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TORONTO TRANSIT COMMISSION

TO Senior Management Team
FROM J. O’Grady
DATE April 12, 2018

SUBJECT TTC Subway Air Quality Study — Interim Report — Non Maintenance

As a result of a study by Health Canada on TTC air quality that was published in April
2017, the Occupational Hygiene and Environment Section initiated its own Subway Air
Quality Study in the summer of 2017.

The purpose of the study was to:

e Provide current information on the air quality in the underground portions of the
subway during revenue service:

e Determine employee exposures to airborne contaminants and verify compliance
with Ontario Regulation 833 — Control of Exposure to Biological or Chemical
Agents, made under the Occupational Health and Safety Act;

e Evaluate the effectiveness of current controls:

e Make recommendations regarding both compliance with the Occupational Health
and Safety Act (OHSA) and opportunities for general improvement.

The first round of air sampling has been completed by Third Party Consultants and
focussed on job titles that generally spend the greatest amount of time in the subway
during revenue service, including:

- Maintenance Mechanics; - Signals Technicians;

- Line Mechanics; - Escalator Mechanics;

- Sunset Corridor Services; - Special Constables:

- Fare Enforcement Officers; - Track Patrollers;

- Subway Operators (Line 1, 2 and 4); - End Terminal Cleaners;
- Subway Janitors; - Traffic Checkers.

Attached is the interim report that provides all study details to date for ‘Non-
Maintenance’ employees (Special Constables, Fare Enforcement Officers, Track
Patrollers, Subway Operators, End Terminal Cleaners, Subway Janitors, and Traffic
Checkers).

Please discuss these results with the JHSC. A copy of this report should also be posted
in a common area for employees to view

Further sampling will be conducted throughout 2018, followed by final reports.



If you hate any questions, please contact Stephanie Fortin at 416-393-3262.
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EXECUTIVE SUMMARY OHE Project No.: 22152

OHE Consultants (OHE) was retained by Toronto Transit Commission (TTC) to conduct a study to assess
the air quality in the underground portions of the subway system (herein referred to as the “Subway Air
Quality Study”) by conducting personal and area air sampling for various airborne contaminants. The
purpose of the study is to provide current information on the air quality, determine employee exposures,
verify compliance with Ontario Regulation 833 for Control of Exposure to Biological and Chemical
Agents (Reg. 833), made under the Occupational Health and Safety Act, and assess the effectiveness of
current controls.

OHE was retained to review occupational exposures to contaminants inherent in the subway system,
either through the employees’ physical presence in the system or minor disturbance of existing surfaces.
It does not address specific maintenance activities that generate their own contaminants which are
addressed under the “normal” occupational hygiene evaluations.

The scope of work performed as part of the Subway Air Quality Study included the following:

Personal and area air sampling for various airborne contaminants to determine employee exposures
during regular work shifts. The airborne contaminants studied are listed below:
a. Asbestos;
b. Respirable dust and crystalline silica;
c. Respirable metals (aluminum, cadmium, iron oxide, molybdenum, and zinc oxide);
d. Inhalable dust and inhalable metals (beryllium, magnesium oxide, molybdenum, nickel, thallium,
and vanadium pentoxide);
e. Total metals (antimony, arsenic, barium, beryllium, cadmium, calcium oxide, chromium, cobalt,
copper, lead, manganese, and selenium);
Hexavalent chromium;
Particulate Matter 2.5 (PM25);
Diesel exhaust markers (carbon monoxide (CO) and nitrogen dioxide (NO>)); and
Carbon dioxide (CO,).

@

None of the 40 sample sets collected to date exceeded the OELs specified in Reg. 833. Based on the
interim sampling results, the subway air quality is not expected to affect the health of employees in work
positions assessed who do not have pre-existing serious respiratory conditions.

Based on the results of the air sampling obtained to date, the use of respiratory protection during the work
shifts studied is not required. Limited recommendations are provided at this time as the study is not yet
completed and all the pertinent data is not yet available.

This executive summary provides a brief overview of the findings. It is not intended to substitute
for the complete study report, nor does it discuss specific issues documented in the report. The
executive summary should not be used as a substitute to reading the complete report.

OHE Consultants Page i
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1.

BACKGROUND

Health Canada published a public health subway air quality study on April 25, 2017 which was
the source of great media attention, employee concern and four employee work refusals.

The Toronto Transit Commission (TTC) has conducted subway air quality studies in 1977, 1980,
and 1995. These were performed to provide information on the air quality in the underground
portions of the subway and determined both employee and customer exposures to airborne
contaminants.

Previous air quality results reflected the improvements made over the years. The total dust levels
at selected stations were reduced 40 to 80% on average. Airborne lead levels were lowered
almost to the detection limit of the analytical method used. Airborne asbestos was reduced to a
level well below the Ministry of Environment and Energy Guideline for the general public. The
most recent subway air quality study performed in 1995 found that not one of the more than 280
samples taken were above the former and current occupational exposure limits for employees.
Based on the air quality results and professional judgement, it was determined that the air quality
in the system would not affect the health of employees or patrons who do not have pre-existing
serious respiratory conditions.

Initiatives such as corridor cleaning program, station/tunnel washing, and the T1 air duct cleaning
program have been undertaken since the last study and are expected to have improved the air
quality.

PURPOSE

OHE Consultants (OHE) was retained by TTC to conduct a study to assess the air quality in the
underground portions of the subway system (herein referred to as the “Subway Air Quality
Study™) by conducting personal and area air sampling for various airborne contaminants. The
purpose of the study is to provide current information on the air quality, determine employee
exposures, verify compliance with Ontario Regulation 833 for Control of Exposure to Biological
and Chemical Agents (Reg. 833), made under the Occupational Health and Safety Act, and assess
the effectiveness of current controls.

OHE was retained to review occupational exposures to contaminants inherent in the subway
system, either through the employees’ physical presence in the system or minor disturbance of
existing surfaces. It does not address specific maintenance activities that generate their own
contaminants which are addressed under the “normal” occupational hygiene evaluations.

OHE Consultants Page 1
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3. SCOPE OF WORK
The scope of work performed as part of the Subway Air Quality Study included the following:

»  Personal and area air sampling for various airborne contaminants to determine employee
exposures during regular work shifts. The airborne contaminants studied are listed below:
j.  Asbestos;
k. Respirable dust and crystalline silica;
I.  Respirable metals (aluminum, cadmium, iron oxide, molybdenum, and zinc oxide);
m. Inhalable dust and inhalable metals (beryllium, magnesium oxide, molybdenum,
nickel, thallium, and vanadium pentoxide);
n. Total metals (antimony, arsenic, barium, beryllium, cadmium, calcium oxide,
chromium, cobalt, copper, lead, manganese, and selenium);
Hexavalent chromium;
Particulate Matter 2.5 (PM25);
Diesel exhaust markers (carbon monoxide (CO) and nitrogen dioxide (NO2)); and
Carbon dioxide (CO,).

~ a7 o

The field work was conducted by Yunny Desiana Lee, Project Coordinator / Occupational
Hygienist, Larysa Kokarovtseva, Project Consultant / Occupational Hygienist, Romain Mathevet,
Project Specialist / Occupational Hygienist, Abbie Alcon, Senior Project Specialist /
Occupational Hygienist, and Koena Thoahlane, Senior Project Specialist / Occupational
Hyagienist, of OHE with assistance provided by the Safety and Environmental Department and the
Joint Health and Safety Committee (JHSC) worker representatives of TTC. The details regarding
each sampling event are summarized in Appendix A.

4. METHODOLOGY

The Subway Air Quality Study is being conducted over a one year period (2017 to 2018),
focusing primarily on the underground portions of the subway system (tunnels and platform
levels) during revenue service. To make effective use of sampling time, job titles that were likely
to work in similar environments had been grouped into a number of Similar Exposure Groups
(SEGs). The job titles to be studied from each SEG were selected by the TTC Subway Air
Quality Working Group comprised of Union Safety Representatives, relevant JHSC members,
and members of the TTC Safety and Environment Department. The job titles were selected based
on risk, professional judgement, and previous JHSC input. The station locations were selected to
duplicate previous studies for comparison purposes. The JHSC was consulted about the sampling
that was undertaken and was invited to be present at the beginning of the testing to fulfill the
requirements under the Occupational Health and Safety Act.

OHE Consultants Page 2
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4.1

41.1.

Air Sampling

The air quality was evaluated using a combination of traditional occupational hygiene sampling
methods and contemporary direct reading instrumentation. Both personal and area air samples
were collected during regular work shifts. For personal sampling, the air sampling equipment
was affixed to the employee’s lapel in the breathing zone. Due to a large number of equipment
used during the study, one (1) or two (2) OHE occupational hygienists (or TTC occupational
hygienists for the sampling conducted on track level) were assigned to shadow the employees for
the duration of the work shifts and to assist in wearing the air sampling equipment. For area
sampling, the air sampling equipment was placed on a stationary fixture at the breathing zone
level. Laboratory analysis of the samples was performed by SGS Galson Laboratories, an
independent, accredited third party laboratory.

The results of the air sampling were compared to the Occupational Exposure Limits (OELS)
specified in Reg. 833. For extended work shifts longer than eight (8) hours, the 8-hour Time-
Weighted Average (TWA) exposure was calculated by dividing the cumulative daily exposure by
eight as per Reg. 833, Schedule 1, Section 5. The 8-hour TWA exposures were compared to the
OELs specified in Reg. 833.

In addition, for extended work shifts longer than eight (8) hours, the Brief and Scala model was
also used to analyze the results of the air sampling. The model is regarded as the simplest and
most conservative model which reduces the OELs by a factor in proportion to the increase in
exposure time and reduction in recovery (non-exposure) time, to ensure that the daily peak body
burden does not exceed the one that would occur during a normal 8-hour shift.

Air Sampling for Asbestos

Air samples for asbestos were collected by drawing a constant volume of air through a filter using
a battery operated pump. A 25mm 0.8um Mixed Cellulose Ester (MCE) filter cassette with
conductive cowl was connected to a Gillian GilAir 5 personal air sampling pump, drawing air
through the filter at a flow rate of 1 litre per minute (L/min). The pumps were calibrated with a
Bios DryCal DC-L.ite Primary Air Flow Calibrator. Pre- and post-calibrations were completed to
ascertain an average flow rate due to typical fluctuations in flow rates during sampling. The
samples, including field blank samples, were submitted to the laboratory for analysis. The
samples were analyzed for asbestos and other fibres by Phase Contrast Microscopy (PCM)
following the National Institute for Occupational Safety and Health (NIOSH) Method 7400. It
was decided about one month into the study, that, in the event that the fibre concentrations exceed
0.01 fibre/cc, further analysis for asbestos fibres by Transmission Electron Microscopy (TEM)
would be performed following NIOSH Method 7402 to effectively distinguish asbestos fibres
from other fibrous material.

OHE Consultants Page 3



Toronto Transit Commission (TTC) Subway Air Quality Study — Interim Report
TTC Subway System, Toronto, Ontario

OHE Project No.: 22152

March 2018

4.1.2.

4.1.3.

4.1.4.

Air Sampling for Respirable Dust and Crystalline Silica

Air samples for respirable dust and crystalline silica were collected by drawing a constant volume
of air through a filter using a battery operated pump. A pre-weighed 37mm 5um Polyvinyl
Chloride (PVC) filter in SKC Disposable Respirable Parallel Particle Impactor (PPI) was
connected to a Gillian GilAir 5 personal air sampling pump, drawing air through the filter at a
flow rate of 2 L/min. The pumps were calibrated with a Bios DryCal DC-Lite Primary Air Flow
Calibrator. Pre- and post-calibrations were completed to ascertain an average flow rate due to
typical fluctuations in flow rates during sampling. The samples, including field blank samples,
were submitted to the laboratory for analysis. The samples were analyzed for respirable dust by
gravimetric analysis following NIOSH Method 0600 and for crystalline silica (quartz,
cristobalite, and tridymite) by X-ray Powder Diffraction (XRD) following modified NIOSH
Method 7500.

Air Sampling for Respirable Metals

Air samples for respirable metals were collected by drawing a constant volume of air through a
filter using a battery operated pump. A 37mm 0.8um MCE filter in SKC Disposable Respirable
PPl was connected to a Gillian GilAir 5 personal air sampling pump, drawing air through the
filter at a flow rate of 2 L/min. The pumps were calibrated with a Bios DryCal DC-Lite Primary
Air Flow Calibrator. Pre- and post-calibrations were completed to ascertain an average flow rate
due to typical fluctuations in flow rates during sampling. The samples, including field blank
samples, were submitted to the laboratory for analysis. The samples were analyzed for respirable
metals, including aluminum, cadmium, iron oxide, molybdenum, and zinc oxide, by Inductively
Coupled Argon Plasma, Atomic Emission Spectroscopy or Mass Spectrometry (ICP-AES or ICP-
MS) following the modified NIOSH Method 7300.

Air Sampling for Inhalable Dust and Metals

Air samples for inhalable dust and metals were collected by drawing a constant volume of air
through a filter using a battery operated pump. A pre-weighed 25mm 5um PVC filter in SKC
IOM inhalable sampler was connected to a Gillian GilAir 5 personal air sampling pump, drawing
air through the filter at a flow rate of 2 L/min. The pumps were calibrated with a Bios DryCal
DC-Lite Primary Air Flow Calibrator. Pre- and post-calibrations were completed to ascertain an
average flow rate due to typical fluctuations in flow rates during sampling. The samples,
including field blank samples, were submitted to the laboratory for analysis. The samples were
analyzed for inhalable dust by gravimetric analysis following NIOSH Method 0500 and for
inhalable metals, including beryllium, magnesium oxide, molybdenum, nickel, thallium, and
vanadium pentoxide by ICP-AES or ICP-MS following modified NIOSH Method 7300.
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4.1.5.

4.1.6.

4.1.7.

4.1.8.

Air Sampling for Total Metals

Air samples for total metals were collected by drawing a constant volume of air through a filter
using a battery operated pump. A 37mm 0.8um MCE filter 3-piece cassette was connected to a
Gillian GilAir 5 personal air sampling pump, drawing air through the filter at a flow rate of 2
L/min. The pumps were calibrated with a Bios DryCal DC-Lite Primary Air Flow Calibrator.
Pre- and post-calibrations were completed to ascertain an average flow rate due to typical
fluctuations in flow rates during sampling. The samples, including field blank samples, were
submitted to the laboratory for analysis. The samples were analyzed for total metals, including
antimony, arsenic, barium, beryllium, cadmium, calcium oxide, chromium, cobalt, copper, lead,
manganese, and selenium, by ICP-AES or ICP-MS following modified NIOSH Method 7300.

Air Sampling for Hexavalent Chromium

Air samples for hexavalent chromium were collected by drawing a constant volume of air through
a filter using a battery operated pump. A 37mm 0.8um MCE filter 2-piece cassette was
connected to a Gillian GilAir 5 personal air sampling pump, drawing air through the filter at a
flow rate of 2 L/min. The pumps were calibrated with a Bios DryCal DC-Lite Primary Air Flow
Calibrator. Pre- and post-calibrations were completed to ascertain an average flow rate due to
typical fluctuations in flow rates during sampling. The samples, including field blank samples,
were submitted to the laboratory for analysis. The samples were analyzed for hexavalent
chromium by lon Chromatography, UV Detection (IC-UV) following the modified Occupational
Safety and Health Administration (OSHA) Method ID-215.

Air Sampling for PM»s

Air sampling for fine particulate matter that is 2.5um in diameter or less (PM.s) was conducted
using a TSI DustTrak DRX Aerosol Monitor 8533. The DustTrak DRX is a portable, battery-
operated light-scattering laser photometer capable of simultaneously measuring both mass and
size fractions. The DustTrak provides real-time digital readings and is capable of logging data
over an extended period of time. Air is drawn into the instrument using an integrated pump.
Upon completion of the air sampling, the data was downloaded onto a computer at which point
analysis of the collected data was performed.

Air Sampling for Carbon Monoxide (CO) and Nitrogen Dioxide (NO>)

Air sampling for CO and NO- as diesel exhaust markers was conducted using Ventis MX4 Multi-
Gas Detector. The MX4 is a portable diffusion monitor capable of detecting and measuring gases
present in open space. Two (2) toxic sensors for CO and NO, were installed enabling the
instrument to simultaneously monitor both gases. The MX4 provides real-time digital readings
and is capable of logging data over an extended period of time. The monitor was zeroed and
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4.1.9.

5.1

bump tested prior to use with certified concentrations of calibration gases. Upon completion of
the air sampling, the data was downloaded onto a computer at which point analysis of the
collected data was performed.

Air Sampling for Carbon Dioxide (CO,)

Air sampling for CO, was conducted using TSI 9565-P VelociCalc Ventilation Meter with TSI
IAQ Probe 982. The VelociCalc is a portable, multi-function ventilation test instrument designed
to measure a wide range of parameters depending on the type of probes used. With the 1AQ
probe, the instrument is capable of measuring CO,, CO, temperature, and relative humidity. The
instrument provides real-time digital readings and is capable of logging data over an extended
period of time. The display automatically stabilizes while measuring in fluctuating flow
applications. Upon completion of the air sampling, the data was downloaded onto a computer at
which point analysis of the collected data was performed.

OBSERVATIONS

Transit Enforcement — Special Constables

Transit Enforcement Officers are responsible for protecting the integrity of the transit system,
ensuring the system remains safe and reliable and keeping customers and employees safe while
they are on the system. There are approximately 36 Transit Enforcement Officers and they
typically work in teams of two. Employees rotate shifts (days, afternoons and nights) and the
shift durations are 11.5 hours. Work is performed 7 days a week, 24 hours a day. Some
enforcement tasks/shifts focus more on surface routes and others on subway.

It was agreed by the Advisory Working Group that subway shifts would be the focus of air
sampling to provide an accurate representation of worst case conditions. It was also agreed that,
during air sampling, Officers would perform shadow shifts for subway duties (i.e., patrolling the
system, following radio calls like they normally do, but in plain clothes) — this was to replicate
the worst case continuous subway air exposures they experience in the course of their regular
duties in the subway without exposing themselves and OHE to other safety risks e.g., dealing
with criminal incidents in the subway system.

August 3, 2017

»  The Transit Enforcement Officer was observed to be working from 3:00 PM to 2:30 AM
(i.e. 11.5-hour shift).

»  The employee was observed to be working in the underground portions of the subway
system for approximately 80% of the work shift. The employee was observed to be
patrolling across the subway system following radio calls. The areas patrolled included
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5.2.

Yonge-Bloor, Union, St. George, Dundas, High Park, Spadina, Yonge-Sheppard, Don
Mills, Wellesley, Bay, Queen, and Wilson Stations.

August 11, 2017

»  The Transit Enforcement Officer was observed to be working from 5:00 AM to 4:30 PM
(i.e. 11.5-hour shift).

»  The employee was observed to be working in the underground portions of the subway
system for approximately 75% of the work shift. The employee was observed to be
patrolling across the subway system following radio calls. The areas patrolled included
Yonge-Bloor, Kennedy, Scarborough Centre, Warden, Victoria Park, Osgoode, Museum,
and Union Stations.

Transit Enforcement — Fare Inspectors

Transit Fare Inspectors are designated as Provincial Offence Officers to enforce the Proof of
Payment (POP) fare system and TTC By-law. They make checks to ensure that customers have
proof of payment on POP routes. At any point in a streetcar journey, they may ask to show
Proof-of-Payment, including at a subway station, on a vehicle, and as customers exit a vehicle.

There are approximately 60 Fare Enforcement Officers and they typically work in teams of two.
Some enforcement tasks/shifts focus more on surface routes and others on subway. Employees
rotate shifts (days, afternoons and nights) and the shift durations are 10 hours. Work is performed
24 hours a day, 7 days a week.

It was agreed by the Advisory Working Group that subway shifts (i.e., Union and Spadina
Streetcar Platforms) would be the focus of air sampling to provide an accurate representation of
worst case conditions. For both Union and Spadina Stations, the streetcar platforms were noted
to be located on the mezzanine level, one level above the subway platform level. It was also
agreed that, during air sampling, Officers would perform shadow shifts for subway duties (i.e.,
working in the vicinity of uniformed Inspectors who enforce fares of customers exiting the
streetcars, but wearing plain clothes) — this was to replicate the worst case subway air exposures
they experience in the course of their regular duties in the subway without exposing themselves
and OHE to other safety risks e.g., dealing with verbal/physical confrontations in the subway
system.

August 14, 2017

»  The Transit Fare Inspector was observed to be working from 6:30 AM to 4:30 PM (i.e. 10-
hour shift), with a 1-hour break at approximately 10:30 AM.
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»  The employee was observed to be working in the underground portions of the subway
system for approximately 75% of the work shift. The employee was observed to be
working at Spadina Station Streetcar Platform for the majority of the morning and at Union
Station Streetcar Platform for the majority of the afternoon. The employee was observed to
be in the Transit Fare Inspector Spadina Field Office, located adjacent to the Spadina
Streetcar Platform, during the break.

August 17, 2017

»  The Transit Fare Inspector was observed to be working from 8:00 AM to 6:00 PM (i.e. 10-
hour shift), with a 1-hour break at approximately 1:00 PM.

»  The employee was observed to be working in the underground portions of the subway
system for approximately 75% of the work shift. The employee was observed to be
working at Union Station Streetcar Platform for the majority of the morning and at Spadina
Station Streetcar Platform for the majority of the afternoon. The employee was observed to
be in the Transit Fare Inspector Spadina Field Office, located adjacent to the Spadina
Streetcar Platform, during the break.

5.3. Track Patrollers

Track Patrollers’ regular duties include patrolling and inspection of the entire subway/SRT track
for unsafe conditions — most of this work is performed over approximately 8-hour shifts, during
revenue service on days, and involves physically walking at track level. The inspection routes are
divided geographically.

There are approximately 26 Track Patrollers in total, and they typically work in teams of two.
It was agreed by the Advisory Working committee that the four first air sampling sessions would
focus on Track Patrol routes that would be considered worst-case from a subway air quality

perspective.

August 29, 2017 (Finch to Eglinton)

»  Two (2) employees were observed to be working from approximately 8:00 AM to 4:00 PM
(i.e. 8-hour shift). The employees were observed to have a break at the end of the work
shift at approximately 2:30 PM.

»  The employees were observed to be working in the underground portions of the subway
system for approximately 90% of the work shift. The employees were patrolling along the
southbound subway track from Finch to Eglinton Stations.
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5.4.

Auqust 31, 2017 (Dufferin to Donlands)

>

Two (2) employees were observed to be working from approximately 8:00 AM to 4:00 PM
(i.e. 8-hour shift). The employees were observed to have a break at the end of the work
shift at approximately 2:30 PM.

The employees were observed to be working in the underground portions of the subway
system for approximately 90% of the work shift. The employees were patrolling along the
eastbound subway track from Dufferin to Donlands Stations.

September 6, 2017 (Eglinton to Union)

>

Four (4) employees were observed to be working from approximately 8:00 AM to 4:00 PM
(i.e. 8-hour shift). The employees were observed to have a break at the end of the work
shift at approximately 2:30 PM.

The employees were observed to be working in the underground portions of the subway
system for approximately 70% of the work shift. The employees were patrolling along the
southbound subway track from Eglinton to Union Stations.

September 7, 2017 (St. Clair West to Union)

>

Four (4) employees were observed to be working from approximately 8:00 AM to 4:00 PM
(i.e. 8-hour shift). The employees were observed to have a break at the end of the work
shift at approximately 2:30 PM.

The employees were observed to be working in the underground portions of the subway
system for approximately 65% of the work shift. The employees were patrolling along the
southbound subway track from St. Clair West to Union Stations.

Subway Operators / Guards

Subway Operators provide subway transit service to TTC customers from approximately 6:00
AM to 2:00 AM daily. Work shifts vary in length, and many Operators work split shifts.
Operational characteristics specific to each subway line include:

Line 1 (Yonge-University Line)

>
>
>

U-shaped route, running generally north and south, with 38 stations.

Total number of Operators is 385.

Each Toronto Rocket (TR) train on Line 1 is staffed by two Operators at a time. One acts
as the train Operator, while the other acts as a Guard, which requires opening and closing
the doors, responding to customer concerns, performing safety checks on the platform, and
assisting with equipment incidents.
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Line 2 (Bloor-Danforth Line)

>
>
>

Runs generally east and west, with 31 stations.

Total number of Operators is 340.

Each T1 Rapid Transit (T1) trains is operated by two Operators at a time. One acts as the
train Operator, while the other acts as a Guard, which requires opening and closing the
doors, responding to customer concerns, performing safety checks on the platform, and
assisting with equipment incidents.

Line 4 (Sheppard Line)

A\

Runs generally east and west, with 5 stations.

Total number of operators is 20.

On Line 4, each TR trains is operated by one Operator, who performs both operating and
guarding duties.

The following was agreed to by the Advisory Working committee:

>

Line 3 (Scarborough Line) would be excluded from the current study, as the majority of the
line is outdoors and would not have the same exposure concentrations/characteristics/
concerns as the other subway lines.

Where possible, longer duration shifts would be chosen as these would represent realistic
worst case scenarios (i.e., longer exposure to subway-related contaminants).

During the sampling sessions, both the Operator and Guard would be sampled for the
duration of their shift.

Where possible, some additional air sampling would be performed first thing on Monday
morning right after weekend subway closures — during these extended subway closures,
larger scale maintenance activities on tunnel structure and rails is performed, which can
potentially disturb and leave behind higher levels of particulate in the subway system.

September 8, 2017 (Line 1 AM)

>

>

Two (2) employees were observed to be working from approximately 5:00 AM to 2:30 PM
(i.e. 9.5-hour shift), with an approximately 30-minute break at 9:50 AM.

The employees were observed to be working in the underground portions of the subway
system for approximately 90% of the work shift. The employees were observed to be
operating and guarding TR trains on Line 1. The doors to the operator cabs were noted to
be closed at all the times. The employees were observed to be in the Subway Operator
lunch room at Eglinton Subway Platform during the break.

As agreed by the Advisory Working Committee, two (2) air sampling pumps (sampling for
respirable dust, crystalline silica, and respirable metals) were worn by the employees for
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the duration of the work shift. The remaining equipment was placed in a stationary
location adjacent to the employees.

September 12, 2017 (Line 2 AM)

>

>

Two (2) employees were observed to be working from approximately 5:00 AM to 3:00 PM
(i.e. 10-hour shift), with an approximately 30-minute break at 11:50 AM.

The employees were observed to be working in the underground portions of the subway
system for approximately 90% of the work shift. The employees were observed to be
operating and guarding T1 trains on Line 2. The doors to the operator cabs were noted to
be closed for the majority of the time when in driving position. The doors were noted to be
open when in guarding position. The employees were observed to be in the Subway
Operator lunch room at Coxwell Subway Platform during the break.

As agreed by the Advisory Working Committee, two (2) air sampling pumps (sampling for
respirable dust, crystalline silica, and respirable metals) were worn by the employees for
the duration of the work shift. The remaining equipment was placed in stationary locations
adjacent to the employees.

September 13, 2017 (Line 2 PM)

>

>

Two (2) employees were observed to be working from approximately 4:00 PM to 2:00 AM
(i.e. 10-hour shift), with an approximately 30-minute break at 9:30 PM.

The employees were observed to be working in the underground portions of the subway
system for approximately 90% of the work shift. The employees were observed to be
operating and guarding T1 trains on Line 2. The doors to the operator cabs were noted to
be closed for the majority of the time when in driving position. The doors were noted to be
open when in guarding position. The employees were observed to leave the subway system
during the break.

As agreed by the Advisory Working Committee, two (2) air sampling pumps (sampling for
respirable dust, crystalline silica, and respirable metals) were worn by the employees for
the duration of the work shift. The remaining equipment was placed in stationary locations
adjacent to the employees.

September 15, 2017 (Line 1 PM)

>

>

Two (2) employees were observed to be working from approximately 4.00 PM to 2:00 AM
(i.e. 10-hour shift), with an approximately 30-minute break at 10:00 PM.

The employees were observed to be working in the underground portions of the subway
system for approximately 90% of the work shift. The employees were observed to be
operating and guarding TR trains on Line 1. The doors to the operator cabs were noted to
be closed at all the times. One (1) of the employees was observed to be in the Subway
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Operator lunch room at Eglinton Subway Platform, while the other employee was observed
to leave the subway system during the break.

»  Asagreed by the Advisory Working Committee, two (2) air sampling pumps (sampling for
respirable dust, crystalline silica, and respirable metals) were worn by the employees for
the duration of the work shift. The remaining equipment was placed in a stationary
location adjacent to the employees.

October 24, 2017 (Line 4 AM)

»  One (1) employee was observed to be working from approximately 5:00 AM to 11:30 AM
and from 1:30 PM to 5:00 PM (i.e. 10-hour split shift). The employee was observed to take
a break in between the split shifts.

»  The employee was observed to be working in the underground portions of the subway
system for approximately 90% of the work shift. The employee was observed to be
operating TR trains on Line 4. The door to the operator cab was noted to be closed at all
the times. The employee was observed to leave the subway system in between the split
shifts.

»  Asagreed by the Advisory Working Committee, two (2) air sampling pumps (sampling for
respirable dust, crystalline silica, and respirable metals) were worn by the employee for the
duration of the work shift. The remaining equipment was placed in stationary locations
adjacent to the employee.

October 26, 2017 (Line 4 PM)

»  One (1) employee was observed to be working from approximately 5:30 PM to 2:00 AM
(i.e. 8.5-hour shift), with an approximately 30-minute break at 11:10 PM.

»  The employee was observed to be working in the underground portions of the subway
system for approximately 90% of the work shift. The employee was observed to be
operating TR trains on Line 4. The door to the operator cab was noted to be closed at all
the times. The employee was observed to leave the subway system during the break.

»  Asagreed by the Advisory Working Committee, two (2) air sampling pumps (sampling for
respirable dust, crystalline silica, and respirable metals) were worn by the employee for the
duration of the work shift. The remaining equipment was placed in stationary locations
adjacent to the employee.

October 30, 2017 (Line 1 AM — after closure)

»  Two (2) employees were observed to be working from approximately 5:00 AM to 3:00 PM
(i.e. 10-hour shift), with an approximately 30-minute break at 10:20 AM.

»  The air sampling was performed following a weekend subway closure between St. Clair
and Lawrence Stations. This was performed in response to a JHSC request to perform air
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5.5.

monitoring first thing on Monday after a weekend subway closure — during these extended
subway closures, larger scale maintenance activities on tunnel structure and rails is
performed, which can potentially disturb and leave behind higher levels of particulate in the
subway system.

»  The employees were observed to be working in the underground portions of the subway
system for approximately 90% of the work shift. The employees were observed to be
operating and guarding TR trains on Line 1. The doors to the operator cabs were noted to
be closed at all the times. The employees were observed to be in the Subway Operator
lunch room at Eglinton Subway Platform during the break.

»  Asagreed by the Advisory Working Committee, two (2) air sampling pumps (sampling for
respirable dust, crystalline silica, and respirable metals) were worn by the employees for
the duration of the work shift. The remaining equipment was placed in stationary locations
adjacent to the employees.

Subway Platforms (Coxwell and Eglinton)

It was agreed by the Advisory Working committee that air sampling would be conducted right in
front of the Subway Operator lunch room at Coxwell Subway Platform and the supervisor’s
office (Room 18Y75) at Eglinton Subway Platform for the duration of revenue service as Subway
Operators often report to and take breaks inside or in front of these rooms and historically, dust-
related air quality concerns for these rooms have been reported on a number of occasions. The
doors to these break rooms were observed to be in the open position for the majority of the time,
allowing the subway platform air to enter freely. Sampling performed immediately outside the
break rooms was therefore considered to be representative of exposures of 1) employees who take
breaks immediately outside the rooms, 2) employees who take breaks inside the rooms, and 3) the
supervisor who works inside the room for full shifts, given that the door was opened all (or most)
of the time. It should be noted that on Line 1, the break room at Eglinton (i.e., the supervisor’s
office) switched locations to Wilson Subway Platform as of February 18, 2018.

September 19, 2017

»  Area samples were collected at Coxwell Subway Platform from 5:30 AM to 1:30 PM. The
samples were collected on the eastbound platform adjacent to the lunch room.

» A number of supervisors and operators were observed to be on the platform level adjacent
to the lunch room for the duration of the sampling.

September 21, 2017

»  Area samples were collected at Eglinton Subway Platform from 5:30 AM to 1:30 PM. The
samples were collected on the middle platform adjacent to the supervisors’ office (Room
18Y75).
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5.6.

>

>

A number of supervisors and operators were observed to be on the platform level adjacent
to the supervisors’ office for the duration of the sampling.

At the time the sampling, an employee reported a concern regarding wetting down of the
tracks. Minor water accumulation was observed on some sections of the tracks, both the
northbound and southbound. The source of the water was unknown to OHE.

September 26, 2017

>

>

Area samples were collected at Coxwell Subway Platform from 1:00 PM to 9:00 PM. The
samples were collected on the eastbound platform adjacent to the lunch room.

A number of supervisors and operators were observed to be on the platform level adjacent
to the lunch room for the duration of the sampling.

September 28, 2017

>

Area samples were collected at Eglinton Subway Platform from 1:00 PM to 9:00 PM. The
samples were collected on the middle platform adjacent to the supervisors’ office (Room
18Y75).

A number of supervisors and operators were observed to be on the platform level adjacent
to the supervisors’ office for the duration of the sampling.

November 7, 2017

>

>

Area samples were collected at Coxwell Subway Platform from 6:00 PM to 2:00 AM. The
samples were collected on the eastbound platform adjacent to the lunchroom.

A number of supervisors and operators were observed to be on the platform level adjacent
to the lunchroom from 6:00 PM to approximately midnight.

November 16, 2017

>

Area samples were collected at Eglinton Subway Platform from 6:00 PM to 2:00 AM. The
samples were collected on the middle platform adjacent to the supervisors’ office (Room
18Y75).

A number of supervisors and operators were observed to be on the platform level adjacent
to the supervisors’ office from 6:00 PM to approximately midnight.

End Terminal Cleaners

End Terminal Cleaners clean trains upon arrival at various end terminal stations - normally this
includes Kennedy, Finch, and Sheppard stations. Other end terminals are included as required
during weekend subway closures (e.g., Vaughan Metropolitan Centre and Kipling). Regular
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duties include picking up debris, spill cleanup, anti-draft cleaning, and train ledge dusting. The
majority of their work shifts are spent at subway platform level.

There are approximately 50 End Terminal Cleaners. The shift durations are 8.5 hours.
Employees work either days (8:00 AM to 4:30 PM), or nights (6:30 PM to 3:00 AM).

October 3, 2017 (Finch AM)

>

Six (6) employees were observed to be working at Finch Station Subway Platform from
approximately 8:00 AM to 4:30 PM (i.e. 8.5-hour shift), with two (2) 20-minute and one
(1) 40-minute breaks.

The employees were observed to be working in the underground portions of the subway
system (i.e., Finch Subway Platform) for approximately 85% of the work shift. The
employees were observed to take turns for the breaks ensuring regular cleaning of the
trains. The employees were observed to leave the platform level during their breaks.

As agreed by the Joint Health and Safety Committee, the air sampling equipment was
placed in a stationary location in the middle of the platform adjacent to the employees.

October 5, 2017 (Kennedy AM)

>

Six (6) employees were observed to be working at Kennedy Station Subway Platform from
approximately 8:00 AM to 4:30 PM (i.e. 8.5-hour shift), with two (2) 20-minute and one
(1) 40-minute breaks.

The employees were observed to be working in the underground portions of the subway
system (i.e., Kennedy Subway Platform) for approximately 85% of the work shift. The
employees were observed to take turns for the breaks ensuring regular cleaning of the
trains. The employees were observed to leave the platform level during their breaks.

As agreed by the Joint Health and Safety Committee, the air sampling equipment was
placed in a stationary location in the middle of the platform adjacent to the employees.

October 10, 2017 (Finch PM)

>

Nine (9) employees were observed to be working at Finch Station Subway Platform from
approximately 6:30 PM to 2:30 AM (i.e. 8-hour shift), with two (2) 20-minute and one (1)
40-minute breaks.

The employees were observed to be working in the underground portions of the subway
system (i.e., Finch Subway Platform) for approximately 85% of the work shift. The
employees were observed to take turns for the breaks ensuring regular cleaning of the
trains. The employees were observed to leave the platform level during their breaks.

As agreed by the Joint Health and Safety Committee, the air sampling equipment was
placed in a stationary location in the middle of the platform adjacent to the employees.
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5.7.

October 12, 2017 (Kennedy PM)

>

Six (6) employees were observed to be working at Kennedy Station Subway Platform from
approximately 6:30 PM to 2:30 AM (i.e. 8-hour shift), with two (2) 20-minute and one (1)
40-minute breaks.

The employees were observed to be working in the underground portions of the subway
system (i.e., Kennedy Subway Platform) for approximately 85% of the work shift. The
employees were observed to take turns for the breaks ensuring regular cleaning of the
trains. The employees were observed to leave the platform level during their breaks.

As agreed by the Joint Health and Safety Committee, the air sampling equipment was
placed in a stationary location in the middle of the platform adjacent to the employees.

October 17, 2017 (Sheppard AM)

>

One (1) employee was observed to be working at Sheppard-Yonge Station Eastbound
Subway Platform from approximately 8:30 AM to 3:30 PM. The employee reportedly
started and completed the work shift at Finch Station at 8:00 AM and 4:30 PM, respectively
(i.e. 8.5-hour shift), with two (2) 20-minute and one (1) 40-minute breaks.

The employee was observed to be working in the underground portions of the subway
system (i.e., Sheppard Line 4 Subway Platform) for approximately 85% of the work shift.
As agreed by the Joint Health and Safety Committee, the air sampling equipment was
placed in a stationary location in the middle of the platform adjacent to the employee.

October 19, 2017 (Sheppard PM)

>

One (1) employee was observed to be working at Sheppard-Yonge Station Eastbound
Subway Platform from approximately 8:00 PM to 9:00 PM and from 10:00 PM to 2:30
AM. The employee reportedly worked from 6:30 PM to 3:00 AM (i.e. 8.5-hour shift) with
two (2) 20-minute and one (1) 40-minute breaks. The employee reportedly spent
approximately 2.5 hours at the beginning of the shift at Don Mills Subway Platform.

The employee was observed to be working in the underground portions of the subway
system for approximately 85% of the work shift.

As agreed by the Joint Health and Safety Committee, the air sampling equipment was
placed in a stationary location in the middle of the platform adjacent to the employee.

Janitors

Subway Janitors perform janitorial duties in all subway stations. Regular tasks include sweeping,
dusting, scrubbing, mopping, washing, polishing, spill cleanup, removing refuse and recycled
materials.
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There are approximately 120 employees in the Janitorial group. The shift durations are 8.5 hours,
and employees work either days or nights. While employees in this workgroup perform a variety
of duties, it was agreed that the focus should be on worst-case exposures i.e., duties that are
performed mostly at subway platform level. It was subsequently decided that air sampling should
be performed on employees using the floor scrubbing machine at subway platform level -
employees were observed to use this machine in teams of two, and during the site assessments
were observed to be performing this work solely for subway platform floors. Work was
performed in a number of subway platforms that provided a balanced geographic representation
of the different TTC subway lines (i.e., north, south, east and west).

October 31, 2017 (Line 2 West)

»  Two (2) employees were observed to be working from approximately 6:30 AM to 1:30 PM.
According to the employees, the work shift was from 6:30 AM to 3:00 PM (i.e. 8.5-hour
shift). The employees were observed to have a break at the end of the work shift at 1:30
PM.

»  The employees were observed to be working in the underground portions of the subway
system for approximately 80% of the work shift. The employees were observed to be
cleaning the floors of the subway platforms at Dundas West, Jane, Old Mill, Royal York,
and Kipling Stations using a floor scrubbing machine. Travel to various subway platforms
was done via the subway.

November 2, 2017 (Line 1 North)

»  Two (2) employees were observed to be working from approximately 7:30 AM to 1:30 PM.
According to the employees, the work shift was from 6:30 AM to 3:00 PM (i.e. 8.5-hour
shift). The employees were observed to have a break at the end of the work shift at 1:30
PM.

»  The employees were observed to be working in the underground portions of the subway
system for approximately 70% of the work shift. The employees were observed to be
cleaning the floors of the subway platforms at Summerhill, St. Clair, Eglinton, and
Lawrence Stations using a floor scrubbing machine. Travel to various subway platforms
was done via the subway.

November 9, 2017 (Line 1 South)

»  Two (2) employees were observed to be working from approximately 7:30 AM to 1:30 PM.
According to the employees, the work shift was from 6:30 AM to 3:00 PM (i.e. 8.5-hour
shift). The employees were observed to have a break at the end of the work shift at 1:30
PM.
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»  The employees were observed to be working in the underground portions of the subway
system for approximately 70% of the work shift. The employees were observed to be
cleaning the floors of the subway platforms at Dundas, Queen, and King Stations using a
floor scrubbing machine. Travel to various subway platforms was done via the subway.

November 14, 2017 (Line 2 East)

»  Two (2) employees were observed to be working from approximately 6:30 AM to 12:30
PM. According to the employees, the work shift was from 6:30 AM to 3:00 PM (i.e. 8.5-
hour shift). The employees were observed to have a break at the end of the work shift at
12:30 PM.

»  The employees were observed to be working in the underground portions of the subway
system for approximately 70% of the work shift. The employees were observed to be
cleaning the floors of the subway platforms at Pape, Donlands, Greenwood, and Coxwell
Stations using a floor scrubbing machine. Travel to various subway platforms was done via
the subway.

5.8. Traffic Checkers

Traffic Checkers collect passenger and traffic-related data for the purpose of analysis and
planning of transit services using field sheets and a portable computer. Approximately 55% of
the total work that Traffic Checkers do is in the subway. Counts performed on subway platforms
typically involve extended periods of sitting or standing in one location. There are approximately
17 Traffic Checkers. The shift durations are 8 hours, and employees work either days, afternoons
and nights. Traffic Checkers may also work split shifts.

While Traffic Checkers perform work in a number of different locations, it was agreed that the
focus here should be on worst-case subway air exposures i.e., counting duties that are performed
mostly at subway platform level. Specific subway locations (described in detail below) were
selected based on historic reports of dustiness at these locations.

December 4, 2017 (Yonge-Bloor Southbound)

»  One (1) employee was observed to be working at Yonge-Bloor Southbound Subway
Platform from approximately 7:00 AM to 11:00 AM and from 3:00 PM to 7:00 PM (i.e. 8-
hour split shift). The employee was observed to take a break in between the split shifts.

»  The employee was observed to be working in the underground portions of the subway
system for approximately 95% of the work shift.

»  As agreed by the Advisory Working Committee, the air sampling equipment was placed in
a stationary location on the platform adjacent to the employee.
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December 5, 2017 (Wellesley Northbound)

>

One (1) employee was observed to be working at Wellesley Northbound Subway Platform
from approximately 7:00 AM to 11:00 AM and from 3:00 PM to 7:00 PM (i.e. 8-hour split
shift). The employee was observed to take a break in between the split shifts.

The employee was observed to be working in the underground portions of the subway
system for approximately 95% of the work shift.

As agreed by the Advisory Working Committee, the air sampling equipment was placed in
a stationary location on the platform adjacent to the employee.

December 6, 2017 (St. George Westbound)

>

One (1) employee was observed to be working at St. George Westbound Subway Platform
from approximately 7:00 AM to 11:00 AM and from 3:00 PM to 7:00 PM (i.e. 8-hour split
shift). The employee was observed to take a break in between the split shifts.

The employee was observed to be working in the underground portions of the subway
system for approximately 95% of the work shift.

As agreed by the Advisory Working Committee, the air sampling equipment was placed in
a stationary location on the platform adjacent to the employee.

December 7, 2017 (Spadina Eastbound, Sherbourne Westbound)

»  One (1) employee was observed to be working at Spadina Eastbound Subway Platform
from approximately 7:00 AM to 11:00 AM and at Sherbourne Westbound Subway
Platform from 3:00 PM to 7:00 PM (i.e. 8-hour split shift). The employee was observed to
take a break in between the split shifts.

»  The employee was observed to be working in the underground portions of the subway
system for approximately 95% of the work shift.

»  As agreed by the Advisory Working Committee, the air sampling equipment was placed in
a stationary location on the platform adjacent to the employee.

6. RESULTS

The terms of reference document for the Subway Air Quality Study is presented in Appendix B.

The results of the air sampling are summarized in Appendix C.

The PMgs graphs are presented in Appendix D showing the trends and fluctuations in the levels
recorded.
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7.1.

The CO, graphs are presented in Appendix E showing the trends and fluctuations in the levels
recorded.

The laboratory analysis reports are presented in Appendix F.
Examples of result analysis using a Brief and Scala model are presented in Appendix G.

ANALYSIS AND DISCUSSION

Background Information on Airborne Contaminants Studied

Asbestos

Asbestos is a naturally occurring mineral. Asbestos is divided into two mineral groups, serpentine
and amphibole. The division between the two types of asbestos is based upon the crystalline
structure. The fibers of asbestos are long and thin, easily distinguishable when compared with
non-asbestos minerals. The construction industry has been using asbestos for many years because
of the ability of asbestos to withstand high temperatures as well as its strength and resistance to
corrosive chemicals.

When asbestos-containing material is disturbed, asbestos fibres are released into the air that have
the potential to be inhaled into the lungs. Depending on the size of the individual fibres inhaled,
some fibres are able to make their way deep into the alveoli of the lungs. Exposure to asbestos
fibres may result in scarring of the lung tissue (asbestosis), cancer of the chest cavity
(mesothelioma), or other asbestos-related cancers. In Ontario, asbestos is prescribed as a
designated substance as per the Ontario Regulation 490/09 for Designated Substances (O. Reg.
490/09), made under the Occupational Health and Safety Act. The exposure to asbestos in the
workplace is regulated by Ontario Regulation 833 for Control of Exposure to Biological and
Chemical Agents (Reg. 833), made under the Occupational Health and Safety Act.

Dust (Particulates)

Airborne particulates are often a combination of physical and chemical substances that are
suspended in the air in the form of liquid or solid droplets. Composition is specific to the
environment. Historically, at TTC, bulk samples of dust have been analyzed and have been found
to be composed primarily of iron oxide and trace amounts of other metals.

Following inhalation, particulates get into the air ways of the respiratory system and are deposited
at different locations within the respiratory tract depending on the size, shape, and density of the
dust. In a workplace environment, particulates often range between 0.1 to 10 um in size as a
result of the degradation of larger particles from various activities.
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Inhalable dust is the fraction of airborne materials that can be breathed into the nose or mouth and
is therefore prone to deposition anywhere in the respiratory tract. Respirable dust is the fraction
of the dust that is small enough to be deposited in the gas-exchange region of the respiratory tract.
PM_s describes fine inhalable particles that are 2.5 micrometers or less in diameter. In Ontario,
exposure to inhalable and respirable dusts in the workplace is regulated by Ontario Regulation
833 for Control of Exposure to Biological or Chemical Agents (Reg. 833), made under the
Occupational Health and Safety Act. PMys is not regulated under the Occupational Health and
Safety Act.

Crystalline Silica

Silica can be found naturally in two forms, crystalline or amorphous form. It is a basic
component of soil, sand, granite, and many other minerals. Crystalline silica is regulated due to
its significant toxicity over the amorphous silica. The three most common forms of crystalline
silica in the workplace are quartz, cristobalite and tridymite, and the most common form is quartz.
The physical properties of silica make it a valuable substance for use in a variety of different
industries, processes, and common construction materials such as concrete, cement, stone, and
tiles among others.

All forms of crystalline silica may become airborne and respirable when workers refine or
process objects that contain crystalline silica. Health effects resulting from exposure to
crystalline silica range from eye and skin irritation, coughing and sneezing to silicosis, a
progressive lung disease which in severe cases can be disabling, or even fatal. Crystalline silica
has also been classified as a human lung carcinogen. In Ontario, crystalline silica is prescribed as
a designated substance as per O. Reg. 490/09, made under the Occupational Health and Safety
Act. The exposure to crystalline silica in the workplace is regulated by Reg. 833, made under the
Occupational Health and Safety Act.

Metals

In a workplace environment, suspended particulate matter may contain some concentrations of
metals, including heavy metals. In very small amounts, many of these metals are necessary to
support life. However, in larger amounts, they become toxic. Exposure can occur following
inhalation of metals or metal compounds, either as fine dust or as fumes. Physical symptoms are
dose-dependent and may vary among persons exposed.

The determination of metal components within particulate matter is important from toxicological
perspective. Exposure to different types of metals may result in different types of health effects.
Certain metals, including arsenic, beryllium, hexavalent chromium, cadmium, cobalt, lead and
nickel are suspected or confirmed human carcinogens. In Ontario, some of these metals including
arsenic and lead are prescribed as designated substances as per O. Reg. 490/09, made under the
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Occupational Health and Safety Act. Exposure to various types of metals in the workplace is
regulated by Reg. 833, made under the Occupational Health and Safety Act.

Carbon Monoxide

Carbon monoxide is a colourless, odourless, toxic gas that is a product of incomplete combustion
of carbon-containing compounds. Natural sources include photochemical reactions in the
troposphere, volcanoes, and forest fires. Other sources of carbon monoxide may include heat and
power generators and automotive emissions. Carbon monoxide is one of the major components
of diesel exhaust emissions and has been used as a marker or indicator of exposure to diesel
exhaust, which is a confirmed human carcinogen. Exposure to carbon monoxide at a lower
concentration may cause fatigue. At higher concentrations, exposure to carbon monoxide may
impair vision and coordination and cause headache, dizziness, vomiting, confusion,
unconsciousness and potentially loss of life by inhibiting oxygen uptake. In Ontario, exposure to
carbon monoxide in the workplace is regulated by Reg. 833, made under the Occupational Health

and Safety Act.

Carbon Dioxide

Carbon dioxide is a colourless, odourless gas at atmospheric temperatures and pressures. At
higher concentrations, it has a sharp and acidic odour. Carbon dioxide is produced by all aerobic
organisms during metabolism of carbohydrates and lipids to produce energy by respiration.
Carbon dioxide in its gas form is an asphyxiant, which reduces or displaces the normal oxygen
concentration in air and cause suffocation. As less oxygen becomes available, health effects such
as nausea, vomiting, collapse and convulsions can occur. Exposure to concentrations of 10
percent or more of carbon dioxide may cause unconsciousness and potentially loss of life. In
Ontario, exposure to carbon dioxide in the workplace is regulated by Reg. 833, made under the
Occupational Health and Safety Act.

Nitrogen Dioxide

Nitrogen dioxide is a reddish-brown gas with a pungent and irritating odour, and is a prominent
air pollutant. Nitrogen dioxide is introduced into the environment by natural sources, including
intrusion of stratospheric nitrogen oxides, bacterial respiration, volcanic action, and lightning. In
urban areas, the most prominent source of nitrogen dioxide is the combustion of fossil fuels,
including internal combustion engines in motor vehicles. Along with carbon monoxide, nitrogen
dioxide has been used as a marker for diesel exhaust exposure. Depending on the concentration
and duration of exposure, exposure to nitrogen dioxide may result in upper respiratory tract
irritation, coughing, pulmonary edema, bronchitis, and possible lung damage. In Ontario,
exposure to nitrogen dioxide in the workplace is regulated by Reg. 833, made under the
Occupational Health and Safety Act.
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7.2.

7.2.1.

7.2.2.

7.2.3.

7.2.4.

Analysis of Results

Transit Enforcement — Special Constables

Two (2) sample sets were collected for the Special Constables. The 8-hour TWA exposures to all
airborne contaminants with applicable OELs were found to range from 0.002 to 18.7% of the
OELs. The 8-hour TWA exposures were found to be below the OELSs specified in Reg. 833. In
addition, following the Brief and Scala model, the exposures were found to be below the adjusted
OELs.

Transit Enforcement — Fare Inspectors

Two (2) sample sets were collected for the Fare Inspectors. The 8-hour TWA exposures to all
airborne contaminants with applicable OELs were found to range from 0.002 to 13.8% of the
OELs. The 8-hour TWA exposures were found to be below the OELSs specified in Reg. 833. In
addition, following the Brief and Scala model, the exposures were found to be below the adjusted
OELs.

Track Patrollers

Four (4) sample sets were collected for the Track Patrollers. The 8-hour TWA exposures to all
airborne contaminants with applicable OELs were found to range from 0.003 to 16.5% of the
OELs. The 8-hour TWA exposures were found to be below the OELSs specified in Reg. 833.

Subway Operators / Guards

Six (6) sample sets were collected for the Subway Operators / Guards for Line 1. The 8-hour
TWA exposures to all airborne contaminants with applicable OELs were found to range from
0.002 to 26.5% of the OELs. The 8-hour TWA exposures were found to be below the OELSs
specified in Reg. 833. In addition, following the Brief and Scala model, the exposures were
found to be below the adjusted OELSs.

Four (4) sample sets were collected for the Subway Operators / Guards for Line 2. The 8-hour
TWA exposures to all airborne contaminants with applicable OELs were found to range from
0.002 to 29.1% of the OELs. The 8-hour TWA exposures were found to be below the OELs
specified in Reg. 833. In addition, following the Brief and Scala model, the exposures were
found to be below the adjusted OELSs.

Two (2) sample sets were collected for the Subway Operators / Guards for Line 4. The 8-hour
TWA exposures to all airborne contaminants with applicable OELs were found to range from
0.001 to 17.3% of the OELs. The 8-hour TWA exposures were found to be below the OELSs
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7.2.5.

7.2.6.

7.2.7.

7.2.8.

specified in Reg. 833. In addition, following the Brief and Scala model, the exposures were
found to be below the adjusted OELSs.

Subway Platforms (Coxwell and Eglinton)

Six (6) sample sets were collected for Coxwell and Eglinton Subway Platforms, right in front of
the break rooms. The 8-hour TWA exposures to all airborne contaminants with applicable OELs
were found to range from 0.004 to 18.2% of the OELs. The 8-hour TWA exposures were found
to be below the OELs specified in Reg. 833.

End Terminal Cleaners

Six (6) sample sets were collected for the End Terminal Cleaners. The 8-hour TWA exposures to
all airborne contaminants with applicable OELs were found to range from 0.001 to 16.7% of the
OELs. The 8-hour TWA exposure were found to be below the OELSs specified in Reg. 833. In
addition, following the Brief and Scala model, the exposures were found to be below the adjusted
OELs.

Janitors

Four (4) sample sets were collected for the Janitors while using the floor scrubbing machine. The
8-hour TWA exposures to all airborne contaminants with applicable OELs were found to range
from 0.002 to 20.8% of the OELs. The 8-hour TWA exposures were found to be below the OELs

specified in Reg. 833.

Traffic Checkers

Four (4) sample sets were collected for the Traffic Checkers. The 8-hour TWA exposures to all
airborne contaminants with applicable OELs were found to range from 0.003 to 25.8% of the
OELs. The 8-hour TWA exposures were found to be below the OELSs specified in Reg. 833.

CONCLUSIONS

Based on the observations made during the study and the results of the air sampling, the
following are our conclusions:

Limited conclusions are provided at this time as the study is not yet completed and all the
pertinent data is not yet available.

»  The exposures of the Special Constables to airborne contaminants studied were below the
OELSs specified in Reg. 833 and the Brief and Scala adjusted OELSs.
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»  The exposures of the Fare Inspectors to airborne contaminants studied were below the
OELs specified in Reg. 833 and the Brief and Scala adjusted OELSs.

»  The exposures of the Track Patrollers to airborne contaminants studied were below the
OELSs specified in Reg. 833.

»  The exposures of the Subway Operators / Guards to airborne contaminants studied were
below the OELSs specified in Reg. 833 and the Brief and Scala adjusted OELSs.

»  The exposures of the End Terminal Cleaners to airborne contaminants studied were below
the OELSs specified in Reg. 833 and the Brief and Scala adjusted OELSs.

»  The exposures of the Janitors to airborne contaminants studied were below the OELs
specified in Reg. 833.

»  The exposures of the Traffic Checkers to airborne contaminants studied were below the
OELSs specified in Reg. 833.

»  The concentrations of airborne contaminants on the subway platforms were below the
OELSs specified in Reg. 833.

»  None of the 40 sample sets collected to date exceeded the OELs specified in Reg. 833.
Based on the interim sampling results, the subway air quality is not expected to affect the
health of employees in work positions assessed who do not have pre-existing serious
respiratory conditions.

9. RECOMMENDATIONS

Limited recommendation is provided at this time as the study is not yet completed and all the
pertinent data is not yet available.

>

Based on the results of the air sampling obtained to date, the use of respiratory protection
during the work shifts studied is not required.
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10. GENERAL STATEMENT OF LIMITATIONS

The information and opinions rendered in this report are for use exclusively by the Toronto
Transit Commission (TTC). OHE reserves the right to review and comment on any
interpretation of the data or conclusions derived by TTC. No other representation, either
expressed or implied, is included in this report.

OHE has exercised a degree of thoroughness and competence that is consistent with the
profession during the execution of the TTC Subway Air Quality Study. OHE considers the
opinions and information as they are presented in this report to be factual at the time of the study
of the subject space.

OHE relied on professional judgment while gathering and analyzing the information obtained.
OHE cannot warrant or guarantee that the conclusions reached are absolutely complete or
accurate. However, OHE commits itself to care and competence in reaching those conclusions.

Dated March 2018

OHE Consultants
Occupational Hygiene & Environment

Original Signed by: Original Signed by:

Prepared by: Reviewed by:

Yunny Desiana Lee, M.P.H. Michal Zitnik, M.H.Sc., ROH, CIH
Project Coordinator / Occupational Hygienist Senior Consultant
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Table 1. Summary of Sampling Events
August 3, 2017 — December 7, 2017

Date

Description

JHSC Worker
Representative Present

August 3, 2017

Special Constables, 3:00PM — 2:30AM

David Moskowitz

August 11, 2017

Special Constables, 5:00AM - 4:30PM

David Moskowitz

August 14, 2017

Fare Inspectors, 6:30AM — 4:30PM

Stephen Barreca

August 17, 2017

Fare Inspectors, 8:00AM — 6:00PM

Stephen Barreca

Track Patrollers, Y3 Finch to Eglinton,

Al 29, 2017 NA
ugust 29, 20 8:00AM — 4:00PM
Track Patrollers, B2 Dufferin to Donlands,
August 31, 2017 NA
8:00AM - 4:00PM
Track Patrollers, Y5/Y?2 King to Eglinton,
September 6, 2017 NA
8:00AM - 4:00PM
Track Patrollers, Y6 Union to St. Clair West,
September 7, 2017 NA
8:00AM - 4:00PM
Subway Operators / Guards, YUS Line (Line 1),
September 8, 2017 yop ( ) Brad Pugh

5:00AM - 2:30PM

September 12, 2017

Subway Operators / Guards, BD Line (Line 2),
5:00AM - 3:00PM

Daniel Bandelj

September 13, 2017

Subway Operators / Guards, BD Line (Line 2),
4:00PM - 2:00AM

Daniel Bandelj

September 15, 2017

Subway Operators / Guards, YUS Line (Line 1),
4:00PM - 2:00AM

Greg Jackson

September 19, 2017

Coxwell Eastbound Platform by Lunchroom,
5:30AM - 1:30PM

Daniel Bandelj

Eglinton Middle Platform by Supervisors’ Office,

September 21, 2017 N
eptember 5:30AM — 1:30PM one
Coxwell Eastbound Platform by Lunchroom,
September 26, 2017 y None
1:00PM - 9:00PM
Eglinton Middle Platform by Supervisors’ Office,
September 28, 2017 g y Sub None

1:00PM — 9:00PM

October 3, 2017

End Terminal Cleaners, Finch Middle Platform,
8:00AM - 4:30PM

Devon Tracey
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Table 1 (Continued). Summary of Sampling Events

Date

Description

JHSC Worker
Representative Present

October 5, 2017

End Terminal Cleaners, Kennedy Middle Platform,
8:00AM - 4:30PM

Devon Tracey

October 10, 2017

End Terminal Cleaners, Finch Middle Platform,
6:30PM — 2:30AM

Peter Lawryshyn

October 12, 2017

End Terminal Cleaners, Kennedy Middle Platform,
6:30PM - 2:30AM

Peter Lawryshyn

October 17, 2017

End Terminal Cleaners, Sheppard Eastbound Platform,
8:30AM - 3:30PM

Devon Tracey

October 19, 2017

End Terminal Cleaners, Sheppard Eastbound Platform,
6:30PM - 3:00AM

Peter Lawryshyn

Subway Operators, Sheppard Line (Line 4),

October 24, 2017 5:00AM — 11:30AM & 1:30PM — 5:00PM None
October 26, 2017 Subway Operators, Sheppard Line (Line 4), None
5:30PM - 2:00AM
YUS Line (Line 1
October 30, 2017 Subway Operators / Guards, YUS Line (Line 1), None

5:00AM - 3:00PM

October 31, 2017

Janitors (Dundas West, Jane, Old Mill, Royal York,
Kipling), 6:30AM - 3:00PM

Enrico Signore & Alex
Amm

November 2, 2017

Janitors (Summerhill, St. Clair, Eglinton, Lawrence),
6:30AM - 3:00PM

Alex Amm

November 7, 2017

Coxwell Eastbound Platform by Lunchroom,
6:00PM - 2:00AM

Daniel Bandelj

November 9, 2017

Janitors (Dundas, Queen King), 6:30AM — 3:00PM

Alex Amm

November 14, 2017

Janitors (Pape, Donlands, Greenwood, Coxwell),

Enrico Signore & Alex

6:30AM - 3:00PM Amm
Eglinton Middle Platform by Supervisors’ Office,
November 16, 2017 None
6:00PM - 2:00AM
Traffic Checkers (Bloor),
December 4, 2017 None
7:00AM - 11:00AM & 3:00PM — 7:00PM
December 5. 2017 Traffic Checkers (Wellesley), None
’ 7:00AM - 11:00AM & 3:00PM — 7:00PM
Traffic Checkers (St. George),
December 6, 2017 None
7:00AM - 11:00AM & 3:00PM — 7:00PM
Traffic Checkers (Spadina & Sherbourne),
December 7, 2017 None

7:00AM — 11:00AM & 3:00PM - 7:00PM
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Attachment A

Terms of Reference — Subway Air Quality Study

Background

Health Canada recently published a public health subway air quality study which was the source
of great media attention, employee concern and four employee work refusals.

The TTC has conducted subway air quality studies in 1977, 1980, and 1995. These were
performed to provide information on the air quality in the underground portions of the subway
and determined both employee and customer exposures to airborne contaminants.

Previous air quality results reflected the improvements made over the years. The total dust levels
at selected stations were reduced by 40 to 80% on average. Airborne lead levels were lowered
almost to the detection limit of the analytical method used. Airborne asbestos was reduced to a
level well below the Ministry of Environment and Energy Guideline for the general public. The
most recent subway air quality study performed in 1995 found that not one of the more than 280
samples taken were above the former and current occupational exposure limits for employees.
Based on the air quality results and professional judgment, it was determined that the air quality
in the system would not affect the health of employees or patrons who do not have pre-existing
serious respiratory conditions.

Initiatives such as the corridor cleaning program, station/tunnel washing, improved air filtration

on the TR trains (air conditioning is on roof instead of below) and the T1 air duct cleaning
program have been undertaken since the last study and are expected to have improved air quality.

Purpose

Updating the subway air quality study will provide current information on the air quality in the
underground portions of the subway and will determine employee exposures to airborne
contaminants.

This will be a follow up to previous subway air quality studies.

Scope of Work

The study will characterize employee exposures to airborne contaminants and verify compliance
with Ontario Regulation 833 — Control of Exposure to Biological or Chemical Agents, made
under the Occupational Health and Safety Act. This regulation sets occupational exposure limits
for airborne chemical agents.

PM2.5 dust samples will be collected for future reference. Total and respirable (less than 10
microns) dust samples will be collected and compared to existing exposure limits.

The study will identify and prioritize potential areas of risk and opportunities for managing these
risks.



Method

Duration
The study will be conducted over a one-year period (2017 and 2018).

Location

The study will focus primarily on the underground portions of the subway system (tunnels and
platform levels) during revenue service (some external stations that were previously used to
establish outdoor background comparisons will also be repeated). Station locations have been
selected to duplicate previous studies so long term comparisons can be made. Subway
Transportation/work groups (i.e. that travel entire lines) will also be assessed.

Time
Sampling will be conducted during regular operating hours, mostly during morning rush hour as
this was how the previous study was conducted and would be considered the worst case scenario.
It is expected that the morning rush hour presents the highest contamination levels for the
following reasons:

- Contaminants from work done in the tunnels overnight may still be present

- The rush hour is concentrated over a short period of time

Sampling Methods

Air quality will be evaluated using a combination of traditional occupational hygiene sampling
methods and contemporary direct reading instrumentation. Both personal and area samples will
be collected by third party consultants OHE Consultants or Pinchin Ltd. Laboratory analysis of
samples will be performed by independent, accredited third party laboratories.

Since 2013, the TTC has had contracts with OHE Consultants and Pinchin Ltd. based on a
competitive bid process for occupational hygiene services.

The JHSC will be consulted about the occupational sampling that will be undertaken and will be
invited to be present at the beginning of testing to fulfill the requirements under the Occupational
Health and Safety Act.

Exposure groups
To make effective use of sampling time, job titles that are likely to work in similar environments
have been grouped as follows:

- Employees who work in stations

- Employees who work on trains

- Employees who work in tunnels

The following job titles within each workgroup will be assessed, based on risk, professional
judgement and previous JHSC input.



Employees are to be studied in the following order (track level, stations and inside trains) as part

of the Subway Air Quality Study. These include:

Similar Exposure Group

Job Title

Track Level

Track Patroller

Stations

Traffic Checker

End Terminal Cleaner (Carhouse Helpers)
Station Janitor (BD West)
Collector/Crash Gate Attendant
(Dundas/Queen/Sheppard Line at subway
platform)

Transportation Supervisor (Subway)
Station Supervisors

Transit Enforcement Officers (Subway)

Inside Trains

Operators and Guards

Additional respiratory hazard assessments will be conducted for the following groups with
specific maintenance activities that may generate/disturb dust.

Similar Exposure Group

Job Title

Track Level Track Maintainer (afternoon crew)
Electrician Wiring and Service — Grade 1
(Track Level Crew)
Signals Technician — Grade 1

Stations Maintenance Mechanic

Escalator Mechanic

Line Mechanic (Rail Vehicle Analyzers -
platform)

Communications Technician

The following employees from each similar exposure group and representing each of the unions
will be studied during the first round of sampling i.e. Track Patrol, Traffic Checker, Transit
Enforcement Officers, Signal Technician — Grade 1 and Operators/Guards. These job titles have
been identified as spending the greatest amount of time in the subway.




Contaminants

The updated Subway Air Quality Study will characterize employee exposures to airborne
contaminants and verify compliance with Ontario Regulation 833 — Control of Exposure to
Biological or Chemical Agents, made under the Occupational Health and Safety Act. This
regulation sets occupational exposure limits for airborne chemical agents.

The following chemicals will be evaluated — this is based on professional judgment, and input
from both JHSC and public health agencies in previous subway air quality studies.

- Asbestos

- Crystalline respirable silica

- Dust (various respirable occupational fractions and PM2.5)

- Various metals (30 metals including aluminum, antimony, arsenic, barium, bismuth,
beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead, lithium, magnesium,
manganese, molybdenum, nickel, potassium, selenium, silver, sodium, strontium,
thallium, tin, tungsten, uranium, vanadium, zinc, zirconium)

- Diesel exhaust markers (CO and NOx)
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Table 1a. Air Sampling Results
Transit Enforcement — Special Constables

Sample Agent Monitored
samg:fr Date Location Du_ration Total Metals (mg/m?®)
(minutes) Sb As Ba Be Cd Cao Cr Co Cu Pb Mn Se
Occupational Exposure Limits 0.5 0.1 0.5 0.002 0.01 2 0.5 0.02 1 0.05 0.02 0.2
Job Title: Special Constables
Al S1, Cgr?:tzlt?lles
11, M1, 3-Aug-17 3:00 PM - 640 <0.0007 | <0.0002 0.0018 <0.0001 | <0.0001 <0.083 <0.0059 | <0.0004 | <0.0002 | <0.0003 0.0004 <0.0018
T 2:30 AM
8-hour TWA 0.00102 | 0.000345 | 0.00259 | 0.000172 | 0.000172 | 0.1193 0.00848 | 0.000517 | 0.000345 | 0.000431 | 0.000575 | 0.00259
A3, S3, CcS)r?EtZISIIes
13, M3, 11-Aug-17 5:00 AM - 615 <0.0007 | <0.0002 0.0041 <0.0001 | <0.0001 <0.086 <0.0061 | <0.0004 | 0.00035 | <0.0003 0.0007 <0.0018
T3 4:30 PM
8-hour TWA 0.00105 | 0.000345 | 0.00589 | 0.000172 | 0.000172 | 0.1236 0.00877 | 0.000532 | 0.000503 | 0.000446 | 0.00101 | 0.00259
Number of Samples 2 2 2 2 2 2 2 2 2 2 2 2
Average | 0.00103 | 0.000345 | 0.00424 | 0.000172 | 0.000172 | 0.1215 0.00862 | 0.000524 | 0.000424 | 0.000438 | 0.000790 | 0.00259
Average % of OEL 0.207 0.345 0.848 8.625 1.725 6.073 1.725 2.623 0.042 0.877 3.953 1.294

Notes: Grey shaded entries denote samples were below the analytical detection limit
NA = not applicable

OHE Consultants



APPENDIX C

Table 1b. Air Sampling Results
Transit Enforcement — Special Constables

Sample Agent Monitored
samg:fr Date Location Du_ration Respirable Metals (mg/m®) Inhalable Metals (mg/m?)
(minutes) Al cd FeO Mo Zno Be MgO Mo Ni Tl V205
Occupational Exposure Limits 0.5 0.1 0.5 1 0.002 5 3 2 0.00005 10 10
Job Title: Special Constables
AL SL, Cgr?:tzlt?lles
11, M1, 3-Aug-17 3:00 PM - 640 <0.0059 <0.00012 0.041 <0.00012 | <0.0022 NA <0.0098 <0.00012 | <0.00024 <0.0012 <0.00063
T 2:30 AM
8-hour TWA 0.000172 | 0.003162 NA 0.014087 0.000172 | 0.000345 | 0.001725 | 0.000906
A3, S3, CcS)r?EtZISIIes
13, M3, 11-Aug-17 5:00 AM - 615 <0.0061 <0.00012 0.074 <0.00012 | <0.0023 NA <0.010 <0.00012 | <0.00024 <0.0012 <0.00065
T3 4:30 PM
8-hour TWA 0.008769 | 0.000172 0.10637 0.000172 | 0.003306 NA 0.014375 0.000172 | 0.000345 | 0.001725 | 0.000934
Number of Samples 2 2 2 2 2 0 2 2 2 2 2
Average | 0.008625 | 0.000172 0.08265 0.000172 | 0.003234 NA 0.014231 0.000172 | 0.000345 | 0.001725 0.00092
Average % of OEL 0.863 8.625 1.653 0.006 0.162 NA 0.142 0.002 0.035 8.625 1.840

Notes: Grey shaded entries denote samples were below the analytical detection limit
NA = not applicable
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Table 1c. Air Sampling Results
Transit Enforcement — Special Constables

Sample Agent Monitored
Sﬁmgleer Date Location Duration Respirable Silica (mg/m?) RDeusspt. Inh. Dust PMas Asbestos (f/cc) co NO, co,
(minutes) | Quartz | Cristoballite | Tridymite (mg/m?) (mg/m®) Dust PCM TEM (ppm) (ppm) (ppm)
Occupational Exposure Limits 0.1 0.05 NA 3 10 NA 0.1 0.1 25 3 5000
Job Title: Special Constables
Al S1, Cgr?:t(;lt?lles
11, M1, 3-Aug-17 3:00 PM - 640 Void Void Void Void 0.11 0.050 0.017 <0.0045 <1 <0.1 NA
m 2:30 AM
8-hour TWA Void 0.1581 0.0719 0.0244 0.00647 1.437 0.1437 NA
A3, S3, CcS)r?stZiSIles
13, M3, 11-Aug-17 5:00 AM - 615 <0.0041 <0.0041 <0.016 0.11 0.18 0.078 0.009 NA <1 <0.1 NA
3 4:30 PM
8-hour TWA 0.005894 0.005894 0.023 0.1581 0.2587 0.1121 0.0129 NA 1.437 0.1437 NA
Number of Samples 1 1 1 1 2 2 2 1 2 2 0
Average | 0.005894 0.005894 0.023 0.1581 0.2084 0.092 0.0187 0.00647 1.4375 0.1437 NA
Average % of OEL 5.894 11.788 NA 5.271 2.084 NA 18.688 6.469 5.750 4.792 NA

Notes: Grey shaded entries denote samples were below the analytical detection limit
NA = not applicable
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Table 2a. Air Sampling Results
Transit Enforcement — Fare Inspectors

Sample Agent Monitored
samg:fr Date Location Duration Total Metals (mg/m?)
(minutes) Sb As Ba Be Cd CaO Cr Co Cu Pb Mn Se
Occupational Exposure Limits 0.5 0.1 0.5 0.002 0.01 2 0.5 0.02 1 0.05 0.02 0.2
Job Title: Fare Inspectors
Ab5, S5, Fare Inspector
15, M5, 14-Aug-17 6:30 AM - 550 <0.0008 | <0.0003 0.0057 <0.0001 | <0.0001 <0.095 <0.0068 | <0.0004 | 0.00052 | <0.0003 | 0.00088 | <0.0020
T5 4:30 PM
8-hour TWA 0.001025 | 0.000337 | 0.007125 | 0.000175 | 0.000175 | 0.11875 0.0085 | 0.000512 | 0.00065 | 0.000425 | 0.0011 0.0025
A7, S7, Fare Inspector
17, M7, 17-Aug-17 8:00 AM - 554 <0.0008 | <0.0003 0.0034 <0.0001 | <0.0001 <0.093 <0.0067 | <0.0004 | 0.00036 | <0.0003 | 0.00059 | <0.0020
T7 6:00 PM
8-hour TWA 0.001 0.000337 | 0.00425 | 0.000162 | 0.000162 | 0.11625 | 0.00837 0.0005 0.00045 | 0.000412 | 0.000737 | 0.0025
Number of Samples 2 2 2 2 2 2 2 2 2 2 2 2
Average | 0.001012 | 0.000337 | 0.005687 | 0.000169 | 0.000169 | 0.1175 0.00843 | 0.000506 | 0.00055 | 0.000419 | 0.000919 | 0.0025
Average % of OEL 0.203 0.338 1.138 8.438 1.688 5.875 1.688 2.531 0.055 0.838 4.594 1.250

Notes: Grey shaded entries denote samples were below the analytical detection limit
NA = not applicable
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Table 2b. Air Sampling Results
Transit Enforcement — Fare Inspectors

Sample Agent Monitored
ssmg:fr Date Location Duration Respirable Metals (mg/m®) Inhalable Metals (mg/m?)
(minutes) Al cd FeO Mo Zno Be MgO Mo Ni Tl V205
Occupational Exposure Limits 0.5 0.1 0.5 1 0.002 5 3 2 0.00005 10 10
Job Title: Fare Inspectors
Ab5, S5, Fare Inspector
15, M5, 14-Aug-17 6:30 AM - 550 <0.0069 <0.00014 0.11 <0.00014 <0.0026 NA <0.011 <0.00014 | <0.00027 <0.0014 <0.00073
T5 4:30 PM
8-hour TWA 0.000175 0.00325 NA 0.01375 0.000175 | 0.000337 0.00175 0.000912
A7, S7, Fare Inspector
17, M7, 17-Aug-17 8:00 AM - 554 <0.0067 <0.00013 0.068 <0.00013 <0.0025 NA <0.011 <0.00013 | <0.00027 <0.0013 <0.00072
T7 6:00 PM
8-hour TWA 0.008375 | 0.000162 0.085 0.000162 | 0.0