hour service charge for a one-time consultation.

3.2 Marketability & Profitability
The team found current consulting services lack visibility, meaning the marketing strategy is key
to the company’s success. The following criteria is suggested to build strong customer
relationships and recognition that can improve company visibility with small businesses in
Ontario.
Promotion Strategy will include:
 Social Media (i.e. Twitter, LinkedIn, Facebook)
 Media (Internet Advertising, News, TV, Articles)
 Networking (i.e. Exhibitions, Non-Profit Memberships)
 Tradeshows/Conferences (i.e. Workplace Safety & Prevention Services Tradeshow in
April 28th, 2015) [13]
 Weekly Newsletters (i.e. Twitter feed from ongoing database research and discoveries)
 Direct Marketing
Targeted Customers:
 Small businesses to large corporations which deals with any hazardous chemicals
Unique Selling Proposition (USP):
 “When it absolutely, positively has to be detected for your safety, ChemSense has you
covered.”
Online Marketing Strategy:
 Keyword Strategy: identify keywords to optimize our website
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Search Engine Optimization Strategy: document updates we will make to our website so
it shows up more prominently for our top keywords.
Paid Online Advertising Strategy: online advertising
programs will we used to reach target customers.
Social Media Strategy: use social media websites to attract
customers

Positioning & Pricing Strategy:
 Pricing will aim towards increasing the volume of clients
during company start-up.
 No other company does this service, thus we emphasize
what we do and how it adds value to our customers

Figure 6 - Word-of-Mouth
Recognition by Targeted Region
[14]

Distribution Plan:
 Face to Face: an employee will perform assessment on the
customer’s company then advise the customer for the required services to be purchased

3.3 Implementation & Partnerships
For a successful start-up, high fixed and operating costs are projected for the business in the
first year, and some R&D and training will be necessary. However because the company goals
target health & safety improvements in Toronto, government grants are available from the
Ministry of Labour (i.e. Research Grants Program [14]) and other Federal grants (i.e. Ontario
Community Futures Development & Corporations [15]) ranging from $150,000 - $300,000.
The government spent 48M$ in 2013 from the Work Transition and Labour Market Re-Entry
Program [2]. This company plans to reduce lost time and reduce the strain on the health care
system which gives it a wide range of grant possibilities.
To build recognition, partnerships with companies that provide health and safety services to
work sectors can improve the company’s recognition. This will improve the ChemSense’s
exposure to industries which are unaware of airborne chemical detection devices, and that
require their worker protection services. The startup action plan will also use the centralized
database that gives high visibility to the current devices in the market to be sold to targeted
sectors such as Chemical Processing, Firefighters, Construction, Manufacturing, Mining, and
Transportation.
Potential partners that the team looked into included device companies, industrial hygienists, air
sampling consultants and retail companies.
A list of realistic partnerships as seen by the team is as follows:
 Ministry of Labor - responsible for communicating and enforcing occupational health and
safety legislation and regulations. The team found that the MOL was willing to provide a
grant of a quarter million dollar to help fund our startup.
 Workplace Safety and Insurance Board - Provides no-fault workers compensation and
promotes workplace health and safety.
 Occupational Health Clinics for Ontario Workers - Gives comprehensive occupational
health services to workers concerned about work-related health conditions.
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Other potential partners included key retailers like CCOHS, Cintas Canada, CSA Group,
Electrical Safety Authority, Honeywell Safety Products, Kimberly-Clark Professional,
ProTELEC Checkmate, and Turning Technologies Canada.

3.4 Budgeting Strategy
The team considered worst case scenario when predicting the start-up cost and funding for the
company in the first year. For a detailed breakdown of each value, see Appendix H & I:
Nature of Cost
Grants

Costs ($)

Fixed Costs
Monthly Operating Costs
Year 1 (Deficit)

Investor Funding (i.e. Ministry of Labour)
Loans
Other
Total
Total (See Appendix G for detail)
Total (See Appendix G for detail)
Total

$255,500
$20,000
$10,000
$285,000
$94,670
$31,538
$188,126

Hours of Paid Consulting (Year 1)
Service Charge to Breakeven

1,020 hours
$184.44 / Hour

The budget projects the start-up company will operate under four highly skilled employees
trained in using the devices (i.e. M908) and earning $80,000 / year. Fixed costs include
advertising for opening, basic website design, brand development, business license permits,
legal/professional fees, operating cash, the M908, travel insurance and other items. The
monthly cost takes into account employee salaries, ongoing advertising / tradeshow fees for
company expansion/visibility, website hosting maintenance, internet, legal/accounting fees,
business vehicle insurance, supplies (i.e. buying new devices), and other costs. Given a
projected funding of $255,500 (i.e. from the Ministry of Labour Research Grant), the company
has a deficit of $188,000 in the first year.
Given the first year the company will have less recognition, we assume ChemSense will only
produce 1,020 hours of consulting services (4 hours / business day). To breakeven in the first
year, and keep the company afloat only $185 will be needed to charge companies for our
consulting service:
𝑌𝑒𝑎𝑟 1 𝐷𝑒𝑓𝑖𝑐𝑖𝑡
188,126
=
= $184.44/ℎ𝑜𝑢𝑟
𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛
1,020
If a full consultation includes one hour for the initial consultation, two hours for on-site
investigation and two hours of reporting (minimum 5 hours / company) we expect:
𝑃𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠
1,020
=
= 204 𝐶𝑙𝑖𝑒𝑛𝑡𝑠 𝑖𝑛 𝑌𝑒𝑎𝑟 1
𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝐻𝑜𝑢𝑟𝑠
5 ℎ𝑜𝑢𝑟𝑠
According to Statistics Canada, Ontario had 381,001 small businesses in August 2013 (between
1 – 99 employees) [16]. This means ChemSense would only need 0.0535% of Ontario’s
potential customers to breakeven in the first year.
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The distribution shown below demonstrates the funding and start-up costs in the first year:

TOTAL FUNDING
Bank
Loan
7%

Grants
93%

Figure 7 - Projected Funding & Start Up Costs (Year 1)

3.5 Globalization Strategy
Expanding the company to the rest of the world will require a strong client base in Ontario to
certify the company has a trustworthy and successful service. Since ChemSense will target
small businesses (1-99 employees) ChemSense’s clientele make up 98.2% of all businesses in
Canada (57% in Ontario and Quebec). Ontario will make a strong foundation for the start-up
phase of the company. Quebec, Alberta and British Columbia will be the next provinces the
company can branch out to due to their high number of small businesses in ChemSense’s
targeted work sectors [16]. Small businesses are mainly found in the agriculture & forestry
sector (71.9% of small Canadian businesses), while 33.9% were found in the manufacturing
sector.
Research conducted by the World Health Organization (WHO) has indicated occupational
carcinogens has been projected to be responsible for 155,000 casualties per year [4]. Since
many areas outside of Canada face the same issue, the company believes the emerging
countries (Vietnam, Philippines, Indonesia etc.) and large manufacturing countries (China, USA,
etc.) are key targets for their globalization aspirations.
While the news is focusing on climate change, and on greener and more environmentally
friendly practices – the ChemSense believes the reduction in greenhouse gases (GHGs) goes
hand-in-hand with the company’s goal of reducing occupational airborne contaminants. This
indicates there will be a strong need for ChemSense in the future as it promotes both safety and
sustainability.

4.0 Conclusion & Recommendation
With the help and guidance of our supervisor and through multiple iterations of working through
the problem statement our team maneuvered from exploring a single-device solution to
developing a service and converged on ChemSense. Ultimately, The Business Model is the

16 | P a g e

ChemSense Consulting Ltd.
27 King’s Cir.
Toronto, ON M5S

best solution to the problem statement provided by Michael Grossman of Toronto Workers’
Health and Safety Clinic.
Providing a service as opposed to a single device is a versatile solution, which goes beyond
meeting the needs of our client. ChemSense addresses a health and safety deficit in Ontario
that is not currently being mitigated. This service is the future of ensuring employee safety in
Ontario and should be adopted worldwide.
Through our research we have found that ChemSense would be viable economically as a startup and could build a strong initial customer base with the right partnerships. It is projected that
in the first year the company would not be profitable but as the client base expands and
software is licensed there would be great potential for growth as it gains traction in Ontario.
In starting up ChemSense marketing and spreading awareness is key. Finding an effective way
to reach out to small businesses will be a large part of this challenge. We should strive generate
a dialogue concerning worker health and safety in regards to contaminant exposures.
Employees should be able to rest easy knowing that their exposure levels are being monitored
and that any potential hazards will be identified and addressed whether they present an
immediate or long-term threat to their health and livelihood.
Going forward our team will present the ChemSense service at the APS490 Design Showcase
on Monday March, 30th from 5-7pm. The supervisor, SMEs and client will be invited to attend.
This will mark the conclusion of the project for our team. This final document serves as a strong
foundation for any team looking to take ChemSense to the next stage of development.
The next team should explore the partnerships and strategies we have outlined in this
document. Finding strong partners will be a necessary accelerant for ChemSense to have a
meaningful and visible impact in its initial years.
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APPENDIX
Appendix A: Alternative Designs

Figure 8 - Metal Oxide Semiconductor (Full Process)
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The flow chart below represents the “Business Model” that is being proposed. Specific workplaces with worker health & safety concerns can rent the appropriate device from
ChemSense Consulting Limited. The device is implemented in the workplace with training provided to properly use the device. The device can optionally connect to a database
that stores the information. The password protected network allows the user to read the chemical, concentration and exposure time of a device that can be analyzed.

Mining, Construction,
Manufacturing &
Fabrication Industry

Police Officers

Firefighter

Hospitals

Industrial Workers (i.e.
Wastewater, Oil &
Gas, Pulp & Paper)
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Database is either centralized or
owned by the individual company
and password protected. Devices
can either store information or
wirelessly send information to the
database for long-term storage of
information, and information for
future reference.
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Appendix B: Database Option 2

Figure 9 - Database Option 2
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Appendix C: Conceptual Designs
There are 6 conceptual designs that the team identified to best fit the needs of the client (See
Appendix A: Alternative Designs for details):
1) Metal Oxide Semiconductor Cartridge (D1) – This is a miniature cartridge designed
for a specific set of toxic or combustible contaminant/gases based on a worker’s
profession. The cartridge is made of multiple slots that have a different chemical
indicator inside. It can be worn around the neck, and when a slot in the cartridge reacts
with the targeted contaminant that is present, it can measure the electron flow to indicate
the presence and concentration of a contaminant or gas using a miniature ammeter to
detect electron flow. A digital readout and alarm notifies the user which substance is
present and whether it is above or below the Occupational Exposure Limit. See Figure
10 - Metal Oxide Semiconductor Cartridge below.

Figure 10 - Metal Oxide Semiconductor Cartridge

2) The Hybrid Detection Design (D2) –There are multiple ways to characterize an
unknown substance based on the electron flow of an electrochemical sensor, resistance
change in a catalytic bead sensor, and infrared absorption in the case of an infrared
sensor. Using multiple techniques, one can improve the resolution of their detection
device using the Hybrid Detection Design. Continuous sampling, and multiple sampling
pathways (i.e. using a solenoid valve) the air can be sampled at a worker’s position, or
known process leakage areas (i.e. flanges, bellows, flexible tubes, valves). A strong
pump (10-20 L/min) attaches to a secondary pump (1L/min) to supply gas from the presampling tube to the various detection methods. See Figure 11 below.

Figure 11 - The Hybrid Detection Design
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3) Smartphone App for Particulate Matter (D3) – Particulate matter is detectable by
taking a picture of the air with a blank background. The app can then measure the pixels
of an image and compare the image with other images of known particulate
concentrations to give an accurate reading of the air’s particulate matter concentration.
This gives an accurate snapshot of environmental concerns. Research needs to be
further conducted for indoor workplace conditions (i.e. saw mill, oil & gas). See Figure 12
- Smartphone App to Identify Particulate Matter below.

Figure 12 - Smartphone App to Identify Particulate Matter

4) Smartphone App with Infrared Camera (D4) – An infrared camera over the eye of the

phone camera can take pictures of the surroundings that will be able to identify the
infrared absorption of the surroundings. This app can give the user an identification of
the concentration of a contaminant and calculate the Lower Explosive Limit (LEL) % to
inform the user if they are approaching a combustible environment (i.e. used for mining
sites). Since gases absorb radiation in a characteristic manner (some in the visible
region of 0.4-0.8 micrometers such as chlorine, bromine and nitrogen dioxide) and
hydrocarbons absorb radiation at 3.3-3.5 micrometers (while oxygen, nitrogen and argon
do not absorb at this level) then it can be detected in a given mixture of air. The
measured absorption can send a signal to indicate the current gas concentration. This
information can be stored in the app for later analysis by an industrial hygienist or live
analysis if it is over the Occupational Exposure Limit.
5) The Business Model (D5) – Instead of designing a device, the team has noted the

range of commercially available devices in Ontario can detect all the toxins in the
Designated Substance List in O. Reg. 833 and O. Reg. 490. However the cost and
knowledge is what limits all Ontario workplaces from implementing area monitoring for
their employees. Hence, we propose a service, to rent out the appropriate device to a
company based on the needs. Since gas monitors tend to range from $20,000 $50,000, renting them at reduced prices for a shorter period of time will mean companies
do not need to deal with the calibration, and educational background to use the
equipment. This is a highly flexible design that makes use of what’s already available in
the world to Ontario workplaces.
A database for the company will readout the data in a centralized or individual database
that is password protected. It will allow the company to run queries for their various
needs (i.e. leakage prevention, personal protective research). See Figure 13 - The
Business Model (ChemSense Consulting Limited) below for details.
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Figure 13 - The Business Model (ChemSense Consulting Limited)

6) The M908 Do Nothing Model (D6) - 908 Devices, a company based in Boston, has
created a portable mass spectrometer to instantaneously identify an unknown solid,
liquid or gas. It heats up the substance to release the chemical in contaminant form (for
a liquid or solid) and ionizes the components using an electron beam. The electrons are
displaced on the molecule to separate the unknown substance into a characteristic
number of positively charged ions. Using an electric field or magnetic field it can use the
differing momentums of these positively charged ions to separate them based on their
mass. The handheld device has a programmed understanding of the mass spectrum to
inform the user what unknown substance is present instead of relying on a mass
spectrum specialist to understand the reading.

Figure 14 - The M908 [5]
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Appendix D: Decision Making Matrix
After meeting with the client, the M908 device matches the original problem statement but is
commercially available for $50,000. Since the clinic is not interested in purchasing the device,
the cost is still unfeasible for Ontario workplaces. To move forward, the team has established
the following Target Specifications for the Design Proposal that will fit the needs of Ontario
workplaces:
1) A strategy for choosing a commercially available device
2) An economically feasible solution; and
3) Simple for users that may not have a technical background
Based on these targets the previous objectives identified in the Project Requirements were
weighted, and a Pugh Chart was created to rate the alternative designs. See Table 2 - Pugh
Chart Weighted Decision Matrix below:
Objectives

Weight

D1

Simplicity

10%

4

Reliability

15%

4

3.75

Portability

10%

3

3.33

Precision

10%

4

2.50

2.50

3
3
4
3

3.33
5.00
2.50
3.33

3
4
3
2
3

3.33
1.25
3.33
2.50
1.67

6

Variable

10%

4

Speed

5%

3

1.67

Durability

10%

4

2.50

Maintenance

5%

3

1.67

Ease of
Access

5%

4

1.25

Storage

5%

4

1.25

3

Cost

5%

3

1.67

10%
100%

4

2.50
27.08

2
3

Safety
Total (%)

2.50

D3

D2
6

1.67

5

3.00

6

1.67

5

2.00
1.67

D4

2.00
2.50
2.00
1.67

2

5
5
5
6
6

2.00
1.00
2.00
0.83
0.83

6

0.83

6

1.67

5

1.00

5

1.00

1.67

5

1.00

6

2.50
3.33
33.75

5

1.00

6

1.67

6
5

18.17

D5

5
6
5
6

D6

5.00

1

10.00

1

15.00

2

7.50

1

10.00

2

5.00

1

10.00

2

5.00

1

10.00

2

5.00

1

5.00

2

2.50

1

10.00

2

5.00

1

5.00

4

1.25

2

2.50

1

5.00

0.83

2

2.50

1

5.00

0.83
2.00
18.50

4

1.25

1

5.00

2

5.00
81.25

1

10.00
66.25

Table 2 - Pugh Chart Weighted Decision Matrix

The team weighted the Reliability, Simplicity, Safety, Portability and Durability very high
because it fit most workplace needs. Whereas speed, precision, maintenance and cost were still
important but did not apply to all scenarios. After carefully rating each Design (1 being the best
fit and 6 being the worst fit) the overall score suggested the Business Model would fit 81.25% of
the objectives, whereas the M908 (D6), would be too costly to be a realistic solution.
The Metal Oxide Semiconductor Cartridge Model (D1) was eliminated from further consideration
because it only had a one-time use before it needed to be replaced. D1 could only be useful in
emergency situations, and was not environmentally friendly. The Hybrid Model (D2) placed
third, however only matched 34% of the objectives. Due to the number of sensors, D2 would
require a technician to run it with the educational or technical background, and require
maintenance teams for calibrations and cleaning. Although the Smartphone devices (D3 & D4)
rated high for the response time, they are only applicable to emergency situations that have
already occurred and can only analyze certain chemicals based on their infrared absorption or
particle size. This area would require more research to become more reliable. However since
this design has a limited range of detection, it was also eliminated from further consideration.
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Appendix E: Final Design Decision
The solution chosen was the Business Model: ChemSense Consulting Limited. The
reasoning behind this design is its flexibility for workplace needs. It is also more economically
feasible for workplace needs, can supply the technical knowledge and does not limit the final
design to a single device.
The flexibility of this solution can solve the various workplace needs identified. For example,
needs for confidentiality, response time, accuracy, sampling time, and portability were
discovered. But these requirements (i.e. portability and accuracy) tend to conflict with the
current devices commercially available. The business model is a perfect fit for Ontario
workplaces because it takes advantage of all the commercially available devices, fixes their
limitations (i.e. cost, availability, and simplicity) and solves the identified problems for Ontario
workplaces.
The design is also very safe, feasible, profitable and environmentally friendly.
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Appendix F: User Interface

Figure 15 - Database Page
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Appendix G: Business Schedule

BUSINESS SCHEDULE PLANNER
PROJECT/EVENT
ORGANIZER

CHEMSENSE
CONSULTING LIMITED

This schedule develops the business integration element of the
design proposal (i.e. marketing, lobbying investors) prior to the
company start-up date to give an idea of the timeline.

APS490 – H&S2 TEAM

P R O J E C T P HA S E

S TA R T I N G

ENDING

P R O J E C T P HA S E

S TA R T I N G

ENDING

PHASE 1 – BUSINESS
PITCH

2.2.2015

2.27.2015

PHASE 7 - COMPANY
START-DATE

5.18.2015

5.18.2015

PHASE 2 – SECURE
INVESTORS/PARTNERS

3.2.2015

3.20.2015

PHASE 8 - REEVALUATE

3.2.2015

3.20.2015

PHASE 3 – INTERNAL
STARTUP

3.20.2015

4.3.2015

PHASE 9 - MAKE
IMPROVEMENTS

6.20.2015

6.30.2015

PHASE 4 – SECURE
LOCATION

4.3.2015

4.24.2015

PHASE 10 - CONTINUE
TO MARKET/EXPAND

7.1.2015

Ongoing

PHASE 5 – HIRE
EMPLOYEES

4.13.2015

4.30.2015

PHASE 6 – MARKET
COMPANY

5.1.2015

Ongoing

M T W T F

S

S

1 2 3 4 5 6 7

M T W T F

S

S

1 2 3 4 5 6 7

M T W T F

S

S

1 2 3 4 5 6 7

M T W T F

S

S

1 2 3 4 5 6 7

M T W T F

S

S

1 2 3 4 5 6 7

M T W T F

S

S

1 2 3 4 5 6 7

8 9 10 11 12 13 14 8 9 10 11 12 13 14 8 9 10 11 12 13 14 8 9 10 11 12 13 14 8 9 10 11 12 13 14 8 9 10 11 12 13 14
15 16 17 18 19 20 21 15 16 17 18 19 20 21 15 16 17 18 19 20 21 15 16 17 18 19 20 21 15 16 17 18 19 20 21 15 16 17 18 19 20 21
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Appendix H: Budget Breakdown
The following chart gives a breakdown of the anticipated budget:
FUNDING

Actual

Investor Funding
Ministry of Labour

250,000

Other
Total Investment

5,500
255,500

Total Loans

20,000
20,000

Total Other Funding

10,000
10,000

Loans
Bank Loan 1
Other Funding
Grant 1

Total FUNDING

285,500

Year 1: Fixed Cost Breakdown
60,000
50,000
40,000
30,000
20,000
10,000
-

Figure 16 - Fixed Cost Breakdown
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COSTS

Actual

Fixed Costs
Advertising for Opening (i.e. Tradeshow)

2,500

Basic Website

60

Brand Development
Building Down Payment

-

Building Improvements/Remodeling

-

Business Cards/Stationery

250

Business Entity

2,000

Business Licenses/Permits

5,000

Computer Hardware/Software

85

Decorating

-

Franchise Start Up Fees
Internet Setup Deposit

25

Lease Security Deposit

-

Legal/Professional Fees

2,000

Machines & Equipment

-

Office Furniture/Fixtures

-

Operating Cash (Working Capital)

10,000

Point of Sale Hardware/Software

5,000

Prepaid Insurance

1,500

Public Utilities Deposits

-

Reserve for Contingencies

5,000

Security System Installation

-

Setup, installation and consulting fees

-

Signage

600

Starting Inventory (i.e. M908)

50,000

Telephone

-

Tools & Supplies

150

Travel Insurance

1,500

Truck & Vehicle

9,000
Total Fixed Costs

94,670

Average Monthly Costs
Advertising (print, broadcast and Internet)

100

Business Insurance

350

Business Vehicle Insurance

250

Salaries and Commissions

26,700

Franchise Fee

250

Health Insurance (Sun Life Extended Health)

350

Internet Connection

55

Loan and Credit Card Interest & Principal

15

Legal/Accounting Fees

500

Merchant Account Fees

100

Miscellaneous Expenses

150

Mortgage Payments

-

Lease Payment

204

Payroll taxes or Self-employment tax

75

Postage/Shipping Costs

200

Security System Monthly Payment

-

Supplies (i.e. New Devices)

1,083

Telephone

65

Travel

1,280

Website Hosting/Maintenance

15

Total Average Monthly Costs
x Number of Months

31,742
12

Total Monthly Costs

380,904

Total COSTS

475,574

DEFICIT

190,074
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Appendix I: Database Cost
In the initial stages ChemSense will utilize Amazon’s DynamoDB NoSQL database service for the database
[17]. We chose to use a database service because it abstracts the tasks required in the development and
maintenance of a database from the team. This allows our company to avoid the need to:







Keep one or more DB engineers on payroll just to service database
Patch database software
Recover data when disk failures occur
Purchase servers
Pay the cost of powering servers
Deal with data corruption

Amazon provides a free 25GB of storage with 200 million free requests per month [18]. In more detail this
means that the database can run for at no cost (assuming entries of max 1KB in size) with:



25 Reads/Second
25 Writes/Second

Our implementation will send updates to the database every 20 minutes. For example if there are 15
chemicals being monitored by a device 15KB of data will need to be added to the ChemSense database
every 20 minutes. At this rate the device will grow the database by 1,080KB a day and 394.2 MB per year.
This means we could run approximately 30 devices at full capacity for two years before we would need to
incur the cost of growing the size of the database further. At this point we could explore alternatives methods
for storing our data and get in touch with industry consultants to find the most suitable solution for reducing
our data storage costs while maintaining fast access times and data consistency. Currently each additional
GB of Amazon DynamoDB storage beyond the free 25GB costs $0.25. This makes it a cost effective solution
in the future once the ChemSense database has grown beyond 25GB.
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